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An Open-Loop Test of a Resonator Fiber Optic Gyro~

Zhang Xulin, Ma Huilian™ , Jin Zhonghe, and Ding Chun

(Department of Information Science & Electronic Engineering, Zhejiang University, Hangzhou 310027, China)

Abdtract : The resonator fiber optic gyro (R-FOG) ,which utilizes a resonance frequency change due to the Sagnac
effect ,is a promising candidate for the next generation inertial rotation sensor. In this study ,an open-loop R-FOG
is set up using phase modulation spectroscopy. First ,the demodulation curve is obtained using a lock-in amplifier.
From the demodulation signal ,a gyro dynamic range of *4 2rad/s is obtained. Then,using different phase modu-
lation frequencies,the openrloop gyro output signal is measured when the gyro is rotated clockwise or counter-
clockwise. The bias drift as a function of time is also measured. The fluctuation of the output over 5s is about
0. 02rad/s. The drift can be reduced by taking countermeasures against system noise.

Key words: optoelectronics; resonator fiber optic gyro; phase modulation spectroscopy

EEACC: 4250; 7230E

CL C number : TN815 Document code: A

1 Introduction

Fiber optic gyros based on the Sagnac effect'"
have recently been proposed and investigated ,in-
cluding the interferometer fiber optic gyro(FFOG)
and the resonator fiber optic gyro (RRFOG) . The I
FO G has been used in navigational and other tradi-
tional applications. For guidance applications,a fi-
ber coil longer than 1km is used. Such a long fiber
increases gyro drift due to the time variant temper-
ature distribution in the sensng coil ,which inhibits
the performance. The R-FOG is a frequency- sens-
tive device. An R-FOG with afiber ring about 5
10min length can achieve the same performance as
an FFOG with a 1km long fiber coil. R- FO Gs have
become appealing devices for many applications in
navigation and guidance' .

In this paper ,an open-loop operation RRFOG
system is presented. The sgnal detection is a
chieved by phase modulation (PM) spectroscopy'®
using LiNbOs phase modulators™ . In PM spectros-
copy ,the modulating and feedback signal s are separ
rated ,and the LiNbOs: phase modulators are easly
integrated with other optical devices, making the
R-FOG system smaller!™ .
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2 Theory

Figure 1 shows a schematic diagram of the R-
FOG used in this experiment. The resonator is the
key sensing part in the R-FOG. It iscomposed of a
10m-long polarization-preserving fiber and a polari-
zation-preserving fiber coupler with a coupling in-
dex of 10 %. The diameter of the resonator is
0 1m ,and the wavelength of thefiber laser (FL) is
1550nm ,s0 the scalefactor of this systemis 4 45
x 10" Hz/ (rad/ s)™.

Fig.1 Diagramof RFOG usng PM spectroscopy

The output light from the FL is split into two
beams by the coupler C1. Each beam is sne wave
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phase modulated by the LiNbOs phase modulators
PM1 and PM2 before being injected into the re-
sonator. The two modulation frequencies f1 and f2
are set different to attenuate the backscattering
noi se'® .

The clockwise (CW) and counterclockwise
(CCW) light waves in the resonator are sensed in
reflection mode by photodiodes PD1 and PD2 ,re-
spectively. The signals from PD1 and PD2 are de-
modulated in lock-in amplifiers LIA1 and L IA2.
The output sgnalsfromLIA1 and L IA2 can be ex-
pressed as'”

Vot =P an(M) Jn+1(M)[ hnhn+1Sin(¢n+1- qbn) -

h.nh. (nspsin(® q - ¢.(n+1))] (D
where hn is the amplitude of the resonator trans
mission function , ¢ is the phase of the resonator
transmission function, M is the modulation index,
and P is aconstant related to the system parame-
ters. Equation (1) shows the relationship between
the demodulation signal Vo:x and the resonance
frequency deviation A f©® . Here Af = fa - fi,
where fr isthefrequency of the FL ,and fi refers
to the resonance frequency of the resonator. For
CW light waves, fi = fcw, and for CCW light
waves,fi = fcew.

