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Abstract
area and the construction diversion. In this paper, the path tracking lateral control problem of the whole vehicle for the

It is difficult for medium and large vehicles to pass through the narrow area, such as the road of the residential

above mentioned case is investigated. The optimal state point and the reference state of the vehicle are proposed. In order
to select this point, this paper constructs the overall deviation function of the vehicle reference state. In addition, based
on the kinematic model, a lateral controller is designed by the deviation from the vehicle to the reference path at this state
point. The Lyapunov method is applied to prove the stability of the control system. Compared to the lateral deviation
from a particular position, the overall deviation reflects the tracking performance of the whole vehicle more significantly.
Finally, simulation results in the typical narrow area and on the urban road are presented to illustrate the higher overall
precision of the proposed method for path tracking at low speed. It not only can ensure the vehicle to pass the narrow

area with large margin, but also can improve driving safety on the urban road.
Key words Narrow area, overall deviation, optimal state point, optimal reference state, lateral control

Citation Wang Bing-Qi, Yang Ming, Wang Chun-Xiang, Wang Bing. Path tracking lateral control of self-driving
vehicles based on the optimal state point. Acta Automatica Sinica, 2019, 45(10): 1883—1892

ULAESR, Jo N 25 BB AR R M TR, AR R R

e P A T N2 B KRB 2 —, W5 TR
[E NN KA B . AT H HU%?&?EAEE%&

PRGBS YA ) 42 A 0T 57 1 2 PR A e T 8 S O X KT

Ik H i 2017-09-20  #H H Y 2018-04-16

Manuscript received September 20, 2017; accepted April 16,
2018

% HRBERS (U1764264) %0

Supported by National Natural Science Foundation of China
(U1764264)

ARILTFULIE PR
Recommended by Associate Editor WEI Qing-Lai

1. RilpsEKENE AR 1 200240 2. iSSE KA E Bk
# L 200240 3. RGEHSESCHEEIESLRE L
200240

1. Research Institute of Robotics, Shanghai Jiao Tong Univer-
sity, Shanghai 200240 2. Department of Automation, Shang-
hai Jiao Tong University, Shanghai 200240 3. Key Laboratory
of System Control and Information Processing Ministry of Edu-
cation, Shanghai 200240

e, e Xj‘j(':'ji—ﬂ$%{fﬁl_ TRAE/NX L TR
YJIL%&#%RH%@C”\ W mpens . Jailg
(L EX PN (U\—FlmfF/’J"\Z%fElZﬁE), R B A A AR A
LA RO

H Hil A KT A BRI 58 ] 40 R To 4
BERURIA B A 2. i PID 302 2w
P T AR Ty ¥, SX 0 Oy 2 e I R A2 4 T il
PHES R O8I, ZEMs e P mT DABRIIE, {H 24 fi Bl PR 25
K. BRI RERE, FRERG R A Emsa
(55T DA BT G080 ) AR B R T 4 s
AR RGX S, MR ) 3l ) R AR )
*“ﬁﬁﬂL%%Ti%Lﬁ]ET?‘HAﬁﬁ/@fFiE‘JW['ET,I
71, Rajamani A 24 FEARERAT LR, A8 06 0 1) )
JEHE D, Tﬁﬁ’?’b‘ﬂﬁ‘%ﬂ?ﬂ%ﬁ%ﬂ’]@iﬁ[?’] R[] 22 4
R . SCHR [4] Bk T 4 4 E N 9m /s



1884 H 3l

e

¥ 45 %

I, 2 iz g A il 48 M AR i sh )2 - s A Uik
Pl A AR B AR BR R LR B R A, PR ] PAIA
NEEEAT B iz gh 2 R R G . TR
TZ AR Oy kA AR T BT R
OB R (R Aol ol BT R AR R
Wt U5 fedl) sl DU T8 g2 i
T2 ) 21l R R A R R T
fe R BB, Bfe i A S Rt A B R
JE T TR e e S E AL H RS, AT ] A
5 JE T H L PASCHR L AR AE ST P Sk oA F) i 2. X 4
I A BB PRI A e — (7 B A R i O DR B,
T BA 5 T84 By AR B BRERRE B, PR T A DA PR UE 2
AL AR BRI T e DXk

