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Interferometric Fiber Optic Gyroscope: Principle of Operation and
Basic Parameters Determination

Vladimir Vukmirica, MSc (Eng)l)

The presented method, based on the theory and equations of fiber optic gyroscope, gives a possibility to select
appropriate interferometric fiber optic gyroscope (IFOG) parameters and components to satisfy measuring range,
bias, noise, etc. It is thus possible to realize software and hardware of appropriate IFOG.
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Introduction

ESIGNING of an IFOG requires a good theoretical

understanding of the principles as well as the
knowledge of components and technology used for gyro
production. This work summarizes both theoretical
requirements and technology possibilities for gyro design.

Figure 1. Transient time difference due to rotation

In applications where a gyro drift between 0.001 deg/h
and ldeg/h is required, IFOG successfully displaced the
ring laser gyroscopes (RLG). These applications are in
strapdown inertial system navigation for stabilization
applications, tactical missiles, land vehicles, aircraft AHRS
and inertial navigation systems (INS), strategic missiles,
etc. [5]. In comparison with MEMS gyroscopes, they are
more precise, while they are lighter and smaller than RLG,
have longer life and are more rugged.

The IFOG is an interferometric fiber optic gyroscope.
The function of this gyro is based on the “Sagnac” effect
[1]. The Sagnac’s fringe shift is present in the rotating ring

interferometer, Fig.l when two light beams circulate in
opposite directions

The light source S is a light emitter of two waves
traveling in opposite directions around a path of radius R.
The light source and the detector D are rotating with
angular velocity Q, so that a light beam traveling in the
rotating direction travels a longer distance L' for longer
time ¢  while the opposite light beam travels a shorter
distance L for shorter time ¢

Then

L' =27R+ ROt (1)

L =27R—-RQt™ 2)
The light speed in the medium is:

en= &)

where:

¢ - light speed in vacuum

¢ - light speed in a particular medium

n - index of refraction in a particular medium
If n~1, ¢,, ~ ¢, then:
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The substitution of (4) and (5) into (1) and (2) yields:

+ _ 2R
L - ko (6)
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- 2R
L = (7
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From (6) and (7) it is obtained:
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If the waves can circle the path N times:

2

AL = ANR’72Q _ 4NA o _ LD ¢ (10)
C C Cc
4NR*7Q) _ 4NA

Where:
A — area enclosed by path
D — path diameter
L —total length traversed

For a wave of frequency f (wavelength /=c/f), the period
T=1/f is time taken for a 2w phase change, so that the
Sagnac phase change @ over time At is:

= 27r =27 fAt (12)

so that, after substituting for Az in (12) with (10) it is:
8w AN
D= e Q (13)
The fringe shift x is then:

)
x=o (14)

_ 44N _4DL _

x=H0=120=K,0 (15)

where, Kj is the open-loop scale factor. The light path can
be defined by prisms (Haress), mirrors (Sagnac), or optical
waveguides. It can have any shape, and A is the plan area
of the shape normal to the rotation vector.

“SAGNAC?” sensitivity

Assume a lossless Sagnac interferometer with an ideal 3-
db beam splitter. The light amplitude at the detector is the
sum of the clockwise and counterclockwise amplitudes,
shifted by Sagnac phase ¢.

Ep=E'"+Ee/®
Assuming that the amplitudes are identical
E*=E =E
Then:

Ep =E(cos0+ jsin0+cos® — jsin®d) =
=FE(1+cos® — jsin D)

The intensity on the detector is
Ip =|Ep|’ =2|E[’ (1+cos®) = 2I(1+ cos D)

where 1 =|E[*
The sensitivity is

\dI / d®|=21sin®
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Figure 2. Sagnac interferometer sensitivity

As seen in Fig. 2, the minimum value of sensitivity is at
no rotation when the phase shift is zero and at the
maximum value when the phase shift is . Under these
conditions the threshold has the minimum value.

