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Abstract : Unmanned vehicle has a performance for finding the path and the way point by itself, so called orientation
and direction. For the more precise navigation performance, Extended kalman filter, which is integrated with inertial
navigation system and global positioning system is proposed in this paper. Extended kalman filter's performance is

evaluated by the simulation and applied to the unmanned vehicle. The test result shows the effectiveness of Extended
kalman filter for the navigation.
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Nomenclature ment at ¢, [mxn]

" . yaw R :meridian radius of curvature

0 : pitch R,  :traverse radius of curvature

¢ ‘roll P,  :measurement noise covariance

@, :relationship matrix of z, and z,_, (),  :process noise covariance

2 . rotation rate of earth to the solar

ow, , ow,, dw, : bias of the gyro sensor 1. M 2

:i:.b, g}b, é.b : bias of the acceleration sensor H o] HolEale] WA ‘ulels AE2P e

x,, ¢ : receiver clock's phase and frequency bias = gvlz @9stA A7 18 FolH Bt X%

x;, - state variable vector at t,, [nx1] o)1, Wt} 23 Aol YA E AA ARst

u,  :given white noise of process, [nx1] AR o2 s Zhal Yt

vy, : given white noise of measurement, [nx1] 53], Alsd AEFH Tl A=

H,  :relationship matrix of the state and measure- 2 ol a9 A5 Tt 7heshal %)ﬂ"
BRate] Fao] bed ARE A& 02 A
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Fig. 1 Concept of the autonomous unmanned vehicle

A oo} sl=x|E A A3} A 2 A 8 (navigation) L
AR FF7|=o] st

2.1 FRIXSAIe| 1

B =50l Zolz}% 2} Fig. 1o Ho]%o] 100cc
Z3& 713 ATV(All Terrain Vehicle)-2 7|23
o). 3HEE Aoj= 2FF| AFEEE A d4
3l %37 AIYE 0§38l Z 32 Ao 8t
At THE Aol ddH o2 HoQlE 7|E
o] A|2glo)l RCA B EE] & o83} Ao} s}t

B =7 ALg3te A Al2ge 233 Al
A, Aol 2 AlA 183 7S e A Folth 2E 3
A A FlES AE3to 313 eE A

BE AT Aol 2 M= A B AEES
ARSI AEEAE 24 FUR) HEES A4S
A AAA2AY AR E AT ALk

2 PORSHO| Y AILH

FAAFA ] B2 A B BH S ANE
& o &F BAFYH AHEHE AMTE AR
AA, 7445 AA 9 Apol = AA Fol vk B e
He HRBANE o] ot PYPolnz AT} HE
o F&e AAT FUARE ASH o2 ANY
& ltke BHe gou FisEd A%E HE
AN LS FAHEE 234 WA ol
A% akshs 540] lth

A8 FPE GPS 9140l il 1[Hz) o] o]
OBl & 0|5 F FAAERAA A8 2] 74

A YXE Z=AsIEE dHo|E e Al ult}



a3y ZoHE S 0|88 7ol ASX9 ASHY X5 ae|s I

AMELF YA HolHE 7BAstnz Q3o W=
itz et 2y 7|EF o VR AEE
o] 2917 I HolH e AA&EET 2
Al ol &, 7IA 939 = 59 538 3750 93
= gA Pon 2 GPSE W5 0. o]&-3lo e
TS E AL AL w7} o $- Hojx| A @rh?
338 2k E)(EKF: extended kalman filter):=
FRAAE2L] FAA L F4 3 oA 78
O 2 A8 FATIY J2ehi= 2o g FrlH
e 22 v X AFES A9 FH R HY
£ A3t A" Bd S HdY 35 AR
A AEdete] st AU EAE wygsie
uhf o)) Y

2.3 INS2} GPSE S¢&ltst &g ZiorEe

2.3.1 A|AES 29

INS<} GPS o] &3 GPS <] Alst
S} INS 9| E2- dlojy F7] € 9%
A2 FHdlA AA A" e 3 Al 4 3
th 28y BE AN ELS 4 T E F7)8 7R
2 o|& F718 A7)= A o] A 7|0 At

T )
al

| -12}4

lo

_>;]_IJ

-

tn I w2 I tua o
— i
data tansfelKaiman filtering §
> >
. Al ; A2 )
L4 1 Sec. et

Fig. 2 INS & GPS data synchronization timing plot
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Fig. 3 Information flow of state and observation model for the unmanned vehicle
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Table 1 Scenario for the unmanned vehicle movement

Time[sec.] Movement Velocity | Acceleration
0~10 stop 0 [m/sec) 0
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120~130 deceleration decrease | 0.1 [m/sec’]
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