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Hybrid Kalman Filter Design for Inertial Sensor
Signal Processing
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Abstract— Gyroscope is a rotation rate sensor. Olden days
gyroscopes includes mechanical parts like motors, gimbals etc.
which has suffered with noises and low accuracy. Developments
in fiber optics has made the interferometric FOG practically
realizable and reliable compared to mechanical gyroscopes. The
fiber optic based gyro results in good stability, high disturbance
rejection and ensure good tolerance to noises. Different noises
like photon shot noise, quantization noise, filter noise, thermal
noise and bias error many other noises degrades the gyro
performance. Significant effect of these noise sresult in random
walk, bias unstability , power fluctuations etc .To overcome these
noises denoising of gyro data play a crucial rolein FOG. In this
study kalman filter algorithm is used to denoise the FOG signal .
The algorithm implemented here performs efficiently in both
static and dynamic conditions. The existing KF algorithm is
hybridized with adaptive moving average based dual gain kalman
filter.In this study comparative study is made between different kf
algorithms in both static and dynamic condition. In static
condition three algorithms KF,ARMA KF & hybrid KF models
are used for denoising the gyro data . Among all three algorithms
hybrid model is provided to be more efficient. In case of dynamic
condition kf algorithm isfails. ARMA model isused to identify the
noise but fails in denoising the noise, where as hybrid kf model
work efficiently this case. The denoising performance of hybrid
model algorithm is validated on single axis FOG and three axis
FOG with different input rotation rates.

Index Terms—Adaptive moving average, auto regressive
moving average ,fiber optic gyroscope, kalman filter

I. INTRODUCTION
The fiber optic gyroscope is the most important aritical

component in the inertial navigation systems(INSgT

gyroscope is a angular rotation sensor. Now a ddferent

In static condition the algorithms like discrete veket
transform (DWT) and kalman filer successfully desgothe
fiber optic gyroscope signal. In the dynamic coioditgiving
different angular rotation to FOG it describes i@nd
movement of the object[2]. In dynamic condition fidfer
optic gyroscope bias drift and response rates aasured
metrics for denoising algorithm .In case of dynaovadition
the kalman filter and discrete wavelet transforgoathm is
fails to denoise the fiber optic gyroscope signaiperly.
There is no single algorithm is available to deadis signal
in both static and dynamic condition fiber optic@gcope.

Il KALMAN FILTER

kalman filtering is a basic linear unbiased estondt is a
recursive algorithm used for filtering the signalnavigation
system and other applications[3] .It is a recurgivedictive
filter based on the use of state space techniquesegursive
algorithms. To improve the estimated state the &alfiiter
uses measurements that are related to the stafEfus.
algorithm is eliminates random noises and erroisguthe
knowledge about the state-space representatioystea and
uncertainties in the process: the measurement remsk
process noise. The kalman filter assumes the ctateystem
at time k evolved from the prior state k-1 accogdin the
equation

X, =Ax,_, +Bu, +w, 1)
z, = Hx, +v, @)
Where
*x is the state vector at time k,
U is the optional control input at time k,
Wi is the process noise at time k,

V1 is the measurement noise at time k,

types of gyroscopes are available like spinning smas

gyroscope ,rate integrating gyroscope
gyroscope, ring laser gyro scope ,mechanical gpmsand

fiber optic gyroscope. The fiber optic gyroscope® a

preferred due to their low cost and high accurdci[ls
works on the principle of sagnac effect. In ir@rtiavigation
system the accuracy and reliable measurement atitms is
most important. In the bias test the angular rotatiate is
fixed in static position and the measured data BDGHs
noisy. This is due to measurement noise and naigesto
optics and electronic.
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RCI-DRDO,

electro icstat* is the measurement taken at time Kk,

A is the State transition matrix which applies #féect of
each system state parameter at time k-1 on sysatenat time

B is the Control input matrix which applies théeef of each
control input parameter in thig, on the state,
H is the Transformation matrix that maps the spateameter
into the measurement domain,

The kalman filter has two stages:

1. Time update equations

2. Measurement update equations

The kalman filter time update equations are defaed

R =A%, +Bu, 3)
P =R ,AT+Qy @

The above two equations are used to predict theerur
state vector and error covariance matrix beformtpthe new
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measurement.
The kalman filter measurement update equations are

K,=P, HT(HP HT+ R,)? (5)
Re=gor Ko (z, —HED) (6)
P.=(I- K.HPF @)

These equations correct the predict values afteuleding
the gaink,,.

[ll. PROPOSED ALGORITHM (AMADGKF )

The propose algorithm is used to denoise the FQ@&kin
both static and dynamic condition. In this propoakgbrithm
has two gains, one gain is used to when the filggic o

gyroscope is stationary and other when the fibeticop
rates).isTh

gyroscope in dynamic condition(rotation
algorithm has two phases 1) In the first stageifigdhe
discontinuities in a single frame of the signallr2)he second
stage filtering the signal with in the frame withltkoan filter.

