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Abstract

Abstract

For solving social issues such as maintaining the transportation of the rural area in
the aging society, and aiming at zero traffic accidents, research and development has been
actively focused on realizing autonomous driving system that substitutes driver operation. In
Japan and abroad, driving tests on expressways are progressing, and the level 3 autonomous
driving, which allows drivers to release their hands from the steering wheel, has been
authorized in Japan and will continue to be installed on commercially available passenger
cars. On the other hand, it is a stage where driving tests have just been started in some regions
recently in general roads. The demonstration tests of the unmanned driving bus equipped with
a level 4 autonomous driving system in limited areas have been conducted nationwide, but
has not yet been commercialized. Compared to the expressways, construction of the high-
definition map required for autonomous driving is delayed in the general roads (especially
the last one-mile autonomous areas). In addition, the general road has a high technical
difficulty because the collision avoidance to the moving bodies such as pedestrians and the
bicycles is demanded.

This paper solves these problems in terms of decision making and control in the
autonomous driving system. In particular, the following two subjects of the research is
studied; (1) to construct a map for autonomous driving using only low-cost on-board sensors,
and (2) to predict movement changes of pedestrians and bicycles.

First, as a challenge of (1), a map construction method is developed, and it is verified
using the data of manual driving on a proving ground. Two cameras with different range and
field of view are compared for verification in order to consider the sensor requirements for
map construction. Moreover, since the true value is not available while map construction, it
is necessary to determine whether the constructed map has sufficient accuracy that can be
used for autonomous driving. Therefore, this paper proposes a map evaluation method that
determines the accuracy of the constructed map itself. In this paper, the constructed map with

which the lateral error of localized position is less than 0.5 m, is determined as “usable” for
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Abstract

autonomous driving. As the map evaluation methods, a method for estimating the accuracy of
localized position, and a method of statistically determining the lateral variation, are proposed.

Next, as a challenge of (2), the knowledge obtained in the map construction method
is applied. Namely, this paper proposes a pedestrian behavior prediction method that predicts
the future movement change of pedestrians and bicycles by combining information of moving
objects with static objects (map) in local dynamic map (LDM). The potential method is
applied to the prediction method, and a velocity planning method which slows down the
vehicle smoothly by using the Final State Control (FSC) when the vehicle and the pedestrian
are expected to collide in the future, is developed. The effectiveness of the proposed method
is verified by simulation in the use case which assumes a certain high-density road
environment, and by experiment using the real vehicle and the dummy pedestrian in the
proving ground. By this method, the vehicle’s speed is maintained if the future movement
change of the pedestrian is not predicted, while it can be decelerated within a predetermined
deceleration when the movement change is predicted. In other words, the movement
prediction method can eliminate the tradeoff between speed (convenience) and deceleration

(ride comfort) in city area where pedestrians and bicycles exist in high density.
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Fig. 1-1 Transition of the number of crash fatalities in Japan [3].

WA, 2017 FFITF T D A AR & —Fth [E KRR B 22 @ 5L & BHI & Dl & Fig. 1-2 12
AT, KT —F I ARMHIREFEERESTEy Y —ICLb5bDTHD [4], Fig.1-2
LV, BRTIHBSITEOHECELEED 35%% HDTEBY, HEEO T CIx@EIC kK
WT2FBHTHY, thOBRKEEIZHERTEVWEG LR TWD, Eiz, BEEOE
CEBEEAD 15%H VY, FT7 0 FIZRWT 2 EBEWKECHD, Z0XHiC, BAR
BT L2HTHE - HEEOETEHE G Om S IMEICEXTEWHmIZSH 5, 2
THARAORZBEENEBL VD LEEXHN, BROKS, HiEOEmRDR, &
THELEORERREEROZ I 0L, SEJERERENBZ2OLND, REBEFREr L H
ELEBVMAICHE>T, thEL KL TEHEORmWEITE - HEEEOE T Fiks

_2_



FB1E Fim

Germgny France Nederland
13%
15% 16% 8%
42%
48% 120/51% 59 46%
3%
20, 25%
17% 18% 8% 4% 17%
S. Korea Jap?(r)]o/
o, 14% O
36% ’ I Bike
I Small bike
14% 1% 35% [TBicycle
[ |Pedestian
40%  go, [ ]Other
° <2% 15%
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Driver Partial Conditional Full

Automation Assistance Automation Automation Automation Automation

Zero autonomy; the Vehicle is controlled by Vehicle has combined Driver is a necessity, but The vehicle is capable of The vehicle is capable of
driver performs all the driver, but some automated functions, is not required to monitor performing all driving performing all driving
driving tasks. driving assist features like acceleration and the environment. The functions under certain functions under all
may be included in the steering, but the driver driver must be ready to conditions. The driver conditions. The driver
vehicle design. must remain engaged take control of the may have the option to may have the option to
with the driving task and vehicle at all times control the vehicle. control the vehicle.
meonitor the environment with notice.
at all times.

Fig. 1-4 Definition of automation level [16].
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Fig. 1-5 A lv.4 autonomous bus driving test.
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55 i
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XV T AR AT 550w

INBHEINTVDLIHREDOI L, (eMiFErr > 7oEEERLTEBY, B
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D 17 22 [6]38E O B4R T B ENEEE kR EE L Ao o 72D TH Y, KIS () (O)IEHITHE - HERHE

DHFEENRETHDLZENRBEIN TS, £ L T(e)lx, GPSIZHEL TICH AL E %

WET DO H N EHE FEOHRM EREETHLZLERLTWVD,

()DFMEIZx LT, BHAEMHRA P CHEX—2DFEHEENERE R > TWND, £0D

ETonFix, 7 AV W OEM %NS E R (DARPA: Defense Advanced Research

I

Projects Agency) 7% 2004 4= L D 4 7=m 7R » k& — L — A DARPA Grand Challenge |
TH v, 2007 FITITHEBHEHKEREE I CEW TCHBELEOEMZ B 5 [ Urban
Challenge] (ZZ84k L 7= [32]. Z @ Urban Challenge (23T, HD Hi[X % f 7= A #hiE
R AT A EWOZDOF—T 7 /0y —L L THERBEND LT o7 [33]
[34][35], & L CHUIE, HE)EIRZ S CE L S5 72HI2, HD Hi o % i o & 2%
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MeaX bR3pny, EFEEEERSCEEREOFEERIOEHMIND & RIAE
b [37), &2 AN, EHIAZWEE OEKFEFEHR 2019 [38]IC L, BARENICK T
HE B DORIERIIHR L, mdEr, EhE, BB & o EEE K SO 5 E &3 Table 1
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HD M DA N BN D Z LR TFHREND, 124HTHENTZT X MY <A )L HE)E
HA 1T, W@ERHEIC R 2B E (ALZ@EEO RN L 5BEREE) oLk
D2 ENHHEEINTNEZ LD, £ MEVD84.1%) OEBBIIRLRDL, =
D &5 e HIZ 31 D I IER 2 2l 12T O U — VIO RHE RN ER T r Y =
7k (JST-SA / _R—v =z ) THEDHLATWVD [14] [39],

1.3 AHFEDOHH

ARAFFEO B WL, BB EER T HD # 2SEfif S T2 Wil HiiE B R BRI B0V T,
KaAFTUL_AZLUEOHEER (FA MY~ A VHBERK) 2FEBT252LT
b, THHEKRE COI A NI U~ A VABERICH T > COFMIT 1.2.5 HIC
BFOTOOB LW~ @ b HH L=, KFZETIE, OOt 7 - 3BiD
PRI RIS RIE SN D L W IO HTR T, EIHIEr Oy OFRE & 72 D @ (a)(b)(c)(e)
IZOWTHY fTe, BARMICIE, ETHEEIESWTE [1] K2 X N dEfe o
DHZEMNTHENERHOMK ZEH AR T D22 &, £ L THREO@)(Db)()IZDWNT
X (2] B17% - BBEOFMOTHLIE TR L2 L, ZHMNE TS,

[1] oW T, A NI U= A VEABERZ EHT 5720121%, FIHEO A6 E
T, fIZA~AFT—RERTHOoTHHHEELZEB T LOOHMMBLETH D, B
o, BENEIHA HD M A AR STV 28 O & T H BEHR A AT HE 72 B Bh#1T,
MK OBFERHE LICEND E THINDIMARCHLESE COABELRES TEPFIC2

Table 1 Length of road in Japan, classified by type of road.

Type of roads Total length (1000km) Ratio of length
Expressways 8.9 0.7 %
National highways 55.7 4.5 %
Prefectural roads 129.7 10.6 %
Municipal roads 1030.4 84.1 %

Total 1224.8 100%
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Fig. 1-6 Concept of Local Dynamic Map (LDM) [41].
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Fig. 1-7 Chapters of this paper corresponding to system architecture of AD.
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Fig. 2-1 Schematic flow of developed autonomous driving system.
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Fig. 2-3 Lane detection image of the Long-range camera.
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Fig. 2-4 Lane detection image of the Fisheye camera.
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Fig. 2-5 Absolute coordinates of self-car for Kalman filter.
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Fig. 2-6 Coordinates for line landmark matching.
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(a) Before matching. (b) After matching.

Fig. 2-7 A matching example of ICP.
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Fig. 2-7 1% ICP
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(d) Mapping

Fig. 2-8 Steps of SLAM (simultaneous localization and mapping).
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Fig. 2-8 T/rk L 72 SLAM % il &8 H = & 124
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(a) Initial position

(b) During mapping

(c) Constructed map

Fig. 2-9 An example of SLAM with a LiDAR.
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(a) Bird-view of the parking lot. (b) Static object detection result.

Fig. 2-10 Static-object detection result of the parking area with Fisheye camera.
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(b) Block diagram

Fig. 2-11 “Look-forward” model for steering operation [64]
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Fig. 2-12 Calculation of reference curvature
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Fig. 2-13 Calculation of feed-back amount €
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Fig. 2-14 Block diagram of steering angle control.
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Fig. 3-2 Example of map near Katsuta station.

RWGFT CHEAEZ EMICID 720, GHEERIMUE 2 WD, 20 K951,
TR B E L O 2 M FH L, BEES X A2 AT 5,

BB EER X o —fl & LT, H2EATOERKZ 0 LXK % Fig. 3-2 1277,
Fig. 3-2(a)lX A& O IR A 7~ L 72 W8, Fig. 3-2(b)EBRATH o2 IR L7-mBE TH 5,
Fm B R (B, MERE, O, RAIREY), EEEB L OERO R R, E KO b



M‘JﬁﬁJ—A

%3 E EREREIZR T 5 HENEER DR E

A\
‘—H

DIFRNPFERINTWD, £72, BBPIZITIRRIIL TV, [E 5O ON
ECHBELE WS TEEHRLEA TV D,

321 EERICXZIHMEAERTEL HMAREE

PLER~_7- X 90, — X AERIT, MMS O X5 RERlEE V2B L
HAEMICELIVIT), LER-T, UIOIEEHEERSCHBER R T ERER»HE
S, HiA7, WMo, @B CRIHE ODRVER, HERNICET SMOER, FL
A HIN T E BER A X OBE N BB LI D, WO E THIE S e v Al feE
Wb, ZOMBEEZBITHIZDDO 25DV ) 2—ard LT, KT A
BAEKT VT XLERHT D,

Fig. 3-3 VT, AHifiIck W EHR LW AT 2D a 27 M2+ 5, B
T B8 EdR X, Fig. 3-3@)IlRT X 512, MEXAFEET S U 7 (a major road with
precise map) TIIHBEEEAIAECTH 223, M STV RV EER (2 2 Tlii
MEBENPOHEME TCOMONEREZ A A—YLTW5S) THABERTE RV, Zh
TIX, HENEE CTRETIBRICHEEL THTFEEGICBIT TS 221220, FIH
FO=—ARFEM LB RS> BN H D,

ZoOMEICx L, BENEIEELY e —T7 - L THIRAZBEIERT S22 E08E 2
HND, MMS HIOBEHH & 2 EREEITRW S O, [ BhiEEsE i [ 8k
Fp GPS XK U I &fix TH Y, HHEGELDOREEREZBGIETH D, €2
T, Fig.3-3(0IZR"T L HIC, 22— HENEE ATREEIIC LI WERIZB W T, 22—
VRFETMENETL TRV YT =22 NET L, WELLE T —2ICESE
HEEfs X % B8 CER T 2% Z & T, Fig. 3-3()IC T X 912, = — ¥ 3 #)Elx &
L EE CTORBIEIENATRE L 2 D,



3w iEHERRREICKT 2 A B EEE O RS

User’s destination ,

mm— e ————————— -~ | Switch to
manual driving

Autonomous-driving car 1

m J{Autonomous drivin

A majorroad with precise map

(a) Initial status.

A minorroad with no map Sensing data
= i
by manual drivin

A majorroad with precise map

User’s destination /\‘
™~

(b) During map construction.

User’s destination , A minorroad with no map

<€

ﬁ Autonomous drivin

A majorroad with precise map

(c) After map construction.

Fig. 3-3 Concept of map construction system.
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Fig. 3-4 Overview of the proving ground.
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Fig. 3-5 GPS detection results for each lap.
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Fig. 3-6 Map construction results with simple integration.
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Fig. 3-7 Example of near-miss driving data.
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Fig. 3-8 Statistics of drive recorder database (as of 2012/8) [68].
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Fig. 3-9 Classification above middle-range near miss [68].
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RIFFRCTHEREZSALETBLORBEEPOEIT—ICER L, BEE - BHITER
EOBBKITE TRIET VOMELED D, LN ->T, VU Ay MEHEIEL [582%#
RAYTHRE] THEETR), eXY Uy ML T BLEECHEEL, eV U Ay b
HH DR L, BERITEVME N OSHT AT 9,
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ZITE, HeENT R TIANICEE (BIEIR) obde v Yy FEFEH (KT AN
DEFRELL, Av—FEXENEEFRRELERo72b D) ZHIL, BEE - BT
FEOITBHEMNFER L ol ¥ U Ny PEFICIRE L THET L, TOBEOMER
B LI ORHEICE v b LEZEE ORI Table 2 OEY TH D, 2B, ZOHKITA
WIEEAT 272 2014 FE 9 AR D D TH D,

341 REREHFROEY IV Ny NEH

RERAFRICEY U Ny heRoTeFHBALZHR LA, EITLLFD 2 /838 —
¥ IMFE LT,

(1) HITERESZOL (F-FRW, HFAE-R) FICX2BT7FOBTHL
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Table 2 Searching options of near-miss data.
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W‘y‘y Normal braking
WA\ Heavy braking

w Normal braking
WAY Heavy braking

(a) Change to be blinking. (b) Change to be red light.

W‘y‘y Normal braking
WA\ Heavy braking

(c) Ignore the red light.

Fig. 3-10 Indication change of crosswalk signal.