If the interferometer is stationary in inertial space, the
maximum intensity is at the detector. As the interferometer
rotates faster the intensity drops, reaching zero when the
Sagnac phase difference is . The maximum angular rate
for the phase difference n is obtained from (13):

0= DPlc _ rmhe Ac (16)

87AN 8wAN 8AN

To improve gyro sensitivity, the interferometer can be
biased to the point of the maximum slope at @ = 1/2. In this
case the maximum sensitivity of the open loop gyro is at
low angular rates. Maximum angular rate range is limited to
that which represents a + /2 phase shift.

_ Ac
Q=472 (17)

For example, if the coil diameter is a 100 mm, number of
turns is N = 1000 (L =~ 314 m) and the light source
wavelength is A=1550 nm then:

Quax ®E3.7rad /s =£212°/s

The gyro characteristic in the open loop is not linear, i.e.
the scale factor is not linear and depends on the phase shift
as represented in Fig.2.

To overcome the open loop gyro problem, a servo loop
is closed on the Sagnac phase, inserting a phase modulator
to oppose it so that the output intensity stays at the
maximum-slope bias point.

The fundamental limit of IFOG performance

There are two noise sources to consider for the IFOG:
- the photon shot noise
- the relative intensity noise

Photon shot noise

While optical gyros have excellent stability over periods
of hours, they are quite noisy in the short term (over
seconds); indeed, they act as white noisy generators. Their
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theoretical fundamental threshold noise really does set a
lower limit of their performance.

Light energy is quantized in photons, and when light
falls on a detector, it creates electrical noise (photon shot
noise). Assuming that the detector amplifier electronic
noise is small, the shot noise depends on the detector
current and the measuring bandwidth [1], its r.m.s value
being

i, =2¢i,B = | (18)

I

where:
e —electron charge
iy — average detector current
1

B — measurement bandwidth B = 5

t, — sample time
The gyro scale factor K is the ratio of the output signal
(average detector current) to the input angular rate.

_l 4
K_Q [rad/s}

The minimum detectable rate change, d€2, caused by the
uncertainty in output current i;, defines the resolution

dQ _1diy _ 15 _1 | e [md/s] (19)
Q "k, Ki, K\l A

If the rate noise has a white spectrum with an r.m.s.
value o, it gives rise to a random walk angle, R,, which
propagates as the square root of time (Angle Random Walk
— ARW)

ARW =R, = ot (20)

ARW is a commonly specified parameter for optical
gyros.

Davis and Ezekiel [1] show that the minimum detectable
rotation rate (treshold) is:

AQ=— 2 @1

KO A/ nphﬂt
where:

ny; —number of photons/second falling on the detector
n — detector quantum efficiency
t —averaging time
Ky — open loop scale factor

Detector quantum efficiency is defined as the number of
electrons emitted per photon on the detector. In that case
the current in photo detector is 7,,17e, where e is the electron
charge. The detector is more usually characterized by the
responsivity, R, and the power at the detector, P, is usually
expressed in Watts. Accordingly

nyne=F;R

and (21) can be written:

_ 2 e
A= (Pthj (22

Based on (22) it is possible to calculate the expected
IFOG threshold. If the same coil used in the previous
example is considered, of diameter D = 100 mm, number of
turns N = 1000 (L = 314 m) and light source with
wavelength 4 = 1550 nm, assuming the power at the

detector P, = 100 pW and responsivity 0,5 A/W, sample
rate t = 1 s, then:

Kk _A4DL_  4-0.1-314
7 dc 1.55-10°-3-10°

2 1.6-107"
AQ = / =
0.027Y100-107°-0.5-1

=4.19-107 rad/s = 0.086°/h

=0.027

which is a characteristic of medium class gyroscopes for
heading and attitude reference system applications.

Relative intensity noise (RIN)

In the low-coherence (broad linewidth) source the
spontaneous emission gives rise to many wavelengths
beating against one another, causing intensity noise.
Because the coherence time is much less than the transit
time around the coil, the source noise cannot be subtracted
from the Sagnac signal at the detector, as it can in resonant
gyros with high-coherence sources.

