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Abstract

In recent years, much attention has been paid to the development of intelligent vehicles that
integrate automotive technology into the information technology, with the aim of improving user
friendliness and stability. The representative function is a autonomous driving and a cruise
control. In designing such vehicles, it is critical to address the real-time issues (i.e., real-time
vehicle control and timely response). However, previous research excluded the real-time
scheduling. We develop a model car with unmanned cruise control, design the real-time scheduler
using cyclic executive to easily adapt the model car, and provide some insight into potential
solutions based on various experiments.

AAAF ¢ o] AH ewWAAA} 1 T
«F3d : 2013. 10. 05, A Y : 2013. 10. 25, AAEFL : 2013. 11. 15.
* grfistw 7 FE 382 (Dept. of Computer Science and Engineering, Hanyang University)

R

B
i

sANegw HRENARFZER(School of Electronic Engineering, Soongsil University)
=

e 20118 AR (n&Hr|ad)o Ader dxdqAde] AgE wop #gd A9 (NRF-2011-0012996)

www.ksci.re.kr
http://dx.doi.org/10.9708/jksci.2014.19.1.001



2 Journal of The Korea Society of Computer and Information January 2014

» Keywords : Scheduling, Real-time Systems, Intelligent Vehicle, Motor Control,
Embedded Systems
B =7 F 5AE A gk 23 A = AAIRE Al
= 2=wlo|| tiste] Avfgit} 3FeM = TS A5E AEAt Al
LM E e} ] AL ABR, AEE AT EBLRANE

e o] B4t Balgld Al [T 7147 $3v9

P

N A'ed ABAZ AR At vk 53 A9ALE F
T 5 e AsAe] PP wASE AL S Fad
FAlole}, Al HgAE B g8, Azt Aok g
TFESH= A7 A AELS Tl AAEY 71sA Ao
HEEA] Adggs|ojof FITH(1-3].

71E A5d AsAte] ARt AR BAsks A7 e B
gl Aloj9} L A58 AFAle 71%5E FHs } | @x, %
ARl A ~E 7P gtH4). o|d dAFE A
48 75 £ Y o Rl "ﬂﬂxl b3l ﬁa
W7 BT ThsAol E wEbA A58 ARk Ve
A3 Festa AlES Bl Aes B8k 3lo] AlzEle
’\]Q” FEo| FFAolrt, eyt o] HHL g SHA

g2o|A] Ralth, mEtA] B A o] 83 TaAA A
%O] HER 2AE T

2 drdMe Asd Ak dEA 7l F skl
2l 2853 (unmanned autonomous vehicle)# 20kE
AF2 Z1EE A28 (Smart Cruise Control systems)<

By FEst ARE A 7]'21 Z2A2E A
a17] 918k AATE A g IQFhct, A-&53)
I ~nlE 372 AEE 7|5 74 ’\] IZJX}S’J R B
3= Aol A Hojof SRR o] ZRAAE S]5} dlo]
T ZIA2ERNEY] M (C|SHH ZHAE ~90%)
(context switch)& a3t & Zar} vk ®3 o713

@ olHlEd] 4143

| OISep] Astel @y Bt e =
|
d

>

242 BRAE AGRHE Ao] g old) felE X
59 AR Aol A A P DA

7S AL olo] i H5-s mAAe] me] R17
& B AFAGT 1 A3k, AGS ERAPAA} TR
7k e AP AFA) AL ANIE 323 VY

AEALS} o] Tl o] AT AR S B
S AX7F A 2Eolgln gt} AA7E /\] 2ElO T i*‘l]/\
ZAlz B, 2AEHE FAET ZeAAE A2ge
Fashe Aglola, olFe ARgle] ByFololof gt
22 Belabe ZeA20] JHE Aeta, A4 ddYshe
ZaA|2E Bt AEH e ZaAze] A £AE
BT, oleld 2AZe ] sl me AARE A 2wle] A
T B AlFErt g

Driving part

lH 5 Hil ma_a

ox H.IET

Controller part

Steering part

O 1. AR AT
Fig. 1. System block diagram

AE 7t ZEA| 27} 7R3 e AIRE
Aokde e FEE F714Q0 ZRA2E(periodic
processes) & ZAEGsh= Aotk F714Q] ZaA = A9
A AR gk o g2 dgshe Agjolrt. A ARk
7](period) 24, apfe] ZRA 27t aAshe At HH ot



