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Abstract

Recent advances in passive safety and active safety technologies have greatly
contributed to a remarkable decrease in traffic fatalities; however, the number of road
accidents remains high. Moreover, in an aged society, accidents involving elderly drivers are
increasing every year due to their declined physical ability in terms of recognition and
decision-making. For instance, the effective visibility range for elderly drivers is narrower
than that for young drivers. Based on a driving test of a forward collision warning system
using a driving simulator, it was found that there are many elderly drivers who cannot
recognize the collision warning sound produced by the driver assistance system. Moreover,
even when some of them recognize the collision warning sound, they cannot brake in time to
react to a critical situation. These facts indicate that in critical situations, an autonomous
driving system is one of the promising solutions to prevent collisions involving elderly
drivers. To improve their degraded driving performance, this research project aims at
considerably improving road safety by allowing autonomous driving control intervention in
the last few seconds before an accident. To assist safe driving to prevent accidents by
compensating for human error with intelligent vehicle technologies, intervention by
autonomous driving systems such as emergency braking and steering assist has become one
of the promising technical solutions. This paper describes autonomous driving intelligence
systems for collision avoidance. Here, this paper focuses on a driving scenario in which
drivers need to negotiating pedestrian. The autonomous driving intelligence systems are
designed by the application of potential field theory, and the potential field function and
potential parameters are determined by expertised driving behavior. Finally, the
effectiveness of the proposed system is verified by computer simulations and driving

experiments using a micro-scale electric vehicle.
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Autonomous collision avoidance system

Risk potential computation

1/
s
Destination . Uu/ 12
d Path following
ata P%
ped 5
Yot U g : In-wheel-motor
N il E a, . - -
q Efgﬁ;ncy e, = - torque In-wheel-motor ||
R Obstacle |[ X ™ e 8 controller V.
LIDAR d - obs =
etection S] .
Y = Vehicle

Hazard U,.
anticipatory = ——» Steering servo S

—1> braking unit " .
= ¢

Driving lane . *
datga > Path planer Steering wheel [S, ¢

controller

S ~ >
_ 1

r Host vehicle position

Fig. 2.2.1 Generic overview of autonomous collision avoidance system

based on risk potential estimation

23 HEETEMISY FI724+—LOBE

RAVEL-II 13X 2.3.1 {279 b = &% BEAREL O /N E S H #)#H COMS 2 N — X (2 H/E
L7EBREETHDH. 231 HIiTIEERBEHOX—ATH2D COMS ODHEEIZ SOV TR

N, 2328 CiE A M & 72 RAVEL-ILIZ DO W Tk 5.

Fig. 2.3.1 Micro Electric Vehicle (COMS)
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23.1 BNMNYEEXEEHE COMSOHE

X 2.3.2 I COMS D EEE) > A7 A OEME 2ok L, 3 2.3.1 12 F A Al B 3K & OB hE
R

In-wheel
motor

Al;l;il:yry Vehicle Main Charger
12v) ECU battery

(72V)

In-wheel

Fig. 2.3.2 Schematic diagram of vehicle system (COMS)

Table 2.3.1 Main components and features (COMYS)

Main components Features

OF BTN DFERE B L ITE—FHIFECUIZS LT
, AT _& M ERETR

HERHEECU | @)% — & GIEECU b OIEHRIC L 0 #ER RS L O

— BB D B DS

% LD EE )
AT G tan i

7 MUY A, BERI =2 — b7 LYV EZE2BIR9
Tr—%toY | BIARIEBNNZRESEDLZODEFEHT]

QOHEFHIFEECUD S D ~ L7 /- B S
) VEAREA R L, T L
TS HECU | D — 4 RS O W O R (E
@ F R 0D R 2 AT L 1 T (2
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HZThbi, 753 REETFOHEME N2, R0 DCE— I H A FEMEN M
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ENIC S, EROAETBECHER S, 7232 TTAIEMEHEALTE
D, FEICHEEL 2> TWVDHIED, Ny T UVEZRTICEET L Z & T, KELMEHT
BT ANREL Y, Mkt L & b ICHERIZEEEZ &mD DI L AH T
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Fig. 2.3.3 In-wheel motor
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Table 2.3.2 Specification of In-wheel motor

F—HE —
Pk Lt 6.267
ERH S kW] 0.29
BRI kW] 2
e R[AIHREHE [r/min] 700
ERNLZ [Nm] —
R AMLVZ  [Nm] 100
EMEE—A b [kgm?] 0.028

2.3.2 RAVEL-Il DEE

2.3.4 \ZARMFZETH S EBRHE [ RAVEL-Il O EZ /8 L, £ 233 CHM /T A —
Z &g, BEATHFICIE SICK @O L —F L =230 i bh, FEOEREEF#HRO
BfFZ A RBlc LCWb. 7z, BHOBEBEBHFH WO D, Mg —2Y = a
— X AL, EEP R ar A oo 2SR S 2L T, Bl EE & ORI
% BEIGEEE, 3 — LA bOFHZAREICL TS, S BIT, HRAEAFHE K O o
e, Ny RVIZEY—ARa=y "RV T N, £, 727 BAXRZAVEMNED
RHA L O 0720, 7272t LBl ECUMORBREEEL TS, £L T,
UbEo#FFEE L0 EHENDGT —XOWG LGOS, HljZEOMNAI
dSPACE #1: %4 ® Digital Signal Processor (LA T DSP) % #5#k L 7= 515 (PC) & i 7 3A 7,
B EERELTND.

Accelerometer and

Steering actuator ¢
Gyro sensor unit

PC & DSP

Laser radar

In-wheel motor

Fig. 2.3.4 Device layout of experimental vehicle RAVEL-II
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Table 2.3.3 Specification of experimental vehicle

DEFINITION SYMBOL VALUE UNIT
HmREE m 400 kg
2F I 2.250 m
NE d, 0.995 m
2 h, 1.6 m
RA— LR R l 1.28 m
T B — B R L I 0.75 m
% i B — B BT R I 0.53 m
AirfmhL > K d, 0.840 m
®amhL o R d, 0.815 m
I—EMHEET— A L 159 kgm?
il — TV 70 —(—ii4y) C 10 kN/rad
#lma—F V7RI —(—Hi5y) C, 16 kN/rad
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233 T—AWEEHE

dSPACE 4% ® Digital Signal Processor T& % DS1104 R&D =2 > hr—F R — R &
CP1104 2> b —F "Rz T, FHREETORMET — &% O G & 3 &) o i
MAFHREE 2D, K235 ¢XM2361carybue—TFR—REar bag—F3%LD4
Blaord., ZOR—FNEI—HOR—FRICLL2E/MBEOYV T NVEZA bar ba—T LA
T ATHY, A/D-D/A - Digital /O ODHEREN R THAAENLTWD., BN DED
BIEHEHRST VX NVERE, 2 b —F 8V E N L CHERBICIVAT Z & &,
AEHEESY DIAZN L TET 7 T ax— R ICHNTHZENARETHDL. T—H2 D
B L HEEIXE A Y 7 b =7 Control Desk % f\ T, dSPACE ® U 7V 4 A A7 1
By T 7 ERAL, REREROBREORE, £ 74 TONRIA—ZOER
IR ENARETH D .

Fig. 2.3.5 DSI1104R&D controller board

‘;:3:11 LE By,
~&awy,,
]

—

\W

Fig. 2.3.6 CP1104 controller panel
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234 #itAHIHR

M 237CATT7 V7 —Ra=y FOHNELEAEAGHIEROBMIEKEZ RS, X
23 7R T LI, AT TV T —Ra=y NI, Y—ARE—F LI —FRT7 7D
COTHERIN, Y= ARE—F OB ANV FENLTAT TV 75252 &
THEAAORBAATREE LTWD., 72, W=7 7 IIDSPL#Hf =LTH Y, DSP
MBI INDERE SNV AC,H L AT L R CplZ X 0 —RE— & Ol & 7]
BBET21E0, Y—ARE—F LV M hIhDEEMSE S —RT 7T TER/ L AF,,
Bl L, DSPICIN 1§52 & T, A0 E ATEEIC L TN 5.

Steering
Servo motor wheel
C.Cp control
—> —>
Servo
DSP FFp amp | measurement
- -
S:teering wheel
: :_,,_;'ﬂﬂ' |
(a) Aspect (b) Schematic

Fig. 2.3.7 Schematic of steering servo unit

T, ARMERA LY —ARE—ZIZiX 16y b U Ty a—F L XY RNE
SNTEY, IKO65536/FEDZMRELZFFOLXVIIZ1/9 THLTD, 1 XVAHT
D05 ERETSEH, XKQR3INDDa b pOEET V7ITHE L. (a=8192, p=10)

360 1 «

—xZ-05
6553695 [deg] (2.3.1)
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2.3.5 HIERE) ~ILO HIER

AETEA Y ARA—NVE—XOFIBEE h L7 HIFHRICONWTIHR RS, [X2.3.8ICH
il ECU DA BlAZR L, M23.927 27 /L—ECU OB HROEFIZ SV TRT. A
Tk, HIERE NV ORI AT O 72w, EE— MV 7 FREOERR A BT S U7 B
ECU Z VW, Ak7T 7 BN XZ B HEE ECU~N S5 7 v /{55 % PC &
W13 25 2 & THIBEE) L7 OFII 2 EBLL TV 5.

Fig. 2.3.8 Vehicle ECU

pr— Other pr— O ther
. Potentio meter . Potentio meter
Vehicle ECU (Accelerator pedal) Vehicle ECU (Accelerator pedal)

o— |

O——— PC&DSP

— 00—

(a) Original system (b) Modified system

Fig. 2.3.9 Modification of wiring for vehicle ECU
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2.3.6 EHRIBEES

AW T 2 FZEBREM IV T, 5 TR 72 i #h & G O — B 2 & 2.3.4
WaRd. LTFICENENOFEMIZONWTIERS.

