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Trajectory autonomous compensations for vehicle

steering on four-wheel drive

Student : Yi-Cheng Fan Advisor : Jih-Hua Chin

Department of Mechanical Engineering

National Chiao Tung.University

ABSTRACT

Due to the rapid growth of the automobile industry in the last decade,
cars have become the most common means of transportation. However,
the growing number of vehicles has contributed to the rise in traffic
accidents. In order to reduce the loss of the families and society, the
research of vehicle assistant system is more important.

In this paper, trajectory prediction and compensation by the inspired
use of rear-wheel steering amended more often used to replace the front
wheel steering angle compensation, because rear-wheel steering is more

influential to vehicle movements. Use “trajectory prediction method” to
calculate the reasonable trajectory and to compare the actual trajectory,
when computer judged vehicle is over control, it will automatically be
amended. Look through the vehicle can be recovered by the rear-wheel
steering to return to the original expectations of the driving on the track.
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= (V, 0 +V, 1)+ (@k)x(V,i +V,])
= (vx —wa)T+(\/y +a)vx)j

v

B AN RE e 2 B i L X 4 R AL

TR

EF =-F,, -sind; —F,, -sind; +F -cosd; + Fy-coso; +F, +F,

YF=m-a :

m(V, —aV,)=(F + Fy)coso, (B +F)sino, +(F,, +F, )coso, +(F, +F,)sind,
(2.8)

7 @R

IF =F, -cosd; +Fy -cosd; +Fyp -sindy +Fy-siné +F +F

YF=m-a :

m(\/y +aV,)=(Fg+Fg)sind, +(Fy +Fyg)cosd, —(F, +F)sind, +(F,, +F,)cosd,
(2.9)
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m, —aV,) =-2F, -sind, +2F,, -sing

: r (2.10)
mV, +wV,) =2F, -cosd; +2F, -cosd,

d 2,10 7 48 ¢

vxz—z{ﬁfsm§f—Fwﬁm§J+aNy
" (2.11)

\/y :%(Fyf coso; +F, -cosd,)—awV,

FRFbas b & R(SSOFE R SRHES S 70 T AN GLA

F, =C; xa;
2.12
I:I’:Cl’xal’ ( )
.V V., -f+lo I, @
@ =0 ~fr =0~ G =Sy =0 =y
\Y V- B=-lLo )
a, =p -6 =(tan"' —1)-F =2 "L )6 =f-"—-6
=B, =6, = OB GG 6, = -5,
Ao
I o
Fi =C;xa; =C; x(o; - B — v )=Fy
e (2.13)
F.=C.xa, =C, x (8- \r/ -0,)=F,
b A A0 2.9 v
V __2 C,x(o _ﬂ—lf.w)-siné -C x(ﬂ—lra)—c?)-sinc? +wV
X m f f VX f r VX r r y
v :g C, x(d _ﬂ_lf'a)).coscf -C x(ﬂ—lrw—d)-cosﬁ -V
Y T ml T f v, f r v, r r X
(2.14)
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7, =2F I, —=2F, x|,

l,-0=2l;-F; -cosd; -2l -F, -cosd,

.2 I, o
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z X

d B 2.4 7 daE

ﬂ=§’%»$244445:

X

mV

X

mV
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X

I,V

Z X

.F@M—qu [4@kwmf
W= -0+ .

I ZVX

B 2 1552163 RSB > T ET AR G
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3.1 *HIE PR R]E
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v

B 3.1 hIEFLirspRli2 [13]

LR o BEEATN L RoEee B s

i)
[T

[
%r—-gr—‘%‘r%r

=

&

Yi:“?i

d @ % 1 Ze % i+] B2 jei
d TR R TR AN DR R e B2 T en) (G
d; =(x>+y7) (3. 1)

d
v, =%, (3.2)

s (3.3)
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AREALBRAY I B bd AL b Rig BITHR
5w g2 BB (4
o =9 (3.4)