TEAYAAE o437 A AT AN AnlE AR FEE 3
F71401 ZA2E d=gel(deadline), 5 AZF AlF  Al(eyclic executive)olt). wEABAA = @Y CPUSE
e 7T AAIZE AlzElo] duk Al el de] B A oA O] 713 ZaA 2L ARG S BEsEE
Al 2 A E ZEe o7 BRE ZaA|29] HEgRIE & Ay FAE AR 2l wix|g Z2 a8 e a8
ABHA BAgelr] $lstolc). Z—'ﬂﬂf’ﬂ-—i H=giRle] F7|8Yy AEF +32E 43}(8).
I AIZE AR S HASE = glE Bl Al adel S o
= A d=gele 3 379 2 Zolo} g},
Ak, webA H=2 o—r]S’Jreﬂur-H']i 1ﬂr R okst AJAB| Lx
T, A0 Z2Al2E wiFY] F5E 9 7K Zast == =
AgIA|1 2t (execution time) S ZET) U2 £47 2] A
YA 3] wet 7PAA o)) wite] B A=Azt
s X I
(worst-case execution time) < 7|Wro2 2A% e e - S8 ArsAt AILE
FA3H5). Z o] AP F7E ALY Zolof 3} a8 1 AN A58 Aeake] AlzE Pdzoltt, A
7] Wil oo 21 wEDTH6). Al 3 FEog olFoA Slrh. AelF-(controller part)e
C, <d,<p, (1) MCUS 2hehgh =25 913 2914 5L LCDR o] FoiA 3
1=} . 7] ==
O, AAE eRlz, d, & d=ae depgel, oo Seening parE AR fache s v
< -8k A BEZ AAEY. 8- (driving part) &
P 710157, Ao A2 24ee AN, A S5 ee
rAEe e AEDe RS 71FeE 2l 2AE =g, 1= mEE A9
G} o=l ~AEY T et 28R 2AEHL A~
N _ 1.1. 22 X2
glo] B2elHA, vf AlZelt e Z2AA AHAE A9
E]_ ==z =& 3T = = &
A7E ol o vtk 2AEHE o] gk we, et ¢ A= 10 ;PEXH Z}l Z ‘d‘ﬂ 5 ?; ?}j:i
Q) 2AZAE WA Aol ZaAlze) A4 AT ga o do o maAEl FRsnt TaE nanus
i=4 O =3 O = = = -
: Q—E]—O }\7_" aol y_ﬁr Z‘]O]_]_ 75‘11%3‘1] (adaptive)o]x] T?_]. ;q"ﬁ‘_l‘sg «r]o]—O% @EH X}E'é‘ 01%5.}5} X]—E
W, op 2AZAE ek st ondlet g, g © oo A a}:':] A Mﬂ;“ﬂ e aeds
o] 3 u = =
A ZRAAG) AW AL WA B A%, me A g O Dotk B e W Al A4 ) e,
Z = S 7 2 =A3sF 2= 5
Wl A £HE A % Kew A%, omepel o 0 I CTBEE M= AUT TAY 7 A S
7_”%%0] Hq_ E‘%Z}]O]‘jr. =T ]’i’\:‘ —Cﬂzﬂ }?}%‘5}% T?_]. = 1’9’]' Rl %:ﬁ Z}%X]—Oﬂ
A 7Pt 7IHelth8).
2 o] grlgkS S| flgh A Ao A 8x=
L= ""” o] FoHTt, Al W AA7L WFetn, 19 AL o|FE
Senor =8 ] T34 AAZE Aojae] vk St S3E b
- “""ﬁ’""ﬂl""' - Zwke g x3F REE Alojditt, oy 2& 9l AE&FS
1
¥ ¥ v, fon model 1-8 At AT} 2EEE Agit
e e e
-=doo : ----- Leeeedo e e A lInfrared
— Infrared lighting time
I omitter diode
rror A
1
ﬁl ______ N \i Servo motor for steering Infrared Sensor A

