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Abstract

In recent years, research and development of autonomous driving technology
has been actively progressing in both the automotive and information technol-
ogy industries. Not only has the evolution of advanced driver assistance systems
(ADAS) been accelerated, but numerous automakers, parts suppliers, and I'T com-
panies around the world are participating in the development of fully autonomous
driving (Level 4) under certain conditions, and ultimately Level 5 autonomous
driving, which will enable operation in any environment. However, in order to
implement and popularize autonomous driving technology in society, significant
challenges must be overcome alongside technological development. One of these is
"safety verification.” Because the system takes over all vehicle recognition, judg-
ment, and control functions from the human driver, it is necessary to objectively
and quantitatively demonstrate safety levels equal to or even superior to those of
humans.

Relying solely on traditional on-road testing is not a realistic approach to eval-
uating the safety of autonomous driving systems. Until now, automobile safety
evaluations have focused on long-distance driving on test courses or public roads.
However, statistically proving the safety of an autonomous driving system requires
astronomical driving distances. This not only requires enormous time and expense,
but also poses a significant risk of accidents during testing. Furthermore, danger-
ous situations that could lead to personal injury accidents only occur sporadically
in everyday driving environments, making it impossible to cover diverse and com-
plex traffic conditions through real-world driving alone. Therefore, verification
based solely on real-world driving has physical and statistical limitations.

To overcome these challenges of real-world driving tests and advance devel-
opment and evaluation efficiently and comprehensively, the ”scenario-based ap-
proach” is currently mainstream. This method involves predefining various antic-
ipated traffic situations as ”scenarios” and recreating these scenarios in a virtual
environment to verify the behavior of autonomous driving systems. However,
if each company develops systems based solely on its own unique standards, it
becomes difficult to objectively evaluate the safety of the technology and make
cross-comparisons. To resolve this issue, it is essential to establish a standard
evaluation method and common platform that transcends industries and coun-
tries. Against this background, the Japan Automobile Manufacturers Association
(JAMA) proposed the "JAMA Framework.” This framework aims to comprehen-
sively and systematically evaluate the safety of autonomous driving systems by
organizing and classifying events important to safety evaluation from an infinite
number of real-world traffic environments as ”scenarios.” Scenarios in the JAMA
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framework express driving situations such as ”cutting in,” ”departure,” ”acceler-



ation,” and ”deceleration,” as well as the vehicle’s initial position, using natural
language, parameters, and diagrams. This representation format has a ”high level”
of abstraction, making it easy for humans to intuitively understand traffic situa-
tions. However, the raw data (vehicle trajectories) obtained from simulations are
huge time-series datasets that record extremely detailed physical quantities such
as vehicle position (XYZ coordinates), orientation, speed, and acceleration at very
short time intervals. While this is essential for detailed analysis of system behavior,
its very "low level” of abstraction prevents direct comparison and verification with
high-level scenarios defined by humans. In other words, a large ”abstraction gap”
exists between the descriptions in the JAMA framework, which serve as evaluation
standards, and the simulation data that records the behavior of the autonomous
driving system being verified. Existing methods have attempted to bridge this
gap by using manual review or rule-based judgments with strict thresholds, but
these methods have limitations in terms of efficiency and comprehensiveness. This
abstraction gap poses a significant obstacle to efficiently and automatically de-
termining whether simulation results meet specific scenario requirements and to
discovering undefined, unknown, and dangerous behaviors (new candidate scenar-
ios) from massive driving logs.

In this paper, we aim to bridge this ”abstraction gap” by proposing a method for
abstracting low-level vehicle trajectory data and enabling the analysis of driving
behavior and situation changes. The proposed method converts trajectories, which
are continuous numerical data, into meaningful, discrete ”states” and represents
their temporal transitions as ”symbol sequences.” Specifically, we implemented
and evaluated the following two approaches. The first is the ”equidistant grid
method,” which divides the relative coordinate space centered on the ego-vehicle
into equidistant grids and defines states based on which grids other vehicles are
located. The second is the "domain decomposition method,” which segments the
area around the vehicle into semantic regions such as ”forward,” ”lateral,” and
"rearward,” achieving abstraction that more closely matches human perception.
These methods enable the seamless integration of massive amounts of data ob-
tained from simulations and real-world driving with a structured scenario set. To
verify the effectiveness of the proposed method, we conducted experiments using a
pseudo dataset of tens of thousands of records generated by systematically varying
parameters, as well as more realistic driving data obtained from the autonomous
driving simulator AWSIM. The evaluation metrics used were scenario detection
accuracy, data compression rate, and safety assessment soundness. Furthermore,
to clarify the position of this research, we conducted comparative experiments
with representative existing approaches. The first comparison target was a formal
method using high-precision maps (Lanelet2) and signal temporal logic (STL).



This method determines scenarios based on strict logical formulas, but experi-
ments revealed that it is vulnerable to errors in map definitions (e.g., lane width
settings), and even slight differences in settings from the real environment can
result in false negatives. The second comparison target was a method using large-
scale language models (LLMs), which have attracted attention in recent years.
While LLMs excel at understanding the context of trajectory data, they face chal-
lenges in applying them to rigorous safety verification due to the computational
cost of processing thousands of records and the problem of hallucination, which
outputs nonexistent facts.

Experiments showed that the proposed method achieved a high compression
rate, reducing the original data volume by approximately 99%. Furthermore, by
appropriately setting the grid width and region definition, we were able to reduce
false negatives in scenario detection to zero, demonstrating sound abstraction that
prevents ”overlooking danger,” which is paramount in safety verification. In par-
ticular, when using the region decomposition method (15-region model), we con-
firmed that the number of states can be reduced while maintaining the number of
false positives compared to the uniform grid method. Furthermore, while the exist-
ing method (STL) is a discriminative approach that determines ”True/False,” our
proposed method has the distinct advantage of describing trajectories as symbolic
sequences. This makes it possible to analyze and search for transition patterns
after the fact, even for unknown behaviors that have not been defined in advance.

In conclusion, our method maintains high robustness while reducing its depen-
dence on high-precision maps, and is capable of faster and more reliable processing
than LLM. This makes it extremely effective as a technology for quickly screen-
ing dangerous scenarios from massive driving logs, significantly contributing to
ensuring the safety of autonomous driving technology and improving development
efficiency.
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(Responsibility-Sensitive Safety) FEEEZIH L TEH D, BEANTEE 2 FHEDA]
BETHS. LoL, ZOFKRI MEFRNCER LY F VA Gatlld) ca®T 2
an) ZHET S HHINT 7a—F) dOTHD, ERHOZEHP, RO
SFVFRE =G c FERT S EITEE L TV,

F7z, Muslim & [18] 1%, EMAOTF -2ty t2rohy b7V b2 SV I 2H
ML, HOEHFER T X —& (HREEHECHEEERY) OonfizERLL T
W3, ZHUIT =X 67 X —=2HiHZ¥YE T2 HTIIERATH 50, KRS
I IREEERE (F 21 TIRAICESE L Th 62U DiAte ) Ewvoz—EHDii)
& L TOMELE TR AAA TWIRL.

2.5 AHARDIISME R

D EDRATHEER E 2, RHFEDLBME L FRMEICOWTIARNS . KRIFFE
X, ¥Ial—yaryECHLNEREROEY, ANEIERAIRERERAZ
a3 22 WS ET, INOEKRTO THERE) 7 v —F ) OXZEEMEDT
5N 5. BIFRE OFEREERB X UHHEEIKELS DU TUTO2HTH 5.

BoFHME, X0, WHNZMGEFEEZREL TV RICH 5. Reimann
517 D & 5% STL Z HWIAERFIRIE, 77— XPREDT TV A 0E»EHIE
T2 PHRIEE) L CORENETH 7. ZHUTH LAWIFETIE, TXTOH)
BTr— &% NREEBROS VRLY & LTHRILL, b3 27 7 un—F %24
FHLTW3., ZOFKICXD, HRNCSF VA ZHBRICERET LS, Pur—
ZEEKDS TED XS REEFITOIRh) ZERINCHARLS Z e EEL 72
5. ZhUuX, PHIEREHOHKASL, RET— X000 F ) AREBEITBW
TRERFRERS.

B_OFME, 7V v FBXOHEEDEE W ERE R - i E
RELTVWEETHS. Muslim & [18] DX I RHERZ 87 X —ZiHice ¥ 5
3, AW TIE TR ERROER ] 2RSS, Zuc kb, JAMA
TL—L T —IPERT DI Ay b L) R Ay b 7T EVnozEL



NUBHRES TV A, ELAARIE T — X L OMICIEET 5 THREDF v
7 REHHNIED 5 T L AR 725



F£3E #fm

55 2 B TIEBIEIZEIC OV TIANT. AETIEIAMETH W 2 HEMNERTDH
LR, F—X<v 7, JAMA 7L —AY—72, HEEES 27 A1O0W
THAT 2 e 2HWE T 5.

3.1 HHRAEIR

SRR, 1977 212 P. Cousot & R. Cousot 12 & o> TIRIEX 1L [19], 7w
77 LD BB VT, KAWL TV, R, av P a—
ZY A LY BV THAZHRICIA HO s TWw» 2580 DI HB 2 #5 T
H5. WMEERFEDISHINTWSE EERTEHEZDINIRT.

WSRO IR S FERICHTENL, Tur o 208NN TH 5. FESMF (in-
variants) D X 5727075 A DFETRFER BEIRNICHEGR T 22T, Tur
7 LA DIEYSHER T2 DORGRICIE S v s TE 220, 21, 22, 23], Fjic, 7o
72 LDOFEITAIREIRIRBEZER Z B L, V7V RA A7 0T ADOREFEITI
(WCET) DERZIRET BH5E [22] R, B2 (Safety) &M (Liveness) @
77 DMWE ZMGE S 25 [20] 72 ¥ TEOEMEIREINT WS, 72, 1§6h
TR IR, a v g ZI X 2w a— Pk wo ke T a 75 A28
PRI 27-DICHTEHEINS.

HMRAFNC X 2 T OREESLRNR e T 2R, W2 THHEREE (Abstract
Domain) ] {2 X o TIREEZNS. Chang & [24] 1%, FEDMHTHANZFHLL, &
HaXPfEEDNT VAR 5Tk A BRIMRHEBZREZELTE L. HIZIX, &
7Y MM T a s g Lo ERIL T 57012, HEDAF—<ITHRT 2
BRPACHSREES, 52 0NTMREHDI S 07T L0 —THNORHMEZH#E
YA ZERAREICT b b — SRR E R IR L TV 5.

F7z, H—OfREHTIE T BRBEENEONRWVIES, MSRBRZHK 7 a
7'Z 2 > 7 (Constraint Programming) ® X 5 RfioFEL HAEDLEZ N, T
Vy R7 7B —FBbEET S [25]. 207 Fua—FIF, BR2FEORAZHAS
b2 ZeT, BTolZ KBRS L, fFNEToRBEZzR LxEs 2L
ZAREICT 5.

BTE S SR OB L JSHIC T 2MRIIERTH O ' 77 L2RHRILFE
Z XD PR S NI MREEIEAYNR T 2 Z i X 2t y, iTfibhTns.



RIFFRL, BHER S AT 20ZEFH 2L - MAES 2720 DA RY —LTH D
YWRB.

3.1.1 F—a3IvE>y

TR ¥y rrlE, 7ur I 1BRCEENRD S 2EOES (BAHE
B %, KbV 4 X0ESE HREE) N BBRT 52T, REZEMZ
HII S 2 FETH 5 [26). ZHEHSRERO—FETHH, LB L TEYl7Z%
MR ER L, ZHOEBMRNREZMRNRERE 5E) 1T£#55 2
ET, U I LRI RAT LADEHEELANIVTHNTT 5 Z 8 ZA[REICT 5.

HHER x KD 5 3 BRI REOEEL D (BRFEE) , Mt nzEo
®BEE D RER) 55, CorE, F—x<y VYUY ZREMEve D 24
Rl oD NEEWT IR o D > D Ik o TEHREINS.

HWH, ¥Iab—yayETHRONLEMREE D (F 28 R 8 INESED
DEZBIIERTH 270, ZDFFLREOHAGHLEEZHRRT 2 L IREBIER
DFEAET S, Lal, BEBEMIAR» /MR DAy Y 7 %175 2 8T,
FRMT TR ¥ 72 2 ARAE 2L & BIRNCHITR L, KBS > 2 7 4 OMGEZ BRERN 7251
HaX NTEITTES.

Kripket8ig fl& L TEEHEZETNMET S, Kripke @D I 21— 3
VR LTHERICERTE S, AT LRI\ EILARTZ2ETLE LT,
DUFD 4 $ TR X 1% Kripke #3E M 2 T&KRT 5.

E# 3.1 (Kripke #HEDER).
M = (S, Sy, R, L)
ZIT, REZRREFIUTO@EHTH 5.
o S: KEBOHERES (FLIIMEES
o Sy CS: FIFIREEDES

e RC SxS: BBHMRK. (s,8) € RIFIRE s 25 & NOEBDARETH S Z
LERT.

o L:S 24P SOLMITBEEL BIRRE s 1BV THKAL T 2 @ (Atomic
Proposition) DEGZEH DY TE B THFOTHS) 1Y),

BEREFICHRETIL BT, EEEoMENLZEEHZ BEKET IV Mo, 8
SREIC K ZHTD L ZRNEZBHZHMRET IV My T 5.



B&EETIV Mc = (Sc, Sco, Re, Le)  Sc \SYHELREE {green,yellow,red} DB AT
BH%. Ro \FMNREICESS ATy T DBBREZRT.

HWRETIL My = (Sa, Sao, Ra, La)  Sa WEIREFHRC X - THRUL Iz VR
N {GO, STOP} DEETH 5.

F—R<T vy (WMREEE o : Se — Sy) 1ITXoT, BARIRE s, € So 1
HRIREE s, = a(s.) IWEHEIND. 2O &, KFEOMRBMEPBERTH 2720
WX, b5, BRET LV LEDEREDER (s.,5.) € Ro WX LT, MIGS 24
RETNVLEDER (a(s.), a(s)) € Ra BTIHIELRITUXL S0,

Vse, sl € Soy, (8e,5.) € Re = (a(s.),a(sl)) € Ra (3.1)

CDEENEEND &, BIKETL Mo EODSD BFET A, HMRTE
TN My Lo LTEHEINS GEEMlXN3).

X 51T, MBI o X, MR TR (et Ta 7o RY) Z2RET
3 X DICKRET SN ZREN D L. BARHNCIE, BEHT 2R F L, MUF
DR T R RDENS.

c,d € DXL, alc)=a(d) = f(c)= f() (3.2)

Tbb, FUHMRIREIC~Y Yy VY732 BARREEIX, MEEL72WRHICBI L
THHEMTRIFAUI S0, X 3.1 12 kripke & 2 Fl W2 25@8E 5 ORI L

T2ETNVERT.

=‘go

X 3.1: kripke #5& % W72 35825 OISR L O Hil

F—EAIVESIOREKE BIZIE, HFOEER Y OBEARZ TS B, #E
RIS TII R, R Y ORIy ¥ 235 20T, HEME
ZRFAELODOBEEDOHEL Vo e REN T 0T 4 ZMGELET 5 2 EAAMREICTL 2.
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REWNRT—2<v By 7ol LT, BEROZE v & {NEG, ZERO, POS} @
3 DODIRFEIZ T HIT 2 55t (Sign Abstraction) 233 5.
POS, ifv>0
Qsign (V) = ¢ aczero, if v =0 (3.3)
acneg, ifv <0
ZDXI BB ERNE T, Tu7 T ADIREZERZSRINCHRL, 7
WrOFtHEa X F 2 BRERNLHICEBT 2 e TEs (K3.2).
FIEL, MEMLORIEEM 75 L, EICRERTH 3120 00b b Tk

CHIEXNS [False Positive (FP) J 23EINT 5. ZDOLS5K ML — KA I7D03(F
E3 279, MAEHNIO U CEYIZAEOMSBICEB &Gt T2 LB DD 5.

=POS

=ZERO

cbhbbho N w .
WM O N W

=NEG

X 3.2: F—&< vy ZO&KX

3.2 JAMAZ7L—L7T—7%

HARBBIETH#S (JAMA) 2ERL TV JAMA 7L —2v—21%, HEE
RS AT L DRENZFHE S 2 720 DRRIBREHATH D, >FVIAR=Z2D
7R —FERHALTWSEPRETH 2. BHEMFROERE MDD THEHET
HY, IXRTORNEERETTTAMNTEZLIENARETHSE. 22T, ZD
TV — AT —27 T, HEEIES X7 ADEET S AJREMED B 2k &4 1233k
ZIoFUA4 & UTEHE - 8L, (RERE (210 —%) FEHOTHERN
WEiHEi 21T 2 #HIBELTCWS. L L, RKEREEZDEL THAGDLE ST
TR F ) ARBDRIZE DT80, A TERW.

ZZTIJAMA 7L — 27— 27 TIZHENEIROBHEIR X X 7 2FTT 57201
W T v 2 2 Y EEGE O B ZER0, I, #RED 3 EE TEEH - FEERALEL,
T ZEANEL, 1R EHEDEEINNEL) (SR L, Yok R T IS RICKIE
FEK (oot cause) T FVAKRE LT, MbEkss 2T, BRIEEZEDOH
FLUCHERER 22 HiPH D FEE 2 I BEIC T 5.
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AMETEZOFRTHHW 70t 2 TH 2 REMNELICER L TIIEEZ1TS. &
WAEL 2 1%, BEOZEETHHT 6N D X5 R HEEIICFEES 3 KBS IE
DB CEETH 5.