<BITEREZOEAB LVOEFER>
Fig. 3-10 IZ " T HhL, 5D d DR ERZHITRE, B Z W7 551785 D17
FHEFOELICEIVEBRITHL, 2 0VIEREFEZEE L THEr L2 & THHEMm L
FHRLZIICRsTEY U Ny VERTH D,
Fig. 3-10()IZfE 50 H % 2 HHEK T, HEMIZ 1 AOBRITEHEOHEMZF-> Th b
FiraBta Uiz, TOE%, EE5RENLHFARBICEML, HHE» LB OSITHE DB
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FTRETHE L TE 727D, RIANRNDRAT L —FaALe YU Ny helpolz, 20D
FELRTE, BEPLESTLSDIFITEDRIANCELETRZICS o7l b Y

Uy hO—REioTnd, £z, T TESHITEDHDICHEBTIL TWDR, Zh
X H B OFETIZRK DWW AITED, EftzmhEE L L5 L BHEmMNALREN D &
95,

—7J7, Fig. 3-10b) I EB L AITHEML—r 0b % 2 HEHEK T, HHEmIIAITES
DRFICE> THITRMG LIZE 2 A, MAE LOSITEEZRALL AT L—F 28
AIZeX Uy NERTH D, AITEFRRRE, BITEMMEZIIRTHY, HITEIE
BEWR T CREBZICRK SV TR H L EHERT 5, HEloFEFE LT, BERES
BERLTVWDZEICRSWESITENET CTHEZ LD 726 H 5 5,

Fig. 3-10(c)IE R = ME R, FEEE CHEMT 25T EHEZBAL CRAT L—F 2
AMEEYXY U Ny NERTHDH, KEFITIE, HHEmSZEMES < B CHEEM O
(ER52 ThoTEY, BITEMPEEEER/ICAKE LTS, 22 CHERENE
ERFIZBl 22T e, BEFRFICHLEZEHICIIe Y Ny NN D - T,

AKEICrRLIEEY Y Ny NEFAOERIX, BITEHEMOTERAE 5 YO FF %2 R
X, EHEICL2BITEOREENEZ RTA AR TRHTE RN LITHD, F
7o, RERTARBERT XEIHANILL, RIANABZMOZ IR E & DI TRW P

DHTHEEREELE LTV L —~RHER>TN D,

Bl a FUTETLBITEORELICE LT, EERICHBRE RO 7 — 2
THRITL, TOHEEZFE LZEEN R [BIITRENTWD, AXMICL D &, #
TEMRESOHF=>FRIBREICLY, BITHEOBITEED VA 1.7m/s 205 2.4m/s 1T
BIL, B T OBERNICTOEEICED & WO BEAAERBICEONA TS, BB,
ZORRITREE R RTFE CGEFRE) BEBRE Lo TRy, MitROBITEHE LV &
Lo TWHRAREEND D,
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Vﬂ" Normal braking M" Normal braking

"‘VA"' Heavy braking M \\ Heavy braking

Bush
i1

(a) A typical case. (b) A dash-out case from occlusion.

M‘y Normal braking
WA\ Heavy braking

(¢) A case in T crossing.

Fig. 3-11 Sudden movement change of a pedestrian with will of crossing.

<HEBEEDHL2BBEOBRERERE >
Fig. 3-11 (TR HHT, HEMOLERLIFTRE, KERITETOWVWTEEBTE -
RHEAER A 90" AHE L CRAEREHW L, BHEEIEREEROTZDIZAT L —
EEsATEE YU Ny NEBITH D, £EH, Fig 3-11(a) T Ay 72 2 R E K C
HHT, ZEOBWE, FMETICKDBWFEE NN D P A BEEENE D XD ISR
LC&E72flThH D, £72, Fig. 3-11(b)ITHE & AEOFE R ITHE S WA IA DA

H
x
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NHBAITE - BEHE 2N BN -], Fig. 3-11IXR CAHHH TH, TTHHIZB W T
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HATH « IS KM HEREFE L-FHTh 5, Fig. 3-11(0)IEHAITHEHE SN
R L THRY, BITERRT BRI ARG L2/ R A4 A ABNSHITEOFLIZER,
EY Uy Mo o7,

AREHOE YU Ny FEEL, SITH - BEEOERERZ TH T2 L0 L S
Thbd, —HOFEFTIIHITE - BEHEOBHEOME MO A Z TR TE 20, Ko
DHEFTIX, HITEH - HEBEEORMKERZMGE NS HAMS Z L T#H LV, WL LD
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BATH - B PAZZNICEET DANCmME L2 W2 2 &%, AMOB TR TSR
HTHD, ZOLIRFHIEVCT, BEVEITEH FHET LR RIEDEENT/D I,
167 22 (B 3 D e FE 2 AR 2 72D ITIE, B9 5 ATREMEDY 0 TILAeWHRITE T L T,
TR —HER AN B - T BRI BH B TER ST IXEZEA BT E D X9 Al G
ZIMNTD (Wbwd b Lizn] @Eig) 2L, fl#le sy 7R TOXRN LA L
2%,

342 HEEfTROEY I Ny NEHH

HERETRIZEY U Ny N RoTFHALZHABLILEZ A, FIZUTD 4 F—
DAFTE LT,

(1) izl TR E 2 Z L2 Elik &L ol

(2) BEAFR LORZEIZL 2BEHEOMBH

(3) HHEE OBEITIZK D72 W EB &R O R 722k Ik

4) N6 O HEEOHET

R, ZRENDONRE = DFEMIZONTIRRD,

<HIEHBVEL O OHEBE >
Fig. 3-12 (/- T F B, BEEEN 2 & O FF LY 28T THRITHE - B E2 HE A
FAHAHLTEEe Y Uy FEAITH 5, £OMAHIL Fig. 3-12(@)IlR"T L 212, &
ETHHEHE - BITEREEMOBELICKONTICHBEI L, B #2205 7=
DORT L —FEBATE LW FHITH D,
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\ Y Normal braking M‘y Normal braking Wy‘y Normal braking
YW Heavy braking MAN Heavy braking WA\ Heavy braking
Parked car

Pole

8 Pole
[ )

>

AALA
LAA A

=
S

Sidewalk with fence

= B =

(a) Typical case. (b) After preceding car’ s passage. (c) Walk-out from sidewalk.

Fig. 3-12 Movement change of pedestrian to avoid obstacles.

Fig.3-12(b)I& Fig. 3-12(a) & A4k, HEABITT 2R ITEOBBEH N ¥ U Ny IO
BBRoTBThHD, KEFOGE, ERLOTEEVRREERVE T, B FE O
RICHATT 2 1 BBOERH Y, HITEHEIT1HEEOEOEIICK SV TEMRERT T LIE
AL, BEAIEITOBRMICEBEIZEZ Lz, 202 Lnhd, BITH
FEATH M N EIE LRI TR ICHEm 2 I L TW D LT b T, R THRE &
STHBE LIZ L HERTE 5,

Fig. 3-12(c)b L L AEEER TH 52, ZZTEMOH HBENEEL, HITEIT
HBEEBNTWD, BITEOHORNCEENH Y, EHEMIAEDOHAD AL R-o

BEPRHERLTWD, 22 CTHRITHILEREZBT T, HREOEYINHE NS HEIEIT T A
2L, AN HEA L CELHBERBEERBOZDIZIAT L —F 2L, Z0OFE
BILLAMC S, BEOGNEA NS BERH - BITHENFEMICITAHE L TELEe Y U Ny
NEBIRERRZ T b,
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EXY Uy hOFERER>TWD, £72, E¥ Uy Med X H7RE 18 R 25 R
WHLONEL, AEEHE - BITEDSEBE LZBICHEHES T ST 5 RS R
O T V=% 2BEILE2G7202d, EXYIUANAY FEEZILLTVW—RTHD,

<BEERLORE - THBIZL2EBE >

Fig. 3-13 (2" T #41%, BEEKR LOLREICLZBE), b LITHEGZOBE
KR oOBBKEZBNETEOOBBBICERTS YU Ny NEBITH D, Fig.
3-13(a)(b) S B & O FH B &, Fig. 3-13(c) (B BHDOHF 2 E L T\ 5H,

Fig. 3-13(a)IZ BT H R L O R ZEIZ X DB E 2 E Y U Ny MDD - 2 AT
boH, I TIEHEEBIT T 2BTER G OSITELBET CHEEICIEAH L, BEA
D EREREO T DI T L —F 2T TW\WbDH, —F, Fig.3-13(b)iZk ¥ U~ FEEf]
TRV, BEMELZETTOHBEOITENHEEATHDZOMNT5, KF
BHZEBWT, BETHOHEBHFIEEMOLIPTICHEMO T Z /A5 LIEE2LTED,
HHEm OFIEICKRDONT WD, ZO72, xtmo BN EE LT X 2B HE RIS
FFH2Ee, BEMOBBEAFHFOLIICHE - FIL L, ML T 52 HEEHED
F7o, EUOITAERO AEETIBEHA O ICTRHT 2 L2 REKOEA T % ELT
LTWER, BEBMOBETIZHE> THEHBWMICHET TWolz, 20Xk 912, HEMOHF
FEIZRDWTWDHBATHE - HERH X, HBEW & OEEAZ BT TITEN T 2HmICH D,

Fig. 3-13(c)i%, HITEZ BEEN BV TR OBBENICER T 5 ¥ U Ny FEFEA],
Fig. 3-13(d)IT A HE A B E - BITE L BVWBTBEOMBEICER T 2EHTH D,
I X, BESHE N HHEGOHEIICKR O T B E) L72F T, Fig.3-13(a) T/ L72Fr Ik
B Wi L ERBIIEI T WD, —F, BEITEEmWAHITE 2BV L TR ERRIC
I LTER, JMMEOETIZKOWVWTHREMRIZED, LBITLTWEHEE LS O
REENETDOREE LM TH D, AFEHIL, BEIEOITEIEANER L o7
XY Uy PEEAITIERLS, 27— 74 FAORBRERITENE R ERICH
L EHENT A, mEHMETICEBY RIS AN — 2 Th b,
mgywm@ﬁw$%kbf,ﬁﬁﬁ(&&ywﬁ%%%%bkﬁm—ﬁﬁmﬁ)
DD HERHENEE L, FHATHOBITELZBONEZ S BT Lo L R
HEMMAFEEL, ev Iy FeRoTLFEH DL, ZOE, HIEEH|IIE O F
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FIFRFELTWLH00, BISHT LI THL WAoot HM TS, T7bb,
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Wy‘y Normal braking
WA\ Heavy braking

(a)(b) Pedestrian/bicycles passing by another one.

M Normal braking
MAY Heavy braking

(c) Pedestrian/bicycles overtaking another one. (d) Vehicle overtaking pedestrian.

Fig. 3-13 Movement change according to overtaking or passing by.
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W'Ay Normal braking
WA Heavy braking
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(a) Typical case. (b) Stop crossing on the way. (¢) Low visibility due to rain.

Fig. 3-14 Movement change of pedestrian/bicycle without noticing ego-car approach.

< BEBELIZKINROBEIED R R R OB >

Fig. 3-14 /R THANL, WIN b EHHEGEHOEITIZKA SN TWARWVWHERH « HITHE O
MR Enize YU Ny hEFITH D, £ OHAEX Fig. 3-14@)2 "7 LBV, Bix
L 7 EBATE A B B O B ORI CZERR O BRI A BRAA L, B A 15 22 [5]8E 0 7-
DEAT VL —F&EnTdEWVIHDTH D, Fig 3-14(c)DF AT T D BENK A 8
L7zl E LI L TW DA, RENCH T 2 FFNIBENMA O HMATE T, 52325 O Mk
Bldh &0 ) RICHEA S 5,

Fig. 3-14(b) b [AERIZ, BITH ORROMEW R H e Y U Ny N TH LD, KEH
IR WT, SITHEIIHEWBRAA B AT ISR e DIZ ) ~E AT D LSS 2 Lo THED,
BITHEOHOMERHRMTENT AR Z PRITE S LR RL TS, —7,
Fig. 3-14(c)D HBI TIE, MR FTREZEZL TWAHEHITEORARFDOHITH L, 20
BE, ZOTZOHBE@ENLIIBTEOHEOMERLLIEEELX DI EIFTET, W
CHITHEICE S THHITPOBEIL T 2HEOFEICKIZLESWVRRTH D, T72
DOLEOEWBEETE THARELSRRTCHY, TR —IHATCERELR L TE

R
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Rl
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M Normal braking
‘Nﬁ Heavy braking

Fig. 3-15 Wandering of bicycle.

HRITEAZ L OS2 2/ R VWG TH D,

R oOe YU Ny hFEHIE LT, Fig.3-15 12”7 Xk 212, BHAHZE/79 5 HERHE
NRIZS OO FERNEHRZ TN, 2L, —AT2LaRMosEo L
NRILNWZ EnD, RIANGTBERZE L TCAT L —F2BAZ O T, HEN TR
HLERZEICRDEV) BEEEOHEN Y Ny hO—KTH D, BEEN LY A/
Lo TWVLHGE, bLIIFBEEZHBET HOANFEL, FELE2NTIIRELL
P, BEOF LW HEFANL A bNT,

<EF»rDLOBEEOEN>
Fig.3-16 [Z/R T H41L, BHEMAZELLZEERICET NG HEENTOWTE
FHHTHDLH, WTHNOFEF S, NI A NTHEEHESH #EE OB ORTZ2BY) 5 rTaENE %
ZERLT, HMERMOTZDORT L —F %A, eV y NEAlL R, FICE
HORWREZRTCOERFNENLDG, TEAEOLAREMITIEET THL-, HEK
ETFOGmE L THET 5,
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Vv‘ﬁ Normal braking
WA Heavy braking

£

Fig. 3-16 Approach of bicycle from left.

AKEFOEY Y Ny NERIT, BEEOERELE L TH T2 L0 L I BNETH
N5, Fig.3-16 ICBWT, EF0LHBELTELHEBEIOORKZ L 50, QDR
Wa L b EICHE T2 LIIREETCH S, e U Ny PEADOEE, VT
OLEH CIEEBHIIQORKEZ > TCETOEEHEMOLAMOBMT b L <148
EETTDN, FIANTIR—OEEEEOB AN, AEEIOORK L L 5
BRERNHDL I EEZRICANIS I Z 2V, TORITHBEKR CTLREETSH 5,

3.43 MEILHET DY IY Ny FEH

TIET, RERETRL IOHERKEETRICFAOE YU Ny FEFIZONTESR
ey, MECKBTD e YU Ny FREOABHFELL, BIEFLUTD 237 =0 5T
5N 5d,

(1) /406 OBEERROH L

(2) FEFICLDEILIER

LT, £hZho"E =Y OFEflic oW TR~ 5,
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<FEAPDLDOBEEROHL >
Fig. 3-17 IR T HFII T R THEAR ML E YU Ny FHEFITHY, E¥ U vy b

= A R—=ZIZBWVWTHEL DEAEZED TS, = OMAIHEFT Fig. 3-17()ll <7
WY, HEETRICIIREORR EOEMMN DL RARBEERNROE LTS 254, 2
BRI EOERIZE W TIE Fig. 3-170)IIC R T X1, HFHELTWDLHEDOEND ORRN
MU Z W, B L TV D m B O LB E S ROHE L T< 2566 28
=T b,

BRI A NGFE LW m TH, Fig. 3-17(c)D £ 5 1T Bl 23 A & 72
HEGIDAFIET D, AEFL, AEBE O Z@EE Lt #E ISR CTRITE DS — R
R0, RIAANBRBITHEOHEEIZR ST AT L LD & LTHEEDMEKRZH W
HITH D, T ORIBEMET, ZEMICHD - THLHITEORITAZTEY, i
TRABRL 2o TV AHMBSHITHEIT - EHEE CHEHLEL Tz, BEFEEIZB W TARS
BlHCHIGT 720X, BITEPRM TE AN LEESRZ bV ERG L, RAR
RBEROTMICHBITEDOEREEELET 2R EDTHTRNLETH L,
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%

Car in traffic jam
or
Parked car

Wﬂ Normal braking
WA\ Heavy braking

(a) Typical case. (b) Blind spot caused by stopped cars.

Wy" Normal braking
WA\ Heavy braking

Pedestrian became
Invisible for an instant

(c) Blind spot caused by passing & crossing vehicle.

