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Abstract

This paper deals with the methods performing state estimation .that is position and orientation of Unmanned Arial Vehicle (UAV) using
GPS, gyro, accelerometers and magnetometer sensors. Various methods are designed for position and orientation measurements of UAV.
In this paper we proposed extended kalman filter based inertial navigation system using quaternions and 3D magnetometer. Initially we
load UAV truth data from a file ,generate noisy UAV sensor measurements and perform UAV state estimation and display UAV state
estimate results with proposed method compares with previously exited method extended kalman filter based altitude and heading refer-
ence system using quaternion and 3D magnetometer simulation .Results shows that EKF-INS method gives better position and orienta-

tion of UAV.
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1. Introduction

In present days UAV's have been progressively utilized for exten-
sive variety of uses, those are aviation, agribusiness, development,
looking over et cetera. How these UAV's working securely by
create dependable route and control innovations for UAV's posi-
tion.

Now a days, the generally utilized route advancements for UAV's
are GPS beneficiaries and INS gadgets and a video framework.
INS gadgets don't rely upon the outside radio estimations. It moni-
tors its situation by precisely estimating accelerometers and spin-
ner readings. That is the reason it works in remote territories with-
out ground based navigational guides. At the point when contrast-
ed with INS here and now situating precision, GPS route ad-
vancements give predictable exactness, when it tracks adequate
GPS signals amid the whole UAV mission; however drawback in
GPS is it doesn't give elevation estimation. That is the reason co-
ordinated GPS/INS route framework utilized for some applica-
tions; however execution of the incorporated framework predomi-
nantly relies upon the accessibility and nature of GPS signals [1-3,
7]

2. Vision Aided Movement Estimation

Enormous scopes of creative and perceptive sensors are to be
needed to meet the prerequisite of this remarkable programming,
which gives an adaptable improvement to the coordinated device.
The investigation of visual movement assessment comprises basic
issues. One of them is to decide optical drift and additionally
trademark corresponding from photograph successions, and the
inverse is to evaluate development parameters and utilization of
them. Some scientists made an evaluation at calculations for esti-
mation of movement/shape parameters from picture groupings

inside the PC vision setting. Keeping in mind the end goal to ide-
ally join vision component into a GPS/INS route device, the crea-
tive and insightful route execution should be examined first.

The photograph successions taken from the UAV can be uti-
lized as a different arrangement of independent spatial estimations.
Given that close contraptions flaunt a superior precise develop-
ment inside the visual field than far off items, optic buoy can be
utilized to ascertain the assortment to work area bound protests
inside the field of view, or the bona fide pace of devices with per-
ceived levels. In this mission, optic take the path of least re-
sistance is ascertained on the UAV helicopter progressively at
50Hz the utilization of a photo interjection set of guidelines
(Srinivasan, 1994), which is capable in common out of entryways
conditions and in the state of precise rates of unmistakable devel-
opment.

Two stages are required to decide interpretation speeds from the
optic float determined precise expenses. Right off the bat, the
impacts of turn are isolated from the ones interpretations through
subtracting the recognized revolution cites, estimated with the
guide of the locally available charge whirligigs, from the optic
take the path of least resistance cites. Furthermore, the picture
movement expense is enhanced by utilizing the range over the
floor anticipated that through a LRF would evaluate the mean-
centred measurement of parallel and longitudinal speeds. The
vertical speed in respect to the floor can be computed by means of
the span of LRF. As the majority of the sensors have measurement
botches, the critical thing issue appropriate here is to model and
gauge the errors and concentrate the route data from the inventive
and perceptive and INS information streams[8-13].

Therefore, the frame which contains UAV horizontal speed can be
calculated with the help of optical drift.

With the use of following formula LRF and gyro can be modi-
fied angularly.

Vbxy = (5xy - Q)xy ) * r‘gz 1)
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Wherein V,, is the horizontal translation velocity; 5Xy is the
size of angular price’s optical waft; @, is the rotation charges of

horizontal axis; rgz

integration glide chart is proven in Fig.1
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Fig.1: Flow chart for Vision based navigation system.

This proposed model is not effective and contains many errors
which may contain small constant offset (likely 10cm) and a small
scale blunders (<1%) from LRF. Other errors which can be found
are scale errors from optic glide. Additional errors which can be
seen are the errors from gyros. Other mistakes consist of error in
attitude and the slope of the floor etc. The most important errors
can be reduced by following GPS technique.

3. GPS/VISION/GYRO Navigation

The following is the flow chart of GPS/INS/Vision navigation
integrated device which mainly uses two Kalman filters.