JAMA 7V — 29 —=21281} 3> F VA, EROIHINE, #E, HEE, &
D@ (NPC Bl ORCESZEE]) & W0 o 7 BRI R T X — ZIZHD W T
ERING., ZHUCED, BEEE TOAMPR AR TOEITE Vo IZRFED L —
Ay —RZIZBWT, HEEILY R T LANEEY—I VIR TETWE D, D
WX IR BT % 2 0 2 3 EINCEHME T & 5.

Deceleration
(Stop)

Cut out Acceleration

Nozd===

¥ (O Noz3==xs; =
L | R ] e

w8 o <o
Rl | Y| | & -
Oedaran, OO0, oI v
‘% S m’%ﬁzﬂ‘ o o | | 0> S
) 0 4 0. 15y NOght
@%¢ R i | | [PRE

% 018, 0. 190> 0.20,"
P> mnﬁ:és:'n o o> S S
Vy

0.21 0.22 O.Z;’WV w,»
vy
Lane change %@ %@éﬁ’ <.-§,‘Q‘ﬂ*

Road Geometry and Ego-vehicle behavior

X 3.3: JAMA 7L — 27 —271281F 385> F VU D ([6) L D5IH)

3.3 BE#EIRATL

HENEER S 27 4 21%, HEBABOD K54 N—120b - TR, MW, #HE
BITOTATLTH S, HIIHEE X2 X F % LiIDAR 72 ¥ % FW C L JE B
DIREREEMH L, B7H, ER oA, ERELEET2. 2L T, ZhoE
WD X R T LADRENHMENL, 72781, TL—F, RATT7VVY
R OERERITS. HENEERO L OLEFRE LT, EiEX 27 O FIELETHE
BUTIG U TL L0025 5 FTIZ LNV ENT0 2 KE HEIEEAM X (Society
of Automotive Engineers) Dd DR Y ¥ —T, HATH ZOADBTRHI LTV 3.
LUV 3L ETIREIED TR AT AN BITT 5. AIFETIE, AT L4H0
FRE 2o TEIEZITS LALLM ED BEREIRZ DN RE T 5.

Autoware Autoware 2137 47 7 —DRNFALTW2 HEEIZOA —T > Y —

2V 7 927 TH 5 [27]. LiDAR, H X5, GNSSKY Dt v+ —F—& %
- B BEHEE, YIRERER, AERRAERR, EEMHIE & W o 7o BEEERL IS B R EE

12



MEY 2 — LN TEEXNTWS., FHiFEBRERSC HEREI N2 Y, BEA
NTZ L DFEHEFDLD 5. Autoware D7 —F 77 F ¥ 2 X 3.4 1TR-7.

N

PERCEPTION PLANNING

CONTROL

LOCALIZATION

VEHICLE INTERFACE

S
'i@w

3.4: Autoware D7 —F 7 7 F v ([28] L D5[H)

SENSING

7

b

AWSIM AWSIM (&, Autoware DEWEMRELEZ1T 5 7= DIZBFE X 417z, Unity X—
ZDHEEES I 21— X ThHb. AWSIMICEL T A —T> YV —RAY 7+ U=
7 L TRAZINTWVS [29]. Autoware IZb S 7> =¥ IaL—R )7L
£332L—R2WVWS 20D Ial—yaryfiEEFoTwWay, HEERS
AT LEEET AT 3N TERNWDREINIIFEERT R b BT HED
»%. AWSIM TlX LIDARIC X D RAEZEfZ & 52 % Z e B TE, EEDOERBIC
FWSIal—SaUhAlREr R B,

DZalL—2HhoBIEINIEHEHE AR TIE, LABD AWSIM > I 21—
LM NINIEMOETT 223522 BEE T4, BUFIN 5
BT — &%, K353 &5, FRENCBI 2HMONE (XYZ B , M=
(FVzrF—ary), EE, NEEL W YFED, D THllA W ERE R
TR SINTRERY T —RTH . ZhoDT—&RIE, AT LDOEEEFHIC
FRMT S 2 7= DI AR REZERIFETH 3. Lo L, THSIEZHRZBEOREY
WS MEL L) RERBETH D, ANEPEKRINCHES 2 TEDhiAA 2 [2E
b EWwol TELNLV) BRYF VA ER BHELLK - BET 2 2 2 I3REETDH
5. ZDld, RETHERNZMPLDOFELILEL 5.
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o_estimated kinematic™: [

1
T2

"rotation”:

0.
0.
0.

- @D

"acceleration”:
"linear”:

@™ @ @

g1l
T2

"angular™:

3.5 HENEILY 2 2 L — & 5 S X 2 HE DA

14



]|

FA48 T—IIvEUT%ZHUI-E
mELE DRIt

ARETIIAMRTIRE T 2 HMHLED MBI LTFIEIIOVWTHRS. KL TIE
YIial—YarThlEoniERHEEZHMRLL, JAMA 7L —249—27THW
HENTWB S F U A e HEARERERICE T 2 2 e 2B T4, BRI,
T2y ¥y HWTERIE L HRPLE LTS 2 FEZIRE T 5.

EmEE 7 7 A
Timestamp:0.0
egof
pose{x,y,z}
twist{x,y,z}

accelx.y.z} B ABIE AR
3,k

i\ o1t 1 j3k2 POS
P 2 j4k2 POS
pose{x,y,z}

wisthoy.d || e
accel{x,y,z}

}
Timestamp:0.2

X 4.1: EEEPEDO 7V v FEHOYE

4.1 BHRZTEHEOERE

4.1.1 EB&ZEMDEIE

AR OEMIEICIE 3 KICEDPEREDH D, ego & npc DIOINIE, HEE, HE
EDPFERENT VS, 2O TH, WMEHIEICHHT 2375 X — 2% B{RZE# D
WY LTERTS. ¥ IaL—2noEoh3 75— X I 2 RRY T — &
TH3. KWK TIE, TR ER T X —ZE2HH LD 0% BARZZE O#E
LT TND LS ITEET 5.

15



E&E 4.1 (BEARZEEoERPLIE). BEARZEEOERPLE Trj BXE, R 4 2B
LHMDIREE s; A TDOXTEET 5.

Trj = {80781, S9,... }
Si = <t17 (xhyhv’i?ai)) < Rar X RB

22T, MEBEDIEFIFRANC X o TERSN, Vi,j eNs;, <s; & t; <t; Zii
eTdboE T 5.

ZIZT, t; Z3RALRRYT, x5,y \ZHHE (ego) 1IXF AMhE (npe) DMHXT
B (o 3HEETAF, v IBAMD) , v FHENEE, o SHEHMIEEZRT. v >0
DE, npeldego DLEMNIFET 2 Z L RS

Bl 4.1. H1ZIX, i 27y THOEZ ¢, = 3.8 IZBWT, npe D ego DRI 20m,
AWMl 1.5m ONMEICH D, HAHED 0 DIFE, KR s ZRD LI ITEKZXN 3.

s; = (3.8,(20.0,1.5,0.0))

4.1.2 SFIADEE
Ay RLY « hy RPURSFUS
By b4 VS FIABEIOAY h 7Y R F VAL, il (NPC) ASEfEEF%

BWTHEIT 258 (EHEH) 280> F V4 THS. AZETIE, BE (Ego)
DWETT2HBE2REEL LTURDO XS ICEERT 3.

hw A2 NPC DBHEHRA & HEMR (HHEOHE) ~NEAT 228 (HITA
DEIDABTE) .

Ay b7 NPCAHAHHER (HHEOHIE) 2 5 BEZHREN S 528 (77
2> 5 D EHRAERISE) .

E&E 4.2 (BRZEMOH V4 V). HEZ ¢, HIEE C, &35, Kl t, 25 ¢4,
ANDBERBIZB VT, UTORM Cu(i) DELR2BE%R Dy b4V LEHRT 3.

Cinli) =

{true, i (w2 G) Ayl < ) A @ 29) )

false, otherwise.
Ay b7UPBEABICITDO LS ITERS NS !
EF& 4.3 (BRI v 7T ).

t ) f i<cw i >C_/\ i >_l
COUt(Z,):{rue it (gl < %) A (lyigal > ) A (i > D)

false, otherwise.

(4.2)

16



EFR A2, EFR 4313, HEOBNE v 2HIEDO 77 (HEER L A%7) D4t
2 o NEINBBIL, 22OMhE « BHEXD AT ICH 255G 2T 25D
TH5.

5l 4.2. HIiE C, = 1.9 D%, BEHEIZX 0.95 2725, HBIRAIT y, =12 (KH
), ROKZIT v = 0.5 (BHERR) o758, LidoffbzmzLay b
A eHEEINS.

INSE -« iRERS 1) F

RS F U A B XCEHS FV A1, MlH (NPC) DI L > THH (Ego)
C OHEEEREOTEME L, HEOV R IPEL RN LTERSINS.

RS F VA Ego DT EETLTWS NPCOMET 3 Z 2T, Ego & D
DA E 2RI (BB HIC X 280V ET) .

RS F A Ego DRI ZETLTWS NPCBEIE ST 5 Z 2T, Ego & D
DHEE 2RI GRITHOR T L —%5) .

EURZERNCEBNT T F720% Moy 23384 U B FERE Y B R BB HS D
{ T e AT HRDOMAMIE z ZFHWTURD XS ICERT 3. HER C), HigZ
C,T2t

EFE 4.4 (BAZHEOIE - oK), BARZERICEWT, B ¢ OZLITED
X, I (BE)  ace BEOE (L) dec ZRLTFD XS ITEHT 5.

acc(i) <= ( )

r; <0 (I’z < xi—i—l)
dec(i) <= (z; > 0)

A
A (T > Tiy1)

T T, ace ¥ TESGEHMAHEICEL T 2 FEAIE « BB S 01359 <) ]
r—2%3E L, dec \X THITHEAHEICEAT 2 (FEMAE © 25E25 013
SL)] F—ARET.

%43.5@%%@%%&%%2%(%20)KBDT,ﬁH:4(ﬁZO)%%
EDEGES F VA dec(i) BEE 25, WRHELTHNESZY v FOZLTHZ L
W Ko THNRGHEIREZ AT Z 2 Z L 2 EKT 5.

4.1.3 TZEeHOER

BARZERNC BT 2 L2z ks 25682 ¢ LT Time To Collision(TTC) ZHW\ 5.
TTC ¥ (ZH M (m) ZHGEE (m/s) TEH-72dDTH 3. ZDIEEIIHED

17



FRHRE MR X N G810 H LMD CEZET 2 02 RITIETH D [30], Z2tk
DREEIZ DL fFDHN TS,

BARZERNCBWT, HAHIEDKED TR TORRICBWT, v (B) Hrhofi
B2 D Y EHNTWE2TICH 20U ETH2 L ZIXLLETHI LT

EE 4.5 (BREHO%S).
Safe(i) = Vi((|y;| > D)) V (TTC(3) > 2.0))
D 3T otEATHEZNS. [, IV -V DIRERT
EE 4.6 (D, DER).
Dy = 1y/2 — Vupmas X 0.4

AR TIER—LEEHWS. [, = 3.5m,Upmne = 1.8m/s XD, FFELT
D, =278 ThHbH2T 5.

4.2 FRERBOTF—2IvEIY

FFTEARNZEMRO T — X<y o 72 HWEMRILETS. ZDHICH
REBOEE, >F V4, BERIIOVWTERLTWK.

4.2.1 HHRIEEDEFIE

YIalb—XhoEoN 5 BEAREMOBEIX, FEMEGEDRRYT—X T
HY, ZOWRKEEHRED 22, NEPEKRINICEHZHFEST 22 2, mHEn
RIFVALDBERITO L ZNHETHS. 2 2 TAETIE, s DHEKH
YRR, BEROD 2R IIREAN B L THhRE 28 A$5%. 2
T kb, EERICEET 2 BRI 2, BREO > Y RLFe LT, 2
RN &2 AREICT 5.

fiIE ego B 5 f7z npc DRNAIZNIE 2RSSR ZE X 5. XEZRHS
LMRNGMNEDRS J K ZEATS. KEOEEZ w &L, R apos.
R = J, Qposy : R = K ZRD X SITERT S :

EFE 4.7 (v,y DAEDOHMSRLEIE).

z € [jw, (j + Hw)
y € [kw, (k+ 1)w)

posa (T) =

=
aposy (y) @

J
k

18



IHoZHWT, HMEE (z,y) ZHMRLSNINEDRTICEBRT 2B
Wpos - R2 = J x K ZLITFD XS ITHKT 5.

T 4.8 ([TEO M.

Wpos (T, Y) = (Qposz (), Qposy (Y))
HEXILRE  ego 20 5 RN RIEE 2R TREBEE X 5. IEEOMRES
% Acc 2 L, MWEALEIE apee : R — Ace ZULFD X 5 ICEHKT S
RS 4.9 (I OHGLIILL).
POS, if a; >0

aacc(a/i) == ZERO, lf a; = O
NEG, if a; <0

HXEE npc & ego DMHITHE o, 1%, ZNZFNDEIRZERNIET 3 HEN Y
IV Vnpes Vego Z VT 0 = Uppe — Vego CEFRSND. HIEREOMMRES
Vel = {POS,ZERO,NEG} & L, MG/ apy : R — Vel 2RO X512
ERT 3. v SUNIEEE ) 4 X2 LTS 72O DBIETH 5. ARBFFETIX
v =0.1 &5 5.

E&E 4.10 (HIHEE OHRILEIE).
POS, if Vi > Uth

avel(vi) - ZERO, if Uth S Vi S Vth
NEG, if v <oy

2T, POS iEnpe X5 (/2130683 %), NEG X npe 23]
TR T 5 (FREFRITNEIDD) KREZHMSLLTWS .
HlORE MWMRZEMENICBIT 2HIOIRE 3, 1%, ME & HEFHEEDORT 2 LT
TOXIITERSINS.
R 4.11 (MR EHOHTIRE (& - HHEE) ).
4 = (pi,0;) € Pos x Vel

MRZERNC BT 2 Bl DIRTE 5, 13, MLEENREDRT & UL TURD &5 ITE
#TINB.

EE 4.12 (MR OHETREE (M7 « MEE)). HMRZEHICBT 2 REES S,
BEOHEEHE Tr] ZUTO XS ICERT S :

8 = (P, a;) € Pos x Acc
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R e REE BARZEFOBEE, FEEIRH ¢ =0.0,0.1,...,n 1B 2 BKRK
RRORINTHS. Zhz&RlEZ e MBI LRI Z = (50, 8,...,8,) &F
. 22T, RENPBLLABRVWER LT v 7EENL, KB L 12K
TOARHEDIETS 2 K5 KRB ZHRIT 2. BRI, RIS »oEHES
5 EHEER D RO TZRIINDER aime ZEFRT 5.

EHE 4.13 (FHRPLYE). BREHSILSNLHE Tr) = aume(X) = (8),8,,...,58.,)
(m <n) &, UNOEHZIHLTRINITHS !

1 EFOHRE: Trj ORERIE Y OBEHRZHBECHE LD TH 3.
2. WEBZMLOLRAE: FEED k (0 <k <m) ITDWT, §, #8,,, TH5.
ZDrE, RHDA VTR ke{0,1,...,m} ZHMRER L LR,

Bl 4.4. XREIE w = 2.0m & 55. HE3RZNIBVWT, npcBegoHHT o =
20.5m, y = 3.5m, HHXHEE v = 10m/s DIRBICH -7 FT5. NBEDA VT v
A4 j = 20.5/2.0] =10, MHIHEEIIBEZEZ TWE7%2® POS £ikb. 20
CERIRIR EICBIFBIREE 8 ZRD KX HIcREN S,

S = (k, (10,3, POS))

422 JFIUADESE
MERZEETOS F Y FDEHRE LUFITRT.

Ay bA> Ay 7O FIT

WMRZEMDH v b4 ¥ Cp BT ORM2H- 5B LTERINS. B,
D5ty ODIRIZ j k DEBRUNOFEN 2T -0 2d258% hy M vk
T 5.

2T X AAIOHEMEEZ Y v R EICRHLZSDTHD, kOMEIZy
FIOMHERNIEZ 7Yy R EICRLZBDTH S, ERCBVWT, XEEX1.0E
ThHhdeT5:

EE 4.14 (HRZEMO A v b1 V).
Cin(i) <= (i = 2) A {(ki > 1)V (ki < =D} A (o1 2 3) A (=1 < ki < 1)
Ay b7 RBERRICUTO LS ICERSINS !

EE 4.15 (FREMOH v 77 1).

~

Cout(i) <= (i 2 3) N (=1 < ki <1 A (Jir1 = 2) A{(kit1 2 1) V (ki < —1)}
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X - WERS 1) 7
MRXE D ThsE ) TR R G 225 ¢, I8BWT, DUROEME 2z 328
B LTEEREINS.

T 4.16 (HRZH O N - k).

acc(i) <= (jiw; < 0) A (jaw; < jisaw;)

acc(i) <= (Jiw; > 0) A (Jiw; > Jiy1w;)

4.2.3 HZ2HOES
BEEE BV ER2EDOES

HRZEFCBNTLRTDH 5 LW SN HuED, BRIV THTHE
TH2 L ITHREMIBI2LE2ZUTDOLIICERT S

ER 4.17 (MRZEHOLE).

