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Abstract Increasing environmental concerns have prompted countries around the world to tighten
regulations on greenhouse gases and fuel efficiency. Research is being done using advanced driver
assistance systems to improve fuel economy and for the convenience of drivers. Research on systems
such as adaptive cruise control (ACC), LKAS, and AEB is active. The purpose of ACC is to control the
longitudinal speed and distance of the vehicle and minimize the driver's load, which is considered useful
for accident prevention. From this point of view, research has used a mathematical method of safety
evaluation as a function of distances and scenarios while considering domestic road environments. A
vehicle is tested with a simulation in a proposed scenario. The purpose of the analysis is to verify the
functional safety of ACC by comparing the theoretical calculations using theoretical equations, the
relative distances in the simulation, and an actual vehicle test. These methods are expected to enable
many companies to use scenarios, formulas, and simulations as safety verification methods in the

development of ACC.
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AARCR SFEA B3t 987} F55tal Utk
olof 9 N|A Zt=o] AFA; 2A7FA AH] FAE
Zatotal Jlow, AFAF A2 A7 AE AL, sfol B
Y AEApet 2 J8H AR 7e/iEE AR
g3 gdHot1 ot E3 58 A4 € 5HAY
AEFY ¢ AFEE Foto] FHEAE FAacH
= 31

olo] SAHEAE /Nt ARFEE 271 Hell o
g Hd 232 AY AIARIADAS : Advanced Driver
Assistance Systems, ©]6} ADAS)E 0185t I} g1l
QItH4-5]. TSt ITS(Intelligent Transportation System, ©|
3} ITSS &-8310] ASV(Advanced Safety Vehicle, ©Igt
ASV)TRA AlAE 320} ke I8skal QL 1TSS 88
S A|2E] ARJo] EfjE]o] [SO(International Organization
for Standardization)/TC204°1AE 25 AlA”S] =+
AFEES APgstarl AeHol

23 T ASA A2 28] Wolg flsf ok
St ADAS 7fgo] g Zolck. 1 % ACC(Adaptive
Cruise Control, °]5} ACC), LKAS(Lane Keeping Assist
System, ©Js} LKAS), AEB(Autonomous Emergency
Braking, ©I5} AEB) 52 AlAgl0| theh d7} 6] X
3 Fo|eH7]. olEet AF-E o8l AL AR5k
1 A2E A6k 7IeT @ Boto], AeFr1e] i
IS 9o = FoltH8 9l

11 5 ACCY =& AA3At & e £k A=Y A
o} B3l 2AA9] XRS5 HAast AATE=T §lom,
AL et BiR]o]l §-83t AlA"l o g BrlE|w QItH10].
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7 71%0) Beske ACC AIEH7 #Pel A3t A&
X3stydet. E3L Son 51312 ACCY 4 B7He
gt AlEF o)A (simulation) 73 S st AU
£ AIjtst¥ .o, Moon 51412 ACCY] B7} ==
< AABFAAL, Yoon Sl15]1 ACC FCWS(Forward
Collision Warning System, ©J3} FCWS)9] 7153 %
BN 9% A TR0 AREY) T AR}
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2 AFollAE FYSHA 71gstar 28513t
- ACC AlAES 93t 22728 & wEHOo|A
Asoke 1EgFHES 4E
- X2 Z2 35mE g4 g
- ACC AI&’I9] 7H: 582 X7k AMEAL tiRdd
HEA] AF
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Fig. 1. Detection range Scenario
Thus, LV is Lead Vehicle, SV is Subiject Vehicle
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Scenario 1 Scenario 2
w1 —
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% [ accleration cut-in
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Fig. 2. ACC Test Scenarios - Target Distinction

Scenario
(a) Scenario 1 (b) Scenario 2 (¢) Scenario 3

Table 1. Scenario 1 condition

initial condition after condition

SV setting 30km/h, SV setting ACC S?,Ster.n
velocity 60km/h, velocity operation in
80km/h initial condition

LV 1 setting LV 1 setting |initial condition

same as SV

velocity velocity +10km/h
LV 2 setting LV 2 setting | same as initial
R same as SV B L
velocity velocity condition

Table 2. Scenario 2 condition

initial condition after _condition

ACC system
operation in
initial condition

30km/h,
60km/h, 80km/h|

SV setting
velocity

SV setting
velocity

LV 1 setting LV 1 setting | initial condition

same as SV

velocity velocity +10km/h
LV 2 setting LV 2 setting | initial condition
Rk same as SV E
velocity velocity -10km/h
additional instant acceleration in Cut-In situation of LV 2
condition Cut-In range is based on d, (above, below)

Fig. 2& B3R5 480 57} AuE]| g A Alue]
Q F 1~39 AuEea 2 offet Pk

(1) AYEL 12 LV 1 7150 whE sve| 7k 932
£ wdshs AUE e, AE2AE Table 101 A2st
%t

() AU 2= SV ¥o& FoHA A 7lelE
(Cut-in) ¥ LV 19] %402 QI3 24 472 wekst
£ AYE R, APRAE Table 20 Hatirt.

