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Method of increasing the dynamic range of closed-loop fiber optic

gyroscope based on aided MEMS gyroscope

Zhang Yonggang, Sun Na, Li Ning, Liang Hong
(College of Automation, Harbin Engineering University, Harbin 150001, China)

Abstract: The dynamic range of closed-loop fiber optic gyroscope (FOG) decreases with the accuracy
improvent of FOG improving. Based on aided MEMS gyroscope, a method of increasing the dynamic
range of closed-loop FOG was present in this paper. This method makes full use of the large-scale
characteristics of MEMS gyroscope. According to the difference of detected angular velocity between
MEMS gyroscope and FOG, the interference of series can be judged, which makes FOG work in
multistage interference fringe through correcting the output by judging interference of series. The
simulation results show that the proposed method can increase the dynamic range of closed-loop FOG
effectively.

Key words: FOG; dynamic range; MEMS gyroscope

Y %& B 8 :2014-01-05;  {£1T A #]:2014-02-03
EE£mMB : #HK AR A4 (61001154 ,61201409,61371173) ; o [ 1 1 J5 B 2% 4 (2013M530147) ;
SRR AR 10 L S5 O 4 (LBH-Z13052) 5 I R 15 TR K 2 o e i 5 38 AR F e 55 9% % i 3k 4 (HEUCFX41307)
EZ B sk TINI(1981-), 55, 058 B3, 1 A e 0, L, 2 A S v G R DTG 2F B R A S 0 2 5 S A5 T I B
Email:zhangyg @hrbeu.edu.cn



%9 REME. LT MEMS Fe 24 B3 K MAR L e ah A B & 7 ik 3071
I B AR R O, o T R 6 A 1 O P 7
051 & A2 D=7 0 B Sagnac MBS . Hod L1 H

62T B W 2 3L T Sagnac BN 1Y £ R AL R
BA A B S S5 P b o % 3 3 A B BT 9
G TR0 2 AL 8 HE BE 5 G 2F BE IR
B v, 2 A5 Y0 DR R B, SR T 7R R kP R Bl A
70, F 2SR A e S L, AN S A K A R
PR R, 3 KO £F B 85 3 28 3 [ A T 4 v LA
kG BE R RS R N U o B

H H 0 KOG £ B R 3 A5 By A A W
o 55— Pl BUBUR A B 38 i A — A s R AR
RPN Pkt & o IR AR
XA AT AT, PR ERE LR A, A G 5
B, B A5 308 3 N ™ 58 A Oy R A RO
A B AR RS KIF A LF R IR B B . (A% ik
HiE T IFRRBEIR , 7 K 3h 80 Bl & W G Ar B 4
P A N I T S B N S A R E e 1 B
KA RN P B iR 2252 0, 78 SEPRERAE
BOR PGSR S S 7SS — TV Sk g R, P T
P de Kt A e R R Be O — L, X Y
FARAF R A T A2 B g FHM

R T K RS RO A R R S AL R
e LR KA B AR S AR R S I, ek
P& T — A T MEMS Be 82 4 Bl (9 3 K A1 36O 4F
Bic W2 20 2530 [ 9 5 ¥, R MEMS Be B2 6 5 5
] VBT P B0 £F g BB s 6 L 1 T AR B B, 1B IE
PR G EF e iR b, TR S Eh A . R
B, TE DR A7 P B 00 21 BEARORS 2 RO | $2 1, SCHh A 2
1) 5 1k RE A% (51 75 P B0 O 4F BE 08 00 3h 28 B e )
MEMS [ 88 04 I 5 96 [, B RB 98 1 1 47 75 K A
VYR W7 A I

1 AREARRBEFHRERERGE

1.1 H#FARKXAFCBEREIERE

B 2 f /N 2 40 Fh O I R R B 2 R . Ol B AL 4
ASE LR B A4 Y IS OBLF 3 e MR, B
B £ 45 BB O K B % A/D B i D/A K i F LA
FPGA s i Ry A% 0 119 5007 ik B8 e i)

OF IR LT PR IR B AL AN &) 1 R o SR EFRE
260 T4 J5 B 3L T Sagnac BN, B 2O £F 3R )

A

WA KL s r AL AP A WK 500 H
JEAL G TE o g T R B A I S A R B
MR T 01y - B T AT IR KR A G 3
AL W R R N I=1, (L+cosAD), b 1, Jpotiiot
R ;Adﬁ:@\-—d)f_;— , @, 2}y Sagnac % , D, O KA AH
o s L HR I 45 388 3o 5 LT R BB 615 5 5 Ak o vl
F GHL I B R ECR K, S S At it — 21
(CRERUBLNTE Y NN TN N3/ 2 7N AN 1 W AN %
N Ky, $RJG %45t A/D B 45 e FPGA rpifi 47 505 ik o
B BT 5 T AL & B 05 5 AF R PR SR 1 i s C(2),
[Fi) BF X6 £ B A 5 B 06 AT — B0 R TE I AH A B A
B, SR DIA B g A5 i R A5 5 — Rt i )
J& BRI Sh A% I J5 B R SR 3 1 ) R Bk K. 3R
BB LR £ 2 3 LINGO, SR (Y U 52) 1 147 A4
Br ], HOGLT PR IR TARTE R B i m i Z A A7 AR 2
T X FE A A T T R AR