At
ai:Aa%At (3.5)
Bk ek JEEAE & R S4B g R B A HER LE S RIT A
= - R RS
S=W+%m2 (3.6)
d i3 (3.6)FHEP P, 2 PR d B KR L O
Q:M4M+%a(mf (3.7)
Q=N4M+%admf (3.8)
A B HREER () BT - BBV B R EnRE T S
X, =X +d sin@ (3.9)
Y., =Y, +d. cosd (3.10)
3.1.2 *HIE I IR BIE L AT 1F 2

g2 g 311 ATiE 2 b X BB AR ORE AR 00 0 B g o SRR SRR 2

AS

F R ALBt S 4e T w - BRANBLATRRIIR LI oA B W - Bh2 X IE

B & Sk ST

E,=Ad_ -Pd_ (3.11)

E, =Ad_, -P0O_ (3.12)
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%g%}‘s‘ﬁ-i ST 17 B i e PR BE2 T 04 TRIRI T - BRBE (TR e
i osmita A AR RS R Y Ed F OE g T ER
FET - Bhehfult FA 0 0 PR B S R EE BT B & [

oo
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X

B 3.2 0% F s 3E R [13]
Bl 327 & mgarihi2 R &
PiRdmteif)pme F
R ML
O : -
0 -1 fPFLER &R
d - % i& i+l fim ¥ Fapedg

YE):C\:/L:F)l B R—zéa:‘r“’%’\wjé‘ (Xlﬂyl>‘(X29y2>‘(X3vy3>’ é\lﬁl

o AR A (Xy) %ﬁ%ﬁﬂ"/ﬁ_ﬁ T_EE T E T R RS
(x=%) +(y=v) =(x=%) +(y-y,) (3.15)
(X_Xz) +(y- yz) =(x X3)2+(y—y3)2 (3.16)
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(3.15)~(3.16) Emis+ @

X = (Xlz +y12)_(xzz +y22)_ y(yl —yz)

2(% —X,) X, — X,
(Xzz + yzz)_(xz.z + y32) _(X12 + ylz)_(xz2 + Y22)
2(%, —X,) 2(% —x,)

y:
yz_y3_y1_y2
X, =X X =X,

4 (3.17)~(3.18) ¥ @HEML =3

R:\/(x—xl)er(y—yl)2

£ R wfe ki B oM Ge T G

W = L
i-1
At
o
W . = Zi=2
i-2 At
a = Wi — Wi,
At

Q=N4M+%admf

d BT o g3 1F

d, =2Rsin™ (ﬂ)
2
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(3.17)

(3.18)

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)

(3.24)



dfed B ih (x.y,)  %dhend £ 97 d g frg 210
9:”‘(£‘gj‘(z‘ﬁij (3.25)
2 2)\2 2
P ARS8 B4l (x,,y,) (P E 71L& 740
P., =d, sin @%, +d, cos 8y, (3.26)

Bt (x,9) fo 8 #RHE (XY ) Bl i R4 57

B 3.3 & A thired H A En % BI[13]
B P AR g Ha ik ® 5 (x,y, > RIHB G 7R

Yo

9d =tan"' (—yl_sz (3 27)
X, — X,

X, =X +d; sin@sin g, +d; cos & cos

=X +d; cos(0-6;) (3.28)

Y, =Y, +0; cosdsin g, —d; sinfcos b,

=y, —d;sin(6-6,) (3.29)
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Bl 3.4 #F x7+y? =100 2 3¢ | % FR.[13]

BEAZS X4y =100p% 0 B 5 — AR o AP F LIRP B ehg
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B 3.5 Fruit y=x" 2 FpiRlE R[13]

2

ER T y=x 5 —a A AR T T > = FEIE R
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! o BT RN
sl 4 SESER TR
5 AMEERE A RS
06 —+ EEEAER

0.4

0.2

04

i)

0.2
0.4 s 7
06 :

