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An Adaptive Cruise Control Systems for Intelligent Vehicles in
Accordance with Vehicles Distance
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Abstract — This thesis describes the active cruise control which is a part of AVHS(Advanced Vehicle and Highway

System) in the ITS(Intelligent Transportation Systems).

The active cruise control is a system which recognizes some

obstructions and vehicles in front, drives in safe speed and puts on the brake in dangerous situations as the driver
simply turns on the switch without stepping on the accelerator and brake. PID controller is used in the speed-control by
linearizing the longitudinal model of the vehicle, obstacle detecting algorithm which makes use of the laser scanner is
proposed to recognize the situation in front and the system'’s performance is tested.

Key Words :

.M 8

St At E 2k A el 2 20100 Al Al AFsAF H
= 70605k o) i ) As Al e e 146 R F A 5]
ATH1L 3etth Eoluve AT A Tl HS AFALLEY F
7FE WEAAL 3 7F Az ARS AR o FE o] A oL
th 20109 =REagFutolA] RS 20099 % EREIFAL
3 g Eke 231 9907 o= 20083l wlE °F 7%t E F
7het i Al T8-S AU R AEERoA BAG wE
AbaLz 37487 0|tk AFALE&S OFl6%E LFo A HTE A%
o Ao Fa A] nFAFL O] %%01 =ue A & 5 9
tH2l. sttt solue X 3
7t2 AEA ﬁﬁ%oﬂ’\iE A5y WFAZRATS
Intelligent Transportation Systems)e] -7} s 23
Ha dok ITSe 7jsokelA M g 4 =2 AlxHE
(AVHS : Advanced Vehicle and Highway System)< 3t
SFA A} Z(ASV : Advanced Safety Vehicle)¥} #& o=z
H A GANA oAy A ASVEE Y]so]l HERH
ApFo]l EAIE AL Q= A olth

3:940}1}1]::,

ASVHHE V)& ] ZF AAA A A2uls 73 279
S0l 2 4F F A AHY AT S 9
3 5% gl ebH T4l Active Safety 7]% FolA &
A AA AR HAH S f8te] dA F2E FAE
= N2"Ss 352 HAEEZ(Cruise Control)o]t]- gy A
ol el Eo] YERA kel EAl7F A 4 glo] A

WEGEs mUHYsta st g B
A HG7A Aejste] ALFY A RFgm LA E
WFAILE dWatr] Y8 558 738 Ao (ACC System :

* Corresponding Author : Dept. of Electrical Engineering,
Pukyong National University, Korea
E-mail : jibae@pknu.ac.kr

Received : July 18, 2013; Accepted : July 25, 2013

RSy xee Sl izl WE S5 T Mol AlxY o

Longitudinal control, PID controller, Carsim simulation

Adaptive Cruise Control System)oll thadF ]2l A4
ol A77F @] P E I 9t

wekA 2 =M E 2dAE 29AE AE dE
oz Jd4d Fg 9 vyola dEg HER B golx
A ZAFHe] AYE FA5= ACC Systemell tiste] <l
TFATE E=g ACC Systeme #Ho]A 27119 °]3H ok
e o] A&l A HWE A7 AgE FASHH
Al EEE FolA Hrh XA AdS WA AY A
abeFo] ApdS WA skl AR AbFe] Al HW ThA
ARE L2 7FEsHA 9uh

Set
Speed
Control

Safety
Distance
Control

a3 1 s=38 do g2F&

Fig. 1 ACC algorithm

ZNBH o2 ACC N2de& & a9 13 o] M3y A
o] f-%o  wEl  ekARITEA R Ao} (Safety  Distance
Control), A% E=A49](Set Speed Control) & Ao F == A

A sl gk AW Aol AL Afelt AA Ao &
ol mek BE AAwh BE ABELEE FEHE A0
A Aol7k Bshe], Aol APt 9 Aol 2

1157



[l
N
Job
o
i

2X 62 8% 2013 8¥

g7 29} A5A e
A E A wEA AA A=
How Ha Zoln.

P

—
o

N
)
Ak
o
2
oft ¢
Y
Ak
il
>
e ‘L
Y
o

top Distance

..Free Running___ |
m Distance D:J +Braking Distances D::

Recognize Start Braking Stop
Danger
Situation

Stop Distance = Free Running Distance + Braking Distance

d8 2 et Az|el JHE
Fig. 2 Meaning of stop distance

2 & ] & ot . 331-‘1101] g
& eraAE 4 (3 ol Ao
Sd:‘s'ym+‘gu (1)

o714, g, = A& AL FF AFol FAET HA
kAR Al 4&? gust, S & AsAgd g o
& 98 das F7HE A FFAHE n gt
A S e FF } o FA B okst= tHAYE v T
th Ioannou®] w=EolA A e FF Ao FHAE &
AR A (D2 &3 2ol vebd = qUtHA4l

Sy =MW =0 ) A+ (2)

ANA N, N A A7 BES A A8 4RE

Ao, v, v & BE FYAN AT AP} FF Y
Ao Aol Hm o5

o Eolth wed FE 7
010l A 2d| A4 @

alet.
8, = A, + A (3)
4 @& Agel HEsb oF 10MPH 37be duid e
o A% Aol el U ABAE vhew o] EAY

v; 3600
Sm )\21 = 1—0%7 0225[/1)7 (4)

1158

= AME AHEsle]l §=008mz Alotaldt) w4 (4)
g JlEe® 0025z F7E e AME AHES S
ﬂmmiob%A THor ugy e FF AFe oA
A s =3 4 ).