Fig. 3-17 Pedestrian/bicycle dashing out from occlusion.
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AL AL
wi

g M‘y Normal braking
WA\ Heavy braking
Fig. 3-18 Stop order by induction staff.

<FEBOFFEHICLDIELER>
Fig. 3-18 IZ/Rn T H 4L, BEEO ANHESER LHL L, Mor0MEb THEENF
BRICEIVEILEZERLEZEGE THD, TOERDNIANCE > THEETH T,
HHWIEARHE TH -2 ENATL—FICTOoRBY, XY Uy Mo, KH
BHI T HEHETICE N TIEIA RO TEBET 256 TH Y, HE)#EER O EGERER 2
DTWVWDEMETN—TRAa—THNHELTAXLTNDLIHELTHD [74],

344 YU~y FEFODOFE

ARETIE, AIEETCTHRLIZE Y U Ny MEAIOSEERE/ME 2TV, T8
HETNAEEICHT o TOFEFIZOWTERT S, TNENICEIT 5 BEEOITEIE
MR X OTE PRI REEZ £ & 7= # % Table 312, ZNZE D FHF O %% Table 4
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Table 3 Classification of niear-miss cases.
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Table 4 The number of near-miss cases.
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Table 4 |2 X 1LiE, REREATRFICBHEOITEZ(NFR L 2o Y Uy M
B, AP OROH LERS E2ED 35%L2>oTW0D, 35%D 55, 5541

CEDEVHLBLOEZEED 68%, MWrODDOERAERD 32%L 72> T,
BEAITE) THIT T L CRALTFTRE 72 & — 1T BIK D 24%, BEMADOITEIE/LICED S
=D 68%E N NN—T D,

RARFIRICBWTC, HITERAGEZOE (F-HA8W, TRE—-K) Fickd
EXY Uy NEGNE, B0 IR P TEBERNEELS AR L LA E
KEloTHY, BEVKOFMEEEEAE Y Uy MTHE O OWI2fliZd v, Ziix
Ba0dbREAEEN, AL, Bl o RBEERICIVBEIEOBE HHE b
HIEERMET D ENFEREHENT S, o b, BENERICEIT D RE8HT
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REARE L, EEEDORR, BEEORME, BIEOITESICES HEL LTI A
MATHREL TWD, 72EL, RERBRICETHRRY, MERERL, F5
WL Y, BEEOTHZIET 2REL— ANV RVEE, EBEFORKETRK
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T 5,

— 5, BRI P2 TV LHBRITHE - BERE O R O 72 8 0 272 J5 MR 1T
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Table 4 |2 L LiE, IS ETRICBEVEOITEIZMLRRIA L o7z ¥ Uy b Ep
BIRD 25%E 72> TV D, ZHIEFEANLORIHE LOEA L IZIEREKTH D, I
ADOEFNRZRAZITONDLDIE, REOHRETHREBELOELS, N OHEM O ILE
WS R EE 22 M B LSRR SR IS B o 2 D R T W LI KT 5, BEHKDOITEIZ(L A
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DD 3N%BBEEOHBENCHELZ—Th D,
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D, TOE, #IEW EBEAROMAIEMN, &2 WIEBEKRELOMAENELZERRT S

&, BENVER £ OBEERFICKRADMBS EHR LERANETVOEABREH EE X
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<FEANPLORVCHL - FEFTLDIELEBR>

RERAYER, BEETRHOmMFICLET S5 U Ny FEKRE LT, EANDLOD
BEAEROH L, FESICLIEILEROEANRZ T N, MHFEBIHENE
VT TETVWRWRATH L Z &b, BEIKTH THET VOBEMIIRNETH Y,
FEADOBRMICESE PORE - BB ICE#~— VU AR E O RN KU TH
Do T, BBEFIATHEZLDTFREFORBY VUV ITBIOARY -~y T 7
b, Thbb, ZRHOFEFICH L TBEHERTE FHIET L OBEAIIRETSH D,
JEOBRBERBR BT AT ETH D,
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(a) Ego-car’s direction is covered by obstacles. (b) Cleared direction after 10 sec.

Fig. 3-19 Assumed road environment with highly congestion [75].
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(a) Concept of personal space. (b) Modeling of movement change due to passing by.

(¢) Simulation result.

Fig. 3-20 A movement prediction method based on personal space concept [76].
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Fig. 4-1 Scheme of lane-map construction.
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Fig. 4-3 Map expansion result (zoomed at major radius curve).
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Fig. 4-4 Definition of “lateral distance error.”
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Fig. 4-5 Definition of each evaluation area (A)~(D).
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Fig. 4-6 Localization result: comparison of lateral distance error.
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BB, BB THDHT U T B)YDITEW T, Fig. 4-6(a)iZm$ Long-range camera (Z
X2 B O EHEERZD, Fig. 4-6(b)IZ/~ 7 Fisheye camera (2 X % B O & HE E 7R 2=
KO RHE - RRMEEDICRKRELS RS TND, FFIC= Y T B)TIEZ O AEETH
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Fig. 4-7 Photo of autonomous driving test.
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Fig. 4-8 Driving procedure and focusing point in the test field.

Fig. 4-8 12, HENEIHFERICEI DA X — K - T—fE, =V 7 BIUTEB W THIZHE
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ARETIHEICERAICB T A2FEBICER LT HBERRS R TMT 5,
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Fig. 4-9 Autonomous driving result (without heading error ignoring method).
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DHERRAZNDLEL TV D,
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DEATHMOHEEMEABIEL LS L5700, M LEABRMEBEICHEOBRENEL
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7= (B 2), T2 5, Fisheye camera THUS L 72 AL ICH EOEIT I isxt L
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(a) Conventional method.

(b) Proposed method.

Fig. 4-10 Heading error ignoring method.
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4-11C)TIHFEMA DS HLOENFIE 1 DOF 012008 > TWND, ZOZ NG, F
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Fig. 4-11 Autonomous driving result (with heading error ignoring method).

444 EBRFERIT LD

Table 5 1%, ik L7z 2 DOFFMHEIEICHE > C, FIE I R OFIE2 OERERE £ &
DR TH D, BINTENZI S FHRME TR Lien, = U 7 BITBT L #Ebtf
DRMS ZZ N ETHERLTEY, MANTFIEL FE2 TRRZERL TS, FiE1
ESEAF VLA LIrEI Lo fcnicxt L, FE2E S AT CTHEERICL2ES
WL TWD, £/, BEAO RMSICEAL T, FIE2 OB FIE 1IZH AT RMS
A 2BRREIC/NEIL 2o TND, ZOZEnD, FE2ETFIEIICHERTEYLE
LTHBEEBE TCEX L LERST N5,
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2L, ZOR@mITFEL2RERLTHWD EFHM SN2 DT Tidlw, 4EoH#)E
BRERICBWT, EREAT R LY, ARERMOETANAROMAE L FATTROVAETT /S
—VOERRITERL TV, BTV Rv—7 <y F 7BV THBRO A E %2 BH
L7eZ&T, ERAERRCICHOMEOHEERAENKREL RO ARERS D, 7l &
& DREFNNMLETH D, £, 4 ENTHEMEDH A I 2T EBE O Fisheye camera %
M TEy, ARAMEOREFEROBREN RS RAEREL R D, TOR, HHEHGH
NEVmEEEE L 725 Long-range camera # W28 T v R~—2J ~ v F o 70N L

WREETHDLHEBEZLN, SBRIIWEOMALDLEE LRI T ILERD S, I
BILEm Ml 72 LiDAR & FFRAVICITRRIL T 5 L RIAENTEY, KV LELHEE
Ry AT AOFEBITHIT CTIEA AT & LIDAR Z#EUICHAGDLEDL Z L b MELE
z B

4.5 KEDIE LD

ARETIX, M= A M LIDAR (ZfUb o> THIE D X T D H ik Hv 7o KA L FIE &
i BAS BE ) E FIEIZ DWW Tam U, MIRIERFEORGEICH 720, HA L LY DR
ROL2FEHOIATZEZMEHL, TNENDOI AT Z WK AERKROR R Z T 5
ZET, HEEERICBIT AN RRBHEE P ORIKESFOME AR, 2 FEO D A
FZELTHF LD DL, —DFE LV Y THROEMA % £ Long-range camera, b 9
—0% 180" DKV & t > Fisheye camera T 5, EHbHLDH AT 4 HHEHT
DHEHMBFAFEDOT — 2 BN TRIMAETH Y, RMEEHO RN D &0 ) K% Ff
el

WA FIEORIECH D, MG AmMAE] 2ER L, HOMBEMEEHE (B7718

Table 5 Summary of driving test result.

Method 1 Method 2
(w/o error ignore) (w/ error ignore)
Number of laps: success / total 1/5 5/5
RMS of steering angle in area (B) 11.7 deg 8.8 deg
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HENEGRG N ATiE L o, ZOZ D, MREEHEICH > TIX, AR
LT TRAMDODERTORIAELITOMLERNH D EEZX LN D, #ETHIE, B
RZEMN 0.5m L F &2 L 3IMEFHETHoThb oL Es2 R0, LD
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DATREMEIZOWVWTIHERE RS, £/, SENTHMF Lo H M EHERZICET 5K
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OSM D H# X% XML JZA TRtk s, HENEEICFI A LT W T — 2 METH D 2 &
NHEFESERa— R — R ITBIF 5 Pathplanning ~DOFH N HFT S TH Y, Valet
parking (211 CEEBESG OFRFKEIZHES< OSM RO IEfME 2 X 2 /R4 5 Tk
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95 MR RS B RE A

WL THHIKEROEEN BT ITIKGFET 200”0, TEfE) L LTEHATE
D EIERS 720y, OSM = HIXFEEH EICH AT 2 FIEFEELRZEL TWDH [110]43,
ARETEHER LEZHHOFEC T — D AT 5,

5.2 MR EHIE FEORE

5.2.1 MBI EEHIE O A J5

F9, HMEEREICHT RN FEERAT L5, M CLE~TZ K OIS, K
TEBRMXE SBEE LTS, LRS- T, MEBEHEIES 2 XKMICB T 5 Ao
REHEOBPEELYD Z0nED (=0 RIERELFE> TV D EDN) ITHED X HE
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Fig. 5-1 “Lateral distance error” between in-map lane marker and true lane marker.
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Fig. 5-2 Condition of lane map to be within required lateral distance error.
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Ab X 0I/INEL B %M, Thbb, XKUOBLOKRUNDO R 2T 2 0% K
TT 5,

a—Aa<a<a+Aa e (46)

b—Ab<pB <b+Ab . (47)

Aa B IO AbIX, /D FHBR 9 =ax + b2 5K (46)(47) % il 7= 3 HER DS HE RS2
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Ab% K (48)B L OXMUYDWEY IRET D,
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Fig. 5-3 Example of student’s t-distribution.
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Least-squares line P ax,+b

y=ax+b

Xk

x [m]

True side lane marker
y=ax+pf

ax+p—0.5

Lateral distance error 0.5m line /
y=ax+[—0.5

Fig. 5-4 Condition of least-squares line to satisfy lateral distance error < 0.5 m.

DOMIIZIEDTZODERMEIL, x=0B L Px =x 2B T DyEEOMEN 2 DOHEFROMH
WCIREDZEThHD, T4bb, XGOLO>XGHEMEZTLERND D,

ax,+p—-05<axy,+b<ax,+p+0.5 (50)

B—05<b<f+05 (51)

o T, K(46)47)(5B0)BL)EZHEI L, Aa=Aay, Ab=Abyé B ZLI2LY, Aayy,
BEO Aby, 13 GB2)EH XTI W ER 005, 720, 0<Aay, 0<Ab,ThH
%o Aawy, AbplTEME (ERRME) THDZ LD, Aapmxe EAbgy DTN 0.5 & 72D X H

(ZAae & Abpy %2 R E T HUIE KW,

Aathxk + Abth <0.5 (52)
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Map evaluation
 Start ]

DIVIde map datﬁl [ Change to relative ]
nto maty sma coordinate of self-car
sections
J
l (_cCalculate Aa, Ab ]

. . )

Find which data

point belongs to .

which section Satisfy No

\_ J
For i=1:[number of sections] {)

Aa < Aag, and
Ab < Abgy, ?

[ Map evaluation [ Mark as “satisfy” ] [ “nlt\)/{casraktias?y” ]

End

End

Fig. 5-5 Flowchart of map evaluation.

UEDORFHNZE Y, Aay, B3 Aby, 13 (52) & i 7= T #iPH CHERETH VY, 7
OMBHEDEFHEBRESTNDHZENL RL—RF7OBBRICHD Z B nD, T
bbb, Aay ERELT2ELEAROAE (HE) DXL OETEZHAET L TH
FHOIXESDEIZTETIZRY, WIZ Abyy ZRELTDHDIEIEAEDELOETIZUE
T2 %, Aag, BE Aby, ZWRFELTES, BUIEORET —Z 2 M0 TAMA)B LV
KMANK2 S Aa, Ab ZHMHE L, Aa<Aay 72 Ab < Abg D SN S UL iE A
HORBENREW (X5 W/NS v - BENEERICHEA ATRE) & A7k T 2 L3 A[RET
HY, W ERFENBZINZ2VEEIERHORBERR N (SE52ENRKRE W -
HEERICERARR) & hREDd,

52.3 BARABORMICE S HIKEEHE Tk

ATEI O 6, MMKEEHE FiEOT7n—% £ L5 & Fig. 5-5D#EY L7225,
F9, AMO S E H D/ S RKBENZ ST D, WIS, Bzl AR O SR 28
Mmanzs, ENENADORBERT TICBREINLTWOIHK FOXEO L ZIZET 50
BUET D, LT, 20— 2OKBITHWT, MBEE E D D O I 25
LTAa, AbZEFHEL, 50 CORE LBEICK L TAa < Aay,, Ab < Aby, D 51423
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[FRFICT 7 SN0 2R T 2, RENPWHLEINL2HLE T UKL TH B EEK R
(Satisfy) | LHIEL, 272< &b 1 DOFEMENwM T SR WAL T H B EE A AT 6E
(Not Satisfy) | LHIET D, 2B, ZZITHL—V~—DREVWERTHDLZ L ES
JEIZ, —EORMICHFNTHI L & LI, O L — 2~ — DIk L CTIEICHER [112]
RETRHREINTWDLZ 722 ) U7 FiEZEAL, O —2>—2OKMIZX LT
ARFLEZFRERICHEHTT 5,

5.3 HIXUHEEEF ik ORRAEE

ARETIE, B T S e M ORS FHE T I O RGERS R & R T, ek, I TRT X
bo—22icbleo Tar 2y v MCRIMATEETh o A MO ABIS K L CREE
%//r? 5 ]
5.3.1 RIEFE

422 TR RIZAENT A b 32— 2O AKX Z VT, 2527 2 MK R E Tk
DRFEZAT 272, AZ — MIEIZILMOERBOE T T, ETK LR L KL D

WZATEDORRCHBRMEKZ XY, No.l MOIEIZA T v 7 A%&DiF, £ LT,

WCULTF DRI A =2 2 EE L TRHRE LKL,

- M AR W D ET T —Z O BIE (1~6)

- BME Aay, B L O Abyy,

FR [ 2 X 2 X o0 & &

Fig.5-6 12, 1 AH?» DL 6 AHETOTRCOENTT X2 KA LEZABRMKEZ10m
TERCKY o= E LT, MR ERT, Fig. 5-6(a)lT KK, Fig. 5-6(b)IxZ D HH—
W EIERLIZE D TH S, Fig. 5-6(b)% AL, HMEP10mIT LX) > THEG T &
W, B EDIEICAHESN TS Z ERRTERNDS,
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4 4
x10 x10
41 ' ' ' ' 4678}
a3, .
47#! ] -
@ 467751 %=
469F Wy 1 o775
*l" no.91 W‘J‘.'IG
— 4.68 —_ 3 )
T l“t E 4.677 ...'%
> 467} - { > .
)Y 4.6765} fig,15 :
466} \ ] '&.:).2 »
*
%ho.14
L W ] . r 1
4.65 ‘L’Jl-‘ 4.676 u.“‘ .
4.64 : : _eud : : 2
6.14 6.16 6.18 6.2 6.22 6.24 6.169 6.17 6.171 6.172
x[m] x10* x[m] x10*
(a) Whole course. (b) Closed view.

