
Abstract 
Background/Objectives: The main objective of this paper is to perform a comparative discussion in gyro parameters 
for three cases: (i) V2π (vary) & Vπ/2 (constant), (ii) Vπ/2 (vary) and V2π (constant) and (iii) both V2π and Vπ/2 are 
varying simultaneously. Methods/Statistical analysis: Fibre optic gyroscope has to be operated in closed-loop approach 
to achieve the inertial-grade-performance. The Closed-Loop Interferometric Fibre Optic Gyroscope (CLIFOG) system 
depends upon ramp voltage (V2π of IOC) and square-wave biasing signal frequency (fbias). The digital-phase-ramp-function 
is used as feedback to system and makes gyro to null condition. The biasing signal voltage (Vπ/2) is 1/4th of ramp voltage 
(V2π). If there are any variations in ramp and biasing signal voltages, then it introduces variations in gyro performance. 
Results: The ramp voltage (V2π) and square wave biasing signal voltage (Vπ/2) is increased from 1% to 10%, decreased 
to 1% to 10% and performed the various tests for three cases. From results, it was noted that: (i) When V2π is varying and 
Vπ/2 is kept constant, the scale-factor change is increasing as the error in the signal voltage is also increases. (ii) When 
V2π is kept constant and Vπ/2 is varying, the change in scale-factor is very minute and maintains the scale-factor linear-
ity. (iii) While varying both V2π and Vπ/2 voltages simultaneously, the device is not responding accordingly as the error 
is increasing and also scale-factor is out of range subsequently. The effects on the CLIFOG system are described with the 
derived values in terms of bias and scale-factor. The gyro performance is very sensitive with respect to V2π variations and 
the percentage error is high in gyro output, but very less effect due to Vπ/2 variations when the ramp voltage (V2π) is 
constant. Conclusion/Application: The Closed Loop Interferometric Fiber Optic Gyroscope (CLIFOG) system requires a 
proper resetting of ramp voltage (V2π) in order to avoid the bias and scale factor instabilities.
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1.  Introduction

During the middle of 1970s, the advent of the Fiber Optic 
Gyroscope (FOG) was developed and demonstrated the 
optical fiber rotation sensor by Vali and Shorthill. Later, 
in 1968, R.B. Brown from the Navy Laboratory, revolu-
tionized about the concept behind FOG and proposed a 
fiber optic coil as a rotation sensor. By using the low-loss 
single mode fiber an optical fiber ring interferometer was 
demonstrated by Fringes in 19751. Investigation of FOG 
was made by a number of researchers, developers, univer-
sities, industrial laboratories such as McDonnell Douglas, 

Northrop-Grumman (Litton), Honeywell, Northrop, 
Singer, Lear Siegler, Martin Marietta, others etc., and this 
makes the concept of FOG becomes a reality in world-
wide development. In the early 1980s, Gyroscope bias 
errors reduce to 0.01°/hr succeeded in the laboratory.

The development of the FOG has flourished during 
the past 30 years. There is a gradual improvement in 
the performance of FOG and is now quite mature and 
capable of succeeding the most accurate requirements 
of gyroscope. This tends to a laboratory experiment 
evolved into the production floors and practical appli-
cations such as in navigation, guidance and control of 
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aircraft, missiles, automobiles, robots and spacecraft. 
The competing technologies of FOG from mechanical 
gyroscopes and ring laser gyroscopes2 are as shown in 
the Figure 1. 

During the 1980s, RLGs started replacing the 
mechanical gyroscopes which are still the most widely 
used navigation grade instruments. However RLG is a 
complex technology challenge as it needs very good qual-
ity optical components. It also has a problem of dead zone 
because of coupling between backscattered light with 
counter rotating beams3.

Fiber optic gyro technology has support from the 
growing fields namely, fiber optic communication and 
silicon technology. In modern telecommunications, there 
is a growing importance of fiber optic technology with 
a significant advances in some specialized areas such as 
light sources, low loss couplers, fiber polarizer’s and inte-
grated optics, which results in miniaturization, better 
performance and higher reliability4.

