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SUMMARY OF MASTER’S DISSERTATION

Student
Identification 81033423 Name Junpei Noyori
Number
Title
Design of a Driving Support System to Prevent Traffic Intersection Accidents
and Verification Using a Driving Simulator
Abstract

In recent years, among collision accidents by vehicles accounted for the 60 percent in traffic accidents,
the 40 percent or more have caused in some intersections of an urban area.

In order to prevent the accident in the intersection, a driving support system by infrastructure cooperation
and a prevention safety system using vehicle-to-vehicle communications etc. have been developed.

On the other hand, in the collision safe field, PCS (Pre-Crash Safety System) aiming at damage mitigation
is developed, and has already been put to practical use in some vehicles.

PCS is a system which detects the distance between a self vehicle and an obstacle or a preceding vehicle,
operates a pre-crash brake automatically, and prevents collision damage with milliwave radar, a stereo
camera, etc. However, the existing pre-crash brake cannot change the timing in which an automatic brake
intervenes according to a traffic situation. Therefore, since the timing on which an automatic brake functions
passes suddenly, several difficult problems remain for functioning completely in the intersection.

In this paper, we design a driving support system for preventing a collision at the time of the right-turn in
the intersection of an urban, and verify it using a driving simulator (DS).

Trial for the DS, which leads to the following functional requirements required for driving support system
to prevent collisions with oncoming vehicle and right turning vehicle.

-Varied depending on the driving environment of the brake control when to intervene.
(Considering the relative vehicle speed between the oncoming vehicles).

- Prevent interference with the operation of the driver system

- Oncoming vehicles as well as to prevent collisions with obstacles jumping out of blind
(Corresponding to the radar illumination outside the vehicle).

- Consideration of other vehicles and a following vehicle

(prevention from a rear-end collision, rear-end collision damage mitigation)

Verification of driving support systems are primarily used is preferably performed in a real road
environment, safety in terms of its realization is very difficult.

In this research, we construct a DS which can simulate the traffic situation where the oncoming vehicle
appears. By using the DS, some environmental factors in the accident, the driver in performing driving
maneuvers can be performed to validate the design of driving support system.

In this paper, the designed driving support system shows using the DS that it is effective in accident cases,
such as a collision with the obstacle which jumps out of blind to a collision at the time of right-turn, and a
side collision with the oncoming vehicle which produces when right-turn operation of a driver preceded.

Key Word(5 words)

Driving support system, Advanced Safety \ehicle, Pre-Crash Safety System, Pre-Crash Brake,
Driving Simulator
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Indicator circuit Connector

K P

T €q

1 +| e |-
0 O > O 0O— blinking O——
circuit
M
S > Oe¢,
1 €aq 2 +| 1ED |-
0 o2 N O O— blinking =it
circuit . DSP
P\ o e,
3
—o0 | | 0 GND
J b
77

Fig. 2.6 Indicator system using LED blinking circuit kit
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223 WNNFTARTVUA VAT A

DS OF 4 ATV ANET 4 AT VA BEEIOHWCY AT T 4 A7 U A BRI A S
L7z, 2SRy, XU T VT 4 ObLAEITREZERTHZENTE, RIA410D
EIARE 2N THZ ENFREL 72 5. Fig. 2.7 IMEA LT 4+ A7 LA, Table 2.1
A L72T 4 AT VA DAy 7 ZRmT . T 4 A7 b A OElfi#R <Y A XE, 531 x
300 mm THDH. VAT T 4 AT AL LTCREHIT SO0, 36w H xS0
BT A= R T A — NI T _REERENILE L 72 5. PC NEOERD ET 4
N—KRERTATT LD BENERETEDLEEEEL, T4 I — R GeF
orce GTX 590 (NVIDIARY), A& H ) 750 woOEFR=~=>  : GX 750 w (Cooler Mast
erfid) A v iz,