Fig.3 illustrates how intensity noise passes to the
detector. During bias periods a, and b, the noise in the
detector output is uncorrelated and the noise level in
Equation (22) increases by the right-hand term:

_2 e A2
A= (Pth) " 4el

where 4 is wavelength, I' is linewidth (half intensity
spectral width).
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Figure 3. Relative intensity noise propagation

The shot noise dominates if the detector power is low. For
high power and large linewidth the intensity noise dominates.

If we consider a gyro with I' = 50 nm, then the
previously calculated noise increases and:

o (1.55-10¢)
AQ 2 L6-10 : -
0.027\100-10°-05-1  4-3-10°-50-10 -1

—154-10713d _ 318>
s h
The relative intensity noise is greater than the shot noise,
increasing it for 0.155°/h and contributing to a significant
threshold increase.

“SINGLE-MODE” and “MULTIMODE?” optical
fiber
Fiber optics (optical fibers) are long, thin strands of very

pure glass which consists of higher refractive index core
and lower refractive index cladding. Core and cladding are
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inside one or more layers of coating, Fig.4. Glass is formed
of silicon dioxide (Si0O,) and germanium dioxide (GeO,).

Buffar
Coating

Figure 4. Optical fiber

The core is optical waveguide; the cladding is outer
optical material surrounding the core that reflects the light
back into the core. The buffer coating is plastic coating for
protecting the fiber from damage and moisture.

Optical fibers come in two types: single-mode fibers (or
monomode) and multimode fibers. The fiber diameter is an
order of light wavelength magnitude.

A single-mode fiber with a relatively narrow core
diameter (about 6 to 9 microns) will transmit only one
lowest order bound mode of infrared laser light at
wavelength 1300 to 1550 nanometers (Figures 5 and 6).

-

Figure 5. Monomode optical fiber propagation
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Figure 6. Monomode optical fiber structure

This type of fiber with a core diameter less than about
ten times the wavelength of the propagating light cannot be
modeled using geometric optics. It must be analyzed as an
electromagnetic structure, by solution of Maxwell’s
equations as reduced to the electromagnetic wave equation.
As an optical waveguide, the fiber supports one or more
confined transverse modes by which light can propagate
along the fiber. Fiber supporting only one mode is called
single-mode or mono-mode fiber. The behavior of larger-
core multimode fiber can also be modeled using the wave
equation, which shows that such fiber supports more than

one mode of propagation (hence the name). The results of
such modeling of multi-mode fiber approximately agree
with the predictions of geometric optics, if the fiber core is
large enough to support more than a few modes. Single-
mode fiber carries higher bandwidth and up to 50 times
more distance than multimode, but requires a light source
with a narrow spectral width.

If the core is wide and there is a sharp transition between
the core and the cladding, high-order rays will follow
reflected paths while low-order modes will follow straighter
paths. This causes some of the rays to arrive at the source at
a different time-a phenomenon called modal dispersion.
Dispersion limits cable distance.

The need to leave spacing between pulses to prevent
overlapping limits bandwidth that is, the amount of
information that can be sent. Consequently, this type of
fiber is best suited for transmission over short distances (10
to 100MBS - Gigabit to 275m to 2km).
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Figure 7. Step index multi-mode optical fiber

Graded-Index multimode fiber contains a core in which
the refractive index diminishes gradually from the center
axis out toward the cladding. The higher refractive index at
the center makes the light rays moving down the axis
advance more slowly than those near the cladding. Also,
rather than zigzagging off the cladding, light in the core
curves helically because of the graded index, reducing its
travel distance. The shortened path and the higher speed
allow light at the periphery to arrive at a receiver at about
the same time as the slow but straight rays in the core axis.
The result: a digital pulse suffers less dispersion.
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Figure 8. Graded index multi-mode optical fiber

Numerical Aperture - NA

Numerical aperture (NA) is a critical performance
specification for optical fibers.