FERFIX G OL, ASCHEIE T HEAZAR 1 B A R
SR Ao AL AR R 1) 4R TR
Wi RS MRS B ISR 2) AT
R EFRIORE A, MW T S H RS Y
AR AR 223X — H AR RS 3) BT s sh A i,
A B DR A A 0 4 A 1 2 M 1) g 22380 T
TR ) R 2

1 [e]@ A

TEPeAE KA rh, I T e+ A B, 15
BALRRV BRI A 2% AR IX — AP 4r 3, ]
DAPRIE 22 5022 4 e BE 950 R Ml o e 4 X3, [T ke
5 SRR E 0 AL I B ERORS BE R R, e 1
JR, T E S G S F L. HIET
ZE SRS RN R S e AR ZE B T Yk, 240k
7 DI A R KR, 2585 & AR 1 (a) FIE 1 (b)
W R BT, 1B 1 (c) 2 A 5 T A AL I 2
XFEE US55 A N R AR, &1 (d) W)
T R E DAL IR S, X R DL B AR AT DA
T e I, AH 2 A BE /DN, R RS B, an
Bl 1(d) 5 A

TP DI TR 5 TR B R R 22, A
SCHE T W RS SRS, RS PRI %
MESHFEAEPIREBRTT T RS GIR, %7 %R
T AR AT B S P R A R ERORE B, W DA R
o ZE A B A KA ) 2 A
2 FERHMIRSSRER
2.1 kol

R S S LA, R F AT A
2, B BPRERANTTEE . AR A I — AR
B, AR W AT TRz 3. %8 Eai e )
Ja R M RUE CHEFIRS K. S5 R L0 Rk
NS AR . I GRS R 2 A R ) A e

2, 525 A i 2 58 OO 2 RS Okt
WS RE R BEPRE S EGX S H RS
MRES, HEMUD A SN YSERE[LES%
HEAR AL A, RIS SR
&, W 2 BRI, I o AT R
EWRE RSB IRE R, voy AETESEHRE
RBESLI AR R, AR RIS 5 R
SRR, AR BT S B RAS R  m). AE
TRE T RITEE N, 2% At ih & = B4 1407
1] 5 AR AR AR AR ) e i L Y T RRURR A AR A
w25

(a) F 18 T AR 7
(a) Considering the front
wheel deviation

(by KB T 5kt im =
(b) Considering the rear
wheel deviation

-

i

(c) %BT STl Ak iz

(c) Considering the deviation

(d) 18T FEOkbwos
(d) Considering the deviation
from the center of gravity

B o RIS AT SR B A

Fig.1 Vehicle driving illustration in a narrow area

AR, AR BT RS RO R TN B A S
HORES, A A0 25 PRSI R L 1) 2 A ff 22 o
AT, B S 2 SRS B B A 22 02— > 5 4
RS AR AR P AL O B A KA R IS4k —
TR AT G0 2 25 RS I 7 1 i 22
s/ VAT AZR 7R S B0 A DA DR, T2 2 R S
SERR R B e DUAR S A, RN B 40 2 %
WA TS AR

L—a,
win f(a) = [ o) do,

[e79

from a preview point

s.t. 0<a,<L (1)



10 44

EMBEE: R T R RS S I B AR R B 1o 2 7 3k 1885

H a, RS SRS O, R’y
GAAC T IR, 9. () O 2oy AR TS
AR & RIE K, L O EETEEE, f(a,) R
REMSHIREX Y A 22, RIIE 2 ik
NSRS A

K2 ZEWmzHERERER
Fig.2 The reference state of the vehicle

2.2 REE®

N TR LA AL A, 2R x0y, A
IS KR TR NN T e 1] {0

W 3 FR.
=
BH A \ 6, k

O A A
*

€q

<
<

<

e =J

3
< < S
A&~ \ lIar

K3 R ERR ST S BRI K

Fig.3 The transfer from the current state to

the reference state

EHRARPRSALT I 3 A0, fR AR, G
SHIRSATIE 3 2, Fom K, voy RET %
B2 AR S T H gl D @S ARAR R, 0 SN TERITAR
SRBPYHIALE, g(z) NIZBARR TS ML
RERX, ea Ko 5HHBRMBERMES, FHT
TR, ZHIRERAE o ZEMIES eq SAIE, 0. 2 o
SZHE AR M, R I, 2R

eq = gla, — 1)
6. = arctan(g'(a, — L)) (2)