Safe(i) = Vi((k; < [D;] V [Dy] < ki)

HEXEREZRAVICEEEDER
R U 72 2 O RIS BT 2 L2 2 A TD XS ICERT 5 -
ER 4.18 (MR OL R (HIHHE) ).

Safe(i) = Vi{(k; < —[D)] vV [D;] < k)

HMRFEOH LI EDOEREHWTE S N MBRHE IO W THlE W TS
5. K428 5 TGz Foitdlk, 7V y FoAf Ty 7 2%eRTiLE
FITH5. 22T, i 3ETHA (@) OV Y KL YTy 7R (BRICBIT
WCHY) , kKIS (Wil o7V v K4 Ty 2R (k) 2T, HlZIE 50,3
EWVWSREE, NREWMH 2 D 50 FEHDZV v K, oy HHED 3 FHD
TV RITMELTWRIRETHE Z 2 EKT 5. 7V v FOMED 1.0,m DI
&, BARZERTIE 2 AN 50.0,m BLE 51.0, m &, = AA1NC3.0,m B E4.0,m
Rim DX DOHNIZ npe BFEEL TWVWE I ZEKL TV 5.

Bl Z 1 XX 4.2 DHGELX 6 D DIRREIZ E TIREEBEDBA L TWb. ZD X5 RGHE
WHTRTHIHEBLLTVWHEL WS, —H43D K5 BT —XDEGE, Tk
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RERL L DI REEWCHEY L TWa 23, REEIZ 335 o THBD, ZDIRRET
FHTRTOWMZITS e EE LW,

[ N

i

i

(Hv k1]

[ N

i
oI T T T X

i

B 4.2: AJFEMED B WIS LR R

.S::I
63(189-118)

335(599-608) i282 ke

4.3: AEelE DR SIERER  (Hoke)

4.3 BERABHOEmRUBEZbCICLET—2IvEYS

4.2 EiDFER D &, IREEEZEINCHS Lz LT, MiEEELEL S0 ES
MR FIRICOWTHRFTT 5. 27V v FFRETIIEBRRXEZ AW CiuE%
FHLTWED, AEHTIEIJAMA 7L — 27— 2 L OBENEED 2720, HH
(Ego) ZHUL& LR AERRICEDS S S F VAN ZEZ 5.

K 4.41%, JAMA 7L —LA7—2Z ZBVWTERINTVWSE T F Y FHEICBEWY
TERINIZRNZHEFAMOHEMVEZRLTWS. JAMA 7L —2A47—2TI3,
L DAV % Biig 2 FEAE A ¥ LT Tld72 £, Lead,Following,Parallel & \»- 7z #8%f
FafiEe LTHELTWS. LEdoT, MRIBWTd ZonEEESL K
MXE2 2T, fIMLIN2WEDRHNELZEDHE I ENTEXELEZILNS.
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EEOETIMCEAT
FRIEdezarartiiEslo s

#eft Acceleration FT{"'J ht
urn : urm
U-Turi D O U-Turn|

Lane Change/Swerving

Deceleration
(include Back)

4.4: JAMA 7L — 27 =228 2 FBEOHEMmAE (6] & D5IH)
COMERETNE BRI RZEMSE e LTHET L7012, FTK45D0K5
WHAEAOEEE 9 2B LmEEE R 5. Zhd, HEMAEZFDE L
T, #eam itk & 3 0%, MTm (EAHEM) 2 308U 7253 x 3 = 95
DR TH 5. BRINCIx, BEMRED M85 (Lead) ) THEAME (Ego) | %
7 (Follow) J 1ZhIA, EADOBHEHEMROBHEBEZ ERT 52 & T, HHLHELE

WL W o AR 22085 E 2 KT 2 e 2B LT3,
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Custom 9-Region Grid

follow-left left lead-left

follow-right right lead-right

T T
-10 0 10
I'x

4.5: 9 TR D 7|

BAMEOERIZAIBTERLLDDZHWS.

4.3.1 HREFEDEFE

39 EDEBICHE T 2R EE X, Z0% 15 EOHEBICHET2H0%
EZD. MREMOEZLI IO XS ITERT 5.

9EIHDIZE  ego D5 7z npc DMNHIRIEZ R THRLEKZE 2 5. iR
BB Pos EFRL, qpos : R? = Pos ZRD KD ITEFET 5. HEZ C(m), HiE
% Cy(m) & LT ego & npc DMEXHIRAIEZ 9 (EHOFEIBIC DEIT 5.

24



EFE 4.19 (9 HEUS I U ALE OMRILEIE).

flead—left, if (% <x) A (y; > %0)7

lead, it (G <) A (ul < S),

lead-right,  if (£ <a) A (¥ < —S2),

left, if (-G <m<PAW =),
Opos{i ) = 4 8o, it (-G <m< ) A ul < B

right, it (-G sa <G AW -F),

follow-left, —if (2, < =) A (g > S»),

following, if (x; < —%) A (Jys < &),

kfollow—right, if (z; < —%) Ay < =)

TEFR 4.10 DXL Z v 5
RZEMNC BT 2 HEEOIREE 5, 1F, VB LHEMEEDOR7 e LTUTRD X1
EEINS.

EF 4.20 (MRZEHEOHMIKE (MLE - AHHEE) ).

~

8 = (p;, ;) € Pos x Vel

Bl B PLEIC BV CER T 2 B ORED R —ofMRIREBICER SN 255,
ZFNoZ2—DDMRMZRT v 7 UTENT 2 RSB chime ZERT 5.
BT v FIBT BHMBIRER 5 = (apos(Ti, Ui), Qace(a;)) £ T B L E,
Qime((80, > 8n)) = (80,..., 8 Y (m <n) &7 %, Lo THRZEMICBIT %
W Trj = (3),...,8 ) ZANOLEEZMET

1. BEED k122WT, 8, € {3,...,5,} TH5.
2. FED kIZOWT, §,#8,, TH5.

Z 2T, Pos 3 9fEBIC OB X N EHlif B2 RS

S, ZOHRAE L RIEE Vel OfAESOED S 2 5 MGIRELKDE
BTH5.

MRWY Trj 13, ZOMBRIRE 3 HRERINERICHE > T ARSI (sequence)
Y LTEREINS. 1B, BidORBHREICED, ZORINTBWTHHET 3
BRIV TR KB D (5, £38,,).

DEo=y ey Zickh, WMRERICE T 2808 Trj 1, B L AHEE O
FIRFEEDEBEBRYE LTUTDXSITERINS.
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EFE 4.21 (HRZEMOEMHE (958 ).

Trj C Pos x Vel
8y = (Pr, 0y) € S
Trj=(8,8,...,8)
BMRERTOHY brY HIRZEFICBI 2 EEBE»SDH Y b4 ¥ Oy, LA
WD Y M4 Y Cor ZERT 5. BIHBEER (ead-left, lead-right) 7213C
724, BEAG OBEEZELR (eft, right) 22587/ (lead) "DEIDAAS H v A4
e LTS,
ERILSDH v b4 %, BB lead TH D, 2 OBRILHEMIOMHEEETH
LGB L TERINS.
GHIDSDH Y b A X, BREH lead TH D, 2 OBRITHERIOMERTH
LGB LTERINS.

E&E 4.22 (HREBOH v M1 V).

Con (i) true, if (i1 = lead) A (p; € {lead-left, left}),
inL\?) =
g false, otherwise.
. true, if (piy1 = lead) A (p; € {lead-right, right}),
CinR(Z) = X
false, otherwise.

HRZEBTOHY F 79I+ fRZEMIZBEWT, EHANDH Y F 79 Cowr 3,
HRAEDHERTAEE (lead) 26 LEHTATEE (lead-left) N\ EBE T 255125
45 5. RS, HEINDA Y P 7Y b Cowr 13, HIRAED A EAT/THEE (lead)
P OARTF B (lead-right) N BB T 2GGICHET 5.

E&E 4.23 (HRZEHOH Yy 77 F).

CYoutL (Z) =

A _ true, if p; =lead A p;r1 = lead-left,
false, otherwise.

. . true, if p; =lead A p;;1 = lead-right,
outR( ) -

false, otherwise.
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HMRERITONE, HE  MREECH T 2 HREGE ace, dec LI D & 5 1TE#H
KA
& 4.24 (FHRZEH O - JFER).
acc(i) <= v; = POS A p; € {following, follow-left, follow-right }
dec(i) <= ©; = NEG A p; € {lead, lead-left, lead-right }
R ) FOPNTONTEZ S
K%l ¢, 12BWT, HIHEE o, = NEG TH D, MHIIED lead THol T
5. ZOrE, DUNDOSMF:
U; = NEG <= NEG = NEG
p; = lead <= lead = lead

DIKSLT 2720, FERED decli) 13EL 725,

4.3.2 HMREMICHITIERBRBOELY

REFECBI 2HREMTOERRERD, EREFTOEREEEGL TV
ey, Ay b rEAlE LT, LMNOEHZRXRS.
MREMBOTHAANDH v 877 b Cour(i) DETH 37513, BikZeR]
WKBWTHH Y 7Y b Couli) DETHS. Thbb, LIRHBILT 3.

~

CoutR@) — OoutR(i)

BB i 1BWT, WRZEMT Counli) PETH 2 LET 2. EFRLD,
AL T OEM L ElTH 5.

p; = {lead-right} A P = {lead}

PRy Uy I a,, DERICHESE, - OREBEKEHOBEE (1, y) O
FIENCRIT 2. £F, pi € {leadright) TH 2 Z Lh 5, Bl i 2513 2B

C Cu

égﬁgmhA w§~?
Pirs € {lead} THBZ L5, Bigli+ 1 1B B HEEE (2141, yipr) B
DHEFIFET 5.

C Cu
?l Szipn <D Ay < —-

2
MR L 22, LUNOEEREONS.

EZS%‘SDM A yi§_7 A ?lgxi-HSDth A Iyi+1|<7
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4.3.3 TZeMHOES

BARERICBII A3 LZEDERIZIIIHTERLEZDOZHWS
HRZEFICBOWTIEUTNTD XS ICERET S .

EE 4.25 (MREMOLS).

Safe(i) <= Vi{(p; € {lead, lead-left, lead-right} A ¢; = POS)V
(p; € {following, follow-left, follow-right} A v; = NEG)}

4.3.4 ZTEHHRIEDOESME

REFIRIC X 2 LEMEHED, Gk r ks in (FN BRELRV) Z
YRIFAT 2. bbb, MREMT TLE (Safe)) LHEINLLSIE, Bl
ZEHTH T4 (Safe)) THBZ %R,

BEARZERNC B 2 M Safe(i) 1%, THFFEEBEDS T ORI NATVWS ] £
3 |—TTC (Time To Collision) 23t R\W\) HEICWILT 5 L ERIND.

2T, npc BREIAICTFEL TWT, HIEE v; 251E (v; >0, $ROBEX
#5ﬁﬁ)f%%% EZ 5. YHEHINZ, BITEHIHELDHEIEILoTWH
5356, BROY X713, TTCIRERAK (52 WIERNDOLEIREE) Lig
5. L7ehoT, UNOWUEGBEBRMD LD, C2HORI LT b

(UZ' >0Ax; > 01/2) — Safe(z)

HPRITIZH D, HIHEE v, 2EDLESFRKICEZ 6N 5.

(Ui <O0Ax; < —01/2) — Safe(z)

Ltk Safe(i) DERL LT, UTOEENEGEATNS

pi € {lead, lead-left, lead-right} A 0; = POS

22T, MREE o, = POS DEFHEIT v; >0 TH3. LihoT, MREMT
(RIS ICERAEB D, 2omEhoTW3 (POS)) HEINEEHE, Rk b EK
EHTIRTLHETH 2 I PRI 5.
HPRFTICWAGEBFRRICEZ S L .

pi € {following, follow-left, follow-right} A v; = NEG
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MUEDZens, MREMTOREREML, BEAREMTOREEMDETEES
(X0 thoTwad, W22, iRzl cieHEInESF U 4
X, BEREMICBWTHLELTHS.

Safe(i) = Safe(i)

4.3.5 15 DIBES

9 I EITIXHELFOEENIIEZ SN b b DD, EEEIKEFICE W TET D
HEGE LT 2HEMDOET) (RO TIK) RIS 2 IR EITRET 2580
BB, ZIT. KYRFEHHRIRTUIEEZ1TS 720, ego 25 F7z npc DRI
(8 2R T HRBI R L. 15 A EIET V2 EBAT 5,

F3, FHEOBEREIIET 587 X =K EERT b, HEZ C) (m), HiF% C,, (m)
LU, BB LR OBEMRER G 2IE S % BIEEREZ Dy, (m) &3
5. ZTZT Dy ld, BEZINDRERE v, (m/s) ITBT 2 HERFRH ¢, = 2.0 (s)
WHEOEZ, UTFOXTHRET 5.

Dth = Vego X tin (43)

K461, THNEHDRT X —RIHEDWTERI N 15 BB HEETILER
T, RETIME, 9MEEBET VDM (Longitudinal) %HR5R L. BIMEFEEE D),
DAMENZ DEGEEE (Far) ) 2RI DTH %, BEAICIE. BHEME (Ego)
ZHLE LT, MEAm%E DEAETS (Far-Lead) J TR (Lead)) MBHEHRE (Ego) |
M%7 (Follow) | 7% 7 (Far-Follow) ] @ 5227 EIL., MiJFM%Z 3 BHERTIC
DEFT BT, 55 x3 =15 EEEMRL TV,
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Custom 15-Region Grid

far-rear-left follow-left left lead-left far-left

far-rear-right follow-right right lead-right far-right

Ix

4.6: 15 fEIBD 77 E|

EFRLINTRA—RITEDE, MREE Pos B XUCHSRLBEIE apps : R? — Pos
ZUTDEIITERTS. 22T, (z5,vy) & ego 26 H7z npc DHENFEETH 5.
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B 4.26 (15 fHBUC O E| L A2 B O RLEIE).

( far-left, if (z; > D) A (yi > <),
far-front, if (2, > Du) A (Jys] < &),
far-right, if (2, > Dy) A (i < —S2),
lead-left, if (S <a; < D) A (yi > D),
lead, i (§ <a < D) A(lwl < G,
lead-right, if (% < < Dy) A (y; < _%),
left, if (-G <@ <P A=),

CUpos(is ) = | ego, it (—G <o < QA (ul < G,

right, if (-F << PAWL<-F),
follow-left, if (=Dy, <uz; < —%) A (y; > %)’
following, if (=Dy, <uz; < —%) A (lyi] < CTw)’
follow-right, if (—=Dy, <uz; < —%) A (y; < _C;_w)’
far-rear-left,  if (2, < —Du) A (y; > <),
far-rear, if (z; < =Dwm) A (lys] < <),

| far-rear-right, if (z; < —Dw) A (i < —Cu)

Mg Zefiz BT 2 HGHE Trj 1%, (78 L EEE OMSIREED BRI L L
TURD XS ICERINS.

EE 4.27 (HREMOBEWHE (15 fEE) ).
Trj C Pos x Vel
8y = (Pr,0y) € S
Trj=(5),5,,...,8)
15 BRICHEITZFVAEE
9 S DT E L [FRRIC, 15 SICIRR L7258 08> F VA REET 5.

hy by HMREMTBIZEEEI DI v b A ¥ Ciu BROEHRD 5O
Ay b4 Y Cor ZEFET S, WiHBEERER (lead-left, lead-right) <3 /5 B
#f (far-left, far-right) 7213 T/ <, BHEMTORHEHEIR (left, right) 2> SR/ HH
HADEIDIAABD Yy P e LTHS.

Ko Dhy b4 X, BB BEGRTAE (lead £721% far-front) T
»HY, POBERILHEMOMES (lead-left, far-left, left) TH2HEL L TERX
na.
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GRS D Ty A4 %, BBICHABERIDTHEBTDH D, »oERITHALH
DM TH2HEL LTERSIND.

EE 4.28 (15 FEBUCBI 2 h v M1 V).

Conli true, if (P41 € {lead, far-front}) A (p; € {lead-left, far-left, left}),
inL\?) =
false, otherwise.
Conli) true, if (P41 € {lead, far-front}) A (p; € {lead-right, far-right, right}),
inR\?) =
false, otherwise.

HYRTIb ERADHY v 79 b Cour 1, EIERRRTT FEIR (lead, far-front)
6 FEAFEIR (lead-left, far-left) ~DER L L TEHRINS.

RS, BHINDA Y v 77 b Cour V&, EIHHRAT fEIERA> &GRS (lead-right, far-right)
ANDEBRE LTEREINS.

EE 4.29 (I5HBICBI 2y 7T b).

) {true, if (p; € {lead, far-front}) A (piy1 € {lead-left, far-left}),
outL\?) =

false, otherwise.

i) {true7 if (p; € {lead, far-front}) A (p;41 € {lead-right, far-right}),
outR =

false, otherwise.

MRS F VA RS F VA JE - Bol S F U FITONTIE, R E 72 5 K
ZIORL CTERT 5.

