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Modeling Language for Scenario Development of Autonoumous Driving

Systems

Abstract: We usually use scenarios in order to verify automated driving systems(ADS). In the scenarios,
graphical diagrams with icons are often used to represent the position and behavior of vehicles. However,
such diagrams are not appropriate for developing safety critical systems because their interpretation is am-
biguous and can easily cause misunderstandings among engineers. In this paper, we propose a diagram
named Vehicle Position Relation Diagram (VPRD) for analysis and design of the scenarios. VPRD allows
us to represent a large number of scenarios as a compact model. We also propose a method to encode a
VPRD-based model into a propositional logic formula and enumerate all scenarios using a SAT solver. We
developed a prototype tool to do such enumeration and conducted some experiments about typical vehicles’
behavior. As a result, we found that a large number of scenarios can be described concisely in VPRD and

that enumerating scenarios is effective to convince us the reliability of VPRD.
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L, Y FVARNET LS04 Ty — Va2
2. 2B, KAY =X, GitHub TRBIL TH 3 [29]. D
Tk, Zo7a by 7y —LEHOTERIZOWTH
95,

5.1 BEFREE

HESEES OB I TR A 2 b DB Y, ZN5 DIERR
REED 1 DIZHEBREETH 5. FlziE, BoskL, #b
AAH, AT E Vo BRI, EREHEOHAGOETH 5.
220, HEAHEEZNRELT, YFHVAFISMT 2 HE)
HOARREZEBL TETMEEITY, ¥ F VA RFIEL 7.
FiRE2 R LITRT, Car (ZAHHEDOAE, Box iFHy 7 2D
#, Trans \3EHOE FElohiX, £ olHiC, d@FER,
FETES AT B £ 72 \3IFEE S AHER, MIER D),
Total 1¥> VA DE, Col IZHBIHENEHET LS F V4D
BThs, K4DHx, £1Dcase2-2 TH%S, ZOEA
¥, EGO Car %1 15, POV(Principal Other Vehicle) %3
280, At 3ADOHBHEPISML TV 5, case 2-2 T3,
HET 2 F VA 66D H . EgoCar 2% EgoCar(3)
¥ TEM L 724212, RCar 7 RCar(2) °5 RCar(4) I2EK
TOGEVEET 270 Ch5. FIEREZEATEZIL
WK DHEZEEEST 5 F Y AT 5T ENTE S (case
2-1). 7, TRCOEBROFESMMNEY, JEFESRML
8%, FIHELZBEERICEE L2 DM case 2-3 T
H 5. case DT FDHEDET ne, ¢, n 1E, ZNFh, @HE
LiweF ) doiszathd, (OF) FESMEMERIZD
LDMERT B F VA RECES, TXRCGERERDOGS
ZRIL TS,

5.2 INT7 A —< > AT
SR FEBD ST —2 v AT B EER L 7.
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# 1 Results of Change Lane

case Car Box Trans Total Col
1-1(nc) 2 11 7(3,2,2) 4 0
1-2(n) 2 11 9 (9, 0, 0) 72 20
2-1(nc) 3 18 13 (7, 4, 2) 150 0
2-2(c) 3 18 15 (9, 6, 0) 522 66
2-3(n) 3 18 15 (15,0, 0) 6480 1260
3-1(nc) 4 22 15 (8, 4, 3) 195 0
3-2(c) 4 22 19 (9, 10, 0) 1038 321
3-3(n) 4 22 19 (19, 0, 0) 169560 52240

w7z PC 1%, iMAC, CPU: 3.6GHz Intel Core i9, X &
):128G TH S, K6 DIELICRRE LLETVERT,
2EDOHBEHNPEEL, ZNENDORy 7 AD¥% n i
T5. ZLC nDOEEEPL TS F YA RERL %,
6 DERED T T 71k n LEKINIZY TV A DOEDMER
ZRLTWS, M6DLEBEDT T 71%, >V ADFHE
o K2R L Tw5, REDOBITHFZEMNT 2
DI 15, FODFITRTDL F U L ZF%T
BDIh o RlZRL T3, E, R8I
Thh, Lk, FkTHL. B, MEhEn OETDH 5.
X6 DTEIE, 12D F)AE2RDIGEHEDHRTHS.
Kl n OfEZRL T3, EDO7I 7%, ¥ F V42K
b 5D o LR (EAZIE) 2Rl Tw3, HEo
FRIZFIRI DENNC D3> o 7RI, AR LD 1 7/ nTBE ]
ENT 0o TR, Fk DR I3 CNF(Conjuctive Normal
Form) ICZHG 2 DIZh > Rl 2R L T b, HAH
DT771%, Mo XY EE (BAIE MB), AldamEo
B (RO & CNF fio% (Faoff) 2L Tws, 7%
#, Tseitin[28] ZH#alZ X ) CNF IZZEL T 5,
BeIoRLzEBY, EFLOYARBKEL LS L,
T ) AR DD A RRENEF IR RS, &E,
X6 DFELEDETIVTIE, ¥4 DEEHRNIIRKD 3
SEHTE, 2 B Th B, ¥ U ADRIL, nic
L CREEMICEEIM S 2 Z L8 h 5%, > F U FTOHRIIEL
THIBERMDEL %22, 28, n=100%H4, > F V4D
Bk, 184756 fHTH D, ZN 5 2T 2 DITH D) IR
1% 394890.606019 # (9 4.57 H) TH 5. —J5, 12D¥F
VA ERICIE, ZRURE, BRI T0R, n= 100
DBETH, 28076733 ThH B, i, ZORMDEL L
&, DB > TS, Fa k¥4 7Y=L T,
Python % F\>C 4 ffilcm L2 HiEIC X Dl ZER L <
W5, U, BBT(S,S) ZIEHT 2 1% &
D, flXDO A XHKRES KL, 2Tk b, Python
2 & ZHIFEIMIC 2 2REPEL 2o T30 TH 5.
ABRVRBRIZNEEHELTEST, XEYHF A I
MBI 22 Z 3w EEZ oD, F7-, arEZBuctl
LT, CNF OffilddE#Ic% <%k >Tw3,. n=100D
B, EZEOBDY 120809 IR LT, CNF fioBuk
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6 Performance