MIEL 3 WI LA, woy AbAR AR IE I PR F-FE IT— IR
JiE#e (B ] AR B B 5 MEAR 2R wpopy,. RI

T —a,+ L
y—g(a, — L)

Ty cosf, sinf,

Ui B —sinf, cosb,
R (1) ~ (3) W15 HARRETE woy ARARR T
FikE

(L—a,)cosf.—L+a,
f(a) = / ((9(x)-

a,cosbf.—L+a,

(3)

g(a, — L))cosl, — (x — a,+
L)sinb,)(¢'(z)sinf, + cosh.)|dz (4)

FEPZE X3, T AR B4l 6 2 A0 T 5 25 RS Y
AT, AT T, SRS R A I R U

sinf, ~ 0,
cosf, ~ 1
0. ~g'(a, — L)
AR (4) WIS

f(a) = / llg(e) — gl ~ 1)

(x —a, + L)g'(a, — L))
(9'(x)g'(a, — L) +1)| d= (5)

R ATE R g’ (ar — L) FEF/DN, TS5 MW
JEEWBR ARG, SF ¢ (x)| £ (—L,0)
W AR /D, FE e LA (5) A B R A
(¢'(x)g' (ar — L) + 1) X—TAER XA N IE.
P R BRI — T o SR pR RS R CREAR A DX R 43
# /NP TR, R pR ECFE /N PR TR] ) 1 75 T DA 25 4
TR PR R 28 .

% f(a,) =0, 1Bt HEB AR -5 i s AL BR A
K/ME R RAFZAAC T F AR o, MIMASE] 2
WEBAIRAS RS LT AL B

3 $EHIgREt

P DI 2 AT Sk AR, AR SRR [3—4]
PSS ey o RIS Y, Sl N N e S S T
Ao R v R T ) TP AL, B N i e
3.1 ETRMRS<IEERERE

TE A7 e DR S i A S S A ) g 22 2 4 ] 4
IR, Hod Vi Vo Ve S BIZR AR AT RS R L ke
L A SR RS AL RIS, v« vy 2350108 Ve
AT A ST R AT, 515 v = Vi,
AISCAATE AT EE, Bl v, MIE, ICR 44



1886 H 3l

¥ 15%

INEETL, Ry AR RS AR hE 4 nl
FRAE o, ALBRTA R ZEIRSTTHE N

é=v,tanf, — v, (6)

K4 AR R T Gz shar B

Fig.4 Kinematic model in vehicle coordinates

MR IE 4 FIL KRG vy /ve = a, /Ry, FFH:
A (6) WA Q4R

V@,

é=uv,tanb, — = v, tan, — wa; (7)

T

St w R R
3.2 SEEHEHIEIR

A 42 ) 2R GE T Y H A S (AR 1 i 22 eq
Fi 2z 0. W 2%, T FERK BES
FRERAERGN — RN RAZR), X
FES % AR I FE— A SRAE R L2 A 2 1Y, WA
0. = —w, ARICSHSCHR [11] R EAR, Bt T
{2 BB AL AN

. tan 6 1 * tan 6
eez_klvwane_kz( _“r>vw anve ,

L kL 0,
0< k‘l <1
ky >0 (8)
3k Lyapunov pREK
6? e?
Ve, 0,) = —— 4+ —
(e,0c) = 5~ + of

GyRARGME—H PR (0, 0), IBAEWHHATEH
it (e(t),06(t)) BB, Ve, 0c) xRN 23400

. 0.0. eé
Vieh) =+ =

1 a* tan 6
—ky [ — — =2 ) a'v, €2
2(@ L)a”’ 9, ¢

kqiv,0, tan 6,
ML (9)