NA is a unitless quantity. The numerical aperture takes
into account not only the cone of acceptance, but the effect
on that cone of different media outside the fiber. Let us
consider the fiber with the outside media index ng, core
index n; and a cladding index of n,< n; (Fig.9).

Maximum acceptable angle 6.« = Omax 18 calculated
based on critical angle at which total internal reflection
occurs.

6,> 0.
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Figure 9. Numerical aperture parameters

Angle 01/ is complementary 6;:

6/ =90-6 (23)
Snell’s law of refraction applied to equation 23 gives:
1y sin 6, = n; sin G, < n; sin(90 - 6,) (24)
therefore:
m sind, =n, sin90 = n, (25)

Equation (25) in (24) yields:

ny sin 6y <~/nif —n3 (26)

or
1y SN Gy ey =1 — 13 = NA 27

Numerical aperture does not depend on the material
outside the fiber but depends only on the indices of the core
and cladding of the fiber. If the fiber is placed in a material
other than air, the index n, will indeed increase, but the cut-
off angle 6, will decrease to keep the product nysin Gy,
constant.

Polarization

The polarization of an electromagnetic wave is defined
as the direction in which the electric field propagates. A
fiber drawn from a cylindrical preform has a circular cross
section, so it is degenerated in polarization; there is no
preferred axis for aligning polarization. But refractive index
generally depends on the stress in the material, because
stress causes the core to act as if it had different refractive
indices in different radial directions, called stress
birefringence. Therefore an actual fiber coil may provide a
preferred polarization, although it may not be stable over
temperature and time.

A Dbirefringent fiber can be considered as having
different propagation constants f. and f, along two
orthogonal axes x and y normal to the fiber axis, so that the
waves traveling along x and y travel at different

Ao

both x and y will become elliptically polarized as it moves
along the fiber. When it has traveled a certain distance, the

speeds(ﬁ :Zﬂ). Linearly polarized light coupled into

beat length, L,, the phase between the x and y wave
components will have changed by 2n and the wave will
again be linearly polarized:

‘ﬂx_ﬂy‘l‘b =2r

Another measure of fiber birefringence is the amount of
power transferred between the cross-polarized states per
unit length, denoted by the #A-parameter. If linearly
polarized light is launched into the x-axis of 1 km of a fiber

with &=
10 m’

, 10% of the power will be in the y-axis

mode at the other end.

The accuracy of FOG depends strongly on the
parameters of an optical block. The gyro noise is smaller if
larger is output power of light source and smaller optical
losses at all optical components, including optical fiber.
The minimum measured angular rate depends on
polarization crosstalk 4 and the beat length L, of the optical
fiber as following [2]:

Qi ~ VLo (28)

DL

where:
D — coil diameter
L —total fiber optic length

If we consider the same coil used in the previous
examples, of diameter D = 100 mm, number of turns N =
1000 (L = 314 m) and light source with wavelength 1 =
1550 nm, with L, = 7.8 mm (PANDA fiber SM15-PS-U17B
[4]) and A=10" m'[2]:

Qi ~ 0.58%/h

The reasons of polarization maintaining fiber application
are:

- The accurate measurement (or nulling) of the small rota-
tion-induced Sagnac phase requires the rejection of the
large phase (e.g., 10° ) common to the CW and CCW
paths. There are two ways of ensuring this; either scram-
ble the polarization so that it is random at the detector or
ensure that the paths have identical optical lengths (iden-
tical fs). Practically, that implies that they use the same
polarization [1].

- To minimize drift due to cross polarization connection

- To minimize drift due to Faraday’s effect of outside mag-
netic fields

) | M L' -ra-nl-:ud-dlru 5-'II'|-|N|‘.H-
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Figure 10. Some polarization maintaining fibers
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Fig.10 illustrates some of the usual ways of optical fiber
polarization, which are:

- Building-in an elliptical member of a different expansion
glass,

- Building-in two rods (stress rods) on either side of the
core—the so-called

- "Bow-Tie" fiber and the PANDA [4] fiber, for example

- Flattening the preform by squeezing it while it is hot , the
so-called

- "square" fiber.

