(®)
2021 2023

Driving behavior modeling based on stability and safety oriented inverse
reinforcement learning

Shimosaka, Masamichi

13,100,000

RRT

In recent years, the development of advanced driver assistance systems has
been active. In this study, we developed a method for modeling driving behavior (driving behavior
prediction and simulation generation) based on inverse reinforcement learning (imitation learning
and inverse optimal control) with a view to the advancement of these systems. In particular, from
the viewpoint of application to modeling of automobile driving behavior, we developed techniques
oriented toward stability and safety, which have been lacking in conventional techniques.
Specifically, we developed a probabilistic path generation method, an efficient reward estimation
method using sampling based on path candidates, and an efficient learning method using negative
examples (data corresponding to traffic accidents). In addition, to safely collect data
corresponding to negative examples, we constructed a driving behavior data collection environment
and actually collected driving data.

RRT



B X C—19, F-19—1 Gm)

1. WHZERRAR YD &

ITHE, SeEiERR S P v A 7 A (Advanced Driver Assistance Systems: ADAS) & MEEL S, HE)
T L —FRBEERE e EOHINOBRBENEATH S, T HITBETNSHICHEIS % < OHH|IZ
i s, FHERRICHESTZODOMBEN 2 AT L L THEAZED TS, —J7, ADAS I
HALERICBITAERRTETHY, AEERICBWTCHSICHIET 5 AT ADOERBRIZIZE -
TV, ZORKE LT, AEERICIIE T2 LIRS THE OIFEIES OETER 72 G R -
DELFHETDHZENBEZOND. ZO8%G, NOEIRFEZEE 2 72178 0€ 7 b GEERT
BOTHE T I 2 b—a VAR REETHY, ZOMBITIWTHR(LE e -
SaE ) 2SER I TWD. HRb RS, AE O —#EOTHORIE N D, =—Y = FD
HIAER LS L ORI 2 ST 2 CThH D, L LA s, WissfbsE1x, AEjEEETEE
TV 7 OIS OB, FRZRhEME & LA OBLRII S TR, HEIRIIREDRETH - 7. KR,
B 2 BT BIECT CRhERA BN O i iR I A TR D FIEBEE L nWaw, ok 2|
FHBAE N IEfEICAT B- S/ & LT, B BT A NEEEATE) O [ AR LZECTholz. £
7o, TR OT T T 2% Ok 7E Tk, AOFEREREHATE L TEsEEWN
I EMICHE T D O —oDOMEHDOEBNARARETH SH. ZiuL, LFHCH EEEREETH D,
M4tk OBRFEOBFNE LW L2 BERT 5.

2. WEDB

HEE TR RICH L OX, B - Bz fnT 208 X—2A0ERTEITT U v 7
WOREL, ZTOO DI DOEELAMEO B LT 25, BEARIZIZLLTFO 3 SO
\ZHL Y fTe.

cBRE 1 BRI OB 2T 0 HBE T OB

cBE 2 RetEBWT 50 MLEE o BB E OB

« BUE 3 WL N—REETEITT Y V7 OF AR DIEE

3. WHED Tk

BRE 1 1ORDITROEEAGICHES EEATE PRIZE SR, 132 MpoMRI7 TR
i) ICHES WL 2T 5. B 1 IR 2 EIN AR, AR 2 O ER & LTE
M¥5.

R 2 44 15 T A SOIEET — 2 (EFI) EHEIC, B Uy b - SREROIET — 4 %X
EEC = LC R AT B & M 5 ML B A 2 PSS 5. A HREBIROICINE
L7 — 421G L, EOFH & OB % IR L2 5 EOIHIC S < HIBBIE0EE+
75 i Cd 5.

REHE 1, 2 THETILE - BN T 5EETEIET U o VHE OB IERGEZ 5
T5H. 2D, BRTHHENOFMO =D DEEET — % ZIUET 5. R, #E2 TEEIR
HeX Uy b BHERAERT —% (ADR)) OIEIRGEREES . 2tk - R EZHERT5
7o, ¥Iab—2a rRX—AOEEATEF T 7 v b7 — LAEEEL, Y I2 1 —% LT
ERT — X NEET .