30mm

Fig. 2.7 Display

Table 2.1 Spec of display

Model number B2430H
Screen Size 24 inch
Resolution 1920x1080

Static Contrast Ratio 1000:1
Response Time 5ms
Viewing Angle 160 deg/170 deg

Power Consumption 45W

Size (mm) (WX H X D) 582 X 448 X 197
Mass 5.1 Kg
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3ODT A AT VA ZRBEET DD, TAAT VA &%, BRHELZZBELI-E
SR T ANRBE L 2D, o, RAMAREE LTI S . Table2.2 [ 2ff
MALEE=S—T —LDANXy 7 &y, £z, Fig28 ICEELTWIE=H—T —
LETFT. B=H—T—AQEESRTZ T TRTHY, 27y FORMICE
DATT TS,

Table 2.2  Spec of monitor arm

Weight capacity 3 kg-8 kg
Maximum extension 560 mm
Depth from pole 57.5 mm
Height adjustment 319 mm
Tilt adjustment 40 deg
Display pan swing side to side 90 deg
Pivot (Desk/Display/Arm) 360 deg/180 deg/360 deg
VESA compatibility 75X 75 and 100 X 100

Fig. 2.8 Monitor arm
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Fig. 29 IR LIm~ LT T4 AT LA DEEHENTH . HWENE KT 5 L ERE O
B3P 725, 40 km/h TI, JEERE 13100 deg DOFPADIRE 2350, B DfEE
RF DMOBAE R ERZ BT 5 Z L 3 FHEThd S [24].

Fig. 210 T FIA BV 7 ¥ a2 b —F BIZBIT 5 R I A4 ROBEBAEIZHOWVWTRL
TWb. T4 AT VLA1ODEGEE, RIAN\ORBFAET, £ 50 deg DHiFHOD A @K
WLDWRDZENTE o7z, LnL, T4 AT VA EZ3DHANZZ LT, RTANR
AR O DOHPH 2 L L, # 140deg DO#HIPHOAZ @RI Z RIET Z LN TX
HE ot

Fig. 2.9 Front view of multi display

Displayl
531mm
< - >
Display2 600~610 Display3
mm
~ - AT 50° _ P
~ ' ' -
~ -
~ -~
~ />< 140°

@

Driver’s view point

Fig. 2.10 Driver’s field of view
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224 RTTVUITRIEES 2T A

Fig. 2.11 [IEBREEOFHHN THS. a2y 7y MIUFZ 2T b EPS E—417,
RIANDBMRZTZEHE NNV T 2 M7 v HICEDBRL, 74O T548
T D T OIZE—Z TT VAT D X OMEET H. EPS E— X OERENZIX, Ny T
URHWS R, & FHlfEl= & (Electric Control Unit, LA F ECU) &/ L CE—XIZ
BIEANEIL D [25].

PC WD/ /S—F x )LHEE T /LN TEE S 7 Bl S M 7 5 %10 5 2 A 7 OF4
FIMER NG . EBEO BT BTN RAEES & XA YO BNRET S &
FIEFIC X A Y ORI DE TSN Z A ¥ OB ETNA T, .0 FE DD T
AV I E/NSS LI ETDHMT M (BRAT7T T4 =07 bV2) DMEIL.
CNTTFGA =0T MY B SE—2 THELL, R—ARUEMN LTI A A~/
hHZ25.

Steering

EPS motor
Frame

Load cell

Steering shaft

Reaction force Rack & Pinion

motor

Rack shaft

Ball screw

Fig. 2.11 Schematic view of steering system
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Fig. 2.12 IR — A L OEEGOME X 2~F. £/, Fig. 2.13 IR —/1RATCIZ X
> CHERED) 2 BEREB AL 35 7t AU TFO L D122 5.

DOF—# OhELEE 2 R — Lok Ulic G 2 5.
@h U0 EER )N, v F2 N L TT7 v 7o BEGER &7 5.
BT v ZHhOEMEENL, Fv Y & LA rENLTATT Y /7 cmsESR) & L

TIEMT 5.