EE 4.30 (15 FEBUCBT 2 HE - FoH).

acc(i) <= v; = POS A p; € {following, follow-left, follow-right, far-rear, far-rear-left, far-rear-right }

dec(i) <= 0; = NEG A p; € {lead, lead-left, lead-right, far-front, far-left, far-right }

15 BEHICEITRIELHDEE 15 HEZ HWGE oMK 2MIcE T 2 etk
Safe(i) ZLIFD & 5 ICEKT 5. BIFTIMBET 25513 NES»->TW5 (POS)
e, BAINETIEEE EBXhoTWws (NEG) ) vt 35.
7z, =5 EE (Far-front, Far-rear % & Far fEIEK) 1B W TIEIHXH#EE IR
OOTLEETHEEIRET 5.

32



E 4.31 (15 FHBUC BT 2L E).
Safe(i) <= (p; € Paont A U; = POS)V (p; € Prear A 0; = NEG) V (p; € Pra)

Z :VC‘\, Pfront; Prear j:S Ck U Pfar cil’;{—FO) J: 5 tiﬁﬁbﬁ;ﬁﬁé\fﬁ 5.

Pront = {lead, lead-left, lead-right }
Prear = {following, follow-left, follow-right }

P,y = {far-front, far-left, far-right, far-rear, far-rear-left, far-rear-right }
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FB5E EEFAERICEICVY-ILEE
& EER

RBEFIHEICHEHEOWTIF VA RAN T 20y — 12 E L ERLEHM
FUEFEB L O ZeMMGEEE BEIL S 2729, Python & W=y — L %54
L7z, AKEHITIX, ZOYRAT LB L PEEDFMIZOWTIENRS.

5.1 S XTLIERK
A — LD 7 0 — %X 5.1 12T

1. T—HFHAH « FILIEER: JSON ERDHE T — X Z2FiAiAA, FEEROD
ERLZ1T 5.

2. HMRACSLIEER: BAAZEf e (AR, #E) %2, H5.5HTER L IH
BUE 7203 15 TEIE L UMRE F AN vy B 7 5.

3. BFRIIEMESD: ity 2R —OMPINEZRIL, (x> MREROER R
HI (HRBLE) N ZHRT 2.

4. F VA - REMHER: MRNEDER X —ITHEDE, hy M V5
DTV AFREFEE XN HET .

HERET — 2

I::> HEIBER * A~ I::> wefEnr | |meLen
(python} #id EOR LR

X 5.1: THY — DA X — K
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© 0 N O Ut s W N

e e e e e
N O Ot W NN = O

1

5.2 PEREZRDIERE

YIal—ZnoBRoNSHEEME (r,y) LBEE, V0 NEZER K ED
MO EEER) CTRthEhTWwd. —J%F, ARHFROMBILFIEIZEE (Ego) ZHubE
U7X ERARICH D . Z2D7, FEEITBWTIIHEOET A EHAE Y
L7z RFTEBAER N DB 2T > TV 5.

BRI, BFRA LAX YT HIZBI 2 HEMEZFA (0,0) & L, HHOE
FIAHBNRZ b o BIEA R —B T 5 X512, hE (NPC) DERE (e, Ynpe)
BXUBHERZ Movicxt LCHEERITE] R(0) Z#EH T 5.

V—2Za— ¥ 5.1: PEREDIERHRL L ME L 0 FEE (R

def normalize_coordinates(ego_coords, npc_coords) :
start_point = ego_coords[0].copy()
ego_norm = ego_coords — start_point
npc_norm = npc_coords — start_point
direction = calculate_direction(ego_norm)
angle = -atan2(direction[1], direction[0])
rot_mat = np.array([[cos(angle), -sin(angle)],

[sin(angle), cos(angle)]])

npc_rotated = np.dot(npc_norm, rot_mat.T)
return ego_rotated, npc_rotated, rot_mat

ZORMEIC D, fhEAEED TR (5 T OWFRICHEET 3
M, BITFHNCIEL CHET 5 2 LAREY 5 5.

5.3 RRINTFT—2OEHET7ILII XL

YIal—yaryr—XIGEE 0.1s R DN VWKIAE TSR I N TV S,
MRZEMIC BT 2REZIT AR TRBEETH 2. AV —LTlE, #giR
EOZLZVWREZ—2D ARV 2 L TENTEZET, 7—XDEK
RGO EERoTW3., EELounyy 7 LTE, FREOHMRIRE S, &
ERIOMPIRE S, LR L, 24U (S, £ S.1) RETOAT—X &
I A FEEHOTWS.

Y —Za—F 5.2: IFREOBBMI L Efins v 2

for i in range(len(timestamps)):
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© 00 N O Ut ke W N

e e e e o e =
S U R W N = O

© 00 N O Ut ok W N

curr_pos, _, _ = get_relative_position(egol[il], npc[il)
curr_rv = get_rel_vel_label(rel_vell[i])

if (curr_pos != prev_pos or curr_rv != prev_rv):
processed_data.append ({
’time_range’: (start_time, i),
’relative_pos’: prev_pos,
’abstract_rv’: prev_rv

i9)

prev_pos = curr_pos
prev_rv = curr_rv
start_time = i

ZOMBEIZ LD, Bl XD Tz 2BHEEIT (Following) 723, NIKEE : Fol-
lowing] EWHH—DL a— FTRHEIN, 7—XEPKEICHHZ N 5.

5.4 JFUFFEEOT YYD

ARENTHMRIET — & Trj ITHL, BHEDBB AR —VE2RRTZILT
SFVFOBMEEITS. BlZIE, GEER»SDI Y M4 VP F U FIE, RN
B2 G (lead-right) ] F721& M52 (farright) | 205, TR (lead) ] %
721 THEAE (ego)) "NEBIT LI LTERINS.

FKLEETIE, EMESNRRINY X N 2EEL, BZET 2 IRERIToBBRSAZ
MRT2ZTINEEBHLTWS.

Y—Ra—F 53 HIREBITE Dy M A UBRIHDFE
cutin_detected = False
for i in range(l, len(processed_data)):
prev = processed_datal[i-1] [’relative_pos’]
curr = processed_datal[i] [’relative_pos’]

if prev in ["right","lead-right", "far-right"] and \
curr in ["lead", "far-front"]:
cutin_detected = True
log_scenario("Cut-in detected", time=processed_datali] [’time’])

ZD XD, MR LIz Y RAINI T BEMM R - F 7T Lo
THEMERZES F ) A2 TE 250, ATFFEORE FOKRERAETH .
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5.5 ABDCHAICEALT

ARETIE, FRELLMBLY —NVDANBIUOH T —RIZOWTHRS., W
FTHOFECBVTY, 2L —XhoBoNRRIOEGHET — X % F
725 AL, BRI NS VRAIB IS ZDHiEREH I T 5.

7V v FR—Z2ZOMBLDGEFASTI LT, Hiliful, XEE (z,y) 0
R Hir LT, MigEuE (Vv K, RS 5. HiljE
HHOBEIFAT E U THGPLESNE 7425, W LT&, el GEl
FAREE) v, SiERSH I .

X 5.212, 7'V v FR—ZDHRY — L & H & 13 e o AR 2 R
. 2T, BRALRT v TITBT 3 MBIRELRERYEICG SRS N, WS
DI IFERDBFTREINT NS,

M2 (Grid)

1] [ss]

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i
i1
i1
i1
i1
i
i
i

i

i

i
i-
i-2

X 5.2: Ry —up 6 &2 EHlj#E o 4]
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F6E RER

V= HWT, FVFOMBIEE, IRKEEBOEMESR, ZetbHEoRkEz
FHIS 5. BEFETFEE OHEERICOWTHITS.

6.1 ZEREPREOITVYRFERAWT—2IvE>TDEER

BRY HA2HITERLL FEHERZ Y v FICX 2H5(TFE O EZI S
2INTY B 7 DIl FEER 21T 5. AEBOTERHNEIUTD3R[TH 5.

1. ¥V ABEREEORHE: MRS NZWET — X205, TTDTF VA (v
M VE) ZEDOREORETHEIL - RETZ 202 MRAET 5.

2. 7 — X MR OFHI: TLORSRI T — & e IR L T, IREED & OREHIE
ENT e ERANCFHMIL, AlFtEe D L — FA 7 2GRS 5.

3. wEMHEDREHDOMER: EMR7ZS TV A2k TRELHIET 5 FN
(False Negative) 23FE LRV ZTERL, REERGLTEL L Tofet
ZRHliS 5.

6.1.1 T—2tvh

AREFETIE, 2L —XRTHIE LT -0 DI, SHUNTERR L 727 —
Xty MERFHT 5.

OZIalL—YavEE YIal—yaVEREIQZ, BHE (Ego) :fiE (NPC)
D2BDOHEMETNEAET 2. FHEOEIX, 6.1 ITRT 8T X — X#HiFHNA
TREXN, PENIERINS.

IR FVADEE JAMA 71— AV —7HOERERN RS F ) FERICED =,
DTRosdEHoE#FHzE0T7 -2ty M ZHEL .

1. Cut-in: NPC 23BEEHHR & Ego DRI ANEI D AT ZEH).
2. Cut-out: Ego DRi/TZHEITS % NPC 2B HIREAMRM S 5 ZF).
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1
2
3
4

10
11
12
13

14

15

16

17

18
19

3. Acceleration: [A]—HHRAT NPC 2#EL, Ego & DFERENFE < Z5H).
4. Deceleration: [Fl—EHRAN T NPC 238E L, Ego 28§ % ZH).

T—RT7x—Iv bk ERINLEHET -2, Y—Ra—F6.1127R-F JSON
FERTRIFEEINS. X7 v 12X, Rl (timestamp) 1IZH1ZX, Ego B XU NPC
DA ERE (z,y), BB (vg,v,), BROMEE (ap,a,) DELERSINTVWS. £,
groundtruth vehicles UV X MZi&, 7V A5 F 2 2 TOMEEERH I
INTED, IDIX > TEINEHATRER G & 72 > TV 5.

Y—2a—F 6.1: " F VA7 —&D JSON B (FhiE) 7
"timestamp": round(t, 2),

"groundtruth_ego": {

"pose": {
"position": {"x": round(ego_x, 3), "y": round(ego_y, 3), "z
": 0.0},
"rotation": {"x": 0.0, "y": 0.0, "z": 0.0}
},
"twist": {"linear": {"x": round(ego_v, 3), "y": 0.0, "z":
0.0}}
},
"groundtruth_vehicles": [
{
"name": f"npc_{scenario_id}",
"pose": {
"position": {"x": round(npc_x, 3), "y": round(mpc_y, 3)
, "z": 0.0},
"rotation": {"x": 0.0, "y": 0.0, "z": round(rot_z, 3)}
},
"twist": {"linear": {"x": round(mpc_v_x, 3), "y": round(
npc_v_y, 3), "z": 0.0}},
"accel": {"x": round(npc_a_x, 3), "y": round(mpc_a_y, 3), "
z": 0.0}
+
]

FRROT-AEEICEDE, I X—2DEEZLEE, HEHET -2 2%
L7z ¥ Iab—aVERBIVCEMETVOREESRIA - LT, Iz
L—>a Y OZIAKHE At 1d0.1s, R T HEHET A XERRK C, =5.3m, 28
Cpo=19m EREL. Fiz, &> FVAIHEDNEATAMED Xena = 200.0m
WERELRRTHR T L.

ZETZR7 X=X LT, Ay Y-y b7 v MNERRRINCEHES
572012, HEMHE vy % 10km/h 225 60km/h $£T 10km/h XA TELZE,
MHEGREE vy 12DWT BRHED & EpdiE (30,50, 70km/h) ZFE L. £, b
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BHDOYIACIE (Tupe0s Ynpeo) X, HAREEZFIET 2 MU H B Toigger, BEL
HARAEEEIC T R ¢, ZEFEANCE L X B2 2 2T, MRENRET R —
YOEREITo . B, ERICBWTHE Y thEO @I B YA EE T
DU FET 37 —RET =2ty v LR LTWS.

AREBRCHEH U725 il o7 X —RREMER6.11Z, ERLZESF VLD
TR ER621TRT.

F£6.1: EBIMHEHLESI 2L —Y a3y T X—X&

T X—RIAH Al FE M

VI al—a VHUAREE At 0.1s
HH A4 X (£ x &) Cy x C,, 5.3 x 1.9m
PIal—Ya TR | Xaa 200.0 m
HEHHE (Ego Speed) Vego 10,20,...,60km/h
fEERIHAN & (o FEAE) Topeo | —50,—40,...,50m
fERRIAN & (y FEAR) Ynpe,0 +3.5m
ftlBHE (NPC Speed) Vnpe 30,50, 70 km /h
EIDABBGE DU A LB | Toigger 0,20,...,100m
hnsR B AG R A taccel 2.0,4.0s
{ﬁﬁrﬁﬁﬁH#FEH tdecel 2.0, 4.0s

JI[IpE i npe 2.0, +4.0m/s?
HAEE Vtarget 30,50, 70 km /h
B B T S IR te 3.0,5.0s

REBRTER LS F VAT — X2 EE6.21TRT.

£ 6.2: FVFT X

> F ) AT T — 2
By ML FUF 3294
Ay N7 M FUF 4108

s+ % 14952
oS F V) F 1357

6.1.2 EERAE

Hi41 CERLEEBRZEHO T — X%, fid2 TERLLMRZEMR (7Y v F)
NIy BV ZL, YU AKRHOMES & CIRIEE O LM 2 5l L 7.

FBRIHEM L7227 v FIEOMAGHOEEFLE3ITRT. TIT, HRC, =53m
BLUHIME C, =1.9m ZEHEL U, HljH A XN F SHRE2EZERB LTI Y Y P
YA RXZEEL (R6.4BMH) .
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paragraph FHifEIE S U AMHBEIC OV T, BRZERICBWTEEL /-
FLE, MR T =225 HEI N> F ) A DO—EHEZERTTY (Confusion
Matrix) ZHWTFHMES 5. 2, ZeMMEEcB W TIXERZ > U 4% Bk
TP TDH 572, False Negative (FN : fEf7a > FV 4 &4 v iR
E) ORAFMEEMT 5.

F72, T —XEMEE Reomp &, TCORERINT =X DRAT v T Npw &, ISR
BIZ & o TEN XN TIREEBRIN DR E Nypstraer ZHAWT, XX TERT 5.

raw

Rmmp::(1-§@%ﬂﬂi> % 100 [%] (6.1)
ZDEDEWIZY, T—XE&DHIEE N, MAEOBICFHFES T 2 & Z2RT.

£ 6.3: EBRTHWEZZ'Y v NIEOHAE DY

Grid z | Grid y
1.00 1.00
1.75 1.75
2.00 2.00
2.65 0.95
3.50 3.50
4.00 4.00
5.30 1.90

6.4 MY — NV THHLZEHB T X —&
RIAXA—XRIEH | iiE | REME
HE C 5.3m
EHLIE Co | 1.9m

6.1.3 EHERER

STIFREOBES S WRBBOEMICREIT3RERER &7V Yy ML RTE
3> U A HERBROIRRTYIE R 6.5 LIRS, £HD TP (True Positive)
WBIEL K & F VA 2T E 448, FN (False Negative) (&> ) A% Hk L7
FEL, FP (False Positive) (ZfEEAfRZZEN 2 5% VU 4 LM N L 725, TN
(True Negative) IZ1IEL < FRHV T E 22K T.
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7 6.5: > F VA HEDRFEITEH (v bA V)

IR 22
By b4V | IEHY AV
AN N IV TP FN
Hfhze
BIER o T FP N

£ 6.6: ZEEFEOZV w FEEHWEDY M4 2 F ) TR

Grid x Gridy Scenario TP FN FP TN
1.00 1.00 Cut-in 3016 0 0 278
1.00 1.00 Cut-out 0 0 0 3294
1.00 1.00 | Acceleration | 1054 0 0 2240
1.00 1.00 | Deceleration | 330 0 0 2964
1.75 1.75 Cut-in 3016 0 0 278
1.75 1.75 Cut-out 0 0 0 3294
1.00 1.00 | Acceleration | 1054 0 0 2240
1.75 1.75 | Deceleration | 186 144 0 2964
2.00 2.00 Cut-in 3002 14 0 278
2.00 2.00 Cut-out 0 0 0 3294
2.00 2.00 | Acceleration | 1054 0 0 2240
2.00 2.00 | Deceleration | 330 0 0 2964
2.65 0.95 Cut-in 3012 4 0 278
2.65 0.95 Cut-out 0 0 0 3294
2.65 0.95 | Acceleration | 1054 0 0 2240
2.65 0.95 | Deceleration | 186 144 0 2964
3.50 3.50 Cut-in 1274 1742 0 278
3.50 3.50 Cut-out 0 0 0 3294
3.50 3.50 | Acceleration | 1054 0 0 2240
3.50 3.50 | Deceleration | 186 144 0 2964
4.00 4.00 Cut-in 0 3016 0 278
4.00 4.00 Cut-out 0 0 0 3294
4.00 4.00 | Acceleration | 1054 0 0 2240
4.00 4.00 | Deceleration | 234 96 0 2964
5.30 1.90 Cut-in 2722 294 0 278
5.30 1.90 Cut-out 0 0 0 3294
5.30 1.90 | Acceleration | 1054 0 0 2240
5.30 1.90 | Deceleration | 186 144 0 2964
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£ 6.7 FHEROZVw REHWEAY b 79 b2 F U A SHER