0.8

B 3.6 #Limy=sinx2 Ff F % R[13]

Bofé— PERS y=sinx B MW AR LRSS AT Y
HIET o h L AR 2 LU TR R A A 2 AR Y B
0 2T R SE R B A s o

$3CE PR 2 2 BN R (5 0 Y A R R
FHRARD PR A TR R w2 TR aERE o b

F S PFE 7 U TER o
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3.2 LG BRE A
AR AP SRR E A EE T - B EATIE R 2
e

Eop o=} 2 pEH - 5 i BGFA (Tracking Error > E, ) » @ B w0 i

¥ 2R RS2 BCEEERE 0 L 5 ¥ BriF A (Contour Error » E,) ©

[

v

B 3.7 T 2FLT LR

Bl 3.7%Tw254n LB Q‘)I?e[l5]?" T I HGE L 8 R

i

E =P.-P (3.30)
E =P, -P, (3.3D)
v _Pu+Pu,

— 5 (3.32)

ks (3.33)
M
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RPN DG LS S Jpd TR L 0 AL RS e i
BB dmii e ROk 0 B B R S -k I G
%igeﬁ,%¥@%%§CNC1gﬁ&_ TR 48 & FRAT F 2

( Cross-Coupled Pre-compensation Method » CCPM ) [14]51#2 4 » #%&

‘-\w

TR 1Y SR s TR S N R RS2 i
EATE R R A2 TRRE Y > N AF D RTERE T AT TR
RO SRR AA R R TP ﬂ%%fﬁﬁﬁ fﬁllﬂ/iﬁiﬁi’

e W IR T2 TREBER Y o HARIEE A 2. % SR ARAo B 3.8 AT o

4 Vehicle Mode Computer Mode

Compensation
Mode

4

Bl 3.8 @ Brei £ AT I 078 Ih A2

\\I\'.
T
i)

AEREE e b5, S BT R L0,

ETTRS

ST 2 e b oS - X kY 1 B



BT s G e (1T A e HA R R

3.4 Fupm13  F BR fkE

-

Bt o Mg E A 4T 01 MATLAB & (7 #0858 - 890 RIS 3 A4

PR o AR B TR EL B REE A RS A5 T

Fl#us3g Rz 50 f 2 4@B0a) o Pl 53 [1T]de 2 i@ ks

ok 3.1 #17F o

3.1 BEad kAR ak[1T]

o

o

Parameters Numeral Unit
; m
Vehicle Speed(V, ) 16.67 A
Tread(D) 1.5 m
The distance to center of mass
1 m
from front wheel(l, )
The distance to center of mass
1.5 m
from rear wheel (I, )
Mass moment of inertia
2100 kg-m?
of vehicle (I, )
Steering stiffness of front wheel
N
) 123190 Vo
Steering stiffness of rear wheel N
c.) 110000 Vo
Weight of vehicle(m) 1540 kg
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Tracking error ratio : —%x100%
B - TR B PR R FARRIER - B 310 5 &
h ?;» ,r-g-;\i’,;\»,% y -lj»é’l‘ y @ iﬁﬁ:’ iiﬁﬁzﬁ??ﬁiﬁ‘lﬁﬁﬁfﬁ? 4 o

(@)

800 S
—© — Vehicle Trajectory @/
600| —+ Predicted Trajectory | _______________________ ;@7‘%’/ —
~—~~ ﬁ/
Eq0 et -
> &
T
200 = -

(i)

Tracking Error ratio (%

5 10 15 20
time (s)

B3.10 (i)2 fah £+ 4 P52 b 20 3 RIER
(11) 97 I 4ub™ 37 0p) 22 i BiGE 4 v
B3 107 75 B8 kT 3fenfim™ o 95 bui 6
2 UL % FATIE T% 0 B4R TR R AR TR AR R
W

G R HRA R FRBE AP TR A F 4L

N
P
=]
E
-@‘

R ARA 2 e o 4o 311 1T e
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(@)

