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Abstract-Fiber Optics Gyroscopes (FOGs) are widely used due 

to their low cost. This paper proposes a simulation on denoising 

method for FOG signal. Hybrid Kalman filter algorithm are 

applied to denoise the FOG signal in both static and dynamic 

conditions. Single axis and three axis FOG signals with 

different angular rates are used in the simulations. Adaptive 

moving average technique is used to detect the discontinuities in 

order to select proper Kalman filter gain parameters. The 

performance is validated by Allan variance analysis and 

compared with single KF filter. Results show that the 

amplitudes of rate random walk noise are reduced by 10 times. 
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I INTRODUCTION 

Recently, the inertial navigation systems (INS) are widely 

used in land vehicles such as self-propelled howitzers, 

Infantry fighting vehicles and tanks. Fiber optics gyroscopes 

(FOGs) are preferred due to their low cost and comparable 

accuracy [1]. The angular rate in static condition and in 

dynamic condition is very different due to optics and 

electronics associated with the FOG. 

FOG angular rate signals describe a random process of 

object movement [2]. For static condition, the Allan variance 

is a technique for quantifying different noise coefficients [3]. 

In dynamic condition of FOG, bias drift and response rate are 

the measured metrics for denoising algorithm. This paper 

proposes a simulation on denoising method for FOG signal. In 

literature, FOG static signal denoising algorithms are 

discussed widely. For the Different signal processing 

techniques like Discrete Wavelet Transform (DWT) [4] and 

Kalman filter (KF) [5]. The aim of this paper is to simulate an 

algorithm [6] which can choose proper KF parameters that 

will denoise both the static and dynamic condition FOG 

signal. Improvement in case of the FOGs dynamic condition 

can be seen in the simulation results. In real time dynamic 

condition, the noise level varies in different regions as well as 

different angular rotations of FOG. The implementation of the 

real time simulation is schemed. The rest of the paper is 

organized as follows: Section two presents hybrid Kalman 

filter for denoising FOG signal, Section three briefs the 

implementation of the real time simulation method, and 

Section four presents simulation results followed by 

conclusions in Section five. 

II ALGORITHM OF HYBRID KALMAN FILTER 

Inertial navigation systems often use Kalman filter for 

signal filtering. This section presents detailed information of 

the hybrid Kalman filter which will be used in the simulation. 

Usually, Kalman filter can be represented by the following 

equations [2]. 
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where xk is the state vector at time k, uk is the optional 

control input at time k, Qk is the process noise at time k, Rk is 

the measurement noise at time k, zk is the measurement taken 

at time k, Pk is error covariance matrix at time k, A, B and H 

are state space representation matrices. 

In order to denoise the system effectively, we should give 

appropriate initial values to Rk, as well as Qk and P0. The 

range of KF gain varies between 0 and 1. The measurement 

noise and the process noise can be identified with static signal 

analysis. Allan variance analysis can be used as a method to 

evaluation the reduction of noise. We assume that the process 

noise bandwidth is located at a range of lower frequencies, 

and the bandwidth of the measurement noise is at higher 

frequency range. 

For input data x, we adapt a moving average window of 

length 2q+1: 

 

1

2 1

q

i i j

j q

y x
q









, (6) 

3rd International Conference on Wireless Communication and Sensor Network (WCSN 2016) 

Copyright © 2017, the Authors. Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 

Advances in Computer Science Research, volume 44

42



where y is the output data. 

An adaptive filter can be obtained after some iterations of 

the above process [7]. 

By using the adaptive moving average technique for 2q + 1 

number of samples, a new signal Yt is as follows: 
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where, q is the parameter used in simple moving average. 

III IMPLEMENTATION OF REAL TIME SIMULATION 

METHOD 

For a time-varying purpose, the system is adapted as 

follows: 

 
 1/ / 1 / 1k k k k k k k k k k kx A x D L y C x     

, (8) 

with arbitrary chosen initial condition: 

 0/ 1 0x m 
, (9) 

Lk is the Kalman gain matrix: 
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The covariance error 
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is recursively computed through the discrete periodic 

equation: 
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where, 

 
 0 0/ 1covP x 

 (13) 

is a freely chosen definite positive initial condition [8]. 

The detail implementation steps of the proposed algorithm are 

in Fig. 1. 

divide the signals into frames  N = 

4096 samples

obtain the sample variancesof the 

samples starting from (2q + 1)th 

sample 

calculate the threshold 

obtain all the discontinuity locations 

Location<1?

filter gain g1

filter gain g2

 

Figure 1. Gyroscope KF filtering algorithm. 
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Figure 2. Gyroscope measurements errors. 
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IV SIMULATIONS 

The contribution of errors to the measurement of gyro is 

simulated with the profile that a gyro is of zero-truth angular 

velocity and specific force. In this simulation, gyro errors are 

caused by the bias error and added white measurement noise. 

The zero-bias of each gyroscope is set as 0.02 deg/s and the 

zero-bias of each accelerometer is set as 0.2 m/s2. A 

measurement noise standard deviation of 0.0003 and 0.002 

was used for the gyroscopes and the accelerometers, 

respectively. The gyroscopes’ measurements errors are shown 

in Fig. 2. 

The experimental setup is shown in Fig. 3. The 

performance of the denoised algorithm in FOG static 

condition can be measured before and after denoising the 

signal by different metrics such as Allan variance, bias drift 

and signal to noise ratio. 

 

 

Figure 3. The experimental FOG and its signal processing device. 

V CONCLUSIONS 

Hybrid Kalman filter algorithm with fading factors is 

presented in this paper. It uses the innovation sequence to 

compute fading factors to scale the predicted covariance 

matrix. The new algorithm thoroughly considers both the 

optimum and convergence of the filter at the same time. The 

implementation process of the new algorithm is derived in 

detail, and it has been tested through computer simulation and 

practical experiment. 
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