AT DA Y ar R 0 B, Ve, 0.) S 0E AL, %
ar k0B, Ve, 0.) @ 0EmE, H 0. ANMERE,
W2 ) AR GEAE A AL 2 W AR E /Y, FTDA 0, Al
eq FET-A BT IRS. #RHE 0. = —w W14 MEE
5 il
§ = arctan <k1 tan @, + ko <L — aj) tan e e)
kq 0.
0< k?l <1
ky >0

(10)

4 LIRSS
41 1HEFE

AW B R # % MATLAB/
SIMULINK V& L, FE5 R =ABi: S MLk
AR BT H . I AR R T B DA R R R B OB
B

22 M e A R 2 2R R R 2B 1 GPS %
RIEZEW T — YR N R &l &, Jr (E kAT i 12
PRER. BEARIRERRHUR IR WA R 5 S AR
Tz I R AR . EWB AU S AW
SR AT AL AN ZE 3 8 AR A A R, T RE 2l it
By BT FFE A AN AT B A M E

2 A 1) PAT WLAS DL R — B R R T R
RIS A R R SR T 2 [ A
B Sy IS SRR R AR Bl ) 2 b ) B,
e B T 0 A O\ ) 0 R O HR AL TR
BN BRSO 90 1Y A 2 A 0 7 DXl )
I 2 o] [, R 8 28 AR 0 o 2 A A 1o R N AR,
Bundorf F* 1967 4EUERH T 24 ) I E /T 0.4 g
I 2R3 R] DATA O S R A R0 AR e sl R4 T
FLA AR MR 1 e A DS R O DX T % BB, B — B
M 7% 18 B FOHE B AR R R R /R 6m, FE
PRIFTE 10 km /b, Fy DAS5 K B4 300 28 ) 1) ol 38 32 24 A
1.3m/s?, 55 B X T8 A H A il R 2 R i s
A 14m, A RFRAE 20 km /by D055 K A4 59 B2 ) 1)
IR FEL A 2.2 m/s%, #Ri/NT 0.4 g, R4 4iis
EHTA R, EWSHnE 1 s,

4.2 {HELLG

ARSI I e P HA R B 18 5 Bk
7 DRI 7 3 DK 3%, G e IR it e 2 o
MRIER AL SR 2% A h 22 o 2 & 2
I, FEHIARSEON ki = 0.85, ke = 0.35. AT iA
HET Rz s a6 . miesEsl. 5
FeyEl. il PID DA R AR Bk JLRR 5 ik VERT L,
FE R P . e 5 I 6 FTR, LA
RIRPLL, BAMARATRYLUE. R, R



1044 EMBEE: R T R RS S I B AR R B 1o 2 7 3k 1887

HP Y m2e e AR G304 BIR A IS B 178 B A g
%= eqr, Hre —-€au/1; HFHG T HEF L EERS
PAHTH ) I He 1) B R A 22

#®1 EWSH

Table 1  Vehicle parameters

24 gidic AL
HIEE A MR NIEE (O ) 80000 N/rad
JaR MmN (C) 80000 N/rad
KA (m) 1960 kg
TRy shiia (I1.) 3580 kg - m?
d0 ST (1) 1.300 m
F05 EEE (1) 1.788 m
B (mmax) % rad

—1195

—1200 E
R ,
— 1205 pefst RUBIIEE ] (J5%0) ]
1 210 RTINS (RTER) _
= EEe R (5%)
o 1215 e sl (Rirde) ]
T -1 220 *HIARIER] (54 .
" | s [ HIAREER] (Hi4)
Tl PID 1% (5%0) ]
—1 230 [=Tilli PID 3% (Ri%8) _
_1235 AR (J54)
v SRR (RT%8) 7
—1240|e &3 Ti t (Uate) 1
4 o5 @A TR (HITH)
940 950 960 970 980 990 1 OOO 1 OIO 1 020 1 030 1040
x/m
Pl 5 s KIS AR A8 AT B P
Fig.5 The front wheel and rear wheel path in
a narrow area
x10*
L1sF T T T T T T T T
ANIREIE g s
1.17F = AT ()
= AT (RTR)
= R (5
c 1.16f B R (TR
£ N iR (%)
=~ - ST RS iR )
1.15F < il PID i (J548)
s fTH PID 2 (1148)
- 4t fwmf (Ju%ﬁ)
1.14F ; 4t Qi
= 7f\)(/741 (%)
o ARILHL T

