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Abstract : A higher level of autonomous driving is required amid advancing autonomous driving technology. Accordingly,

there are concerns about the safety of autonomous vehicles under complex driving environments. Autonomous driving

system verification technology through simulation has been attracting attention because verification measures by using actual

vehicles are time-consuming and expensive. However, since there are different scenario formats required by various
simulation tools, it becomes difficult to achieve productive collaboration with various organizations. Therefore, the ASAM
(Association for Standardization of Automation and Measuring Systems) developed OpenX, a scenario production standard.

However, it is still not applied to some simulators. To solve this problem, this paper introduces a program that converts a
standard scenario into a format that can be applied to simulated conditions. The program was created by reflecting a detailed
comparative analysis of the scenario format required by OpenSCENARIO and the simulation tool. Thus, the match rate
between the converted scenario format and OpenSCENARIO, the format before conversion, was calculated, proving the
appropriateness of the program. By using a standardized framework, collaboration between multiple organizations

participating in the development and the verification of autonomous driving technology can be efficiently improved.
Likewise, the time and cost of sharing scenario files can be reduced, enabling autonomous vehicles to contribute to

commercialization.
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2.1.1 MILS(Model-in-the-loop Simulation)
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2.1.2 SILS(Software-in-the-loop Simulation)
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2.1.3 HILS(Hardware-in-the-loop Simulation)
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2.1.4 VILS(Vehicle-in-the-loop Simulation)
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2.2 OpenSCENARIO
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Fig. 1 ASAM OpenX structure and components of OpenSCENARIO
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Table 2 Comparison of parameters between OpenSCENARIO and CarMaker

OpenSCENARIO CarMaker
Type Ego Traffic
SpeedAction (m: Traffic Manuver index, #: Traffic index)
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Rule Greaterthan abs(position- EntityRef.position) >Value

Lessthan abs(position- EntityRef.position) <Value

RelativeDistanceCondition Traffic.z.Man.m-1.EndCondition

Rule Greaterthan abs(Distance-EntityRef.Distance) >Value

Lessthan abs(Distance-EntityRef.Distance) <Value
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Fig. 4 The overall architecture of the scenario format conversion program
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Algorithm 1 : ScenarioFileFormatTransition

Input : OpenSCENARIQ, OpenDRIVE
Output : Scenario in the Simulator format

1 Maker Datebase From OpenSCENARIO

2 OpenSCENARIO «— XMLtoStruct(OpenSCENARIO)

3 DB « Preprocessing(OpenSCENARIO,OpenDRIVE)

4 fori=Actors

5 SimpleDB.{Actors}.{Init} « Extraction(DB.InitVel, DB.InitPos)
6  forj= Action

7 SimpleDB. { Actors}. {Action} « Extraction(DB.Action.Type)
8 SimpleDB. { Actors}. {Trigger} « Extraction(DB.Action. Trigger)
9 end

10 end

11 NewScenarioParameter <« ParameterMatchingCode(SimpleDB)

12 Edit(NewScenarioParameter,BaselineFile)

return NewScenarioFile

Fig. 7 Pseudocode for scenario format transition program
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Fig. 8 Cut-in scenario in CarMaker and OpenSCENARIO

(a) Cut-in

(d) Fast overtake with re-initialization . (d) Overtaking

Fig. 9 Simulation visualization (left) OpenSCENARIO by Fig. 10 Simulation visualization (left) OpenSCENARIO by
esmini (right) TestRun by CarMaker IPG Movie esmini (right) XML Scenario by MotionDesk

438 E=R2E238E =27 An2H A5E, 2024



Scenario Format-Conversion and Consistency-Validation Methodology Based on OpenSCENARIO for Autonomous Driving

N
A
to 1
gg
rir
>
T
AL
to
o
£
e
rlr
ke
Wi
2
2
1o
i
oft
o
sl
(1)}
[}
bY

=
o121 EsminiVoll A A &gk Zlo]al @ &% 137
T Ay AP AlvEl e shd S ZF AlEY
A AlFshs Hol 2 A mFolrh AR e 3
S zhe AU @ gl e] AAEe] 2 F3 HARE
2] Fgate= A& G1E vk Fig 8(b)2 A1k
e S g I eA gojste] B A AlA 27

.

ol 2ol 7} WA eh= Ze & 5= Atk o= A

fE e Lo
)
2
[
o,
il
=
o
(o0
i)
N
=
Sl
=2
i)
O?':
(<0
ol
Ir
f
)
9,
£

W A5S hs 7ol Eke] Akt
enSCENARIO®} Aok W gk 71gs)
715-& s AAA1717] o |t o=
%5 JER Fig. 8(d)9] P 18-S
itk rejuy, gk Bl A wked s