Fig. 5-6 Division of lane map into each section of 10 m.

Table 6 1%, RFEMR/NT A —% (Aag, = 03/x, Aby, =02, KEOES10m) 28
FLETT X OB E Ol EB)EE A RE (Satisfy) | &HE L7 KEiHEB L OTH
B EZ AN ATAE (Not Satisfy) | EHIE LEEXEHZ KT, 2EA2kmOT A ha—2x 0
e, KEOKI10mICRE L7ZEOKEED 203 £2>TWo, —&AL (Lapl) I
1 BEOETT =2 DOHhE2HNTAER LI AHRMEICK T 2FMERERL TWD,

FIAT < IZ E M AERICHWZETT — % O BIEITHEM L, —%F 4 (Lap 1 to Lap 6)
1EBPL 6 A ETOT XTOETT —F 2 iz BB %3 2 3Rl 5 2R TH
b, Fiz, EEMBIEIC T2XEH (203)), [HEEATRE (Satisfy) &fIE LK
B4, [BE#EERATRE (Not Satisfy) & HIE L7- KB, THMBR R AFELRH
SR 28T, AROFEMELZ2VRE L, FIZIZABRZOLONRV AT
WTHHTERWEFRZRLTEY, ARBCEOLTERCEMHEE 2> TWD,
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Table 6 ZZ& M3 2% &, [HENEEATEE (Satisfy) & HIE L7 XMl 238 [0 % E i
LTELITHEIMLTWD Z RN nhd, 2, AROSHEENAEZ L T LI12, BfL
B OBREDHIIICHENT D2 EWVWIBEICAETLIMBRTH D, 72720, 4AHLK
(X H BN EHES T RE (Satisfy) KB OHMAIFIERL - TEY, MMk a 720 Tk
HENEGRARE L RORWEHNRH L2 LR RBEINTND,

532 NI A—FREIZL HMEM

INTA=H Hffr ICEFE LT, EXEEICT 5 [HENEE TG (Satisfy) | & HIE
L 72 K% 0 B4 & bl U 72 #% B % Fig. 5-7 (27~ $, Fig. 5-7(a)ld # X £ 5z v 72 &
4 2 BREhiC & > 726 DT, BE Aay, BED Abyy, ZABIOEYEFE LTS,
FTHOF G T H & EEATRE (Satisfy) ] OFIGIXEE KA ER D T LITHMERIZH S,
F72, Aay, = 0.3/x \ZFRE LTIE 9D, Ay = 04/, (I E LT AIC e~ T THE)E
Ha Rl BE (Satisfy) | WEZWRER LR oo, KM TIX 6 A DT — % 2 W T EIC 4
KD 87 %D T H BN EHs e & HE S hviz,

Aag, = 04/, DBICEBT 2L, 1 EEOHREROVIERERICHL, 1~2 @B ZH W
fE R THENEESATRE (Satisfy) ] CHELEZXKEN —HFR>TW5D, ZhlE, 1/
HOHZBZHWEZSGAEIZHRT, I2BEDO 2207 =22 W61, BOAEH

Table 6 Summary of evaluation results (Aa;, = 0.3/x,, Ab=0.2, width: 10 m).

Lap1l |Lap1 & |(Lap1to |Lap1to |Lap1to | Lap1to
Lap 2 Lap 3 Lap 4 Lap 5 Lap 6
Total number of
203
sections
Num. of section
158 170 173 175 175 176
marked as “satisfy”
Num. of section mark
32 20 17 15 15 14
as “Not satisfy”
Num. of section that
13
have no data point
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0.9 T T T . 1
_ 038
=>0.8 >
Z iz
_8 5 g 0.6
5 07 5
o 004
S o
06 — — 7 0 2
—o—Aath—0.4/xk, Ab'h—0.1 .
—o—Aam=0.3/xk, Ab'h=0.2 | | | |
0.5 : : : : 0
0 0.1 0.2 0.3 04 0.5

1 2 3 4 5 6

Number of laps X - Aay

(a) Compare with number of laps. (b) Compare with x,Aa,, (width: 10 m).

Ratio of "satisfy"
o o
o o

e
~

0.2 : : : - :
0 5 10 15 20 25 30

Width of section [m]
(¢) Compare with width of section (Aa;, = 0.3/xy).

Fig. 5-7 Ratio of “satisfy” sections.

TMRAENHELDIELDEN, HHZPHREIMOPHREIV B REI Lo B 2L
N5, [ UM ITAay, = 03/x0fRICITRAR AW, Z66IFFRDOIXL S
kT D FFRMEAb 3 Ay, = 0.4/x, DG EIZHRTREWVWEZDEEZI LD,

WIZ, Fig.5- 710X, 26 Ao OETT =X EH - ARE10mE R XUV, B
Aayg, BE O Aby, ODEEZE %2 C [BEhEESAJEE (Satisfy) | KB OEIGE 72> ML
bDOTHDH, BICHBRRTZHEY, Aay, & Dby, XML — KA T7OBRIZHY, Wh
ZEBFFICEIMEE 5 Z LT TE R0, Fig. 5-7(0) TIE Aag, = 0.3/x, ThH %< OMEM
DNHENEIRARE L 2> THE Y, BMHE Aay B Aby, OB EICITERE S NIFET D
ZEBRBENTND
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X 512, Fig. 5-7(e)x, 26 A OETT — X AW AME, Aay, = 0.3/xy, Dby, =

CEHELEZ ETREORIZLET LZHERERZLTWD, %Rik3 228, XE4iEE

RS T2 LMBEEHMDOIEEDEHEICEEN R T W —T7, Xl Z2@EIC A<
D &R oy OHIE N ARIEMIC R D, AR XL, KBEOR S %220 mIZRE L7 E

CHBEE A REEBOE SN b & <, BED B3%NEEEL AR L HES ATV D,
ZORRIE, KEOE ST REENFIEL, SEMIEICHNZT X Fa—20 Ak
M TIE20mf R RETHDH Z E N REBINTWD,

5

5.3.3 EMRE - BRI T D REEHER R

AT, B X OB IS B 1 DA E RS R A SIS T T D, Fig. 5-8 13,
Aag, = 0.3/x, KB OE S 1I0mTHIKEEHEEZIToZMERTHY, ARBKO S 5
ERHLOH D —H o aI kLD TH D, NEIZ, Fig. 5-8(a)ld H B iE#ix ol 52 (Satisty)
ECHIE U7 K, Fig. 5-8(b)ix A @hiE# A ATRE (Not satisfy) & ¥ L7z K] & 4 % H
LebDThHD, £, MPTORDODOERITERTOMOBBIZOMELZR LD
DT %, Fig.5-8()xZMT 5 &, BENERE (Satisfy) & & L 72 X # No.143,
144 ITWF N HER FAICK L THEITICW A THE Y, B FWICK L TERE S W OIX
LOEN/IMEV, —F, Fig. 5-8b)& 2T 2 &, HEEEATHE (Not satisfy) & ¥
L 72 X No. 142 1XE B Hmicxt L CARFEF MO S AEL (SmiEfE), EK T
X LTREFECIESDOV TS ZERRATENS, 20k HiC, ARMTRETS
MRS R E FIEIE, 20X RIESSDEDOKE ZIT L o THBEEATAED 2 % f
ETHFRETHLIZENRINTEBY, RFEOHIMEEZHEE LI,
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4 4
4,644 Z10 — - 4.6445 210
Direction of road

4.6435} 4.644 |

Direction of froad

—_ Muno.144 —_
E 4643} £ 46435}
> >

4.6425¢} 4.643

4.642 : - : 4.6425 : - .
6.211 6.2115 6.212 6.2125 6.213 6.21 6.2105 6.211 6.2115 6.212
x[m] x10* x[m] x10*
(a) “Satisfy” sections. (b) “Not satisfy” sections.

Fig. 5-8 Result of map evaluation at straight road (Aa;, = 0.3/x, width: 10 m).

Point group data of Point group data of
straight section: curve section:
- ®
[ ) ° . ] S
® T e Te". L.oa.,\t square line: —y = = = =g = I\t“‘[ \flUfl“Cl‘)'ll”L-
Variance is small ° " ariance 1s big
. g ¢
Section length: 10m Dléq“allﬁed by
algorithm

Section length: 10m

Fig. 5-9 Challenges of map evaluation at curving roads.

WA, HBREIC I T DREEHER RE N T 2. AR TRET 2 FikE, Fig. 591
ATEIORBELLEMREZMELTWVD, LN ->T, FITEREEDO /NS () F
DREV) HBTICB T, ROERZOEEMAMOIEE>E LHEINI D
7o, EMEEEROHENITZRVARERDDH, 22T, 7 A ha—2A0dLFEIRIC
B BEEEEO/NS VRIS UMR) ICB W THEMERREZ O T 5,
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4 4
4704 210 - - - 4.704 210 - -
”NO&J 52
ho.54 050 ’ag§ ~10.49
4702t 1 4702t .
0.48
f0.47 f”'%
E 4.71 wo.57 \:}.46 1 € 4.rr
> v58 0.45 >
4.698 | ’*gfg 1 4698 Jaa
no.60 no
61
4.696 | ’qu ‘sz . 4.696
1 nQ.63 1 1 1 1 1
6.144 6146 6.148 6.15 6.144 6.146 6.148 6.15
x[m] x10% x[m] x10%
a) “Satisfy” sections. b) “Not satisfy” sections.
y y

Fig. 5-10 Result at curving road (Aa;, = 0.3/x,, Aby, = 0.2, width: 10 m).

Fig. 5-10 1%, Aay, = 03/x,, KE O S10mTHIKEEH EE2ITo R THY, A
MUK D> H 7 A Fa—20dbEEICBIT 52BN R)ZILRK LD TH D,
JIEIZ, Fig.5-10(a)l% H B#E#s rl 6 (Satisfy) & ¥ L 72 X H, Fig.5-10 (b) 1% H #)iFE A
A rl e (Notsatisfy) EHIE LLEKEZEEHLZbDOTH L, BEMRMEH S LT,
E#RES 5> (X No.45~47, 57~63) [THENEEARE L HE SN TR Y, RS

(No0.48~56) X H ®i#E#Z AN 7 HE (Notsatisfy) &HIE L7-RKBERAZ W, /2, ZOED
& LT, AMBAMA ol En TV D EFT (No.48, 49, 52%), KAV HARKE W
& AT (No.53, 56) TH®E#E#R A Al fE (Notsatisfy) ¥ E SN LMEMICH D, 7272 L,
AR AT R CHBEEGE AL ESN TV DI DI Tid i, Z o
TR DK 10 mTH AT EE & rfEe & HrTE 5,

Fig. 5-11 1%, Aay, = 0.3/x, CTHIKIKEEHE 21TV, KEOR I A E L CHBER
Al HE (Satisfy) EHIE LXK Z 72y LD TH D, T ZE I Fig. 5-11(a), (b),
(), (MIZXMEDEES%5m, 10m, 20m, 30mCEELZ LD TH S, AKICE - T,

B D & ST J o THl RS 43 o H XS B ) E O AE M 28 L CTHL %

FT, RN RERE LT, ERESIEREORIICLDEELZITIC NI &N
I D . TN DKIZE T (a)No. 111~124, (b)No. 57~63, (c)No. 29~32, (d)No. 20~21
ARCEFTOAKREREL, WTInbHBERTESHNES L TWD, —J7, iRy
WHEHBHT DL, (a)No. 105~106, (b)No. 54 1%, KRB DOE &20mbl ETidH 8 iE s ] 4
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4 4
4704 219 . 4704 210, :
" ”n
o808 Oty . 50
,10".?01695 ho.54
4702 4702t
no.93
Ro.47
E ‘i Yl E TIPS LS
> 0.88 > 0.45]
ho.114 3p.58
4.698 116 1. 4.698¢} ’*9‘.59
0117 noLt 10.60
no.118 61
4.696 *@1.23&%2 4.696 | e 2
L L .I'leu']'a’l.'}.“‘ L L no.63 1 no
6.144 6.146 6.148 6.15 6.144 6.146 6.148 6.15
X[m] x10° x[m] «10*
(a) Width 5m. (b) Width 10m
4 4
4704 219 ; 4.704 210
nos2
ﬁ""'ho.zs
4702 K 4.702} u
— 47lwo29 ‘10.24 — 47} .
£ \. £ go-20 \
> ., * > . 0.16]
.30 b
4698} % (:]03 4698F %
no.31 wo0.21
4.696 F 4.696 e
32
L L “&: 1 1 . L \“”m 1 no
6.144 6.146 6.148 6.15 6.144 6.146 6.148 6.15
x[m] x10* x[m] x10*
(c) Width 20m. (b) Width 30m
Fig. 5-11 Comparison of satisfy sections with the width (Aa;, = 0.3/xy, Ab;, = 0.2).

EITHIE SN TRV, [AERIZ, (a)No. 98~99, (b)No. 50~51, (c)No. 25~26 (X [E D

£ X30m T H #hiE s ol iE

5RTRND,

5.3.4 BEROKRHE
LLE ok

- B
- 5

R DL Z &N

ITHE & TR, Fig. 5-9 THRBHLZ X 212, KM
DR INHRE LR D1F EdhBRER 5> T 0 MR B E |

-
—

O =P Sy

T D, AT THRET 5 MR A E F BT 0L F 04 B i TTHE T % .

