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Abstract

For an automatic steering problem of vehicles, the main task
is to keep a reference path with assumption that the
displacement from the guideline can be measured by a sensor.
In this paper, a sliding mode fuzzy logic controller design

method  is  introduced and it shows highly enhanced
" performance in comparison with the other results, The method
can be relatively simply implemented,
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Way 3§59 AF ¥ automatic steering® AEE
29 Fe A4Eads #ud F& AU Adse glen,
A Hxd mBEA i@ vie] srie] Mol A &
E s A FEWAE.  Automatic steering gloiA
%8 EAE gudelinec 2 i gojy AdE 4MR 4%
4 gtk A&, Foi3 Z(reference path)d whel A8
sl Adolvh, old Awe 24 £Eu T WF, a¥n
Ejololsl zauide] A& oA WEFd dq¥ 444
(robustnessi®l W14 288 S AdAXNA €}, old g
model datas} A}%€ IFAC benchmark examplell}€ warja
ok ¥ =RAE ol A4AYE Eolil referenced] WE
247t Haftde A0l e Aol ¢vleld = ¥
23 Ajo(sliding mode fuzzy logic controller) FHZA dA%
B oPEe AlMEa, 2 Aol v wide) dals vimd ¥
A HFHAEE Yok B2 AA RPN TEE HA 2
Aol 9] A3l %Y W4l 4 (membership function)
scaling factorE4 ZA(ming)stEd UolH $RE NG 22
7b gasAe, & 2ye 9 28 i3 dd Y4 gos
a2 M 23 L FEE ¥ S AR AE $4EE 2]
2 gtk & Aojrle] FHGAM yaw rate JEHE A2
Y (stability)& H3M G5 s1%& #o, 74 o] yaw rate
o] AgIseA grid old R Aojr) ddEE XA

** Dankook University

F& AARA71717 A4 FE&A

2. %‘-%’% 2ds 4 44
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29 1l vehicle steeringel ¥ d¢sid 9d E4 29
o} veht glvk,  olw) A% F B (vehicle dynamics)& 4 (1)
3 @& 5 292 JehjelAs 8ot a9 194 2 ¥4 g
& 77 O§ #& F83 3

8, : steering angle, T CGANY &5 W,

6: A% FAAT Abole sideslip angle,
r: yaw rate, fAf,) 1 (R etololo] 21 lateral force,
IL4): ¢ R) gololst CG Alel9] Az,
Lo AAMs CG Atel9) Al
Lt CG S f,9] aerodynamic center A}els] A,
4¢ 1 el 2AM3 guidelined] A Abole] A%

f © wind force,

23 ay ayg 0 0 bn ﬂ 00 dn
.?‘ ay axn 00 b2l r 00 dz} uy
a0 =10 1000/|4 + [0 -0 0]|om
P v I, 90 0|l 00 0fls
8¢ 0 0000Ila 10 0
o714 )
@y = - (Cr'f‘ C/)/ﬁv b“ = C‘//;;tﬂ
ay = ~l1+(cd— {"/ll)/";‘wz by = C/Iﬂ]
ay = (crfr— CII/)/} du = l/mv
ag = ~(c,Brclyp  dn = Ll

uy: Ao} YA ppe madcunuture,TQ}:,- Ju: EF 9%

22 AA A%

221 A% o9 #34
Aol oY F4& vhEst 3k
1,=367m, i 1,=193m, [1=6.12m, 1,=0565m,
v & [1;20] mfsec, m=10000

Kg, #=10, J=10000X10.85 Kg - o,

¢,=198,000
N/rad, ¢,=470,000 N/rad,
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3@ L vehicle steering®} 9Y &9 vy

222 A4A A%
IFAC benchmark[1]e] 21¢ 44 A& 85t g,
+ steering angle limitation @ 184 < 40 deg
« steering angle rate limitation © |84 < 23 deg/sec
< e a8 H884 A 24 AP 105 m
steady stateclr #4¢4 2E 24 A2 002 m
+ lateral motion®] F F9G < 12 Hz
223 A% AYE 4% $9 maneuver
Aol Ay syl g & AY AUHeE R4
gt
<A YL 10 m/secs) WARE, 27 eAAY 2m, AW 49
< AY2 10 nvsecs] YASE, 7] 24AH 2m, 44 HY
A 52U o 127 550 No| E3of of¢ ¢ ¥ @
cAY3 &8 271EE 5 m/secE R HFEE 2 m/secrt
A 2 mfsec’®) NEGEZ Foh8ta, 39U F9 mancuvers] ¢
A 4% Ry =2%0m, ~400m, 330 m -130 m& ¥
(29 294 reference pathel W1 o) viejt gick)
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219 2. driving maneuver reference path

3. ¢deiYq = WA 24 A7y 44

31 4&9 s A4 ¥4

AFoayy &40 ¥ REZA WA 24 A97d
dyges ALUs U AEEE lateral displacement error(y)
s} o] errore] Wsl&(Ay), 283l yaw rate(r)Fol fich olB
12 24 Aloirlel ARAY 4¥e o yob o) WG
Ayeld, yaw rate r& MA 23] Agojzle & AUt R
A% FZ(negative feedback stabilization loop)§ BAUr.(2
4 5 A=x) 24 yoh 249 W& ays Ausd
{normalized) 99 @94 ¥4= 29 39 2o 924 Aws
8 gue -2 ¥E 27498 gEEM 5749 term "NB, NS,

7R, PS, PB" 82 J¥oldch 219 49 Q= ARAE &e

7748 term ME WWi4 ¥4 *NB, NM, NZ, PZ, PM, PR" 2
o)BolA i 11 FEL -3 FE +3 AR RER HAL. 4 4
N4 Y48 YU A2 (tiangular)# RE%R AT