59& 239 @Al 3 34

ol HuE g5 AlE
e ol B4R A8 4 gl oY

Y
&
o
olot

Y
ofy rlo
o

A
o g

S

9,
k=)
192 et ru

e

O,
«

offt 1
o

ro o

3

L
5
pud

L

Wy fo dot o rfr

A 25 o 4l O ot > Tomlr% oft 1@ 2%
o X
ot
I
[o ®
il
o,
N
)
ol
ol
N
do
o)
ox
s <)
ox
Mo
1%
i
>

o mu 1o e oo
QL
rlr
=
2

_0|L
=
o

N
1
RMSE = NZ(}"Open.E_}"Sim.i)z @
i

Vsim ¢ Simulator

Yopen : OpenSCENARIO

OpenSCENARIO®} W3} A ub2] 2 ZF AJ 7t u}
A E 9 E So] Uik F dlo]E| ] Hif x}o]
dst7] $18l RMSES AlAbelgiar, wgk 29
T BANE A3 sk eA Hrksk] 9kl 2
e AES F3ehs A9 91X L &= o]yt
= 49, F dlolE 1F A48 A3 IAIE Pearson Y
AFHE 24319tk A (2)= RMSEE OpenSCENARIO
W3 AL ol A ZH2) A& dlo]E] 1te] Aol E H
gt} A 75= Table 3] YERARATE Table 3614 AlLk
gl =R A9l 9]X]e| gl RMSEE ikt Axprt
Hit 2 ~5emSl AL ER13E 5= e} o] gt Qb=
EX G dol A AR AE =2 X o] $1%] A g
TP 7121 10 cm o] 9] Fho =2 31§ 2.a} 9ol &3

o] tha A= W 0.01 m/se] Q37 A EL =)

O rju
e

g
N

o

(SUI A A

2
2
1o

2 rE oy

rlo
=
)

o
o to
)
oE
do

)

|o

U

i

g

ik

BN
ol
32
tlo

me Ml b

o oE 2 fo
=
>

S < R )

o Mo

[RECRDY

o > x
)

e ¢
>,
o

(o

r

>,
E—Ti_;f‘-:

a4 £
o
to
i
1A

ol g Bl

Nofo &t
>

al

flo o fo oft mx

32 O
o my 9 ™ o

M
2
o

o=
RER CREE
Lhro] Tk -1 14kl 9] 7k
| Agigre] 19 77He4% % djol¥] 1
A7} e olvl gt

3

rr
>\I
B

o2

4 mx lo
o

&
Z
Q
=
ox
M o
1
o,

[e]

=}
W FN

oy
X2
rlr
i}

[o

\]
N
Ol

T

2
N

o

Y
i

Z(}’Sim,i = ysim.i)()’o:)en.i‘ - ?Open,i)

- 3
JE(ySim,i - ?Sim,EJZ(ZVOpen,i - j}Open,E)z ( )

Vsim * Simulator

Yopen * OpenSCENARIO

Table 3 RMSE between OpenSCENARIO and TestRun to
evaluate the error

Scenario type Actor | ObjX[m] ObjY[m] ObjV[nvs]
Ego 0.0227 0.0001 0.0063
Cut-in Al 0.0049 0 0
A2 0.0056 0.0006 0.0001
Slow preceding Ego 0.0313 0.3199 0.0019

vehicle Al 0.0418 0.2541 0.0000

Ego 0.0404 0.0000 0.0126

End of traffic jam Al 0.0555 0.0000 0.0036
A2 0.0466 0.0000 0.0034

Ego 0.0410 0.0000 0.0037

Endoftrafficjam, =\, | (6601 00075 0.0127
Neighboring lane

. A2 0.0000 0.0000 0.0000

occupied
A3 0.0000 0.0000 0.0000
Ego 0.0003 0.0764 0.0235

Double lane

Al 0.0057 0.0161 0.0001

changer

A2 0.0000 0.0113 0.0000
Ego 0.0011 0.0700 0.0199
Al 0.0000 0.0555 0.0056
0.0000 0.1566 0.0000
Ego 0.0074 0.0651 0.0173

Fast overtake with
re-initialization

Overtaking
Al 0.0058 0.0116 0.0000
. Ego 0.0100 0.0766 0.0236
Traffic jam
Al~A6| 0.0000 0.0000 0.0000
Synchronized arrival ~ Ego 0.0130 0.0720 0.0130

at intersection Al 0.0747 0.0123 0.0126
Ego 0.0937 0.0197 0.0092

Close Vehicle
. Al 0.0299 0.2135 0.0990
Crossing
A2 0.0264 0.1470 0.1124
Average 0.0194 0.0496 0.0119
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Table 4 Pearson correlation coefficient between OpenSCENARIO and TestRun to evaluate the consistecy

LK=LaneKeeping
LC=LaneChange

Scenario type Actor Maneuver ObjX OobjY OobjV
Longitudinal Lateral
Cut-in A2 Constant LK —LC 1.0000 1.0000 0.0000
Al Deceleration LK 1.0000 1.0000 0.9984
End of traffic jam

A2 Deceleration LK 1.0000 1.0000 0.9991

Neigizigi:ﬁ: i ?g:pie . Al Deceleration LK — LC 1.0000 0.9953 0.9995

Double lane changer Al Constant LK —LC 0.9956 1.0000 0.0000

Fast overtake with re-initialization Al Deceleration LK 0.0000 1.0000 0.9997

Overtaking Al Constant LK —LC 0.9964 1.0000 0.0000

Synchronized arrival Al Deceleration LK 0.9999 0.9999 0.9994

at intersection

Close Vehicle Crossing Al Deceleration LK 0.9998 1.0000 0.9708

A2 Deceleration LK 0.9998 0.9999 0.9631
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