Sensors errors correction
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Fig.2: DGPS/INS/vision integrated system flowchart

When errors are seen in GPS, to update or modify the errors in the
KF1 and to know the mistakes in INS and to modify the naviga-
tion errors which results in change in the GPS, positioning results
are used. Simultaneously mistakes in LRF and optic drift can be
identified by the GPS derived velocity in Kalman Filter (KF2).
Asa result of these correct measurements from gyro, optic flow
and LRF can be obtained which gives the exact values of horizon-
tal velocity and height above the floor [4,6,7]
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Fig.3: GPS/INS/vision integrated system flowchart
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Wherein X, is state vector of order (n*1), ¢, is transition matrix
of order (nxn), Z, is (rx1) observation vector, H is observa-

tion matrix of order (rxn). W, and V, are uncorrelated white
Gaussian noise.

The KF2 error states are:

*G1 = [XNavX acc XGyro X Grav X Ant ]T “)
Where in
XNav =[9rN  O7E 0D, Oty OTE . 0T OV OVE, 6Vp Ja
Xace =[Vax:Vay:Vaz: Vx: Vby: Vil
XGyro = [%x'%y’%z]
XGrav =[09N:99g.99p] ®)
Xant = [5IX,6Iy,5IZ]

The following entire terrestrial INS psi-angle errors can be seen
within the system:

OV =—(fig +Bip)*or—-ov*f +og+¢

(]
Or =—fon * oy +0r
o

Sy=—Pinp*ov+e

(6)

The observation vector z consists of oT,, o, OT,

20) = [Piys ~Pops ]’ =130 ]Gy V() ™
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Wherein P, is INS measured position and Pypg is GPS
measured position.

3.1. Modelling Error Estimation for Vision Sensors

The entire document should be in Times New Roman. The font
sizes to be used are specified in Table 1. As seen in Section 3.1,
there are various errors sources in the Equation (1).Fixed offset
and a scale mistakes are incorporated from the height of LRF.
Scale errors in optic flow are seen as two instructions. Therefore 4
states are used to interpret the errors Kalman filter.

XLOF :[5ab,5af ,5a)fx,5a7fy] (8)

Wherein 5ab is LRF constant offset, §af is size error, §wfx is

optic float scale errors at x axis, 5a)fy is optic float scale errors at

y axis.

The zero-mean Gaussian white noise which is dynamic version of
these 4 error states is treated as follows:

XLOF = ®LOF O

2LoF O =TH" | oF ~H' Gps] =[Qpugl oF ©+m ®

(10)

) HV . . . HV .

Wherein LOF is horizontal velocity of LOF and GPS I8
horizontal velocity of GPS.

As per Equation (1) and Equation (8) the LRF navigation errors
and optical flow is derived as:

Vgxy = [ﬁxy *(1_wfxy)_(ﬂxy]*(rgz _ab)*(l_af )+e

(1)
Wherein ¢ is bias from the ground surface and other errors. The
error model for Kalman Filter can be given as:

5gxy = (rgZ —ap)*(-ay )&ofxy +[ﬂxy *(1—a)fxy) —(pxy]
[(l—af )50!b + (rgz —ab)5af ]

(12)
Therefore the H2x4 in Equation (10) is
[By (- 0g)-oxA-a) 1By *(-og)-py)0-ay)
[ﬂx *(1_wfx)_¢x](rgz _ab) [ﬂy *(1_a)fy)_¢y](rgz _ab)

(rgZ —ab)*(l—af) 0
0 (rgz —ab)*(l—af)

Qoiy =

(13)
4. Methodology

The YAMAHA RMAX Company has been evolved in the period
of 1990 by Japan Company. Later, on it led to the invention of the
unmanned predator drone in the year 2002 for targeted killing by
CIA. Drones has been used for several applications like securi-
ty ,agriculture .navigation, search and rescue operations etc. but it
has been primarily developed for the purpose of agriculture.