The forecast of the near term gyro technology require-
ment could be met by fiber optic gyroscopes starting from 
very low to the higher end applications and RLG will be 
required for very high end applications where the scale 
factor accuracy better that 5ppm is required. However 
based on the available resources our present develop-
ment is therefore clear: FOG for short and medium range 
missile applications and RLG for long range missiles and 
aircraft applications5.

There are two configurations exist in FOG are: 
Interferometric Fiber Optic Gyroscopes (IFOGs) and 
Resonant Fiber Optic Gyroscopes (RFOG)6. The RFOG 
is used in research stages and gyroscope performance 

is limited by frequency of backscattering noise3. 
Interferometric Fiber-Optic Gyro (IFOG) is most recent 
emerging technology; the closed optical path is devel-
oped by a multi-turn optical fiber coil wound on a coil. 
It is more compact and potentially of lower cost than the 
RLG. In IFOG designs are generally integrate by a light 
source, detector, optical coupler, power splitter, polarizer 
and phase modulator in discrete component form and are 
connected together with fiber pigtails7.

The principle of operation in IFOG is based on the inter-
ference of light instead of that it is passed through a fiber 
coil which can be as long as 5 km. In case of propagation 
plane undergoes angular rotation, then readout the rotation 
induced Sagnac phase shift between two counter propagat-
ing waves in an optical closed path, which requires very high 
resolution and it can be achieved when the electro optic gyro-
scope is a highly sensitive with an optical interferometer8. 

Various techniques employed by the modern IFOG, 
including optical reciprocity intended to minimize the 
errors on gyro performance. The performance of a gyro is 
mainly characterized by bias stability, scale factor linearity 
and stability9. Interferometric Fiber Optic Gyros (IFOGs) 
can be configured as either open loop (direct measure-
ment) or closed loop (using feedback loop to nullify 
the rotation-induced Sagnac phase error), but due to its 
complexity restricts it presently in Avionics and Inertial 
Navigation Grade applications9. Since the output of the 
interferometer is characterized by a cosine function, a 
phase change of 2π results is no change in the output.

2. � Description of Fiber Optic 
Gyroscope

In the field of fibre optic sensors, Fibre Optic Gyroscope 
(FOG) is most important development, so it has been stud-
ied and developed more than two decades7, which senses 
changes in orientation, thus performing the function of a 
mechanical gyroscope.

Sagnac first demonstrated the optical gyroscope 
principle in 1913. Optical gyroscopes implemented so 
far use Sagnac effect (this is the physical phenomenon 
of an optical gyroscope operation), which states that 
two counter propagating beams exhibit induced optical 
path difference around a rotating reference frame is 
proportional to the absolute rotation5
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Figure 1.  Comparison of Gyroscope Technologies and 
applications (MEMS,DTG,FOG,RLG,AHRS).
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Where, D is diameter of the sensor coil, L is length of 
the optical fiber, λ is light wavelength, Ω is rotation rate 
and C is speed of light in vacuum.

The Sagnac interferometer operation principle is as 
shown in Figure 2. In case of no rotation in the system 
(i.e., at rest), then the propagation of light in Clockwise 
(CW) and counter Clockwise (CCW) directions tra-
verse identical paths, so that, there is no phase difference 
between them. In case of rotation in the system with an 
angular rotation rate Ω, then the CW path will be longer 

by LR
C

Ω  and CCW path will be shorter by 
LR
C

Ω  and 

vice versa10.
The basic configuration of FOG is as shown in Figure 3. 

A Super Luminescent Diode (SLD) is used as a broadband 
source of light and it is projected into a 3-dB optical fiber 
directional coupler. This coupler can be split the light into 
two waves. Then the two light waves propagate equally in 
opposite directions around the fiber coil. The interference 
of light waves occurred while returning to coupler and a 
fringe pattern is driven onto a photo detector1.

In any two-wave interferometer, the intensity on the 
photo detector represents interfere of the two light waves 
and varies as cosine of Sagnac phase with its maximum 
value at zero11. This intensity (I or Id) is expressed as,

	 Id = I0 (1 + cos(∆f s))

Where, I0 is the mean value of the intensity. The detected 
intensity is used to calculate the rotation rate.

