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Abstract: Continuous test scenario is an important content of automated driving vehicle scenario—based
testing system, but its fairness has been disputed. For this reason, this paper proposes a real-time
evaluation method for the continuous test scenario complexity of automated driving vehicle, with a view to
solving the problem of test scenario fairness. Based on the six—layer scenario model, a scenario element
importance assessment system is established ; through analyzing the mapping relationship between scenario
elements and perception, decision—-making, and execution systems, a quantitative evaluation method of
scenario complexity at the system layer is constructed; the impact transfer weighting coefficients of

different system are calculated, which can be used to realize the comprehensive calculation of scenario
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complexity in real time. The traffic circle continuous test scenario is selected to analyze the scenario

complexity of two black—-box automated driving systems, the results of the scenario complexity of the two

vehicles are 1 and 0.765, which are consistent with the scenario complexity encountered by the two tested

systems in the test process. The results can prove the effectiveness of the method proposed in this paper.

Key words: automotive engineering; automated driving vehicle; continuous test scenario; scenario

complexity
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Fig.1 Scenario complexity evaluation framework
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Fig. 2 Point curve diagram of the relationship between
point cloud and relative distance
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Table 3 Comprehensive Performance evaluation index table for automated driving vehicles

S AE bR L b2 A RYA R4B
g 0.48 I i 1 34 7 1 18.19 14.89
pES 0.16 - 349 725 38 15 i) 1 5.44 8.72
e o 3 S B /N TTC 0.34 8.40 12.56
et 0.07 . . .
TR R R PR S T I b 2k d KR 0.66 0.72 0.63
- ENUPIEEYES S oN ] 0.62 2.57 2.10
Friatt 0-29 A 1) o3 A KA 0.38 2.06 1.53




- 464 - TR X FEF

(T % k)

% 55 %

P4 R AL i A SC R E R AL

(L1 (2.4 (L2) (L2) ]
(53) 00 (53) (53)
4= <;1> @ oy wn |
<;1> 23 L1 WL |

TSR AT DXCT8] - i R A b G AR B A
DX [ T 3t AR B R TR ) R B AR R Y U —
AR ] & e IR b oms
2 =[0.3801 0.1146 0.2527 0.2527]"
x =[0.3281 0.1124 0.2797 0.2797]"

—1
b= /2;1(2;1%) —o09061 (2%
7n::A/§Sj:1<§Sizla&) = 1.0896

TR R 0<<A<<1<Tm , UL W AT 41 1) 2
FEFE A R —8ME . Rk, Rz RZE%
{4 T A DX R EOREE [ b FINH — 4R 5 A9 AR R
HAHE P

U,=(0.3565 0.1136 0.2650 0.2650)" (26)

[ 2R, 2 8 R KR =R Kb AR
Yy se B R SR A R AL, 15 B AR 45
DL KX o7 19 37 55 8 28 Jm PR AR AR A 0 WPE 4 dn 3k
4R o

38 3 R A S R IE A AR B
BRME R, LS A B M RS0 LR
T B Ay BT A R R 5B R BT R
G52 LGS E cepion ~ Eesicion ™ Eptement o

F4 GRERTHE

Table 4 Scenario elements scoring table

— 4 ot/ BENE o HTNE S
, , . BTN , .
DS S £ 2% WS

KA 0.3565 3

e WEFRE  0.1136 1

g 01748 AR 0.2650 2
WARZE  0.2650 1

& ST 0.722°9 2
Smig LWRMEZE 0.0828 B 0.2011 2
HAbEE  0.076 0 —

LEFEE 04391 —

G EAER 0.0667 AT 0.318 7 -
WM T 0.2422 —

HE M8l % 0.128 8 3
oo, AARE 0.6757 AEMLBIA  0.2609 4
RER A 0.6103 3

IR R ER- R ARG E Qg C R
B, S 7 B P SR KA B2 AR AS [ B 220 4 4 4 7 3tk
A 2B K S BUB MR IEAN 7= AR i 22 1 n) A i
RTINS 5T H 82 3R A e R B X N ) 4
595 T 3 SR P S R R AR AT — kb HE L TR
B, AR SO [ 8l 28 B VR 4 e A7 B ik R rp oA 1R B
55 L S R G A R I LT A S A AL AT
T IS B BE =0, 34 Jy & 447 B X I A, XA
[vi) Fst 221 2 3500 e S B0 Kol A B2 AT R oy AN E O, A5 )
S5 8 TR, B BRI T M B AE U B i KA
BTyl R A ST LA A T A
B RS B i o MR SF AT, A
NP ARGEATEAGMRKERE T HHEHAA
R ke T HRAE 2 H A/