S, =0.225v, +0.02 %)

22 MY XY PE Al2Y

dold 2AUE B A% 100° 18070 91 5
AR =AU 2 el wek et ge) e ss
Ad4ns EHach aebd ge) Quzg Ay gug
gdske FREAC—0delHE 13 33 Lo AwAE
Ale—p2 vebd 5 ek,

80m

[Hre]

Laser Scanner

Laser Scanner

a8 3 2ol™ Aol ztE Bt
Fig. 3 Coordinate transformaion of laser scan data

golA 2AYE

MR Fa 209

7Vt el AR 2] AR A gs ol 3
=9 TALHY FHAAYE Ferh s ol &g At
Z99e AE 7] A AAEEE =ol7] f35te] 4 (6)F
Zol #AES o velHw gt

N

714 ol H AL = HelHEY Index® AAE A<
e #ales #illE Afde 05 ogusth 2 HEH
A AAetel A7 F 2= AuFIFARE WIS ggtoln
max oA AU HE 7tee FHd AolE ofugt
A3 4 ¢l ROI(Region Of Interest): x}#o] HZof o f
S gdte] deoj& 2 E R ek &4 oo dolE
£ ol&3te] FellES HAEF37] At 2 (DI ol mFE
35 2] (8)3 7ol thresholdys©]’3el W3lEES Hol: A
< ClusterDist(i) 2 -3t}

Adist (i41) = |dist (i+1) — dist (i)| (7

for |z;|< ROI or |z, , |< ROl
QusterDist (i) = | Adist (i+1)| (8)

for |Adist(i41)|> threshold,

ist

ClusterDist(i)v= gl &2 7HgAtE e sldst=
7] witol Fe2H e FAol| g Zt == ClusterDist(i)ol
&= indexE o] &3t 7HFAE o] Al AHY A Z

> 28] 81289 47 ClusterCenterAngle(i)

FAEO]



13)

Trans. KIEE
. . Vol. 62, No
, No. 8, AUG, 201
, , 3

F,,+mgsin(0)

2 2AH] Ag

gl

U]—x

£ 4 @9 ol T8 % Atk

o KT M )
T g S K P >
N o) H ,NE ‘E = Lo Ay et
B o Do - W 2 = B R o RO )
o 2E Xz B i N = m )
mjtprwﬂw. = T = T E ol 5 G &)
J - o PO o < bd — = )
Twe ol 0 Tk S ww g Mo o 4 = o &
T o 7o ToR AT kN ‘ul 3 0 ﬂ_AI = AE N N = “WE @
N o ol A o —
cllcl fom T T g T .
Yoo g0 E %A Pow R T sz 7
& Y <A x B T o o =
o _ﬂlMUr %Aomﬂiﬂn wﬂmumﬂn;otuu MHMW 1 - .
o o A%M_AWUr anﬁmﬂ_.mw,maog urmUr R s =
e B4 HEw Y T oW o Cow SO} =
ST y o o o8 I o 5
T ot g, N < W g o o % Z T W ? - B o
S ) LR, do B ﬂmﬂﬂﬂﬂw o W %, J
T LT O G B T ok 3 i <1E
o OO o =2 L _ w N ~ T ny e
n®eExT == o i e g W g < B
SR, e T & Mo gr RGO 2 - ) N M ¥ = T 32
ST % W SR S iz ® . ~E
T sl ¢ Go® S TS A S O B
— — o) W — Ay e l s o T 3 o sy = - 8 s
NN o < R - S bl Lo = 3§ =
i e 0 TX Fe LK< % A ST =
o W %o Tk g . ﬂa‘mg%wrf g B 3 5 = = 4 g
@ m S SR SO T g | o =3 2 |8
B -~ ~ S5 l o I G
B 3 MoE N T ) TR g ‘8 ¢ = = = = E
i 2 o5 7 CF FE 0~ g &
w [ ey s~s 7 = It
1o = %o T S =
N oo ® 5 ~
il - .2 s S 70
w n o X i = = xm W T -
g = o B dp 4 - = il ~
=] O S o~ ™ r — ~ H_W N {
£ 3 ° LB =z Z Amoar
o S = Bl m q of T < - = o] =
s = 00 oF iy W N WoF we - :ﬁ_ ! N
; % [: i :
S 0 = I = ,nmﬁu ol m X i N { b £ +
) s e < Ho ol | =
= 3 Ko o ™ ~ o| il 2 & o wt 3
= 2 _ & & ® B Mﬂaﬂ:u K 9 o T
2 Sl oK ~ o m o Mo FM ! o <) o= <l
2 + 0 o W 3 up 4 4 ™ = = = N
3 = F.____ v JE ~ 9 wr = < Moy B
g ~ =2 o o M0 o 2 # b n o T x =
S = 2 o = W Q = oy o T e =4 i [ < 5
2 s T - W 3 s Fe T W - X3 @
M — An % m._.m T ™ %o = b‘. ~ wa ‘:L _L o
ERSIE- S oo BE & zo I Ry s = 5 WA %
ST S 5 mo0 ik = _ =T = N =) = ) Jo
© 5o ; = " 8 Ho Yo ) ny A o
T2 8 2 o o =5 W ny L LW | Yoy % % < i
r B %S Hoow oo L8 TE o < PO o - Foewd i
mm R B w2 mﬂ iy oy oo O ! gy X = il S 2
> S —_ X = . o © T ! o o
ok @] K MAr_l o = T w0 m MM 0t Fh ‘:1_ ‘U| jm ox 70 = Mm ﬁwo w d| |_.“7._|
W AF A ™ w2 T 2 f AR ur e 5§ 0 &
ooy D > ! £ = o e = g 5 X =2 s
® v o <+ < Mﬂo = K g Gl = 4 J dp b b
E o R =T Es g =Eh TE ¥ oy eED 5
; : : S -
nl _Mlnu X Vd g T S 1o w I Mﬂ . C/MH\ KX o ok
al @ LETE N S - 3 o
wowE R L No B oE < 3
I
A Mw o MML T 0
~ TR do
K