The limitations in the basic configuration are5,12: Poor 
sensitivity for small rotation rates, direction ambiguity, 
restricted dynamic range due to the 2π periodicity of the 
response curve and output is a nonlinear function of the 
rotation rate.

3.  The Open Loop Configuration 
In open loop approach, a lock-in-amplifier is used to 
measure the detector output at the fundamental modulat-
ing frequency and the rotation rate is measured directly13. 
Additionally, the amplitude of the second harmonic and 
the higher harmonics are also measured to suppress the 
variations in returning optical power and changes in the 
differential phase modulation voltage14. These changes will 
cause the error in the detector output, which is the major 
drawback in open loop design. The block diagram of an 
open loop fiber optic gyroscope is as shown in Figure 415.

When a phase modulator is used, the expression for 
the intensity on the photo detector is,

	 Id s mI= + +0 1( cos(( ) ))∆ ∆f f

4.  The Closed Loop Configuration
In the closed loop approach (analog) based on a sine 
wave biasing modulation is the interference link gener-
ates a nonlinear sine function, which confines the IFOG’s 
dynamic measurement range. But this analog solution 
does not represent a very efficient solution, which is based 
on an analog phase ramp (also indicated as serrodyne 
modulation) in addition to the sinusoidal biasing modu-
lation. Although, there is a great improvement is obtained 
with the digital closed-loop scheme. In this scheme, 
square wave biasing modulation and digital feedback 
phase ramp is used to reduce the closed loop error near 
the zero point16 and to improve the linearity, scale factor 

Figure 4.  Open loop configuration fiber optic gyroscope 
with phase modulator.

Figure 2.  Sagnac interferometer working principle.

Figure 3.  Basic configuration of FOG.
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stability and insensitivity against environment, especially 
against vibration.

In this digital approach, the phase modulator used for 
dynamic biasing also serves as the nonreciprocal phase shift 
generator. The phase modulation requires a phase modulator 
with laser beam to accommodate the fast reset that occurs 
every cycle. This necessities used of electro-optic phase 
modulator such as those using a channel waveguide17.

The error signal in the output of lock-in amplifier is 
sampled, quantized and it is maintained, closed to zero by 
the digital feedback. The sampling frequency corresponds 
to the inverse of the radiation transit time τ, for the required 
synchronization of the ramp and the biasing signal1. It 
starts from the error signal and the controller is driven 
by the phase modulator so that it generates phase steps of 
amplitude equal to the Sagnac phase shift and duration τ. 

The DAC automatically creates the reset of ramp sig-
nal, by means of its overflow. The reset step corresponds 
to a variation in a phase of 2π radian, in order to get 
always the correct Sagnac phase shift. In this configura-
tion the rotation rate is achieved by direct measurement 
in a digital format from the error signal. Another 
advantage of this approach with respect to the analog 
solution, maintains the phase stability during the signal  
recovering1.

In closed loop approach, the photo detector output 
demodulated at the phase modulation frequency is used 
as an error signal (demodulated biased signal or open-
loop signal). This loop introduces a controlled amount of 
non reciprocal phase shift between the two counter prop-
agating optical waves to counteract the rotation induced 
signal phase shift14. The block diagram of the closed loop 
configuration is shown in Figure 515.

Thus the net phase difference between the two 
interfering waves is maintained at zero regardless of the 
rotate rate. The amount of nonreciprocal phase shift is 

introduced is the output of the gyroscope and it is linearly 
related to the rotate rate5,12,14 i.e., it is fed back into the 
system to generate an additional feedback phase differ-
ence ffb is maintained opposite to the Sagnac phase ∆fs. 
Therefore ffb = –∆fs

5.  �Hardware and Software 
Implementation

The proposed approach is to generate the feedback 
signal for compensating the phase error of CLFOG sys-
tem is as shown in the Figure 6. CLFOG is biased with 
square wave signal of period equal to transit time (τ) of 
the fiber-coil. Here, a square wave modulation is used 
to modulate the light, thereby to increase the sensitiv-
ity and to detect the rotation rate polarity. The PINFET 
converts optical power, which is output of FOG to 
electrical signal. This output is square wave modulated 
co-sinusoidal signal.