T2 2. B2l TS st =8 clo|o| T3
Fig. 2. Steering part diagram for unmanned autonomous
vehicle

xRl 2AIEY S Tk dEAR 7ol YA

IR 3. UM ety Mo Tt st
Fig. 3. Variation in voltage of infrared emitter diode
and infrared sensor

N} B

AN e AR oz sle & g,

oln



4 Journal of The Korea Society of Computer and Information January 2014

5 ol e Ak, ashd A9 ANE sl vl
Zeleh. Slgiel elel el ee Asjile] s A% 24
A3 AT 5 glor], Azdel ABA o op|d

ek 3 e A9 3 ANe 718 g,
S Wit 08 37} 0|2 Ay a)

Sensor 1~8

- — v
- ___’___"___"___. .-
1 1 1

v v \

Calibration U Calibration U
1

Calibration model 1~8

Calibration ‘

A
< y Encoder
Eror | |€T T T A
&

DC motor for driving

O% 4. AMOfE 32=x HEE AIAH Clojo{ T
Fig. 4. Smart cruise control system diagram
94 W A} A% m%ém %L, @aﬁﬂ 7%
S|

A 372 ZE

2. ADlE %= 7ES

1.2.
£ A7E S e $elE A5 AsAe Vs
o7 AnlE 322 AEES Y. AvnlE 322 A

EZo|g 7|Ao R Al SEE B4 FshuA Ha 3
o] o] Wt PAANE fAF 5 YRS A SE
2 A% Alefehe Azl

g s da A9 A ANsh
(encoder) & o144 Aol A9l S8 424 A
oo AL, Aol 7 BA R 44 2GS AT 3
o Aol e, 2elm A ARl A 398 4
GRle] Adlst Amrzt 258 el Ez A A

= ]

A, <k ARE A < ln
A At Als AdE %‘15}04 erﬂ EEE 24t g
ojo] mpEH 3} e o Y

A= AlFAR T LAY Zolof slrg M A}
el Ao} Als AlE AL H|wEHH AvlE AR 2 7
EE A|xES 233 2 9tk a8 4o] AntE Z2= A
& Alzgl BojErt

PAAT = A8 A He] oA $A0 FAA

0% o]l 2% Yo Aol ohlBE, SelE AT AL
A el 2ol g T ARE e A,

R IEEL E CES CE R
G Aghel Az, 49 B9 L, AAANE steplE 2
A8k B, o] ghESl 3 AR 9A} vl F71mch 4
ofok gtk Wk & 2wl (step)¥ WelA Brh, HAe] 43
98 wsne oAt WAt aene s a9
AES Az8le T2 Aol7t Hel F710e A AL A

S5, A

2. MAZE Z2 M A MOE 28 Mot

A dFAR] AL A58 BIAF Al=ge F 7t
2]9] g AIRE Al sert sk 7l AeFE 9
Ao AlM e g 7] ZrA|lzo|1, T e 2
E AF2 AEEE A7 9= Alof ZaAzolt F 714
o] AZE AFIE BRI A Fele AL 2AENE
THAYAAE o] &3t dAsIATH

2.1, EMEM

Zy ZgAlzel ARt &2 At faE, T4 EAE
AgsilTh. BH Alele] £ 4 Altto] Eojd #, =
2oy doje] XAEI} WHERe] B A g
o} A A BA0R B ZRA . A ATk Al ®
7b =tk v HA B4 O BT fEe)] & A7 FA9
A A TFsd 2AE @741 Zgrbect,

2ol AgFYL A
£ 50 ps it BAF) o
olA] ARt o] ol WD AN} AL o] F 53
o ADCE B4, ADC A1) A7k b
o 223 9 ANE RS, The U ANE QS
o @4 AFHRo] HAFIF 527 whEe] A Ade] 9
& A% A28 oF7h BYFY, aEe dEdS |
aAgetel v 50 s ke $E S alok . A