Grid x Gridy Scenario TP FN FP TN
1.00 1.00 Cut-in 0 0 0 4108
1.00 1.00 Cut-out 4108 0 0 0
1.00 1.00 | Acceleration 0 0 0 4108
1.00 1.00 | Deceleration | 1132 0 0 2976
1.75 1.75 Cut-in 0 0 0 4108
1.75 1.75 Cut-out 4108 0 0 0
1.75 1.75 | Acceleration | 0 0 0 4108
1.75 1.75 | Deceleration | 796 336 0 2976
2.00 2.00 Cut-in 0 0 0 4108
2.00 2.00 Cut-out 4088 20 0 0
2.00 2.00 | Acceleration 0 0 0 4108
2.00 2.00 | Deceleration | 1132 0 0 2976
2.65 0.95 Cut-in 0 0 0 4108
2.65 0.95 Cut-out 4104 4 0 0
2.65 0.95 | Acceleration 0 0 0 4108
2.65 0.95 | Deceleration | 748 384 0 2976
3.50 3.50 Cut-in 0 0 0 4108
3.50 3.50 Cut-out 1981 2127 0 0
3.50 3.50 | Acceleration 0 0 0 4108
3.50 3.50 | Deceleration | 796 336 0 2976
4.00 4.00 Cut-in 0 0 0 4108
4.00 4.00 Cut-out 0 4108 0 0
4.00 4.00 | Acceleration 0 0 0 4108
4.00 4.00 | Deceleration | 940 192 0 2976
5.30 1.90 Cut-in 0 0 0 4108
5.30 1.90 Cut-out 3970 138 0 0
5.30 1.90 | Acceleration 0 0 0 4108
5.30 1.90 | Deceleration | 748 384 0 2976
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7 6.8: FRIED 7V v REHWIA#ES F U F5Hks R

Grid x Grid y Scenario TP FN FP TN
1.00 1.00 Cut-in 0 0 0 14952
1.00 1.00 Cut-out 0 0 0 14952
1.00 1.00 | Acceleration | 4287 1901 0 8764
1.00 1.00 | Deceleration 0 0 0 14952
1.75 1.75 Cut-in 0 0 0 14952
1.75 1.75 Cut-out 0 0 0 14952
1.75 1.75 | Acceleration | 3461 2727 0 8764
1.75 1.75 | Deceleration 0 0 0 14952
2.00 2.00 Cut-in 0 0 0 14952
2.00 2.00 Cut-out 0 0 0 14952
2.00 2.00 | Acceleration | 4127 2061 0 8764
2.00 2.00 | Deceleration 0 0 0 14952
2.65 0.95 Cut-in 0 0 0 14952
2.65 0.95 Cut-out 0 0 0 14952
2.65 0.95 | Acceleration | 3385 2803 0 8764
2.65 0.95 | Deceleration 0 0 0 14952
3.50 3.50 Cut-in 0 0 0 14952
3.50 3.50 Cut-out 0 0 0 14952
3.50 3.50 | Acceleration | 3307 2881 0 8764
3.50 3.50 | Deceleration 0 0 0 14952
4.00 4.00 Cut-in 0 0 0 14952
4.00 4.00 Cut-out 0 0 0 14952
4.00 4.00 | Acceleration | 3387 2801 0 8764
4.00 4.00 | Deceleration 0 0 0 14952
5.30 1.90 Cut-in 0 0 0 14952
5.30 1.90 Cut-out 0 0 0 14952
5.30 1.90 | Acceleration | 3088 3100 0 8764
5.30 1.90 | Deceleration 0 0 0 14952
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% 6.9: FEHERD Y v P2 HWZE S F U A o R

Grid x Grid y Scenario TP FN FP TN
1.00 1.00 Cut-in 0 0 0 1357
1.00 1.00 Cut-out 0 0 0 1357
1.00 1.00 | Acceleration | 0 0 0 1357
1.00 1.00 | Deceleration | 517 120 0 720
1.75 1.75 Cut-in 0 0 0 1357
1.75 1.75 Cut-out 0 0 0 1357
1.75 1.75 | Acceleration | 0 0 0 1357
1.75 1.75 | Deceleration | 453 184 0 720
2.00 2.00 Cut-in 0 0 0 1357
2.00 2.00 Cut-out 0 0 0 1357
2.00 2.00 | Acceleration | 0 0 0 1357
2.00 2.00 | Deceleration | 517 120 0 720
2.65 0.95 Cut-in 0 0 0 1357
2.65 0.95 Cut-out 0 0 0 1357
2.65 0.95 | Acceleration | 0 0 0 1357
2.65 0.95 | Deceleration | 411 226 0 720
3.50 3.50 Cut-in 0 0 0 1357
3.50 3.50 Cut-out 0 0 0 1357
3.50 3.50 | Acceleration | 0 0 0 1357
3.50 3.50 | Deceleration | 417 220 0 720
4.00 4.00 Cut-in 0 0 0 1357
4.00 4.00 Cut-out 0 0 0 1357
4.00 4.00 | Acceleration | 0 0 0 1357
4.00 4.00 | Deceleration | 381 256 0 720
5.30 1.90 Cut-in 0 0 0 1357
5.30 1.90 Cut-out 0 0 0 1357
5.30 1.90 | Acceleration | 0 0 0 1357
5.30 1.90 | Deceleration | 378 259 0 720
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# 6.10: ZERIFFEDOZ VU v RZ2RHWIRER Y FHER (Hy b4 V)

Grid x (m) | Grid y (m) | “FEIREEEL (&) | FIEEMEER (%)
1.0 1.0 236.5 33.448
1.75 1.75 165.1 55.837
2.0 2.0 145.5 60.667
2.65 0.95 110.5 70.204
3.5 3.5 84.0 77.332
4.0 4.0 73.8 79.947
5.3 1.9 57.1 84.369

% 6.11: FRRDO IV v F2HOWIIREEE EfERE Iy P79 )

Grid x (m) | Grid y (m) | “F¥EREE () | FEHEHRER (%)
1.0 1.0 190.9 40.793
1.75 1.75 130.3 62.059
2.0 2.0 116.5 65.191
2.65 0.95 87.5 74.271
3.5 3.5 66.5 80.354
4.0 4.0 59.3 82.084
5.3 1.9 45.3 86.418

% 6.12: FHMED 7Y v FEHWIIRER & FEER (i)

Grid x (m) | Crid y (m) | THRER () | THELHR (%)
1.0 1.0 214.8 51.552
1.75 1.75 138.6 69.696
2.0 2.0 1214 73.364
2.65 0.95 92.1 79.767
3.5 3.5 70.1 84.517
4.0 4.0 61.5 86.387
5.3 1.9 46.9 89.553
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* 6.13: FRMRD 7Y v FEHWIREE & FEER ()

Grid x (m) | Grid y (m) | “FEIREEEL (&) | FIEEMEER (%)
1.0 1.0 73.4 53.514
1.75 1.75 43.1 71.99
2.0 2.0 40.4 74.559
2.65 0.95 29.0 81.194
3.5 3.5 22.3 85.521
4.0 4.0 20.6 86.948
5.3 1.9 15.3 90.08

fiRe LT, UToMHANHERS 7.

FN OFEEMER: £6.6053K6.91TRT X1, 77U v FIEXN/PNE W (2.00m B
) #HFETIE FNIZIIEREE T, SVHREZHEL TS, LrL, 77Uy R
MEDSEE Y 4 12a2< (3.50m A b)) ¥, FN2ABCEEmT 2 Em» RS-,

FP OIERE: 2 TOTF VA ITBWT, FPIIFEALLLdo 7.

EEREBEDORL—FA7: £6.10056FK6.131T1-FT K518, 7V FigE

R&EL T2 THEMERIZI0NEDS I0%E FTH ET 3.

ZEMHEDREICE Y 3 RERER

LEMRMERIC BT 2 HERE DR Z £ 6.15
WZRS. 2T, Rule TypelZBUF % ACC IR E ICED L ERHEL—,
VEL SR ICE D  ERHEL — L 2R T

% 6.14: ZEMHIEDEFRITH

ISR ZERH]

T

fakg

TP

FN

[N

FP

TN
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* 6.15: B F VA RBI 2L IR (7Y v F¥ A XHE)

Scenario | Rule Type | TP FN FP TN
_ ACC 2 3286 0 6
Cut-in
VEL 2 340 0 2952
ACC 56 4052 0 0
Cut-out

VEL 56 1172 0 2880
ACC 96 14856 0 0

Acceleration
VEL 96 7921 0 6935
ACC 16 1341 0 0

Deceleration
VEL 16 821 0 520

AREFRTIX, 7V vy N4 XOZHHIERE (TP/FP/FN/TN 0480 &#
BrE2khot-.

FEROFEMER 2, FNIZOHTHD, HEFHRIBEEE2HERLTVWE 2L
PHERTE /2. —5T, FPIZOWTIX, HXIE#EE (ACC) L—LDFHHZL
FAELTWS., HME#HE (VEL) ZHWEL—LTlE, FP ORAERDHEGHIIEE
(ACC) DIFE L LT 10%~60%REMHI X T VW3,

6.2 EmENEEZESELE-TFT—2IvETEER

B R0 [FFEMEZY v B HZEE 2G0T 2 FIETH o 7DITH L,
AEITIZEE (Ego) ZHUDLE LM HYRAER FRICED MBRLFIRICOWT
AHliZAT 5. BARRNCIE, B2 SRR iR (BT, f07, BG7%E) 2o
Hs o FEEZEMAL, ¥ OB, RO EMRL 812 H 2 5
Tl D 5 7= DITFEEREIT .

F=2ty bk G6ILIHITHELET XLy beR—DHDOEMEHT 3.

6.2.1 EERAE

BENTIORE ALBTE, HA3WTER LI 2MEOERAHE T, T4
DB ORMET L) BLO NI5HRET V) ZHOTHRILELTS.

£, ORRET WL, HEMEERLY LCHME S Rttt X OR
D) IHET 2T, ARt9ODLEERE ERET LD THB. —F, 15
BIREF LR, 00 MR Y Lo, WifF L 7 OREEET 5
¥C, K DEEHRZER o E 2R LA 5 HBOETLTH S,
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EBFIEZ 6128 FETH 2. 72721, AFIETIEHEBOMIRD B EAEIZ
HOWT—RIREEINE =D, 7V FIED XS RAIZENRT X —RIIFELR
W, Lo T, ERE22ODETIALENZTRICONVWT, £ F V4T —XDHMR
fbB L CHEWHE 21T 5 7.

6.2.2 EHERER

SFVARHBOBES SUREROEMICEATIREHRE IfET A BXL15
HHET NV ZHOWGEO IR T K 6.16 225K 6.19 1T, #£6.16, K 6.17
B F V) ABTBIEMETHE, £6.18,F6.1913F N D DIRER ¥ 1k
BB OEMREZRL TV 5.

3% 6.16: 9 TEHIKD MG R

Target Scenario | Detected Scenario | TP ~ FN FP TN
Cut-in 3016 0 0 278

Cutoin Cut-out 0 0 0 3294
Acceleration 1054 0 0 2240

Deceleration 186 144 0 2964

Cut-in 0 0 0 4108

Cut-out Cut-out 4108 0 0 0
Acceleration 0 0 0 4108

Deceleration 748 384 0 2976

Cut-in 0 0 0 14952

Acceleration Cut-out 0 0 0 14952
Acceleration 3572 2616 0 8764

Deceleration 0 0 0 14952

Cut-in 0 0 0 1357

Deceleration Cut-out 0 0 0 1357
Acceleration 0 0 0 1357

Deceleration 477 160 0 720
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3% 6.17: 15 TEIRD TG R

Target Scenario | Detected Scenario | TP  FN FP TN
Cut-in 2990 26 0 278

Cutoin Cut-out 0 0 0 3294
Acceleration 1054 0 0 2240

Deceleration 186 144 0 2964

Cut-in 0 0 0 4108

Cut-out Cut-out 4092 16 0 0
Acceleration 0 0 0 4108

Deceleration 748 384 0 2976

Cut-in 0 0 0 14952

Acceloration Cut-out 0 0 0 14952
Acceleration 3572 2616 0 8764

Deceleration 0 0 0 14952

Cut-in 0 0 0 1357

Deceleration Cut-out 0 0 0 1357
Acceleration 0 0 0 1357

Deceleration 477 160 0 720

* 6.18: 9 THIROIREER & FEHEHR

Scenario PERREEL | P ERER (%)
Cut-in 2.8 98.8
Cut-out 2.2 98.9
Acceleration 1.5 99.1
Deceleration 1.6 99.4

7 6.19: 15 FHIBDIREER & [EAHR

Scenario PERREEL | P ERER (%)
Cut-in 3.9 98.4
Cut-out 2.7 98.6
Acceleration 2.6 98.6
Deceleration 2.1 99.2

MET N BIFERERIT A ELI R 22 ), TEHERIZI 8% ZBR 2EEZRL
7o, BRHERBEICBE LTI, Y F VA Z2EWHEETRETETWS Z RSN,
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ZEMHEDIHER ZeUBERCB T 2HERBEOREZF6.20 B L% 6.21
NN

£ 6.20: 9 FHIR T D& EEHi
Scenario TP | FN |FP| TN
Cut-in 2 | 2572 0| 720
Cut-out 56 | 2612 0 | 1440
Acceleration | 96 | 7921 0| 6935
Deceleration | 16 | 821 0| 520

# 6.21: 15 FHIT O AR
Scenario TP | FN |FP | TN
Cut-in 2 | 1852 0 | 1440
Cut-out 56 | 1172 0 | 2880
Acceleration | 96 | 7921 0| 6935
Deceleration | 16 | 821 0| 520

ETHOTFY j’ﬁi(ﬁﬁ%f}b@:%b\f’ FNIiZ0HETHo . 5HERES LS
W3 ZeT, By A YBEUHY b7V R FUHIHEF 2 TN AN (FP
D) L.

6.3 EEOUI AL —FEETDEER

BB #iffiE a7 X — R EHRAINCEL S BT —% €y b EHOVTY
7oy, AREITIE & DBENRREICBT 2 FEOAMMZMEET 5. 20701,
A =TV —ZAOHHELS I 21— X TH S AWSIM [31, 32] ETHUGF N/
THET — 2L, EFELEHT 2. RLRNCERLPuEE 2D, #H
MZRENC 7 4 XRIE LB Z 0 EEN 5720, EBRORFERREIGLVWEFRT
DIz TS Z e B TE 3.

KEHE HHT 27—ty M, ST [31, 32) TREAZINTVWE Y F VAT —
Xty NTHD. ZOT—XEy FTlE, Autoware ¥ AWSIM Z##E L, AWSIM-
Script Z HHWTHEH MEHOB X 2 ER LENESE S Z & T, yaml £721%, json ¥
AOHMET —XZEISTX 5. AXZ7 ) FMTE, ETHEHMOREMEL T —
NS xR L — 21D (] "TrafficLane.112") I X > TERL TS, Zfroutel
I NPC OETEEIZELT YR MTHD, cut-in BABEH WS Z & T, BHEHED
5 DEN D IAAFEZIH/RAINCEEIA L TWA. 22T, npcl B W ego DERICEWL

o1



© 00 N O Ut ks W N

e
N o= O

13
14

T, Hf#l ("hatchback"5¥), #IHAME, B X PHEEESCIEE (nax-velocity,
acceleration) N NXFT X=X LTHEZLNTWVWS. FAAINC run B ZFITT
BZYT, INODERICHESOWES I aL—Ya VBRI, eI & A
L7 ME (saving-timeout) ¥ THUET — XGRS N 5. EED AWSIM-
Script D% Y — 23— R 6.2, ZDORZ Y 7 MMIAWSIM _ETfiEE (NPC)
MHE (Ego) DHEIAIICEIDIAL Thy bA O F VA BENRTE70DRTY)
FrTH5B.

Y —2Z2a—F 6.2: AWSIM-Script @ ([31] & b 51H)
spawnPos = "TrafficLane.112";
goal = "TrafficLane.111" at 180;
npcspeed = 2.778;
routel = [

"TrafficLane.112" max-velocity(npcspeed),
cut-in(_, npcspeed, 0.6, 9),
"TrafficLane.111" max-velocity(npcspeed)

1;
npcl = NPC("hatchback", _, goal, routel, [acceleration(20)]);

ego = Ego(spawnPos left O, "TrafficlLane.111" at 130, [max-velocity
(5.556)1);

run(ego, [npcl], [saving-timeout(70)]);

HWRIETFEICZ, RIHIOEBICE VT FN 23584583, 220 TN OFE & D
Ehol-Z s, 1I5HEBOEETARERAT . FHMIEE X 2N T[RRI,
> F ) A OREITTYIE L IREEB DO EfFR Y T 5.