3) AU L 32 o2 Ao s FokA A7) whA
UZHCut-out) & th2 LV 20] W2 7l& {55 dot
oHe AlUE]e R, AFERA2 Table 39 k.

Table 3. Scenario 3 condition

after condition
ACC system
operation in
initial condition

initial condition

30km/h,
60km/h,
80km/h

SV setting
velocity

SV setting
velocity

LV 1 setting LV 1 setting | same as initial

same as SV

velocity velocity condition
LV 2 setting LV 2 setting | same as initial
. same as SV R L.
velocity velocity condition
Scenario 4,5, 6,7 Scenario 8,9

Fig. 3. ACC Test Scenarios - Target Following
Scenarios
(a) Scenario 4, 5, 6, 7 (b) Scenario 8, 9

Fig. 32 & £59 B7F AU E A Al
2 F 4~90) sfgst, 21 o} At

@) AHER 4, 5= FF 5 Cut-in®& 1%t 7+
9 A fAo tigk 57 AuE] ol AldzxA
AU R 33 FYstH, F71E Cut-in A4 &
7H02 AYshel, Cut-in®] W= d, ~ d, . °Ick.
Alggle 59 ZFo|FL Cut-in®l "7t d, ~ d,°]ct.

(5) AL 6, 72 LV 2& 55+ % Cut-inl &
At A& D ALY FAo digk B7F AuE o,
Table 40 Al@Z2AE Bt AU 739 A
ojdL Cut-ind HHA7 d, ~ d, oItk

6 AT L 8, 9= HdAEe] 8 5 Cut-inQ&E
QA3 A& D A FA o digt 7 Ave o,
Table 59 AI@Z2AE At AU 99to] A}
o] Cut-in®] W7} d, ~ d, 0|}

>

o fo

Table 4. Scenario 6 condition

after_condition
ACC system

initial condition
LV 1 setting

SV setting | SV setting ! .
velocity velocity velocity operation in
-10km/h initial condition
LV 1 setting 30km/h, LV 1 setting | same as initial

velocity  [60km/h, 80km/h|  velocity condition
LV 2 se.tting same as LV 1 LV 2 se'tting same as. .initial

velocity velocity condition
additional  |instant acceleration in Cut-In situation of LV 2
condition Cut-In range is d; ~d,_ ..
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Table 5. Scenario 8 condition

initial condition after _condition

SV setting 1 se'tting SV setting ACC s'yster'n
velocity velocity velocity ' F);')eranon'@
-10km/h initial condition
LV 1 setting 30km/h, LV 1 setting | same as initial
velocity 60km/h, 80km/h| velocity condition
additional instant acceleration in Cut-In situation of LV 1
condition Cut-In range is d, ~ds—|11a><

Scenario 10(Stop&Go)

acderaﬂon

(a)

Fig. 4. ACC Test Scenarios - Additional Test
Scenarios
(a) Scenario 10 (b) Scenario 11

Fig. 4= ACCO| 571 187} Alue] o= A4 Ay
Z 10, 119 AlYE|le 2 2312 ofdet &t

(7) A= 2 102 A2 A2 2 2] ot 3
7F A4l &, Table 60 Ald24& 2SI

®) AU 112 FARNN F55 B7lshe AY
gleolH, Table 79 Aldz2dE& =8It

Table 6. Scenario 10 condition

after _condition
ACC system
operation in
initial condition

initial condition

30km/h,
40km/h

SV setting
velocity

SV setting
velocity

LV 1 setting LV 1 setting | same as initial
R same as SV B L
velocity velocity condition
additional Deceleration is stopped by 0.1~0.3g
condition re-acceleration fixed 0.1g

Table 7. Scenario 11 condition

initial condition after _condition
SV setting 30km/h, SV setting ACC s'yster.n
velocity 60km/h, velocity operation in
80km/h initial condition
LV 1 setting LV 1 setting | same as initial
R same as SV . .
velocity velocity condition
at 30km/h, proceed at a radius of 12511
additional
condition at 60km/h, proceed at a radius of 2501
at 80km/h, proceed at a radius of 500111

23 O|2X F7t 4

ACC Age] &et AriAZE Alofs] A3t =&
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7H5EE olH(radar) AIXE AR83te] St Al
S0t A7) JEEZ ol83f 2 AHof olge T3 72

% Itk o} QATolH BT A= 4131 ACC 71
o BE WSE $4 B8] oo ol B}
242 ASHALHI ]

1 1
Cdes — 5[(C+CU) - E(ades +k2vs)
, ®
+vf(7—k—l)]

Where, c,,, target relative distance, ¢, initial

relative distance, 7 time-gap, a,, garget

acceleration, ki, k, gain, v, speed of control
vehicle
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3. AlEg0]

At AUE|E uigro gz st A& o] AT
= Agm2 739l ‘PreScan’©]t}. PreScan #Ho]d,
%223, 7t 2Hcamera), GPS(Global Positioning
System, ©|5} GPS) 5 7|RF2E ADAS 9 ITSO] A
BE= AlETOlA B8, AA AXAEY 934, v
£ 59 EARS 7MoY AlEH oS Boto]
S| AHET

3.1 AlZg01d =A

AEFOIA AU BRE A, 5, Stop&Go,
AR T 2289 AU 2E PreScan & F&sISITH
[12].