Load cell Steering shaft

Rack &
Pinion

Reaction =
force

motor
Rack

shaft

Coupling Ball screw
Fig. 2.12 Lateral view of ball screw

Fig. 2.13  System of ball screw
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2.3 HEEBIETN

DS THW A/ X—F v )L EH OIEE)T T /LT DV TRT. N—F ¢ LB ET )LD H
MEEN T T T A EHWTEHE SN TS, Fig. 2141, “#wET/LERL TS,
a X7 vy MO HEmOE.LE TOMEEE, b (XY 7 Hm OO F TORREE, |
ZHEM DR A — /=R, 5 (TEACA, B ITF A Y ORI A, FlXATmD & A ¥ O
71, Fl3BEmOAA YO ER L TCND. 2, N—F ¥ LVElET L, HEiljo
T A—=HIZHOWNWTENZLI, Fig. 2.16, Table2.3353 X" Table 2.4 (Z/R7.

Fig. 2.14 two wheel model

awﬂe Dynamis - - - - V - 7-9@
Dynamics | Driveline | Engine
Miscellaneous Track Width [m] 1647 Ground clearance [m] 0 Tyre Stiffness
P brake max (bar]| 15012 BB Width [m] 21779999 BB Leneth [m] 47890000 K tyre, front [N/rad] 909432
Cw [-] 03612 K tyre, rear [N/rad] (148091 |2
Inertias S
M kel 20}
Jzz ke md 419312
dyy ke m] 3069/ \ ight [m] 17159999
Jxx ke md 303t | < o
Bumper r [m] 059 | | t 5
¥ v. e )
Rw [m] ‘”DB?D:e ] o Bumper f [m] 052
|7 A
C susp, rear [N/m] 50481 t b [m] 16914 a [m] 1131 G susp, front [N/m] = 63628 2
D susp, rear [Ns/m 441812 D susp, front [Ns/m] 6076 2
Offset [m] 103 1 [m] 282
[ Apply. l [ 0K J [ Cancel

Fig. 2.15 Virtual vehicle model
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Table 2.3 Parameter of virtual vehicle model (1)

Parameters Definition Values Unit
P max Maximum brake pressure 150 bar
M Total mass of the vehicle 2200 kg
Jzz Moment of Inertia of the vehicle body, 4193 kg m?
around the z axis
Jyy Moment of Inertia of the vehicle body, 3669 kg m?
around the y axis
Jxx Moment of Inertia of the vehicle body, 303 kg m®
around the x axis
Rw Tire radius 0.37 m
C susp. rear System stiffness of the rear suspension, 50481 N/m
both sides merged
D susp. rear System damping rate of the rear 4418 Ns/m
suspension, both sides merged
Krear Cornering stiffness of the rear tire 148091 N/rad
Table 2.4 Parameter of virtual vehicle model (2)
Parameters Definition Values Unit
h CoG Height of the center of gravity 0.69 m
b Distance of center of gravity to rear axle 1.69 m
a Distance of center of gravity to front axle 1.13 m
I Wheel base of the vehicle 2.82 m
Csusp. front | System stiffness of the front suspension, 63628 N/m
both sides merged
D susp. front System damping rate of the front 6076 Ns/m
suspension, both sides merged
Kfront Cornering stiffness of the front tire 90943 m
TrackWidth Track width of the vehicle 1.647 m
BB Width Bounding Box Width of the Vehicle 2.1779 m
BB Heigth Bounding Box Length of the \ehicle 4.789 m
N Steering wheel gear ratio 16.5 -
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24 2E¥ELD

AW AT D BT, FECTHE LI EIE SR Y AT LDl 2 3 2 01X, ©4k
MOTHEETH L. £ 2T, RERDKGRER ARG IR THZ L8 T&5 DS %
R LT

BAFE L7 DS %, PC NON—F ¥ LHEEET LNV RV, T 7 RAREL, T
—FANLINLTHERINTWDH VI alb—Fay 7y NOE2H5O DSP L Ethernet
WELNTLUTHARL. e, ERIGDWVER COERL EBT 272010, EHEITHD
BILHNY R, TN T =% XSV EANTay Iy bV AT AERELT.
RZ A0, BN THEITEAT O BRI, ATHOBERN DN D Z EPRETH 72720,
DS ~U 4 U= ZiAATT D2 LR, HIEITO RT A SOITENFRNCHM D Z
ENTELREEAREX T,

