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Abstract: Resonator fiber optic gyroscope (RFOG) based on the Sagnac effect has the potential to achieve the 

inertial navigation system condition with a short sensing coil. RFOG based on fiber coupled semiconductor 

DFB-LD with an FPGA-based digital processor is set up. We evaluate the frequency  drift due to the various 

non-reciprocal noise sources –shot-noise; backscattering, Shupe, Kerr effect and Faraday noises are calculated 

theoretically with single mode fiber (corning SMF-28)as sensor coil and compared with PM fiber( HB 1500G) 

as sensing coil with similar parameters. Bias of the gyro which is caused by the noise source is also analysed. 

Keywords: Bias Drift, Digitalization, Noise sources, Optical fiber gyroscope, Optical passive ring-resonator gyro scope, 

PM fiber, SM Fiber. 

I. INTRODUCTION 

 
Optical fiber gyros based on the Sagnac effect have been 

extensively studied for rotation measurement in 

applications such as navigation, oil platform stabilization, 

and well logging. Compared to an interferometric fiber 

optic gyro(IFOG), resonator fiber optic 

gyroscope(RFOG) uses a high finesse fiber ring resonator 

and a highly coherent laser source which has the potential 

to achieve similar shot-noise of limited performance with 

a shorter fiber length [1,2]. However, the performance of 

an OPRG made of conventional single mode fiber (SMF) 

is limited by a number of deleterious effects that arise 

from the undesirable properties of the sensing fiber, 

namely: Kerr [3], Faraday[4], and Shupe [5] effects and 

Rayleigh backscattering [6]. Though counter measures 

were proposed to minimize these effects, they are not 

perfect and tend to increase the complexity and cost of 

the gyros [2, 7, and 8].So far the performance of RFOGs 

is inferior to that of IFOGs. 

 Recent advance in polarization maintaining (PM) fibers 

offers a radically new means of minimizing these 

unwanted effects, which would reduce the complexity, 

size, and cost of RFOGs.  

In this paper, we analyse numerically the measurement 

errors due to Kerr, Faraday and Shupe effects, and 

Rayleigh backscattering in an RFOG a PM fiber sensing 

coil, and compare the same with a conventional SMF 

sensing coil. 

II. PRINCIPLES AND EXPERIMENTS 

2.1. RFOG configuration 

Figure .1.Depicts the experimental setup for the 

RFOG with sinusoidal phase modulation controlled by 

the proposed FPGA-based digital processor. A 1550 nm 

fiber-coupled semiconductor DFB-LD, whose line width 

is less than 10 KHz, is used as the light source. Two 

sinusoidal modulation signal generators, two 

synchronous demodulators, as well as a proportional 

integrator are realized in this FPGA itself. Light wave 

from the DFB-LD is equally divided by a coupler C1and 

injected into the Resonator fiber optic gyro (RFOG) in 

Clockwise (CW) and Counter Clockwise (CCW) light 

waves. PM1 and PM2 are driven by sinusoidal 

waveforms with modulation frequencies f1 and f2 

respectively. The amplitudes of the two sinusoidal 

voltage waves V1 and V2 are carefully optimized to 

reduce the backscattering induced noise [9]. The CW 

and the CCW light waves from the optical fiber ring 

resonator (OFRR) are detected by the In GaAs PIN 

photo detectors PD1 and PD2, respectively. The output 

of PD1 is fed back through the digital lock-in amplifier 

to adjust the central frequency of the DEB-LD to be 

locked at the resonance frequency of the CCW light 

wave in the OFRR. The demodulated signal of CW light 

wave from LIA1 is used as the open-loop readout of the 

rotation rate. 

