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Particle Filters using Gaussian Mixture Models for Vision-Based Navigation
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Korea Advanced Institute of Science and Technologyl’m, Poongsan Ré&D Institute*>°

ABSTRACT

Vision-based navigation of unmaned aerial vehicle is a significant technology that can
reinforce the vulnerability of the widely used GPS/INS integrated navigation system. However,
the existing image matching algorithms are not suitable for matching the aerial image with the
database. For the reason, this paper proposes particle filters using Gaussian mixture models to
deal with matching between aerial image and database for vision-based navigation. The particle
filters estimate the position of the aircraft by comparing the correspondences of aerial image
and database under the assumption of Gaussian mixture model. Finally, Monte Carlo simulation
is presented to demonstrate performance of the proposed method.
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Gaussian mixture model of the measurement
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Fig. 3. 3D graph of gaussian mixtures of
the measurement generated by the
measurement model
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Fig. 4. V-world

Table 1. Conditions of simulation

Parameters Values
Initial Position (36.3550°, 127.3562°)
(Latitude, Longitude) (35.2435°, 127.8710°)
Height & Velocity 100m & 10m/s
Steady flight at
Flight Condition constant attitude,
height, and velocity
Duration 100sec
Initial Error (27m, 28m, 28m)
Filter Update Rate 1Hz
P Noi
rocess Noise Um. 4m, 4m)
(04, 0y, 0p)
Image Measurement Noise (5. 5m. 4m)
m, 5m, 4m
(o, T @ s)
Yaw Measurement Noise .
(o) 0.5
Ty
Number of Particles 1,000
Standard _DeV|at|on of (30m, 30m, 30m)
Initial Particles
Number of Monte Carlo
) . 100
Simulation
Angular Field of View 53.26°
7t 2te] AFOV(Augular Field Of View)® 7}E
53.26° 713l o 712 AZ HE&S 1512 7HA

stk v = 2 e #d" A AEE
ol Z7AL Table 194 B Ft}.
242 A E2lolMd Zxot

HA Z2-9 AE9 s e Hess
A3l AE LI=7F G2 AP A AEH|IHES
gtk B AlEg oA vdg do HEES Fig
A RolFw, sagE FAE vA g s A
o] @4 WS Hd AAFoRE A RoFEn
d4 A mPAZE 12, 18, 58% Wl FFHo =T
SAA7F e 1, sy dER SAEHE 71

a1l
N 2y

A I'eh) &
35.245 - %‘g’ * 2 @ & ——a=flighttrajectory
’ B e ] xmu
35.2445 - @ HE —covariance
- ® o
= L - .
g 3o | i i e s o
B 35.2435 ' - nﬁ% &Fe
o N x)
% i ,gzﬁésg @%a;—,@xw \_.%3)
B L _u Lo—.—. iy B, &2 @
= 35243+ Tanonlls 5 B e ‘%@J
Prby Sy 5
L Y oh bet g ek @
35.2425 ® =4 T 8 ®%§%®§ g ®°© BHesoe g, ?@@ o o 0. °®
35247 & ] h 15@%@ g m® @@ 4, B, " vy | s O
128.872 128.874 128.876 128.878 128.88 128.882
longitude [deq]

Fig. 5. The database formed by Gaussian mixtures and the flight trajectory
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Table 2. Estimation results by the number of The time history of error and sigma
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e 'ﬁ‘éﬂ_‘;ﬁ{!?;’”_
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80 F |
The number of 0 ' 0 ~10 E | e
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10 26.8 2.9 7.8 2.8 . o : ;
average x| 257 | 36 | 141 | 29 ol |
of error [m] Lo i
h 147 8.2 7.7 7.2 201 A | g
B 0 T IS TR LR o A '
average O 0 10 20 30 40 50 60 O 80 90 100
3-sigma [m] A 95 17 51 12 time [sec]

h 94 %0 53 21 Fig. 7. Time history of RMSE and standard
go=o] ABo] ZHHE T7rSe AAS o v d;avl_lgtlog of error for the flight trajectory
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2004 R . The time history of error and sigma
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Fig. 6. The database formed by Gaussian mixtures

and the flight trajectory
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