FP, ME TS AR LR T S EREERITL, TOBEEICL-THH
R PR N D O ME 2T D B 2 F R R Ui, A LR UEFTF — % 200 CRIE%
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ToTHY, BRI CIIllirnl OO EHE TR E N BEEO0SmULNICIE S —F,
FriZ b ma & o dh g /N S W& T U R) THCALEHEERRZ20.5 m% 8 2 2 & T
PAFIE LTz, ARROMERETYH, WU [HB)#EE A EE (Not Satisfy) | & HIE Sh
HEMICH Y, WETRERORBE LN LTk D,

SEIAWEETT —Z2IZb b S FMOTNNOEY ol &b, EIT
AT H IS LT MOIE L 2EN/NE W EHE LG AIC THBEE ] &
ELTWD, TD=®, Aag, = 0.3/xx, Abyy =020 5573, Aay, = 0.4/xy, Abey = 0.1 bt
NTHEEEAREHE LEEENRE NPT, ZHIEBTMOILS >E T3+ 55
BEAby K E Moz EZ BN D, Fig. 5-710) 6 bRB I 5@ 0, FEEHE
T HME DO OFEIEIZ L > TAay, AbgDEICIIRBEHENFEET I EEZOND,
o, KEHOERIIZH L TOREHE/RENEDLL Z LEZRLIEEBY, KFEEICTEND
TEZHRRNTA=Z 2 LD XD ITHRET & (R RRGTIE) (BT 25
WL D,

AFPLEOF M E LT, THEGEESREE (Satisfy) | 2727720 O O E X H
EHETIERL, MAShEAHOIEL XL TRAEZ VI EANETF LN D, K
4B L OXKMUANYN B 2D X 91T, Aa, Ab 1T AT ENT- AR S RED x, yEAZ |
BIRFT 5, BFFICYyBEN D TIZHDZ N, yHFAIZIEL2E N H 51T EAa, AbIE
REWEEL LTHEIHEND Z LITRD, —HT, ZOMWEIL, B2 aBEOBRERICIS
CTHEREDLD ZEE2BEKRL TS, LEBST, HIICHBERA> T 2HAIC
(o & A E LA RE DS 2 AVIXBIME 3 2 2700 LWV RICHIERZ 2 25 2 T g
EWVWIHORREEZIIHATND,

Afm TR LB E FERKRO Y Ve —FofiEE LT, [HE)EE A EE
(Satisfy) | & WD I AR LT Z YN EIDDOHENHELNEWHIRELRDH D, KF
B, A SN ARMEB TR FHICHENPD LN EIDEHET LD THY,
RLTEETHDLZ EARIEIZ LRV, 2 HE AR FIEICK T 5 kiEORE
Thb, kOB, BIECTIIBEICAERL-MKTHOMEREZRITL, TO/E
L Lo CHBERAENEPOHEEITIBEX FE2 R L, ZhbEy, THAN
EHEE ORRE] OFFMICITAREEALETH D, FTEHKS, ik L7z OSM
(OpenStreetMap) 72 X DT — X %8 ZFHHITHE Y A, BEEMEZHEST D TFEOMS
WEBDRBEDO—>Th D,
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54 AEDFELED

ARG, BHBVEERO BT ATRERIPH 2 B A ICHER T 2 B OB R 8R Bl o B 7R o
—EBREL LT, ERLEHMAAEERIC O RERELHELST ATV NENE Y
ETHHPUEEHEFELMRFT L, RFETIE, EFHEHEL A ToAHBKRHICES
SHI AR ZITo72, £ LT, AR LMK ZFTEREOXEIZHE L, ZRENDX

B TCHBEMBOETHRICRTH2EESTMOREN 05m UFERoTWDLINENE
Simple Linear Regression Model {2 %5 & #3280 120 € L 7=,

TAMI—RAEGCEASOFEETT —F 2T, BI% LR EHE kxR
AEL, R 93% D THENEE R & HE L, ARIOREKAZEND Z LI H#hhE
#2 A BE (Satisfy) & HIE L 72 KX 23S H N 260 2 fEsd Uiz, £7z, HB)ESR A e
(Satisfy) & & L7 X & BB EHS R AT HE (Not satisfy) & & L 72 K H O [ #j Hi X
g U, B L7 FIED, FFICEE LM OIS DI 08K E WX HE T H B EfiE A Al je
EHELTWDZ EnD, RPIEOHNMEAME L, 5610, AROEZOFFE
ERTEMEAT A =4 (Aay), BEGHELOXOFRELZRTHME AT A —4
(Aby), KB ORI ZZNENER L, #MIKEEHELBEOIIT I 2OICIZENEN
DI/NT A —=Z BN DM EZHR LI, X7 A —FZ L L TORBEEIZINGS
HOMAEDLRFIZIVENMT HEBZ2 00, REFHFFIEOMNLITIASHROMETH D,
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FoE  WMNEFBRMSCHIIRE LTORITEITHTH

6.1 XL ®HIZ

ARETIE, FHIETHR_TEFHIERREICHT 2 AENERER OO OFRED 5
L, b9 —00HBTHE - Bls#E (KRETIHINE [BEK] LRHT D) MRETD
HEBREICBT AMEIIHTHT Fr—F 2k 5, BEMIZIE, T E TR
AR FECEIVIEL N2 KGR AZICH L, BEIEK, FRICHITEORE (%)
DATENZEALZ TRIT 2 BT ETE THIFIELZHBET 5,

2.1 D Fig.2-1 (HBEEI S X7 A7 —) ThRLEXDIZ, 8 “ry 27D
HCII R A L 724 S iR & Local Dynamic Map (LDM) (28 &k L, # IE# RN E & HX
NIZH LN UDBERLIEMERMELLRT 5 Z LIk B O EHEFIEEZIT ), &
bR e UCHHE Lo BBRIERSE LNV 23 2 TR FiEEHEH L, 2 01,
JEO DRGE WK EFRAHE LT 233 HTHRREFEICLY A O E
WExEITO., £, AR TITHHEER O ERE L FICIVAERT L LM
ELTHY, ARERTHNIT 42 H TR FEIC LV ERL, ZoMOF LY
233 HTHBE72 SLAM IZ X W ALk 5, £ b AR U7X ok 2 ) E 9
DT A3 HRE S E TR HELEITT 2,

1.3 HiTHid_72 X 51T, LDM [THIXIGH A £ O FBIZIE U T, Fig. 1-6 277
Typel~4 OREJEREE CEH T 5, 233 HB X042 Hi TR AR FIEILX, o0
LDM (28T % Type 1~2 OFFIHKE R 2 LT DH 2 L1225, —J, LDM L Type
34 IR TRBEMELFRAFIC—2DT Ty h 7+ —ATEEHTHZ LM TH Y,
AFRIIZOFERICERT D, bbb, BRIKONKROTEHE{LE THIT 5 Z LT
—HRICHEETH D25, LDM KV EKERAREOFILERE, BB LFREDO R
mEEY, Rk (BEHE#E 7 &) B EIA O S 1) ~ B Y 72 1% W 2 R RE L2
BoidZ ik, BEEORROITEHENDOAIEENEG VY — B W TITE T
HRAREL 72D, RETRTSHITHEFTH THENE, ZOFEZAALEZLOTH D,

BEIE (RTE - BEE) ofT#8h2 PRIT 57201201, £ b T BEENHH
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6T WX ERICH B E L ToBRITEITE T

UL o THRATED (FRTWEICIVMESLA 7 I nbitFans) 2 &
MLETHD, ZORBMICEAT L2MBELZEHOETHRENR S, 52 ELH 4 = Cfih
N LSMT S, FRT A T &2 AW T HEFA [113], LiDAR Z AW/ EEBRITH O
Bame bT yxT M4 EZEETOND, £72, 221 HTHRRZ L1, K
WFe T+ % EEBREM IR Sz LIDAR 1, MBS HITH 2k b4 5 HEHED
AVAR=LEINTWVD, FI1ETHLRRTLLIIC, ABRAT L —F2 CO#EEEX
T AT LARBITEEZRAT HZEITARIEASELLTEBY, 8 L O
NMENTWDEER D,

=7, THIFECEL L, EACHEET DI A7 FTHIOHRNELEITDA TN D
[115][116], ABFFEIX 345 HTHIR 72X DT, BITH - HEEHEOBMIMN XL IT1TH
NTVWDHEVIRMRICYL S, AT TICAX TV HITHE - BEEOA K OITH A%
WM TRIT 2007 4 — B AT D, TORT, AR TW5D ] BiRIZx 4 2 e Tk
ELTIE, 345 HTHWY EF 7=V TN AR—2OEZZHFEHNTELORH 5
(761728, ZOFETEEBEERARO~ 7 o R FPRITIE—EOKRRZET TVLHHD
D, il 2 OHBATHEDOITENCEHEB LIz O TIE W, Hx OBRITHEIC 7+ — DA LEF
BEELTE, EETARLEM T ICESS FENEIITLPRATWS, flxIiX, —
EATY 7EHEORESNIZHAERERRKE T, HBOARE Y — LI N TV DL HBRITEHED
ITEYZ MR T T 2 FiE [117], BEWrAE & v ) ORI & » TR O 72 DT E)
FAb = EMNOIC TR T 2 FE [118], X TWS#K%Z RNN (Recurrent Neural
Network) T Tl 5 FiE [119], HE A EZES 5 & T 2 51T7H O 5 R E ORF R
B % Variational Gaussian Mixture Model T 7|92 Fik [120], (55 ZERICB W T
FEWT AR E L2 - TV D BT H O B Bl 23T 12 %E 3 % SO % Gaussian Mixed Model (2 &
DR D FIE (1211728 ThH D, Pool B, HEEZFELSLLE L, RERICBT

ERBREBEOBIMEROT =2y MO ORERET VL [122], HEEOD
TECALEBIMR, HEEICH T2V 77 a0 RERYIAATL RNN (X5
THRFE [123]2RBEL TV D,

IO E =20 B, —ETHETVEREST D LN O - —R
THEHEWTHAEENEBARETH 228, —BIC TR RIS T 2 RIENEHE LV E WS
T IRy 7 AOMER S D, ATE TR D T EHEERE S R T A2 HET D,
THINHAND Z L TEEERBERDND Z EiTbs TIER LR, £z, THINAN

—114—



96w MMFERIS B E L ToBITHEITE T

S EIS, REANTEERAET D2 2L b EBBEINHICHE > TIXEERERTH D

LEHEITEZEZTWD,

ZIZTAETIE, BEREDLEORBICLY S EIER2— AT — A ~O % Al
ZFRD, DO — A RNR—ATHERPRFE LT W HIES LTRT v LIEICER L,
BITHED 5 BHRETOMKROITEZ TR T 257 HTH T FIELMET L, £T
6.2 i CTlE, 3.4 HiICH T HHBATE - ABESICx T 2BEOI 2% 1T, A TH
T 5HBEER S — 2OV TS, KIZ 6.3 HiTIiX, MBHITHEOMERRE (L4
) ZHETIREHEOEZ X FEEAL, 64 HilZBWT, A7 vy Vikick->
KHBITEOMKROBBRKE L2 TR T 2517 EITH TR TFIELRT, 6.5 HiTiL,
FORKOBERBICIESE HEM B2 0 LIS HOE T 5 72 8 0w FE 5 ki o
WTRT, ZLT, 66 @ilCBWTRmEBEERKERABBE LI 2L —va itk
DIRRFLEOFEIMEEZRLIE, 6.7 ETIEF I —HBITEHEEHOEERERBRZITV,
KERFENITAVT =L RTEADRFIETHDL L E2TT,

%

Yo

6.2 HMETHHBERI—

6.2.1 HIT# - BBEOITHHER

33FICBNTC, FIA T La—FF—2_X—2tr ¥ (DBEU¥) CEMINT-
RIATVa—FMBICES T E2iTolc, AT —ZX—=21ZBWVT, ¥ Uy
MElX, FEMICESRP ST LDD RTARNNEAT L —F CTHEERLEAZIT > - F 6l %
B, B (REMOBERXM) ETRFICBWTEK - e YU Ny NEROGHT %
TR, Fig. 6-1 IO X9 RBEK (BEHE - HITH) OITEIE/AF - £
DNy FERBESLTWVWI ERHLMNE 2 o7, BARIIZI, Fig. 6-1(a)D X o 72 B 8K
Fl OB ENREE T I X 288 8), Fig. 6-1(b)D X 5 72 1L EEWY %5881 5 72 O DR
BE), £ L TFig. 6-1c) DX > THEADHBH TH D,
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W Normal brake
W Emergency brake

= !

(a) Overtaking. (b) Crossing between pedestrians. (c¢) Sudden lateral movement.

Fig. 6-1 Typical examples of pedestrians’ and bicycles’ lateral movements.

344 HTHEM LUZHEEETRICEB T2 HE8 LKV Y U Ny FOEKNGR%E Fig. 6-2

(89 5, Fig. 6-1 O L5 B EEOBENICERT L bOEEED 25%TH Y,
A 72 EORBEREIZHNDD B O 29%, EEI X - HEH LB - BEIKRLE L
LeE, ba—~vrxzI—ZBTLE R (ZOf) 84%THD, ZDHbH, ba—
~ T —ICERTLIEY Y Ny NEHNL, BEERI AT LAEZEATLHZ L TEE)
RAEL Ll &L, 27 L—FOERBRAAIRETH D, —J, BITHEOEBTIC
BT D 25%, FEAIERT D 29%1%, BEIEEKRY AT L2 HEALLZT TEET L
—XDOU A7 ZEHHETE 2V, EAICEHL TTEZbZ b HEGHATOEY V7 RR
HRETH Y, AV 7 FHRHBIC L DR PLETH D, AW TIE, BEKOKBEE
ICEKRT 2 25%DFEFUCKT L, BEKROTEZ{LE THIL TP OREEZ AR T D
ZET, BTLV—FOWILERARD, 0F 0, BEETE THET VA B BER S X
TACHATLHILET, BHRETHOFRER - eY Uy FEFlOBEZ 70% (b 22—
v~ T7—RRED 44%, BEEOBMBEIER D 25%) 2RI 5 L e BiET,
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Pedestrian’s lateral movement 25%

B Overtaking of static object

m Crossing between pedestrians
Sudden lateral movement

= Blind zone

B Hand signal

Human error of driver 44% )
(]
Blind zone 29% Other (over speed, overlooking etc.)

Fig. 6-2 Cause of accident and near-miss on basic road section.

6.22 METIERERE

B1ETHIRAT L ST, REFFE T (—BE) 2MEL, HITE, HEE
BREZBOBBENGHEEICHFET >EBEEERRERICK T 2 A8 ELEO LR % H
MELTWD, MEBEERREDO —fFl &L LT, 345HTHEY EiF7, Fig. 6-3 12"
TRIATLa—Fuh 1510857y — v 2 RET DL, 2O — 138 #Hl AT
BB T 2 RHAIE L A ERWVWIREE CTH Y, Fig. 6-4 IR THEXK D@, HITH -
HERH N B Bl OER Z 5 S IR BELSICREL, BITHEOLRA DN,
R EOREEYZEHT D20 OB N EBEICKET L, 2O XD RERREET
EBRITHE L OBERBDOIZODAT L —FRNHEB LT, FTA4 2 —&ic, BT
FO®BE AL TR LN LM R HE CETT D,

N
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Fig. 6-3 Typical example of high-density situation [75]

Parked car
—g < B= m o =T}
&
Op)— = "> =g ¢
Ego-car = P

Fig. 6-4 Schematic diagram of high-density situation

6.3 KEMZHERTIEEEHTIE

i CHREL-EEEEREE T COREMZHIET 5720, K& ClI 22 HE
WZHES < HE R E T IEIC OV TR S,

6.3.1 BEEEDEZF

ZARME L1, Fig. 6-1 O X 95 2BEMKOMBE)IC

TRE T % 17 22 [B] 3k AN AT e 2ol
Tbb, BEELOEBEOENN L 2 HEICHEMMNT L — X2 i CTHEZEH]

LT B0 EE LREZEWT 5, FEEAMEKIZSTE [124]TH K

(2%
M2 EZHTHY,

FEhTna AR
HENERSCEGE XV AT AMIBWNT, S bREOEZ X T %
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MALTWD EHERT S,

LR ITEMERIC, BEMASITHEICESCIELEETL, SITENLEWVIZ LS
<7ed, L, SITEDNRICERZET LZBEOAEH OGS ERECERL, AE
MR BITHEINZIHEVIE EBWE COEIENERINDLZ G, TNEHIZTTZOIIC
BT WRAME LD, £, BITEOLRERENICHT L7 L —FD@RIIC
FoTHbReHEITEMNML, 7L—F&25H0 5 MEHEOHMIELZ /NS T D) 1FL
HIE A O D Z e h, BARE /NS RD, 2O XD, REMEER LA
HWEICBTDORGNTA—FD—DLRRD,

ARE T, RAEEEDOBEKNREHFTIEIZOWTERRS, £9°, Fig. 6-5 12~ 7 il
RHEICB T DENT AL EERT D, Lt =t,l2BWT, HEWITHEEY, T

TL, MO FEAMHE 2 AT H DR IE Vyey THIE L TW 5, Z DR, Fig. 6-5(a)D &
AT ENERET M EER Lz EE L, Fig. 6-5(b)IZ/RTHEY, HEMmOEST
TR T D BATEREAT H O3 (FFkE Y E) 2 EBEEEM0L EHT D, F
o, B O PR & AL F 5 BITE OMMEIZ OV T, (Xpea Ypea) & EHT
%,

632 REREOCEHIFEBIUVHEHEER
E
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Pedestrian

t=t0 @

Vear Direction change
)
V

ped

(a) Overview of situation.

