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Fiber gyroscope operation - numerical modelling
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The analytical description of all-fiber gyroscope based on the Jones calculus is presented. This
calculus allows on an uniform description of the single-mode fiber elements from gyro minimal
configuration. The numerical simulation allows to calculate the influence of element parameters on
gyro sensitivity and bias-offset.

1. Introduction

In the research and development of fiber gyros the capabilities to analyse and
simulate the optical system are required. One of the methods allowing a simple
description of gyro set is that of the Jones matrix. By using this method U trich [1]
described the role of polarization problem in gyro operation. The block structure of
this method allows us to investigate the influence of the parameters of system
elements on the output signal. In this way, the influence of polarizer [2]-[4],
polarization control unit [5], broad band source with high-birefringence fiber loop
[3], [6], [7], and phase modulator [8], [9] on gyro operation was described. On the
other hand, the Jones matrix method can be directly used to numerical modelling of
the set working. Such a way is used in paper [10]' but for bulk optics elements in
Jones matrices.

Below, the numerical simulation of all-fiber gyro operation using Jones matrix
method is presented.

2. Numerical simulation algorithm

Analysing gyro set and its equivalent lumped element representation (ELER) scheme
in Jones matrix notation is shown in Fig. 1 The fiber coil lies in the X-Z plane; the
widely applied Sagnac phase equation has the following form:

AP =KQ @

where K - scale factor, Q - rotatign rate. We assume an additional nonreciprocal
phase shift of n/2 for propagation in the counter-clockwise direction in order to
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Fig. 1. Gyro arrangement for analysis and its ELER scheme. Jin - matrix of source, R, - matrix of
adjusting i connector, CT, CR - matrices of transmission and reflection distances in coupler, P - matrix of
polarizer, M - matrix of modulator, CP - matrix of polarization controller, F - matrix of sensor loop,
T- (in upper index) matrix transposition, In - matrix of inversion, CW and CCW - matrices for cw and
ccw wave of gyro

obtain output equation with the maximum sensitivity at zero-rotation rate. The
possibility of the element birefringence axis misalignment in connections is included
in rotator matrix

S 9i —sin0fn
n o6t C0S0J”

=1 5 Q)

where Ot - angle between misalignment axis. Inversion matrix

(11 - [ L] i ;] pi
(Fig. 1 resulting from the fiber birefringence axis is subject to a reflection about the

Y-Z plane as the loop is traversed [3].
In the case when Jones matrices of set elements are known, the gyro matrix is

Z = CWejAD,2+ CCWej(nl2~A02) @
where
CW= CRtR[PTR3CR[R5INM FPCR4CT2R3PR2CTIR1 (5a)

is Jones matrix for clockwise (cw) direction, and
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CCW= CR[R2PTR%CTjJRICPTFT™ TINR5CR2R3PR2CTIRI (5b)

Jones matrix for counter-clockwise (ccw) direction.
If the source is represented by its coherence matrix [1Q]

©

where P, 9, e, - degree azimuth and ellipticity of polarization, respectively, then gyro
signal coming back to the source is

[=Tr(Q@, Jau=2JJZ )

where Jau - coherence matrix for output wave, and f - Hermitian conjugate.
Equations (1H?) describe the algorithm of numerical simulation of gyro
operation equivalent to signal

1(Q) = A+B/2 sin(A<P+<PQ) (1))

where <0 is the phase bias-offset, A - mean intensity level, and B - intensity scale
factor.

3. Jones-matrix representation of gyro elements

According to the equivalence theorem of Hurwitz and Jones [11], any optical unit
(gyro elements) may be represented by partial polarizers, rotators and retardation
plates. Thus, it is possible to construct ELER for gyro elements including its
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structural parameters and Aber properties. In simulation we have used the schemes
of cnen [12] for coupler and of Burns [5] for high-birefringence loop. Other schemes
are described in paper [13] using elastoopic type of fiber deformation.
Introduction of structural parameters and fiber properties as global variables to
numerical program (Fig. 2) allowed a simple modification of ELER. In this way, the
investigation of the influence of the mentioned above variables on gyro operation
(Eg. (8)) is possible. The number of variables included in this program is 36.