The polarization maintaining OFRR with twin 90
o
 

polarization-axis rotated splices is adopted to reduce the 

polarization induced noise [10].It is wound around a 12-

cm diameter spool. The total length of the OFRR is 12m. 
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As a result, the free spectral range (FSR) of the OFRR 

becomes 17.24 MHz 

Based on the system shown in fig.1, a saw tooth-wave 

signal from a signal generator tunes the central 

frequency of the DFB-LD linearly with respect to time, 

and no lock-in process is contained. Fig.2 shows the 

measured resonant curve of the OFRR observed in 

PD1.The measured finesse is approximately 50. Only a 

single linear Eigen State of Polarization (ESOP) is 

excited and the other unwanted ESOP is almost 

suppressed through controlling the two splicing positions 

in the OFRR as shown in fig.2. 

If the OPRG is operated in an open-loop configuration 

and fo and fr are central frequency of the laser and 

resonant frequency of the resonator, the frequency 

difference ∆f =fo- fr is related to the rotation rate by, 

 Ω                                     (1) 

Where λ is the wavelength of the source in vacuum, P is 

the optical perimeter of the resonator, and A is the area 

enclosed by the resonator. 

Instead of locking at the centre of the respective 

resonances, the CW and CCW light frequencies can also 

be locked to a higher slope point on either side of the 

resonance, yet the relation between the ∆f and Ω is  

given by Eq.(1). 

 

     

                                        

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Experimental set up of the RFOG with the proposed FBGA Based digital processor 

 

2.2 The gyro signal  

When stationary, the output voltage at detector D1 may 

be expressed as [2] 

(2) 

Where ,  and βL are fractional coupling intensity 

loss, resonant coupling coefficient and resonance phase 

angle. 

The shape and resonance depth of the output are related 

to source spectrum, the resonator parameters (i.e., 

coupling ratio and loss of coupler C2, length and  

 

attenuation of the sensing fiber coil). The normalized 

transmission of the resonator as a function of wavelength 

is illustrated in fig.2. The Lorentzian resonance curve is 

characterized by the FWHM line width, Г, with 

maximum and the minimum transmission Tmax=0.5747 

and Tmin=0.0007, which are also indicated in fig.2 and 

will be used later to calculate the measurement 

uncertainties due to shot and backscatter noise. When 

gyro rotates, the CW and CCW resonances split and 

difference in the resonance frequencies is given by Eq. 

(1). 

However, the measurement of fr and hence ∆f are 

corrupted by noises and errors due to various deleterious 

effects as mentioned in section .1. The uncertainty δf in 

measuring ∆f=fo-fr and the resulting uncertainty δΩ in 

measuring Ω are related by v  

                                     (3) 
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Fig.2. Normalized transmission as a function of resonator 

phase angle. 

The main source of errors/noises are the backscattered 

waves [6, 8] that mix coherently with the signal waves 

and generate unwanted intensity fluctuation, which is 

added to the resonator output and effect the accuracy in 

locking the central frequency to the resonant frequency 

of the coil; and Kerr [3, 7], Faraday [4], and Shupe [5] 

effects that induce non-reciprocal phase changes are 

indistinguishable from the rotation-induced phase 

change. Total bias drift due to the effecting noises is, 

(a) 

In this paper, we evaluate bias drift of gyro numerically 

due to the impact of these deleterious effects on the 

performance of an OPRG with a PM fiber (HB 1500G) 

sensing coil and compare it with 3232,an OPRG with a 

conventional fiber (corning SMF-28) sensing coil with 

similar system parameters. The common parameters 

used in the calculation are: coupling ratio of C1:  50%, 

coupling ratio of C2, C3: 5% and 95%, input power: 

50µW, wave length of the laser: 1550nm, radius of the 

sensing coil: 5cm, effective index ne of the fundamental 

mode: 1.4571   for PM fiber and 1.4682   for 

conventional SMF, fiber attenuation: 2dB/km for PM 

fiber and 0.05dB/km for conventional SMF. 

