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AA o AWl glo] B WAL Fehts 7% okl o3 delA Adn E WA ARHom el ¢l
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A7 olfm WY mwel glo] A FHest FFRAY AFHAY AFHor wAdAT. =@, 7
TRk A7 A4 A71% AFo wgss Aol otk 74 ERelA] FAF i vlgehs P4 kol

% 1S B wAAe A A4 oo mhe HAY eolo] RS o] g el 44 24 FH o] FHEolth,

e ¥ gANe] 9 AA dol e WY Holo] BRI o g3 Al 9H F4 FAN10NE AW HE
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1149 eolo] RS o] &7k A A F4 AA(100)¢] 72t FAH8aEe] AL A =

F(110)= & 2 & w3e] 7tEE, 8 #olE, 7
vk ] 8 &5 9 2g7hS Ak AH AR g5, o)A, AR FE5R T ARl V| 2Ae® A
21¥l ABS(Anti-lock Brake System) X%, ESC(Electronic Stability Control) X%, EPS(Electric Power
Steering) EES Xgd 4 o). WA, AR I55(110)E 2Fo] Axw 7 ZEo] 3 & &% AlA,
A Hr AN, 7EEE AAM, 8 dolE A, 23 AMEERREH 747 2 S(wheel speed), A HI
(vehicle speed), 7} (acceleration), & #@olE(yaw rate) % F3FZ (steering angle)S 53 4= 9
AR E5N(110) Ao F-iFol Azt wet oledk Aol HAE Z MM HEESS CAN(controller
area network) W& Fslo] 53 4 3l
A H4F(120)0= A7Fe] GPS ZES o83t A X Fx 2 Y Favt £ GPS FIXE SA . o7

Al o]

A, A7kl P BES oA W7k 2AW Gpsel Wlal WA, e AT @A wEol
WroE sh= uul el A Alswelt).
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A 914 FAT(130E AR ASHA0)ANA D558 Aol g Aue} 914 SAN(1200904 S48 A
o GPS $141% Efolold Z@zto] sl uAY Eolo] mle] A gate] Aol NS FAwT}

TAXHeR ARw, 2 X FAHR(130)= 4 7wt FE(EKF, Extended Kalman Filter)Z 7]¥to = 4%
ek 2R (FWM) T ©] 2.9 3% (dugoff)©] H]AE Elo & o]&3te A YHE FAI. Aq7|A, 43
e R (FWM) 3 B 1.9 3 (dugoff) o] H]A3 Elo e HE TR o]FoX| 7] wjFe, thgst A
A ARE o] &3 A =4 e X84 4 . w3k A 7Fe] MCU(micro-controller unit)el] 7]%5H =2

AAE = = Aol o

(

FF A F45(130)0= Y (Force)s whde 48 x=F =9 (FWW, Four Wheel Vehicle Model)S ©]-8-3}
Aol QXS FATC, =3, A YA FAHF(130)E vAEA o] A3k Elojoj £ - Z(Slip angle)S
Tire model)S o]-&38} Z&Fe] XE FH4s. 48 A% 2D (FIVW)l wWE 9% F4

1} 3] z};_ 2= olr/}_

Omg
~

o3, = 1o =AIE A §A FHF(130)2] 7+ FAHLAESY FANL A H TS Ayt

9 A3 AR E5H(110)d4 5% 2] e dRE o83t ool T 4 3 Wik &
H7+-8 ALbste},

TFAFo R AHrH, &Y€ AMNFE3D = 719 [ 113 Zo] oo & E 3] weke] &HAS
A = k. 94 A1) E 8 FAldA e &%, Eolo] E e A uig F 2 3 ek &
EE o]&slo] F Wk £HAS AN & ok w3k, H9H7 ARR(131)E 2%7E, Elolof ¥ el A
Qo gk & 2 3 g £2E o] 85t 3] Wake] &£HZS 747 ALtE 4 Q).

o714, F Weke] &Yz @ 3] u"heko] Alol= £ Z(longitudinal slip and sideslip angle)< 3}7]¢]
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J max(Rv, ,v_)

a,=6—Atan2(v, ,v, )

i)