DS OF 4 AT LAET 4 AT LA HKZIOHNTY AT T 4 A7 LA BB & 4
L7c. TA AT LALODYE, RITA4OWBAEIE, £ 50 deg i[O 22 @RI
LIRDZEMTE otz LL, T4 AT LA E32NZ LT, RT3~
AR O OFIFA 2 K< L, £ 140deg O#FPFHDOI @RI Z RIET Z LN TE D
X2 ote. o, RIANSAY RUVBEOIRZAT O T2, AT T U 7 Il
B AT LEREEL, RTANR~OEfEE TV A R L, BEOEITICIEWVEAERT & F
£ S B/ N G Al
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3E RERBFWEZHEEBEXEVAT A

uz
DR EL
31 XRETHFU A

RAMNTE L RET DR E U CHEIRHZENS I b s, Fig. 3.1E, ATk 2
BT A HEMSEOESEEZ LSO L TWD [26]. Fig. 312> A7 MNICBWT, WinH
BhEAH A (EdEE L kP E) Om221327 %, MUl HENE & X1 7 & OEZE330 %%
LTW5. 2FY, ZO2MEOFELIT, HAIFRFESEETEELL LoRIGZ 5D T
LT ENDOND.

ARFE T, APRHCEHT 2 UlgH BB A (B L oxh@ ) offfZs L, MUy H®hE
A 7 L OEEE RS To O OFEHRR Y AT AORE, it E1To T 2D,
Fig. 3.2 [ L7c Ao v — 0 ChHYTH & xtm # & O/ CTldel, Nkl
DI NA 7 NG ITR O T — o E LG & T 5[27][28].  iE#HE X Z D *f
BT, AP S L, ERZEEICE S X, EEENMEL TH D Z & A2 RiRICEES RO
VAT LAOFMERGE 21T o TS E T, G DI SR VAT AIRZE RN O T
RRCFH L L7 b O TH Y, mdiERC— OB 2 E 2 ETT 5 — i3t e LT
R,

miwB B E
i
27%

P i &

30%

Fig. 3.1 Rate of right turning collision
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3.2 REMEES

HESCR AT O ®I 8L, APTEmfTHY, AfrEs AL 35, EEEN BT
? PCS HMiaHWIUE, HITH L OEEEZBFSZENTEDLELEZXLNDLD, AT
BT, EEEOHIL, HENMHTWS Z L, ZEMNTIE, EEENMELETHD Z
LEBETDHE, BHiE#EM A~ PCS ZHWNTH, AP EHEZEL T LE O AREM IS .
LT ~EE SR 21T 2 LIk, BERES, B EOEEOL ITIZ 6T, B2
FIDERME S D78 b.

UboZ baBEL, HGIREELZP S, IR AT LORGHEIT> T <.

DS IZ Lk BRITH D PCS #RERNTHWTA UHE

R RN DO A PRFEZE 4 [ < 72D OEER RS AT AT ERBEREE R A8 < T2,
DS%E MW= iT& T o7-. PCS % HH|IHE S, RAMOIGMEREE, *HA #EfEOE
WHEAZBEEL, YIal—1ardiror-.

BEAFD PCS IZL—HFRAT LA AT H#HWT, EEOAEMENH D Ll L=
A, BEIZ L—X0MERE L, EZROBIEET O 2%, L —& OSSO X883 m
SN2 DIZ, Fig. 3.3 DX 5 2 — A XEEEN G EOME N HHEE L TLE .
EEHEMNE, APrTENAPIT LT 52 & &2 TR L CGEE L 2T IUnid 20, A9
DOAEPTHE I, EHEEEENH T D0, @223 5 e fEEnEm < R0, @ik
DHELREL D, ZELOGE, MEOHLRLT, N7, BTEREPTAT
L7, RIS CTHE T L—X e S0 ERH LD, BEFOT AT AT
%, WUNCHB) Y L—F DX A I T EEMSEL T LIXTERY. £/2, RIA4N0
AT TV v TEECHITE~EREL X 5 & LEBRICHEI Y L —30MEB) L2358, [
RFLS, BE I AOME & 018287 EOERRIICHES Z L b B2 bivd (BIET
ORI . Fig 3.4 [T X518, BEREX Y S HEOLAINEITLTLE S &Ml
ARl ITAEENDS. £72, AIFOEENRKE WSS, A7 L—2MEB) L
THEERLEELTLED.