4.1 Sensors

Helicopter consists of several sensors inboard in it that is Differen-
tial navigation GPS, INS, magnetometer, Laser scanning system,
and Charged Coupled Device, camera (imaging payload)[5]. Here
the navigation system is a computer program provides information
about the graphical images, coordinates and directions on the
screen. Camera will be having the basic information including the
period of the system configuration. Now—a—days CCD has become
one of the major technologies in digital imaging. A charge-
coupled device (CCD) is a device for the movement of electric
charge, usually from within the device to an area where the charge
can be manipulated. LRF is a rotating mirror combined with the
RMAX helicopter.
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Frame with
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Fig.4: Drone components

4.2 Methods Adopted

4.2.1. Euler angle
4.2.2. Spatial Rotation Using Quaternion
4.2.3. Quaternion

4.2.1 Euler Angle

Euler angle means three angles and is used to describe the rotation
of the stiff body with respect to the stationary body. Euler angles
are denoted by letters a, 8, vy .here the angle a is the circling about
the Z axis. The angle f is rounding

About N axis and the angle y is wheeled about the Z axis. The
angle o is amid from x axis and the N axis. The angle B is in the
middle of thezaxis and the Z axis. The angle y is mid of
the N axis and the X axis .The angle a, y ranges from 0 to 2= radi-
ans , whereas the angle B ranges from 0 to 7 radians.

Z

A

i y
N
Fig.5: Euler angles

The advantages of Euler angle are the mathematics is easy and
they are very easy to implement and to understand when compared
with the quaternion .the storage Requirement is very less as they
need only 3 components for the representation of any rotation.
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Euler angle has several draw back the main problem facing is the
gimbal lock. .gimbal is ring which rotate about an axis. Here the 2
axis may become in a straight line and they lose the degree of
freedom. The main applications of Euler angle are used mainly in
classical mechanics of rigid body and quantum mechanics of an-
gular momentum.

4.2.2 Spatial Rotation Using Quaternion

In general Euler angle method is having a drawback called gimbal
lock. Simply we can say it loss of degree of freedom. It happens
when orientation of senor cannot be uniquely represented using
Euler angle. The below figure illustrates the difference between
the quaternion and Euler angle

2. When all three circles are lined up,

the whole system can only move .
in two dimensions from this configuration, |
this is a gimbal lock {

1. Rotations in Euler angles
can be defined like gimbal
system with three circles

3. Usage of quaternions

YAW&D 0

i can help to avoid such
ROLL " situations

Fig.6: Comparison With and With Out Gimbal Lock

4.2.3 Quaternion

In general quaternion can be defined using symbols i, j, k .We call
unit quaternion as versos. Here quaternion mathematically repre-
sents orientation and rotations of objects in 3D.

Vector Domain Quaternion Domain
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Fig.7: Vector Domain Versus Quaternion Domain.

When compared with Euler angles these are simple, numerically
stable and efficient. Quaternion has important applications they
are useful in various fields like they are used in mobile dynamics
and flight dynamics and used in crystallographic texture. Quater-
nion has independent coordinate system and having easy com-
position.

5. Results

The measurement data is GPS and INS integrated system data
with the state estimation using kalman filter. The algorithm which

we have implemented is having mainly one routine which is im-
plemented based on quaternion using GPS and Inertial measure-
ment unit. Here we get GPS data using U-blox receiver and it
having a clock speed of 32 kHz using RTC crystal. The IMU used
for data collection is having 9DOF with 3 axes measurement and
the outputs of it are processed by ATmega328 which is embedded
on sensor board. Here we have used discrete time extended 4-state
kalman filter to estimate the orientation of un-manned aerial vehi-
cles.

In general, using the quaternion states in an EKF can be mathe-
matically difficult. Here, we tried to make the quaternion math
simple by converting the quaternion states into a Direction-
Cosine-Matrix for use in the state dynamics and other measure-
ment models. A quaternion purist will disagree with the imple-
mentation, but we feel it maintains the advantages of quaternions.
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Fig.8: L-shape generated by EKF-based INS using quaternions and a 2D
magnetometer.
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Fig.9: Pitch estimation of UAV by EKF-based INS using quaternions

The graphs which are obtained are having the minimum deviations
in the calculation of various parameters of aerial vehicles using the
integration of both GPS and Inertial navigation systems.



646

International Journal of Engineering & Technology

el lE

5 12

nale)

Rl s

4 | | | 1 ]
0 10 0 k(I L El )] i) LUl U] 1000
Time

Fig.10: Roll estimation of UAV by EKF-based INS using quaternions
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Fig.11: Yaw estimation of UAV by EKF-based INS using quaternions and
a 2D magnetometer

Moreover we can reduce the error rate in the navigation systems
by adding the adaptively in the kalman filter algorithm.

6. Conclusion

The results of the integrated navigation system are quite encourag-
ing and the discrete time extended kalman filter method can be
further improved with the addition of state dynamics, measure-
ment models, modelling of error and estimation for gyro biases,
etc.
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