A7, T2 Fiz 7t goloje] F 9 3 wrape] F wgpe] &9zt U g Wk Alol= &gzt Re gol
; > ) L = . . - .
ojo] mkx|E, N Yie 747+ glolo] @ w29l HZH(tire/road contact point)e & @ 3 w3k

v,
(longitudinal, lateral)®] &%, Wi 7 3 2AolAe) #44w O = xg7}

- -
Mol F W FPF SES olge] YA AN O atan2i tand FFFE e

e g AAR(132)% Elolo] B wwle] FEo] TEk Elolojy A S AxEL. FA g AR
(132)% Ao FAFNORRE AF 9 FE/AA o], HF 9 $F o] Yn], £ 2 3 B3] &%
2 B3 WHdxs agste] golo] 2 wwle] ¥Eol Uld goloid A FHS rle) [43H4 219 ol
ARk
34 2
lg—ha |1 ha
J— y j - _ 3
Fo=mf |
[, +1 2 bg
[ ha |1 ha,
F.=m 2= —+—
: [ +1 2 bg
\ ha
£ o betha 1
: [, +1 2 by
I g+ ha 1 ha,
J— y Y
F, =m
[ +1 2 bg
F_ . . a., a _
A71A, G 7 Erolo] B xme] HFHY 2 F¥(Normal forces), R == L e
Aew, S = GRYE AW 87K Ao, f GREE Fw @79 o], b m= 2 9= 1 19
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g, 8= e sf&wn(9.8n/s), M= AmeA 2kl (67149 FolS vpehi),

2} Z(roll), I A (pitch)e A=A F 98 (suspension dynamics) &7} vk oA, xp8ke] (Gl

F

Hel +74 g2z e welng 7 v se(@o Dy qu 299w, 29 galHe 2
gfolofe] % &2 (normal force)«] at %ﬂ] ok, webA zh Eloloje] 4 Y
balance)el Sla) 471e] (4814 219k ol AR + et

A AR E 287 ARTAIDAIA ALE Ehelold 2 I el
N AR Eolold £ BEE olgael 2t Holole] F 9 9 BB U8
A AWR(133)E 7 Holole] & @ R w9 AW A Bolo] RS olgath Bolox u4
gol e AT 2w @Bl B AAAS A ool wE A FAROE TR Hole

A

ot
05
%t
©
)
b
i

(Quasi-static tire model)E ZFolA & 49 uetn|El(parameter) WO ZE A3 Ayl FASF AS5S Ho
FE Ha29=9 Elo]o] EH(dugoff tire model)S o]-&3ch. 3 AAA(133)E Eij_OJ,] Elojo] muls =
gk 7} Eloloje] F R 3] wrake] gk IS shrle] [8h2] 3]3 o] ANE

o)
74 3
ko =Co f(i)
71—
<
tane,
— i
[Q'—C@]jj——fTﬂJ
~ i
o] 7] A C = glo]ojo] = whgke] ZFA(] . . . C = 3 X
, 0% Efo T W 74 (longitudinal stiffness), — &= Elolo]e] =& el 74 (cornering

o,

rr

stiffness), 7 eololsl 3 0 B 3] T pe] £U2 R 3 e A= £Y2E ehd

e S L

Ty s, A2t sbolel (et 41 9 (5o 519) 2ol veha & e,

¢
=)
=
v
X
2
=)
i)
M
o
12
o
4
S
ol
rlr
FA

Z+(Sliding Boundary Point)® o] uhg}

7814 4

@-4) if 4 <1

f(z,.)={ A

84 5

(1 - Gi):qu,

A =
2,/C2c? +C? tan’ ,

i
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[0075]

[0076]

[0077]

[0078]

[0080]

[0081]

[0082]
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Fo 51 C

= WA Zh Blolo] Bl ==l Ao 44 FH(Normal forces), ©7]4, o= Epoloje] F

o714,

Hhako]l 714 (longitudinal stiffness), @+ E}oloje] AU 7FA(cornering stiffness), s B pay
Eloloje] F % 3 whako] F whake] &£z @ 3 wbeko] Alol= &y7y, M= Eloloje} 7 HEwe] npz

A4 (tire/road friction coefficient)E EFIT)H.