STV ARHOBES SRR OEMEICEH T RERER iR e£6228

K UEK6.231TRT. KB, RHD Scenario BiET =Xty FD T+ VEH [31, 32]
WHELL T\ 5.
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£ 6.22: Ia2l—aryr—XIZLBET TV ADREFRITH

Scenario Target | TP | FN | FP | TN
cutin/40-20 cutin | 34 010 0
cutout | 12 0 0 22
accel 0 0 0 34
decel 34 0 0 0
cutin/40-30 cutin | 30 0] 0 0
cutout | 16 1 0 13
accel 0 0 0 30
decel 30 0 0 0
cutout cutin 0 0 0 | 1381
cutout | 30 0 0 | 1351
accel 0 42 | 0 | 1339
decel | 1381 | 0 0 0
deceleration/lidarcamyaml | cutin 0 0 0 | 468
cutout 0 0 0 | 468
accel 0 0 0 | 468
decel | 468 0 0 0
deceleration /yaml cutin 0 0 | 0 | 1254
cutout 0 0 0 | 1254
accel 0 0 0 | 1254
decel | 1253 | 1 0 0
swerve cutin 0 0 0 9
cutout 0 0 0 9
accel 0 0 0 9
decel 9 0 0 0
uturn cutin 10 0 0 0
cutout 0 0 0 10
accel 0 0 0 10
decel 10 0 0 0

93



#£6.23 >Ial—Yaryr—&RIZXE3FY FHNOFIRER ¥ EHER

Scenario EEIREERL () | “PEERESR (%)
cutin/40-20 12.2 99.524
cutin/40-30 13.2 99.411

cutout 12.9 99.395
deceleration /lidarcamyaml 11.1 99.463
deceleration/yaml 10.3 99.518
swerve 8.1 99.658

uturn 12.8 99.416

BERSFUADBRBIBE: ‘cutin® % ‘cutout’ ¥ Wo2ERWRT FV A I2BW
T, @mWTP (True Positive) Z7~ L7z, FFIZ ‘cutin® & F VU AIZBWTIZ, [FIFR
12 ‘decel’ (JBR) XN TWS. T, E|DIAABIEICEOEEF 72134
HREFEE 21T 5 E WO YR 2 KRR ZEL XA TVWE VWA 5.

7, BEFLEFU XS WRERINZPETH-oTH, Iy P L TWVWEL
B, BEDOXA IV IDPERRZ5E, ARFETEERR2MRPLEIERSNS.
o FRFICAH » A DR Z 2HEZX 6.1, e L72RICH Yy A U232 Z 5
BB %X 6.2 1R T

Far-right

far-right [FaE]

lead-right [iRiE]

lead [EaE] [Hwha12]
lead

lead

far-front

far-front

far-front
far-front
far-front

X 6.1: R & HITHY A T AH1HE

o4



o kel

(]

[RE]

(79 k1]
far-front
far-front

6.2: R L7RRICH v b A F SHuE

RKEEBDTVADEH): AFETEREL TR ‘swerve' (BE1T) % ‘uturn‘ (U
R—2) DT =R LT, ‘swerve' IZH LT ‘accel DSV R SNz, Fio,
‘uturn® 23 ‘cutin® B X K ‘decel’ ¥ LTHH XN=DIX, UX— VEIfED [ifmEEHE
RADHEAN (Cut-in WEIE) 1 & THEGE) DHABDOETHREIN TS ZERL
TW5,

WEBEEMRR: £6.23 18T &5, REHICEHLTEYosF I FicBn
TH 10EFTRTH % & DFERIE SNz, EfERICEL TE, EEOY 21—
RFIEICBNT S 9% LDOFERERTH o 7-.

6.4 Lanelet2 ¥ STL ZAWI=FE ¥ DLEEREER

B AL TIRE L MSLFEOE M 2 S BNCRHE 3 2 72912, BAF
HED—>TH 2 STL (Signal Temporal Logic: {EE5RHGRE) ZHWETF U A
ML (17] L DHERERZ1TS. AFEBR TR, HKBEROBRESRERDFES &
WXF B3N MMERREET 372012, 2 OHEIZH W THEESERRE A O BE
7% HfRIE (Road width) | ZERIFNCZELZ BBRD, MHFEE OHER &7
fifig 5.

KEAHE FHITZF—&ty ME, FB6lL1IHITERLTF—&Ey b EFR—D
HDEMAWS., AEBRTIE, HRFECBIIZHEMBEAATXA—Z W % 1.9m »
5 8.0m DHFFHTEMEINCELXE, RFEXBT 2 HEMBEZIGE L. g
FROFIEX, SFEEHIK (Lanelet2) FOHIRIERE HljOET — X1 L,
Rt X2 EH L CTHEZITO b DTH 5.

RIEFRTHWIZERZ 6.1 1TRT.

EE 6.1 (stlIiTBI 2 ERK).
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Ay ba4Y UTRD2O0DENIICEL 22588 LTERT 5.
1. BEDOL— Ui £ ToORZNCBWT, HEIUHIOEITERZ M
LTWwW3Ze.

2. BIDRAHDEE: FROD 2RANBNT, MEIEL — 26 HH
ERI—DL—ITBEIL, 202 DRRT MlEHOKR > HEH OS]
&S HTRBIRDSRSL T 5 2 k.

Ay ET7Or UFD3ODSENIRICEL 22588 LTERT 5.
1. FIEAGIE: WO B W T, hE L BEIFE—L — VICFEEL,
> MUEOHEN > HED/ W (MEIETT) ) OMERBRICHZ Z L.

2. BEDOL — Uit £ TORLNICBWT, HEIWIHOETERZHER
LTWwsZe.

3. BEEDRLE: TR D 2EANBNT, MMESHEE» SRHEL — A

BETsZ L.
IE (BBEOEE) UTO3IODEHNICEY 255 LTERT 5.

1. ¥IHAIE: WIHAORZNIC B WT, By BEDE—L — VIFEEL, B
> THEO®%KN > MEOLNH (MEN%T) 1 OMNEERICHZ Z k.

2. HED L — I 2 ToORZICBEWT, fthEYIH O EITHEG 2 #EH
LTW3Ze.

3. MRIC & B3A: EDORED HEHOEE L LA ZIKEE (0,0 > Vego)
Yieh, HREEMSEmET .

R (FATEDRE) UTD3DDRMENICHELZHEL LTERT 5.
1. ¥IHAZE: MIHORZNCIHEWT, B HEAF—L — 2 IFEL, P
o MbE DR > BEOE (AT ) OMERRICH S Z L.

2. fthEED L — ViR 2 TORZNIBNT, MMEIFIOEITHIR Z Hs
LTwaZet.

3. IMEICK B MEHEDEEDSHHEDOEE 2 FEZIRE (vype < Vego)
e, HEHEEERERET 2 Z .

FHMIFERLE, ¥V AR OERTTY] (TP, FN, FP, TN) &3 5. k¥, K
WRFIFIHERIC L2 EBHEEZITS>DOTHD, REBR L L TCoOMR(LE
Thkwize, RFEETIX DK OTMER) EFHiEixt R e L, >V 455
FEE | OAEIKRT 5.

o6



REMER HEEZ 19m 225 8.0m FTELIBBOES F VU DY ERE
%3 6.24 0253 6.27 ITRT.

3 6.24: Lanelet2 ¥ STLIC X2 Hh v b A 2 F V) F iR
Road width Scenario TP FN FP TN

1.9m Cut-in 3016 0 278
1.9m Cut-out 0 0 3294
1.9m Acceleration 0 1054 2240
1.9m Deceleration 0 330 2964
2.0m Cut-in 3016 0 278
2.0m Cut-out 0 0 3294

2.0m Acceleration 0 1054 2240

2.0m Deceleration 0 330 2964
3.5m Cut-in 3016 0 278
3.5m Cut-out 0 0 3294
3.5m Acceleration 0 1054 2240
3.8m Cut-in 3016 0 278
3.8m Cut-out 0 0 3294
3.8m Acceleration 0 1054 2240
3.8m Deceleration 0 330 2964
4.0m Cut-in 3006 10 278
4.0m Cut-out 0 0 3294

4.0m Acceleration 0 1054
4.0m Deceleration 0 330
7.0m Cut-in 1361 1655
7.0m Cut-out 0 0 3294
7.0m Acceleration | 527 527 2240
7.0m Deceleration | 164 166 48 2916
8.0m Cut-in 0 3016 278
8.0m Cut-out 0 0 0 3294
8.0m Acceleration | 1054 0 0 2240
8.0m Deceleration | 328 2 96 2868

2240
2964

0

0

0

0

0

0

0

0

0

0

0

3.5m Deceleration 0 330 0 2964

0

0

0

0

0

0

0

0

1 277
0
0

=}

o7



# 6.25: Lanelet2 £ STLIC K2 Ay b7 b3 F U 0GR

Road width Scenario TP FN FP TN
1.9m Cut-in 0 0 0 4108
1.9m Cut-out 4108 0 0 0
1.9m Acceleration 0 0 0 4108
1.9m Deceleration 0 1132 0 2976
2.0m Cut-in 0 0 0 4108
2.0m Cut-out 4108 0 0 0
2.0m Acceleration 0 0 0 4108
2.0m Deceleration 0 1132 0 2976
3.5m Cut-in 0 0 0 4108
3.5m Cut-out 4108 0 0 0
3.5m Acceleration 0 0 0 4108
3.5m Deceleration 0 1132 0 2976
3.8m Cut-in 0 0 0 4108
3.8m Cut-out 4108 0 0 0
3.8m Acceleration 0 0 0 4108
3.8m Deceleration 0 1132 0 2976
4.0m Cut-in 0 0 0 4108
4.0m Cut-out 4108 0 0 0
4.0m Acceleration 0 0 0 4108
4.0m Deceleration 0 1132 0 2976
7.0m Cut-in 0 0 0 4108
7.0m Cut-out 2054 2054 0 0
7.0m Acceleration 0 0 0 4108
7.0m Deceleration | 565 567 48 2928
8.0m Cut-in 0 0 0 4108
8.0m Cut-out 0 4108 0 0
8.0m Acceleration 0 0 0 4108
8.0m Deceleration | 1130 2 96 2880

o8




2 6.26: Lanelet2 ¥ STLIZ X A H1E S F U F otriE R

Road width Scenario TP FN FP TN
1.9m Cut-in 0 0 0 14952
1.9m Cut-out 0 0 0 14952
1.9m Acceleration | 6188 0 1435 7329
1.9m Deceleration 0 0 0 14952
2.0m Cut-in 0 0 0 14952
2.0m Cut-out 0 0 0 14952
2.0m Acceleration | 6188 0 1435 7329
2.0m Deceleration 0 0 0 14952
3.5m Cut-in 0 0 0 14952
3.5m Cut-out 0 0 0 14952
3.5m Acceleration | 6188 0 1435 7329
3.5m Deceleration 0 0 0 14952
3.8m Cut-in 0 0 0 14952
3.8m Cut-out 0 0 0 14952
3.8m Acceleration | 6188 0 1435 7329
3.8m Deceleration 0 0 0 14952
4.0m Cut-in 0 0 0 14952
4.0m Cut-out 0 0 0 14952
4.0m Acceleration | 6188 0 1435 7329
4.0m Deceleration 0 0 0 14952
7.0m Cut-in 0 0 0 14952
7.0m Cut-out 0 0 0 14952
7.0m Acceleration | 6188 0 1435 7329
7.0m Deceleration 0 0 0 14952
8.0m Cut-in 0 0 0 14952
8.0m Cut-out 0 0 0 14952
8.0m Acceleration | 6188 0 1435 7329
8.0m Deceleration 0 0 0 14952
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# 6.27: Lanelet2 & STLIZ X AHES F U A ks R

Road width Scenario TP FN FP TN
1.9m Cut-in 0 0 0 1357
1.9m Cut-out 0 0 0 1357
1.9m Acceleration | 0 0 0 1357
1.9m Deceleration | 637 0 80 640
2.0m Cut-in 0 0 0 1357
2.0m Cut-out 0 0 0 1357
2.0m Acceleration | 0 0 0 1357
2.0m Deceleration | 637 0 80 640
3.5m Cut-in 0 0 0 1357
3.5m Cut-out 0 0 0 1357
3.5m Acceleration | 0 0 0 1357
3.5m Deceleration | 637 0 80 640
3.8m Cut-in 0 0 0 1357
3.8m Cut-out 0 0 0 1357
3.8m Acceleration | 0 0 0 1357
3.8m Deceleration | 637 0 80 640
4.0m Cut-in 0 0 0 1357
4.0m Cut-out 0 0 0 1357
4.0m Acceleration | 0 0 0 1357
4.0m Deceleration | 637 0 80 640
7.0m Cut-in 0 0 0 1357
7.0m Cut-out 0 0 0 1357
7.0m Acceleration | 0 0 0 1357
7.0m Deceleration | 637 0 80 640
8.0m Cut-in 0 0 0 1357
8.0m Cut-out 0 0 0 1357
8.0m Acceleration | 0 0 0 1357
8.0m Deceleration | 637 0 80 640

624 BXUFEG6.25 1T KO, HRED 4.0m BEFETOHEHMTIE, &
WHETYF VA RMHTETWS., LaL, HREL 7.0m U ECERET S &,
FN (RRL) 238U, MHEEENEL KM LE.

626 BXUEKG6.2TITRT L D1Z, & - Bod >V A LT, HRED
BB DPDO O TR DR o7z, 2L, METROZEEHEH T IEER
HIERE OBMEICKIE L THB D, BERIE L WD 227285 X — X DB R ZT 7%
W=D TH 5.
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6.5 LLM & ®L#

BB AIHTIE, BUERSRYT — X TH % HlifluE N3 5 LLM OIULIHRES 2
AL, TRBETEROHNFERE OXLL21T 5. BARRICIE, F—o#uE 7 —&Iix
LT DEMER sl CRMEE) 1 & DERRRHENE (Y A 08) ) O 21
DR THEZITY, 2D IEAB LUNEZHERET 5.

EERAFE FHHETLICIE Gemini 3 Pro ZFHW=., EFTILDRT X —RIZT
TANVIREEL, TR MAIERITMZ, Yav—&khroHiahi:
AWSIM O¥iiET — & (JSONFERDTF R ) #AN L. ASLESF U 41X
By b A YL TWBHLEEY A,

T—R1:280EHTHZ e ZRAELEES
Jar7hk

COHEIZ 2BEOHBEOWETY. ZOHEDIRIICE L THAL T
10

HAOER LLM O AR ZM 6.31TRT. BITRT L5, LLMIZAT S
BUET — X OHERICH DO X, HIOEFHCMNEBERGRZ BARASEOXEL LTHN
U7z, HAPICIE TR A=) TRV | W o 72283 250003 &
FNTWVWS Z RSN,
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COF—HRIFAI trajectory-2.json ICid. BHHE (Ego) &. TOHIAKMUET SMIER
(NPC1) D28 QETHEHERINTVET

F—ROFTICETE. CO2BORREBEERRIITHAL =T

RROWE
ChiE. FELTWEATE (NPC1) LT, BE (Ego) H'#ADSEREL. AITHOR
ELEbE TEENHE - FETZ V52—V T

HHTRRTMERS
1. FEBIREE (1=130% ~ 13289{$3K)
« B (Ego): EEIE (x:81641, y:50545) (A TELL TV E T,

- fHEER (NPC1): BEASETAE (EEEE) ICHN0A— FLERNIZET (x:81658,
y:50436) TELELTWET,

2. BT x—X (t=132# ~ 1458{$3)

o BHE:FRELTMEL. SEEE 1 ms (RE40km) ETELEY, BIHOEILEE
m (NPC1) ICAD > TRA—=XICEBALTVWEE T,

- fEER: COM. NPCIRELELEEEETT
3. S X RG (t=1458) ~ 1498f13E)

« ARY b BENNPCIE THI6X— b ILOBEREE TIRIW=2-1 = 24 (t=145.680E)
T, FLELTWENPCIABIZHLE Y,

« HEFHOET: NPCULSRICIEL. #98.3 m/s (FFEAI30km) DEETCEDEDF T,

+ BHORE: BHIENPCIOREERN SEVHE (TL—+) ZMmL. BEEFCL
7.

4. SIEEEFE (t=1503 L)
- fHERH: Z0FF—TOFETCENED. BELOBERELIFTVEET.

o BE:EERERT. RENIC =180 LB TEUIRIFFEILRE GEE offin) IKRD £
ER

6.3: WET — X123 L HHRCA T ORI Z KD 7555 D LLM )

=2 Ay 1> LTVWBHZEWVISES

R, NRBHy v A FIVATHAIZHiiee L, ZOEGRHEXHE
HRRAY B ToT.

Jar7k

ZOWIEIZ 2B OHEBEOHIETY. ZOWEIZI Y FA Y L TWETH?
HAER LLM O HEREXK 6.4 113, #AAEECERHLT, 2y bAoA Y

PRMHEHLTWS., #EAXA IV 720 CHBLED, BEERTHRDITOW
BRI OWTHARSETHIAL TV,
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‘BEhiz trajectory-2.json OF—2 & LI-RER. CofEizhy k1> (EJD;A}I)
LTuwEd.

AINOFMIZLLTFDED TYo
1. EfOUESFEE S
B (Ego) ¢ fE (NPC1) D28 DHENSEFhTLE T,

o PHBIRAE: 7 — SBERARY (I1308). HEEEEOGRBHEES (B AEE 19-2.9m)
EETLTED. HEOWNOMATSICHELTVWET,

2. hykr>ORE
o HBETE FREArrbic. ERESR (HER) AEREEERELET.

« EASA ST F150.28 (HET. MEIZEEOSFRA (B75REERE #91.75m)
ERITEHERICEALEL.

o EREERE: COESEAOER. BECMEOERESE (BAMER) FhThE
4.6m TL7. ChIZFRBICABERTORDAZLEVWIET,

3. EO®ROHER:
o HDAKE, fEIZEEEODR (BHEESE OmfH) XTEIHL (B2 15484
i), TORIZEELOESELITFANS (#emilt) AIAEETLTVWETD

i s G RlEES S BEOE (F94.6m) ICEAEETEA LT 3BELED Y b1
(WDiA%) EHHEEEINE L .