III. NUMERICAL ANALYSIS 

3.1 Shot-noise limit 

Shot noise at the output of the photo-detector is directly 

added to the signal output voltage that is proportional to 

Vout as given in eq. (2). This results in measuring 

uncertainty in fo, and hence δf and δΩ. When operating 

around the centre of the resonance (βL=2mπ+π), the 

shot-noise limited measurement error δΩs may be 

expressed as [5, 11] 

 (4) 

(5) 

Where η is the photo detector quantum efficiency, to the 

integration time, Eo is the laser intensity inputting to 

coupler C2, and h is Plank’s constant. 

PM fiber is different from conventional SMF in terms of 

attenuation and Eigen state of polarization and other 

factors such as coupler coupling ratio and excess loss 

affect the resonance curve and hence δΩs. With Eqns. (4) 

and (5), η= 0.8, to=1s, the bias drift due to shot noise for 

SM and PM fiber as sensing coil are 1.7e
-7o

/sec, 

1.66e
-6o

/sec. 

3.2 Backscattering noise 

An OPRG needs a coherent light source to achieve high 

performance. However, the long coherent length 

increases the backscatter noise due to the coherent 

mixing of CW (CCW) signal beam and the 

backscattered/reflected waves from the CCW (CW) 

signal. When backscatter noise is considered, the signal 

at photo-detector D1 may be expressed as [6] 

(6) 

Where σ is the interference intensity which is due to 

coherent mixing between the signal and the 

backscattered waves and has a similar resonance 

characteristic as the signal beam. The magnitude of σ 

may be estimated by [6] 

                (7) 

Where T, Cr, and Ci are related to gyro parameters and 

are defined in reference [4], αB is the backscattering 

coefficient and SB= ((NA/n) ^2)/2 is the recapture factor 

of the fiber. <I3> represents the backscattered beam 

intensity, and is given by Eq. (18) in reference [6]. The 

interference intensity σ and Backscattering beam 

intensity are fluctuating with environment and they 

introduce measurement errors. The signal to noise ratio 

(SNR) due to coherent backscatter may be expressed as 

Eq. (8). 

  (8) 

Substituting Eq. (8) into Eq. (4), and with the following 

parameters αB=3.3617e-4, NA=0.17for 

PMF;αB=3.4131e-4, NA=0.14for SMF. Theoretically , 

the bias drift due to backscattering noise for SM and PM 

fiber as sensing coil are δΩB =0.54 
o
/sec , δΩB =6.4 

o
/sec.  

3.3 Shupe effect  

The phase accumulated by the fundamental mode as it 

propagates through a fiber of length L depends on 

temperature through thermal expansion of the fiber, the 
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thermal-optic effect and the variation of the transverse 

dimension. 

 In a fiber ring resonator, thermally induced non-

reciprocity can occur if there is a time-dependent 

temperature gradient along the fiber. Non-reciprocity 

arises when the corresponding wave fronts in the two 

counter-rotating beams transverse the same region of the 

fiber at different times. If the fiber propagation constant 

varies at different rates along the fiber, the 

corresponding wave fronts in the two counter-rotating 

beams transverse a slightly different effective path. This 

creates a non-reciprocal phase shift that is in 

distinguishable from the phase shift caused by rotation 

[5]: 

                                      (9) 

 

                             (10) 

S is the Shupe constant and includes two terms: the 

length term SL, and the index term Sn. α is the coefficient 

of thermal expansion of the fiber, L is the length of the 

sensing coil, ∆T is the temperature difference between 

the inner and outer layers, and a, the radius of the fiber 

coil. Equation. (9) shows that the thermal sensitivity of 

the OPRG is proportional to the Shupe constant S, and 

the mode index (n). And we observed theoretically bias 

drift due to Shupe effect as SM fiber as a sensor coil   

7.8e
-6o

/sec and PM as a 2.4e
-5o

/sec.  

3.4 Kerr effect 

The drift δΩk due to the Kerr effect may be expressed as 

[3] 

(11) 

 

 

Io (12) 

 

Where ∆u = ucw - uccw, and ucw and uccw are the beam-

splitting coefficients of two counter-propagating beams. 