Table 2.3.4 Relationship between state variables and sensors

State variable Sensor
RS EE
A% I FE AV RA Y
I—LAh
BAIE P—RE—%
HUH n—ZY T a—Z T VL VAR
JE ) B - BN R DAL B L—H—L—%

AR Y BT L—F R/
- Bif&IGEE > (SCA320-N1000040)
c EARMEE Y Y (SCA610-D24T41)

-3 —1L A htr¥ (STD-8:ASIC2)

B 23.10ICar Ao Blaerd. £, R2351CHBOMEKEEZRL,
# 236, X23TICHIB-AEMEER Y La—L A bV OEREZRT. B,
RPWRTV IR EEZRT. a v "r v ImEELyLa—1r—
oY E IRy =L EBEE Y THY, BICHGEEAGE > AT LA(ESC)IC
THERHINTWD., Zhb 2500 FIXREE, /A4 X, HEICK L TRz eF
SNTEFEWR, B —2 O NT P TICHBT T B, BLWEGEREICE

25



0

JE PR ER B2 1 @ 5D < B AR 22 (Bl ke o 2 7 A o Bl X R

WTHBEND R SREICEMOEB ZRMT 52 ERHED. AT,

WZEE) OFHANC AN 5.

Fig.2.3.10 Combined sensor (Gyro sensor and accelerometer)

Table 2.3.5 Common specification of acceleration and yaw rate sensor

H

Specification Value Unit
R EE (Ve 5.00 + 0.25 \
PN S 8.2 \Y%
ot 9L JEE i P -30 ~ 80 C
HE 150 g
Table 2.3.6 Specification of acceleration sensor
Specification Value Unit
T3 JEE A i DR +14.7 m/s’
F 7y M) 0.5V \%
% BE 0.2V V/(9.8m/s?)
Table 2.3.7 Specification of yaw rate sensor
Specification Value Unit
N 3ok A AR £100 deg/s
F 7%y M) 0.5V \%
T 0.04V . V/(deg/s)
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<ACH—FKRE—4E2>

XFYff&EE—% DX220A-9 #F VT H)E—~xil

B 2.3.11 12 AC H—AHRE—FDABlEZ L, £ 238 ICERMEREZRT. RKBFRET
BRALEY—RE—ZX, RO —RE—ZITHAAEFIL TO T T v X FMERKIE
S, KETOW L NRERSLERHARICKECTH D, AR CITEIEAD
A K& OV I W 5

Fig. 2.3.11 AC servo motor

Table 2.3.8 Specification of AC servo motor

. AC100-115V
R T
-15% ~ +10%
E A& 200 W
il I VL 2 g B -10°C ~ +40C
TE A% B i o 333.3 rpm
T PNEIL ST YiS 555.5 rpm
ER bV 4.9 Nm
MK MV 14.7 Nm

on—ZIEHE—X K

0.135 X 10 kgm?

IFREEE—A b

219 X 10" kgm?

E ¥ EE T 23A
i K &E I 6.9 A
o 3.3 kg
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<$—R7LT>

H—AR7 7 DXDV020-A F VY =x o & )LFT—&Hl

K 2312 12 —RT7 70N BlERL, £ 239 ICERMEEEZRT. KL CTEN
WAFBIANNINEZATDOEDOEMER L, h—ARE—% &5 T, #Bitm O & O 5H
WCHWS.

Fig. 2.3.12 Servo amplifier

Table 2.3.9 Specification of servo amplifier

A =T =R ROV RH] | T u J R ER S EE
NV AN T B KA JJE P # 500 kHz
. N 1, S NVRABESF S 2, IE#R/MiEs/ 3L R
v A BN g o B
3, 90 FENLFEZE 2 {55
4y JE 90 FENIAHZ 2 18 =
Sy JE ) N ov 2% 16 ~ 16384 /%)L A /rev
HE S &R 1020.4V (K H JJEW 30mA)
HE RS AT +10V
~ V7 dEAT AN T) +10V
A A =7 A AHE
. DC24V /0.3 A
TR
arhae—vHAN DC24 V/ 10 mA
{5 FH Vi B 4 DH -10°C ~+55C
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<O—4yryva—4%>

B A 8 LG-916 /N B

2.3.13, 2314w —F ) mra—X R~ —7 OBl ZRT. £7,%£2.3.10
W ERfERRZ R T, RHEEBNOFRARZ D, BHEEICS /2> TR TE K%
B 2 Al 7 AR R 3R ©, BlEREIC RS ~— 27 20> THEM T 2. RHF%E T
X, EmEEZEFHT L7205,

Fig. 2.3.13 Rotary encoder Fig. 2.3.14 Reflection mark

Table 2.3.10 Specification of rotary encoder

Specification Value Unit
F1 0N & J+ 12+2 \Y

i 285 3 B 0.6 m/s

il I 4 -10~60 C
Fo i 20 mm

VAl 21(W)x24(H)x 117(L) mm
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H2E O JHHEREERICE S BREBEERIRE Y AT LD KE
<FTOH)NLMEEKR>
7 VX v EldigE TM-3130 ANy

X 2314 0T VA NVEERHONBLZ R L, 2311 I ERMAEEZRT. ~ A 302
K DB ALY, P, BHEREE, HEREOFHH - BEHRICEL TS,

i

Fio, tEABRESBRLIVEONLI A NV AZEICEERZITS, FIVa A A—=4Th
L. AT, tERBHGEE EbICHWD Z EICRY, EmEELFHT 5720

WCHWA.
Fig. 2.3.14 Digital tachometer
Table 2.3.11 Specification of digital tachometer
Specification Value Unit
B E T AC100~240 \%
t 775 12bit D/A Z #1755 -
IEL R +0.3 %
Hi L~ : +45 LI E
Hi ) \ \ v
Lo L~L: +05 LIF
fifF 1 I A 0~50 C
IIE ST 96 (W)x 48 (H)x 148 (D) mm
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<LIDAR>

L —HHIES AT A LMS291-S05  SICK HY

¥ 2.3.15 |2 LIDAR O 4@l R~ L, #2312 1 EREEk%Z /59 . Z @ LIDAR (%,
BREOREL AT LA THY, 20O LMS VA7 LT L —HF KO ZEHEREH O HI
EORCHBEAMET H. WAV AL—HFE—APRNHLOEEHEI 7 —CHMEEZD
LT, AMAEREICAX Y T 5. MET — 21X, SRR L LT T
A =T A ZARBTY T NVIZA DB I D, AR TIE, HMTESLHLOE
FEHORHIZHNS.

sICK

Fig. 2.3.15 Laser rangefinder

Table 2.3.12 Specification of laser rangefinder

Specification Value Unit
IR E E P 80 m
£8P T 22 i A 180 deg

A B oy R e 0.25/0.5/1.0 deg

S RERY 53/26/13 ms
HE 57 ik He 10 mm
VAT hiRE £ 35(FRAEHLPH 1~20m) mm
A B—=Tx AR RS232 ;
BIRETE 24+ 15% \
HEE T 20 w
it ) PR L -30~+50 C
HaE 4.5 kg
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24 LIDARZRAWVWEEMRHEZILIIVXA

AETHE, L—F L= bW E TOBEMERRE D BTEOMEER X, Y,
B R OBATHE OXEN T LV pea 2 T D FIEIC DN TR D

AR THERT 2 =L —1%, AR 7 ZKERERIC 180 EA X ¥ L,
R 80mAeETRHAIT 52 &N TED. KV AT ATIE, 2EALRD 180 EHd L —
Vv —ZT—ZReMV5. LTS, BITHEMERKRX,, .Y, L OHITHOXHHTT
FMREV (e R T 2B AT H5ICH0, K 2.4.1 1ZRT5iE TEBRICES L2
1 JEZN 70> 90 FE55 O HEENE Rz LI IE WAL FIHZ B ~TWnW< . £/, 24212
AKFEOT7n—F % — &R,

Xy |
Xc(t) *X}Jed(t)

,‘><V

Fig. 2.4.1 Pedestrian detection in intersection
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0

START
[ RO/

f i=1;i< 180 ; i=i+2 ]

.

X(i,)=R(i,0)sin 6 (i,0
y(i,t)=R(i,t)cos O (1,1)

X(i,0)=x(i,t)cosy(i,t)
V(i,)siny(it)
+licosy(i,t)
+X,

Y(i,t)=x(i,t)siny(i,t)
+y(i,t)cosy(it)
+lsiny(i1)
+Y,

Xo<X(i,t)<Xg+h

Xiim(n,0)=R(i,0)sin O (i)
Yim(n,0)=R(i,t)cos O (1,1)
n()=n(y)+1

L end of loop J

B

BICES BRI 2B S 27 A DO BLFRER G

[ =

YES

NO

P=Xiinj,0)-Xiin(j-1,0))’
(Ym0~ Yiim(j- l,l))2

Xim(G. ) > KXo

YES ¢

Xp(m, 1) =Xii(j,1)

Yo (m,t)=Yn(j,t)

Xonax(m)=1X,(j,1)]
m(t)=m(t)+1

<

L end of loop

A

)
i

[ <m(t-dt)

I

P=X,(k0)-X,(Lt-dy))*
H Yk )-Y,(t-dt))’

Xk )-X, (L 1-d1)| > dX (k)

AX(k 1)=X,(k 1)-X, (1, t-dt)
dXoar(k)=|dX(k,1)|

( )
I

| V, (k.t)=dX(k,t)/dt |

!