X

(b) Relative displacement between ego-car and pedestrian.

Fig. 6-5 Definition of “safe velocity” parameters.

FE GO (8 (Xpea) Vpea )\ B D AT A, ZEIRTRFEVyey, WA T HOTHITZ B LT
W AEZRBET 5, HEmSEE,, CETLTWDIHE, BFEOMEEZ MR L CEIT
Lt =G G I BEmEBITEOEEN TR SN D 61E, HHEMIIINEEa,(<0)D
T —F TR - fF1E L TEEEZRET H, O, BITEHELEHRETLHANIIEEDS Z
EDTEDLIRROEELZZL2HE L L CHIET 2, REEEIXSITE QML E
(xpeds Ypea\AAF L, MOBERETHODOEIZ L > THEIT D, Lo T, fixip
GIZoOWVWTHZERELZRBL, RbLZ2EENKSEN IS DO EZEYNE
(Xpeas Ypea\ o BT DL AWE L T2, BREEOFMIIZLLTD 2 27 v 7 & RIT T
2o

AT w71 B E N CAELT A O e ek EEl  (Fig. 6-6)
AT w72 HEMm A —EMNEE a, (< 0) THGE L 725 A O 24 Al e tEpEl (Fig.
6-7)

ET, AT v 71BN, BITEPEEROMKE L OTWRICEET L E TORF
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(b) Future position.

Fig. 6-6 Collision possibility judgment (step 1).

Ay, = OFLICI T B E % 5 L L7 AT 5 O 2 R AP [ xpeq % DA F OO i
DR D,

£ = yped
P Vpeasinb (53)
Xped p = Xped — Veartp + Vpeatp COS 0 < (B9

DR, Xpeq p <OTHILIE, BEEMASHITE LV I F WA (Fig. 6-6 D5 C) %
WIET 5 EEHRT LD, BREETZOETEFORKE THEBATRETH D, 72, t, <
0L 25 AEL, BITENAEMMPLES P> TWVD I L E2EWT 57O IT AT
THD, —T7, ty>00Dxpeqp, 20TH D L&, FUA C TIHAITHEMN A MW L [
HLLITHEBMIVEIZHBT A2 Z LICRY, ZOFEOHE TIIHEDOMAERMNEL
LHIZEEEWT LD, AT v 21D,

AT w2 T, BATHEOITEHEALS A U B2 & B = 23 0053 FE a, (< 0) THOE
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Pedestrian

xped X

(a) Initial position.

y
Dstop T xped S IJ/ped ts CoS m _
1

gV

v

(b) Future position.

Fig. 6-7 Collision possibility judgment (step 2).

LS EIls, BEMPMEL LRSI 2BITEOMSEEZEHT 5, HEW O]
HWE Vg, MK FEa, LV, HEE I X OB B EEEEDsopld TROWEY L7225,

2
Vcar I/CG.T

(+ a, < 0) -+« (55)

X 2x

ATy T LRERIS, Bt S 1) 2 B &2 L UE & U 72237 B O x5 [ A S AL B Xpeq s
koL E, TRo@EY &b,

Xped_s = Xped — Dstop + Vpedts cos@

Vear .\, Vear T 69

FEL & AT DWLE R <200 O Rl 1T xpeq s > 0TI 5 2 & v G, 752 (a3 7T A
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7o BIREREE, TR b b L FEV:(O)1E, RSOITE N Tapegs =05 fE Z & 12 L 0K
GHD\EY L7 s,

V.(0) = pedC059+\/(VpedC059) Zaxxped (v a, <0) . . . (57)
RGDED, G(OFEREE AT L TET 28, REMDOHEREE VI BREND,

IITHEHATOIMSO<2MIZOWVWTAT v 7 1, AT v 72 %EITL, ZOHF TY(0)
D e /Ml Z, BATH OBAENLE (Xpea) Vpea )& B 1T D 2 A2 Ve (Xpea, Ypea) & EHT D0
2T ONLE (Xpea) Vpea) IS 2V TLRAHE 2 FH L, I/S(xped,yped)%?~7°/l/{|:ﬁ“5:
LIk o T, BHEMEBITEOMSLER R HRE DL REE~ ~ 7 M AR 6

B %, Fig. 6-8 |2, Vogr = 30 km/h (8.3 m/s), Vyoq = 1.5m/s, M Fa, & TN ZN—-02G (=
—2.0m/s?), —0.6G (= -59m/sHIIHE LB AEOREEE~ v T (ar ¥ —X) &2
T, TO~y LRSS OBLENDS, Fig. 6-9 (O T X 9 ICHITE OBENE % S
EL7-BEMEOMYEER e Vre) T7 B Y LT DTHY, Xyep, Vrel) =

—(Xpear Vpea) E VO BAMRIC® D, 728, NEE-2.0m/s2E, %k 25 RAF/RFED LM
DOFUE THEE-2.2m/s?2LL b 272 LCE Y, MEEE—-2.0 m/s?5% & D %2 20 L 135

OO A U SRR & A D, O, N EE 5.9 m/s?IX 2R & TR E AN R AL TV

LZIRRETHLY 287 L —FORRMETH Y, MEE-59m/s?REDOLZEHEEITAN
H~DEEEZEL L, STHEOTHE I L TRT L —FTIEEDL, ZNIET T
WWEALESN TV HBIRAT L—F R CoHIfIcHEY T 5,

Fig. 6-8(a)& iz & B L, SITHED 15m FRIFFA (e =—15m) T, HITHEDOHT
1.5m (Ypey=—15m) ICHEMWMAWDHE, XREE LB L Z£20km/hTH L, T
BATH DRI HL R S DT H 2 B LTIZBRIC, BSITHEOEBEEAIN NN D
ETH-oTHHEMPELICMEE-20m/s2TT L —F &0 F CTHEE%ZRIRET 57
WITIE, BEBOEELEZ20km/hEL T ETOHMER L Z L2 BT 5, 0B, BaH
EOATOEKRTIIEZREENERI N TV RV, Z OMEKIEL, B #HmO®EN
Vear =30km/h (83 m/s) TH D HE, TOEFFOEEZMFET L, HKITHEOLED LD
REREIZH L TCHHEMALICTWALBEBTEL I E2EW®RT 5,
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|
I

1
den
o

Lateral relative displacement y,..; [m]

Longitudinal relative displacement x,,; [m]

(a) a, = —2.0m/s>.

|
I
45 -40 -35 -30 -25 -20 -15 -10 -5 0

Longitudinal relative displacement x,..; [m]

Lateral relative displacement y,.; [m]

|
=]

(b) a, = —5.9m/s2.

Fig. 6-8 Safe velocity map.

=

Fig. 6-9 Coordinate of safe velocity map.

—124—

—-45 -40 -35 -30 -25 -20 -15 -10 -5 0

[°A aﬁes ®

N
o

[u/uiT 1 &0

o

[u/uny] 4 £3wo07e4 oFeg

o

[



96w MMFERIS B E L ToBITHEITE T

RN FE S GHEEFE & EE LA, SATEICK T D B Eil 0k x A xp
20t U723 B O 24k I Fig. 6-10 DEMRIC R LIZL 212725, AV F 7%, Fig. 6-8(C
RLlzcary = BB TR LETSSZ0OHLEZbDOTHY, BITEDLH S 1.5m
Yrer =—15m) ZHITHEOEITHPICKH L THEATICHEBT 2BEORZEEEL XL T
W25, Fig. 6-10(a)(b) CHIEE DK EN RV, MEENKZ W (7 L —F2355) Fig.
6-10(a)lC b T, MEEN/NES W (7L —F2888V)) Fig. 6-10(b)D 1% 9 S AR 3
EREL 2o TWbh, —F, TZNEND T T 7IZm LIZERRIE, X =—10& 72 o 72 B
MICBITEOITEE L Z R L CTREMEEa, TTL—F 2 NT G600 REHR
BT, Ebbbrey <ODEBTEIELTHY, HITELOHELEMTE TV
Thbb, BEEELZOEEHAETOEEHEESEICHREL, ETOHRTHIC
LCLREEELZHICTRS L5 REEHBEE21T5 2 L TRAEMZHETE 5,
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Fig. 6-10 Safe velocity in relative lateral displacement y,,; = —1.5m.
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4.5

O jum, r=0.988
B jme, #=0.986
& Jome 7=0.987

.

w
(-] o L o
T T T

Ave. of jerk parameter
[y]

Ave. of acc. parameter
—
2

—

—( ; : | 0 W 2 3 4
@ Subjective rating Subjective rating
(a) Deceleration. (b) Jerk (differential of deceleration).

Fig. 6-11 Rating of passengers’ discomfort [126].

6.3.3 EINAIBRE L ERK B R

HENER Y 27 AZEB VT, Jiffi TR 72 Z2EE DB 2 528 ANTIEL 2R
ERARETH D, LL, MiEEa, b ZEHEV,OBRIIXEDICL > THRED, INE
FEAHEM (7L —F%25<) LABROLEREELZH/MT 52 LIEAETH L, ALY
HICHSEIETE L2 L, TROLPFEHEED SV & A H B EES OFE M\ -2
HETHLN, IMEHAZELE L THELZ LT L9 T2 HTHOITHE/ITH L TR
TL—=%Rnn, FEORYLMEBLROBNLH D, —FH, BFOOMAEELL T
MEEREZE THIETZEEE LR T L, FIEEMETT 25, 20 X512, B4k
AR L L TR EREICESSHERTMZIT ) &, REIZE > TOFMEME L F D LM
OREICIE NV —FRA 7R, ZO N — RAETZ7H2WNT 52 &0 HBNEROEHME
mEliZHlzo TORETH D,

P DML ORI OV CTIIEE O R AR E STV D, TRk [125]
T, Hx REBEEBE L DO N7 A NOEETEHOSHMAERE LT, 7 L —FFIZiEm
HWE-03G(-29m/sHLL T BEAT L —FO 20O HLIZRDILEEZRBLTND,
—J7, SCHER [126]TlE, EDZ T 2 ARMREE, MEEB IR v —27 CIEE O F
M2 k) & ORICHERH D Z L&, BiREBRICEZ VB 6L TWD, Fig.6-11 @
77 7B VWT, ML, BB IToMR MR LI b DT, 0 & AP
L, I~4ZRPEOBI L L THEBREICL—T 4 738D TH D, MLz
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Pedestrian Parked car
5= (KD B
0 S o
Ego-car
(a) Overtaking of parked vehicle. (b) Crossing between pedestrians.

Fig. 6-12 Considered typical use cases.

NENINEE, Py —2 %KL, IPOREFD I HOIREHME, DIXEDHME, ALk
MEOBMM 2 —27HELEE®RT S, 2O LY, BREAMZYE—ZED THI1®#EE
22m/s?, Yy —2720m/s3] & LS L, FHIZE 5 TORBEIC DN 5 ATREM: N
DNy, T, AEEEREPICNEE, Yy—7 bl b &
2NN, BIFRFEDLHOEROZDIZHLELRD,

FEPE LR DD b L — KA 7%, RAeFEENBTIED 3 il & 4738 O M 57 E
BROALTRED ZEICRRT 5, HITEORKMELZ TRIL, ZOTHICKESET
DETHEZIT) LT, ZTO M —RNRFTT7ZMEAETHDL EE XD, £ 2 TR
RTIE, BITEORROITEENE TR T 2 BTFTH THET L AMEL, M E
RV =V ERERFYVLHO LNV ET DL REEHEEITY, £, MHEE
—5.9m/s* R EDLZRMEIT LD  WEFE G T2 2 & T, RO E 2 T K e
WATHE OBIATEEALICR L CHEZERREE flHE & L, I#HE —2.0 m/s?5% & D &2 42k
JEIZE D GEEF B R TEYEEZ M EFRETH 5, MEE -5.9 m/s25% E D LA
SIS S HEEFHR THIE S P EREZ BB LT 1 & Lz L &I, THEEFEY
1.0, I E—22m/s?Ph kB, ¥ % — 7 (EXE2.0m/s3 UL T I 2RO BIE L T 5,

E

6.4 RT U U Y NVEICESSHETEHEITHTH

AEITIE, SITETE TR FELROCTPRICES SEHEREFEICOVWTRRS, K
fECI%, Fig.6-12 ® X 91T, BEHEE OB M AITE L OTENWRE, BITH
DHEBE LT WIRAICE BT %, Fig. 6-12@)IC R TIRIICEB W T, HBITHENERIC
BE L A 0RE T TR W BRO BT 2 o Lo RS SCIR [127] THESh TR Y,
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AR TIEZOET —ZIZESNT, [THTRIET VEMET D,

AR TIE, BITEOTFHUFIELE L TCERT Yy VEICER LT, K7y ik
X, BEEMREICERBEHRNERT Y ARHEEREL, KT ¥ ¥ LOKWE
T BAERE ISR ET 5 B8 E TECh S, ek, B 3l O BLE s L OV
EHZ W BT E 7225 [128] [129] [130], #ATH OATE) PHIE T @M L 7= 6l &
HIn TRy, — 5T, X7y VETEREEDICEHL CHMARAELSG DY T
KEARTHY, FIUTERLZHGFET IEEEREFTICEL TS LEZXD, £2T
AT TIERT v X VIEICESSBITEOTH TRIET VEMET D,

6.4.1 RIEMHEETNDOHEALNRTA—FFE
AR CTHRETDRT ¥ VBICES S BITEITE PHIE T VIE, Fig. 6-13(a)llr
T EOID, MUOBESCHBEEBICHWRT VY vy LERTEL, FITEEIRT v L
DIRNWREZ LD LREL THITEHEOTRPEZ AR T 5, ZOK, N7 v L
BHGERRT oy VEOETH Y, BREICE T D BITH OBRITIM Z 72 5~
SEEREICHB TE2 2R 2E LV, £ 2 TARMTIL, Fig. 6-13(b)IC/RTHTFT—X
(1271053 82> &, BATE MAIEE, BEEEm L ML O BITE L RN A= 5 X 91Tk
EW GRS D L WO RER A LT, Fig. 6-14 [ZRT X9 AR BRT v v v a8
Lize RODERBATHICHT T, SFBTRHENRT A= RNAFEHE AREDO R
TRBELNEL, BF VY ABREHO 2R TEEL O FEHICHHTETH D LW
IMBEND D, £, ERET—FICESE, BITHETLICR LD AR ERSLAALRH
REZEHT224LT, EAELZZBELLITH FTRINARE TS D,
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-Sidewall ———— 1400 2 R
= Parked R - L I Parked :
£ \ o £ e
e 10002 > 0=’:""')' s car 77
2 N @ +~ W ESC S — \) 7 > ~1
= : N 5 g ~ AN
g 0N \%‘_M s oo & 5 o RS NN
g- |;; Hi T = §_0= k\\\ A\ 7
& T Predlcted path ________ oo S 377 SO N Z
Eoasl = & SR AST
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Displacement x [m] Displacement x [m]

(a) Concept of potential-based prediction. (b) Real data of pedestrians’ trajectory.