However, the system accepts modulated Sagnac 
phase error signal from the photo detector of gyro opti-
cal module (via ADC). On-board 16-bit ADC receive 
the data from PINFET and was processed to digitize the 
output with sampling frequency, which is equal to tran-
sit frequency of gyro and then performs synchronous 
demodulation to extract the Sagnac phase error and this 
error passed through a filter. The result is integrated in 
phase integrator with the transit time reference to get 
final step size. After integration process, the integrated 
output error signal is driven by a digital ramp genera-
tor with constant peak-to-peak amplitude (V2π) which 
is directly proportional to the wavelength of the source. 
This stair case ramp signal is used as a feedback phase 

 
       The error signal in the output of lock-in amplifier is sampled, quantized and it is maintained, closed to zero 
by the digital feedback. The sampling frequency corresponds to the inverse of the radiation transit time , for the 
required synchronization of the ramp and the biasing signal1. It starts from the error signal and the controller is 
driven by the phase modulator so that it generates phase steps of amplitude equal to the Sagnac phase shift and 
duration .  
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Another advantage of this approach with respect to the analog solution, maintains the phase stability during the 
signal recovering1. 
 
        In closed loop approach, the photo detector output demodulated at the phase modulation frequency is used 
as an error signal (demodulated biased signal or open-loop signal). This loop introduces a controlled amount of 
non reciprocal phase shift between the two counter propagating optical waves to counteract the rotation induced 
signal phase shift14. The block diagram of the closed loop configuration is shown in Figure 515. 

  
Figure 5. Schematic diagram of closed loop fiber optic gyroscope with digital phase ramp function.

Thus the net phase difference between the two interfering waves is maintained at zero regardless of the 
rotate rate. The amount of nonreciprocal phase shift is introduced is the output of the gyroscope and it is linearly 
related to the rotate rate5,12,14  i.e., it is fed back into the system to generate an additional feedback phase 
difference        is maintained opposite to the Sagnac phase       . Therefore, 

5. Hardware and Software Implementation 

The proposed approach is to generate the feedback signal for compensating the phase error of CLFOG system is 
as shown in the Figure 6. CLFOG is biased with square wave signal of period equal to transit time ( ) of the 
fiber-coil. Here, a square wave modulation is used to modulate the light, thereby to increase the sensitivity and 
to detect the rotation rate polarity. The PINFET converts optical power, which is output of FOG to electrical 
signal. This output is square wave modulated co-sinusoidal signal. 
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Figure 5.  Schematic diagram of closed loop fiber optic 
gyroscope with digital phase ramp function. Figure 6.  Proposed design approach of CLFOG.
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error compensation signal to nullify the rotation induced 
phase shift. 

Therefore, an integral controller is used with a 
variable gain to nullify the rotation induced Sagnac 
phase error of gyro with the help of a ramp genera-
tor. The feedback phase nullifying signal (ramp signal 
voltage is V2π and its frequency 200 KHz) and the bias-
ing signal (square wave signal voltage is Vπ/2 and its 
frequency of 100 KHz) are used as control signals for 
CLFOG. So, the ramp signal and the square wave bias-
ing signal for the phase modulator (IOC) of the FOG is 
given through 16-bit DAC.

The DPEC board transfers the phase integrator output 
to the host by compensating the temperature induced 
bias errors, upon the request of synchronization pulses. 
In the current design, with a selected time of every 2ms 
the averaged step-size data is sent to the PC.

6.  Hardware Interface 
In the hardware interface of the CLFOG (as shown 
in Figure 6), some of the components are discussed 
below:

6.1  ADC Interface
It is a 16-bit parallel interface used to receive data from 
ADC to FPGA. This data represents the modulated gyro 
phase error. Clock and reset to ADC is driven by FPGA. 
Data read synchronization control is driven by FPGA. 
Maximum sampling rate of ADC is 4MHz.