800

—© — Vehicle Trajectory
600| —+— Predicted Trajectory

4001 <

Y (m)

2000

0 2 4 6 8 10 12 14 16 18 20

(ii)

—<— Tracking Error ratio

A0 N

20

0 W**QJ

5 10

Tracking Error ratio (%)

time (s)

B 3. 11 ()2 dsk A0 = 3 B2 & 37 R HBR
(1) 9f FFuLln 75 R 2 i BG4 "
d U R AR 2 2 R 8 TR AR B3 1D F
T PR R EREUAIERE R R - 2 BAEET
P NLE TR - BRI ARR 0 BN T - GRRIERRA T - ORI

29 - 1
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BLA 4L 0 # F2 SRR R A 2 - Teng
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d RS IIGDF N > %4 BREZES - BREEFEZRF - &k
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;}7%; 0
Bt B AT N RECE A Y o R A D
E2 iR e A 3.2 R AT RSS2 An MRl

# 3.2 BB I Ap M S8R T

Parameters Numeral

The maximum of

Tracking Error ratio 20%

(E)

The steering angle ratio
of front wheels

0.03

and rear wheels
(k)

#ede 30207 TR T Z B S EcE NSRRI Y BT R

1 PR o gtk K2 FERIBCN B AT TF RN TR ARAC ) 3. 12 Ao o
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> Drivers to drive <

\ 4

Computer to get the information

for computing and predicting

\ 4

Steering wheel rotation

A 4

Vehicles to change direction

Driver is

scheduled to move

Driver reacts l (Turn-Turn signal

in time Back-Reverse)

A

Driver’s intention

Reaction

Driver can not react in time
(The direction is still deflection)

Rear-wheel steering
compensation

A 4

Trajectory
stability

Vehicles is return on the

scheduled trajectory

B 3. 12 & f@pLhh g Rl A OF i AR
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800 : D

—< — Vehicle Trajectory with Interference ®/
600| —© — Vehicle Trajectory without Interference |______________ o ]
—+—— Vehicle Trajectory with Compensation

Y (m)
I
3

0 2 4 6 8 10 12 14 16 18 20
X (m)
440 \ \
420
E 400
>
380 =t —o6 — Vehicle Trajectory without Interference

360 —+— Vebhicle Trajectory with Compensation

| | |
14 141 142 143 144 145 146 147 148 149 15
X (m)

Bl 3.13 (s T )

&

(11) 1 I s K a2 vt i
Bl 3. 13(1) 5 2 4 |+ 35 dupmad B 0 pF o> ot ) R enfs

BPFETRRIPE o BlY T g N E 14 B FRIEFEFRZ

BgmA 2 A PR PR B A AT O B0 s o S A 2 B R inps

eEBE S W3 1311 F % 14 BERETIE 15 BT
BE At RS 2 2 15907 § N P AL bR R PR R L

z

I

\\\

Bk % 10 BERBEPE o B ARE A AT RS © R 2 R b

IR EAFE O AT F R LU AR o
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SR AR BRIERIE S e o TR FRA RS 5 SR
BT 2 A 0 3FE 5 ) FAZE Th fde » TR 0 HORD §R T

AR AR SE R ERRNPE D REFERPALE S F
ZOBRFLEE RPN RS D P Rt A R AR

3.13° A 4rehd fm e (RPN w Bl R TP 0 K SLE ATH D IR

-

TR IR O R B % U TR 2 18 i e AT O
Bk B B AW AT pfe b H A pend R iE
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Fr®  FEmkREA
4.1 F % B A W