Square fiber has the useful property that the asymmetry
axis is clearly visible from outside and coils with controlled
core position can be readily wound. Stress rods function by
setting up an asymmetric stress in the core when the fiber
cools down.

Gyro closed loop

Due to gyro rotation there is a fringe shift according to
equation 15:

4AN
Ac Q

X =

This shift is equivalent to phase i.e. frequency difference
thus generated. The fringe shift equivalent to the phase
difference is a product of the phase difference and the coil
propagation time:

_arnLl _ 44N
Afty = N T e Q (29)
ie.
_ Dy
Af = —le KQ (30)

The "Sagnac" path difference can be nulled by changing
the frequency of the light circulating in one direction
around the coil.

The phase nulled gyro scale factor is:

- D
k=12 31)

For loop closing, most of producers use the phase
integrated optical chip modulator, Fig.11.
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Figure 11. An optical chip modulator

The modulator is an active electro-optic crystal. Lithium
niobate is most often used. Waveguides are made in lithium
niobate by diffusing titanium into the surface of the crystal
in stripes 3-6 um wide and deep; these in-diffused regions
have the higher index needed for them to act as
waveguides.

The electro-optic effect in lithium niobate used to change
the guide's effective index by applying an electric field
transversely across the guide. The transverse field comes

from electrodes deposited on the substrate, and the
propagation constant f in the guide interacting with the
field is proportional to the voltage. In such way a phase
shift is introduced to an optical signal. Integrated optics
involves the processing of light waves by modulators,
switches, and amplifiers.

Optolink’s multi-function integrated optical chip MIOC
[2] is a solid state waveguide device on X-cut LiNbO3

substrate fabricated by High-Temperature Proton Exchange
method (HTPE). A very important advantage of proton
exchange (PE) waveguides is the following one. In such
waveguides the extraordinary refraction index is increasing,
while refraction index of ordinary rays is decreasing. As a
result, proton exchanged waveguides support propagation
only extraordinary polarization modes (TE in case of X-cut
LiNbO3). Therefore, it is no necessary to use a polarizer in
the fiber optical gyroscope, which brings additional loss.

Frequency modulate is realized by the phase modulator.
A saw tooth voltage, Fig.12, is applied to phase modulator
electrodes to realize that.

4
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Figurel2. A phase modulator voltage

To make a frequency shifter with no sidebands, the
phase is varied exactly by 2, i.e. at 2m phase is reset to 0.
The frequency generated depends on the rise time to phase
shift of 2. The instantaneous amplitude of a light wave
passing through the modulator is:

a=aysin(2z ft + @)

where:
ay— wave amplitude
f —optical frequency
@ — phase difference
The slope of the phase ramp is 2n/7. The phase at any
instant t is 27#/T, therefore:

a=a sin[Zﬂ(f+%)t}

which represents a wave with its frequency shifted by 1/7.
instantaneously subtracting 2m doesn’t affect the frequency
shift. The generated phase shift is proportional to the
measured angular rate:

Af =KQ
SO:
-1 _ni
Q=¥r=Dr (32)

This method of phase shifting must satisfy the
requirements:
- The voltage ramp must vary in slope over the dynamic
range of the gyro, always resetting at 2z phase difference
- Any ripple in the rising voltage will generate frequency
noise, which can end up at the detector and rice the gyro
threshold
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- The flyback must be instantaneous to avoid gyro noise.
Also if the flyback is no instantaneous that will affect
scale factor linearity.

Fig.13 illustrates the digital phase ramp approach.
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Figure 13. The digital phase ramp

The digital phase ramp is used to improve the scale
factor linearity. Instead of ramp generated shift 2m, the
modulator provides a step of phase with duration z,, the
transit time in the coil length L:

L _nL
ty=—F—="= 33
1Tcln ¢ (33)

Light divides in two beams in the light splitter so that
they propagate through coil in opposite ways. One beam
enters immediately to the modulator where phase is shifted.
To provide maximum sensitivity of modulator (Fig.2) an

additional + % bias modulation is introduced.

