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Abstract :

Most vehicle controllers are developed and validated with V-model. The model in the automotive industry has some

traditional methods called “X-in-the-loop(XIL).” The validation of the advanced driver assistance system(ADAS) controller,
however, is more complicated and needs more environmental resources because the controller interacts with the external
environment of the vehicle. Vehicle-in-the-loop(VIL) is a recently developed approach for ADAS vehicle simulation that ensures
the safety of critical test scenarios in real-world testing with a virtual environment. This paper presents a new architecture for

modular vehicle-in-the-loop(M-VIL), which contains four parts: a sync module, a virtual environment, sensor emulators, and
visualizers. Each part can be developed and modified separately and in combination with the other parts. The structure of M-VIL is
expected to save on maintenance time and cost. This paper also shows its acceptability by testing ADAS on both a real system and

the VIL system.

Key words : Vehicle in the loop(71’d-8-7 714t 71 5), Advanced driver assistant system (5 T2 % 2} 1. Z A] 2~ ¥l), Autonomous
driving(AH&=38), Validation method(F % 71'H), Virtual test(7Hd A1 §)
Subscripts - W2 =7kl gk thA 7 H g sttt - 2pe) Ak
o] ekl WA F Aol 9t LA BEA 2T 5
ADAS : advanced driver assistance system ©l t d_ 3 ] i
. e Wl Al Bl e Bolt”
AD : autonomous driving ~
. 2 Alol7]e] ZF At @A R 53R AP e
MIL  :model in the loop _ -
. Eol EAgt el 7Rk HS(MIL)-2 Aol 7] & 3 57H
SIL : software in the loop o B
. Algdold Rl FRlste] daeES wEA HS st
HIL  :hardware in the loop T s O s Sa i ol AxEg)
7 E—— 'C_‘E »_L.:"_L_»__
VTHIL : vehicle traffic hardware in the loop - ° e "
o of 7k A Z(SIL)_ A= AA AFE} A7) (ECU)
VIL  :vehicle in the loop N B
o] G 4 A= o] 2JAL = =(Pseudo code)ol] th3}ted
LA A% L) o] F 74x AEE o A k)
T £ Alzkel AlB ol o] 7Hsdte] FHe ARkl W Al
A Aol FAEE w4 wRASY TR gules A5 ¢ Ak Bee® sl i 1%
FASA S7keka Ak o AL LAe] el R (HIL)el A= A ECUS) A9 BLEA ol tjak A
= U A& AEA 9 S-S ST Aol slego] gulel HEe Ara FA A S8t
B9 e sha kY diR o) £AA HEA 5 glnk vhAlgto2 A3k vhAlel A S A2 8lo] m
zrle) B 71Ee) AzRld BhE dsaen, il @ A%e A Bk A% wAdAE AR 5
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Fig. 1 MIL-SIL-HIL-Vehicle Test
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Virtual world

Fig. 2 VIL example

CAN Signal ————Ethernet Signal
----------- Internal Signal - - -~ Video Signal
Virtual Environment
Module Sync Medule v
v y ‘
. Sensor Emulation \
Visualization Module Module ‘

' b / RCPQ ,'1

g .,cu GPS/INS /

Monitor

DTIVEI' Vehicle

Fig. 3 VIL structure

Active safety light 7)|'@ol] 288} gt AJ7to|| I Al
Ty 4= 2SS X AT Marius Feilhaver= 71733+
AR AAEE 4= A= AA IS FFEdo]oF A
oj o] T 7px] W o & Fisko] Aqkal koY
ok, A8 AgEoAE oln] EAlskeE AlEdelA
Alz=gloll VIL 2-& A &5317] 913 ks A8l o

Aol Z3tE = A 8RS TS =5 H]E-S ok
g Atk SAlN A T 2T e Y AAE
el FE AES 174%‘ 4= At} Thomas Bock- 7]
ALeF AlEdlo]H ol 5733 2 (Augmented reality)S <17
St sl=do] S ;q]o 193t} Yvonne Laschinsky+
©
=1
<l

[1T1 oﬁ n?L'