ZO DS IZEBLHRITNOAELTERNOHED T A ABHFT LN EBET
HO, HITHEEZGIETAIMLEND L Z ERbroTz.
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Fig. 3.4 Problem of PCS ©
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3.3 AITEEMRI AT LD

331 VATALAHE

EITEEHIRS AT L (VAT 4L A)
HATEIO AT, BEOWER 2T 5 7= OGO IO K E#EE A 10 k
m/h LA FIZHIRT 5.

HPATEIOBG I &, AT E R EE 2 B IT4F 1292 2 & A3 ATRR 2R ARA T B BA R LS A4
L, BEFHHNE LT LE 7258 O E L RIRRED L~ Ui 2 2 R SHE VAT A
ARG 5.

FPTHBARZZRNCZE LD, A~ RAZEI0 X TR, 310 km/h LLF 72
5 E KT AMENRD 5. Z 2T, Ny FAd BN TE LR E IR 2 3 )
Ly, WETDHHENRHDH. DS #HWT, AYHATEIZSEITTY, ZOREERNG EnTE
TNy R Z RO WONRE LT-. Fig. 3.5 (@) 1, 2kt LI T8 21T o7&
ITa—R%&7RLTW5. Fig. 35 (b) X, 3kt LOEAIT2—ADIZERFEDORA » |
Thbd. FHEOHEEL 3.8 m KEANOILSE, §12 X 12 mToh 5. SEOE
ITHRER A Fig. 3.712~7. Fig. 3.6 (a) (XA HEDEE, Fig. 3.6 (b) 1L, HEDO Y R
AR LTS, Fig. 3.6 (b) O5EIOFRATHIRI DN AL, K - 270 deg T
BDZENDND. LL, Ay RVAD, BRI TR H EOATITEIN %1
2L TV DIRIETH D720, AiaATWVIAD - BPE CIHERIIR T 2 LENH 5.
Z 2T, Ny RAVAA — 90 deg B b7g o 73, AAPPEEE A IR 5 X 5 lckE L.
(N RADELREE, KEEFEDY, TRbbLENETAENIE [+] THD.)

RAERNT KT A NN RV EEILIZ20 T, AITE1T9 IR 520, 22T,
FIRISREE LT, U v =D 2= DR FNANERERY A=, £7=, BHED
HEAN0 km/h K OGA 1L, T CTICRITIREM R & 7225 T D7, P HIR o~
AT LIEEB) L7220,

Fig. 3.7ICHTRERIRY AT LD 70 —F v — hERT. KT A DiElfz% [Start
ET DL TBEOMET D44 LT 1 b —, "2 RIVORERE, BHENR T ORD.
FT, FIANDBRERIZELENY, UV —BETLY =B AT LIZSE,
[Yes| DFRIASLEBTENLTUMTL . WIZ KT A SBREELToANY RAOME 0, [de
gl 25, £5~90 deg LA EEIS7255E (OF V- 90 deg), [Yes) O F [ ~LE N AL S .
BB A EOESE v [km/h] 2310 km/h BL o4, #582510 kvh (CHIBR S, QLER
DT T H. THETOREEHEZ D THiZ I 2WEEEIE, [No) OFm~iEA,
B ITHIR S v, fEIREOUTICE D 5.
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i) V=G —EE
-if  ON — [Yes]
- else OFF — NOJ

i) N2 R 6,
-if 90 deg <6, — [Yes]
- else — TNOJ

i ) HUH v,
-if 10 km/h < v, — [Yes]
- else — TNOJ

(@) 2D underlay of test course

(b) 3D of intersection point

Fig. 3.5 Test course
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Steering wheel angle [deg]
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Time [s]
(@) Steering wheel angle
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§ 30
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]
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Time [s]
(b) ehicle speed
Fig. 3.6 Results of trial using DS
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o)

|

Indicator

If
Right turn
signal ON

|

!