=

ro

H, 99X FA4F13H)E T ALFR(133) oA AlLtE ZF Efeloje] F 2 3] whgke] EloloH Flo] wkdH 43
}=F Al (FWVM: Four Wheel Vehicle Model)oll #-83&}o] x}eko] 9x& FA 3},

(

T 2% B gAAY d AA] de wE A= 1A FAF(130) 0] AEH 48 A Bdd g Ay o)),
oA A AA odd w2 xEF 91X FAHR(130)E Z Elo]oe] £9d S agdly] YE, E 20 EA
=

Z=og wd(Dynamic model)S o]-&3sle] Ao S FAIC. & 20 ZAE H9E 2@l (Dynamic
1

node D Z 7 E Eelold & a71e [4:3H4 613 2ol vehd 4 9l

%, P ma 2agane & dols, v re g A welde £ 2 @ g s, o0 Ye

M I

Ao CGellA e & 3 & W Tt %2 CGell A Z5% wrEke] RLlE (moment), = CGol M o] B mwl

(o]
%E
ot
Ip

E dTE, ¢L CGell A ] & 7h5=s yEhiY

4714, 7k eholole] qEel Fe svle] [5ek4 713} o] Aakd 4 itk
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[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0091]

[0092]

[0093]
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4
zy7 =QQ+E)®&5( +J7%m5+ﬂle

4
Zﬁ% :QQ+P;ﬁm5+( +P‘%m5+F¥+E4

I
Lo

. —IK +F’%m5+( +47)a55}JiFA+FA)

RE] el

-
<

I
Lo

z{(F —F, Jsing—(F, = F, Joos 5|+ Z(F -F, )
and, oo Fu s o 5 9 9 wwsl 9, 29402 43 9 93 25 saddn Aged. Te

[ .

CGziE A BrAAe o), ri coziE Fu wAAe o), b 43 W 93 9 g Uy, O xg
7he ek,

3e ¥ @AMe A A ool mE AF 94X FAL130] H§HE FY 2w Bee] APEolh,

H

2 FAE(130)0] HEHE Y 2wk DE (EKF, Extended Kalman Filter)® H|o]A|¢H(Bayesian) &
oheFst Ao e dRE RS & Uk AqU)A, 4 ANk SHE ¥AY AR"HdARE &
4

glo] vtz A8d 5 3l

g T

H

3ol EAlE wpe} o], & A9k "dE= I/ A JulolE(Time Update) EEI A JUloE
(Measurement Update) RE=Z &%

A7 AHlo]E(Time Update) REHE AHHEW A7 HJUolE BELS ktlHA S A]~¥l AE(system state

ahead) (Vk+1) 9} k41 Ae] @ 5F FEAH(error covariance ahead)(P"'“)% AAgth, o714, k1A Q] Al

g are) (k) ob kA A ] 0 F %%/L(P"'“)—E AlZF 2"l (time step) kwith AXbE = o]ab Al~ELE UER

o mEkA, 3719 [k 6 9 713 o] vEhd 598 2P (dynamic model)o] HAIZFo R F2alr] $]E)A
= o]xk-Al7F Al 2A®l(discrete-time system) RHE W3lrojol It} A7 JHolE EEL 3} ]
813} o], 1x o.de] FAME(first-order Euler approximation)E 2 -g&38to] x}2ke] I3t mdlof

Al (Vehicle dynamic model equation)E< ©|4k3}st 4= gjt}.

S

)
Lo

[
3t

pal

&
o

i)

84 8

X, =X, +x-At

X X v
o714, Tk kml AElEZHE (State Space Vector), T A—li k-19m) Aelgziae X abelgziag
o) w3, Alz Nzwle] AEY TH(sampling period) tebdt),

upebA | A4 28 R dl(continuous vehicle model)S 2U# A}SH(Euler approximation) WS o] &3}
olaF A8k R dl(discrete vehicle model)® A3 317]9] [28H2] 9]¢ o] yebd 4= ).
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[0095]

[0096]

[0097]

[0099]

[0100]

[0101]
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784 9

X+ (vx cos @ —v, sin (/))- At

- _ \

X+ x-Atf "}X_i_ lZE‘i‘Q)\/‘ At
m.I3 '