4. WFIEERS
H OISR 25 1 ~iRE 3 DA RT.

A 1 R L E ORESR D —DOTH D, 52 LI HINEG O T T O R ke s Al T % b
J& Lz, AWFGETH O O, AR b 2 E Tk S T E 72 L O LB ARIEZER TOXR
I i 7R RS R B TR < )

Dan Daan

q(r2)

q(m1)

RO A K, FrIZ, IAFETRIE
E T S AL D R A IR .
AR T, ZEW 7R D dh + "
BERAEIIREECTH > 7203, A "Z
%?;i’ Eﬁ@j}iﬁ@ﬁllﬂzzﬁ% Get possible paths i :

MThAHI EEIEMAL, BER Generate RRT and their likelihoods ?,ifﬁ";}f:',‘ﬂ?i,',’;‘,,?,f) ®
[H AR 2 e =AY - MEREROIC PR : "
3% RRT # M\ %. RRT (ZvR :
v N TS TIEE < BIEH 1: 771 — K RRTIZESL

BHEATEEFETHBN, B pn s oo ryess bR SRRk
I e ey TR YT S X OKRBE . WS OB T

R TE R R B2 [ T D SR T A ‘ f
M DR TR T 5. ) /’T\ P *Z




THmORMNH 7.

AR, HEEO HFEAFEO—D2>Th oI EFRr /I v 7 EENCH#E LT 7 L— hX—
ARBTETH Y, (RO & e, ZRMICZEN R AERNTRETH D, 12, ARk
BT, AR LTEREOBEMOFNER 2 TRT 5, EAY U7 v ZIECES MG i 217
I, T KDY, FEHOMEIEERT D, e REETEO PRIMEICATEZBEHAL, A2
PEAMEE LT, 11T, RSN AZRBA LEESEY 7Y o 7 OTRB IO, EEYELEE -
L—VBERORBAERB L, ExIn-®gz il Ll-boThob.

DR A ERE S TEEE 1V2022 THRFE L. 72, T 7L — F_X— 2D RRT FIELZEE
BARZERIZBIT DEITENS A L= F 62 HA R AR » M4 RSJ2022 12, 7o, Kiafktbo
GBMEEZBRE L7 RRT RS TFIE L LT, H A2 Robomech 2023 IZTHREZIT/2 7.

AR 2 BEfFOWiRb SR bk, ARERE TR T 2 iRk 1, AOFR % KA
ELTHEET L. ADFEREZEV AL TE L, ZNETICWVS O REINTE R, &
AT DR T D IEAOITEN AL AR 2K TH 0, G O N L EET, NERIZEL RN
MONVERBE & 7p o CTe. AU, E6 S HBIRAARRE 2 AR O RER RN G END 2 L2 ER
L, HBIREERT — X I L CIEAD TNV E 525 2 LT, FENARZERTD. ZOMEE
2T, AR TIE, R EOIEA T v (F] ZAITE TR OB AT RRE O A T L) &
15U, 82 R2ENT DA Z BT L2, BIRMITIE, REkEix, kT be v —iffbs:
BHORAAZIER L, EADOEROFINEZHIFIFMEICIE T 260 THS. 2, 7770
o ARTEFEE TR LRI i fif 2 5- 2, R0 72 i OGN REE Th 5. 2T DR
It MEEARFERIZEBT H4FIL1TE), EEDERTENCEH LIRE FEO A2 KREE L 7.
S CIE, HARRAERITEIOZR, BLORADER (Bl IXEEWICEAT D) 252, EE
W B3 2 BB TEN 2 Bhitt 3 2 72 O OHREMG 2 3R TE A0 En e L. X 2 &2
%, METFEOFEHOBPEEZRILLCEBY, BBFRECH L TRZEL TETANER T &
ERLTWD. K2 PSS LSS 2~ L TRy, K2 AIdERshRgksE£T. Hoh
7oL, TEEE 1V2024 |2 CHOEERFE (RA X —3FEEGTe 501 - 20 fho A O8ERFE L LT
TN TWND) TERLTNAS.