There is an integrated optical chip (IOC) commercially
available as a component or a transceiver which integrates
light source, detector and IOC.

Some of producers [2] suggest a fixed frequency of saw
tooth voltage, where the amplitude of end of cycle is
proportional to angular rate, Fig.14.
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Figure 14. Fixed saw tooth voltage frequency

_ 2DV,

U= nif

(34

The gyro measured angular rate is defined by equation
(34). Because V, is a function of 4, then U is not a function
of A, which improves the gyro temperature stability.

Based on the previous consideration, we can suggest the
minimum IFOG configuration realized with 27 phase ramp.
The block diagram of the proposed configuration is shown
in Fig.15.
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FigurelS. A minimum IFOG configuration

The components included in the minimum configuration

are:

LD — Laser diode 1550 nm

DP — Depolarizer

FS - Fiber splitter

PD - Photo Detector

A/D — Analog to digital converter

MC — Microcontroller

D/A - Digital to analog converter

Q — Measured angular rate obtained from IFOG

MIOC - Multifunctional Integrated Optical Chip
produced by HTPE technology. The MIOC providing three
functions. Firstly, it polarizes the propagating light to
reduce bias instability due to polarization non-reciprocity.
Secondly, it splits the light into clockwise and
counterclockwise waves, each with equal optical power and
recombines them with a Y-junction waveguide. Thirdly,
with electro-optical phase modulator, it applies a phase
ramp and a biasing phase shift between the counter-
propagating beams.

FIBER COIL — Polarization Maintaining fiber is used in
order to reduce both the drift caused by the polarization
cross coupling and the drift caused by earth’s and outside
magnetic field via the Faraday effect.

Conclusion

As for the angular rate sensors, fiber optical gyroscopes
are used as open and closed loop sensors. Open loop
gyroscope are less complex and less precise than the closed
loop gyroscope, they also have a limited measuring range.
Relation between theoretical equations and expected gyro
parameters are illustrated based on teal values of gyro
components; optical fiber length (L), number of turns (N),
wavelength (1), power at detector P, responsivity (R),
sampling rate (¢,) and h-parameter.

A procedure of IFOG parameters predetermination is
systematized. The results from study [6] are used for the
analysis. Some numerical examples are used to illustrate
compliance of parameters predetermination with theory and
practical results. The obtained results are completely real and
correspond to the parameters of IFOGs existing on the
market. As an example (Tables 1 and 2), these results should
be compared with gyro characteristics declared in [2].

Table 1. IFOG characteristics calculation

Range [°/s] 212 (open loop)
Bias drift Photon Shoot Noise : 0.086
[°/h] RIN+Photon Shoot Noise 0.318
From eq. (28) 0.58
Length of fiber 314
Diameter 100
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Table 2. IFOG characteristics declared by manufacturer [2] Reference
Parameter Single axis | Single axis |Single axis| Three axes |Single axis
RRS-2000 | RRS-1000 | RRS-500 | TRS-500 | RRS-200 [1] LAWRENCE,A.: Modern Inertial Technology, Second Edition,
Range of meas- Zf(r)()m +5 ? + From £100 to Sprmger—Verlﬁag New York, 1998
ured rotation =10 (acfo‘” ME| +100  |+£500 (accord-|  +200 [2] OPWIYLIKUHA,B.E., TIOHOMAPEBB,B.I., MAPUYKB, B.I.,
rate, °/sec request) ing to request) ®EHIOKT ,M.A., KOPKUILKO/ YO .H., OEJIOPOBE,B.A.,
from 001 10 KOCTPULIKUIXK,C.M., MMAZAEPUH3,E.M.,
Bias drift at 01 (acc'or ding Humeppepomempuyeckue 6010KOHHO — onmuyecKue 2upoCcKonvl ¢
fixed tempera- <0.005 to <1.0 <10 <10.0 nunetinviM - 6vixooom, 124498, Poccus, Mocksa,
ture, °/h request) WnctutyT DIIEKTPOHHON TeXHUKH, 3aBOJ
_ 0O00«OnTonuuKy, e-mail: opto@optolink.ru, web: www.optolink.ru
Seale factorre-| -~ ) <0.02 <0.02 <0.02 <0.05 , plo@op P
peatability, % [3] www.ofsoptics.com/ofs-fiber
Bandwidth, Hz | 10 10-30 10 | Frem 0l 10 [4] http//www.fujikura.co.jp/
Random walk, [5] Titterton,D.H., Weston,J.L.:  Strapdown inertial
o <0001 | <0003 | <0005 | =0.005 <001 technology, 1EE RADAR, SONAR, NAVIGATION AND
Len%?ﬂol:n fiber 2000 1000 500 500 200 AVIONICS SERIES 35, Peter Peregrinus Ltd, 1997.
— [6] Vukmirica,V.: 4 method of interferometric fiber optical gyroscopes
Weight (net), kg L5 0.8 0.8 L1 0.8 (IFOG) parameters determination, MTI-03-01-0940
Dimensions, mm| @150x80 ?150x80 ?150x80 | 110x110x90 | @150x80 X
v Received: 01.12.2008.
.. .. nalog or
Output Digital Digital Analog digital Analog