29 3 99 A4 ¥<(input membership functions)

No My Ws N B2 Ps Mo fB

Yy <2 <~ @ o {7 a2 3
29 4. 29 ¥4 ¥ (output membership functions)

32 &fold 2= 34 #3

@iy RE ¥A 33 73 HolB(rule table)s] €2}l
4 e}ei(sliding line)§ Asist PD P8 Aolr)s} fAbst
i ¥4 sk o FAS AANdE den ge YA
Aosddg HEES Ut
Aol e wold B ABANE F(negative)s] &
23, olABAME Blpositive)®l & Rl
- Aol &9 AU phase planel A stated) AA HAS
adeld A At Y48 Ao} ¥,

+ 3789 phase planesiA Wold AFHE state en, €y &

& g R Ao Ao 29 WeddM Aojrt HEER o

o W,

Y &9 Ao} WS Uinguistic varisbles) term@ S A¢E
YA JEANR nd Q3] AN Aol wel |

g AgEE asHg A d@oly 2E 3 Holg
€ E 1% A dridM gdely AR SN Nz, P
term¥°) 9% Yoz AFA2YA FAZo] Y4HUA &

EL €999 22 54 74 qo#

4 nB [ Ns | 7R | PS | PB
pB |ps¥S| nm | NB | NB | NB
PS | PM | po%2| NS | NM | NB

| B | P [pr%| Ns | NB

ns. e [om | ops [pR2 | am

Ne | P8 | PB | PB | PM [pds
33 Aej7le 3=

Aol7ls) F2E aA F pros TR St €9
oY ZE A Aol #iol: chE Bkt A K, yaw
rate ¥ A% Feolch ABW Ao Zgyroyd o A4
£ yaw rate MSWE BAUY F4 2do2 AA e A
2% Heioete] WEA ¢ AV A FARS dovl o
%4 sutomatic steering@ JUHET k3 AR HYE A
Q. Aol719 F2E 19 59 U
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[—-)SMFLC 59— Vehicle h,

A" 5 Ao7le] ¥E tiolojay
34 A =34

¥ Aol ME 2ok & He}lelt 47 Qed], ol e
23 yob 23e) Ust& Ayol Ul¥ U9 scaling factor, 18
2 &9 scaling factor R yaw rate M= A 1Fo|r},

Ag A8 dF UKol yaw rate HEWE A2
damping 4o} YA 4%& vAz, Uy Hejofeige
224G Aol &Y & GG vlAt. WM DA yaw rate
A=Y AQE 2AsS N2ago] AARER FWN 249
AFol AolAg AEE Woh(BE o] Aol HH (optimum)
olgt S i% & gvh) ada 9xd nlAe 4¢e ¥2Y
" &% scaling factord] WEo] Y9 scaling factore] WS R}
o ®lZ(sensitive)dtttil B4 917] W&o, &9 scaling factor
& {19 scaling factorg BTt WA ZAFEE gt aln
229 exe] Wggd AP F M9 4Y scaling factor
E& N29 A(system gain)s} €2Holy g9 71-&7id o
& vAA Hed, A9 scaling factor® oA WHES)
scaling factor®.v} RA =AY xE 3t

olgl# =& MATLAB 21#¥ £& o] 4% Agodg
Foko] AR E AA doJuith ABHolAL T UolW
A% AAZEL et Aok ; AY 249 e Ao
U#® scaling factor: €T 4022 Ugtm, 29
factor’= 0.28¢19 yaw rate S =¥ A& -470t}.

scaling

4. AEHAN A3t

41 934 5 A4 A9 3¢

AEdolde] 23& 2234 el gleuke 2 o] 2
A& A9 19 AFSW g At AFEE 10 m/sec,
271 22 A 2 m, A4 A o,y = 0.

a2 6 AEHIA A Yy glon oj2RE Ao
Aol & 45 Boln sed ¢4 U

amor:y control output : uf
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2Y 6. 4ALE A9 NEgHold A
42 &% 9¥(Wind Disturbance)o] 1= A%
A= BFFl AFel JhAA HA AA Ao N29
o G9d¥E "AA do oldo) =1L 414W B EF 9
@ 719 Ee] B2, ode ANEdd A a9 7

o vek flied, oH BRo] 99 AN And vsE 1
oA ¥ ¥4 dvh & eteld ZE HA Ao|s)st oY
sl d¥ AY4S 48 FINLF Ada deds Yo

[NERE bww@wm'a‘

a7 el e A NEgHold Ay

43 574 I4
98 714 & FE(curvature)d) pathE2 o|Fojd U
FRea A& NEAH HAE 1Y 8% gon] o
dH2RE Fe W39 4N EY o037t o ARee @4
Ak ol AAE F 462 & BP9 Ug Bk 9 4
g o & Ed o35 Y Rozy dascta ¥4 gl

ey control output : uf
5

%% maneuver

a5, X
o X
<5 200 400 600 o 200 400 800
a2y 8, B4 T FHAl9] AR Wt

5.4 &

B =8dME e8old 22 Hx 23 Aojr)s] dAd o
# Ron, k@ dd o Aiist vimstd F4E 4%
£ 2dFEa givh. =Y 3 7Y o] JaFoez zhd

3 AEHIR AHEAN 2 Aol FY& 1Y €] &
A SAHRM 59 Wyl dojue AL ¥ W, €09 RE
2 22 Ao|7]7} bang-bang Y9 Aol fAlsta A%
g4 gk 2R Ao F43 AL 248 Ry E wEHA
az7st & oscillationgol @ol Yeha AT, olgo] A&
g9 4% & Ak dol=g PEE ohd& ¢4 Uvh Y road
curvatureo ¢ AbA YR FEAG feedforward pathE
Aozl Ftgeozd 22X ALE df &d4 AT AT
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