Steering
angle (6n)

Vehicle speed
(vx)

If
90deg< 4,

No

\V

Speed limit
(10 km/h)

\V

A 4

|

Speed non
limit

[ End 3%

Fig. 3.7 Flow chart of system A
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il 5 v

B OHIRT B HH S 2T AMZOWT/RT . Fig. 3.81%, AITHERIRS AT LADE
EOHIEHZIT ) VAT LDOTay 7K ThHDH. T, NIAABT7EL, TL—F
RENVOEAEEIT, MECHHEZIT D). RIANOBEIZ LT 7 E IR
YASANEN, TV MVY T [NMIBERKR SIS, T L —F DR HIALEIL, T
—F FLZ7 Ty [NMELT, mo Py M TEHICEHBO Y ¥ — T A~ADEN
D, ANENTT,, Ty ITX-o T, i v, NHAOEND. HhEnz v & BIEE 10
kmih ~IT31F 572912, Pl #l#lA17T 5. ZOKo P (FfME) 1%, 1200, | (FE5H)
130 & LCW5D. &x DOIEIL, BORFFIZONDEIIEE G 2% - 0.7 12725 XL 91T
ELEZLDTHD. 2D - 0.7 OEIZA/NVDEyesignt DF Y 7T v a7 L—Fh
RE LB BIEA B L=, Fig. 3.7 O 7 —F v — k6 HEOHIREIE 21T -
ez 11, fRE1TheWnwgGa4 10 & LA, Fig 38128\ T, [0 or 1) @
Tay b 1) BHHLUTLHRE, Pl fillMThilTnsd Z et sd. £z, &®
HROFRHEHAITONTVDREE, RIANZKDT 7 EAHER= DU ~ATIES
T, AEIE To) &705.

Yialb—va 0%k

AT LoV AT AW, Gt A e L 7o B0, IE R ICHERE T 2 D RGEEAT 2 729,
Vialb—Yarufiol. BB, VA4 A—OES—UEREANEATNDHD L
WLT, YRalb—raryfMEell FTOLIICRELE
@O HEHEICHE 30 kmh #5.%, 5 s £THY RAVA 6, - 30 deg # AL, 5L
N RV 6y - 90 degi AT,
@ HHIZYHE 9 kmh 25z, N2 R 6, - 90 deg & AT
&2 OfEZ R ET LA~AT) S, BHORE iR L.

T

b
> Brake + Vehicle v,
- System A:OFF i
model

System A:ON

| P1 controller | | Oorl |

System AOFF: 0

+ System AON: 1

10 >
km/h

Fig. 3.8 Control flow of system A
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332 YIzl—valHEE

Fig. 3.9, Fig. 3.10, 1D, @D 2L —ra U kR4 7RT. (@), (b) 1ITENLZFh,
HEONY R, HEHZRLTND.

Fig. 3.9 7°5, N RLfg - 30 deg ZHEET /L~ATI LTV D OHHIE, Pl
HEI DD TWIRNZ E¥bond. 5s £T, AL LED L TWAH DI, B
BHOREBICL DD THD. 55 %, 2 KM 6, - 90 deg BNAS) ENT- & RERIC
HE v 1, HAEELIO0 km/h ([SBRELTWD Z ERNbnb.

Fig. 3.10 Ti%, #H# v, 2310 kmlh K TH D72, ~> KL 6, - 90 deg & AT)
LTWTH, PIHIEIRD S TWRNZ ERGnD.

:i}l%@ﬁ‘t%ﬁ‘ WEF LIV AT ARG 2 7= L2356, BHEOHHZ10 km

WZHIET 5 2 L 3R T E 7.