8403006 HlTH %, ZNTH, CNF ~DEHUZ D> 5
M, 8L, FRTEEMHE 0 BB, HIFE M
W BRI LR TIEFICT/NZ W, koT, 12D¥FY
FHBN 2 BRI L TEHRNo X E S HTERTH
D, >V AFIEIC»BIREICEI L T, HIFBEINE D
X, ¥FVTROHEPIRZVWEEZLNS,

6. &R

F1ITRLZED, VPRDICED, KEDIF I 4%
BICEKRHTEL LT 2%, BBEI 4 5T S case 3-1,
3-2, 3-3 TlZ, 195~169560 D>+ V) A% 22 @D K v 7
A E 159 DRy 7 AE R TERHTE T3, VPRD
T, L D F VA Zar 7 MIIRETETED, #
HNIZLE2—F2 2 EDARETH 5. ZNBERBL Tw»
23T VADOBIIERTH Y, FEEROBEM (HIFR) < X
LD EI2E, ¥ & E2FIEET AR
RTH D, KFCTIE, SAT VY IUANZHGT, #EENZ
TV A% HEINICER T 2 FIELREL 7.

—H, YT VADOEPMERTH S L, FIZET 27200 TIl,
BRILZWYF U A OFEER EDMERVPKETH 5. case
2-2 ClE, JEFESMATERIC X b, #2223 5857 RCar
DBAET 2541213 EgoCar 1345 i ICHRAH 2 1Tb 4
WEIICL TS, EHEANOBEBEELFEETH L. L
PLEDVS, ZOBE, 66 MOMRIFEETELFY AN
GEND, DL nEsIE, RYER % H T EgoCar
E RCar DRy 7 ADHAZFARHICER I LI LICKD
FETE %, ZHUE, case 2-1 IZHYM T 5. case 2-1 Tl3,

© 2022 Information Processing Society of Japan

150 D> FUAZRHLTED, LD L%y
THEIDPAFCHRT HICIEILTELETH S, case 3-1,
case 3-2 Tl, 61T, ZOHEMELHE->Tw3, VPRD
T, SAT Y AN Z AW THIEZIT> TV B 70, FRIC
ffZBNT 22 W TES, 22T, ¥ FIVAIIHLT
Wt 2 R OWIRE L e WIEE %2 KRBT 2 65 %2 @ EHe i
THRIEREZONS, kD, EFLORIERY F
VA DD IAADHRBIC R 2 LEZ TS, 2D k) ek
BB T 220D EHEOREISHOMETH S,
5.2fflC R L7zEBD, N7 x—<vRIBHLTIE, >
VADEBEHERNTH S LEZNS. > FH )AL, H
ARIIZIE, Ry 7 ZABBOEICEI L CRERNICHE 2 523,
HlFZBMT 2 L2k, ZOBENHITSZ L TE
5, RUIORLZERD, WUHBHEOGETIE, (nc)2?
—&D% <, (¢) BRIAEL, (n) B—F%»., ko, [
BRI B 2 FuCHlf 2B 2 2 LI
k0, FVAOEEBST I ENTES, flucd, MR
MEEREICBIT 22 BT L & EZL oD, Hi
ZE, X 4 ofl¢lx, EgoCar(4) & RCar(5) DAL
HETH 5723, EgoCar(0) & RCar(5) DfLAAERIX, Z1
FEEETIR R, 22T, Ay 7 2RO —EDHFH
NDY—vDRFNETZZEHTES, K6t i
FNOBYEI Xy 7V ADHEHE 135, LT, By
7 ADPAHED 3 KDL — v DAIBET 2L, n=10D
Bt 39366 fH &7 5. RENENGEDY 184756 HTH
DT, FTI%EIHE NS, ZDXH T, iz R
M3z Eickh, >FVFOEOHHIDHETH 5.
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7. F¥&H

ez, HEEIRS 27 0%205%E Ly F ) A5
HODD T T 7 4 ANEEEHETH S VPRD 2L L 7.
VPRD %, L4 @ Logical ¥+ V& % Wikl 3 % BRI H
WBHRZERBELTWSE, 20 L5 k> ) FTDOMRE
BEVD, ZORIIERELRIBLTHS, > F VLD
Wraxal OBRICI, 8D > 5V 4 DR % BT, 3
Lo T LT B2 LItk 2, koT, BHED
CFIVAORMEBRI-ETHIBETESL I EBEELL,
VPRD 2\ 3 &, ZNNHARETH S, I 51T, SAT V
WARZHWT, VPRD DETFADBERT S5V & %252
THIEDTESL, Uk, WHEENZY I I 2ES
T3 TR, EFUPRERILZSDIZE -T2 2HE
RTHIELARETH S, BRI, BolhREO Y
ERFITL TV R, %I, KT —% [11], [12] &K
BT — % [26) 7% E D BRI T — 8 LRSI B kD
WTHET L TWwEL W, ZHUCk D, HEOMKPZEE
WNRELIZETMULESIDTREIC RS EEZ TS, %
7o, EHERER R Y P =27 PR P ADRIBIZOWNT Y,
S8, WEtT 5.
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