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Research on backscatter noise suppression for resonator fiber optic gyro

Lan Shiqi, Lei Xing, Wang Ke, Hu Qiang, Han Zonghu
( Xi’an Flight Automatic Control Research Institute, AVIC,Xi’an 710065, China)

Abstract ; Backscatter noise is one of the main noises in resonator fiber optic gyro(RFOG). Based on the
principle for reducing the backscatter noise by carrier suppression method, the mathematical model was
established for the influence of temperature and voltage on the gyro bias. It is theoretically proved that
this method is largely affected by temperature and has higher circuit requirements. A new scheme of
RFOG based on three-mode differential technology was put forward. In this scheme, the backscatter
noise is decreased by operating three beams with large frequency intervals in the resonant cavity. A
comparative experiment was conducted with traditional two-mode closed-loop gyro. The results show
that the new scheme can effectively minimize the gyro noise, and both the maximum gyro bias and bias
stability are improved by around 4 times.

Key words: fiber optical gyro (FOG); backscatter noise; carrier suppression; three-mode differ-

ential

5| = MRS % T TR L0 R P AR A A T e MR

IR AOEL PR IR L 1 HOLRE IR S T 084
B2 B A DI A2 M) P AR ) D' £ B 5 41 s B w5
e A JEE AR R AR L RO FE IR AR OR KR B
FJy I 22— IR AOG LR FE IR Y I IR I N 1)
BG5S T AL OE A 2 8] B R 5 2 A0 10 IS I
7O PR FE SRR SR T I IR i
A O ET FE W T (7 B 00 W s AR 1) A

¥ F HHE:2017-10-30; {&EIHH#F:2017-12-08

I T 2 R A BRI ) 1 S0t B R L 9 i 4%
] ret 1 A5 PR 2R e 2 W S 52 e R 2 » PR o B
WRRGBEAR T i T A3 A ) 3 R AV T 17 S M P 14
LA ST i RS AR A 9 ) g ) £ R
35 Bl % 2 SR {7 S M O A2 AT BB o0 A
37 R L RIS S FEL I 9 2l X g 4 i A5k R R e AR
R T SR i A R I 6T 8 8 ) 2 M oL G R AR w55

YEF B A« 5 L HE1992—) 5 WAL B XN LA b A 5 2 o 32 50 DA SR RS 8 F D 1T B F 5 A

E-mail:375813102@qq. com



BREE 2018.39(2) WML A - AR UG B MR 16] TS R S 0 B 5T « 291 -

AR A LA (R AR T — b =03 22 sl iR SO 47
BEMRORT T 58 . 1% 7 S8 T LAAT R0 0 o) T 1) A I
o AR R A P S 9B 8 )R I DA R A
T

1 R FIPEIR T SRR S
L1 SR R E

T 1) S I P R T AR SOL £T BE MR A T2 2R
Z— AEJCEF R I b, B B0 39 I B 306 R
W6 N Eo il Ee - 15 0 U RBON R, IS
B 7 1] 50639 Ik F2 0 RORS 18] T8O O 0 &

Ecwﬁ =FEcw T \/ITbECCW (D)

py (1) XAl RAAT 238 4R Ji 3 s &1 95 1] #1906
5 Tew

Iew=Ecwy Edwg = | Ecw | Ry | Ecew |+

VR EcwEcew | =Iewo Ny +N; ()

R Tewo 2275 BESRAT 005 5 T T A s BE 4RI Ay
WP I> O T RO RS N Y O BR . RO B2 N
PIFR AT Ny 7R T 10 HUM A B 0 FE IR 15 5 19 3
M o AT LR T390 51 i o AN [) 930 44 118y 3] i) - 5 5
7 3 I LA 5 N 2R 10 WU e 5 AL 4%
JEHA T o 2 T R O ' B i n 2 5 4
oK B AR 75 R IR

S 100 SRR P — i A T T N ' % )
N i 5 4 A S R 1 g o 6 3 R 7 9 ) 5 e o A
A Ta] B9 98 1 X O 336 B B O SRR AT AR IC . 7E B R
S SR JH R AR F) A 3 D i A 2 AT RICWR S )
B o B B 5 e R AR fow T feew - I
TIE AR AL ) 5503 03 5 D Few A1 Feew » #1798
FACN M IO £ 385 Ik 1 9 T I B Ol 3 Al 3
IFEE O 7 A B 180 B D65 T LA Bessel R %7
BT

Ecwu = Eoexp{j[2nfewt + Msin(2x «

Fewt) ]} = E, 2 J.(M)exp »
Lin2xFewt + 2nfewt) ] (3

oo
VRyEcew v = VR E, Z ]n’(M/)eXP[j *

(n"2xFcewt + 2n feewt) ] (4)

K J, Kn B Bessel ZE. % (3) . (XA
(2) A5 2 52 1E 5% P 0 (4 B 4 7 1] Y658 Tew s

Iew v = Tewom + Ny + Nou (5)

AP AR KA

+oco
Iewow = E3 D, | T, 1P+

+oo  Hoo
2EE> T D) I Jud 1P e
k=1 n=—co

cos(k X 2nFewt) (6)

+oo
N =RE: D) [T, 1"+

B
2RVEZD DY I Td o |-

k=1 n=—co
cos(k X 2xFoewt) (7)

foo oo
Nuw = 2 VREL D) >0 J.(M)J (M) »

cos[ 2n(nF ey — n'Feew)t + 2 few —
Seew)t] (8)
K 32 V8 ) B CAR S Tew a3 oo A8
T PRGN A Fow 7 MR P M (H KX HET
cos(2nFewt) i, 1 F Sagnac #i 22— /N & il H
ANTUE B T T LUK B R A RLAE S (6) XA ]
B (D () KB IEH

,,,,,,

N =0 (10)
Now =2 VRyES | Jo(MD || J (M) |-
cos[ 2n( few — feew)t + 2nFewt] (11)
A I8 S 1 BB MR AE 5 (9) 2N IO S
(10) (XD AT LAFE o 3 By il hn g e ny Jy 2 B
SR AT DL ] 3 BOEAS B X PE IR AE 5 I RZ I Ny s 1
HWHOCSE S T WA Noywid JCIEBETE 2T
ADXPEBT WIS Noy W IRIE K /NS Bessel
BRI 5 A AR BT O 8 4 ol 3 5 Ao 3 BB S i M
4 Bessel pREGE B ZAH T ] Now o

1.01
0.8
0.6

0.4

BessclpR %], (M)

0.2

0.0

o 1 2 3 4 5 6
EAL R E )
B 1 Bessel BRESHMBAHRBXER

Fig. 1 Bessel function versus phase modulation coefficient
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Fig. 3 Influence of temperature and voltage
fluctuation on gyro bias
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Fig. 4 Schematic of three-mode differential gyro
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Fig. 5 Spectrum diagram of three-mode beams under

CW rotation
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Fig. 6 Schematic of two-mode differential gyro
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Fig. 7 Bias output of two-mode closed-loop gyro
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