6.2  DAC1 and DAC2 Interface
It is also a 16-bit parallel interface used to provide data 
from FPGA to DAC1 and DAC2. This DAC1 data rep-
resents the square wave bias signal used for intensity 
modulation, whereas the DAC2 data represents the phase 
error compensating signal. The nature of the phase error 
compensating signal is stair case ramp. Clock signal to 
DAC is driven by FPGA. Maximum sampling rate of DAC 
is 20MHz.

6.3  RS232/RS422 Interface
This interface is used for Communicating with PC 
application software, which was implemented on UART. 
FPGA acting as Master of communication transfers the 
desired data to PC. Configuration parameters from PC 
are received on the serial line.

6.4  Software Interface 
In software Implementation of CLFOG system, to measure 
the rotation rate in fiber optic gyroscope, we require some 
software’s as follows: ProAXE SE 5.5.0, Real term serial cap-
ture program, Dev C++, Matlab program, XILINX ISE 10.1. 
However, the ProAXE SE software is a GUI Interface with rate 
table of FSPU. It is used for testing process given to our exper-
imental setup whereas, the Real term serial capture program 
software is used to capture the data (hex values) from FOG 
and it is given to host through a MOXA Uport adapter. 

7.  Test Procedure

The FOG is subjected to various kinds of tests to certain 
its performance in terms of bias, scale factor, threshold 
and linearity. The gyro has externally available terminals 
for temperature sensor readout for each test and it is 
noted that all tests require stable temperatures to perform 
at thermal equilibrium. The gyro operating temperature 
is taken from 25°C to 40 °C.

Before going to the testing procedure and after switch 
ON the power supply, check whether the Gyro output 
(PINFET), biasing (square wave) and ramp signals outputs 
in the equipment are getting properly or not. Then proper 
fine tuning of the closed loop approach was observed by 
doing the process implementation as shown in Figure 7.

The gyro requires more than one input voltage. For 
each circuit, operating voltage and current should be 
specified in order to measure and record the input power 
required from each source.

Before starting up the test process, mount the gyro 
(CLFOG) in the fixture on the rate table so that the input 
reference axis (z-axis) is parallel to the table rotational 
axis, as shown in the Figure 8 test setup. 

While mounting the gyro, care should be taken so that 
the effects of the earth’s rotation rate may be taken into 
account. Connect the gyro to the output measuring and 
recording equipment. Apply power to the gyro, turn ON 
the rate table before setting the rate to the corresponding 
test and record the gyro output with respect to time. Here, 
the gyro output consists of raw data and the average data 
for corresponding rate.

8.  Results and Comparisons

In the testing results, first open-loop and closed-loop 
configurations are demonstrated with rotations.
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included with the error. The ramp remains constant even 
with the rotation.

8.2  Closed-loop Configuration
The output of the closed loop configuration with rotation 
was observed in the oscilloscope as shown in the Figure 10. 
The feedback loop is not closed properly, so the output is 
changed at reset of the ramp. 
To remove this error, the amplitude of the ramp voltage is 
adjusted to 8.75V with a frequency of 200 KHz. The gain 
is adjusted to compensate the error in the amplitude of the 
gyro output. The biasing signal is also changed accord-
ing to the ramp voltage. After adjusting the amplitude of 
the ramp voltage, the output of closed loop configuration 
of proper fine tuning with rotation was observed in the 
oscilloscope as shown in the Figure 11

After fine tuning, the Gyro output (PINFET), bias-
ing (square wave) and ramp signals outputs in the DPEC 

8.1  Open-loop Configuration
The output of the open loop configuration with rotation 
was observed in the oscilloscope as shown in the 
Figure 9.
In this Figure the first waveform represents the gyro out-
put, the second represents the ramp signal and the third 
represents the square-wave biasing signal. In the open-
loop, the amplitude of the gyro output changes with the 
rotation according to the square-wave biasing signal but 

Figure 8.  Test setup.

Figure 9.  Output of the open loop configuration with 
rotation.

Figure 10.  Output of closed loop configuration without 
fine tuning.

Figure 7.  Process implementation for fine tuning of the 
closed loop approach.



T. Sireesha and K Sreenivasa Ravi

Indian Journal of Science and Technology 33Vol 8 (18) | August 2015 | www.indjst.org

board are observed in the oscilloscope is as shown in 
Figures’s 12, 13 and 14.