y+ (vx sin ¢ +v, cos go)- At

f(xk—l) = =

. . 1 < ,
Y W R
=l

O+ @At

z =l k-1
F\' > F\' L 5 =z m & = = o 5 =] = .
A7IA, N Vi 2t 8 T 9 3 Wk 3, pe A=Y FA SAHAECG, Center of Gravity)dlAle &
Do s v M
ZF, T e A FAHdAY & g, Ve 47 A GllAY & 9 3 3 £, “ie CGoll
A 7% Wkl BWlE(moment), ~ Z¥E (GOl ZF W] A W E (moment of inertia), qp—t— CGoll A e &
L = & > = = v - = & = = - = S = =2
ew, X = x& weke] gl njRx], v = xF 0eke] Ae&wo] mjEA] Ve vE ko] A9l A
B3 v\fL = = 5 I B3 _),(\fb = = > - o] > ‘,}~\_‘ = = >
of MR, V& yH W AgEEe nEX, A= xF W FAHE AR, e xF wEe =AY
A A ~ ’.\
gerze Vi oz were] 2w xherolx Voo 2 FEko] =AY xlEkd q)'—iq o0 e P
FFE e, o yE WEe] A ARAA, V= yF U] 49 AgsEs, = 789 8 4, =

x/c — [x Vx Yy vy ®» gD e

[e]

v., V, . _
AANA, x, vE Ao A% el B0 A wF AH, 0 Ve 44 A% o) £ 2 9 9e s, P

A el & 2w, P e el 2 eolEg yepa,

k+1HA @7 FE*H(error covariance ahead)(B"“)% T3] e E- A Almatrix A)7F 2R3k, o
= 3

&
EY2 4= Ay Alad" REo] Zsv|Qb(Jacobian) &2 3F7]o] [£8H4] 1113 o] Alskd 4 At

~
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T4 11
[0 cosp 0 —sing —v,sinp—v cosp 0 |
0 0 0 ¢ 0 v,
o |0 sing 0 cosp v cosp—v sing 0
oxl_, |0 —¢ 0 0 0 -
0 0 0 0 0 1
0103 0o 0 0 0 0 0 |
[0104] A7, Az A8 Azg mae AmulotUacobian), ¥ Vi 47 e (Gl F L A WG &
e P aw @ o g, P 22 ol & doss teray.
[0105] g, 54 duolE RE dEix Aury|E Gt
[0106] 25 1A FA4F(130)9] A dHelE BREL A dlo]E(sensor data)E o]83t] AH-FH(state-
: 'i\:k = 3y : P S 5 = Z
estimate) (" k)3 ©F FEAH(error covariance)( k)& ulo]EFTE, =4 WEl (measurement vector)( k)
= a9l (5844 1218 o] YEhd 9l
T4 12
(0108] z, :[X Y a, a, go]T
7M., X, P GPSRE A £ W 9w ops 912, Tr, TV psemyy gsa 2
2 #elEE Yeit. 54 {ulelE EEC HEHE =
sh 1313 2ol 44" F A

ZIHSd 10-2017-0035142

P pscmny
o [4

moden(h(xk))—a— a719 [

T

[0109]
T84 13
1< 1<
)= x v Lse Ly
[0112] ] 7] A] h(xk)_E =5
=99 g 9, Perscayy 959 a dojsg
=% o nEo 7k = Ko
[0113] =4 YdUlelE BEEe AW o] (Kalman gain) (T k)3
(State-estimate) (k)& ALt = 9}

m
29 (measurement model), X, V= GPSERE] =gkl GPS 9H],

_16_
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[0114]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0123]

[0124]

ZIHSd 10-2017-0035142

2t oS (Kalman gain)S AXFE7] YaldE wlEE 2 H(matrix £)7F Besth, = 24 mdol zlzn|ot
(Jacobian) 2.2 3}7]9] [=84] 14]9F 7).

514 14

T

Il

|

Il
oS O o O =
S O O O O
o O = O O
S O O O O
o O O O O
_—o O O O

ANA, z4ma M) 2 gre wa Yz pope egas e,

pul

H

4= 3 HAIA ] A ool mE A A FAol A8 AlEHeldE A7 =R 84 Aot

Homg A AAl oo wE ke 9% A4 e 2H 7FEZ(Nonte Carlo) AlEHIAS Eaf EA3i),
2 7122 A&

o] Ag =zl "ASM(Automotive Simulation Models)"S o]-&3kc}. "ASM"S 24 %}
fro] FE-vty] A|~Bl(multi-body system) 22 G5 o] v AHF FETH mdo|tt. AlEH|HA A
getulEle sh719] [ 113 2ol AAgeh. Aol Fag Ao stepnly 9 wol=e §17]9 [ 2]9 3ol
ARtk 2 MM EQ wolZ(noise)= 7F-AIQE 3Fo]E o] Z(Gaussian white noise) @ 7Fgdch, e, ¢