L end of loop J

END

Fig. 2.4.2 Flowchart of pedestrian detection process right turn maneuver

24.1 FHEBAOBSYMEOHKE

AWFTETIRI 243 183 X5, B BEBORER X, Y, 22 540808 b, AE K OE 2
BIEANOT — 2 NLELERD. ZZ2CL—HFL—F L OVRGTE 5 HEEESR %
JEREZHE L, S OICRIEBEBNOT — 2 OHE0NBET 5 L THEAMEZRBE L, &
M O AN -7, 72k, MEEKEZRET DERICUNE L 5872 8 O B
X, T =2 EDT — A X—RZHOLNPUDRLHEEINTVDEI LD ERET S.
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BEHRICES BREAE 2B X7 A DB GRER G

K24 TICHEBEEBERRE AL 20O OBITHEOBEELE LD Rx,,y, DEHKXEZRL,
K242 ICHFIEEE~DO B 2. £/, K243 I CFEBICHBENEIEL-RET
BAL7-HEEEERROLEFE R L2 R L, 241 IO EEZ2RT.

X, =Rsin@

y, =Rcost

X, =x,cosy—y, siny+I[ cosy+X,

Y, =x,siny+y, cosy+[ siny+Y,

Displacement Y [m]  Displacement Y [m]  Displacement Y [m]

Displacement Y [m]

Fig. 2.4.3 Analysis result of moving objects in Region of Interest

t=4.0s

3
Displacement X [m]

t=15.0s

2000

Y

2

3
Displacement X [m]

t=06.0s

2

3
Displacement X [m]

2

3
Displacement X [m]
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Table 2.4.1 Condition of pedestrian crosswalk

Symbol Value Unit
Xeo 0.0 m
Y0 -5.0 m

h 10.0 m
b 2 m

2.4.2 PEERNFE

WIZ, AT =2 OB L > TRESNTLEESR LY, HD—>OWKEEZHEET
LBEBOEERZ—2ICF L, TORKRMEZRET DBEBIZONVTHEHERD.

244 TR T XD, HDOEIEROFEEUNICHMOERESNFLELIESE, £0
O OEESIIR —IRE BT, v, ZOXIICHEEROEE S TRk SN MIKE
—RTRTHE, TOWRMERFBRIIXE T MK REREZZOEEEDOMEF
WXy Y, EHTR LT 245 (B D LR R TRERR S 2 WK R AL EE 1) A O

T.F, nOEIZHOWTIE, EREZHEICHEG LR R, AT T 2%k
DRESWCIBLTHERETDHDZENEELVEEZ, r=05m& T 5.

v

Displacement Y [m]
i

2 2.5 3 35 4 X,eat5 5 5.5 6
Displacement X [m]

Fig. 2.4.4 Laser radar data association
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—

(=

1
—

Displacement Y [m]
o

-3
4 > E Qestaiisi st bty
P 00 0% 707300 €000 6055 2% obw o S P “::‘.“:'.
-5
21 0 1 2 3 4 5 6 7 8 9 10

Displacement X [m]
(a) Raw data

—

(=]
Far ¥
AV 4

1
—

Displacement Y [m]
)

Displacement X [m]
(b) Processed data

Fig. 2.4.5 Analysis result of discriminate aggregation

243 BEMAEOEEZTHFE

Wl S NI IR ER R X .Y RV, TOMEROREZF T L FIEIC OV THR

ped > ¥ ped
N5, K 24.6 ICBAEOMIKIERE L L —Y L — X ORFEH T b D dikh il O W 1K AT
o, X246 1R T KD, BRFZTOMIKBEED LR WIS, dBaiowiko
JEREDAFAET D %HE, Thb _o0WiKZE Wik LA L, ZOXEFEDEIX X
DEEMEOEEZFENT 5. X (2.4.3) (TBHWEOHER T ZRT.

v

ped

(t)=dX (¢)/dt=(X

ped

(£)= X, (t—dt))/ dt (2.4.3)
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ZIT, nOMEICOWTIHEND. i, H25WEN, doMICBEIT 5 EREZ 5K
LTRETLDEDEEZDLN, WIEFEMNLHIZIBWT, H2WIEO PR E IR —
FATIZRVWEAEREZ LD DT, KX Tldr=r,& L7,

-3 \
= 35 -
Z, DD [, N j
eiidt) \ii‘ )= . “
& :
a 45 A //
—_—  —1
dX
-5
2 2.5 3 3.5 4 4.5 5 5.5 6

Xped(t-dt) Xpea(t)
Displacement X [m]

Fig. 2.4.6 Calculation of pedestrian velocity

25 RFUOYLIT4—ILFBRICEDVRIFM7 LT XL

AETIE, KVATLATHEHALERT vy L7 4 — )b NELR U A7 3T T v
TY XLADEEIZHODNTHRD,

WT vy V74— R e, ElZuRy FPOREIHBETHWOND FIEDO—DT
b, TOWERIT, D27 4=/ FRICEBWT, BEIWERORKGEICEE L LIFT
BEREPLIS, SN LSERIBBELTHVDLEREL, TNODONIZ L > TR
SNDRT Uy VORI, BEIMIEKDOREERY FLORE S L& ZikE
T252 8 CREFHBEIZIT) FETHLOC0 M2 s ICREFE Y I 2L —v a0
—lERT. RFEOMRITA< eRy FORKHEFETHOOEAL TV DIZ
PCDERE) B OB EIC BV T H, BTEBESRYOC, L—rF - sy
2T ADHETHLHWLNLTWA (41)(42)(43)(44) (43)
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AKX Tk, X (2.5.1) TREINDBEHEIHEHT L HFORIG T MRS 2 F, 4 HH
TAHZET, BHOHEEY 27 2B+ 5. K (2.5.2) IER 1 ORTESITRRSS 25
4. (252) FOERT UYL X ALXOHRIICONTIE, WELIFETHETS.

o
aX ax C
F=-VU(X,Y)=- = o 2.5.1
(X.Y) o WLN} (2.5.1)
oY
U, _ Uy al]”'::—vn a (2.5.2)

100 === =
- S AERALARTARVANIANY
300+ | R A R )
250_,-—"| ?D._A'._ﬂ'._ﬂ',-r/_-’//
{i Lo o, e e T b A AT
ZDD_‘" T A e e
SD.I//////////;‘
150+~ B . G B S S e s |
B PV . [ S S e e s S
10078 : B R i o e S B
T = AT AP e S v e s B |
P G A e e et e e e |
A L S L S . .
; A ey L WU SPY N
30 40 50 A0 FOO B0 90 100

___________
e i

B4 e

w1 A =

PN T

1504° S

B e & 1

100_\ -~ A 4 H

> i I3 {

’ s £ I

’ i I T

1 i 1 i Pl Fi—— |

10 20 30 40 50 60 70 80 80 100

(b) Obstacle avoidance

Fig. 2.5.1 One example of simulation results using potential field concept

26 A UKA—LE—5 OHEHHHER OB
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AETIX, HEOXAYEY OEBHET VIZONWTIHERL., KA T LTIANI N
EENEE, A A =V — X ORI S ET, ~ AT HNERD D
ZIT, M261 R —WmET VLD, fIEESE~ELEHRT LS. X (2.61) (2H
g o EE) G2 R L, X (2.6.2) ([CHiGOREER FRE27RT. ok, KFhom,
THEE R, V THEAREE, FA3XZ A Y EE OGBS f), FuldHm 2k 28 < E17
B, JIIEEBROBEMEE— A b, o XHEEmOBRERARE, TIX 1 8Wbd72 D ORE)
NI, r XA XY DR ERT.

ma, ,=2F —Fy (2.6.1)

Jo=T, —Fr, (2.6.2)

Iy

2F,

Z Z.

Fig. 2.6.1 1-wheel rotation model
F70, Hlmo RS E L & BEE L ORI (2.6.3) OBEFRDBELY L.

V=rao (2.6.3)

c w

X (2.6.1), X (2.6.2), X (2.63) LV, BERBMNEE 13X (2.64) kv H
AL 7T, ICEBIND.
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1
T = “wq  +—Fr, (2.6.4)

ZLTC, FHENEEE NI T, ITEBECU~D ANELEE OBFRERT b
~y 7 XD HEWMECUD A EE~EZEHT L. K 2.62 1 0R- T ERIIIKRDEZ ML
v~y ThRT. REIC, RESRTEANEELZEBECU~ & T 5 2 & THMm O]
BEBAHIE TS, £, A VR A —F—F OIMBOEKRZ T B IMIEE O RR &
AELZE A, I, BERORMTZAZN, 3m/s’, B3m/sTho7z. £ 2 TR
VAT AT, BEIMEEZMIEECT 402 ) o T EZIT> TV D

200

150

100

50

Torque [Nm]
(@)
N

-50

-100

bo 00000

- 150 Egeresd®

® Approximated value |-

Calculated value

_200 1 1 1
0 ) P 5

Motor input [V]

Fig. 2.6.2 Torque map
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277 EF&H

RETIE, AR TRET 2 BB ZEEGE S AT LTHOW TR AT, FEEREH
FHENEESEHBIE A, SEEVY - T Fa—FEBETH LT, FAUBRED
il L HEESB OFIE A FREIC L. £ LT, LIDAR OfF#RZ AW =BT H Bt 7 L
TYXLEHEL, TOBEREM N, BTy vy 7 =L RicES< U 27 3
PBLXOEEHBEFEARE L. 2L C, EREmMICHEHINTZA VRS —LE—H
O HIBRE) kv 7 HIE R & B E LT
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BIE

HETEBAEICH T ZHERER S R T LORRMKRIT

3.1 [FL®HIC

ARETIL, MBITELGEICHT DEEEFEOIZOD U A 7 Gl FIEORE L, Fi
SR O RZERAGTSEICER U, #2200 72 8 o il BRE) 7] fil 18 % 2 ik &5F L7z,
% L T, MATLAB/Simulink Z# i/ 2 vV a—% v I ab—3 g v & EREHZ H
TEERBEIY, VAT LOMGEMRIZOVTIERD.