ObStaCIe aVOidance scene SIRLFD R(s, ar lr) = (wZer;fr)(p(Shat)lt @ learned behavior distribution P(st,at, lt)
collected using CARLA simulator IRLF - lse ) = (07w )olse, ) — predicted behaviors 7

w” ¢(st, ar)

IRL  R(s,ar)

us n w
-160 R high goal P
-180 //__’—— v »!'
-200
2 —— SIRLFD | & ,
| —— IRLF [Shiarlis+ AAMAS'16]
%-zeo - —_— I I
< 280
-300 ||
-320 "
0 20 0 e 80 100 ]
iteration = _-:‘_.- low ctart :)- ﬂg ‘ ‘

learning process
stabilized by relaxed constraint

scene SIRLFD IRLF IRL

learned reward function
distinguish obstacles from road

scene SIRLFD  IRLI IRL

predicted behaviors
safer driving behavior modeling

2 1B - AR BEAET DRI EE OXECEE O, WA E ORER, REERAEROKT

iR 3

FEOA—F 2 —A V7 ~7 =7 OFIEH
Gazebo, Udacity, CARLA &E\W\o7=I AT
LEFAE L, 244 Autoware TOREIE 21
Wi-—7, FuPxr MEEDND CARLA
BRI LT — 2 IR 25 L=, &
EE T — ZIEE S AT LT, GPU 2%

FH L Linux V—27 A7 —3 3 »BLO

L—v A= Harbar—7 (N2
KL 727811 7TL—%) ZFHAL,
Zhuc kv, wiEE
BLOEIRRICGEHREEZ 5252 L7
<, FTEDADERT — X OYENFHE
L 7po 7=, CARLA NEHEd 2 (ABRHL iER
BRICBWTC, fET B, Flx X

T—=HENETD.

DR 2 TIHRAOHER (REER) (SRS T LERT - 2T ST, FEET —H
TR EBTEHEZ VI 2 L —F ETET LI LENH 5. AWFERBEICE Y Hiels 720, BE

PEE) 2 BRICERE L, BRx 2 defb i
AT —Z 2 LTz

ZH H L7z LGSVL,

3 MR L EEATE T — A INE VR 2 L —X

Autoware, Summit, VISTA, AirSim,

’ -




39

2021

631 636

DOl
10.7210/jrsj.39.631

7 0 3

Shaoyu Yang, Hiroshi Yoshitake, Motoki Shino, and Masamichi Shimosaka.

Smooth and Stopping Interval Aware Driving Behavior Prediction at Un-signalized Intersection with Inverse Reinforcement
Learning on Sequential MDPs.

2021 1EEE Intelligent Vehicles Symposium (1V)

2021

22

2021

Shinpei Hosoma, Masato Sugasaki, Hiroaki Arie, and Masamichi Shimosaka

RRT-based maximum entropy inverse reinforcement learning for robust and efficient driving behavior prediction

2022 1EEE Intelligent Vehicles Symposium (1V)

2022




Minglu Zhao and Masamichi Shimosaka.

Inverse Reinforcement Learning with Failed Demonstrations towards Stable Driving Behavior Modeling

2024 1EEE Intelligent Vehicles Symposium (1V)

2024

Shaoyu Yang, Minglu Zhao, and Masamichi Shimosaka

Improved Template-Based RRT for Efficient Kinodynamic Motion Planning

2023

2023

Shaoyu Yang, and Masamichi Shimosaka

Sequential 2D Continuous Kinodynamic RRT for Driving Behavior at Un-signalized Intersections with Stop Lines

40

2022

Minglu JIS , ,

2023

2023




(Shino Motoki)

(10345085)

(12608)