FIrEEHIRY 2T ADRE

HEIZL—ZE2HEHIE, TOL—XZX x5y e ofix Rt L, xtgym e oif
BEAR3 m LTI > 23548, HEI 7 L—% 3 fET 5 PCS & AIrdEHIRY 2T L%
MAOADHET DS ZHWTEITY I 2 b— a3 v %2 To7-. e O 3 m
PLFIZ7e o T2 WRZ, BENZ L—% 230005 KO IZEF L7=oiE, AP ESIR 27 A
PHEEEL CWAHHOE LT, HEDOEEN 10 km/h OWFZ, EiIT 5720 OME /R
BEDK) 25 mTHHT=0, 3 mEkit L7z,

A HRE 2> O H B E N B LT < D BREE A HEEE L DS%mwaﬁVinv—Va
v EATST. ﬁﬁiﬁ@ﬁ%i@ﬁﬁxt~kﬂméw , [EEE L OEZE APk
?6:&ﬁf%tﬂ,pﬁﬁ@EﬁXt—%ﬂk%WﬁA L@E&@ﬁLTLiQ
7—%ﬁ%$bt.:@:&ﬂ%,ﬁﬁﬁ@ﬁ@VXTA_mz,ﬂﬁi@%ﬁ%%ﬁ
L, BE L OFXHEEIZE CCHEI Y L—3MEfh T 5 % A X U 7 &2 iT v
N Z Ennbhot.
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Fig. 3.9 Results of simulation (D
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Fig. 3.10 Results of simulation @
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3.4 HMNEEEKESL—F V2T LORE

341 VAT AMEE

FHXEEERET L —F VAT A (VAT A B)
B L osof ) B (EAHEEH) & OfESBEE IS U TCHBI S L—% 20T A4 A4 I U7 %%
fbxH®3%

BEfF D PSC 1%, ER CHMEHOETRIUISCT, BEIZT L —FDX A I T 5%
BEEDZLERETHY, FALESHTWARWY., 22T, £, AELFHELD
FARHEE 2 BB L, Z OMMEEIZS U CTHE Y L—% 300 b 2 2L S ¢ 516 5
IRV AT DERETT D, RESRNOET V— 2525 L, MAEOHENKE WVIE
E, B LN E ST SRR R 2D DT, BB THIT AR IET BN
H5b.

HljE T VI G R L — X ET VAR ESE S, 2oL —X1%, b—Z O REHiH
WNIZ A ST O8I, RAEORE, HELxmEE ORREZRSET 52 &N TE .
HEOWEZ vy, HEEOBEL v, & EFRLIZEA, HE LA L OFMHEE Vi,
X LT X225 xohs.

Vo=V, +V, 3.)

HE C xR EOERLZ d & L72E, BUS ST Vi, 6 1ZJS U THBN Y L — % 23 BE6E
T HHfHER R 21T > 7. Fig. 3.11 [IAH%HEE & TTC (Time to collision) DBIfRZ R L
T 5. Fig. 3.12 [IFExFH#E L TTC bR SN, BEOEILARERERTH 5.
FEXHEEE S 40 km/h W, £ 1L ATEEREHEEIL, 23.6m TH Y, 60 km/h DOFf, &1k F[EERE
BEIL36m &, FERHEENRKE < 251204, BEOEIEFRERREL KX /5.

Fig. 3.12 B FO X S ICTHBN 7 L—F D3 AT D L D ITEREH LTz,

i) Vo 2% 50 km/h < Vo DEE, di 23d; < 36 m THENT L—030005.
i) Vo 25 40km/h < Vio < 50 km/h DEF, d;i 73 di < 30m THEIZ L—X0300 5.
i) Vino 73 Vo < 40 km/h DEE, di 23 d; < 23.6m THENZ L—F 230005,

7RF, KIEEOBEEMN 20 km/h LT OEAIE, ZEEANTIE, I, EIT5
AEEERHDH B D E LT, Eﬁ7v~%# Abﬁmio_mﬁbt Fig. 3.13 [ZAH %t
HWEEKGF T L —F L T VAT AO 708 —F v — NapRd. 207 a—F v — FOBGIT

FPTEFERIBR S AT LDERE L TV D IRRECRItA S S 728, Fig. 3.7 @ TEnd) 754
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X ERT T L —F > VAT AOREINES LS. Fig. 3.13 OALBEGMEE LT, AE
L— N B EUG S D X5 & OFEREEEE & %t 5 & OREBEIZ S U TRl S 15515
SND. iy i, OFRMEONEIZ B2 BN, FEEm-TEBE T L—F 2R3 A
THEITRoTNAD.