32 HI TR BITESGEICBIT DY) A7 RT V¥ VORI ONVWTIERD . 3.3 Hi
TIE, RESLGTBE COEED KT A4 NOEEITEVEEZ L, ZcE-oS< ) x
JWRT v v O A IO W TR, 3.4 #i T MATLAB/Simulink = W72 22 o F
2a—Z v Ialb—vay, 35 TERENZHWEZERLY O 27 ADOKRIER I

DNTIER5.

32 HHAFICHTHIIVRIRTF OO IILOBRBEBRE

AKETIE, X7y V74—V FOMEICESS U AT EEEO 20O O, 3R]
FHEIZOWTRRD . £z, RHiTlE, HITEF L OERGHZ KT D720, ST
FEoOEATHmEL, TRENEZEAETTLVELTHD.

321 ICHBEIEMT 2 hOMEE =T,

£, B~ LB HED N (B1H) F, 0%, BHH#PEZRERAERLE L, X (3.2.1)
TRIND., Z0LE, mATEEKREETHY, MiEEa, JIBITEIFE LR WG E

BT D EBORIZIMEE E T 5.

F;ciqf :mcax _af (321)
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Y
, A
YcO ________ -t
Fi
A
0] Fx_af
Prediction
pedestrian position
Yped’ (t) _____ _ _ =5
Y, (t+T,,) Conflict | ‘?-\ Current
point I | | pedestrian position
|
| ! l > X
I

Xe (t)
ped (t+T cp)

ped(t)

Fig. 3.2.1 Pictorial diagram of Repulsive force field

WIS, BMEMIOVRET DLV ZT 50 (F) Fold, BAREZ B HEOEZES
(conflict point) | FEREHE] T, 12 331 2 AT EHENLE (Xpea (t+Tep)s YVoed (AT ET 5.
WIS, RAOORIH T KRS F, A3 (3.22) TEREND. LUFICF, ,OREFIEIC
DWTHARD. 72720, 0T HBELBITHEO TR E & &S ER L BITE OB B
DODRTHETHL. 2FV, 2T AKX, =020 L %, HIEOEIEHIZHITEDTE
THZEEARL, £z, 6=90°0D L XX, BHOBERICHFET DI L5277,

F, ,=ma,, =ma,cost (3.2.2)

FT, AFMEREIY, EEASITE SEHRELRWIZD OMEE a,,,,13, il 8 Ak
Dyop EEEV.NHX (323) kKO DHZENTED. 2, ZOHOHBEONEE
Agrop> WHEIEV,, HIBEHEED,,, DBMRE £ 3.22120R7. K322 K50, AEOHEENS
<, FHAHBERSITVIZE RS RBEZERIND Z LRHEATE 5.

Ay == (3.2.3)

stop
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Vehicle acceleration [m/s*]
Vehicle velocity [m/s]

10

Distance from vehicle to pedestrian [m]

Fig. 3.2.2 Acceleration map of decelerating

2L, BEENAA (3.23) TRINDGIIPEM LTV NFBICHFELET H LB R
TWb 7, BITH L OFERIBED T2 DIZHER I N D MIEEa, T (3.24) TEREN
5.

2

arf = asmp - axiaf == 2D - axiaf (324)

ped

X (324) 2K 322) WRAT DL, FOOHIETFRIIF, A3 (32.5) TRINLD.

VZ
F .=m|-——-a, , |cosf 3.2.5
_1f ( 2D ., _f] ( )

pe

LbEXv, BHEOBEMEEC (I35 ERFRADOBMICE > TRET L MEETH
v, X (326) ODXoCEESL. ~FL, ZZ2TIE, MEEORIMABEEa, XV KX
WA, ROZBEET L2 & THRENRBEEE CORGEITEN 2 E, %iBETZES
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7o, HEMEELTWDEIC, BORAER SN 55 H T HEMEEq, % 0 &
5.

2
a, ,(1-sin@)- 2;" cosf if (axiaf +a, , < alh)and (V. >0)

ped

a,, = 0 if (a, ,+a, , <a,)and (V,=0) (3.2.6)

if (auf +ta, > ath)and (VC > 0)

33 RERARBETOVRIIRTF OO ILOEBGMERET

AT, ZRZERE TSI CTHEBAERDICHEET 2HITHE G T 2ER ) 27
[BRED 72> OATENGH I FIELRET 5. 33.1ICEBED KT A NDORZESAI S
C Ol 22 (R 0E 5 1E O BRI X A s T 331IWERTEIIE, BEEDFIANRNDRKER
AT L8, EROFBMNEICLY, BITHEOFBICHADL T, EITREIXIZE—E
Thd. E0D, BITHELOHEEDO Y X7 3 551 TIE, O)DORKEEL TR,
() DBOEATENZ CTHefih 2 [ 2 DN — KB, HEEEHNICB NV THEZETH D &
EZAbND. £IT, AWETIE, B L TWLIHITHE L OERY A7 23 L, W
HE LIFELTEHNCL 2 Y RV EIBFEZEZRET D,

)

\ \
I s
< % < 4

' =¥

| 1

I i

v \/
(a) Deceleration and stop (b) Rerouting

Fig. 3.3.1 Generic overview of risk avoidance in right turn maneuver
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331 REREHROREEGRFREOHME

RIANRRLZDFDOEBMLHITEICL > THOTHDLLIDRNY AT L&
THRDITE, EEORT A APNEBEL TV IBOEGEIH LR T ILNERH D .
LT, KR TIE R T A NOELREFEICH > HEEEOEH AN E L, %
FIEESHEE2ZRETHICHEY, FTAANORBEGRESEOMEE2ITo72. 22
T, AEITIX, BORERLGIRFICBIT DRI ANOBEBBRIET -2 ZEL, 1556

N7 LR E L OV 2R 87— & L0 i L 72 HEE SRR i W Tih R % .
EEREH
B 3.3.2 [IZHlEESEBEREOMHEROME AL R, FEREWWIZIIE/ N ELK B

B B. RAVEL-IT %

ZHE X, 90 B JE [ #

, K 332120779 K9

EFDLa—REREL

2, HPTREBARRED S BEE -2 R 0 [l
, TEIEET 10 RIETEREIT - T2

«-

> X

XCO

Fig. 3.3.2 Schematic of driving test in Right Turn Maneuver

Table 3.3.1 Parameter setting for right turn experiment

Symbol Value Unit
Xeo 0.0 m
Y.0 0.0 m
R, 5.0 m
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REEGREREOHmE

333 ICHEMEREBERMEOMEER I VSN - HEHEE L OBRIEAT — ¥ &
R LU, 33417 7 BNANENLENDSES ERND Zt=1s & L B2 EL-T
— X AT, FLT, 33512 K334D0F— 2B L= DERT.
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Fig. 3.3.3 Experimental result by driver in right turn maneuver
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Fig. 3.3.4 Data of driving behavior with time-offset correction
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Fig. 3.3.5 Driver operation model in right turn maneuver
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K334 X0, ERILOEET —XICKRERERNPAONZRV. £ 2 TARMFE
TR 33SICRTEE LM ED, T4 O EBER O 21T - 72,

£, RTIANOMFMOEREBICERT L&, K327 L0, HMETELEIC
B 2R RAT B OHEm OFi% 7 FEENE, IR @, =0.7m/s> T S N ) &
IToTWDHZ ENHERTE .

WIZ, RTANOFEF OB ZEEIZOWVWTIRRD, X 3361238 —fHyk AX—|
M B O EATIREE O BRI KON BRIl A R U, (3300 (IS Bl R o xR T
BE 7 1) D B ZE BB L CIE K 3.3.6 \/R T 3 — £ w& EATHREE D BIfR 2 @ iRk &
L, & (33.1) ZAEI—L A FOREIZHND.

3

+K, ('[;V (z)a’t)2 +K, ('[;V (t)dt)

(3.3.1)

v =K (_[;V (t)dt)i =K, (I(:V (t)a’t)4 + K, (I;V (t)a’t)

| |
— :Experimental data

\ -==: Driver operation model
\‘—
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O
(=]

-100

Fig. 3.3.6 Relationship of yaw angle and travel distance
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332 XEREWBEICBITHIIVRIRT ¥ L0 iE

AR B T 2 ETRBITRH M ESCHITEOFEICEHD LT, ZE—ETH
5. 2T, K33TICoRT, MESsEEEAE BOHP (X, Y.) &L, HrBRA
NLfE (Xeo, Yeo) 705 HEYHE TOEITIHMES,BNF— (Sp=Sp) O HEIWIEHF G H
EEMTH D &E LR 2 € b3 2. G Prek s Lo Bl A7 E A AR

REMRORKE EOMEEGMMEICENT 2200 E B4 (332)Ic77. LT,
U A7 [BIEED 7= 6 O R EEFHE 1T, A ClR 7R T vy L7 4 — L RIZES U R

JEMTATY RLEEAL, @i GINOBIENEEC ARERHTHZETRET S,
X, =R {l—cos[sinIWH+Xﬂ) +X,

Y =-R|1- Sin—‘w +Y,
Rt

(3.3.2)

Yy I ...
0 [ Actual position 4 Virtual position

(X, Ye)
y

for risk assesment
( Xc > K: )

Right turn
=== trajectory

Fig. 3.3.7 Coordinate transformation for risk potential computation

(S=Actual path, S’ = Virtual path)
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333 EWMSELICETAHTEOBHETIL

AT, BEOBESEEERICET 2 HGEMETHTFEC OV TR,
BEMEORETDZ L ZTDH FA) Fold, RAEFE B 5O 622 58
T\ 23 2 BATENLE (Xped (t+Tep)s Viped (HHTp)) T 5.