X FAR dagEo] FPu = ME Yo]E(sample rate)= 50HzE A A3}
AJEH o)A AU eE "ASM"e] B2 2d == 3000me] A== E W (Handling Track)ol A AA &),

apeko] EMS Fget uf Z £Y2ZF W vl & (large slip angle and ratios)E AA|7]7] JeiA xpeke] &= 2
%% (longitudinal ¥} lateral acceleration)E& Hdl sm/s27} ¥ =& AAshc}, Hdh, 2&Fo] I~
olgto] Hx| YwE zeko] HI £ Q0km/hE A

Z 1
Vehicle parameter Yalue Unit
Vehicle mass, m 1418 kg
Yaw moment of inertia, 1. 1850 Kgm®
Distance from CG. to front wheel, /¢ 1.064 m
Distance from C.G. to rear wheel, /. 1.596 m
Track width, b 1.49 m
Longitudinal stiffhess of each tire, C, 63000 N
__Cormnering stiffness of each tire, €, 50000 N/rad

A719] [£ 119 EAE wpe} o], x12F 1k} (Vehicle parameter)™ 2% A (Vehicle), & EWE(Yaw
moment of inertia), FA TAHL2ZHE HAE7AS Azl(Distance from CG. to front wheel), F-Al T414
o=2HE ZHZAY Agl(Distance from CG. to rear wheel), E@ HWol(Track width), Z} E}o]oje] F Wik
o] ZA(Longitudinal stiffness of each tire), Z+ E}olojo] muy=® Weke] 73X (Cornering stiffness of
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[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]
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each tire)& 233},

=z 2
Sensor Noise Unit
Wheel speed sensor 0.1 rad/s
Acceleration sensor 1.0 m/s”
Gyro sensor 0.1 rad/s
GPS sensor 10 m

o] [F 2] FAE npe} o], B &% MM (Wheel speed sensor), 7F&5E AlA (Acceleration sensor),
2 MA(Gyro sensor), GPS AA(GPS sensor): Z+ZF 0.1rad/s, 1.0m/s2, 0.1lrad/s, 10me] xo|=ZE ¥+
[e)

o}
%5t 2 gAde] o A4 e W F 2 P gge] A da ARdeld dvwelt,

= 5ol mAlE wpep Fo], HE WA A AA] oo whE zpeFe] $1X £ A (100)= & £Hd 2 v]Eo] &
A eE AEY EHA AlEHIALS AAZT. GPS AZE #¥ A (reference) AE F9o EXslE= AS
B g Aok B gAA e AA del mE X FA AX(100)A FdE 2] A= dHAx Aol FA}
she & = Q.

T 6 UX = 82 2 HAA A AA] oo mE Aol 9x] F4ge didk AlE el Aol

F4% 2 2% A (Estimated the vehicle state) ¥ FH% 2] Je] 2 F(Estimated the vehicle state
error)o] W3 A Bl A= © 6 @ X 79 EAE upe} ),

%= 69 (a), (b)ell =A% nle} o], £ 2 3 gk 91X (Longitudinal position, Lateral position): #H

=79 (a), (bl &=A]

H ko]l 9] 2x2F((Longitudinal position error, Lateral
position error): < Im W= wHAY3}L 9

= 69 (¢), (d)o =A% wvle} o], & o 3] Hkeko] &% (Longitudinal velocity, Lateral velocity)® I
A

= [E]
g UHds Azs & FAse AS & F v

= 79 (¢), (o] =AlE we} o], F = 3 wWeke] 91% 2 AF(Longitudinal velocity error, Lateral
velocity error)¥ ¢F 1m/s WIS & + 9},
69 (e), (o] =A1E nle} o], @ % g #Fo]E(Yaw, Yaw rate)E dHA2 ANFTE FASHA F43 2

o
.
A S o)} 2=
e As d T A

%= 79 (e), (f)oll =A% nle} o], @ 2 2 #Ho|E(Yaw, Yaw rate) oF 20deg/s Wel2] wo]=E zki Q)
R 18 o

SR wk = 89 (a), (b)ol ZEAIE Hlel o], FAY Q(Estimated yaw):= 22s7h4 H o -30dege] oxb7p

S B 5 A a2y 2% o] FRHE oF bdeg olHE FHEE AL = g k. 27l & ol

(vaw error)7h A s olf wadl o do=(P)E 14 ean mAse quss mael g
o}, 12} o de] ZASM(first-order Euler approximation) o & ZE &= Rdlo]r] wjf-o|t},