Vehicle In the Loop2| BES} T+ 7

u], o]:= VILS] A4 845 A gst| *Wﬂovl %o
], Al g o] MRuE-S EgSkal A gt 53] 7]
E A EY ol SR Ag A o2 S 1o,
o= ARt oo met AE 8-S - wAs e
g A Zbeth 23 A o= VILY RS
A Qtal= AF7F ob 2] EAEHA] Feth & ol A=
VILS] 74 8 45 #Elste] BEsL go=n, 7t R
2 SHAA M g WA o] 7heet 5 Abtaat

H =50 2% oA VILS 4714 59 7| & x99}
=k 2 nE

7)
sk

A& Bl AdE Alz=Hlo] VIL H2 o] 313 } A&
gholslt), mix|uto & 5o = AekE VIL Al~Ele
RE 7PAX S A&t

2. Modular Vehicle In the Loop
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2.1 Virtual Environment
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7o FAlolt). dlE& £9], AEB(Advanced Emergency
Brake) 2} ACC(Adaptive Cruise Control) o] 7]= F¥ 9]
2bFolvh B atel 71421 #AE W om, LKAS(Lane
Keeping Assistance System)#l| o] 7] 2] 7§~ T =2 2] =}

Ho) Fed adlo] frk w3 Ee 570 AT WA
el A3 AB5ol AW, ARk 209 agl
o g wA ATk 2 ol At o2l AAE L A

2hel] whek W7} glis Al

) A|(Time invariant ob]ect)

Table 1 Object database

Time invariant object
o . Object information
& Buil ’
uilding, Sign Location, Rotation
L Road line Line 'mformatl(?n,
Location, Rotation
Time varying object
L . (T/1) Location, Rotation
Signal light T -
(T/V) Light information
L . . (T/) Object information
Moving object : -
(T/V) Location, Rotation

*T/I: Time Invariant
*T/V: Time Varying

Al Zbel| mhe} W Ek= Al A (Time varying object) =

25+ u}, o] = t}A] ZF WA 7} ADAS/AD Ao 719l ]

= 57l whe} Table 13} o] -Eato] Zh 24A] 2] 9

9,;\"5 XJH*E— 2494—‘—},@1;}_ E_Eoi ﬁ—ﬁg.‘i Xg_gl_-‘;—‘

A|(x, y, z), ZFAl(yaw, pitch, roll)7} At}

C A A B, AW, VI FRE D (R
.

r\l

S

E)

5 A7kl mE Wa gl A
PR A AESe] S R e e <
A, BAA 5 917 5 A7kl upet st sk A4
AW A S A AAE TR A

AZZol x

Information) 9} 7}3H74 & 7F WiellA &A1= 9
(Location) 2} AFA|(Rotation)d H.E- 3L =
29} Zro] A1A, A 59 —L—Oo}:(LTn)‘L]‘ 3 -2l
AWHLC,) R A HE(C,) 28 MEH(D,) 0] 7€
Ek 1311 A1l 1A (=, y,) AHA(9,) BRI YTk A
23S B33} 95kl 2 AR E nale] 2FA A
E= O]“r‘ﬂ I V/}
Al MA =
ARk ‘iﬂr\’/}tﬂo} A5 A
B8 MA|(X, B A 5) Table 37} %
AA o] el E Y F U= B == (n,, n)E A
BW ARE ek, olE ks F1A(x, y,) 2k A
(yaw)= A AIE AR E S50 €rh

33

Table 2 Example of road line database

Time invariant L, L, L,
Line type LT, LT, LT,
Line color LC, LC, LC,
Curvature C Cy Cy

ACurvature D, D, = D,
Location X1, ¥1 X2, Y2 Xn, Yn
Rotation 0, 0, e (SN
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Table 3 Example of moving object database

Time invariant Static data
Object type type - passenger car, truck, pedestrian
Shape node (nx1, Ny1), (N2, Ny2) (N, Nyk)
Time varying t(1) t(2) t(n)
Location X1, Y1 X2, 2 Xn, ¥
Rotation yawi yaw, o yaws

bk A7) 7k A A ) el Az ¢
dlo|Evlo] th Bl A g ¥ 5 Qs G,

2.2 Sync
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2.3 Sensor Emulator
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2.4 Visualization
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3. Field Test
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Photo. 1 VIL equipments RCP, GPS/INS and testing scene
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