4. Simulation results

The values ©f phase bias-offset (Eq. (8)), intensity scale factor B (Eq. (8)), scale
factor K (Eg. (1)) and gyro sensitivity limited by the shot noise [14], were calculated
for Sagnac phase changing from —90° to 90°. The results of gyro simulation for tV
parameters such as in Fig. 2 are presented in Fig. 3.

Phase Bias= 7 .150E+0GGG Iteg/hl Sensitivitu = 9.3ME-008 tdeg/hl
Seale Fac.r 2.41AE0000 Isl Int. Seal* Faetor = I.MRE-0001

Fig. 3. Simulation of gyro operation

The exemplified field results of simulation with different parameter variations are
shown in Figs. 4-7. Figures 4 and 5 describe the operation of unit with
high-birefringence loop, and Figs. 6, 7 of that with usual fiber loop.

For the result shown in Figure 4, the variable parameter is the axis birefringent
alignment between the coupler and fiber end in ccw direction (matrix R?"). As it is
seen, the misalignment introduces into gyro operation a significant phase bias-offset
and changes in the intensity scale factor. This phase bias-offset may be reduced By
decreasing the degree of source polarization, as shown in Fig. 5. These results are in
a good agreement with the Burns calculation for SLD and high-birefringence fiber.



Fiber gyroscope operation.. 121

Fig. 4. Simulation for gyro operation with axis biréfringent alignment between the coupler and fiber end in
ccw direction as the variable parameter (the angle d5 in matrix Rs): 1 - 05= 0 deg, 2 - 9S= 3 deg,
3- 05=9 deg, 4 - 03= 12 deg

Fig. 5. Simulation for gyro operation with the degree of source polarization (DOP) as the variable
parameter: 1- DOP = 10,5- DOP =07 6 - DOP=04,7 - DOP =0.1, 8 - DOP =0.05
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Fig. 6. Simulation for gyro operation with the second transformer loop angle (the angle $ in matrix CP)
as the variable parameter 9 - W * 0 deg, 10 - \i= 10 deg, 12 - ~ = 45 deg, 13 - jft- 90 deg

rarar

Fig. 7. Simulation of gyro operation with the state of source polarization ellipticity (s) as the variable
parameter: 14 - e=0 deg, 15- £= 5 deg, 16 - e= 15 deg, 17 - e = 30 deg
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The possibility of bias-offset minimization by polarization of control unit (matrix
CP) is shown in Fig. 6. In this case, the variable parameter is the axis of second
quarter wave loop of Le Fevre transformer [15]. Figure 7 shows the influence of SOP
ellipticity on the output gyro parameters. The obtained results are in conformity with
.the Kjnter ONnes [2].

5. Conclusions

The obtained results show that the Jones method can be successfully used for
description of the influence of the element parameters of gyro on its operation. The
program presented in this paper can be applied to the use of all-fiber elements for
gyro set. This program can be modified so as to take into account other parameters,
like the influence of external fields, and so on. This problem will be solved in the near
future.
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[eiicTBre (DUGPOBOTO MMPOCKOMA - YWCMEHHOE MOJENMPOBaHMe

[aHo aHanuTnyeckoe onucaHue hubPOBOro rupockona, 6asmpyrouee Ha BbluMCneHUN [KoHca. ITO
BblUYMC/IIEHWe MO3BOMAET OfHOPOAHO onucaTb (GUOPOBble OJHOMOAHbIE 371EMEHTbI U3 MUHUMALHON
KOH(Urypauum rmpo. AHanuTUyeckoe MOJEeNVMPOBaHWe NO3BONSAET paccyuTaTb BAWAHWE MapaMeTpoB
3/1EMEHTa Ha YyBCTBMTENbHOCTb FMPO, a TaKXKe Ha CABUM Ha4yanbHOW Monspusaumu.