T 9% & 102 2 A AA] do mE FHE F 9 3 wdko] elojojH &7 g AlEdoA A

o2

T 99 (a), (MY = 109 (a), (b Z=AE npel o], AW Elolo}(Front tire)e] & Wake]
(longitudinal slip angle)¥} 3 Wake] &7 (lateral slip angle)& 5deg? WA WA= AS

e

A?L i >

|
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[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]
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+ v
9, % 99 (o), (O =AE sk gol, T Eoloj(rear tire)sl F W] &Y Avh S0deg’t BT
o,

10¢] (c), (Dol =A1e upe} o], 5% & (lateral slip)< 10deg®] HelolA TAst= AS &<l

T
~-
@ 5 Q. olsh ge ANE B Aol #ANA TPk Uee FAT 5 Aok,
#

11 % 5 12 2 BAAMe] AA o me 74

= 119 (a), (b), (o), (D &= 129 (a), (b), (), (Dol =AlE vkl o], =48 T =R 3 WFo| gl
o £¥ eAE 115?11 ol A¥tell mEW F B A WY BT 4deg =0 &1 Z(slip angle) LAF50]
ATt

I, Aol AL A A5 A dolel(tire)s] ERAGp agloe] S g ¥
& FA48 mdo) 23 gt WA WEold. =, tojold

O -
T
FAsE mae el [£34 103 2ol terd & 9l

golo} W wzo] AEAe] SEE wpro] Adth web Eolo] W wzo] HE
Z

1
571 0o] HH WASHA "ok, 2 PAAMCAE o9 £ 74 B9 (numeric instability) A& |23}
=

)
o,
2
Lo,
)
i)
_N
(_':
=
¢
w
E
o
=
"i
i';

7] Sl erolol 9 mmel AHA HE7b 0o] ¥4 ES QARE)FE QaFi. oA, qaeé)e
NEle] R FA) ek W el Bl F6 Ta el

% 13& 2 wANe] A AN ool we maY Eolo] Rug o]&d Agel 94 74 e g sHxRo|
3

agar 92 FA X (100) A e 2k 912 FAE(130)+= AH F55(110)004 58 2Fe] e AR}
S SIS ol&ste] 7 uiFd F/8 W £HAE AT TH(S1304).

£, 9A ?X e ](100)°ﬂfﬂ/l A A FAF-(130)= AR F5F(110) A 58 Fe] e Just
Ko

olF, A A FAF(130)E AxE 7 uiE F/3 Hgsowl £923 7 g FAgYomyy waY
= = =
[s}

ﬁ
i
A
ot
L
B
ﬁ/
o
o

of| of =] (100)E ADAS7H

8 u}2h XPEH ﬁ g FASCH AF A FH

AEEe] 9AE F437] %611*1 a7kl AXE A}%é}—t— ﬁcﬂ obd, ApwFo] -2
=S FWVMJJr =L A3

Rz

1009L-1
Fox

T 4 LHX] = 12011
x|

x 1o
oX,

I ol
f1 o

Z7F Ao} -30deg®= HASFAAIRE, AJFbo] Aol )
do]E(yaw rate)= 20deg/s9] 22 F4s= A
(tire slip angle)X® Z+Z} 6deg®} 4deg WY QA=

%
4 o
g0
K

to Po

et
o
N o
we
EAN
o FU
o
lo
mon
S
9
iIpY
iy
&
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H

e
[=)

X
L

g AIA 7t

X
L

[0157]

_20_

e WO N
H oo m__m wn*_m % o
w Y <N g
Ty ° T TN
Tw Toxd
B do T m
M b
jut O# 1%0 ,WL Ht =
T X i G S
~ H =T
CR wr wh = o
oy Lﬂu = - F
o R
= oma
T T mMﬂ ~ Wa L_/t I+
o A <
RE zw Py =5
g TH L L ]
o T R Sl |
- = M . 3 ™ an =
T o o ° T Z 00
X TR =1 | Rr ok
O AN sl [oa
gy THT <0 <3 K o
= — % il KE = ™ 3p)
7w S "o =<
— —_— —_ I
T o T % A Jij tol Ok
™ 1 s o)) ™ Ok o
e =T ~ W = u_Al._
S | | =S
CIY = o wm ~ = .rmﬂ ™
\mﬂﬂ _H‘.# OLO o — j_lu
® TEx S D
Tm Tl W
e ‘o o o
ROl N RO
w o o T
ury, N e g
WW £ ﬂ non Mm i ﬂr
Bl Ba_ws S S
o G s S S -
T TR T gy o o N LR Ik g
ook = e o < 1+ M -
o = o o oR K R OW oI R ir = R0 =
2 ol Pl e Bk w o T o o o = K
— = -~
pr L Fix ¥xon g opww N H~ R~
RS =T T T R T X WA R T - 0 =
B . Folo X Mg o g oy oy oz BOE
THT PR T 2 2 & 8§ 1 @ 8 a3 4 Y
3 =
v wv
S, S,