Fig. 6-13 Real-data-based potential map.

y A Side wall
kwl
o< Positior.l of
pedestrian
YO .................................

>

X
kwr

H H > .
Xer X, f X Side wall
(a) Spring potential from parked vehicle. (b) Spring potential from side walls.

Fig. 6-14 Considered virtual physical spring model.

LR, "REBEFTFELCONTHERD, £F, BEHEEMARE ST L XRT Ty
JViX, Fig. 6-14(a)D X 5 (ZxJ5 M, yJ7 M THRE X, Y) PR DM O S BR T
YUXNNET D, T TXep, Xop, YXENE B E W ORI, %O B, PR
yEEZF L, HREICBITI DR AT —cf, —cr, —csiIZTNETHNHEGOFIH, %,
M2 EWRT 5, EHICL, DIFTNENEHERORE, 2% K4, 5 #HE O
TIE—HFBR T vy e L, TnNENORTEOFEHRT v v b, @% i OF MR
Ty, QUIEORT 2w ABNERIIC /D L OICRET D, ALE (x,y)IT
LELHEEMODORT v v VU(e, )X, MLEICE>THAESITT 2L Table 7 DY &
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HTE D,

Table 7 THOLNDRT ¥ VA2 KIRT 5 & Fig. 6-15()D L H 12720, HHIl
DOHERNOLFEHRICIEDNDRT Y A RnEGEND, —FH, MENSDORT v v )b
U,O)IE Fig. 6-15(b) L 0, BENEKKIZX L CFEAT THIIZHBITE O yEED H TR E
v, TRoOWYEHEBTE D,

1
Ele(y —Yp)? [Yo < y]

Uw(¥) =11 © (B8)
Skwr (v = Yo)? [y < Yol

T TYE, EEYOFELRVWERE T TORITEOyEE RS, (5B THELN
LIRT v MG ERRT S & Fig. 6-15(b)D X 5127220, MIEED & HEMNIZ m > T
THRICIED DR T vy VB HFEoND, UEXVELRTE2ODORT vy /LDOER
Ao¥, T 4bbUMy) =U(xy)+U,(EEHT D2 & T, Fig. 6-15(c)iZrn7T X9

Table 7 U.(x,y) from parked car.

Ucx,y) = Area

1
Ekc an—cr
x—X

2 2
—Y,
xSXW#O< ">+€ C)31
2 an—cr Ynl—cs
‘J(" X+ {0 = T T }}
nl cs

2 Xer <x < ch Z))/)YC —Yn—es =Y

2

{(y Y.) Ynl cr}

nl—cs
1
Ekc an—cf
2

2 nl—cf
\/(X ch) _l_{(y Y) nl cr}}
nl cf

< Yc + Ynl—cs

2 2
x—X —Y,
XCer75>O<X Cf) +(y C) <1

Ynl—cs
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Parked car
=2 : 2
— | I A v {
L T E= 1 |
b= i
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g 0 0
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3,
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-10-8-6-4-2 0 2 4 6 8 10-10-8-6-4-2 0 2 4 6 8 10
Displacement x [m] Displacement x [m]
(a) Potential from a parked car. (b) Potential from side walls.
Parked car
2 et — 1400
1 - 1200
]
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0 : =3
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—9 400 —@
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Displacement x [m]
(c) The sum of potential.

Fig. 6-15 Potential map design.

CREORT v MU y) B RFTE B,

6.42 RT vy NMERCESIBHITETETH

BATE RN EO FRNE, MBI CHONLERT Uy VORFHERR/NERD XD
REEAZBIRT HDMBEICRET D, A RFERZZOLNDLD, ARTE I X LU
+—27 %MD, TOFIETE, BEMELS PR TL BFIX 1) Dol
THEOBIEE 7 Vv F MAERT D,

Fig. 6-16 ([CHWLEAKOME 2RI, £, FITEOBRERE V)yeqlT —ETH D &K
L, IEEOBATENME D TRIFFE%Z (ZZTCIESBBEETETSH) ETONEK (4]
ZIEN =300) DHEE T o X LERT D, EOHTHRT v v VOEFHEDN /b &
ROIE A RN, IR L7ZfE EORO TRIY 7O % 1 Bk O TN RALE
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ot Predicted path
6 -+ [sec]

Fig. 6-16 Concept of future position prediction.

ELTHRET S (Fig.6-16 D A), RIT, Z O PHRNKERAED S TRIFFRE#% £ TONK
DEGEZ 7 VX LNITEKRL, ZOFTERT v LOEFHEDN F/ & 72 5 #lE % IR
T5, TOFTRT VY VOGRER RN R 2EARRL, BIRLZHE Lo
ROTRY > TNO R % 2 %O TR RMEE L TRET S (Fig. 6-16 ® B), =
DI, PRV TNV T LIINKOPIEE T o F LIZEKT L HE 2 T HIREH 51T
VY, RIS T IRER R £ COBRITE R E Z R ET S (Fig. 6-16 D C),

Fig. 6-17 12, FEEREL CTEM L 72 BATEABN &, 1TE) PRI FEICEK S S BITH O T HRINE
BAx 7oy b5, 22T Fig 6-16(@)D L HICHERET—X L 1 BT LOHITET
BINLEZIFIE S ED LI T A —F 2 T8RRMIZHHE L, Fig. 6-16(b)D il
T A= ZEZRE Lo, FFRIICIE, ML BITHEOHE RIS TI b N
TA=B L F V BALTRIETDHZENMLETH D,

BB, ABIIBWCITH THZSPEETICRELEZOEFIUTOHEANLTHD,
P, FPHEEVIEEDERD L2, WICTFHRENELS 225 L Wn 5 THIK-ICES
Hh—=RAT7BBLHD, MURRENLETHD, 22T, HI78F - B L O
IRAEBREE 2 72 0 097w T A7 Ml B8 BR B 0 25 < 13l R EE 2330 km/h (8.3 m/s) Th 5,
HE30km/hr 5, 633 TR LIZEOEHE22m/s2 TERET 5721212 3.8 (K 41)
VETHY, 1 DORMERLTSHEEO TRINLEL D,
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Curre?t p081\t on Me/asured data Parameter | Value Unit
E 15 \\ / Ky | 1970 | N/m
| S ~0-=/ Parked K,, 330 N/m
S 05 _V"S Gh car
£ o i K. 120 | Nm
r%—0.5 // o\ 5'__ ’__" Xnt—cr 5.8 m
% - Z//'/o an—cf 36 m
AL . L.

1.5 Predlcted}l future po}s1t10n54 Ve 29 o
0 5 0 5
Displacement x [m] Yo 1.0 m
(a) Prediction result. (b) Decided values.

Fig. 6-17 An example of future position prediction result.

6.5 #uIREBHIE Z AW EEREFE

AIEI CIk R ABRITEITE PRI TFIEICESE, AHECIEFEYLMEZR EXED7200
WEHEEICOWTIRAS,
6.5.1 MERE

KEATHE OB 2EIHERIE & LT, BEM EBRITEHEORE DR ZT D A (BRI Z2Z )
WZBWTC, WEOBZEFRRF (TTC : Time to Conflict-point) D Z|ZIES X @EH AU E T 5
FEPREINLTWD [131], AfE T, BERREZEATTCZ FXOMBY EERT D,

ATTC = [#B47#H @ TTC| — [B #ili D TTC] = Tpeq — Tear © 0 (59)

ATTCO #a I 23 /N S VME E B H & BT EHEOE RO AN Em R D720, BITH
L DR A BIRET D 722X, |ATTCl > 6 (8 : FrEMl) &72 25 X H I HHEl o EITH
B ZRET D LEBMBHEATH D, FriZ, EZERGEO D ORBEGI IV TIE, HE
WS BITEORICHEBTHEHIC, ATTC= -8R ETHLERNDH L, HITHEITHT
HNZ k- T, MBERAERONMNES X OHITHEORGERH L PRI TEIT, AEHAR
PEAZERICHITE LV ELSEZET DL H)ICHELZHIH T 2 LN THD, =
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=0 Displacement x
>

Fig. 6-18 Concept of velocity planning.

AUiX, Fig. 6-18 (IZ/RT Y, BlZET H(E (=REAZER), HE, BIZERADEE -
TEY, ZOMOBREFFEZHHICHRET 2HMEICIFHE SN D, BEEICHIT 5 HE
FIEFEORA > M X, ZOEEFEEICH D,

6.5.2 BEHRERDER

6.4 FETIERIATEN T FIET, BITHEORRMLENRRII TR O L &, Fig.
6-18 O X 5 (2 A HL ] DREHE & ARATE OFFRAEDN T T 2 RN EER b5 W REME
WD, ZOFE, POREZRELEZR[LLE LTHBEXMRIZT 2028 NRTI20ERNH D,
LIFIZ, BRERZEROEIRGTIEZ RN D

9, TRIFSRMED S S, BEMOKE EFHT 5T XTORICHONT, BIED
B Hl] O V0 IS FE D FATTCE H 3 5, Fig. 6-19 [238B W\ T, HBITH O TR RAL

ERTSODRYy hOF T, WTHOLEARINGIZHEY TS, 2O, FHRN
FIEL 20y, &2 TOFW R TIATTC > 672 61, A B ITHRIEOHEH B EZ LR T 5
VEX R, — 0, —EITCTHATTCSSE D RN b LG, HEFEEZALLT S,
CITIEHBITELVECTRHAZERT 2-DICEEHEEZ L HEET L HEE, B
TEIVBRICEBT H-OICEEFEE FAHEET D HED2ORZZ LN, &
BYEOBLENO THEEL TS, HEFBHAZ FTHELET L ER2TOFEHRICENT
ATTCH/NE L 72572, BRBERZRE L TATTCA IR E > TV HEAEZRY, DA
WCBWTATTC= 6L 2D KO WCHEFBZY TS5 2 LT, ETOFHERIZHLT
ATTC< —§& T&E %, ULDOFIETRE LRI AZZER DB & xp & ERT Do
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Current position Predicted future position

of pedestrian

v Parked

car
' \
Ego-car \
(C) Y N@ Ego-car’s

] © i target path

H 1

: ; > X

Xcar Xep

Fig. 6-19 Selecting pedestrian’s future position to calculate ATTC.

6.5.3 &5 IR EEH 4
MELrHEHOMEBEEICEH L CEAELT 5, BFAticB T2 HEEOWE & (REEX
7 kL) &

X(O) = [Xoqr (0): B HALIE, V() B ] e+ (60)

ERTIE, KGHD X ST, MEEaB LY ¥ — 7 a, BT 2 5B 3 f (ay, ) D FE

BEish/MeToMEE L TERETE S, 2k, KIREBIZE W THBE A HITE
DHAHEHITHE LR UEE CBREITT I Z L E2BEL, KIIREBICRIT 2 HE®O
H AR E B LT B I Vel E L T2,
( t0+tcp
w/ME )= f(ay,a,)dt
to
RIEFR : X(0) = AX(0) +Bu(),  a=[ 7], B=]
- ' ’ 00l 1
< o o e (61)

%}j/ﬁ;ﬁ){j{ﬁﬁ : X(to) = [xcar(to): Vcar(to)]T

iy

GBIRTE ¢ X(to + tep) = [Xepr Viea]

N Xt BAAERFZ, lep = ped+6
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ROEDZMH Z & T, MEEBIOY ¥ — 7 & x/MbT 2 3 E#E S E K THE T Hh
Do ZOXDME/MERMEZMELS T T XA AFET L THGHIE [132]7 &S5 RE
SN TWD N, AFe CTIXHMARATHIGHA Tl g 23 K £ 2 ¥k i HI 48 (FSC : Final-
State Control) [133]& £k L7-, LA, #umika&HI# ORHE 2R~ 5,

fe stk BB A 1L, BERCR OMIBIFRE T AT 2B W TR(62)DHE D A Jud —Fef
/MU %2 E kT 5,

e/t : J=UTQU (Q >0, U = [u[0],u[1],,u[N —1]])
wre FEERX : x(k+ 1) = Ax(k) + Bu(k) - - (62)
MWK RE © x(0), HEEIRAE @ x(N)

ZOR/MEMEE R &, ANBEUNTZR(63)Dmv AL S,

U=Q 1zT(2Q 15T) " (x[N] — AVx[0])
7-72 L =[AV-1B, AN-2B,---,B] (m x N{7%l)

(63)

COFETITMEE L Vv — 27 ZRKBICR/NMET D22 LIXTERVWD, Vv —7 %
/METHIEZDOHE S THLIMEE G /NS RDHEE X, HIHATuIY ¥y —27 &4
TIEDDLZ LT D, ZhE2EHTIHIEDIC, R(@GHDOEY, REMICY Y — 7 a, %
FIEANETZIEREO Y AT MEHERT 5 [134].

(X(k +1) = AX(k) + Bu(k)
X(k) = [x(k), V(k), ax ()k)]", ulk] = a, (k)

(64)
17,0 0
A=|01T,|[,B=|0]| Ty: TRV > 7 ILIKFH
001 T

~

BB, TITELAT+SEVWEREL, PokE—L KO%KIBAESITHES < Bl
ZITHoTCW5b, £72, ANuld 1 BZETHHI20HQIA DT —L720, KFETIEQ=1
T 5, UIRIED Y o T AVENIT, BT Tpeq + 836 £ OV > TV T 5 K(65)
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1 1
. 1 .
zlelomty refelrence r*e f : . 1 Pos1t10rl etc.
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> i > . a, ! Position etc.
i ol > 7| Velocity |~ 1 Vehicle : >
‘- Ve Min control I : >
— [l ! Vcar
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*
VFSC
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1 < <t €
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H calculation :position prediction
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A |

Fig. 6-20 Block diagram of whole system.

DEICHHTE D,

_ Tpea + é
Ts

(65)
KON LV HELN=iKEANINUICHE > Tk=00bk=NE TR(64) % fif &, HE
BB MEVige (N + LRIER T R nER(66) L W HH LT, i3 2 HEHERICE 2 5,

Vesclk] = [01 0] X[k] ©oco0 (66)

Pk, K62)~K(66)D FEINZ LY, Vv — 27 O ZFR%& /M T 2 B #E 23 E H
INnb,

6.5.4 2 OHHRERE

RIETIE, SITEATE TR HED BRI F6 X OV A B 55 < B il 480 & fi
AT 2R OFEERERIZOWTERRD, Fig. 6-20 ICHEEHIBER 2K T 0 v o

% 79, Pedestrian motion prediction 23R T > ¥ ¥ WIEIZE S ATEN PRI FELZfE L

TEY, ZIo/FoNTBITEOMRMEICESE TTCZHEIH L, FSCIZANT

%, Fig. 6-20 23> T, Proposed control method & L CT#: TP - 7= TTC % i & O FSC
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Ratelimiter

4_) Emergency .| Vehicle
7 stop plant

N-ordervector

Fig. 6-21 Block diagram of velocity control.