BHHEOHHTHET L, FEEOBBOLYD, YIMLHOBEHILENTHD
, X G —EHCBET 200 L LETS. £ LT, HIEOEZESE ER

N

EMnG
DT ENTE (Xpea (+Tep)s Ypea (T ONE (3.3.3) THEIND.

v

N

X (1, (0) = X ()4 5, ()7, (t)} 643
Yped(t+T ()):Y;)ed(t) )

F7o, AEOEZESBERET, X, RAOBGFEELRVHEICB T 2@ ETHO D
DEL, 33 18I, HAETHOHEGEIIFNELEEIH THLZ 06, HREA
FCORBES JTMEEa, LHEVIZL > T (3.3.4) TEIND. 2L T, A (3.34)
LV, BEOHEZEABERHT, I (335 Lokdohd.

a T’ (3.3.4)

V+Vi+2a, T,
T xc o (3.3.5)

Cj ~
a a

x_c
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34 XEREAERBHEICK ITAEHERBOCATLOEMRM BT
AREITIE, BELEZESLATFICBT 257 HE L OEEY A7 EHEET VI X A
WOWT Yy Ialb—2arz 270, TOFAMEIC OV THRIELZRERIZOWTHERS.
AEITIE, 341 HTYIal—2arDOFRMBIZHONVTIRS, 342 TV I o2 L —

Va UfEREBRIZONVTIEAND.

avEH

\'l

3.4.1 ¥

m

alb—

341 0¥ ab—vayGEOMBKEZRL, £341ICKHENT A —FDRE
EoRT. vIal—iarOBREREEICOWVWTIE, £, AHEIIEIEOERSE L
BRI, AR HRIED D FERERR, O ML A #i & 90 FEHERI#% BT 52— X & E
T2, Z2LC, TIICHITENSENOCHBOAREICRATLIHEE T 5. HITE DT
o8 F—0F, 3.4, i dim b BT 5 5 To(a)ili# (Scenario 1),
(b)—B§{% 1 (Scenario 2), (c)¥T VW i L (Scenario 3) fTE#1Z 175w &, R &FMICKE
B4 250 TO(d)diE (Scenario 1) 4T 9 HM Ty I ab—a r&fTolc. vE,
Alal, BATHEE Y G M A~OBENIITORVbEDL L, 1, HEORESLLX LK%
ZRE L, FAHEBED, \C R RHERBRBIEBED pyrgin X T TV Iab—va U EITo .

Table 3.4.1 Condition of verification by simulation

Symbol Value Unit
Xeo 0.0 m
YcO 0.0 m

Scenario 1 : 10
Scenario 2 : 10
Scenario 3 : 10

Scenario 4 : -5

Yp() -4.5 m
R, 5.0 m
Dmargin 20 m
am 0.5 m/s’>
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(c) Scenario 3 (d) Scenario 4

Fig. 3.4.1 Pictorial diagram of simulation scenario
342 YEal—YavfEREER

ARETTI, RELERESEIRICB T 25TEEOFHEY X7 EBT LY XA
IZOWNWTYIalb—va Va7, ORI OV THRIELZ/HERICHONTIRRD.
3.42 /051X 3.4.51Z, Scenario I~4 THO Y I = b — 3 ViERZRT.

T, K342 R THRITENR M LRI EET 5280 (Scenario 1) 1220V Tk~
5. X342 X0, =BsFRIE TIEFRADOMEEa, MFEEL TELT, HMETR &
FARO BB FEZ /R L L TRY, EEHEENMEL TV D720, HITHEO TR E &
O HEEA I LTS, LaL, =S3sicELE»D L, ROOMEHEa, 7
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AL, BETEZMBL VDS, 20X, AEONEE, JIFRDOMEEa, ,
X LBEAREL TV DA, TIUEEBET VIS THEORFMIEE % ZE L7
DTHY, RFEETIEMERZ2NETH. £ LT, BENABIND &, ZHE T
HWHZIA LT BATE O PRIGLE & O BT m 238 L, B 5o i 28 55 2 2
Bl OB S /NEL 2o TS, =50s1C70 5 &, HENHEELZ@EL, HEM
HWITENZ L o TWVWDH I ENERTES., £, a—AOKRKMEICERT S &, 90 EIZ
WHRLTWDZENDLERINTTLTWVD I LERHERTED.

WIZ, K343 IR THITEN A G MIEE S 5&E , =3.0~6.0s T—EF1LT
% %51 (Scenario 2) IZ2W Tk %. [X3.43 XV, t=3.0s £ Tl Scenario 1 & [Fl £
BREHMERL TS, LnL, =3.0s THITEMFILT D &, BITE O TRNEDZ
BT D700, BITEOTHNE L OFEBES #CTlEd 2 PN RZEE T,
Z LT, =3.0~5.0s DT, WHAITS Z & T, BITH L OEHEEZEHEZ X 50, &
TEFIEE L TR, =5.0s THITHE O TRINLE & o BEEDS 24 e Ok A4 BE B

CELEOHEBEIMEELTND ZENMETE D, HEIT, =6.0s THITH NP HE
BE#hzbRmd2s, BEOFEMELHBLTND Z ERHERTE 5.

WIZ, K344 1R TBATE DI W T ICBE 21T\, =4.0s THEFT T M) &2 O I2 2
555 (Scenario 3) 122 W Tk 5. [X3.4.4 LV, =4.0sF TILAH1TH 1LScenario
1 CRBRDAITEVZAT S5 7oth, BHlEE b FEREBHZRLTWVDS. LML, =4.0sTH
ITENEIT N EERT 5L, BITEO TR ENBMICET D720, BITEDT
WALE & OB 2 AR EE R L, TN, FAOOMEEa, M RKEEL
TWo. £LT, =58t TIEAITE O FRALE & OEBETV 720 K& 22 B0H 7
RENTWDBN, =5sLUBE, BITHDO TRINE L ORBENBENL TV 72D, fRa 2
HATENCBIT L TWVWAD Z ENHEBTE 5.

BT, K345 R THITENEELE S MIZEET 2500 (Scenario 4) (2D
Tik_%. RGHEIX, BITHEOBE S M Scenario | £ #2500, HEH L DX
BRI — e fo ), BOESEO BB EEIIN 3.42 LRAEREEZ L, SITEOBE )
MAEBEL TR ERERTES.
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3.5 XEREHBEICEITAEREE D R T LORERBREE

AHEHITIE, MELEBITELOE R A 2EE L-ABEL S 2T 52 v, 3£
BRACHWTAIE L X ORI BT ENFAET S50 TOREM &2 M i 5 8 #Eis 5%
BREV, AT LOFMEERFTT D,

351 EEREIE

B 351 ICEBRMEZ /R L, RISVICEREMZRT. RFERTIE, EBRIWITE
IR HE #H RAVEL-TL 2 IV, 3 BB CTOERRG W & RIS, AIFFHREN D IE
FEEROMIM AR E 90 EERIBREET L2 a— XA LRETDH. £z, HBITEHITTI
o L—3 g v L FEE, %L IR O i (Scenario 1), —F§{E Ik (Scenario 2), #7 Vi L

(Scenario 3), [A]J5 1] @ i@ itd (Scenario 4)D 4 S DO % g L CTERBR 1T - 7-.
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(Scenario 4) (Scenario 1,2,3)

Fig. 3.5.1 Verification experiment of automatic driving system in right turn maneuver
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Table 3.5.1 Condition of verification experiment

Symbol Value Unit

Xeo 0.0 m

Yoo 0.0 m
Scenario 1:9

X Scenar?o 2:9 .
Scenario 3:9
Scenario 4 :-2

Y0 -4.5 m

R, 5.0 m

D argin 2.0 m

a 0.5 m/s>

Xeo 0.0 m

Yoo -5.0 m

h 10.0 m

b 2 m

35.2 EBERLEER

AEH T, MBELEBITELEOFB RV A7 2ZE L-AHER AT A2 0T,
EER IR A E Bds X OVE LIS HITE BAAIET D510 T O EHME & 7o B B s
EREATHOTRERLV VAT AOZEEIC OV THRHT S, K352 »5K 3.55IC
Scenario 1~4 TOERBAERZ /R L, K 3.5.6 25X 3.5.9 124 COERBROEE T %R
T

9, K352 R THITHE SRR T IANCEE T D B H (Scenario 1) 12DV Tl
5. K352 k0, L=V L—FoERELY, HTEOMBEHERSBEE P LRH TS
TWAHZEDRHERTEX, F-20ENL, HEZRHTE VWL ENEIETES.
B FENCER T 5 &, =3.5s £ T, BEITR L RERO M ZEH 2 R L L TEY,
B EE DM L TV D728, BAITHO TRALE & O BEBESIEIZED LTnD.
LavL, =3.5s DARRIS, WOHATENZBRGA SLD &, 4L E TMEmICIEA L BITH
O FRIALIE & O BREET AR AR L, B o1 22 5 B 5 R o R E b & <
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Mo TWD. £LT, =6.0s LI, BITEN L —HF L —XOHREANHANTZTZD
HEMEITE 2 &> TVWD I ENERTE D, £, Bl OEE) & R 3 HlEE &
—AICERT2E, EHE0b K HEMEZBRLTEBY, I—AICEAL TIL, &&E
WY EEIWZINR L TV D ZEMBbARMMET L TWNDZ ENERTED.

WA, K 3.5, 3 (2R HATH S b0 7 N @i $ 2k, — EEAE 1k 3 2 516 (Scenario
2) IZ2oWTik<%. [¥3.53 XY, t=3.0s £ Tl Scenario 1 & [FAEk7Z2 2B Z 75 L T
5. =3.0s THATEHEMMEFILT S L, TheBE L, BETHARL THD I LR
TEL. ZLC AITEPHERETLILHELGHEMEL TWVWDL ZERHERATED.