For ideal equal beam splitting, ucw = uccw. ∆Ф is the 

difference in the phase modulation amplitudes that are 

used in the input ends of the resonator for minimizing 

the coherent backscatter/reflection noise. Η, A*, and n2 

are the impedance of the fiber, the mode field area, and 

the Kerr coefficient, respectively. Tf is transmission 

through the fiber coil. The Kerr coefficient may be 

expressed as [10]: 

        (13) 

Using Eq. (11) and the following parameters [3]: for 

conventional SMF (corning SMF-28), η=259.81, mode 

filed diameter=10.6µm; for PM fiber (HB 1500G), 

η=100. Mode field diameter=7.9µm and χ=0.002.We 

numerically calculated the rotation rate error induced by 

optical Kerr effect in the OPRG with a PMF coil, and 

compare it with the conventional SMF OPRG. The drift 

due to Kerr effect -SM fiber as sensing coil 6.7e
-15 o

/sec 

and PM fiber as a sensing coil 2.17e
-12o

/sec.   

3.5 Faraday Effect 

The drift of an IFOG due to Faraday Effect has been 

analysed by Hotate and Tabe [4]. For an OPRG with a 

N-turn coil in a magnetic field Ho, the variation of the 

phase difference between the CW and CCW beams in 

one round trip may be obtained by following a similar 

analysis and given by  

|Ф|                  (13) 

(14) 

Where = VHo representing the maximum Faraday 

rotation per unit length under Ho, V is the effective 

Faraday constant of the fiber. A is the radius of the fiber 

coil, and ∆β and  are respectively the birefringence and 

the twist per unit length. By using Eq. (3) and 

δψ=2π.δf.τo, the gyro drift in terms of rotation rate may 

be expressed as 

  (15) 

From Eq. (15), several observations may be made. 

Firstly is proportional to |Ф|, the twist of the fiber in 

the coil. Under ideal condition no twist exists, the 

magnetic field would have no effect on the gyro drift. 

Secondly,  is inversely proportional to the fiber 

birefringence and hence can be reduced by using PM 

fiber with a high birefringence. We observed 

theoretically bias drift 4.47e
-8o

/sec, SM fiber as sensing 

coil and 4.5e
-7 o

/sec, PM fiber as a sensing coil. 

IV.RESULTS AND DISCUSSION 

 

S.No. Noise 

Source 

Drift due to 

SM Fiber as 

a sensor coil. 

(
o
/sec). 

Drift due to 

PM Fiber as 

a sensor coil. 

(
o
/sec). 

1. Shot-Noise 1.7e
-7

 1.66e
-6
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2. Back 

Scattering 

effect 

0.54  6.4  

3. Shupe effect 7.8e
-6

 2.4e
-5

 

4. Kerr effect 6.7e
-15 

 2.17e
-12

 

 

5. Faraday 

effect 

4.47e
-8

 4.5e
-7 

 

 

Table.1. Comparison of noise sources. 

While comparing PM fiber sensor coil with SM fiber as 

sensor coil, PM fiber gives low shot- noise but main 

noise sources backscattering noise and Kerr noise are 

high in value. Thus the above evaluation provides a 

proper modulation technique to minimize the 

backscattering and Kerr effect noise with PM fiber as a 

sensor coil. 

V.CONCLUSION 

We have theoretically evaluated the bias of the optical 

passive resonator gyroscope (OPRG) caused by various 

deleterious effects in the ring resonator formed by single 

mode(SM) fiber and compared with polarization 

maintain (PM) fiber. We observed theoretically low shot 

noise, 1.66e
-6o

/sec and higher backscattering 

noise, δΩB =6.4 
o
/sec using PM fiber as sensing coil, 

compared with SM fiber as sensing coil. By modulating 

CW and CCW beams at different phase in our set up we 

can minimize drift due to backscattering noise and low 

shot noise, by using PM fiber as a sensor coil to observe 

minimum drift at output. 
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