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ABSTRACT

The accuracy of a fiber-optic gyroscope (FOG) system is at its worst state in the straight-fly condition
since the rotation signal then is small, and the nonlinear distorsion is serious. However, we can bias two
electro-optic modulator with equal amplitude but opposite directions, and use the phase-nulling compen-
sation scheme to lock up the FOG system at its optimal operation pownt. The improvement in accuracy
will be verified both from theoretical principle and experimental results.
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l. Introduction

Since an airplane (or a missile) may fly straight
ahead in the most travelling path, the fiber-optic gy-
roscope (FOG) system’s accuracy at a small rotation
rate is very important. However, in this case, the FOG
system is just at its worst condition for a small signal/
noise ratio and serious nonlinear distorsion.

The problem of an increasing signal/noise ratio
can be partly solved by the lock-in amplifier or biasing
techniques (Meade, 1982), but the problem of nonlinear
distorsion due to small signal level, similar to the
crossover distorsion which occurs in a B-type pushpull
amplifier, should be solved by using biased compen-
sation (Sedra and Smith, 1987). Thus, we can bias two
electro-optic modulators with equal amplitude but
opposite directions, and use the phase lock-in tech-
niques to lock up its optimal operation point, thereby
improving the accuracy of the FOG System under small
rotation rate conditions.

Il. Methods

In Fig. 1, the well-known Sagnac phase shift can
be represented by the rotation rate €2 as (Arditty and
Lefevre, 1981)

2¢= %LQ_ , 1)

where A and N are the loop area and number of circles
of the fiber coil, respectively; Ais the optic wavelength;

and c is the speed of light.

Referring to Fig. 2, we use a sinewave signal with
angular frequency @, and amplitude ¢, to modulate
the light wave with the electrooptic modulator E.O.2.
We also use E.O.1 and E.O.2 to generate the compen-
sating phase ¢;(¢) and ¢,(¢) (Page. 1986; Kim and Shaw,
1984; Ebberg and Schiffner, 1985) for the clockwise
and counter-clockwise light wave, respectively. Tak-
ing into account the Sagnac phase shift, ¢;, we can
represent the optic electrical fields, E,,, and E,,, one
of which is in the clockwise and another in the counter-
clockwise direction, as

Fig. 1. The Sagnac effect.
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Ecw=Eoepr(wt+¢s+¢1(t)+¢2(t_'t)
+@m$in 0, (1=1))] 2)
Eccw=Eoexp[j(wt_¢x+ ¢1(t_7'.)+ ¢2(t)
+¢,,8inW,1)], 3)
where E, is the amplitude of the fields; w is the optic
angular frequency; and 7 is the time delay of the fiber
coil. We obtain an expression I; for the light inter-
ference signal on the photo detector (P.D.),
Li=& {1+cos[20,+ (91 (1)1 (t—T))+ (P (1-7)
=02 (1))+(Ppsin @, (t—T)— P, sinw, (1))}

=€ {1+cos [2¢s + ¢comp1 + ¢comp2

—2¢msin(wT’"T)coswm(t—§)]}

=£ {1 +COS[2¢S+ ¢comp

—2¢,,,sin(%f)coswm(t—%)]}

=& {1+cos[2?ﬁs—ﬁsin(%)c05wm(t—%)]},
“)

where & is a dc term and is proportional to E,% the
biased compensation phase, ¢compi and Peompr, gener-
ated from E.O.1 and E.O.2, and some related notations
are represented as

Vs
+ V2 Ramp
. Summer Generator 2
A% v
1
_l::tSubtractor I—>| ézﬁ]eprator IH

The schematic figure of the biased double-phase-nulling FOG system.

Peomp1=1(D—91(t—=7)>0 &)
Peomp2= P2(t—T)—¢2(1)<0 (6)
Pcomp=Pcomp1+ Pcomp2 (7)
26, = 20, + Deomp 8)
B=2¢un. 9)

The absolute value of compensation phase, @comp1 and
@comp2»> can be represented by the frequency of the ramp
waves, i.e. f; and f,, shown in Fig. 3 and Fig. 4, and
represented by the input control voltage, V; and V,, of

(9
o1(t) 1(t-7)

2r

Z Vs
P S S ——

(@)
01(8-01(t-7)
¢comp1 -
t
¢compl-2TI: -1 L _—
(b)

Fig. 3. (a) The phase diagram of ¢(¢) and ¢;(+—1).
(b) The phase diagram of @compi-
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Fig. 4. (a) The phase diagram of ¢,(f) and ¢,(z—7).
(b) The phase diagram of @comp2-

ramp generators 1 and 2. That is,
| Pcompl, =270 T+ f

=2 TeV/ (V3o R C), (10)
where V,, is the voltage which corresponds to gener-
ating a 27 optic phase from the E.O. modulator; R and
C are the circuit parameters, the resistor and capacitor
of the ramp generator shown in Fig. 5. We design the
circuits of the ramp generator, which has a linear relation
between the input control voltage and the frequency
of the ramp wave as

£=V1(VyoR+C). 11)
Now we can obtain the relations between ¢omp; and
Vyor @eompz and V5, and they is represented in Fig. 6.

