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Outdoor Localization for a Quad-rotor using Extended Kalman Filter
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Abstract: This paper proposes a new technique that produces improved local information using a low-cost GPS/INS system
combined with Extended Kalman Filter and Path Planning when a Quad-rotor flies. In the research, a low—cost GPS is combined with
INS by Extended Kalman Filter to improve local information. However, this system has disadvantages in that estimation accuracy is
getting worsens when the Quad-rotor flies through the air in a curve and precision of location information is influenced by
performance of the used GPS. An algorithm based on Path Planning is adopted to deal with these weaknesses. When the Quad-rotor
flies outdoors, a short moving path can be predicted because all short moving paths of quad-rotor can be assumed to be straight. Path
planning is used to make the short moving path and determine the closest local information of data of the GPS/INS system to
location determined by path planning. Through the foregoing process, improved local data is obtained when the quad-rotor flies, and
the performance of the proposed system is verified from various outdoor experiments.

Keywords: path planning, cell divide algorithm, extended Kalman filter, quad-rotor, GPS, INS, localization

12
o
it

TLoly) EEEE(UAV)OH
T AFEo] A 49l
%E?‘a = 47H«l EHE 01 sto] v gsh= 3de]
oln| s = 5 ilyq /‘xlo]zl—ér A= ]ég 7 vkek o]%o] 7}
%’f‘{} S 7L 71wl 54 MR, B3 e, 2

$Hl 5 AL DA FAdA dol E8Ha glom <
7 w3l ghakslA) zdo] Har ) [2,3]

A=REY} ok 9RE 59 ) dsHE AeFY
o u¢- Fatl, A=zEe) AgFAe FLA A7) 944
A4 slopt et F2 2oly ATE £ o
woll, ek A9)91A 7 G 71%0] AHgFlolok D)

olefdt AAXFA PHL 93t AT BAPY A=

4ir

¢

A7) ks AEE 3 9], INSE Ae)A]

o= A

B 3R 5 YE M AolR, AA] AN SO 74
Hol der F2 A7k 53t ﬂmﬂ A ARE AgaAT
A AAe) B4 oAt Aol ofg eldow AT
AEEE 7 A LA Skl ik GPSE E ARt
gk 912 @7} a1, GPS AlE b d = 5gA el A
* Corresponding Author

Manuscript received February 10, 2014 / revised May 30, 2014 / accepted

July 23,2014

A7178: FAbstal 2295 7 (kijung7379@pusan.ackr)

ol 187, ol RatdstaL wabas 3 s

(dongju7379@pusan.ac.kr/mecha8404@pusan.ac.kr/jmlee@pusan.ac.kr)

# o] v 20139 % AR R Ao ST
tho] A9e wol EE 7] 29 TAI QU(NRF-2013R1A1A2021
174).

Copyright® ICROS 2014

= AL olgle o] itk BN 91 0 B RE] AA]
o2 Al AT E Al vhol Y& B Asl] wide] 4]
O} ATIA] @obA AN 7Re] kAol AT AR
AZ8l3l, GPSAINSG3 X34 A|=Ele 1L=3)7] 93,
GPS= ZHibaE|, 47 Iy, gleF 1 oz INsS}
AjtE o] A= ;Abo] 1k Ho] A58

B =iAes Akt ]ﬂ@u ] o H]/ﬂf"é WNES=L
A e FA o] ]'—6 IJEE o] &3] #7138 GPS
o} INSE §3Hsto=H == =olt} 3t 33
ZbdE| 2 g3 GPS/NS A] o GPSe] Azl 33}
Wo] Wby] wjite YxFAH At A 7]—%]5} ]
bz 83517] 9l A 3t & duE]Ey) zfolZ AL
ol&3lo] ARE Ag3 T AR A3 HY

=

= 8
= _
—‘OL-_OT_‘

S} O 7

“

40]

) O
=
g

=

=
— =

_E_
=

A gholl T3 GPS/INS A|2=El QX1
O 2K 9o A g< & 271t
LOl T/E T T ol A
= 3}l I Zoll A GPSINS 53
=8tk IV FollA] 2 =itoll A A
‘94011 A AT

o2 =
2=
AR T R
7
a}

dg Fael 3o,

IL AAE 74 2 5l=9Jo]
woll A Ak AlzEle] e aE 13 ik
oA AoJE 23l A8 MCU (Micro Controller Unit)< Atmel
Abell A WEE ATMEGA 2560 ©]t}. AlAE 3% Rpo|z 9} 35

A28

7HEE M7 AgE MPU-6050, 3% A &HA 41491 HMC -
5883, =AM el BMP 085 18] 9]x]914]S 98 GPS 4=

A17]¢1 MTK 33292 ARR-3l9lom, FH==E]o] F88 Huky

A7171 918 RoHS AFe] ESC (Electrical Speed Controller)2}



1176 Ki-Jung Kim, Dong-ju Lee, Yoon—Ki Kim, and Jang—Myung Lee

Geomagnetic
Gyro s
Accel{raﬁon 8 = M =2 = | 4 Mowr
Barometer
G
[ =
GPS = § = u g Controller
& s
%) 1. 21228 2] Holo} -1
Fig. 1. System Block Diagram.
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Table 1. Used Sensor specification.

Sort Noise Bias
Accelerometer 8mg 0.2mg
Magnetic sensor 1.15mgauss 4mgauss
Gyro sensor 0.8deg/s 0.009deg/s
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Fig. 7. The experimental environment.
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Table 2. Location error of GPS, GPS/INS and proposed system.

Sort Average Local Error(m)
GPS 2.7123
GPS/INS 1.6419
GPS/INS with Path planning 1.4281
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