The implementation steps of the proposed algorithm
given below

1.consider N=1024 number of samples as one frame.

2. Ag=10,q point simple moving average filterheifjue
is used to suppress the noise in the signal. Timisked
output is

q

"= TarE B

(®)

Where 2g+1 is the movmg average window length, y

represents the denoised output data, x represeamtsput
data.

3.This AMA technique is can be iterated by givingput

as input for next iteration.

2q+1

Y,=————— X
qyt)+ q.(t) Lq.'.;} * )
o { if S'(6)<0
Tu' f(5(0))a.if s'(H) =0 (10)
(6) = {q, if S'(t) =0
ar f5®)aifs' =0
_,_ S
Fis®) =1 max(S(t)) (12)
S(t)=1Z(t+q)—Z(t —q) (13)
S'(t)=5(t+1)—5(1) (14)

4 Iteratively obtain the values of g, and g, by giving the
AMA filter output as input.
5.For obtaining the discontinuity locations the p&m
variances will be compared with a threshold valje. (The
variance of the sample s is given as

S Y P
' 4y T 4y

o
(15)

6. The threshold Aj as 95 % of the upper tail of the
exponential distribution with the expected value thg
exponential distribution as the mean of the abaleutated
sample variance of the present frame.
7. Obtain discontinuity locations
T, =t|g> =1

Where t= 2g+1,29+2,
8.I1f the number of discontinuity locations obtalné is
smaller than one ,then it implies that there igliszontinuity
in the present frame. Denoise the samples of frasieg
kalman filter with gain k1.The denoising of the mmt frame
is completed and stops the process. 9.otherwist tfie
successive discontinuity locations. 10. Denoishggamples
from starting location of the first discontinuifthe signal to
ending location of the last discontinuity regiontbé signal
using kalman filter with gain K2 .The remaining non
discontinuity region filtered with kalman filter thi gain K1.
11.iterate all the above steps for each frame.

(16)

IV. EXPERIMENTAL SETUP

The experimental data we are taken from the siagis
closed loop gyroscope for analysis and testing.d&ta in the
static condition for half an hour duration in aerééble with
sampling frequency 400 hz at room temperature.aBe of
dynamic condition were apply different rotationshatielp of
rate table + 10 deg/sec and random rotations ke
kalman filter algorithm fails to denoise the sigimatlynamic
condition.

V. RESULTS
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Figl :- denoising of the FOG signal in static contibn
with ARMA model KF
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FIG2:-denoising of the FOG signal in static conditin
with hybrid kf
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Bias (cont...)

« 10° comparision of gyro original data and kalman filterd data
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FIG3:-comaprision of noise reduction in ARMA modelkf
with Hvbrid kf when static condition gyro
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comparision of gyro original data and hybrid kalman filterd data
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FIG 6-denoising of gyro data in dynamic condition &
double discontinuity with hybrid kalman filter

comparision of gyro original data and kalman filterd data

0.15 T T T T T
Noisey FOG signal | | | | |
. i e T B e e e .
| | | | | | |
| | | | | | |
e T
| | | | | | |
| | | | | | |
,,,,,, [T L — I _l
8 I r_ﬂ——ﬁ I | [
g N R R N
ooo5b - -~ ¢ "~y _"“__'__ |
| T | i i i T
| | | | | | |
| | | | | | |
nuane e e i Kt it Sl
| | | | | | | |
| | | | | | | |
016F —— 4 ——————+———l———F—— - ——F — —+— — —
| | | | | | | |
| | | | | | | |
| | | | I | I
50 100 150 200 250 300 350 400 450

,0_20 1
Time (sec)
FIG 7:-denoising of gyro data in dynamic conditionat
mutiple discontinuity with kalman filter
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FIG 4:-denoising of gyro data in dynamic conditionat
double discontinuity with kalman filter
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FIG 5-denoising of gyro data in dynamic condition &
double discontinuity with ARMA model kalman filter
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FIG 8:-denoising of gyro data in dynamic conditionat
mutiple discontinuity with ARMA model kalman filter
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FIG 9:-denoising of gyro data in dynamic conditionat
mutiple discontinuity with hybrid kalman filter.
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In this paper a hybrid kalman filter based on tHapdive
moving average dual gain technique is proposeduared to
denoise the fiber optic gyroscope signal in bottistand
dynamic conditions for single axis and three adieIf optic
gyroscope or IMU(inertial measurement unit). The
performance of the proposed algorithm is with tHeMA
(Auto regressive moving average ) model kalmaerfiind
standard kalman filter. The future work involvestést the
system in online environments like in a single fpgard.
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