International Journal of Electrical and
Electronics Engineering (IJEEE) International Academy of Science,
ISSN(P): 2278-9944; ISSN(E): 2278-9952 4 Engineering and Technology

Vol. 8, Issue 6, Oct-Nov 2019, 11-20 ! . .
© IASET IASET Connecting Researchers; Nurturing Innovations

ORIENTATION OF AIRCRAFT USING EXTENDED KALMAN FILTE R

Shanthi. D L', Keshava Prasanna” & Nishanth K*
'Research Scholar, Visvesvaraya Technological UsityerBMS Institute of Technology and Management,
Bengaluru, Karnataka, India
Professor, Department of Computer Science & EngingeChannabasaveshwara Institute of Technology, Gubbi,
Tumkur, Karnataka, India
*Research Scholar, Department of Information Scigh&mgineering, BMS Institute of Technology, Bange)

Karnataka, India

ABSTRACT

This work describes the designing of AHR SystemW@& C (Two Step Geometrical Intuitive Correcti@hjorithm using
Kalman Filter to provide a proper orientation. A tigensor IMU is required because a single typesse cannot provide
accurate attitude estimation. The accelerometserssitive to vibrations. A gyroscope is susceptiblew-frequency drift
and wideband measurement noise, resulting in actation of bias, and the magnetometer readings g&tbded due to
the ferrous materials (magnetic material). Therefoit is passed through a correction algorithm teduce these
distortions. TGIC with Kalman Filter helps in redng these distortions. AHRS application includesmas (UAVS),
navigation tracking etc. Kalman filter is an estitioa algorithm. It's a method of calculating thdute state of a system
based on the prior state. We are using a quaterb@ased Extended Kalman filter, where the quatermiih the gyro bias
represents the state vector. Including the bias ihan the state vector gives ability to track thias and model the drift in

Kalman filter to reduce error.
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INTRODUCTION

An attitude and heading reference system (AHRShasle up of sensors on three vertices that giveu@dtiinfo for the
aircraft, i.e. roll, pitch and yaw. These are nefdrto as MARG (Magnetic, Angular Rate, and Grgvéignsors and are of
either solid or micro electro mechanical system vkmoas (MEMS) consisting gyroscopes, accelerometard

magnetometers. They are designed to replace traditmechanical gyroscopic flight instruments.

[1] A type of non-linear estimation system suchExstended Kalman filter is usually used to comptiiee result
from these sources. AHRS have been proven to liyhiigpendable and are in common use in all typedrcrafts. AHRS
are typically paired with electronic flight instremt systems (EFIS) to form the primary flight degplAHRS are combined
with air data computers to create an “air datatude and heading reference system” (ADAHRS), whpsbvides
information like air-speed, altitude and air tengtere. With sensor fusion, drift from gyroscopeggnation is made up for

by the reference vectors, gravity, and the earttégnetic field. This results in a drift-less orgtian, making an AHRS a
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12 Shanthi. D L, Keshava Prasanna & Nishanth K
more cost operative solution than traditional IMUrtial Measurement Units) that only integratecgpgopes and work on
a high bias stability of the gyroscopes.

AHRS Model

Figure 1 Air traffic control - standard internatarpractice is to monitor airspace using two raglgtems: primary and

secondary.

Primary radar -based on the earliest form of radseloped in the 1930s, detects and measures phexapate

position of aircraft using reflected radio signals.

Secondary radar - which relies on targets beingppgd with a transponder, also requests additioriaimation

from the aircraft - such as its identity and attidu

All commercial aircraft are equipped with transpersd (an abbreviation of "transmitter responder"hiciv

automatically transmit a unique four-digit code witkey receive a radio signal sent by radar.

GPS: Shows pilots their position
but not normally used by ATC

L &
s
Secondary radar: \\?1
Tracks plane and its ~\!
identity via transponder \\\ )
N\ )Y
N\
N
0 % ACARS: Transmits
R “ ) m aircraft data to the ground
z \
Flightdata =~ ™™ "
- > Air traffic control (ATC)

Primary radar: Can only show approx position. No radar coverage 240km from land

Figure 1. Radar Based Flight Tracking System.

The code gives the plane's identity and radarostatigo on to establish speed and direction by mong
successive transmissions. This flight data is tleteyed to air traffic controllers. However, onae arcraft is more than
240km (150 miles) out to sea, radar coverage faddsir crew keep in touch with air traffic contasld other aircraft using

high-frequency radio.