- E VRIS S ES SRS R B R B ol IR

el Wi gl R A B R R b
PopaEE s BB ABAA RS s UEMDF LM R 0 A

T A Y AERRRAAAY R L FEERE LAR BT
ERenE o B3 g enk s > A5 AR e Rickl
4.1 #7177 o P+ F A * Parallax 2 Pk 3 ehH § 5 Basic Stamp 2
microcontroller #- % > ¥ £ g8 B & Microchip PIC16C57¢ » i& & i# &
% 20 MHz » i B o Ag® B8 i $bit Au® E > 1 4 32 bytes chfi-Br
Bt (6bytes X 1/0 # * 226 bytes L4758 ¥ g Hcié * )» 2 Kbytes
s EEPROM > ¥ r1 i3 & %  #7 B 4 e042 3¢ | Basic Stamp 2
microcontroller #i = 4] 4. 2 #7571 °

BASIC Stamp 2 % 7§ F #T5 FALL i B RIL 0 s
RC Servo 5 i - d **BASIC Stamp 2 ”Lrﬁga] Ve AR S B ER
EREY RIFFIRC Servo 5 EPFF > 977 & gk & #}3 £ #ic g i3 < BASIC
Stamp2 23" 34 {7 F R f ¥ o Fet > ] * Parallax = @ c3Servo Controller

Rev. B #74] B 1% 5 #24|RC Servo B2 3 28 2 el /i B0 fe &
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p £ F SBASIC Stamp2¢0f 4% - 2 4 41* BASIC Stamp 2354 B3 ¢
712 4 & 4 Servo Controller % RC Servo & i % [ % g in
(Pulse) IBVES 4 "H""?HRC Servo #& & e p 3.

B §w {783 & 0 E 4% Parallax 2 @ 973k ke o SRS R

gh’{
- \v

BoheB 4.3 RS R BRI ERE 2B RAp Rl B L Hix e
Bl 4.4 9777 5 SBIER R BEahe PRt i bR F B T s B s
T dpd 2 e[t Rk TR R F AT enis bR
AZEETFHARE F - BRET AL RERY - K2
b T d LB D iR (T R 2GR R iF 2 ﬁﬁg@;ﬁe r# B
R {7 Erd R S B4 A e

A2 fpend I Hce S BEDZIANNE b E oS h EH
PWM(Pulse Width Modulation : *% & 5 & 3% ¥ 4D 4] - PWMig
BEAUS I BRI R BN R A g m e R
oo fpd 0B I TR T LA IGRE Mk S A e

SO HAT A RS AT 1 Ao W4, 6477 o
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ADC
(Analog to Digital)

Trajectory
Error

Sensor Board

Left Motor

A

MCU
(Microchip
PIC16C57c¢)

|| Parallax Servo Controller
rev. B

Right Motor <

1/0 Port

PC Serial Port

Microchip
PIC16C57¢

LI I B B B B B
W & W oE W ox NN Em

E NS WO WO W RN AR
W E R RN R NN

TALITLITTETTS

|
»
]
]
L
]
-
L ]
i
N
L]
-

1/O Port

Power Switch

i 4. 2 Basic Stamp 2 microcontroller #i ‘e
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Bl 4.3 =t R ®

Infrared rays

Encoder

DC Motor

® 4.4 Encoder i+ % 7+ &, B
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]

Direction of Motion ————3n

|4- 0.512"
i

| I
1 2 3

— ) —

Encoder Output

Bl 4.5 Encoder 3 % #4m {7 i& = 34 [18]

Basic Stamp 2

Digital Signal

Parallax Servo Controller rev. B

Analog Signal

\ 4 A

Left Motor Right Motor

Bl 4.6 By dlonie
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4.2 F AR
4.2.1 ABAE T 73K T
BB RES R AR L0 KD HEET
9={(a)r—a),)
BHe > 2fed L REERE AL LB
L: @@z B2 e
i@ L
o, % o ik
o = B
i B L ek i B 2 B
V,» ¥l TG AR B

V = (o + 0,)r

’ 2
P2 gmer 7 A2 BERE HAET J T A
BREFE XY A 58 g fldhe jEd o B

X =V, -dt-cosd
Y =V, -dt-siné
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4.2.2 2 fwit B £l