k1
:
[\

k1
N2
W

Initial estimates for
25, By

Time Update

Project the system state ahead —>

Bierr = F(&)

Project the error covariance ahead | €Emm—

Pis = APAT +Q

ZO' Zl’ cee

lMea surement

-

Compute the Kalman Gain K

Update the State-estimate using the latest measurement

Update the error covariance matrix

Measurement Update \

Ky = PHT(HP HT + R)™!
%y = % + K2 — h(2D))

Py = P — K HPE

Estimate
Roy By, -
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600

500

+*>
(=3
(=]

w
(=3
(=]

[
(=3
=3

—
(=4
(=]

Lateral position [m]

-

~

=

0 100

200

300 400
Longitudinal position [m]

500

600

Lateral position [m]

700 800
e GPS
== Reference

==Estimation

3(!)0 460
Longitudinal position [m]
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ED6
£ (a) Longitudinal position
2000 .
= == Reference
£ 1000 ===+Estimation
Ei /“’""'\
T o0 =~ N
2 o0 50 100 150
Qg Time [sec]
£ (c) Longitudinal velocity
260
g = Reference
§ 40 ==ssEgtimation
ERCyamm Aty gy
)
I 50 100 150
S Time [sec]
(e) Yaw
400 :
g 200 \ o Bemation
= 7~
= 0
z N N\
< -200 AaS. \
-400
0 50 100 150
Time [sec]
ZEH7
(a) Longitudinal position error
£
g
5
g
3
£ -1
0 50 100 150

Time [sec]
(c) Longitudinal velocity error

Velocity error [m/s]
=)

0 50 100 150
Time [sec]
(e) Yaw error

= 20
)
=
= OL-—A_._ S s
e
2 .20
z
;j 40

) 50 100 150

Time [sec]

(b) Lateral position

£.1000 -
= = Reference
2 500 ===+Estimation
=0
=
é 500
3% 50 100 150
Time [sec]
- (d) Lateral velocity
£ 6
4 == Reference
S 9 ===sEstimation
g2
20
= -2 ¥
5 | l l
30 50 100 150
Time [sec]
(f) Yaw rate
7 100 ,
B == Reference
= 50 ===+Estimation
2]
£
z
<
> 50
0 50 100 150

m]

Time [sec]

(b) Lateral position error

Position error [

50 100
Time [sec]

150

(d) Lateral velocity error

Velocity error [m/s]
=

50 100
Time [sec]

150

(f) Yaw rate error

Yaw rate error [deg/s]
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SIHEF
=48
(a) Yaw error in the intervals between -5 and +5 [deg]
5
)
2
2
g
>
-5
0 20 40 60 80 100 120 140 160 180
Time [sec]
(b) Yaw error in the intervals between 0 ~ 5 [sec]
20
_ 10 2
=
2, o M L [5¥Vhﬁ\ynwiﬁﬂh\’ P A
5 Y \‘I N N~
%10
=
” -20
-300 0.5 1 1.5 2 25 3 35 4 4.5 5
Time [sec]
=99
_ (a) Longitudinal tire slip anglel _ (b) Longitudinal tire slip angle
=0 =) -
S5 10 : S5 10 :
) = Reference Yy = Reference
- B == Estimation - ==ssEstimation
< J < D
= R
o 2 0
= g ’ .
g g [ i
3 5
.‘:';h
s -10
S 0 50 100 150 50 100 150
Time [sec] Time [sec]
_ (c)Longitudinal tire slip angle, _ (d)Longitudinal tire slip angle 4
zh ~ =3
S 40 S 40
o === Reference Py === Reference
=20 === Estimation =22 ==ssEstimation
< <
o (=%
v O ™ Y | = o LA N I S L
E -20 E -20
£ g
T 40 g -40
) )
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