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ABSTRACT

HILS system consists of hardwares which are engine and dynamometer and softwares which
is vehicle model without the engine. It is well-known that because of engine's nonlinearity it is
difficult to describe an engine exactly and not to lose its reality coincidently, But HILS system
is the high technology that can compensaic this weakness by using a real engine instead of
model The various experiments regarding the ACC which are not normally available for real
vehicle tests have been performed by the HILS system. From the results, the HILS system is
expected to decrease the experimental accident rate and save costs and time. Compared with
simulation, HILS experimental results show similarities and expected to increase road capacity.

2971480 ;. ACC(Autonomous Cruise Control : A} 3+7 2}F A o), HILS(Hardware In
the Loop Simulation), DSP(Digital Signal Process : ¥| X" A& A a])
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Fig. 6 Deviation

1'%101]*1 By MgRge £ o=
7445 2 FEsT e B =
=7 0°] H-& #e] RPM &
_,_o]—.‘:- ZAgko] 917 FXwr &L HHAF
71 98l 225 A=7F 48 RPMe] 1000
ol A= AL E F Yk
5.1.2 25t &g
AR g oM 24 F
¢ 4% 5 AYgAF S5 H 93
Al g ¥I (=¥ 9% , dF
=3 ) ez 101 g &
Ag Agstdd. §rEe A
o)A 20 m/sPe R —raiﬂ, 23}
28 Fo 1702T7FE 1000 M
2 uHd AF HELEHZEF 9T
ACCE HA &g 8317 AsfM=
P A &5 P AuAE] AEE
ofob gttt ole AMAg £EHMME

4 £
32
o
I

—IU‘- 30
fir

=

o

4 ok

oo
ru2 r_>.: A AT 1o 1 I

>
i

i

& A7 169



£33ty golWsd olu MM EFHAIY
kol Z(noise)7t EEHH Ao MdFo] FA4
Fe 42 mF Ao}, weti HILS 4
doz ol HFESL Id HBAME 2
A3t Ao e 7HFE #el stuar
o},

e o|=7t gl=
Fig.7% Fig.82 AA 1258 ¥4 g3
F7tE3 BT FYL We AEHe A
HILS ] ®]3e|t,

A%
ko

EL)

.................. 1000
ol =y
\-v- 18]
—_5 -
) S, Z
nE- i 600 ®
> 20 ]
= W mg
""" Lead Vahicle
10} Tam 1*
i
S5F —pmad H0
a 50 100 150 200 25 300
Time{s)
Fig. 7 Velocity (without noise)
20
18 = .
"-
TN H JE—
!
— 14l H
E . ]
= I
8 wi H
gl ’
a g
4
2L
of
-2

-] &0 1M 150 200 250 o
Time(s)

Fig. 8 Deviation (without noise)

£: zZaadda HW i}
HILS BF Ao g7tE FFA &
W 4E(overshoot) 7} LASh= -
i, HILSAAME A4 32t 7 2}
A HgHE 102 TR ohzre] A%
o] MAlSE AL B £ U = d=
Adgx A8 xAFo Frig FEI Fast
S FEAA Frtetactt ohA] ZAst
= Ae B U

17 WEH - 29N

o =olZ7} = HF
oS Fig9% Figl0& AA xol=7f =
Td A9 AEHe| A HILSe 49 A
Feolry, o2y ZFFAY ko]&
(Gaussian random noise)E M HAF £

Z2utdd Hrbsiitt

i
i

Velocity |m/s]

----- feadVeloct = 400
—— @& sVelock
ok i meems valneRy

Disturbance {M]

L 1 1 " : L
o 50 100 150 200 250 300
Time(s)

Fig. 9 Velocity (with Gaussian noise)

30 = —HILE
e Sim

Dewiation [m]
&

) ) L L . L
[] 50 120 150 260 %0 300
Time (s)

Fig. 10 Deviation (with Gaussian noise)

wolZ7F glE A9 FAS 23E o
€ T A%} 0 FE9 AESTIHAA
o]z oo o7t FIE HAYS
7 93, 1703 29 27t srsRA
%%ﬂﬂlﬂgﬂ]ﬁiﬂfmﬁﬂtﬂﬂéé
R CUAELERE R R P
AW A=e] AdiA= s @011]1—‘:- A
A F+ 9l '

5.2 &£ H 2
ditd o= ACCE H&des AF F9
RS A8 T Re g gtk €9 4

s



d27A 1 AT £F AL A

Agst 2719 @A} FYscka 1A

o sx ddstach AW Ax Add N

QoA &7)d) AdAE tAA St 2 £,

#os AL FErt maEd. ada ACC §or

Nx=dAN 744 228 A9 F v =k

% 2y = A9 A% FREF T 13 o

2 AREE Aot }F 1AL AANE S e
o] wt £ §Fe e AolE hA Fig. 12 Deviation (initial relative distance 7m)
o3 Ao} AEE Aoj7b =rh wakA <k

AAE FARE PN AL A A3 £5= BG4 3 HLS 4
Ao WA AAdH gaEsy] 9= ¥ AAhG e AFL 2ol 47 A

dAAYI oFF AL ASE HILSHA = oA HILS 48 A#7t & o & 2345
AE8E & i Bl
5.2.1 =J| AiHc|It orA 5.2.2 =J| AWMt &AL
2t & 39 SO JE 32