In accordance with Eg. (1) ,the relationship
between Vo andA f in the CW direction is shown
in Fig.2. Here,M and f: are set at 1 and 100kHz,
respectively. Thereis alinear rangefrom - 0. 2 to
0. 2M Hz near the resonance point whereA f is 0,
the amplitude of whichis3 9V. The scalefactor of
this systemis 4 45 x 10* Hz/ (rad/ s) . The dynamic
range of this systemis +4 5rad/ sin theory. Inthe
CCW direction ,the demodulation curve from L 1A2
is dmilar to that in Fig. 2. There is a0 a linear
part near the resonance point. The feedback circuit
(FBC) isusedto lock fa at fcow using the sope of
the linear part of the demodulation curve from
LIA2. When the RFOG is at rest, fow = fcow.
While the R FOGis rotating ,thereis a Sagnac fre-
guency difference between fcw and fcew ,as shown
in Fig. 3. According to the Sagnac effect'”! ,when
the gyro isrotating in the CW direction , fccw islar-
ger than few. In this case,the gyro output from
LIA1 isapostive voltage sgnal ,as shown in Fig.
3. When the gyro is rotating in the CCW direction,
the gyro output from LIAL is a negative voltage
sgnal.
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Fg.3 Diagram of the gyro output sgnal The R

FOG rotatesin the CW direction.

3 Experiment and discussion

In the experiments,all system parameters are
the same as the theoretical valuesin Fig. 2.

First ,the resonance curve of the resonator is
tested. A low frequency sawtooth-wave voltage is
applied to the FL . Thelasingfrequency fr changes
linearly with the time. The applied voltage is a
sawtooth-wave with the amplitude of 120mV and
the period of 20s. The oscilloscope trace in Fig. 4
shows the demodulation curve for CW direction.
The amplitude and duration of the linear part of
the demodulation curve are 3 625V and 250ms,re-
sectively. Snce fr changeslinearly with theinput
voltage at 0. 25GHz/ V , fa changes linearly with
the time at 1. 5M Hz/ s by this sawtooth wave. This
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means that the linear part of the demodulation
curvein Fig.4is £0. 188M Hz. Snce the scalefac
tor is 4 45 x 10* Hz/ (rad/ s) ,the dynamic range of
this RFOGis +4 2rad/ s. These experimental re-
sults are smilar to the theoretical resultsin Fig. 2.
Furthermore ,the dope of the linear part in the de-
modulation sgnal from LIALl is estimated from
Fig.4 to be 0. 43V/ (rad/ s) .
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Fig.4 Demodulation signa from LAl

After obtaining the demodulation sgnal of the
R-FOG,the operrloop system is set up. When fr
islocked at fcew ,the output sgnal from PD2 is
stable ,as shown in the lower curvein Fig.5. When
the resonator is rotating ,the open-loop gyro output
is observed from LIA1,as shown in the upper
curve of Fig.5. In the experiment ,the rotation rate
isincreased to a certain value and then reduced to
zero. Snce the gyro output sgnal isproportional to
the rotation rate,the gyro output signal changes
with the rotation rate as shown in the upper curve
of Fig. 5. The maximum value of the gyro output
signal is 170mV . Because the dope of the linear
part in the demodulation signal from Fig. 4 is
0 43V/ (rad/ 9) ,the rotation is estimated to be a
bout Q. 4rad/ s. From Fig. 5,when the resonator is
rotating in the CW direction ,the gyro output sgnal
is apositive voltage ,whereas when the resonator is
rotating in the CCW direction ,the gyro output sig-
nal is a negative voltage. This phenomenon is the
same as Fig. 3 shows.

Finaly ,when the systemisat rest ,the drift of
the RFOG is tested. Figure 6 shows the drift of
the R-FOGover 5s. The bias drift is approximately
10mV. This corresponds to a rotation rate of
0. O2rad/ s;but the shot-noise-limit of this system
isl 8 x10 " rad/ s,theoretically® . The bias drift
can be decreased by taking countermeasures a
gainst system noise,such as backscattering ,polari-
zation ,and the Kerr effect'” .
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FHg.5 Upper curveisthe gyro signal fromL IA1 when
the R-FOGis rotating while the lower curveis the out-
put sgnal from PD2.

5 0.0 50081 Swop #2 BT

i b

Fg.6 Upper curveisthe gyro signal fromL IA1 when
the RFOGis at rest and the lower curve is the output
sgna from PD2.

4 Conclusion

In summary , an open-loop operation RRFOG
systemis set up with a phase modulation spectros
copy scheme usng LiNbOs phase modulators. The
open-loop gyro output isobtained. The bias drift as
afunction of timeisal so measured. The fluctuation
of the output over 5sisabout 0. 02rad/ s. In thefu-
ture the gyro senstivity will be improved by noise
suppresson.
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