After observing the output of the closed loop configu-
ration with proper fine tuning in the oscilloscope then 
the gyro was ready for the experimentation. Using this 
experimental setup (as shown in Figure 8) various tests 
are performed and their results in MATLAB are as shown 
in Figures’s 15 to 16. 

8.3  Bias
The bias test was performed for 20 minutes when 
V2π = 8.75V (with the fine tuning of closed loop gyro) 
as shown in Figure 15. In this Figure, the first waveform 

Figure 11.  Output of closed loop configuration with fine 
tuning.

(a)

(b)

Figure 12.  (a) PINFET output and (b) Differential PINFET 
output of a SCA amplifier before ADC.

(a)

(b)

Figure 13.  (a) Ramp Signal output at DAC 1 and (b) 
Differential Ramp Signal output at driver 1

(a)

(b)

Figure 14.  (a) Bias Signal (square wave) output at DAC 2 
and (b) Differential Bias Signal output at driver 2
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Table 1:  Bias, Scale Factor and Offset Values of 
Closed Loop Configuration with Proper Fine Tuning

Fine 
Tuning

Bias 
(deg/hr)

Scale Factor(counts) Offset (counts)

V2π = 
8.75V 

160 -2.1068375727482200E+05 4.5688664761100500E-02

Figure 15.  Bias test of the Gyro output for closed loop with 
fine tuning.

Figure 16.  Scale Factor of the Gyro output for closed loop 
with fine tuning.

represents the average data of gyro output; the second 
represents the corresponding average temperature data. 
The average data of gyro output readings is taken (as 
gout_avg) when the data sampling rate is 400 samples per 
second and obtained the bias value of 160 deg/hr and is 
tabulated as shown in the Table 1.

8.4  Scale Factor
The Scale Factor test is performed for 460 seconds when 
V2π = 8.75V (with the fine tuning of closed loop gyro) as 
shown in Figure 16. 
In this test, positive rotation of 10deg/sec and negative 
rotation of –10deg/sec is given for each 2 minutes. The 
scale factor of 210684 counts and offset value of 0.045689 
counts was calculated and it is tabulated as shown in the 
Table 1.
8.5  Test Results
The testing results demonstrate the bias stability, Scale 
Factor linearity and stability response of our proposed 
closed loop gyro system with proper fine tuning. The ramp 
voltage (or bias voltage) is increased from 1% to 10% and 

decreased to 1% to 10% and performed the various tests 
in the below three cases:
Case 1:  V2π (ramp signal voltage) is varied and 
Vπ/2(square wave biasing signal voltage) is fixed.
Case 2:  Vπ/2 (square wave biasing signal voltage) is 
varied and the fine tuned voltage V2πis fixed.
Case 3:  BothV2π (ramp signal voltage) and Vπ/2(square 
wave biasing signal voltage) are varied simultaneously.

The test waveforms for each test and their tabulation 
are as shown below.

8.6  Bias
The bias test is performed for 20 minutes for each 

case. In three cases, the comparisons are made in terms 
of its bias values and it’s tabulated as shown in the Table 
2 (a, b and c). 

The average data of gyro output readings is also taken 
(as gout_avg), when the data sampling rate is 400 samples 
per second, by keeping the gyro in zero seek position and 
the corresponding bias values for three cases are as shown 
in Figure 17 (a, b and c).

Table 2.  Comparison for Bias Values for Three Cases

%
Bias (deg/

hr)
–10% 180
–9% 190
–8% 170
–7% 180
–6% 140
–5% 160
–4% 140
–3% 150
–2% 145
–1% 145

-- 160
1% 180
2% 150
3% 150
4% 140
5% 140
6% 140
7% 170
8% 155
9% 160

10% 155
(a)

%
Bias (deg/

hr)
–10% 70
–9% 190
–8% 210
–7% 230
–6% 315
–5% 130
–4% 160
–3% 150
–2% 240
–1% 205

-- 160
1% 180
2% 220
3% 180
4% 215
5% 215
6% 250
7% 270
8% 220
9% 90

10% 150
(b)

%
Bias (deg/

hr)
–6% 100
–5% 120
–4% 40
–3% 60
–2% 130
–1% 30

-- 160
1% 160
2% 160
3% 100
4% 280
5% 300
6% 250
7% 300
8% 165
9% 100

10% 300
(c)
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(a)

(b)

(c)

Figure 17.  Comparison of bias values for three cases  
(a) V2π vary and Vπ/2 fixed, (b) Vπ/2 vary V2π fixed and  
(c) both V2π & Vπ/2 varied.