Wi R R s BRI T o SR B

Y -

AT RE 2R RR A IR e BEATT )
RC Servo Motor » 4] * RC Servo Motor it { 7 % & ¥ 4 #xrengy 4]
BYRITEER R o A 4] S EIRAE BRAT DER o

RN ELVTER- Ry

Left wheel | Right wheel |  Average
Left motor | Right motor
Pulse.wave | Pulse wave Speed
Pulse pulse
(ms) (ms) (cm/s)
1 846 650 1.692 1.3 19.4667
2 842 656 1.684 1.312 19.3167
3 840 660 1.680 1.320 19.16
4 837 665 1.674 1.330 18.96
5 834 671 1.668 1.348 18.77
6 831 676 1.666 1.352 18.5333
7 829 680 1.658 1.360 18.42
8 826 684 1.652 1.368 18.1267
9 821 688 1.642 1.376 17.8367
10 818 691 1.636 1.382 17.5667
11 814 696 1.628 1.392 17.2967
12 810 699 1.620 1.398 16.76
13 807 703 1.614 1.406 16.2333
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14 801 708 1.602 1.416 15.3933
15 798 711 1.596 1.422 14.3667
16 790 717 1.580 1.434 12.2333
17 781 724 1.562 1.448 9.27
18 776 729 1.552 1.458 5.3567
19 765 739 1.530 1.478 3.0933
20 758 742 1.516 1.484 1.1967
20/ a
IRttt e
ittt ettt ntntntnlntuln O Vehicle
Speed
(m/s)
5________________
O HIRE 'R /RS 'SH /NS /FH /RS /RE 'RE SN /SE /RH /RE 'RE IR
5 10 15 20
Sampling
B 4.8 T 2@ g £ i H
S E LR T E WS- BT ST S RS k-8

N AL A 2 5L > H2 4%
ﬁ'ﬁ-‘]"”: "ZJI éﬁ%-’»,ﬁz,%} °
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4.2.3 s fhi w7

bt B R - X BRITTIHELER 0 BT ER
V=153933(cm/s) > 4 B 4R 7 1545 (il h ~ > 8 gwE B

1) B kD RPN AR 4.9 4T o

Y A

TR A2 APRRE kR BRI mEFERP 2y d T2

GEE TLE R 1FE E L

;:
Ik

4.2 Bt HipP P B hE» 5 1)

X direction Y direction
B (R)
displacement(cm) displacement(cm)
13.1132 3.0881 13.2515
12.9305 3.1172 13.5539
12.8136 3.1015 13.6066
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4.3 B i PR hE» 5 2°)

X direction Y direction
p(&)
displacement(cm) displacement(cm)
12.0631 4.2837 19.5503
12.0107 4.3033 19.7120
11.9553 4.2227 19.4536

d R RS TR NG RETE H e e R ¥
I

A B e s B mTROE RARL T BT 6 BT

S ¥
PR b TR S LS BB

HReniE o R TR R A AL R 4D G R {1 %
BRI R

2 4.4 whEs Ho B R (vHEs 51°)

X direction Y direction
B (%)
displacement(cm) displacement(cm)
15. 0317 0. 7622 2.9028
15. 5524 0.7993 2. 9421
15.1128 0.8139 3. 0827
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4.5 Bk HEUr R R B 5 2)

X direction Y direction
B (&)
displacement(cm) displacement(cm)
14. 2717 0.9311 3. 1327
14. 3224 0. 9642 3.8514
14. 3551 0.9608 3. 8291

2448450 N5 F %2 DihES B2 PP RELAR - £

4.4~4.57 1&g 0 E Lo e BB %, Flptd 49 F

A

oo ke 2 R L B e AT RS SRS B Sl

WEE 2R B R

14
12
Angle 10 B First Group
Variation( )8 (angle variation)
6 B Second Group
4 (angle variation)
2 O Third group
0 (angle variation)
Rear Front
Wheels Wheels
Steering Steering

