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Analysis of Deadzone Ermror by Electrical Cross-coupling on
a Closed-loop Fiber Optic Gyroscope
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Abstract: Due to electrical cross-coupling between modulation voltage and photodetector output in a closed-loop fiber optic
gyro, deadzone inevitably occurs. In this paper, deadzone error by cross-coupling effect was analyzed and the overcoming
method was suggested. Simulation and measurement results show the main reason for deadzone is mainly related to electrical
cross-coupling, and it can be effectively reduced by square-wave dithering method.
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Fig. 1. Configuration of Closed-loop Fiber Optic Gyroscope.

(integrated optic circuit), 343+ ILE|(fiber coil)olth. Fd-
Aol 2o F AT E AFshs FAF FHS HZFo] Y
1550nm 214 o] o B3 7HErbium Doped) BA-3U<
ARgEth R aEle HBR 33A-(polarization
maintaining fiber)E Als= @AW4)(quadrupole winding) S =
Zrolx AREsit) HAFEAA = FED7](beam  splitter),
H3%7|(polarizer), 1’4 Z7](phase modulator)«] 7sE 53
sk HEOEA 2EEHo] 5% E]H‘/]E_HHO]E
(LiNbO3) &A1E 283t} Fehie] Az =3 59
AT 2HE HA olFolxith

AsAgF= AD H3], gAE WH-E5x 22 DA
7], DSP 522 TAEY 4 7#% = Ao
ofvg} MzIE oW Ao, EXHE ¥9 AA, 258
T2 FYg) HFE PAFAelRe] V[EARI IH =Y
< o Zth o] E o 3] Hl¥ sk
Sagnac?’ 32t Adp= YHEAEE Q& o 22 I
of Ack

L

(=N

2 LD
Agp=""=-0Q (O]
Q : YAAEE, Agy : SagnactlER
L 346 Aol D % 13 A%
A E AR

F=HL A Agp ol tisl ZARI] 3EHE SHgth
o] AT o, FIIEE Tt FHE7ol PAE
372 (optical power)©] Py EHH, FHEE

(P)= U= 2t
P
P = 70 [1+cos(Agpy)] @)

7ol /28] 4 wlolol2E kel BxrlE ¥
s s 2,

P
P, = 7°[1+cos(A¢R+g)] 3)
P
P, :70[1+COS(A¢R*§)] @
Pdemod = ‘Pdl _‘PdQ = PO SinA(bH (5)

Sagnac Photo-detector
Relationship(W) output (V)

Rate
~
i error

Pl;ase t=
Difference
|1_.“ (rad)
T | ':,“
s [ofe 5
PR=a i '
E vi'; 4—171—{—
g 5 o
292 51 Ag,ol BASAS W BAEY] 29 P, ol U}
w3l eatk

Fig. 2. Rate error at photodetector output £, when the rotation

A¢p is occurred.
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Fig. 4. Digital ramp signal when the rotation is occurred.
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V. (t) and photodector V,(¢), and dither signal
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Fig. 6. Photodector signal and bias error by cross-coupling.
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Fig. 7. Deadzone induced by difference between modulation and
proper frequency.
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Fig. 8. Open loop bias characteristics by cross-coupling.



HEREZ 2HK0I2AD TS| )X WIHE

38Tk A& olAL Matlab/SimulinkES )83+,
Zlo|29] FEHe} AsHFE mdd] St FE B
dgjo= F3 A9 (optical scale factor), FFe &
aEtHeH, AR mddds 23 AYGE X
Z7], AD @ D/A Quantizer, digital logic 5& &3 Th
OAERE ojxkrdel Z-Hglo gz FTHE = 9oy A%
A gaglEelA tAY ALY GRS ARES] W&
o AA LdudEH A BARE] 98] StateflowsS ©]
&5t 32-bit A= FPHJUT. AlEdold Ao ¥
£ #3l 900m FA-FIEE Ze ZEE EFY(Prototype)=
AAE Aol2 FHE AFHgT
a9 82 FE A57F HASGES wl, o2 NFZ
Hlojoj 2~ EAS AHE Zloth. ¥ 8 wxARAT
£ 9oz 70dBE AASYS w Axteln I8 8b)=
Qo)) tXE 7S 3| Ao g Aol 271EF AE]ol A
o] Aoltt. AR AAFAEE A3t FFs| B
< AdA o= ufg- 7] wEol] Y= -70dB
TE A5t SR FARE At o=
A5 FRISHATE O 17 8(h)e] SAANAE Al
AgA A FVAY ahshe Ao dehen,
ol FAPT LA AFut B ZE Fitd o3 AoR

olN o

Volt
o

— Ramp signal

0 005 01 015 02 025 03 035 04 045 05

time(sec)

100

Bias (crosstalk=-1100B) |

80

60

40

Bias (deg/hr)

20+

0 0.05 0.1 015 02 025 03 03 04 045 05
time(sec)

(a) Simulation (Coupling coefficient: -110dB).

Ramp signal

i i i i i i i i "
0 0.05 0.1 0.15 0.2 025 03 035 04 045 05
time(sec)

deadzone
4

I3
o

Bias (crosstalk=-90dB) |

o
=

Bias (deg/hr)
a
o

o

0.05 0.1 015 02 025 03 035 04 045 05
time(sec)

&
<]

(b) Simulation (Coupling coefficient: -90dB).
29 9. WAAGAF W AT wholo) s B4,

Fig. 9. Closed loop bias characteristics by cross-coupling.
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