To reduce the computational time, and improve thehfsoll approximation accuracy of the low-costitatle
heading reference system in conditions of magriisimrtions, an innovative linear Kalman filter tdgr nonlinear attitude
estimation, is projected in this paper. The nolgbiithm is the amalgamation of two-step geomeliigatuitive correction

and the Kalman filter[2].

Two-step system is used to make the present appativin of pitch/roll resistant to magnetic distors. The
TGIC outputs a calculated quaternion for the Kalrfilser, which evades the linearization error ofasarement equations

and decreases the computational time.

Figure 2 is the block diagram of proposed AHRSeaystFigure3 shows orientation across axes. As &coogleter
is sensitive to vibrations. ADXL345 is a 3-axis @lecometer with high resolution (13-bit) measuretarup to 16 g, its
value are passed through a low-pass filter. MagJahles from magnetometer HMC5883L a surface-momotti-chip

module designed for low-field magnetic sensing weitdigital interface and the BMP-085 is digital ggare sensor which
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Orientation of Aircraft usng Extended Kalman Filter 13

has high accuracy and long term stability. And Ipassed accelerometer values are then given to T&kDrrect the
estimated direction of gravity and convert to theatgrnions (q). These quaternions and gyro valtm® gyroscope
L3G400D a low-power three-axis angular rate seaserthen passed through the Kalman filter. Kalmber fkeeps the
track of the bias and helps in removing the etoough prediction and updation step which givescthreected value of roll
(Y), pitch©) and yaw().

a

| Accelerometer I—- Low Pass Filte TGIC
{two-stap
Eeomatrical
Iy-intuitiva

MMagnetometer m . cormection)

[ Proposed |, b
Gyroscope [™* Kalman Filter |
T B.w

Figure 2: Block Diagram of Proposed AHRS System.
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Figure 3: Orientation across the Axes.

To detail the orientation, set the body frame g xige navigation frame m North, Down, East (NDR)ey-axis is
oriented towards the forward, the x-axis is oridri@wvards the down and the z-axis is oriented tdséine right [2]. The
angle of the body could be gotten from an attitt@@sformation matrig. C is a perpendicular matrix and can be
summed through 3 separate rotations around thee8 ke first rotation is along the y-axis by, #seond revolution is

around the z-axis by, and the third spin is araimedx-axis by; they are given as:

cosy 0 sin cos@® —sin@ 0 1 0 0
C”’j = 0 1 Oq.Cj = [sint9 cos @ 0].C;‘ = [0 cosy —Sin}/] (1)
—siny 0 cosy 0 0 1 0 siny cosy
cos Ocos y sin @ —sin ycos 0
ch= C;‘Cj(,‘”’j = [—cos ycos ysin @+ sinysiny  cos ycos @ sin ysin @cos y+ cos ysiny (2)
sin @sin ycos y+ cos ysiny  —sinycos @ —sin @sin ysin y + cos ycos yi

Because of the disadvantages of the Euler ang&emionay® = [pO p1 p2 p3] is utilized to mean the attitude o

the m frame in reference to a frame. Thereforeditextion cosine matrix (DCM) can be representequaternion:

q0% +q1% — g2* — g3° 2q0q3 + 2q1q2 —2q0q2 + 2q1q3
—2q0g3 + 2q1q2 g0% — g1% + g2% - q3* 2g0q1 + 2q2g3
2q0q2 + 2q1q3 —2q0q1 + 2293 q0° — q1% — g2% + g3

b=

©)

The attitude angles can be calculated as:
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14 Shanthi. D L, Keshava Prasanna & Nishanth K

8= acsin(2q0g3 + 2q192)

w= actan((2q0q2 — 2q143)/( g0* + g1* — g2 — ¢3%))
= actan((2q0g1 — 2q2g3)/(q0% — 1% + q2% — 3%}

4)
From accelerometer the roll and pitch are calcdlate
[ﬂ] 0 gsing
L|=ct [g] =| gcosBsiny ]
Iz 0 —g cosfcosy.
(5)

Where fx, fy and fz represent the measures of tieelarometer in the a frame; and g stands for theitgtional
acceleration. Then, the yaw and roll is:

& = acsin (&)
g

- '_fs-)
¥ 7cr.ctan( 7

(6)
Similarly, for pitch:
Hi cos g sin @ 0 Hy
Hj] =|—coswsinf cosycosd siny||HE
H} sinfsiny —sinycosd cosy HE
(@)
Where His the earth magnetic field in the a frame ahéhHhorizontal Frame. Thus, the pitch is given by:
w= atan (s—%)+ D
) (8

Where D is the distortion due to the magnetic caomemts around the device. The calculated vectoradfigtional
field and electromagnetic field are obtained by:

oo B g* = Ch(ta)g"
=g | - cham
U

P ik gt=00 1 O]T .
™ lmel nt = [my my 0]
©)
b= P b >
g¥ =[x 0y ;] gnd m® =M. M, My
(10)

An AHRS system includes two separate functioniregks. They are:

Two-Step Geometrically-Intuitive Correction

Figure 4 A TGIC the step wise two-step geometnyemtuitive corrective system is the method usedntzke the present
approximation of pitch/roll invulnerable to magmetiistortions. It gives a calculated quaterniorugdbr the Kalman filter,

which does not give the linearization error of meament equivalences and decreases the computdiinaa
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Accelerometd |Las!Estimatior

Quaternion
ga

\4 \/

1st- step correctio

Figure 4: Block Diagram of TGIC'’s 1st Step.

Quaternions obtained from the Euler angles areeplass TGIC first step correction where the corattbdf
projected track of gravity is done as shown in HEigure 5, correction for the assessed directiografity is done by
spinning the least valued attitude quaternipbygthe angle b (the angle in vg & vg) about this ax (that is defined by the

dot multiplication of vg & vg). Therefore, the mhing error quaterniog,, and calculated orientation can be given by:

U8y L g8,
qae=cos( 5 )+n‘,sm 3

(11)
Fa = Fae & gi
(12)
Where,
i’a = vy % 0,48, = acos(vg -1}3)
(13)

The variable ‘c’ is utilized to decrease the effetthe exterior acceleration. By partly modifyitige angle c, the
influence of outside acceleration will be foundo®m near to 0. The prime choice for ‘c’ is so th system can produce a
strong attitude in static and active tests, notshaoting. The calculation of the variable ‘c’ irany different situations will

be shown in the experimentation section.

£l
i

' V. XV

Figure 5: Correcting the Projected Direction of Gravity
using the Accelerometer.

Ex-tended Kalmanian Filter
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Under estimation theory, the ex-tended Kalmaniliarf(EKF) is a non-linear form of the Kalmaniaitdt that linearizes
around an approximation of the present averagecawdriance. In the conditions of a well- structutethsition model, the
EKF has been regarded as standard in the fieldopfinear value estimation, navigating systems amt Gystem.[6]
Accelerometer, gyro and mag values are taken fidid GY80. TGIC consists of two steps to be followkdst step only
includes the correction of accelerometer values sexbnd step includes the correction of magnetametiies. The
combined steps gives the calibrated roll, pitch yaa values. The values are passed to the Extekdkdan filter in the
form of quaternions where prediction and updatitegp @re used to reduce the error. [3] The calauradf the theorized

Kalmanian filter starts with in initial conditions:

-fo = E[X]
Py = E[(Xo — Ro)(¥o — %)
(14)

The original covariance matrix Po is permanentiegia big positive number in order to attain adyddter and it
is calculated that Po = 10-1 [3%3]. | [3%3] is #et identity matrix. The step next is to show therent vale and covariance

approximations from time stamp k1 to step k2:

Where exdQT) is the separate time stamp transition matrixQ&s the process errorcovariance associated to the

guaternion. Then, the Kalman gain is calculated as:

= 'f}:ﬂ = exp (0 AT) X,
Py = exp(Q,AT) Py exp(QAT)T + @,

(15)
where R.; is the measurement noise covariance. The finaftlondo is to calculate the post error covariance

approximate:

Kpvr = ﬁ;.-_n(ﬁk_ﬂ '1'R:a+1}_i
(16)

where 4%, is the calculated quaternion. From the steps oftlenanian filter detailed above, we can attain the
prime estimated quaternion and finally obtain tHe &ttitude of the aircraft. The quaternions frdra second step i.eXis

used to obtain the attitude (roll, pitch and yaw/jraequation (3).
AHRS Algorithm

The proposed AHRS in this paper is a predict ardhtipg technique where we detect the error usinigna Filter and
estimating correct direction gravity using TGICrasntioned in Figure5. First, we allow the calibvatiof the pitch, roll
and acceleration of the IMU to take place for 5osels. We calculate the mean pitch angle, mearangle, mean yaw
angle and mean magnetometer reading x, y, z dmetiThis mean pitch, roll and acceleration catedlaare used as a

reference for setting thresholds and to form aeuéin.