HM7|1Es=gX 62 8% 20134 8¥

9l A (18), (19), (200} o] v MAS
T 2dS 43 4 glom o]E o] &35y ]’%k-f] =
FS 9 Turgk Aoj7)|E A s

32 zde Mozl dA

atFe]l Ty Rd2 ndgelng FHEH HdYPs)
(output feedback linearization S PID A=
T T AF £x Ao E AARY. FF A A
& b Ak cg}x%ﬂa]a frAsfoF gt wekA
T TS 99 2 A3 A=F
9 +

C
$58 RS SR 0xE AxTo dof

= ==

N
e}
|
o
oo
ol
ol
_EL

s},

321 &3 =Yg ME35|

Fapel WY Ese AN AN AR NE
Qo2 FiHeE AE UM UHL e 2o 49
+ 2

1 -
u= {c —b(x, I)] (21

3714 A 2EPH o= AFAxw Od gPow

Aole & Ak,
4714 A 2DE A (2009 w4 E
=

e HRIAsge 9 5 9,
2~ "l o
i

e Age) AFTAzNe 0E A% 2e 4 v Y
Arow x¥T + drh
2171 o0 0
Al Ofc, (22)
=1 looo 1

322 55 Fd Ho A" A

B o=Roa] Aol A]~¥"2 High Level?} Low Level®

Uiro] A3, AlojAxdel T4 1Y 59 gk

High LevelolA& A3 A" 2335 7]3o=
dist,,,,, =00 JHE&L wE 71&HE L, dist,,,, <0
vl &L FEE Bk 19 SlA /A% 297 =
A& A4 PIDAIO 7= K(S)_13 K(S)_2¢]1, 2] (23)7
2 (st 2ol Ao & 4 stk

ali) = Kp,e (i) + Ki, / e(i)dtH(da@(i)%w (23)

506) = Bie (1) + 6, [ e(a+ 10, “ D=1 (21)

7bEE A% 2 (23)9 av TFEEIEY Aol Hx A%
1™, &S 98 2 (249 g Buola #HdEe] Ao &
F YA ZEgelty. Kp, K, Ki= PID A|o]71¢ Alo]4
Z=(Controller gain) ol AlEdolAe T3] Fd3t 2 Al

o

1160

gttt Az AR oAE 2 YERM, Ao 27F2

e(0) >00.2 Aolsto] Aojgjeo] 27kl HA gt
Low LevelolA3= High LeveldlA9 Ao} Exis

MCU(Micro Control Unit)& AHg&-3le] 7h&/7h4& Ao ot

|

High Level

Laser Scanner

) Control PC

= =

H I K(S)_ (1) | | K(S)_(2) I

[ Ry e —— oy ———— p—p————

Low Level

DA

38 5 558 Y Mof Alxg

[SRSE=) =]

Fig. 5 ACC system configuration

¢
S o -
>

1A% A B wael Agen eﬂﬂ
o FANAY D wpRe A FaAzEd s U%
NEAGIHE A AT WA Aol
AA AW Aol AR slolAEAte] mahu] zpae

v gEel el F 1o YERAT

= o

i)

T H A o2 N

ot oo > 2% 2 @

©

ki 1 A2 mefolH
Table 1 Parameters of Vehicle Model

Parameter Vealue
m 2055 kg

K, 0. 4165 kg

Y7 - 0.015

T 0.25s

I 4. 88 m
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Fig. 6 Velocity history of the preceding vehicle
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