6.4: EHIHSEDS A Y P4 Y L TWE 5% LLM I W=5EE

REFEICSDIEIER LB RE LT, F—0#E T — 2 2REFE (V) v
R /RIS E]) T L R 2K 6.5 103, REFEOMINIE, HBOERE.
lead-right,lead D & 5 2RI ZH| & LTH AL TW5.

far-right
2(63-520) far-right
3(521-768) lead-right [RkE]
4(769-771) lead-right
5(772-865) lead-right

6(866-1164) lead [y bkA2]
7(1165-1170) lead

8(1171-1567) lead [iRki]
9(1568-1768) lead

18(1769-1948) lead

11(1941-2553) far-front

6.5: MEFIRIC KD A= F VA 2RI L 72AE R
RET—2MIBROEE) #4000 FOHET — X &2 —HiTAN L L EDINE %

K6.61CRS. avTFRAME (F—=2728) OHIRICETZZ I —Xvt—I0
RE N, BHTIFRIIETI N 7.
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+ MITHIEI—RICEENZ D7 AIUDETEZ-DMBTST FH AL, FlIT
https:/support.google.com/gemini?p=code_limit % CHEER< 72 E LYo

6.6: KED 7 7 A VRN XF-BICRE L5 — D
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BTE BE

EBERICEOE, ETEILORBE, FticovnwtiiRs., /-, ##%F
FEIZBI A ERBFRICOWTH EERITS.

7.1 ZHREREOTVy RERAW:TF—2IvE T DEER
BROER
7.1.1 SFUFADOHBAEE

XEDME (770 v FH4 X)) BERMRAOMREICS X 2 &M 2. Yo
FUFIZBWTH, FPOHFRELTWARWED, HMREMThHy b4 v X h
7HEIZEARZEETH Iy P A YL TWA Wz 5, KEoEEZKEL LTV
Y, MAIOBEMERN S 2EANARSNS. 2, By b VOEREZ Y v R
BEECEVWIARY B LICHMILTWA 20, 77U vy RHHL 25 & FEE
WIZHABH L TWTH 7Y v FRICE ¥ o TW3 X5 ITHRIE T Ak
N3, ZHTEKD, BEERAOBEIZ FIEICIHIETERLS RS-0 THS. 5H
AR LUZHETIEY I 2L —y a YOREHIS % £3.5m,0m & L TWA72% 3.5m
PEOXEEICT2e vy A2 eDy b7 POREKLIEZ TWDS Z &5
HEND. LzhoT, By b4 D& Rt moR#zit 2729
WiE, HREX D SV Y v REE (Bl HRIEDO 7% HPHERINS.

—5T, M#E, FEHSF U BT, 2V FHAX%E1.0m» 5 53m %
TEEXETD, BIKER (TP, FP 2 Y) WKRELRZEHIRShK,r o7z, 2D
HAr LT, SHOHETIE, B ORIII®E, BB EL WS r—
A7, RRRICH Tz o T—EDIEEDHERF XN TV A HED G ENZ D -
T2z EZONS. 2D, NEEBEE RAIKED RS X 5 R EMHET
HIUX, 7V v P A XDHEN X DBHFICHN 81D 5. SHE ORI
DHVWE LTI, Mi2pWEMOIREZH S XD, >F ) FLROBINLTD» 5
XD BRMRBRNLHELZENT 2 e PEETH 27D, ZORIIBWT, HINIZ
B o 7Y MBI DERTETVWBE EEZS.
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7.1.2 SFUADREHE EER

ERI N MBRPE OGO OWTHEMET 2. R42TRLEELI I, K
REBDS 10 fHFEE T HIUE, ABAHHE TS F VA EEZICHRE - o332
T&%. 2L, EERDZY v RERWEERRET —&X~ v Y'Y 7 TliE, TD
HEDR X SRHMEEIC X > TERI N IRERDKE L EHT 5.

EERERDEK6.10 ZHERT 22, 7V v R A X2 KREL T 52 & THEIRE
BOIKMECHED L, FfEREm L2 2 epmgRans. flziE, 79y R34
A% 1.0m 25 35mICEET 52T, IREHEZN1/3 ICHRCE/%. —/AT,
LOmPAFDZ Y vy RTIET— 22X FETEEICHEE b 0D, KR LTIK
BRI 100~200 EIZ L TEB Y, —RLTEHZEONIT 2 Z XN TH 2 (&
4.3) .

—7, SEOEB TR S IREBHEHIRTE 2 w, = 5.3,w, = 1.9 ODFETIE, 7]
FEEMELZd0D, w, =1.0,w, = 1L.0DHFEFLHEKLT, #y b VRY
e Ak T r—AMEM L7z, DLEOE» S, TRlFEom L (EfER) ) & T
HEE) ORI ML= FA 7 OBBRBFEETE I EBHLLE R, WHRET
58TV AIS U TEHYIR IV v FMEE 2 EIRT 2080 D 20, EENR
D7)y FEHAWSEED, 2R F U 0 U THEICEE TGl & M E %
VEBBZZLIIREETHB. LT, HEHLALOHEEICK>TZ Y v NigE
% Z B MGACFESR, WHEHNRERIERE LR WHREFEOEARD SN 5.

7.2 EHmREAAO®EEZDE LIcFEOREGERDER

7.2.1 DFVADOBAEE

RIS, IRETFEE THy b V] BEXE THy b 77 b OFRICBOTH
WK (BW TP, RWFN) 2Rl 2, ZAsnsF U4 T (i
HIA) OBE)) ZERE LTED, BEFEOMEETE (Left/Center/Right) 23
Z ORI Z TV TH 5. — T, k) NgEy > F v AL
TiX, 7V vy RFEeHBRL TBRRA (FN) 283 2@marE ez, h
X, BEFENIEMELLS DEILTWE 20, F—HEEN (F] 213 lead HIEA)
TONMREGEIC & 2 AEZELD, MRIREDEBR L L THAUI WD THEE
2605, Fi, 9MEBE 15 MEE (Far fEBOEN) ZHHET 2 2, 15 MHEHBON
NEN DI EBINZEADP RSNz, Z4UdEST Far) 2ifEoXFH
DWW Z T, HahBEHO—iE X hFciEz o/ e #HEfllxh 3.

HEEIOMEEE (9 fEEB KO 15 M) ZHWFiREZ, FEEO7Y v
REFAWFE R LT, REROZH» DL, AlHEsm LUz FES
NEZ, ERZINBIRERDTTOWEOE X LHBHEITIRIFEE T, FLAED
> F U AITBWTE 10 AN OIREER (SEERFERTIX T 2.8 1REB) 1R L

66



TeMTH5. RFEERECE o TERINTHAT v TOBRBRRINE, AE»—HT
RGEIEREL, A b=V —r L THETE 2HEAICINE > T\ 3.

X OIICEERAZ, HHRO TH) OZLTH 3. 7V v NFREPEEZHEEEIL
L7721 TERHRIL (Metric Abstraction) | TH o 72Dt L, BEFIEX
‘lead-right* (F5H177) % ‘cut-in* (FIDAA) \Wolz, JAMA 7L —L47—27%D
ERFEESLANEPAASETHVWAHEEE 101 BT 2 MERHSR{E (Semantic
Abstraction) | ZFEEHLTW53. 20O EHKWFX vy 7 (Semantic Gap) | DEH
ZEN, BRZT—-XDOEMYU LELORENLREMRTH D, EFARTRL & HEHEE
DZEE) 2 IBICHAE T Z 2 G0 S 2B Tn 5.

7.2.2 T UFDIREHRE EHEE

FHROT -~y ¥y 7OFEL B L THIOREBEIHEI L Tns
M2 6.10,226.18, K 6.19 0500 5. F72, K6.1, K62 THRLIZLIIC,
DO F VA ZMHERLTDEITHY b A RN FEL TV B0 00 b=
T,

FERFRD 7V v RR=ZDFETIX, MEPLEDR 4.3 D X 5 BREENZA VT
7 ZADFEHN T D, FDOEKRE NS ERANCHEBEST 2 Z e IdN#TH -2, —
77, HEMEEOMEEE 5E| L 72 TFETIE, #uEDS Mollow-left — lead-left — lead
DI ICEREND. T IAMA 7L — AT —2FD > F ) Ficik & FHAEDS
L, HiHEZH TR TOMLLTWETHE VR 5. X6.1, X 6.2 DFERHN
RT LI, BART Y TRBIIRRINT =203, DL T v TOEKD
HHERICENEINTED, TTIREDX vy 7 2D 2 25 RIFFED HIVIZ
FNLUTHDTEITHZ L ficE 5. £6.18BXUK619IITRTHED, BEF
EOFEIPRERUIH 2.0~3.0 FEETH D, EMFITN 1.0% W5 MH TEWEE
mL7z. FHERDO ) v FR=2DOFE (EMEHE 10%~50%F2%) gL Th,
F—RBRIRKELHBEINTWS., U, ADPRTHOMETZ 20 ficBn
THRR B,

7.2.3 9fEIEEH S 15 EIFICHER L =i S DR

Z OMETTAEE OMFLEIUCT L, 15 SO ENCB W TEA L [Far GE7)
TR XEITHREE L7z, Far B2 RET 5 Z & T, HMPESL D OIEAN
S5 7t A% ‘far-rear’ — ‘follow* D & 5 RIREEB » LTI Z 5 Z L 3A[HE
A ZHUCED, MRERZIKESH LU THEE LRI, Codblzhhrohy b
A UDFE LR E, K DFEMRRIICE LT, 73 % Z L BAREICR o 7.

EOREDMEEZ BRI TNENIIHINC L > TEDLED, AFFKEDOLSIC TH
HEGEDOWTER e 22 g8ERH 5 > F V) 4 AL - A7) —=2 7
TAHHIZBWTIE, 2RO ME L D &, HElE0ER (Bah) Z#Z
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LZZEDHBEETHS. Lo T, MITHDZER % BRI E]S % Far 8
BoOFEZ, SFIVADERIZBOWTHELDZEEZHNS.

7.2.4 Ty RFELDLR

2ODFFEEIKT 2L, 7'V v RFETIE, FA—HENTOLThRMETH
X, YFVAOREIHED SR W HELE S TT HREOZ L) LT
BRI D, 20D, ARSI NZIREEDERICKRD, ANHPEHTRTHHT
I3EREZ L B 5E0D 5.

Uk L, fEEEITFIETIE, BEROD 25 (HEFRCRiRERDER)
PEZRVERED, YEAZEZENITNTHR—OREL LTINS, @ T
VA DB RRED T 2 AREN A bOAEZHEB L, TZhNOZEH %2 ) 4 Xk
LTERTZIET, BVWEMEBRLSWHARBEOH V2R L E25%. %
7z, BB EIFRICK D, HEEECHEREPIERR LT -2 THoThH, B
WA[RERE F TR LI N 720, BRbE2 I 2L — 3 rn oot
DEGIT D 2 WO RS bR I 7.

7.3 ZTZ2ETHICE T B

FENHINERRE CHENHERE DR 3£6.15 DFEBIERICOVWTIAR S, ZDOFEETIZ,
HECITHNWS 8T X =& LT THEIE#EE ) © THEXHEE ) o 2 FEZFH
L, ZNZhOZ2HOHERBRICED X I RERPEL Z20%HE L. Z0
FER MHFHEE Z WA DD, FN D RVwWe WS ERMELNE. Z0HE
Re LT, HIEEDATIE HlAEZ o TWB 05D ZHFITER0E
BETFHNS. HlZIE, HAIEESY e (lI%RE : ZERO) DS, 268 v%
HEITLTWAIGATY, B hoTWd (L)) r—Re HEIELTWw3 (&
) 7 —ADWHBREEL S 5. 2D, IEEORETLELEWL2HET 25
&, MXIEE DS ZERO ICHRIL X N2 ST, G HMT 20818 H 5. —
J5, AENTEEE A EHESE S 2 AR X o TV BE L H5E LTV B35 E 23 R
FEIZBIT 2 POS 2’'NEG ITRIGELTWA 72, BERPUBEL RN 7 —2
PHEZ 5. UEDZehs, FNZMG LEEDO SN 2T S 72012i%, MR
HE XD HHEMHELZEEY LTHWA Z e THIEE X 5.

T—EAIVEITILBITZIREMSTITORBREM EFRE ZeMMBIHcBVTHRD
EHELREMHFZ, GREEREEARX VW ThD. EROME, FXME, Hif
JEAEBOFEEE LS, FP 0 THD, HEMZERL TWVWE Z e MRIN
7z, Zhuc kb, FEMQZEREMOERKkn 7T — X 22 R T b, &
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S NI MRBEZ R T 27200 T, BRRHEICE > TAEEZ B RETH S &
Wz 5.

—J1 T, FNOZXWHE L eotz. ZOFE-ZREENZ, FHiE Y EE L2 22Ul
SLTHIRE L2 T, ZEEOMBERRZRIEDNTRICH S, #£6.20,76.21
PHWRT 2005 XI5 HBICHEILb DAL Hlfiand r—X
PHEZTWD., ZAUS far TERE RE L Z DEBICWGERI R TH D L ERL
el TH5. ZOERIEZY I 2L —X EOHEDT 70km/h LINTH % L RKE
LG EDRERERERELTED, ZHUTX D ZEMETHEDREED L2 - 7.
A BARZER D Z2EOHIWN AWz, TTC X, HREEERE « & AAXEE o kbR
(z/v) TREINZIERERMETHS. LrL, KRFETEINSEMITL-MHE
Bz By 7L T0Wa70, TERHIET3ICH 50, bI»icEilTnws GH
ENHE) ] C\Wo 2 Be T —AThH->Td, HRZEM ETE MEh2»oRi#E
By O ERLIESRY. 2o X, BetreRT 27-9120F, MEFER
I Z TAT MEfR) & A% 3L (Over approximation) Z1TH X % 2153, 5
B LTEZLLOBRERSF VI RBHREHETZILICKR 5.

CDRREE RS 2720120, BB OBRER ERARFTE 2 [HREEMRIL
(Predicate Abstraction) | DEANEGRTH 5. BEARINICIX, FEEE 2 S E 2T
LTS DTiEi L, ZeiEicnEZ AR Zz0b 02 MR boHEEr 5 5.
Bz, TTC < 2.0 IHY T ZBFE P = (2 —2.00 < 0) 2ERL, ZOREIE
B & WD IERE GRS 2 2 T, YHEEOHBEBEGRZ EERICH
RE[ARLAL Z EAREE 5. ZAUC KD, BEREREZ KIEHH LoD,
ARFEDORETH 2t it e S WRIT TR, T % L iffah 5.

L7235 T, BIROFHERERZ Y —=0 7 LTOEEEEEZLTVWEHD
D, RYEMRS F VA DAEE Y RA  NTRIET %) EFEE 72 2213
ZRBT 57-0121%, BRFEBEMRGIC X 2UELNHERAIRTH 5.

7.4 REFEOVNRLBARDEER

7.4.1 EEEIMRIESTNATVWERZDFS

ERAZFHICENT, HElOEUMEICEDI W FERE Y v FFRRE K
LTI 99% & WS D TEWT — X ERMERZEZR L7z, — RIS, [HIROEMERIX
B R & ML — M4 7 oBRICH 225, HEOFRIMEICED W -FIRZ
A1y A YBANCBWT, BOWEMRZH#RF L OO FP e Z2ER L TWs. Lo
T, ZOFEREZ, #HeMtERotsg, BERFRZ R L MR LTHKAE
LTV WX 5.
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7.4.2 A RELES MG RES DHMRICFFIE

EEFERICBWT, Iy b L by b7 v b (B AES) LT, 27
Vy R A4 AREHERICEDL O TEWEE R XN, X, Ay bf Y
LEOHERD THHREAZEC) CWOBBINRARY FTHD, KFETERL
TR SR Y ZE RN B I 2 HEA y — L TW0W 572D ThH 5. bbb,
REFEIC X2 HMBIL e RS F U F OB D TEW.

—77, h# - EeE S U A HEamEE) LT, 7V y FRKEe LT
I EDE L FiEE, RAOKNEIHEL R2EMP RSN, 7V vy RFRET
EEEBE T F 2B R M BB LTI X 5503, M) E|FIETIE Mlead
DREIRA TIGEI L Z > TW B ] P, MHar-front DFEECTIREENSEL Z > TW5b ] &
W o 7[R S TR D ADSEER X 4L 5.

LoL, KROEHWNTHE2HTHTOMTE2 e WO BAIIIERS E, M
TR DM N ERE & BUEITEIN S 2 BRIV, JAMA 7L — 07— 27FDY
FUAERICBVWTYS, EELDT THlFE LGRS TEE Lzd) &
WO HEETHB. Hilid o0 ICBEN =275 T OMREEZ 3 2 BB
FEL, EEIREERTEDIIRHEDRDH oL EHEHICIZI S 2D TE
NETHTHS. ZOHBATEZS L, KRFERIVRAIPEE S X5 BRIREDOE
LI TETWa 720, MBI LFEE LTHEYITH S EZ 5.