Table 3.  Comparison of Scale Factor for three cases

% Scale Factor, SF (counts) Offset (counts)
% Change 

in SF
–10% -1.7554419308987600E+05 3.2929354077449300E-02 16.67882
–9% -1.7594332056611000E+05 2.5001476822680500E-02 16.48938
–8% -1.8677876447417300E+05 5.4979406690383900E-02 11.34639
–7% -1.9891034322140000E+05 5.0154895796569400E-02 5.58819
–6% -2.0167150692975000E+05 4.6932527850843000E-02 4.27762
–5% -2.0128859078822300E+05 4.0235546762655600E-02 4.45937
–4% -2.0221957032352900E+05 3.5618745937757200E-02 4.01748
–3% -2.0403577738651300E+05 4.3217157525920500E-02 3.15543
–2% -2.0644926689152800E+05 4.1560854406242200E-02 2.00988
–1% -2.0883056521626900E+05 4.2746212770939700E-02 0.87961

-- -2.1068375727482200E+05 4.5688664761100500E-02 0.00000
1% -2.1067242696727700E+05 4.8489765142782900E-02 0.00538
2% -2.1506262494742000E+05 4.2931056692463400E-02 -2.07841
3% -2.1722006424038400E+05 4.2682723065092300E-02 -3.10243
4% -2.1830815650279000E+05 4.0261588508486400E-02 -3.61888
5% -2.2005062496074300E+05 3.7611691399756100E-02 -4.44594
6% -2.2164849276342900E+05 3.9974422778088000E-02 -5.20436
7% -2.2408265006611500E+05 4.5081247061905700E-02 -6.35972
8% -2.2872319448450400E+05 4.4384897614722000E-02 -8.56233
9% -2.3022911581311800E+05 4.8174477626091000E-02 -9.27711

10% -2.2878914881921500E+05 4.9230271854813800E-02 -8.59363
(a)

% Scale Factor, SF (counts) Offset (counts)
% Change 

in SF

-10% -2.1075642261734700E+05 2.1788733183813100E-02 -0.03449

-9% -2.1074888530061900E+05 5.2317959778610700E-02 -0.03091

-8% -2.1080965067996400E+05 6.6444667963387400E-02 -0.05975

-7% -2.1070887853559600E+05 6.3692403403481800E-02 -0.01192

-6% -2.1078532424543800E+05 8.7682539106047800E-02 -0.04821

-5% -2.1077986393495900E+05 3.5589551164846000E-02 -0.04562

-4% -2.1078916029506800E+05 5.1180074479956800E-02 -0.05003

-3% -2.1076569711688300E+05 4.3151298535416700E-02 -0.03889

-2% -2.1071137224571900E+05 6.7407612627303700E-02 -0.01311

-1% -2.1073217311219800E+05 5.6889914418962700E-02 -0.02298

-- -2.1068375727482200E+05 4.5688664761100500E-02 0.00000

1% -2.1067220471482400E+05 5.2368055367527800E-02 0.00548

2% -2.1071175127878700E+05 6.1848205368592700E-02 -0.01329

3% -2.1074376707347300E+05 5.1007770404746400E-02 -0.02848

4% -2.1077716337731400E+05 6.1647876994825800E-02 -0.04433

5% -2.1077692303149600E+05 5.9275402212309200E-02 -0.04422

6% -2.1073259504570800E+05 6.7584434977649500E-02 -0.02318

7% -2.1070469874902300E+05 7.8193340563341700E-02 -0.00994

8% -2.1059264796381500E+05 6.2472469200708100E-02 0.04324

9% -2.1051256897334500E+05 2.8417034484736000E-02 0.08125

10% -2.1052705049070200E+05 4.4343018755010400E-02 0.07438

(b)