—————————————————————————————————

Detector Pre-amplifier

Sagnac effect
D

Input Interfero-

meter

K, K,

k
Phase feedback o [am]
Digital phase  Digital
ramp generator controller

Phase 1 1
. - D dul-
modulation ‘-E_ K D/a 1=z [ ] 12 e;li?mu

Angular velocity output C(z)

P 1 %0 PR O 2T BE SR 2R G A Y
Fig.1 System model of digital closed-loop FOG

T I3 AT AT ER O£ B2 2 28 G808 A [ i A A R
F W 7, g A TR T A O 235 ) [ A o, AR AT 2 B .

- C
Koz l—lz"

®»21,sin®

. P 1
Ko (12 l) 1-2"

& 2 B0 P BRI £F B 42 1% 45 4 A 18]
Fig.2 Structure chart of closed-loop FOG




3072 bk TR

% 43 %

K2 K—‘L;T” S Sagnac A Ho ] B B0 K

F Koa 53514 AID e 46 1 D/A B 46 (1 L 61 3R 50527
2 40 AID B TR G B IR i, S5 K
RBR Bl K e W2 H0 AR A 8 1 A AT LR R S — A B il
oyt B K(1-27)

HH O £F P M2 5t 3 AT T O £F [ MR A A B R Y
A JIE 2 I e G A A7, T Ok 5 Y D AR A
Il =TT O L SR Q.
T AH &R W5 A 2 i 1 0 T 0 05 5 19 22 (. AI=21sin®,,
5j Sagnac A% & IE X KA OC &, S R ek B, 0
TR

AI=21sin®d=2]sin( D, +2mw)=2[,sinD,’ (1)

AH D/ fE—mr~m Py, 53X N 1) Sagnac A1 fE—m~
a DL, P B O 48 B 88 A D I A . SR T 2 A 1
T X £, JE L OGET IR TAETLE S m T
KA (m=+1,42, ), Bl H 5 Sagnac i &, 5l
i 1) Sagnac M # @ KRN O=D,+2mm, iy 1 1%
1 O/ fE—m~m N, I @) =D —2mar, 5 1A X N, Il
R E O ,cmu'%ﬁiﬁ@%iﬁ 0 ﬁ)f%jﬂ (0 m:_() T
2mA., 7 A B B R 22, TR O — R PAD BRSOl T B MR 1Y
AT 20, B FIIO6LF BEIRRS B ny 42 5, H
Xof I 1Y) o M A AR J RN . Ay
I LA B i A Wi 7 AR SBE i A w47 R 1 B O £1
R B2 ) R I O R 2
1.2 S 4T PeSE By BR 5 N\ R RZ {7 B

HCH H A G LR BRI 2 OB IR B K A=
1550 nm, JELFHAKE 1=3000m, JE&F 3742 r=
0.1m, 6# c=3x10°m/s, M

= A 180 99 oy (0 (2)
drlr w

WZOG£F B MR 98 i D —22.21~22.21(°) /s, Ot
Iy L=10 pw s T=7/2 , Forpr 7 Sy I 8 I (] 5 SR A B[]
S To=107" s 5 LR S £F F1 98 3 n=1.5; Sl #R I 2% 19
5 BHBT Ry=10 k€Y ; ' A R0 25 149 ) 17 B @=0.85 A/W

Y PG R P E V=41 V;A/D K 12 £ D/A J2 16147,
16 37 B0 45 f 40 (1) RS 40L FL T X 7 A9 AL AL 2558 2

A A B BRAE 5, R E AR 50(°) /s>, H
i s me R ANl 3 TR, R Ge AR A S B S (E A
2520,

SEBR R R, — AN S BB R A L, R

Sagnac %%

TET 3 T AR 30 A A A5 PE T D 2T B2 IR 0 B

W
(=3

iI == Input signal
i — Response

[ [T NN
(=) (= =)

—_
(=

Angle-velocity/(°)s™

"\

1.0x10° 1.5x10° 2.0x10°
Time/s

0 0.5x10°

P 3 D 2T BE S8 B BR A AW o7

Fig.3 Step response of fiber optic gyroscope
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Fig.4 Ramp response of fiber optic gyroscope
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Fig.5 Flow diagram of MEMS gyroscope correction scheme
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Fig.6 Simulation curves of the system output
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