7.4.3 BENLBRIFIVAICHTIEEEEDEE

4T (Swerve) R U X —>D X5 BEEGWZRS F VA ZRAT 57-DH121F, K
FHRER (Hy b4 V) OHASDEZITCHEL, BHRENHER O EHRILE
PRETH 5. KFEORHEE X DEEICHEET 32728, #AMS F VA2 LT,
6.3 fiCTIT - 7= EERTIH H 47z Swerve (FE1T) > F VD AT 2 EAHGEZX 7.1
W2, UR—=2>F ) A3 28GR 7.2 1TR7.

far-right

far-right [FaE]
lead-right (3R]
right

follow-right
fa r-right

X 7.1: #Ef7 FV F OHIREE D H
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far-right

far-right [iEE]

lead-right [EGE]

lead [FoE] [Hhvbka1/]
lead

lead

lead
lead
lead
lead
lead
lead
13(1723-1842) lead

X 7.2: UR—>2F Y F OHMREHED ]

M 71IRTED, AFEOEBIIEREICE OV 2D TH S0, WiT>F
VATEBEDALNE HZ 5N TETWARWN. Lo T, ZOMRHED
SEEFTSF VA THZ Z WS 2 2 2LV, MRZEMOPIEAN B DS far-right
D5 AN far-rear-left ICBEN L TWAB Z & &0 6, BZ 5  MMED XA ER
POBHBEIZAP o TETLTWSEZEETFHITETD, WITHARELTVWEDN
WOWTHIRILE S TR 2w, Hljo B omEse il L cigfrs +
) A2 RAIT 5121%, HEOHIEIZIIFMBEAL TWRWHEARKE ZXNZHERHEEX DI
WIEEEEMATE 2 X 57%, FUOHEBENTHREST S e DPBETH
2605, BITEHRELEBANTIE, REMCHERZM»S7EIL, flziX, &£
HZ2EEBELEZSGIBITLTVWE W) XS REETF R ERT I LTS
R, BT F VARSI e TE2EZILNS.

K 72WRTURX=Y>F ) AOMBEMHRT 2, WMRZEM LTI THiA 2
LEDHY M V] DESIICRHZIZERZ-TED, WEDXFB O VIER
Yhol, ZhE, AFEPEBD Mg OAZMRLLTED, Hifo MH
X X [BEIOMBIEIR) KHT2ERPIEENTVRVWEDTHE., UR—
YHhy b A EHBICKAT 3 7200120F, MRIREOEREIIRL, HlD S0
A, HEEEAROAEEREMNINT 2 HIENENTHI e EZONS.

7.5 BEFEFELOLER

7.5.1 lanelet2 & STL ZRBW=FEEDLER

Lanelet2 & HlW/=FiE1E, 77V v iz X 28R Tl37 <, BERROHERIZE -
7L EBERE HWTHIREBREZEIS S 2. 20720, 7V v FIRIIKFET 2 4KF
FeHB LT, XD ERERIRVEDRENARETDH 5 & WHFRERD.
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#£624 BXUFE62 DFERIRT 1T, v v TKE (Road width) 23EEED
HHRIE (F3.5m) EBELTWAHEIM (1.9m~4.0m) Tl TP 2E < FN A0
Thh ZoEiETchNREEELE-N, HENSRBHEEEZRLTWS. L
L. &EMEZ 7.0m = 8.0m D X 5 ICEBEOHRED o X B /-5E6. MIHEE
NEL KT (FN2#EI) 3 2EABR Nz, Z4ud, STLICX 2 HED H
RIS £ T oM A 72 BEREE ) 72 & ORMERBIEICIR IKFEL TWE 72D TH
5. Lo, HINT — X ANDKRIFENEOEHFFEZ. REZ(L-OHIRGRZEIC
MLUTHEIHTHDEWVWR S,

FLUT, AAKRORETFEE THEE2FLE LHENNZESR Z2HVT0W3
7o, FEMR SR EHIN SRS R AR ER 2 NE Y LRV, Z4uc kb, #iK
F— AP EINTORWERBEICBWTH, FMICSFUAERHMETE220
MBI D2 EZ NS, 2B, ME - B F V) AICBE L TFP BRAEL
TWARERIZOWTIE, STL OEFRD HEEZ() Z B IE L TW5 DIt
L. S otEEBRTIIMEZRL (HREMOEED) dEDLILROERL D
M CHROBIBENE U720 eEZ 6N 5.

lanelet & STL ZFHW/AFEDT XV y b LTI, ERLALSF Y AITHEI R
WA, MHT2 2R TERVEICHS. STLEHWEFIEEZ, HO52UDE
3NN T 2 BBE (True/False) ZHIET 27 0 —FTH 57D,
HANER SN TVRWARMOD S F 1) AR ENDEE M - it 32 22X
WNETH 2. —7F, RBEFRIWEZ MRS VRV CCFH)) ICE8 T %
By 7a—FThHb. ZOED, FHCEREL TVWRWEFHTH-TH, (YD X
S REHER TR TR L) oSt EmERmFFLTBD, HE
HI 72 KT P RE R R M A RE T H 5. T DHICBWT, ETIEIERMDOIRII
TAHNHEREVEWR B,

7.5.2 LLMZRWEFEEDLE

LLM % W= EEROFER, LM 138 & O EHm 2B § 2 @M 7 3 BHEE 11
BOTIIEATWS Z e DRI N, R, BEZEHOWTIRRESZ L S0l
TWADE Vo ZHXIEPDFETIHMTOR TRV, Z0 X5 RIERZH
DEWGEAREERTh EEZ NS, LrL, EEMNRZSF ) A (JAMA
TL—LT—=T7ADNE) EWHBETIX, UTD3ODHFENHSL»E o7z,

—oOHIX, B 7Tary P rRFHKET 2R TH 5. THuEDIREIZOWTE
LT 723V Vo —RRERE 5 2 755, LLMIZEEOZE) GHE
ZAbomiEod) oitdhicians 2EmBS RSNz, B, B ICHENEDAA
THHELT2T —RATH-oTH, THENMEL) WO EEDADGARI N, Mt
HOEIDIAA (B b4 V) WWREKT S 2 WS HAEHOXIRNEHR XN 55
ENRH 3. JAMA 71— 2V —212BF 258> FV A%, BHEHEMMEDOAL
BREGRBXOCHAEEHIC L > TERSINS 20, HHOB)EBEADFHHTIIAT
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BTH5. ZNEEEET 27201201, AT —XOESRIERE B ICRETT 5
RERHD, NHMRFHOREEEY 722, Lo T, JAMAZ7L—27—2D
X FVACBWTCX, BEEFTRAMEL ONERBGRPER L 22729,
HEOBEDNEYNICHHI N TWA TR0 TH 2. /-, Fur 7T
Hy A YLTOVETE] EEWEGESEIY A YL TWBEZ 20, Nk E
ML TLZEZE W] 25232y b Y EBEZRWN. ZOZehs, LLMMA#
HEDODERZKATHE T 2A[REMENRE NS, FHEE LT, LLMflTh v b
AVFTBEVWHIEEREESTVWEDTIERL, Iy b YL TWB 0k B
729, WAROBEE XD EEICHAREIS LT, Iy b UBRAITETWS
DTIERBRVIEEZLND.

ZOoHE, L=YBERORMNZ X ZEBORBHRTHE. ST 2o
B2 EBQHEMOPETH S LHHRE L, M BEEFREZERS 55 TH-
T3, LLMIZ X 28EAR T RGELDH S, LLMIZE X 5N 72 FEET — 2 D
R ZECED X TFEATANOBE] 2 [Hal) &Wvo R MEN R 2E) %
BT 2 Z L EAHETH B, LoL, [Ty b4 V) B0 HRIHEGRS, HIEXR
CHERZPEESILICI-TERINS. HET— 4% BEA) oA AT
% LLMIZIX, 20 THE CWIREERSGZ N TWRWD, B IRHT
CHMAEZIHBICEKA L CHES 3 Z e AFEMIICREETH 3. L L, Hnt
EONEMFRTHWZ T 2728, BEEAAE, ML Z8HZ0HHEIET2 s
TEL, L—UEBREEERBLT, vy b YL TW3Z 2 ETIEHWT
ER/4AN

=OoHIX, KEDF—ZXEBNHEICBI 2EAMOFETH 2. EEICS I 2L —
XERWTHEZWE T 255, BMT~BITHDO7 7 A VELERBRERH L. L
PLULLLMTIXary 732+ 4 Y RuoiilBic kb, KED 7 7 4 L% —fEULH
TEHZEINHETHL. £, ANT—XEPEMT 2L, "o pr—2arn
HETHHERDELS. 20D, WREEHET — X% LLM I A L T2
HEITS 22X, FEE - a2 MY - SHEEOE S SBERTIZZ V.

UEoZeh»s, LLMIFHHINLRES F VA X DEFEL K RWEEICIE
LTW23HDD, JAMA 7L —AT =212 O F U AR REDT T D 5
PRzt - 220 —= 0 2" 3 2 X218 WTIE, AFEOIRZRFED & 5 i
BOOEBDPHELR 7 LT ZLDHFELTWAEEZILNS.

7.5.3 REFECBFFEDFIELLE

INFTOHKEREB XUERDOMRERIEL, HEBREIFE, H—27V v R
%, Lanelet2/STL %, BXULLM & ORI ER 71173, &aHliEE DR
M2 HEEE SII LI T O@E Y TH 5.
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HMRILOBaFHME LLM IZEHASEUHEENICETTED, E# (Decelera-
tion) ] ° EIDiAA (cut-in) ] & WV o 72BRBFIETER LIRSS, TRy
BaR | TR L— 28 72 CRPBIR LT WEHE § 2 720 FitkidR d &
Wz 3 (0). BEFHRICBOTIE, FRNCERLZRICER SN, Ty
MY REDRNEDHHTZ N TES. Yy Ry, HEBE2SE L -TE
ZHERET 2, ARSI NA3HREEICBWT, HMEZEEO RS L 7t 33—
Vv FiE (A) XD HEBEDE LS DODTH, EERINHEME LT WEE
Thdenwzsd (O). ¥/, ZOMRHEIIMEGLINTZTFA N T—XTH5
72, T—AR—RIZERETZIET, SQLEDOZ Y ZHWTREDS F VU 4
ZERICHER - HTZ 2 WO RRBET S, KB, STLIF@mMEAXL LT
EHEIEVWDOD, 52 5NHED S F VU AR THED (True/False)
PHET 2 FIETHD, HUEOEFZDHDEHADRT DI TR W=D, Al
PEDB R TIXEHIENT S} (-) & L7z,

AN M REKEFGE STL 2 W FEER, K7 —% (HEiRIERY) HIE
ETH 285BI 3D TEWEE (O) Z2Hi#T 25, RBRTRLAED, HiX
TEHR & FERFCTERED B 2 53 I 3BMHIRNZE I TV R 7035 5. L TRE
FEE, HEZHDE LHNZAER RO AIIKTFS 570, EHEHXZ
WL Ly M7 —2IHKFE) . Zhuc kb, HIKEFROEN L HOER
EWVo EREERRDOEE 22T K, EREICEIT 2 MMEEMD TEW
(©) tEZ5%.

EeMeNnox—>aromtt HESEIFE B—2V v FRE, BXUSTL
PRWETEE, BAENLREEEZ Yy Y 7T 5720, NLr— a VIH
£ ERMD L, BEEMRIEENS (O) . —7F, LLM IIHERNZHII 21T
78, FHELBWEEEZHNTE AL 2 —2a D) AT 6T, &
2MLRAE DB D & I XMEBMHICREIE S (D) .

AR EEEMEEN STLIE MFHaMcER Lzt o3 2 BEBHEZITS MH
A7 7a—F) TH37=, BENDSF I FRREZEDFEINH L TIXES
THY, WHHERENTHS (A). ZHUH L, BEFEIZD S50 3HEZIR
ey LTHNT 2 TR 7 a—F ) ThHs. KHOEETH-TD ¥
DEI BB EWST2h) 2 WS R TS - 2 ELARETH 5720, HFRNKR
FHCBOTEWRALEEZRET 2 (O) .

HEIQAZXMEEAY > Ial—3a QX3 KBEMEETR, BB S —

RN T 20BN DS, LLMIZ1ES-DOFEa R M REL, avyTFF A b
V4 Y RUDKIRED H 27D 2HBEICIIAAXTHS (). BEFEIRE
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RRMAFTEDOATIHET 27205 a X FIEEITIEL, KT -4ty b
WEBZAZ ) —= v 7l LTl TEWERAELZHE> (O).

® 7.1 MRFIE L MFERORHELR

AHE H A EIFE ¥H—2Y v Rk Lanelet / STL  LLM (Generative Al)
Lo HEHE L ] 3 IR 70w R P HAERE - Xk
AlFE O A ©)
MK 7 — & IEAAF g g W g
N2 ME ©) O ©) A
et ©) ©) O A
PP © ©) A ©

MR a R MR © © O AN
B © © O AN

> I OB E O O ©) A
VY 3= a Vit @) @) (@) A

FHIiERE 0 O (B TWwa MRV, O GRd/&HETE), A (FoTwa/Emuy)

XEHEIZ ME MRV HaEEhTws (0) CHIE,
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FE8EF HbHbhIC

AT TIX, BENELS 2T L DLEWHREICBWTHEE o TW0Wb, 3 a
L—ZDEL RN LVER ST =X JAMA 7L — LAV —7DEL LY F ) FEd
e DENICHZ THREDOX vy 7 IEH L. ZOHEERRT 2720, FMH
D7 Uy REHWETF—X< vy Py 7 BERMUOHEEEZ DE LT —X<y
YU X AHEMRIETFEZERL, YIal—YaryTF—X2HWEIHEE
BRxiTo 7.

KRB L UEBEZOME, FonARIXLITO#EDTH 5.

— O HIX, HljEEOMEEE 2E L FEEE T — X EHER & ] HiE oz
ZEBRHTLHIEDNTERLRTHS. FHFEDOZV v F2HWGEETHL IR -
725212, ZFEROZU v FFRETIE ToF U F0#AKEE © MalEt o
WML — RAI7DBFEEL, TEMNCANBEPHARRATEE/ R L~V F TIRIEECE HIlT 3
52 HRETH -7, XL T, HAEFELOMEEE DEIL7-FiEIE JAMA 71—
LU= DERCEETHEH5BREHRZHNSE ZET, HI9%DT—X[EH%ZiE
U7z, Ziuckb, BOTATy 7OBEDESZ T N ERKINI AT EER
IRHEBRS ) ANOET B2 LI L. Zhuc kD, HEMF TR EHEHGD
##E—HTIE\ARE 2 b, K 277 — 200z e KiEcmh L1
5%l

“oOHIZ, BEMBRLCBI 2HENDOFIETH L. EBITBWT, FNIZOH
THY, GHEESFIVARRRI Lo WR 5. THMEEBRORERE, REFE
BETOEKRSF Y AL THRRELYr (FN=0) ZEHKL=. hug, #F%
FIEPBFAH LMD, ERBRERZFS SR WEERMSRIbe UTHEEL T
WAHZrZmRLTWA., Zhuckh, BREMOFERE VT — 222 REY
Fr b, ERINT-HRIEZEZRE T 27200 CREREENTREL 72D, ML 1
L 2D EEER FICEHET 3 2 L 2R L.

=oHIX, BRI A 2IEADOERTH 5. LRI N MREE IR T HE
BRTFXANT =R 270, FFEDY —VERICEET 3070 E# =,
Bl FVADIFTRARY WA T2 22 TES. 2, FRICESK
WETHEMRZEH (kYU y b)) OEEMNERE=XRY V7, KAIDEMKS
FUARRNT BN BIRY — Ve b Z e R I N,

— 7T, BRI REFE AL oz, —2HIZ, ZRMWHEIZBIT 3 FP
OIMHITH 5. BURTIX, FFRE #HEZM L THRLLTWS D, HZ%EY X
7 (TTC) DHEEIZBWT FP BRAETAHEAICHS. ZOREKEL LT, B/
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MOMBRFREZERARTE 2 THRFEBEMRL) OBAPENTHIEZLNS.
ZoOHEX, BITYFVADI S REENRSF IV ANDHIETH L. RO
FHANRY N (I b4 VHEERRY) OMHEICIZ, ZRODBRRYITED X
ICHABEDE o= ZHET 2 Fion Yy 75, BHERELHER O E Rk
BRBRNE Y 725,

AWFETIRE LR EFIRIX, BENERR O LM% W20 2D M 12 3t
T 2700 BEMir LT, SBROBEERBRBICERTE2bDEZ 3.
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AR RITTBIHZD, HFETHEOVRISMXDPEICEL X T, K
RBETIECBEEHD £ LTz, 8E8HE TH 2 IRECHBI AR K EBE R D
BARMRERICOD L DEHOBEER L 5. FARLEDELR THREN TR,
AR EEERT DI I TEEHATL.

F 72, REOEHFEMSIZICE, HEOMEHREZFICBEWT, ZANRESD
LEWRBRIME L CHERH O L.  ICESEEHR L B ET.

F 72, HEOHIEEICBWT, ARasRiERz@Emr bl TunkZn
T2 BEARMFEEDFERICHELS BH VW LET. B OH 4 DBIEREI P WVEITE L
X, Moz tED 25 FTRERTZERDFEL .

IR, TR OATER L Z, 2D  BSFo T NFIRITEL B# L £ 5.
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