1.13 | | | | |
8800 8900 9000 9100 9200 /9 300 9400 9500 9600 9700
xX/m

K6 3354 aT e AT Bt &
Fig.6 The front wheel and rear wheel path on

the urban road

4.2.1 FEXEIHR

DA AE P X AT B an i 5 R, MZE b
TR R AT M, 0 10km/he J7EILEE, B
AN AR LY 11 m ZE e /N il AR AR 2
6 (44 5 25 A LI TR -2 AT . 37 55 o ) Al 22
ek, Wil 7 A 8 Frw. 3£ 2 MR 3 BoRA 7

TR I (8 A3 i 2 A B K A 2239 B A D7 3%,
It HAE R e K 22 X — f5 b _E R L 5 s i,
TR DX el P B H B, DR Ry ] DAL R
LlpiibuRibRre it

“1206f BT
1206 e AR T ) ()
-~ o FRS TN ) (RS
12065k e e ()
& JREPE R (R14E)
—1207 < Wi (5 7)

s * HIEE R (AT
E—-12075p . b DI PID 325 (5 46
e Ax st M /fww;‘l PID 1% ()

0 ey R L
e *%"‘ﬁgﬂﬂﬂﬂ o A EXUE)
—12085F
= ééﬁﬁﬁgﬁgg:ﬁboooO AT ()
~1209k L %Pecanageeef®” 4
978 979 980 981 982 983 984 985 986 987
x/m
(a) G40 I A 1
(a) The front wheel and rear wheel path
06l e
iy et
N ATERFE]
05 [ AN PID i
< SEERERTL
E 04} o ik
H
Eo03
By
ioz\
i
0.1
0
i in) /s
(b) A Sy 75 Il 22
(b) The mean deviation of the vehicle body
08} : BT
= el
[~ Airfeda

+ WA PID i
< AR RS
& AT

o
o)

URIS=IN( b
=
=

<o
S}

0 ‘ it
30 35
58] /s
(©) TR K w72 1th 28

(¢) The maximum deviation of the vehicle body

W7 ZekiEY
Fig.7 The left corner

HE 7 (a) R 8 (a) WA t, A7 iRR M
4 400 B e BB AR X W & 2% B4, Tl PID
TR AR ER VR AE PRAUE D A 2 PER TS H A2 TR
REEERIYIE, DT R Bk R A, s il Al i



1888 H 3l 1k

¥ 15%

LAt

[ AT ] (R %)
o BT SRR ] (ATES)
= EEe PR (5450

o AR (ATE)

> mrieTEEl ()

xR PET (AR

L Jilii PID % (J5#6)
+ T PID i% (BT#)
| SEENESE (T4

v AEBRERIZ: (AT

o &30 R

o AILTTk (Ai4e)

1025 1026 1027 1028 1029

1030 1031 1032 1033

(a) ZEBH AT e B IR

(a) The front wheel and rear wheel path

o BT P ]
091 O R
08t BRiERE

o+ T PID i
07r = sk
06F = AL 7

4RI /m

55
Bl TR] /s

(b) ZE M-y 22 Hh 2%
(b) The mean deviation of the vehicle body

ab I T e
= TRt
12} < T
YA PID i
E i} [ LhERERE
a = Rk
E 08}
5’
& 06
\;1_
04}
02}
0mEe y '
40 45 50 55
IR /s
(OEKES=INTPaiiiE=

(¢) The maximum deviation of the vehicle body

K8 fkER
Fig.8 The right corner

K2 TR IENT L

Table 2 A comparison of the deviation on the left corner

Pl vk TP w22 (m) TR ERRZE (m)

ASEHL T ] 0.261 0.509
JERAE ] 0.234 0.646
[GiEecyil 0.411 0.673

il PID % 0.519 0.752
AR 0.471 0.729
RH 0.196 0.418

P AE D4R 2 O ELAL PR EORS BE B, B IR Brks
JERAR, Hl TR H 5 T A RN Z N2
% BRARAR AR AT AZ AL, B DAZE (AR 13 e 22 4
T s, WiE 7 (b). K8 (b) P, BAHA
o] A 0 P AR 7 T PN 0 ) RO S 2
H I8 B AR 2, (HI 80 Y R
BIZREEA, BT AR IR B RE S AR AN ANAR SO .

