(1 5)

R EC =]
HREREN

20204 68 1H
Year Month Day

Fhr () mXEE

(Doctoral thesis abstract)

THEC#RE  BEIXTATE BHX
FRCTREE (ma jor)
(Ph.D. candidate) 201 7EENE(Adnission year)
FEES17833011 K4 #EH KR @?@
(student ID No.) {(Name) e&l)
FHEEHRKA WY b= s IV F v TV T IR
(Name of supetrvisor)
MR B THETHE R O B EARICE S X@ESMEOCBHTE & HEh
(Title) piEEL: Ty
Traffic Participant Motion Prediction and Autonomous Driving
Control Based on Urban Road Map Constructicn

IMICEE (2000 FREAE)

ZWEHP i XY, BREESIERBOCHRIGEERO B EHERT S, X olai
HMOBEEZENE LT, FIABELRET2BEELS AT ADEBE RIE XK
BARMBEAIZITONTWD, ERA TREERICB T 2 A0ERBETHEATED, NS
A RPN FADSLFEREETZ ERED LD UL 3 HENEERN H ARAERN TRD b1,
SBIATIROFHE~OHBH L EI L EZ bND, —F, —#E TIIRITIZ > T
B CAERBETSMGE I N B H S, BEZY TICBT 5 -l 4 BEIEREVRT
DL U e B R S A OFEERR b 2E TITh T 228, EREITEE S Thiny,
EEER & T, HENEERIC SR HD #ROBES—E BT AT <A VE
ENEEOMEK) CTIEBhD Z L, —ANEIISTE - BEER OSBRI S 2 RN
PR GNDT-DENHRESESTENZ ENFFEE 25TV D,

AFSCTIL, BERESGR T A7 AT 23 - HIEHOB AN, THORREEMHRET D,
i, [1] Ko Mgy o oid AV CHEEEROMEEACERTH L, %
LT [2] HiT#H - BGEOTEE(LETFATIZ L, ©2 REWFERNRETS,

Y, RRIL T, BENEGS AT AD—RERICOW TR, BEEMICE, &
IEO - OITHEE L EZBREmE L UEMIC Y M b i-HEigt v, AEAEHALE
—fEHI7r B O EHER LA R T, £ LCEENERIC N ELRBRERIEERE & LT, BibE
REFTNATES < PUEBTERIE & Bt A T —Ric o TR~ 3,

WIZ, A TER LT3 TEHERERE TO HaERm R - R RE 2 R0
%, 7, HifE L HERZAWTHRAERT S ICHT > TOBRBMICOWTEREHRE T
Abra—ALETELEEEBOETT —ZE2HAWTRT, £ LTHETETHTRIOMREIC




WTiE, v Uy MF—FOaHICESE, BEiRRL S U I3 IESE L B Eikoi
EERIC X AITHELFRITTAVOBELITO LWH HHE2ITA,

iz, [1] ofEE LT, BRAERFIECOVCTEFNLRFEEHEEL, X ha—
AEFEBCET LEBOT 42 RAVTRIET 5, 20, Lo P rBANRLS 2fE
DHAAT L, MRERKICBIT2E VY EFREEET S, £/, E8chi-Y, #F
FIREDE X2 HITESE LR L RORBERTEE1T ) FEZRET D, L UBNELH
DAV Fisheye camera CT7 A b a— A BEREGREMKZRAITL, T Fev—2o oy
AB MIBRHEND - E BN EEBREIC o TOX— L RA I L EmRt, —JF,
BIREHEFEIZOVTE, HLETRERFTHoCTHARMFERS ARV ENIHERE
HRT,

MAT, [1] OFEL LT, LEROMBEEE 2 THIRBEHNEFEDSL > —D20EF X
FERETDH, Thbb, HE LMK B REROREFFEFMICHET > FEEHBET D,
ZLTC, EREEMULKT A Ma—RERHTETLEROT—Z ZHWVWTRIET 2, EER
Tk, BEOBREKEERD ZEICBENERAHE (Satisfy) FHIELLKEAEML, A8
HEIRFIEE (Satisfy) &HIE L 7= K & HENESGRAREE (Not satisfy) LHELEREDO
BRI EeE L, BR U2 FER, FCEEFRAOIEL D& BRE VEE T HEHEERT
RELHET D EMNOARTFEOTEIMEEZRT, —7F7, HTERIEIAT A —FEBEIKET
HEVIFERBRT,

gz, [2] ofBEcs LT, [1] TEBLNEARZEHATS, Thbh, a—F¥y
AFIys<y7 (LDM) HNOFIEY (M) OFH L BE8mEoFREMA4abES D
& CHATE « BIREOFROTEE{LE THlT 25 THTE TR ZMHBET 5, TEITFRIC
BRTF Iy MEEEAL, BEMESITHE LT TE T ERTFRHENDIBEITIE
HUR BRI 2 BV Tz e D NCIIE T 2B s 2 54 5, iz, HITERN-D2N
PEDZFWMITHENC L TLAT V- CERAELRESHELZ B AT S, HAREDH
EBEEBREFPEE LRy —AZBITAVIal—avd, TAM2—ABITH
KHEFI—BTEEHOZERICLY, AFEOEMEERY, AFEICLD, $TH
OIFADITE AL Tl X RV GBI FHEEF LoD, TTEIRERTRHEND5E
WIS ENORGRE CHGRPEE Ch 5, Thbh, HITETHTAICL Y, BTE - Big
BHARMET HTHEHERRREICBWT, HE GHERE) LEEE (FEY.0M) ohL—F
A7 #RHEARETH B,




(ZEFR) HFLE T OHE (400 words)

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 an autonomous driving
system that substitutes driver operation. In Japan and abroad, driving tests on
expressways are progressing. On the other hand, it is a stage where driving
tests have been started in some regions recently in general roads. 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 consfruction 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, 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 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), 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). 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 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 the 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.