N T R G AR R R A R B
XF [ 8 ) e o 2 S A R HEAT VR AR R . o0 il Bk
W H A B A 32 30 R G0 AT B A AL
B IS AH ML AL SR 25 R B LA 1 UM B AT A

B 9(a) (b)) ZE AT 3 AE & 7 B i B (1) B
FLE9(a) M ARG T 5.5 sH N B8, A
FI 20 %28 3095 4 ) o 8 i O 42474 5 B/ 9(b)
JB ARG T 8. 6 sHFAYNL B R, ILEF H 3172 3%
TN R 8 A QB A AT M o

F9Cc) (d) 2 A4 AT B A L 7 T 7 5 B (2) i
WL E () N ARG R T 9.3 sHH AL B R
B UL B MR G S ET T 2 I B RO R
B Ji 52 6T 0L &1 8 i O 8 AT R s B 9(d) S #
BB R GG A R £ R S B R L I
B ) 2 25 3 5 42 3 45 3 T 2 R O s

1.0

0.9

e e e
o 9 »

H— L PR

8 PM—UBEHBEFRERRALBER

Fig.8 Normalized decision planning margin

diagram for automated driving vehicles



52 KOk, FAFHE

%ﬁi/‘h$3§

S X % A& RS Ok + 465 -

= e |
//////,,4 AEw

(& (h)
EY9 BsHERRETRERILE
Fig. 9 Comparison chart of road segments of

automated driving vehicles

B 9Ce) (D) Ry AT B AE &1 7 BT R 6 B (3) 3%
T, 9(e) NIEH A RFE LW B R =, 1L
A X 7 [ 8 H g Dk A FRGE B 9() MFE 4 B &
G A SN B DI X R ] 8 i @ i A RGE
PRI A B RGEM RN 25, 0] IR B W A
T A A TR % B e R [ R, S 2 e R
LH W 5B RN .

K1 9(g) (h) kg G447 Bl AE 181 7 BT % B (4) B
L9 () I A RS WAL E R B UL A
BL i A PUNAT N 76 G240 48 1 5 A8 0T HE A ELAT I
B WA 547 N F= A 58 B % v B 8 i (i @ AL ik
TTANGEI(h) MR B REEW0ERE, E
PR AT B Bt A7 N B2 LT 58 iR 5 4238 o A7
S, BRI, AR R T T AT AN 2 o 3l SR, X
P8 (i DAL ILAT A, TR B 7 R 7 % 11 45 5 &T 4b
3 B Z AR A WA, 4500 mx w8 A
6] A A7 AT 55 FN3E B AT R o

o bR BT L, BRI A A A T

FER RS (LKL 6) i b 45 A7 3 (R & i T 47 ok
KR 2, HrE B w2 AR, EExts
S-S ECT B 8 v P R KR A AR Ak T [R5
W) 1 AR S . Sl G BT FE A
B 7 2 by b BRI B T AR AR SR RS
Y RN i & 2 A 20l 4 478, 5
ARG WA LPRLH 33, SIERBRAK L
W RS BRAC H 29 B E S BIT AL AL A
RAEEBNGFERE S K3HhiriE T 2K
o8 A7 R PR R IE ALIEAT A B TR A
B T, BN [ B2 BN PR FAT R SR

Z JBE B S OG R 7 AR T A Sk B B S ), R R A
T B g SR [ B2 B AR g 2 R L M B K
L HENE T A B FR G511 SR g X B0 3
B 2% P E T % B2 AR .

g bl A SO ST B TS R AR R T AR A
T e Y 3 S 2 2 E LA 25 R R A LR AR B
BEAX TR AL KRR MPATRENE
Z B LS N3 5 TR

%tbﬁﬂﬁﬁﬁiﬂﬁ%%%/uéﬁéﬁiﬂﬁﬁﬁ EN

BUR X 343 89 0 SO PR 45 R AT
%ﬁﬂﬁﬂ L0 R G A B TR S MG A 2R B
W 55 52 2% B S0 SCR B A sh S IR LR AT
W AF o AHZE A A5 B SCPFA 736 IR A5 4
W6 Frs .

M 6 B BRI LR BOAR — i SR S
AR L AWM A T A B A%
B AR5 0T 3 o B, F 2 0l i i 2 A b 5 A A4
WA T BT LR S M T A sh 2 3 R 5 B P 4L

5 EE-RGEREMSR

Table 5 Scenario elements—system complexity mapping

relationship table

IR R4 A 4B
TR R G 8.030 2 6.849 7
RIR ARG 0.5251 0.2958
PAT RS 1.478 4 1.3270

xo6 B BRAFMEZSITNE
Table 6 Comprehensive performance evaluation table

for automated driving vehicles

P I RYA RYB
AN IR T AR W4y 0.84 0.94
5 AR 02 2 i 1 0.765
BB 5 L IR I A) 0.84 0.72
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