K3 B EN L

Table 3 A comparison of the deviation on
the right corner
LY TDIRTN T2 (m) FAREHAMZE (m)
LTI 42 ] 0.456 0.847
Ja e gz 0.461 1.217
R 0.748 1.207
il PID ¥ 0.839 1.252
AR R 0.952 1.358
K @RS 0.361 0.673

4.2.2 WXERIHR

WX 6 s - BB AE L ol ERf
7R 14m BHASEME/NIZRPEN 25m [ “S”
RUASEA RN, AT It anE 6 s, EEE N
20km/h, R4 EATM B TA.

FrE 6w E B AR R 3 A3 5 L Rk
KW s i mZE i 42, anE 9 ~ 11 k.



10 44

EMBEE: R T R RS S I B AR R B 1o 2 7 3k

FHA LML /m

x 10

1.17281 7

1.172805

1.1728

v/m

1.172795

117279 |

A MBS (J55)
e AETLHUE B (i)

" =
- 25

o SEHE R (54)
o JoREEH (1)
e ArEEEE (5%
ATEE ) (%)
TR PID ¥ (J5%2)
Tk PID ¥4 (RT4e)
AERERTE (55
v AP (HIJéF/L)
o ATk (TnéF/L)

4**X

O A VL (ATE)

93015

93016 93017 93018

x /m

93019

9302 93021

(a) AT S R Kl

(a) The front wheel and rear wheel path

0.06 e om0

8 JRiee
0.05 > wriefasihl

ok THilig PID 74
<7 SUMRERTL
& A5k

0.04

0.03
0.02 | <5

0.01

BFIR] /s

(b) AR i 22 1t 2k

(b) The mean deviation of the vehicle body

Kl 9

INES

0.08 =
o R B

= Rt
< i)
0.06 [Ik K& PID ¥4
[ 2Rk

o ASCTTIL

0.04

R KR 2 /m

0.02

BI=R77E

Fig.9 The small curvature road

1.1676

1.1674

1.1672

1.167

y/m

1.1668

1.1666

1.1664

1.1662

/&’%llf%’h_

I BEEIPHEE R (S

RIS (RT5S)
= SSHetEE (J55)
= ERTEE (AT
< ATEe R One)
AT (ATFe)
PR PTD % (5 %)
Tl PID ¥ (BT4)
AR (5 H)
AR (A1)
& ik U
> AT (AR