27] %4 o8 249= @A w1t b . =
oAt B A$e AEGe|Ar HILS ool f——
A9 Azoltt &7 10m/s & £E2 F ;:,:1.,-

Z zFe] FHsn S wWe dFAYE 3

5meldl vhe]l AoiARE Tm o WY A oo L
o]k, di

L ) " L L ' L
0 10 0 0 40 50 2]
Time(s)

Fig. 13 Velocity (initial relative distance 3m)

nnnnn lend valocity
——HILS
= SM

S R R B % ot
Time(s) e g
Fig. 11 Velocity (initial relative distance 7m) 1
Fig.11% Figl2oldz= 2714 A 23 T e
7} 2nz 22% dAFJEst FHFsd Fig. 14 Deviation (initial relative distance 3m)
A&el A FUMSETIE 9Al ZFisE
A B 4 gk Fig.13% Fig.l4E= %7 ¢AAY 5 mAdd

Rra AARIE 3m d Ade] AlEYeldd

Qe HILSE o168 23713 AoigAs) A971d el B 4 71



HILS 4% Zsolh. 7] A7} ¢a7e
uo} A SRR Helolast BE el Aol 7
2897 B S Agke B 5 A

5.2.3 A2t EH 21201 0.1 & H=2

dPAE A A= ¥y Fol At A
A 1AL o]l & AAQAA 2= 147 F
Hal=y A= A7he Uekdch weba
Nzt A A0 How B2 &L FU
st A oo wet A7 AL FIEA
o] =3 kAL FusEzy Aol A
A7t 2 wE Z=edtA Aok ol JFd)
Ae At B 3He 01 4@ AE
13mz 45t 49e FysiAnh

Velocty [m/s]

1 2 2 1 L L '
L] 10 20 30 40 50 €0
Time(s)

Fig. 15 Velocity (time headway 0.1)

Deviation [m]

s s : L L ' s
a 10 20 30 40 50 60
Time(s)

Fig. 16 Deviation (time headway 0.1)

Figl5eld #4338 &5 zzidg
A IS W A geel s HILSS %
A% 5 zesde] WS FAE 2%E
29g ¢ 4 glon Figles) 22 Azl

172 EECRE TR

MAx Frelide ofgte) Aelzk AAT A
AHE 1.3m2 2AT AE H<isid
HILSE &g 79 Z23E Hola jled
¢ F Ut

6. 22

B 479 T390 FHL AAFHo=
A7 AE S £} e @llr =% 4
FEA} A, &R, 28 Y 58 4
A A9 F LAY AT Abnd dd <t
AL d&st7] 98 44Uy Az
FEASG AF o A mdg o] §
o] 2% AE A Aol AY 71HE A
et lew  olE sty AAZE
powertrain HILS 438 7|HS ALsHL
g Ze F2E 4S5 ANrh

D AAZE HILSE A4 i whe o
o FAE A 4 dow JEFeE Y
oA 24 Alx"E Aol zmam L o]E
A Foket HAIZE d4ite] 75 CPUTF
oz FHE 5 ¥ Alxd HAE YT
FTEEHN 49 U FEeEM B A7
A A ZF powertrain HILS®) 4L 2% &
g F vld¥E o] Ag AN F=dst
Hol  yHz FEL AZEORA
DSP(DS1102)elA4] A Az d4bs 3t 4
& 3 ACCEDe] ohg )9k fAL
o AEe 9% 712E rtEEA

2) Ax AN F8st7] oJHE A9
e F7bE, R RE MM mol&
AT 22 A8 I HFES LAY
powertrain HILSol A &35le] d3 g
ARE 9% ZtEASIT 2=l 444
A 2AF FY FR}E vIeR st 7]
dHAR Bo AA=sr 2 A$-9 77t
< 234 daiMzE dhsdd.

3) I FEHoz TAYPHN JE AF
2o Algd#eld ZEIset  powertrain
e



HILSS) 4% d#E wmste) 38 A3
wdo] 44 AW} fAE ABE nYe
24 2dy AVYE FAT ¢ AN
oz o 2L AAE BU2 YA Aol
43 AeHd ACC Azge TAY F

FAZH B =Zdx nHIA @

= A% 447 A
AAT AFTE
z2A) 5% 7L &

1. Dobner, D. J., "A Mathematical Engine
Model for Development of Dynamic

Engine Control”, SAE Paper 800054,

1980.

9. Moskwa, J. J., and Hedrick, J. K,
"Modeling and Validation of
Automotive  Engine  for  control

Algorithm Development”, Transactions
of the ASME, Vol.ll4, pp. 278-285,
June 1992.

Moskwa, J. J, "Automotive Engine
Modeling for Real Time Control”,
Ph.D. Thesis, M.LT., 1988.

Kotwicki, A. J., "Dynamic Models for
Torque Converter Equipped Vehicle”,
SAE paper 820391,

Bakker. D., Nyborg, L., Pacejka, H. B,
"“Tire Modelling for Use in Vehicle
Dynamics Studies”, SAE paper 870421
AHE A, 2RI “AF AFEA
o) Eodetdy mdy @ Y7, dIxAE
2788 1997 A e =€, Vol
2, pp. 270-2717.

)Ty, AW “‘Edol|d EEF olF
& % 77 XA, FFAFTAET
&3 1997 #AgEHI=EH, Vol [,
pp. H92-597.

Selewq] HILSE o188 Agatd Aot} 4371y e 4% 4+ 173