OF
=T

APAAE o] &3+ T A5 HAIZE AvlE 372 HAEE 5

Alz~ElL Hleglllo] 5.“'9 o]a1, A3JA|7to] 3/”5 o]t}

snlE A2z AEZS 93 AN olzy A LA Algorithm 1 Un.mar.med.autonom(fus driving process
1: Enable ADC which is pair of a emitted sensor turned on
2 400 ps & F712 etk o] gk v F71(major 2: Turn off the emitted sensor

cycle) 2% AREEICE ADCE Al B215k], DMAE 53 3: Turn on the next emitted sensor

57Me] ARAA f& detth o] L2 DMAR F438t
7 W] 2ol A (fetch) & Bo7k gick. aeBE W= T, 1
Q17} AR 24 et o] HgelN 5he) AN ke A L W
2% A 93, 1A 285 Ald 23 | | 1 .
FAW, B ERANE AT A g

9 F Z2A 9ol Ao} AW ZzAL gtk o] Tz ey, mesas] ARk oI
Az Al AAZE AL Ao ek, thE T ZRA Fig. 5. Timing diagram of processes
sk YA AT AHEE BAEARE 0, Ae] 0
7 e, JEM *3%011 A5 G Ak

N

2. 2=ERl AFEE 03 6. X5y 2R
=2 BX Ao ulgl, 2AZrF S22l AlHS 23 Fig. 6. Intelligent model vehicle
ol 2oAZH e ZArt FASEA o
A e o9 Al B SAZEN ) 5
25)7) 2ol Bikw, $4%9 94 WY, evlels 5 o
)

2.3, TEHAIEA A

Lzl iﬂ] Hog AAE Alza'lE 7P o dAH R
T8 7 e 7IHe eSdPAA et 71E dTE UF
= EDF (Earlist Deadline First) 2AEHE SIS AA]
L ERAAE ol 83t AR Al ="lE FEET. EDF
= #¥ g (optimal) GHBFLE A AFIE 7K 22
A2 2AEH7|d 2829 ddele Edsit) siA

_ 2l 7. S A=
2lo] Bgat TAS g AR A} 371 2 Fig. 7. Special road for evaluation

rl:l
r_>.i
r-1n
N

o, 37} Agto] B8 W ofelgol 9]



6 Journal of The Korea Society of Computer and Information January 2014

Fo} A48T SRABIAE 22y T 29
%, 7% @ PN B FHL 278 @) W
S2je] 8500 499 Ml £, EDFSE e
=S Az, AT ASYE RS Sl

FRARAA A 1EE ZZAN W EolnlE A}

£319t). Elolrle B2 F7](minor cycle) vt} JEHE
£ 2yARIT
Bz F71% 50 us o)tk ’\9}%

o) W 7] ZaA|
@ F7lolth, ¥obdew Aus, wa Folvich 0
A5 4T B 7] 222} Ak *M%

ima

F71= 400 us
7] Z2A 27t BE AAME HAA AlolstE AlRME BUE
o 4= Qirk. Hgh W 7] ZaA| 0] A AR 3 sl
o2 @& ogfAIzHaxity, slack time)o] diidoz B
ol AnlE A8 = AEE ZaA| A8 A
A-aHA Zelste] vixetatt. 1% be o
P2 =438} sta ok, o] aeA T, 0] g 37
Az, T, 0] Held AnlE 352 AEE

e Alo] AAt ZRA 2 ot} T o T, & %
A EARIER, ne 15H 8714 EAIgH

oj¢} Zo] AP AA= vQl F719} Bz FVIN A
olwiito 2 FEo] rhssitt. AARE ~A=EH o}
HE goln] & 7)) o] AMgehs A9t BorzE,
AA A ekrte] o2 AR =8 Al AHS

q, ok w8

o 2

A ZBRA S

rl

E

Z2A

[>

o,

T A&7} ~nlE AR 2 AEELS BYAFOZ T
Aslrt. A A fAkeE 23S ota, Yt = Al 2~H
Aeolapr] golsitt, B, &R Asd At A
ol ARg-gitt. a8l 6o A 9Aal AMder 2F ahgoln,
A3 MCU (Micro-Controller Unit)e] 22 % 13}
2t}

R S AR FH| S8 5 A=
AABIAT B4 Aol 2 gljle] FoiRn, A
2pge] oo oAt a8 73 Zon 3%
JEL 7P A2} FH o a7l F A
A AeH

L%

o >{E tlo

S04l

E 1. MCU At
Table 1. MCU Spec.
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