WAZ, K354 I RTHITENX AT EICBE 21TV, @F CHEIT & KxHZ &
4 550 (Scenario 3) IZDOW TR~ %. [X3.54 L, EITHMAEZLZES LBTH
O EEBRPBRHENTND Z EMNTED. £ LT Scenario 2 A, AHITHEDOHEHIC
JE U CThROE, —REIEE21T) 2 THITELOEHELERL TWVWDL I ERHERTE S,

BZIZ, K355 RTHRITENBELFEFHIZHEET 5% (Scenario 4) 1220
Tk R5. AKFmiL, V—F L —XOHEADHI[RIC X il - CTHE O EEIAT
ETL2HITHETIHBRENARATRETH S 3.5.5 B BAEN Om OHUENDBBRE ST

VO ENHERTE L. UL, BRI OBEFEE, SITEZRHE L, BOEZAT
L THEEAEREL TS ZENHERTED.
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Fig. 3.5.6 Snapshots of automatic right turn (Scenario 1)

76



H3E BITE LIS T D E R AT L0 EERE R EE

Fig. 3.5.6(Cont’d) Snapshots of automatic right turn (Scenario 1)
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Fig. 3.5.7 Snapshots of automatic right turn (Scenario 2)
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Fig. 3.5.7(Cont’d) Snapshots of automatic right turn (Scenario 2)
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Fig. 3.5.8 Snapshots of automatic right turn (Scenario 3)
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Fig. 3.5.8(Cont’d) Snapshots of automatic right turn (Scenario 3)
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Fig. 3.5.9 Snapshots of automatic right turn (Scenario 4)
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Fig. 3.5.9(Cont’d) Snapshots of automatic right turn (Scenario 4)
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RETIE, KESARHEICERL, VA ZFMFEEL&EHFLEZ. LT,
MATLAB/Simulink ZH\W/ma > Ba—% v ab—v g v & EREWE H 72 ER
L0, VAT LORFERERIZOVWTIHERTZ., VI alb—varoffRLy, #ELE
RAEMAPRICB T D578 & OEZEY 27 BT LY XA K0, BEWARE 2
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4.2.1 SEEREg

HESFEE B O EEITE T — & IR, 4.2.1 1277 FEBRHE M ASTERISK (Active
Safety Technology by Estimating RISK, 3 % H#j#EER S, ~—27X)2 H W\ T
T9. ~— I XOHEETEZFRK 421 1Z77 . ASTERISKIC X, 2 Fl¥E O 3 IR 23 45
#FHENTWS. 1 >HIE, LIDAR (Laser Imaging Detection and Ranging, ibeott:H, ibeo
LUX)T& % . ALIDARD i K OFeiE, K422 27"FT K o124 b A ¥ TORERF
YU INAREE WS ZETHD. T WM A 4231277, X 4.23(@)708 0 A
7 TS LW, (O)ALIDARTHREGLZT—4Th 5. 423(b)L 0, HYOEE
REHOANPBRHETETCVWD I ENDND. TOMOMEFIZONTIE, £ 422 1T7
T £ 42250, L—FIEEE 900SnmD IR, L —V 7 T ZAILIECH# D Classl
THY, BICHLTERERLANVTHHW. oX1Z, 2 oA OFHHIBERIT, #FHriisk
MRNIFATVva—% (TAT 4= X2l REHE)THL. KNIFA T La—F L, &
WA 3 5m, EWES, FTADHE, Bt 6 TH OB EZTLEkT 2720070
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Fig. 4.2.1 Experimental vehicle

Table 4.2.1 Specifications of MARK X

] mm 4,730
e mm 1,795
ETH] mm 1435
FA == mm 2,880
Lo 20k mm 1535

U mm 1,535
BiEH mm 165

e mm 1975
= L] mm 1,500

= mm 1170%7
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+1.6°

+0.8°
0.0°
0.8

-1.6

Fig. 4.2.2 4 layers scanning by ibeo LUX

(a) Image of camera (b) Data of ibeo LUX

Fig. 4.2.3 Data of ibeo LUX

Table 4.2.2 Specifications of ibeo LUX

Definition Value Unit
Laser class Class 1, Eye safe -
Wave length 905 nm
Range 200 (average) m
Horizontal field of view 4 layers : 110 (50 ~-60) | deg
Vertical field of view 3.2 deg
Data update rate 12.5/25.0/50.0 Hz
Accuracy (distance independent) 10 cm
Al el Horizoptal :0.125 deg
Vertical : 0.8 deg
Distance resolution 4 cm
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Table 4.2.3 Acquirable data of drive recorder

[ Serial data output specifications ]

* Communication specifications
38400bps, non parity, data bit 8, stop bit 1

*Data specifications

Comma—separated text, footer is ¥r¥n (linefeed code)

Header

$IDR fixing

Version

29 fixing

Year month day

yyyyMMdd format

Hour minute second

HHmmss format

Latitude NMEA format
Longitude NMEA format
Altitude m

Velocity (CAN velocity) km/h

Orientation

clock rotation, degree unit, north is 0 degree

Velocity variation

Orientation variation

Odometer

Longitudinal acceleration G unit

Lateral acceleration G unit

Accel value

Handle angle Counterclockwise is positive
Brake

Blinker right 1:ON, 0:OFF

Blinker left 1:ON, 0:OFF

Distance to preceding vehicle

m unit, the same as preceding vehicle distance 1

Relative velocity against
preceding vehicle

Pressure of brake

(Spare)

Rotation number of engine

Preceding vehicle distance 1

Signal level 1

Preceding vehicle distance 2

Signal level 2

Preceding vehicle distance 3

Signal level 3

Preceding vehicle distance 4

Signal level 4

Preceding vehicle distance 5

Signal level 5

Preceding vehicle distance 6

Signal level 6

Preceding vehicle distance 7

Signal level 7

Preceding vehicle distance 8

Signal level 8

Check sum

EXCLUSIVE-OR of character code from header
beginning to comma of just before check sum

Footer

¥r¥n (linefeed code)
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Fig. 4.2.4 Driving data viewer
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43 EBIREEROEERTEHT—20ME

A TILEE T E B OERTE)

N

BIlZOWT, 432 TIEERLIZETEROERICOVWTIRRS.

4.3.1 EEIEHEE

1 O TE R AT B AR

=

— X DOEFIZT OV TR D . 4.3.1 HHCIIEREE

BEREERIC L 2 HEHETT — 2 RGO D, HAO BB FEAEPTIC T Vi

AV

LHEEEE, HEAORKREICEEL TWEEWTE.
7.

Table 4.3.1 Selecting condition of subjects

PIRE OBEFMEE K 4317 T, K431 ORRFOBRESRMEFICE TTE
WRE DT — ¥ &K 432 1T7

(1) Skill testing coach Iperson

(2) The person who is true of all the following contents 1person
(a) License acquisition years are over 20years
(b) Coaching years are over 10years
(c) Annual running distance with 4 wheel vehicle is over 5,000 kilometer

(d) In driving, you have consciousness of safety driving . And you have never caused an accident and had violation .

(3) The person who is true of all the following contents 1person

(a) License acquisition years are over 10years but under 20 years
(b) Coaching years are over Syears

(c) Annual running distance with 4 wheel vehicle is over 5,000 kilometer

(d) In driving , you have consciousness of safety driving . And you have never caused an accident and had violation

Table 4.3.2 Data of instructors

s sex age
Instructor E1|  Skill testing coach male 41
Instructor E2 Driving coach male 54
Instructor E3 Driving coach male 36
coaching years License acquisition years

Instructor E1| 14years and 7months 22years and 4months
Instructor E2 16years 36years and 8months
Instructor E3 oyears 16years and 11months
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(a)

Intersection ID96

Fig. 4.4.1

(b) Intersection ID98

Examples of intersections
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(b) Intersection 1D94

Fig. 4.4.2 Examples of measurement data
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Fig. 4.4.2(Cont’d) Examples of measurement data
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Fig. 4.4.4 Measurement data at intersection 1D94
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Fig. 4.4.7 Objective scenes for theoretical consideration
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FAOEE LB ERBEM Trecar » Tiepea P BHAE, T T X(4.4.5) & (4.4.6)I27R
T K445 @4.6) 50, Ticar = Tiepeal 2 DA OHEMEEVIZ, K(4.47)D KD
ICEHIHTE S,

K@A4ANTEL, XnldRZERAY OFE TOEBE, o, EBITH X7 HROH LAL
BCThod. ZIT, apd OEE 1 L L. R@A44)ITHL, ¥, 3FTHEYH RO
HUALE, wiZERE(= 1.8m), V3R FEETH L. FITHFHEICONT, EY
Rebi, ex Uy b TF—F_X—2%2 MW, BESRZELCBITLIHTEMRPEL
HESHAIT o7, EXYRUOOBITHERESIT LY, BEBSLERITEN THITEIL
1.0m/s ~ 2.0m/sDHE TROH L TS D2HAENEZ NI LR Dot 2 Z TARHEIT
X, EY R b OBITERE SR R 2 B, BITHEREOMEAZ 1.5m/s ERE LT,
HERNTA=ZDOFHWZK 449 1T7RT.
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|Xint + aped
te—car = Vc (445)
Y . —w2
T, . =t (4.4.6)
o Vped
th—car = th—ped
|Xint + aped _
1% )
V= |Xint + aped VL _ |th ped V _ |Xml Ped (447)
T;L’—Pf?d ( ped L W/2)/ ped ( ped ,R W/z)/ ped

ped
int
4 e .
. : |  Pedestrian
Contflict-point - , ,
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Fig. 4.4.9 Parameters for calculation of Time to conflict-point
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Fig. 4.4.10 Parameters for calculation of pedestrian darting point of Y direction
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Fig. 4.4.11 Visibility line with respect to the vehicle position
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D EIZ, ID8, ID9Y4 DAZEFIZEIT DRFIEEV e, BE O Treccar = Tiepeal 72055
HAOEMIEEVOFHEAEREK 441212577, K441212250T, Velk, HMORE
MOAINEDOBITEROH LIZK U Trecar = Tiepea E 7D EETH D . Vi, RO
FERDOANDDOHATEROH LIZH U Trcar = Tiepea E 72D HETH D . Vi, Vi & HIT,
wOEMIL, BEAMTOMEILEL U T = Tepea & 725G, TOLAMRKIT, BEH
B“HOMEREMEL U CTcwr = Tiepeal RAGZETHD . Vit 1L, (4.4.3)D ap DA
R RIBIEE 0.85GE LTHELESLA, VamlE, R(4.4.3)Da,,, D fE % 8 & H0H
030GE LCRHIEAELELADRAKETH 5.