The sender and Receiver part of the procedure simWwigure 6 as follows:
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Sender

Peceiver
[ Include all librasies
L — 1

| Asign com s serial inpos |
— ot Lo gt data fincen
Sel up the sensors | somiraller
. b
Open cov file to write dasa
Read accelerometer walues from
ADNL 345 sensor on gyE0

|
| Seriatly read Bre data and

Read gyre values fram

sanee im duts variable
LIGAZOGD sensor on gySe

Split the dats by comma
Rga-dmagﬂetomr walues from T
HAMCSBEIL sensor on gySo

Aler spinting stoee

walues to @ LPF to

| —Pass el = M ]
remwae nokte |

— - 1 -
Pring s werste sagnoed
data to cov file

. = | .
Calculate moll , pitch fram
acclerometer values

ke
Calculate yaw using
magnetic heading

— )
Print sodl, pitch, yaw and
rMagnetc heading on
serial monitor

Figure 6: Flowchart of Sending and Receiving Datarbm

Controller to Device.
Working of Extended kalman filter with TGIC is shown the flowchart Figure?.
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Open 2 cow file to read data
amnd write data into it

x
For first 500 samplies TGHC
-:a-lihn'au?}n is dore

-
read line data from cswv file
and store in Flata wariable

-
Split the data by comma

|

-

Afrer splitting store
corresponding data in
corresponding variables
|

Convert euler angles 1o
qual-:lrnil;l-n

-

This quaternion is multiplied
whth conjugate guatermicon
abtained from TGIC 1o get

calibraved quaternion
-
calibrated gquatermion s passed
to extended kalman filter
I

-

Estimation of states
{quaternion) s done

L §
Kalman gain is calculated
Updation of states
(quaternion) are done

|
-

Euler angles are calculate
from updated guaternion

-
Euler angles are printed and
wiritren in csv file

Figure 7: Flowchart of Kalman Filter with TGIC.

EXPERIMENTAION AND RESULT

Figure 8 shows the circuit set up. We first colldnet data from the accelerometer, gyroscope anchetameter of the GY-
80. We first conduct an experiment where the IMipleced stationary on a flat table and we get #ve noll, pitch, and
yaw at a sample rate of 100Hz. We take the firét &mples as calibration time and then the aboteisipassed through

the algorithm and the result is shown. The plotasf roll, pitch and yaw wise rotated data are shawthe following

figures.
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Figure 9: Plot of Raw PITCH wise Rotated Data (Degge).
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Figure 10: Plot of Estimated PITCH wise Data(Degree
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Figure 11: Plot of Raw ROLL wise Rotated Data (Degze).
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Figure 12: Plot of Estimated ROLL wise Data(Degree)
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Figure 13: Plot of Raw YAW wise Rotated Data (Degre).
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Figure 14: Plot of Estimated YAW wise Data(Degree).
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Figure 15: Plot of Raw PITCH, ROLL and YAW wise Rotated Data (Degree).
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Figure 16: Plot of Estimated Pitch,Roll and Yaw wis Rotated Data Lot of Estimated Data(Degree).
CONCLUSIONS

In this paper, Extended Kalman filter was pro-po$adthe orientation estimation of AHRS. The Kalmflter was
significantly simplified by preprocessing the aeremeter and magnetometer information using a tep-geometrically-
intuitive correction (TGIC) approach. Compared wiitie traditional external quaternion estimationodthm, the use of
two-step correction decouples the accelerometen@mghetometer information. Here we used only fitsp later with mag
also can be implemented. This decoupling elimintétesinfluence of magnetic interference on the entrestimation of
pitch/roll. In addition, the quaternion producedthg TGIC is utilized as the input observation wedor the Kalman filter,
which avoids the linearization error of measuremepations and reduces the computational complefitthe filter.
By carrying out several experiments, the performeapicthe proposed filter in static and dynamic dtioids was verified.
The experimental results indicate that the propd&achan filter is able to provide relatively fasemd more accurate real-

time orientation information in different workingmditions.
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