Teorijski principi interferometarskog fiberoptickog Ziroskopa i

NuTepdepomeTpryeckne ONTOBOTOKOHHBIE THPOCKOMNBI - MPAHIAI

Les gyroscopes interférométriques en fibres optiques. Principe de

metoda izbora parametara

Prikazana metoda omogucava da se na osnovu teorijskih principa i jednacina koje opisuju rad interferometarskog
fiberoptic¢kog Ziroskopa (IFOG) izaberu odgovarajuéi parametri i komponente koje zadovoljavaju Zeljene zahteve u
pogledu opsega, praga osetljivosti, Suma i sl. Na osnovu toga moZe da se realizuje softver i hardver odgovarajuceg
IFOG.

Kljucne reci: Ziroskop, Ziroskop sa opti¢kim vlaknom, otvorena petlja, zatvorena petlja, fazna modulacija.

paboThI ¥ BIOOP IIaBHBIX IAPAMETPOB

TToka3anbrii MeTOA o0ecnednBacT Ha OCHOBE TEOPETHYECKMX NMPHUHIWIOB M YPaBHEHWH, OMMCHIBAIOIIMX paboTy
mHTEp(HEpPOMETPHIECKOTO ONTOBOJIOKOHHOTO rmpockona (M®OT), BHIGpaTh COOTBETCTBYIOLIWE HapaMeTphl X
KOMIUIEKTYIOIIAE YacTH, KOTOPHIE YROBIETBOPSIOT >KEJAHHLIM TPeGOBaHHWSIM MEPHOTO IIpefAeiia, Topora
9YBCTBHTEIBHOCTH, IIyMa H. T.. Ha ocHOBaHMM BCEro 3TOr0 BO3MOXKHO OCYIIECTBUTE IIporpaMMHoe oGecrieueHre u
3JIEMEHTEHI 3JIEKTPOHHBIX YCTPOHCTB cooTBeTCTBYyOoImEero UPOT.

Karouesvie caosa: THPOCKON, THPOCKON C ONTHYECKHAM BOJOKHOM, OTKPBITask OETIHS, 3aKphbITasd IETI, cpasnaﬁ
MOopyJsiyast.

leur fonctionnement et choix des parametres de base

La présente méthode, basée sur les principes théoriques et les équations qui décrivent le fonctionnement du gyroscope
interferométriques en fibres optiques (IFOG) permet de choisir les paramétres et composantes correspondants qui
peuvent satisfaire les exigences voulus dans le domaine de la portée, du seuil de sensibilité, bruit, etc. A partir de cela
il est possible de réaliser le logiciel et le matériel du IFOG correspondant.

Mots clés: gyroscope, gyroscope a fibre optique, boucle ouverte, boucle fermée, modulation de phase.
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