To avoid the effect of the high order harmonic
term (Bergh er al., 1981), we set

W, T=T. 12)

Using Eq. (12), we rewrite Eq. (4) as
I,=& {1+cos(2¢;,— Bsinw,1)}
=€ {1+cos2@,cos(Bsinw, 1)
+sin2¢,sin( Bsinw, 1) }

=& {1+cos26,[J,(B)

Fig. 5. The circuit of the ramp generator
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Fig. 6. The mapping diagram of the compensation phase, ¢comp1 and
@comp2> and control voltage, Vy, V5.

+2i

n=2,4,...

J,(B)cos(n@,1)]

+sin2¢,(2 X

3,.

L(B)sin(n@,n1}.  (13)

n=1,

Let us-filter out the @, frequency term from I; with
a band-pass-filter (B.P.F.); we have
L=8& {sin2@;*2J, (B)sin®,t}. 14

Using the well-known lock-in techniques, we mix I,
signal with sinw,,t first to obtain

L=&55in2@;+ 2 J; (B)sin’ @, ¢
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. 1—cos2w,t
=£3sm2_65°2J1(ﬂ)(—2—)

1s)

and put the I3 signal pass through a low-pass-filter
(L.P.F.) to obtain

Li=¢,J,(B)sin2¢,. (16)
If we apply the phase-nulling technique (Cahill and
Udd, 1979; Davis, 1981) to make 2@, <<1, then we have
sin2@,=2¢; , and this gives the linear relation between
I, and 2¢;. We will design a feedback compensation
control system to meet the 26, <<1 requirement.

From Fig. 6, the compensation phase, @comp; and
Pcomp2, 18 not linear with the control voltage, V, and
V,, when V, or V, is very small or very large. The
case where Vy or V, is very large will be tolerable for
the measurement range and is usually large enough, so
we will use it before the nonlinear cases. However,
the small rotation rate case where V; or V, is very small
. will not be tolerable, and this case will occur frequently
in the total travelling path.

The problem of distortion at a small rotation rate
state can be solved by shifting the operation point or
biasing it with the feedback compensation scheme. We
shift the new operation point to Q; and Q,, respectively,
as shown in Fig. 6. This can be done by using the
following steps: (a) take the output of L.P.F. into G(s)
controller; (b) divide the controller’s output V, into two
equal parts; (c) add one of these parts with a biased
voltage Vg, the midpoint of the linear range, to have
voltage V,; (d) subtract another part from the biased
voltage Vg to have voltage Vi; (e) take V; and V, into
E.O.1 and E.O.2 to generate the biased compensation
phase, @comp1 and @eompr, Tespectively; the processes
discussed here can be referred to in Fig. 2 and Fig. 6.
Since the voltage terms V; and V, can be expressed as

Ve
Vi=Vp-= 17)
Ve
V=Vt as)
from Eqgs. (7) and (10) and Fig. 6, we can have
¢comp= ¢Compl+ ¢comp2
N =27 TV, / (Vo *R+C). 19

~

Equation (19) has the best linear characteristic because
Pcomp1 a0d Pcomp; NOW are biased at their optimal op-
eration point, V=Vp; thus, we have solved the nonlinear

distorsion for small V, cases. Also, their dynamic
measurement range can be extended to two times greater
than before, for two compensators can work at the same
time.

IlIl. Results

The simulations were applied to the ramp genera-
tor fist. In Fig. 7, the upper channel shows the unbiased
control voltage with full-wave rectification wave form,
and the lower one shows that the response of the ramp
generator is not good at the smallest control voltage
which corresponds to a small rotation rate.

If the control voltage was biased with a dc level
and had the same waveform shown in Fig. 7, then its
smallest control voltage point corresponding to the
small rotation rate had good linear response, and the

" results are shown in Fig. 8.

The system’s performance improvement can also
be shown directly in the FOG system in Fig. 9 and Fig.
10. The compensation phase, @comp, shown in Fig. 9

“deviated from the theoretical prediction for a small

rotational signal, but after the bias scheme was applied,
it matched the theoretic value very well, and its re-
sponse is shown in Fig. 10.

IV. Conclusion

A new scheme which uses the biased double-
phase-nulling structure to solve the nonlinear distor-
tion problem of a FOG system at a small rotation
rate state has been represented here. The biasing
techniques can shift the nonlinear distorsion point to
some optimal point, and then it is linear in the entire
measurement range. The double-phase-nulling struc-
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Fig. 7. The nonlinear distortion characteristics. Upper channel- the
unbiased control voltage; lower channel: the response of the
ramp generator.
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Fig. 8. The cancelling of nonlinear distortion. Upper channel: the
biased control voltage; lower channel: the response of the
ramp generator.
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Fig. 9. The comparison between the unbiased system’s response and
the theoretical response.

ture can eliminate the common path deviation error
from the same biasing voltage, Vg, and can be used to
increase the dynamic measurement range by two times,
for it now has two compensators working at the same

rotation rate (rad/sec)(*104-3)
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Fig. 10. The comparison between the biased system’s response and
the theoretical response.

time.
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