7

HTE TR AN 7ZZHI FiEE £ L TS, FSCICESSHEERS M Ve, LRI
KOS HEERSMHEE D> bOR/NMEE REAZEERSMHEVET 22 LT, VRFIC
HREELE TR, BITHECHT I2REENERERIND, £, BEOBTENR
FETHRE T TOHEICHERSTOR/NMEZRBIRT 22 LT, MM LEETOSRITE

(CXF U CHEZEmREZ FEIR T 2, Vil Lo 2 ba—F 006 OB S % AE
THY, BT @EIENICT - 0BG 23 Vi I ST D,

Fig. 6-20 (23 1F % Velocity control I%, HL[ijiH & 2 #HE R SEVICELE ST D L O 7%
TN S 5 A Al a, 2 2B AR 9 2 3 B I E &2 2% 30, SR BE A o P B 1T Fig. 6-21 1297 8 v
OBy, ETERISAR R EONELOEEEZIMET S G 7 0 — RNy 7 il &,
H%U%/7w%)@ HERSMEICKESLS 74— RF7 43U —FHI#EO 2 HHER L
o TW5D, £7o, mEBEIZIE, EmMAHE 2K RKOMEE CIFILT 282 EILe Y
v 7 i 2 TV 5,

Fig. 6-21 ® X 5 7 s EEHI I 2 M5 L7 B & LT, ARFFECEEMH T 2 EBEm o
HEEHIERIZ, 0.5 BPREOT IR & RFEH 02 BDREO -—RELNFET LI L
MWETOND, ZOBNIZEY, 74—y 754 0 2RELT D EHIBINRELE
LRV, LbEERSEOZICK T 2BEMENES 2D, XoT, Wy
A 1025 B (M8 0.25 rad/s (ZHHY) &/ & < L CTHIME R &M fefk L, BREtm
EL T T O IERMMEEOTZD, MROEERSHEICESS 74— N7+ U —F
FIH 2T TWD, X7 AR 0L B T THELRTWDIEA, 74— K7
U — RHIEICH WS HERSEALZRHREFR T 0.5 AEOHERENE, 772bbj=

IMEERAEICIZL— P Iy Z 2R ITTWDH, AL, & Ao E 5 E <
AEZBE T LYy =7 OFEZHIETLOICRT TEY, 7 L —F, JEE
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RN—=2.0m/s?% FE & 2T iE+2.0m/s3D BRI ZEAGHIBR S 220 %, 72725 L, Hnsi g 70
—20m/s?*% FEIZE87 L —F Th 25 13BN & &l L, Z o ke 28 (ki iR
AHCD R <,

REBEICHE T T2 RBEEEe Yy 71X, BITESREZ MR L-5GE, EE-2.0m/
SPCHOE L7236 0 2 MY ICOWTATTCE H I L, WK & HIZ|ATTC > §% W= 3 =
EMTERWERICBAEL T 7 752N ThH, MM LIEZ2TORTHEICRILTT Z7 7
DHEBEIT, 79 7O0REED, TLTTZ7I7B 1 ThHHIHAIL, BafElkay
v VIR RHERMNRICRE L ZMEEE ST D,

6.5.5 MIRIKREHIEICI T2 MBRED 5 25

FSC lZN—RT7 4 27 I A4 7O ERDHIE 2 S S [133], #1HREE
DREURIRIEE T, AR L HOEFEIICH > THIEZ4T S Z &N~ TH D, Lo L,
ARFBELZBNTHITETH THOAFITL 2 BT 52 L, HEFEE —ERF
M (B2E058) ZEICERTILEND S, Fig. 6-20 T L@y, EFE
TR AR EICE D HWEFH 2 EEEOEEGFH e 2y 7 NFREICHEEL TR,
E%®%Km&ﬁ%?b% R 72 HERBMHEVIC o TWD EIXRL RV, F iz,
SRELSFIC K0 R AV & RO B L Vo (I B S ITERNEL S D, ZTOK
9 IR T, PERIE L FARICHIHIREBICBAEO W R (B E0LE, 3 HEEE, 3HE
W) AL E A, HER W EH 2 e & 72 D RE N A LT,

Fig. 6-22 1Z1TE PHNIC K S HEHH O I 2 —va VRO I THDHZ 2T
(A B 23 30 km/hCAEITH, AIFICHRITEEZHEA L, FSC 2K S #HERSHE
Visc D/EREAT > T D, BT T VL KRB &M% 0T 2R/ 0.5 B L R EHK
02 Ho—wiENZ ANTEY, WERESEVOZEIT K U T H W E Vg, 13 i K 0.7
MREOENSEAET D, MERKEBY B HEEOBRIEE L, 2 HEHELELTANLT
W5 Fig. 6-22(a)TlX, 0.5 F Z & ICHE M 4 B8 L7 BRIZ FSC O JE 54 il Vige 23
HEHEELFRCMEICV Yy hSNAHZET, OZETVIROWE LR, MMEE S HE
ICE&BHL WD,
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(a) Conventional method. (b) Proposed method.

Fig. 6-22 Comparison of velocity reference and acceleration from FSC.

FSC IV .MM L2 HAYE L TMEERONY v — 7 MM R 2 WEFHE 21T 5 23,
HWESE HERICAEGEE DD EMRRMEERL Yy — 7 BREELTLEY, EiT
HZER TE RV, Tz, HEF B OEGEMEMRER DD, K TILFSCIZBIT
% MR E A 2 (67) D 8 %,

X[0] = [xcar: V*vax]T ot (67)
Thbb, PIWNREICIT 2 E L, BLIE O BV, <0 K& Sk e s L 5 B
TE DR E BB Ve RO VI, HERIERORENREERSTHEV 2525281

L 7=, Fig.6-22b)IC, |EFED Y I 2 b —va UIEREZTRT, FSCIC X 2 HEES

,ﬂ—VFSC&Erﬁ r Car ;E/EI\:Z) ELTL\E)%QT% }_.A 'T VFSCZI)) ‘l"}LE’J&fJ?D jJD
HELHOLNPTH D,

6.6 ML EREE

AKETIE, £

M

TAHSRITEATHTHL L OCEEHEFEOY I 2L —va VER%E

—141—



6T WX ERICH B E L ToBRITEITE T

Fig. 6-23 Considered high-density road condition for simulation.

RT, BCORITHEILITORELZHEO@®Y, —EOHITHE T« L, £/,
BATEB L OB EEEILIFICERICHRE TE TWD ERE L, & o 3 K P <o M &
PAEFEIIEBE L T,

6.6.1 HLERFELF VA

Fig. 6-3 D T4 7 L a—XMB %552, Fig. 6-23 DX 9 REFED SEERE %
MEEE L7z, BHEMEAEITAREZERIE 2 RO AMROMIE) 2.5 mkE OV EEKICE
WL EF10 ADBRITE D B X240 mfE E O i BEL, EEYEENT10H/100m?)
DEFEEEKREEZFIL TCWD, H78 10 A0S H, AEEOB) & |[CEELEL
b2 2878 TEIE, OFEEICESE, HEMOFELIZKSW TEAHMIEDS, @
BT B HL ] D AR & & o DT IS HE B O RO &L oD £ 1, (BT B 8 [ [5]36F O 72 D B RS &),
@BITHERLORZDOIZDHEBE, O 45THDH, ol, BEERRE CHITHEOK
NENTED, @BLVC@D Yy —3EHEEET S,

Valb—va UTIERERE 1 (BREMEE-59m/s2DZ2EE), HERE2 (
NEE—2.0m/s2 DLW E), REE GITETE TRICES  HERIEE - 24
FEERERIE 1 EFL) O 3@V ICONT, FHEE, MEEBIOY v —27 (INHF
DOWFZAL) Z T 5, MEx = 0miCF W\ C H B O F)H8E E 5 X O EAL o e
%@mﬁn@WWﬂMmm_§ELTVinv—yay%%ﬁb,ﬁ¢,5ﬁ%@&

WISCCHEmMOEEZ BB THIET 5, £ L TAZ — MLED Hx = 100 moD Hi 5
TyIalb—yarzf&TL, KAMAIZEET 5 F TIZELZRFE D b HRRL T2
AT D IR IR, EANE VS 1.0 m/s2E L, BH{RI X —2.0 m/s?

(TERIE 2), —4.0m/s? (TERIE 1, REE) CRET D, £, BRI LK O NHE

X2 R E R M RFORREMEE &% L < -20m/s? (FEKIE 2), —59m/s? (LKL 1,

5

% A
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6.6.2 HLEMIERER

PERIE 1, WERE 2, BBEICLD VI 2L —v a3 VR % Fig. 6-24~Fig. 6-26 (Z
R, TR ()T IR, OIXBEEMBEE, (OITY Y —72 FRT, @QICBWT,
FARNL AL 72 LR DAV, — RBHARIT A B E L, 2R L, PIZIEx =100 m
FIEOBRMICE T 2R HEW L TV D,

FF, x =100 mBER R TORZL OB HRELR BT 5L, 1.0 (EKRIE
1), 0729 (fE3kiE2), 0987 (#2FWE) b, O b, BEBIIMEKRE 21
AT S 35.4%[A B L, TRk 1 L RSO FHEELZERBLL TW5dH, 21T,
BERBE) O R MEWBTE IS LT, IBEBEEIALERBOEZET, EkE1 LR

HWEBSEEZER LZZOTHD, BEMBZENI TR TWLOE, HITHEO%
Bz - %Iz WCHR U DX A I VI DBERETICHRTEND ZEDRERTH D,

—J, MEEBLOYy—27IZEHT D&, #KIE 1 TIX Fig. 6-24(b)(c)lZ~ 7 iH
D, M —22m/s?% FREIZA7 L —%REEL, ZRICIE LT ¥ — 2 b +2.0m/s°
EBADEFNEBFEET D, TR L, fEkik 2 EREETIE, Fig 6-25()(c)F
X OV Fig. 6-26(b)(c) & v, BHEME TH 5 [ E —2.2m/s?Lh b, ¥ % — 7 #i %] £2.0 m/s3
LITF) ZIZIERIMTHMZLTWD, FICIREETIE, SITEOMB® THICE S HE
JERIENS K0, 3 BT A B & INE FE AN fe /N —1.3 m/s? T HARAE (56 L T 40%MK 8 & 12
RLTEY, Vryr— st bR KRK20m/s> THEMBLUNTH 5, 728, 3 AT TN
WE, PY—7 L bICBEMBEBBL TWDOE, BEEmZL CHBEO X 5T &
725 BEEDNIFIE L2 WHITEOR LOBITEOICH L CHBE 2 T3, &EMN
HWE-59m/s?OLZRHEDPKMINTZTDTH S,
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Fig. 6-24 Simulation result (conventional method 1).
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Fig. 6-25 Simulation result (conventional method 2).
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Fig. 6-26 Simulation result (proposed method).
6.7 EHRIL
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(a) Appearance. (b) Legs structure. (¢) Detection result by LiDAR.

Fig. 6-27 Pedestrian dummy.
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BR oo m i B IE, EoRE 1 3 KL OMBRSRIE TIL15 km/hfR B, 1€k1E 2 TIE10 km/hfe

—146—



%65 HUE S i & L CoBITHEITE T

0

—_ 30 — 0 30

£ )

= By A 23

2 5 &

g 05 £ 20 ¢

7 2 g g

2, 15 & 2, 15 <

e ~ g ~

< -3 B B

£ 0F £ / 07

+ +~

= S >

8 _4 [l g [t}
5 5

] = /

~ ~

] 3

< -% 0 < 0

— -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 — -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0

Longitudinal relative displacement x,.; [m] Longitudinal relative displacement x,,; [m]
(a) a, = —2.9m/s?, (b) a, =-1.0m/s?,

Fig. 6-28 Safe velocity map for experiment.

Pedestrian

Fig. 6-29 Experimental condition of exp I.
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Fig. 6-30 Experimental result of exp 1.
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Fig. 6-31 Experimental condition of exp II.

I, BEBEEPSITEOMBE 2 THE T, ERIE1IERCEDHZ LD TH D,
27, BBEOBBACFEEEED 1.0 LV ENES o2y, Zid s I —H1T7H
ZFH) GEREBME) TEHHAL TWHEKRE, BEEORENHANTZ O EHNT S,

6.7.4 BEEEMGZET THEBETLIHITE (ERID)

Fig.6-31 D X 512, ¥ I —BTHEOHER LICBHEBEHm NSV, ¥ I —H{TH N HE
HL] AR CH EE AN E LTV EKERKE T, HEEIXISITEOLM A B L
THE®BT S, ZOXIRRWTT, BREBISHTEOMBHZ THIL, MEER LD
V=7 l/MET D XD S ERE 4T O,

RS R % Fig. 6-32~Fig. 6-34 IR T, ZNENHERIE 1, fEkiE 2, BEEDOE
TRBERZRLTBY, (QITEAEHEE, OIXFEEMELE, IZY ¥ —72 27T, (a)
CEWT, ERITEKHREEESEY, S8 E R EE ., 2R T, £72, (b)
TR TR IR R B M ay, (ITRMEH R INEER S Ha, O E TH 5, Mo I
LTiE, /A XdRELTHER 2B =27 4 V2 2EMALTWD,
HWEORMAE{LE ST 5 &, Fig. 6-32(a), Fig. 6-33(a), Fig. 6-34(a)iTWV F1Ld 10
o 15 BT/ CTHEAREEZ 10 km/hRHEIZHE E L TWWD, 2L, SITEPER
L CHHEBORZENZZHIZ, BRERESSITHELFHUEE THE DN TN LD
RETICRSTVEEDTH D, Lo T, KB IITE W THASL T 55 12 25 R

—149—



6T WX ERICH B E L ToBRITEITE T

1T L7220,

FERICEDELLIDIIMEEL IOV Yy —2 Thbd, £7, MEEICERT D L,
kA 1 @ Fig. 6-32(b) Tld, HITEHEOMBENICH L TRAT L —%25E# L, HIFHE
BB T OMEENEEL TWDH, —F, #EKIE2 O Fig. 6-33(b)k L L E D Fig.
6-34(b)TlX, HIEME TH D TINEE-22m/s20L ) ZFICH7Z L TWD, FICREE
T, HITEORBEIZ FHIL, 178 PHENCE S < HEEHEIC L0 InEE % &/
—0.5m/s? 2N, HAEEMIZX L TMEEZ 7T7% KB L7-, ¥ v — 7 bIRBEOMEE Th
D, WERIE 1 D Fig. 6-32(0) TIERAT L —FE#IFIC Y v — 7 D EHEEZ 8 L T
L OIZHK L, #ERIE 2 O Fig. 6-33(c), #EED Fig. 6-34()FWVTHd HEME TH S
[Py — 7 OMRME2.0m/s3LL T iz L TW5,

PLE, 673HBLN6.TA4THTRLIZ 2 DOOEBRERNS, HET LHHRITEITET
HFET, FIEEOEETH D THBEEEE 1.0) 12 L THRAS LA EE 0.987
CHEAZIZIEER, BXOEHREY LM OEAETH 2 B FEEME T INEE-22m/s20L E,
Ty — 7 HakHME2.0m/s3LA T 1 % L TIEE —0.5m/s2, ¥ v — 7 #axi2.0 m/s3] &
L, FIMEMELEFEDOMAWMY. T RELEZET,

—150—



Acceleration [m/s?]

Acceleration [m/s?]
|

96w MMFERIS B E L ToBITHEITE T

25 r
= Reference
—= 20 Za'y === Exp Data
\E Y, \ ’,_.-._.
= 15 ’I'l / ‘.l
2 4 "
(&) 10 R4 ‘ Nememer? P
[e] P4 A
s/
> 5t
0
0 5 10 15 20 25
Time [s]
(a) Velocity.
1 4
ATERRWNYY/ .
\ Al % 1
E ol
x
{ 5 Tar
L Target | | 5 arget |,
_3 _4
0 5 10 15 20 25 0 5 10 15 20 25
Time [s] Time [s]
(b) Acceleration. (c) Jerk.
Fig. 6-32 Experimental result of exp II (conventional method 1).
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Fig. 6-33 Experimental result of exp II (conventional method 2).
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Fig. 6-34 Experimental result of exp II (proposed method).
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Fig. 6-35 Achievement of the pedestrian prediction method.
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