Bl 4.10 e & 1°2_ #pr & v R
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20 ome

15

B First Group
(angle variation)
Angle
% . 10 B Second Group
Variation( o )5 (angle variation)
O Third Group
0 (angle variation)
Rear Front
Wheels Wheels
Steering Steering

Bl 4.11 #w & 2°2 fLi™ £ vt
d R4 1124122 %07 DL FE RS HES 2D KB
TETRHRD LR F B B IF e 2T v E b

2 B R GRS oS (IR RRR L BE A% B

BB m R PE 0 (S AT O BEY B R
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4.3 F1* BRFFEREF s mge BT F %

e

oy o B RS iy kR FF S e T RIERC

B TREFRETERLE 0 B2 2 N5 TRBE T H2
2 d

4. 12 % Flour gl S w5 2 & 7 L W)
Bl 4127 » BAMA L RPN T2 BT 34

R 0§ Tracking Error ratio e Q BRAZE TR~ B » (5 flg » 4F

WHCR  gaeds » R HDTES LT - BTBES D v ) P B o

FEHTR TR RS- 2

N

\

7
I

SRR IERN E 2 H

oo @R AR A GLRNFIZ 7 AN R R B2 OB T

yo2L B4

I3t & d & B pF gk Tracking Error ratio » 22 {7 % B /5 v i > 70 &

Frig v g d O R PR AR k9 o
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e b g B e B AE 0 L HEY%L T 1.636 (ms) 0 HidE

4.3044(ra%) v % B R 1.428 (ms) 0 #EiE 3-8462(ra%) R

g RV, 5 13,4485 (M )o £ 46 5 Ay B dE TR KL B %o
% 4.6 MPFERIE S HIEE RS
Experiment Coordinates of the Chang quantity , N .
) Points P position Error ratio
group Amendments points Q | £ radius R,
(cm) (%)
(cm) (cm)
X=-25.8776
1 4.4803 47.8531 4.29
Y=47.8971
=-19.378
2 3.0292 48.1138 3.77
Y=52.132
X=-24.0183
3 5.9622 48.9271 2.15
Y=50.7220
X=-29.1086
4 4.5883 47.5037 4.99
Y=46.1525
X=-20.4261
5 2.9132 51.1622 2.32
Y=48.7233
X=-18.6722
6 2.5771 47.1334 5.73
Y=31.3289
X=-19.3126
7 3.7311 52.0023 4.00
Y=30.6984
X=-18.6723
8 2.6776 48.1141 3.77
Y=48.8411
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Bl L enihE ML B 2 #55% 4 B 1.588 (ms) 0 #iE 3.734
(rad) 5 £ ikt B 1.432 (ms) o #iE 3.0524 (Tad ) B gmi e i
Vo=11.1976 (M) vl i SN - i AR £ 47 S F % o

Z\ 4 7 mﬁ?ﬁﬁ‘—/? 19%13 é?‘%

Experiment Coordinates of the Chang quantity Points P ,
) Error ratio
group Amendments points Q of radius R, position
(%)
e (cm) (cm)

X=-18.5928

1 3.6213 49.1961 1.61
Y=48.1135
=-18.1928

2 3.3733 49.8142 0.37
Y=50.1786
X=-22.7096

3 5.5311 49.9175 0.17
Y=50.6251
X=-17.4158

4 3.2251 49.4772 1.05
Y=50.2154
X=-22.2197

5 4.5987 49.2083 1.58
Y=49.7003
X=-20.3971

6 3.3815 51.0108 2.02
Y=48.8912
X=-30.0711

7 3.2613 51.4916 2.98
Y=43.8002
X=-13.6113

8 4.3909 50.2877 0.58
Y=49.5718
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18 MATLAB % =Bl 4.14~4.15 % 4,16 » PP BERE G40 o

--©---Vehicle Trajectory
—+ — Estimated Trajectory

~ TIPS
Bl 4. 14 FRFRPE 2R %D 7iepp L8
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