\ 10 \\ N \ 10
g g
5 2 5 2
E £
2 2
3] o
> >
s (th -car th-ped-Right ) -V, (th -car th»ped-Right )
— (Tu. -car Tu. -ped-Left ) " (th -car th-ped—Left )
......... V a1 (@=0.85G) w1 (@=0.85G)
w0 (@=03G) —_ me (@a=0.3G)
-40 -30 -20 -10 0 l(g) -40 -30 -20 -10 1(?
Distance to intersection [m] Distance to intersection [m]
(a) Intersection ID8 (b) Intersection ID94

Fig. 4.4.12 Velocity of high collision possibility and max velocity
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T R M 4.4.13 (SR 3. IE T B 28 [B10kE AT RE AH I O IR E T, Ve L VD 5 H O IR L
BWH &, Ve DEZEET S, K 4.4.13 £V, V>V THDHDOT, KX TiEV,
EVmaet DEZ BT 5. FELIE, Ve Vae ODESGOMZ 9 5. IE [f 18 24 [3] 8¢

AIREHIIE, 2 OB ERTICLVIRET D, 1 DRV, 2V PHETHD. V.2
Viat D6, HEEIFE BBV, ML EOHE TEITL TN LT 5 &, BITHEORUH
Licxt L, [EmEEZERETE RV, DRI, V= Ve D56 O IF i 1§ 22 [5]8E 7] 58 58

i‘y i Vmaxlu—FO) rfﬁki‘cﬁé 2OE i VL <Vmax10) -(3?)5 VL <Vmax10) ’
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IR E B Ve A EOEE TEITL T ELTYH, HEDOFNHITHE LY kI
WRE L BWT D0, EHERELZERTLIZENRAETHDL. DRI, Vi <V
DA O 1F 7 22 A58 AT AR RE IR IY, TR COMERE 2D, LITIC, EESRENIC
BWT, BITHELOEHRBELZBERMCE Z2EMELVORMEELTT. 22T, ViZ Vi
DFEDOVOFHERIL, K(4.4.3)1CTdpm =0.85G (=83 m/sH)ZRALLEHERETHD.

VL 2 Vmaxl D %%

2 .3
V<V, =83 —c+L |+ 689+ | 48312 (-D+a,, )+ L
max1 2 2 ped 12

VL <Vmaxl O)i}'ﬂ%/ﬁ\

V=0

¥ 4.4.13 T/R L7 IE i 22 [k v REFRIIC XE L, #BREE2 O T 7T — X 2 HRG
OEELDOEMX 4414 1277, K 4414 12B0WT, BRI OFEE S0 77 A L %
Vi, BRI AROEET 07 7 A LEVTRT. K 4414 XV, — T4 10
WE T 17 7 AV, IEmEEZERTREERAZERL WD), BITHERRE

ML CE GG EREREEZRB CEX RN ERbd. —F, HRFE2 OME S

077 ANV 1, -40<X,,, <0 233\ C 1F [fi 18 22 [0 8¢ Al fEfE Ik 2 @i L <\ Z &
bbb, PICEBRESE L, BESXERCBILZHTHEOROH LICER A, E
HERZEHTCEDL2HEETEITLTWVDL I ERHERETED.
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Fig. 4.4.13 Possible region of front collision avoidance
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Fig. 4.4.14 Results of driving behavior assessment
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, TEERATENCIIEBRE Z L OBV H DD, HREN CIXEETEICHERER D S
TN TE . Eo, EETHOMRMITIC LY, HEBHFEE X, BESLEN
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501V Uy b =2 NOMBITESEO —Fl 2779, K511 127X
i, BITERCHBEEPEERGEOREY ORIV ROH T Z & TR OENLNE
C, E¥ Uy FREERS TWOGENBTFAET D, TOD, ZOX D RGHEHTE
BICEMTTIICEBEEDORREDE YDA I V=V a v XV BT 2578 %
BELEEE) A OFMNRMLETHL EEZDND.

X A ¥
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Fig. 5.1.1 Snapshot of near-miss incident database
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RETIE, BIEV A AT vy AMEEICE S S EIAMAEE T L OME L LT, #
e 7 & CHRITENEEE D 7 TCERVWREICB T 2B X 7 3/l Fik % #7
L, TICESLSEREGEEY LT ) ZLDOFEHEDORIEIZ DWW Tik~5. 5.2 #iT
ERT Y%V T7 4 — NV FOBMRICESSEBEY R 7 M FELERT S, 53T
X, MELEY RAZFBFIEORIEDTZDIZ, EXY U Ny T —FX—=ZXD5H0 b
BEESmE O L2 RIC oW TR, 5.4 € CHiH LB E TOARMEZRIEL -
RIS, 55T, AELVGONLEAREZELDD.

52 BEVRIVIZHTRIVRIRTFOIOYILOERHERE

RETIE, MR T7 A NOERITE 2R L2 ERY 27 OERILTFELZRET D,
4L, BRI A%, RBLOEBEVWEESRERED, HITENMETE R
LH T, TORIYVHBRTLIBITEOHFERRELBE LIBETEZ1T 5 2 L 2
RTET.

ZIZT, AT, SOOI NI A NOERBIEREEZBEE LY AT RT v
VX NVDORFHIONW TS, ks, RETIEK 5.2.1 ([TR7, ¥ EEEHE L 72 #Hl o
27 b AT E PR T S i e %2179 .

Obstacle Y
(Parking vehicle)
b4
Yedge ? X
YC(t) B E X
Xc'(t) Xedge
Ego vehicle

Fig. 5.2.1 Pictorial diagram of pedestrian dart out scenario
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521 DRORTUOIOYILDERI

AKEITIE, BT A ANOEBERERELEELLZY 27 KT vy v oERkic
DOWNTIRRS .,

X 52210 4B THOLNTERBM T A O —fFl & LT, 1D O C O EfR{TE)
T 522 XY, DO RFTANEBESRZERLOBEY AZITRL, HE 0
DREND, ROLPICHEELZHMEEL LR T 0T 7 AV ThD I ERHERT
5. RECTIE, BEEOHMARI T 2720, ERIETIZO0 LR, KTFrvy
LOFKEFICEWIEZERT VO Y VX ARIIWM KT ARART > v LOFKAER
B O FERE Drf 2 WEICR OB CTEEY A7 0RT vy v a2 RBLT 2. A (5.2.1)
WCBTE Y R 7 RT v v VB ETRT.

1

U (X,Y)=Cp—r—r (52.1)
f N 1f L
D, (X,Y)
—-—: driver E2
~.—: driver E3
o ! s
3 5 0 e i ;ﬁ?-"fﬁ“‘f"
58 [ 0.0 A '
> 5 -1p A bt i
< 9 L
-30 -25 -20 -15 -10 -5 0 5
Longitudinal Distance [m]
30—
€ preseeespenilioodee
%.; i 20 -wll':::;:"'?ﬂi'til R
= > et l.;:""":ﬁ TATTiTATiraran
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°
>
0
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Fig. 5.2.2 Measurement data at intersection D94
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iz, X (5.2.1) HORT v v ¥ VOBREC,DFFHZON TR,
Aiwm X TIE, R_#C, %, WREHED, CRAORT ¥ VXV XU, HED
HEVINDBRHEEY,, ETET HBEICEHT HEBH =R AL FLEKICRD LD
RELZ., =2 ALX0HY 50X EA (5.2.2) cREn, X (52.2) kv, HK#C,
30 (5.23) TERSND.

C, 1
i D_; o (ch B sz’) (52.2)
C,=D, %m (v:-v2) (5.2.3)

X (5.2.1), (523) X, FART Uy id (5.24) TR, HEIZERT
LD, MEEERZENE, X (5.2.5), (526) TEIND.

C m (V. =V
U, =-=2 :DthM (5.2.4)
D, 2D,
2 2
v, . (Vc _Vref) dax,
). ¢ “ 2D. D,
m, (ch - rif) 0 (525)
=-D, > cosO,,
2D
1 aUr I/cz - rif
=T 6Xf = m( D )cosé’rj (5.2.6)

5.2.2 ERRIEREDERAOERE

AE T, BREBEORIICOVWTIRRS.
FARTF v Ve DRTHOMODEX, K (52.6) LV, FAET v vk
DAETDMEETX (5.2.7) TERITZEnTxsb. KX (52.6) ':Po)axjffiﬁ:j]ﬂ'\??f/
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oy v & ORI DT A BB dX,, TS RE Y, F TR N E B CEOE D BR oo nE
(ZHRIEE) Z£ 7.

2 2
_ 1 aUrf _ (VC _V"Ef) 0
ax_rf =T ——y -~ VYauT55 COS f
m O0X 2D,
vy’
Drf 2fo
2 2
- _ Dzh (VC _Vref)
dx, 24X,
D
_ th a, .
ax,,
__léUVf _ Dth

a =—" g (5.2.7)

T moox dx,

X (52.7), KOVFRIWORT oV EVECLZMEEZ, FAORT vy reo
RO 0D E X, BERAERED, 2R AL LT, SIS IZ 20 LTl »n
BT 2 MEEEZAE LD Z N HBTED.