% Scale Factor, SF (counts) Offset (counts)
% Change 

in SF

-6% -2.0229374308471000E+05 1.8000244103809800E-02 3.98228

-5% -2.1383082092073100E+05 2.7060858317174300E-02 -1.49374

-4% -2.0476532340965300E+05 2.5638218517759200E-02 2.80916

-3% -2.0090222718491700E+05 3.8275215208675300E-02 4.64275

-2% -2.0688916235020600E+05 4.9435361678680600E-02 1.80109

-1% -2.0884630748760300E+05 2.7265256390385200E-02 0.87214

-- -2.1068375727482200E+05 4.5688664761100500E-02 0.00000

1% -2.1290031943388400E+05 4.5948838414358400E-02 -1.05208

2% -2.1319088405232500E+05 5.2732322198344200E-02 -1.19000

3% -2.1744099461592700E+05 6.1751761433582000E-02 -3.20729

4% -2.1849249711120100E+05 6.9488050339142400E-02 -3.70638

5% -2.1952358677685900E+05 8.9219669216816100E-02 -4.19578

6% -2.2108719052685900E+05 7.2332578621132600E-02 -4.93794

7% -2.0166048644938000E+05 9.8878724610985400E-02 4.28285

8% -2.2484735183571400E+05 7.5706651451585300E-02 -6.72268

9% -2.2572129154455400E+05 5.3744598439323800E-02 -7.13749

10% -2.2692357125477800E+05 4.6844587466583200E-02 -7.70815

(c)
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Positive rotation of 10deg/sec and negative rotation 
of -10deg/sec is given and scale factor was calculated for 
three cases as shown in Figure 18 (a, b and c) and also the 
corresponding offset was calculated.

9.  Conclusion
In this paper, a digital approach to derive the rotation angle 
in optical fiber gyroscopes (closed loop) is investigated the-
oretically and the performance of gyroscope is studied and 
the comparisons for variations in gyro parameters are made 
for three cases ((i) V2π (vary) and Vπ/2 (constant), (ii) Vπ/2 
(vary) and V2π (constant), and (iii) both V2π and Vπ/2 are 
varied). From the experimental results, it was observed 
as follows: (i) When ramp voltage (V2π) is varying and 
square-wave voltage (Vπ/2) is kept constant and then the 
scale-factor change is increasing as the error in the signal 
voltage is also increases. (ii) When ramp voltage (V2π) is 
kept constant and biasing signal voltage (Vπ/2) is varying, 
the change in scale-factor is very minute and maintaining 
the scale-factor linearity. (iii) While varying both ramp and 
square-wave voltage is simultaneously, then it was observed 
that the device is not responding accordingly as the error is 
increasing. The scale-factor is out of range due to increas-
ing the error. All these experimental results are compared 
with the values derived in terms of bias and scale factor. 
The gyro performance is very sensitive with respect to ramp 
voltage (V2π) variations and the percentage error is high in 
gyro output, but very less effect due to biasing signal volt-
age (Vπ/2) variations when the ramp voltage is constant. In 
order to avoid the bias and scale factor instabilities a proper 
resetting of the ramp voltage (V2π) is required.
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8.7  Scale Factor
The Scale Factor test is performed for 300 seconds min-
utes for each V2π variation when Vπ/2 is fixed, similarly 
for each Vπ/2 variation when V2π is fixed and simulta-
neously for both V2π and Vπ/2 variations. In three cases, 
comparisons are made in terms of its scale factor and offset 
in counts are tabulated as shown in the Table 3 (a, b and 
c). It was noted that the percentage change in scale factor 
consists of positive and negative values i.e., it indicates that 
the positive for % increased and negative for % decreased.

(a)

(b)

(c)

Figure 18.  Comparison of Scale Factor for three cases  
(a) V2π vary and Vπ/2 fixed, (b) Vπ/2 vary V2π fixed and  
(c) both V2π & Vπ/2 varied.
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