> O < A k% x

8882 8883 8884 8885 8886 8887 8888 8889 8890 8891

x/m

() AHHT IS AT

(a) The front wheel and rear wheel path

IR 8] /s
() ZEMRam R 2= 2k

(c¢) The maximum deviation of the vehicle body

1889



1890 H 3l 1t =% Eird 45 %
e IR T4 ) [Fe AR T 2 )
06 [ Rt 1 0.8 [ FAEFA
< Al ) [>< diFeiEdl
0.5 FP¥ TilBY PID % 1 Bk THilig PID 4
- 7 Ll 2 06 L[V AL
= 04 HE Fsomik ] = e AxrE
e 0.4 3
= =
io3 EOA'
= =
¥ o2 -
0.2
0.1
0 . !
120 120
IFIE] /s A ) /m
(b) 4 PR ik (c) A-PERN T2 Hh 2
(b) The mean deviation of the vehicle body (c) The maximum deviation of the vehicle body
B 10 HASHEG
Fig.10 The right angle road
x10°
[ " T Ferme
11553 o BB FRIER) (5 4)
1.1552} * f%ll %% ;ﬂénﬁﬁé)
L o JEREE ) (5 5)
L1551 o IR ()
g IST < HRHE (%)
sl < Wik (R4
o « Tt PID ¥ (J54¢)
1.1548 |  THilie§ PID V& (Ai%e)
I o BLERERY (542)
1.1547 v ri n A
v AR (A !}e)
11546 o AT (J55)
1.1545 F o AICTTE (i)
1.1544 kx ! g/ s } ! } } f—
8949.5 8950 8950.5 8951 8951.5 8952 8952.5 8953 89535
x/m
(@) Z4T e e ik
(a) The front wheel and rear wheel path
0.4 [ Hm i ih) 1
S ER R AN _ 05t - J
ey < iR N
o3l B PID ik 7 N ] il PID ¥
o Gl y {H¥ v E 041c appmpsas
w AR Y H © A 307i
! [ 2
goz- é
% <
5 4«
0.1}

(b) ZEARF 35 i 22 i 2

I 1)

/s

160

(b) The mean deviation of the vehicle body

B 11
Fig.11 The “S” curved r

INFE] /s

(OESZS NPl

(¢) The maximum deviation of the vehicle body

S A5

oad



10 44

EMBEE: R T R RS S I B AR R B 1o 2 7 3k 1891

GEVT X LB 377 5 PO I 14 2 1359 i 22 A0 2 S e K
7z, MK 4~6 Frm.

4 N R 2R

Table 4 A comparison of the deviation on

the small curvature road

P ¥ IR (m) TR FARAMmZE (m)
ST T 042 ) 0.012 0.025
SRR 0.012 0.033
gy 0.019 0.033
Tillti PID ¥ 0.033 0.045
AR 0.043 0.057
KSR~ 0.010 0.020
5 HAE R

Table 5 A comparison of the deviation on
the right angle road
sl vk P RZE (m) I K Am2E (m)
BT A2 ] 0.185 0.373
ikl 0.213 0.567
GiEesl] 0.289 0.477
il PID ¥ 0.624 0.836
Al R R 0.574 0.786
R 0.166 0.326

6 “S” RIS ZEXT

Table 6 A comparison of the deviation on
the “S” curved road

Ik T2 (m) TR EARAMmZE (m)
BRI ] 0.117 0.236

JE e gz 0.118 0.322

gy 0.183 0.317
Fif PID ¥ 0.286 0.419

AR B 0.353 0.492

AR 0.103 0.200

P 4~6 W LAK H, AR AE/ R IE
HAZHEILR “S” BAIE, A7 IEX M H 4 4
- 35 i 22 A0 4 PR e K A 22 39 /T AR T . AR
9(b) ~ (c) Rl 11 (b) ~ (c) HAJLAF i, A3k
FIXTTIE PID 5. 4lERESE . Ardedail DAL S e ds
] A BRSNS B O T (10 45 LS W S, (EURH A A 2R
T il D SRS, e TR DA X b 37 st o ) A il
HRAAR B2, i AR SCRT BB B RS &
Al 2 R AR PRI, X R T 42 ) P % P D
ZENTEJRIZATHY, 1T REAE R AL IR, iR i
SRS R, FR R S IR S U B A
WARHK, ARIOTFIRMIET SR, Qg 10 A1

%5 FrR. L, AR SO iRA AR X iR 1
PR LB, AR DX 3 S At D7 3R i 2 B A
L350

5 Z5ip

BERT R B AR ME DAL Sy R R R i i e
DI — R, AR SR T — A T A i e RS
RO AE U DR B R UR (AP R T 2 2 NI
LY AR A i 220X — F AR R 8. SRARHE T iR AR
ARG IR TRV ERR SRS, WiRfts
TEAp AT DASR R BE (A R B B P dec DL H . T
I AR AL B 22, ST T e e 2 R 2.
XF SR ER AR R B, ABTE P X il 2 AE IRk X E
S, RSO R GE T 1 AT g
S A RE (AR NG BE, W1 DABRIIE G400 22 S P R b
P D 53 4b, B 1) 1 R A A X A
% BRI — 2P IR TAE.
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