100m AI IR AR T v 3oV, WA 20-70km/h O 551 T 0 HL{ 2 &)

X S23W0 - T.2B, v alb—ya LKA A= TENEN, F 5.2.1,

5221277
Table 5.2.1 Simulation condition Table 5.2.2 Control parameters
Symbol Value Unit Symbol Value Unit
X.o 0.0 m D y4rgin 2.0 m
YcO 0.0 m Dlh 20 m
Xy 100.0 m Voo 20.0~700 km/h
Y}f 0.0 m Vref 0.0 m/s
m, 400 kg
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Fig. 5.2.3
(D,,=Constant)

523 L0, X (52.7) THRIART Yy VvE2EHBT S

e LRATETND Z &0k
St IR N L7z

T REN

R ARt —EE T H AT ZE=i

2%, RRBIEENRESHEML TWD Z ENMHRTE .

7T, ARRICTIE, WV R KGR IS X B B

ORI ERRET, 2N —E Th 2 all IR EBEL, IS E L.

A (5.2.8) T
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D,(1)=L,(1)=V.(t)T (5.2.8)

i SR BE A (5.2.8) T H 2 7= A O W R BE Y 20-70km/h D 55 i C D Hi il 26 8 % [X]
524127 F. 2LTC, BT EEBMOEELFEST 720, AIHERREMT, Z 1-5s
TEELEBGOEM AN 525277, 2B, ¥YIalb—Ta VFEIEES21 EH
e L, fIEANTA—=2TENEH, K523, 5241T77.

524 X0, BEABEBED,Z —EIZRE LG AITHA, MHHEENHEINT 5125
NTHEARDNAEOPHNEITE S 2, RRBEHEIZEH 2 DB 2 EKBPTE TV

L2 LR TE L. £, M525 K0, BIGEERERET,ZE< T 21T EESNHR
BOREZZERL, T2 LEARBEELZEZRTLIAT VvV EaRBATE LI L

ISERS T & 72,
Table 5.2.3 Control parameters Table 5.2.4 Control parameters
(T, = constant) (V.o = Constant)
Symbol Value Unit Symbol Value Unit
Dmargin 2.0 m Dmargin 2.0 m
T, 1.5 S T, 1.0~5.0 S
Veo 20.0~70.0 km/h Vo 30.00 km/h
Viyer 0.0 m/s Vyer 0.0 m/s

m, 400 kg m, 400 kg
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Fig. 5.2.4 Simulation result with changing V.

(T, = constant)
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Fig. 5.2.5 Simulation result with changing 7,
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523 HRITEEOEBEROE

AHEHITIE, MEDORIVROCETHITEOBE T & BITEOBE FHICE S
AT E DR EHIEIC OV TIRARD .
526 1273 X2, BWEFICHERTAFAET 256, oIy HITHEITX
BT RIS R EEEEA & o BENDEAT D ENBESIND. T 2T, K LTI,
W E 4 % 7 X0 Xl 7 10 O BEBEX, O (R 72 & FF o 7oL D B AT H A B HO R I
ALTL 25mEBEL, X (529 X0 BHTEOMEL THT . 2k, XhoT
HIREI T, 01X, THISHZ2HBITE L OEESETOHEORERRH & L, X (5.2.10)

Lokdohsd.
‘X}ped = Xedge + Xe
, ()Y, . . (5.2.9)
Yped (t+Tpre)_ Et;—Xd (Xc (t) ped)+VpedTpre (t)
c edge
V(1) V(1) +2a,_()(X.(0)- X,.,) 5210
Tpre (t) = a (t) -
Obstacle E%
4  (Parking vehicle) | X, 5
y lg
% (t) ??%ég@ e T S .
ped .0 S Lo 1 5 Conflict
; = point
' — — X
. Xc(f) Xec’l\ge |
Ego vehicle X . ( t)

Fig. 5.2.6  Pictorial diagram of predictive virtual point
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S E OEHEY A MRS  FEZEEGEE S A T A O LG B fiE T
AT O E I IHRATH « BEzE AR

B HFEICOWTIRRS.
= 178 O & 22 558 2

ERETHLILENDD. DEY,

R Tyop N T, FIEATREZREE LR VRO BN D, BITEOEREZ —ELIRE L
1

2%, BATH O R R B ERF W] T, 350 (5.2.11) TRIND.

(t)_Yege v
“““‘ﬁ;*(ki(”"XQM) (5.2.11)

[ 8 — 5 O I a0, CHOE FTE T o B & ARGE LT3 8y, HR1T 6 00 22 S B RS

FEﬁTstopVC\’ T%ﬂ:ﬂﬁ%fcﬁﬁ};f ('T//% @E) Vref& %O)H#@ﬁ%U@JEE%‘ESrefaj:K (5212) J: D

KOS,
Vref (t) = _amaxTvtop ( )
a (5.2.12)
Swf (t) = _%MTsfup (t)

i’%sz 5 k_/j—‘—dA/\ = b— 3 /7kﬁ:f *?"}%@?’{EU r ~pd’ L‘/:l:_?‘ m@rgam(mx
EEY EBITHEOROHE LMNEDOREX. Z TN TN GG, RITEEOLE

fbaX 52701056 X 52927,

Table 5.2.5 Simulation parameter

Symbol Value Unit
Veo 30.00 km/h

V e 1.5 m/s
X, 0.5 m
A yax '085 G
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Fig. 5.2.7 Simulation result with changing Vped
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Fig. 5.2.8 Simulation result with changing a ..
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Table 5.2.6 Risk potential parameter setting based on expert driver’s data

Symbol Value Unit

T, 475 s
X, 1.0 m
V e 2.75 m/s
a, . 0.7 m/s’
a max -1.7 m/s’

—— Driver model with hazrad-anticipation
- = driver E2
- =1 driver E3

Vehicle
Acceleration [m/sz]

-30 -25 -20 -15 -10 -5 0 5

Vehicle
Velocity [km/h]
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Longitudinal Distance [m]

Fig. 5.2.10 Comparison to hazard anticipatory system and expert driver’s data

126



S E OEHEY A MRS  FEZEEGEE S A T A O LG B fiE T

53 EXYUNYFT—E3R—XZAV-RIEEEOMY

AT, EY YAy bF—F =2V TRE LY A7 MRS E C b 5 5
HATH - BIREE Y Y Ny R E & LR RS o Tl

531 EXYUNYFT—EAR—ZDBE

fER T HGERE 7 VO RFANL, e Y U Ny h T —FX_X—=2ZBTLHT I Ny

MEHAEHANTIT). EXY U ANy T —F X=X, /XU MM NI4T L2
—FES IR L, WAL ET LEEOZEoEe Y Y Ny b
T—AENE - S LD ThD. ¥ 7 v —lEEINTZAXNY MEHRE NI A7
L2 — X (HORIBA ELM)EK 531177, YUy hF—F2X—2 %, HEHHE
BIRSBFTA L TWad. 2006 4FE0 5 2010 423 A £ CIX BB EEINSN T — ¥ OHLk
AT TV, 2010 4 10 A2 H1%, KFEOKHZEEN BB HEINSITNRDY 7
—ZDIEET > TS, ¥ U,y MTF—FOEIEL 2011 4 11 A 15 AKAT
56,208 FH YV, TRXTHNBLOHMTNCTRBELET —4 Thd. 7 —XOEHIL
HIZ 12 BIOBEETIT-> TR Y, 4%I1F, @, K\, bifEicksiise vy b
T2 HLEMTHTETCHD. 22T, ¥ U,y hTFr—& X, HRRLHEMERNT A
Tl a— XY EHE L NEEE O HE S EAY, 0.45G % B 2 7o R BB T — B RER AR L
T =4O L ThD. mEENDT — XX, 045GEBX R A B AT 10s, % 5s
Gy DML L, BEEEE - BT RN 7 E O EERITEI T 5 Y.

127



S E OEHEY A MRS  FEZEEGEE S A T A O LG B fiE T

Fig. 5.3.1 Event recording drive recorder
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Fig. 5.3.2 Screen of distance measurement tool

Y

Fig. 5.3.3 Coordinates of distance measurement tool
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Table 5.3.1

Accident and incident data for quantitative analysis

Searching condition Objective

Cases for searching  Total number of cases

Pedestrian 0 15
D&® Bicycle 4 44
Pedestrian | 28
@&© Bicycle 13 123
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Fig. 5.4.1 Pictorial diagram of simulation condition
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Table 5.4.1 Accident and incident data list

No Time Condition Objective  Type of impact ~ Data ID
1 18:50 Incident ~ Bicycle CR/CW 6302
2 2:29 Incident ~ Bicycle CR/CW 21510
3 9:58 Incident ~ Bicycle CR/CW 26851
4 22:11 Accident  Bicycle CR/CW 31422
5 16:43 Incident  Bicycle CR/CW/PC 32894
6 20:48 Incident  Bicycle PC 33461
7 1:02 Incident =~ Bicycle CR/PC 67366
8 12:37 Accident  Bicycle oC 74958
9 13:00 Accident  Bicycle CR/CW/OC 75989
10 13:56 Incident  Pedestrian CR/PC 83039
11 16:46 Incident ~ Bicycle CR/PC 84162
12 11:43 Incident  Bicycle CR/PC 84451
13 15:26 Incident  Bicycle CR 97003
14 23:00 Incident  Bicycle CR/CW 112969
15 6:24 Incident  Bicycle CR/CW 113007
16 22:02 Accident  Bicycle CR/CW 124259
17 21:40 Incident  Bicycle CR/CW 150456
18 12:03 Incident  Bicycle oC 155051

CR: Cross Road CW: Cross Walk PC: Parking Car

Table 5.4.2

Control parameters setting for simulation
Symbol Value Unit
T, 4.75 S
X, 1.0 m
V pea 2.75 m/s
a, . 0.7 m/s>
A max -1.7 m/SZ
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