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Abstract

Intelligent vehicle has been developed at Mae Fah Luang University during
the year 2008 and 2009. During those two years of development, the main objective is
to participate in the competition. However, in engineering aspect, there exists some
stability problem due to a low precision of navigating system needed to be solved. In
this research, three GPS modules are used as a naviga.ror' to improve system accuracy.
Furthermore, Kalman filter is applied to reduce error in estimation.

The system is implemented and tested in a field. The prototype vehicle
performs very well with the root mean square (rms) error of about 1 meter. However,
since the signal quality of the GPS is depended on weather, some auxiliary signals
from other kind of sensors such as radar. sonar or camera may be included for better
decision making.
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$SGPRMC,010516.00.A.1347.28957,N,10036.86153,E,0.064,319.54,280908,,,A*63
$GPVTG,319.54,T,,M.0.064,N,0.118,K,A*3D
$GPGGA,010516.00,1347.28957.N,10036.86153,E.1,05.2.11,2.6,M,-27.5,M,,*7C
$GPGSA,A,3,16,32,14,20,31,....,,,3.69,2.11,3.03*0F
$GPGSV,3,1,11,29,03,054,,16,85,295,35,03,23,181,,32,50,298,25*7A
$GPGSV,3,2,11,06,30.164.,,14,37,095,32,19,02,199,,22,15,157,*7E
$GPGSY,3,3,11,20,28,307,31,23,02,318,,31,33,018,33%45
$GPGLL.1347.28957,N,10036.86153,E,010516.00,A,A*67

$GPZDA.010516.00,28,09,2008,00,00%6C
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3.2 ssuuqumuagﬂssmamam”w Kalman Filter

Tun1514 Kalman Filter iWamdadyanasumu szuunazinazaaaininosing

b 4
o e

fassuudady stuududusansoadinglaeie aums 2 aumsii

gumsdaiue (State equation)

X, =Ax, +Bu,+w, (3.1)

aumsamanaaan (Output equation)
y/=€Cx, +z, (3.2)

Tuaums (3.1) uas (3.2) 29un A, B, Ciihuuasn k dudunuzaanal x gn
- = 2. w 1) Q) w = )
Goninugonuzeasszuu o thdygadivesszuy y udygiuseniozgnia uaz w
ar [~ @ a [~ ar .
fu z Wudauanusuniu lesdunls w udyanasumulunssuaums (process noise) z
& w o o Ao ¢ ¢ o w
Hudyopusununnmsia  dudswaisiunawes uewad  x  Wuzayses

s v o ] ar 9 =2 w 4 =

sonuzilagtiveasszuy witliasninlianansada x 1dlavassiseianames y unu g

& 3 a3 o o i "y
namas y nilulsnsuvownmned x NRdaNNsUNIU Z 0gAY

P & v I a p LA va o ¥
sruufinanuuuludinadufiumsih Katman Filter inldauausolituiludunss

= s

Tagaauzaassannasnanazlsznaulidie dunis p wazanusr v loglvdyana u

oo

[ o ' < < Poo " o v as
Lﬂuﬂ”lﬁﬁluﬂ’l‘ﬂ‘ﬁtﬂiﬂ\i Y WU ELUIuaIIn NN aanIsIn

a1

auy@indsinsuSudanaauaziadumimndienm T 3w lunsdiin

A0 @aua NS e luaumsil

Vg =% +Tu, (3.3)
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AFINABIN TAUMIBIA T HADTIY uaami I8 luaumsdanann lulaamnuiadsdvmsuy

v, iissnnluanuiuaisenaiimssuniu Mnnszuaaunsilan viananiauuauu Wy

gu Zamsumuiltuiuludnuazdgu Lifiounanuivay GatugumInaauIaziy

Bunnnhasnsodsulan

Ve =V HTup+v, (3.3)
Tag v, wnummssumuzasamaud dudertusumsassuntssinsodisuldi
& . Y
Piw =P 1y, +%T U, + p, (3.5)

g i :
Tag p; uNUAINISTIUNIUABIGIUWLY GIHUTITNNTNTEUNAADITDIUL X ¥4

s

U32noUAIIMA UL LazANNS) lanall

%\ = {p":| (3.6)
Vi

gavneansadausmsudaernudnusiuae ldi

2L TNl
X, = X, + u, +w,
0 1 ¥ (3.7)

ve=ll O, +z,

Hrnisdaimsssuumuausalulszanidinislaundusasdyana 151698905073
Us£anaud e unide waranuEinudus niadnuanilaaeanisuszin e saanIue x

warfifanuweInsly Kalman Filter 538 lumsuszanm
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atelsfdn59z1i) Kalman Filter inl#sndudasimsasauyfigrumadavas

s ar

Fyanausunmungamy agil

1. anadgresduanasunulunszuiunms (Process noise) w Uazda I MsunIu
ar - e DL (4
1nM530 (Measurement noise) z Hentugusd

2. laflanuaNWUS (correlation) JEWIN w 1AL z

2
=

G111 noise covariance A3 Sw Waz Sz anansaieulanail
Process noise covariance
S, =E(w,w,) (3.8)
Measurement noise covariance
S. = E(z,z;) (3.9)
Imﬂﬁ w'uas z' iy Transpose 284 w WLas z Wag E(-) h Expected Value

[l ot

FUASAINNANYDY Kalman Filter § 3 @316

Zhe

K, = APC(CPC" +5.)"
2. = (A F Bu NEOYN=C%) (3.10)
P, =AP A" +S§,—APC'S;'CP A"

Toaduanual -1 wNefaman Inverse YoUNATN T WHIBE9 7159 Transpose ABUNAIN K
[~ = = =4 L v < ar = =l 1
Juuasn3andnag1931 Kalman  gain - ¥388@512818289Kalman Ly 3N P 1380

Estimation error covariance
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