BEH LTV AT LD T L—FXIEE & A DT, BEESFEEEZ MG TED
H, S AHEOEE IS U THB T L= 0005 HEENZEL+ 2 iR+ 5. £7°, Fig.
1A TFRT LD RHEMET G L — BT VA ST 5. L—FFIX 50m ,
L—X 1% 45deg LR%E L7-.

Fig. 3.15 (Zv I 2 b—a VEIToRBRRE TH 5. EHERE T H H &xtm at & o fhEk
X80 m BENTRIEND VI 2 L —rva U EITH. KR LTV AT ADBHIES A T
L7z, HEY 7 L—% B3 AT 5. HE) 7 L—F 3 AAR & [%] & LTRT.

Va2 lb—varOREELTIORT. (BINEERIRS 2T LADBE6E L TV D HifE
TyIalb—valrzfro7cd, BEROMREITIOkmh TETIES. )

Vm 2 10 km/h, v, : 20 km/h
Vm 2 10 km/h, v, : 30 km/h
Vm 2 10 km/h, v, : 40 km/h
Vm 2 10 km/h, v, : 50 km/h
DADDINE—2 DY I ab—a U E{ToT.

® 0O

342 YIal—valiER

Fig. 3.16, Fig. 3.17, Fig. 3.18, Fig. 3.191%, @O, @, ®, @D I 2L — 7 U
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HENAT DV AT LEZRGTDH. A7 Tl AT MMLEMT E LT, o
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i) Vo 23 Vy < 20km/h DRE, /A 7 05T, (ZILT D AREER®m <, hy A= T
BHEL TS H2ERIIZNHOE LT, HEOT L—XHIXE Zebau.
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Fig. 3.20 Blind condition

Fig. 3.21 Infrastructure radar system

Fig. 3.22 Top view of Infrastructure radar system
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Fig.4.3 ITHITHERIR AT A ZHWERERTH D, ok, HGIEERIRS AT A
WCHWE L=, L—XE:50m, L—4f:45 deg TH YV, BELGME DI
BE2S 3m LATFIZ7e b EHEV T L—%03000 5 KX HIZekF L. Fig. 43 (@) X727 &n
DESHABETH DN, RTANNCLDT 7 BN OBEHIAREIL ug, ¥ AT LMEE) L
TWAKEDOTZ P ~OT 7 vVOREL us &3 5. Fig. 4.3 (b) 1T HEDOHHE, Fig.
4.3 () 1LV 4 » I—DAIIKEE, Fig. 4.3 (d) &/~ R/VA, Fig. 43 (€) 137 L —F
D AirF &, Fig. 4.3 () IFAHEEAL 7 OB LY, BHEOHEH 7 L—F AT
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WZOWTIFEAEF =V AL v TFOANKEEZRLTBY, G — A4 v TFE ALY
&, T A EN%. Figd.3 (@), (b), (), (d), () T oW ToREI+T T IaL
—va VI [s] THDH. Fig.a3 (f) 13aHHhAS XEEAE, Medhss YEETH 5.
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Fig. 4.3 (), (d) (27" 7 X 91220 s FRIT—HHEIEZ1T1Y, 20 s WX H7Z 0V I HATHE
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() IZRT LI, HEE AL VL L TR0, RITLLFO B #EIZHR LT, 50
kWhTELLT<éﬂ47%ﬁﬂ?é%ﬁ%ﬁ—%tﬁfﬁb,LE%@%LTVK
o T2GA, HOICHEOBEZ R CTEX RN, S 7 LEZ2 L CLE ) alRetEn
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B —AEBETHE, SEERE LB L—X030 058 3 m T+
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BN Z RIRF R T LR S 5.
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