PreScanlA AlFst= AAsAF BE 5 o}-T(Audi)
A8AFFO] TIS(Technology Independence Sensor,
ot TIS) 270E Z8st dHolne A ®HAQ
LRR(Long Range Radar, ©]3} LRR), SRR(Short
Range Radar, ©|3} SRR)E Z-&351%1, EAL Table
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8ol YehQict. 181, Matlab/SimulinkollA A&t
= ACC €153 TIS AIAE dd3ste] ACC 7152
Fig. 59} Zo| maYstoct.

Table 8. TIS Set Point

sensor detection range opening angle
TIS 1 60m +45°
TIS 2 175m +11°

*

2 »|Tis1_range m] .
»{TiS1_rangedot [mis) I

lo——| S
. >3

3 »| Tis2_rangedot [ms]
| »|Tis2_theta [deg]

>3
z _dem (5]
| |
-4 q [
_ ystem ON {1) / OFF {0}

>3
I >3 nagoN‘wFu\J

>3 1
. ad I
Liv o s o s oo v i e 0 i o — s Ao

Fig. 5. ACC Modeling in PreScan
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ARk ACCY AU AlEEoldY] A= Fig.
6~161} Zom, Ao gt o]2H7t ~419) Z8-Z <lot
o AURe ¥ SV &, 7iGE, AAZE UESIch

Fig. 62 Al 19 A} gre g, o 52714 27]
A7 el =& AR o=t Z&Ystar, oF
5~15Z7H] LV 19] 7k&o] me} 7R3 X6y, 11
o]% ACC 7]s°] eFg3t =ik

Fig. 7 AlUe]Q 29] A3} gfo =, oF 52714 SV
ACC AAREE7A 7RSIl oF 5%°] LV 19
Cut-in®& o 152714 &35ttt oF 202717 +7t
AQl 7142 &3 ACCY 7ls°] 3} =it

Fig. 8& AlUE|Q 39] A% gho g FF5 st} <o
529 LV 29] Cut-out®& LV 10] &% tjio] o]
7H5& AR H oF 5% F g3t =l

A~ O
7E]l-‘—|E
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Fig. 9= AlUElQ 49] Ax go= x7] 44 ol
w2} LV 25 ottt 9F 8%0f LV 19 Cut-in°& <l
g AG0 =R 9F 10% oF My & AR E WE o
25% ol¥ QFY3t HYrt

Fig. 10 A= Q 59 A3} gto =, =7] A4 gtol
mE LV 28 FEoitt ¢ 5%0] LV 19] Cut-in22 1
stod &S Alsto] oF 20%0] AHiAZ Y AstE
7H4-& AAJste] oF 80km/hE F35oFATE.
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distance
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Time(s)

20

. 6. PreScan results(Scenario 1)

Scenario 2
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Time(s)

Fig. 7. PreScan results(Scenario 2)

Scenario 3
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Time(s)

Fig. 8. PreScan results(Scenario 3)
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Fig. 9. PreScan results(Scenario 4)
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Scenario 5
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s3g
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203
- :; E " Relative
8 = distance
<-3 2
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Time(s)
Fig. 10. PreScan results(Scenario 5)
Scenario 6
5
4
sa 2
o @
203
H :; E " Relative
8 = distance
<-3 2
-4
-5
Time(s)
Fig. 11. PreScan results(Scenario 6)
Scenario 7
5 50 100
4 90
T3 a0 go\/v_
22 g %70 Velocity
<1 530 Ee0 B
20 2  E50.. .. Acceleration
N
- 1 2: g4 " Relative
g2% 2 distance
<-3210 20
-4 10
-6 [ L]
0
Time(s)
Fig. 12. PreScan results(Scenario 7)
Fig. 11, ]‘%Eli 6, 79] A} o g AU

59] éﬂﬂ 5 A%E Bk

Fig. 132 *Mﬂli 89 A3} Fo=&, SVt
oF 520f oF 40m A=A LV 19 Cut-inC.Z 2
Aol WS o, HiE QH3) sheich

Fig. 14 AlUE|Q 99 23} gto = SV7L 9 &
oF 5%0f 2F 20m A=A LV 19 Cut-inCZ 73}
o} oF 20z0] 7k&5hH Lo R QMY shoith

Fig. 155 AlvYE|2 109] 23t o=, LV 19] 53
S FFsIc oF 1025 E LV 10] HA} &&she] oF 20
Zo&= LV 10] FAAnk LV 19] 32 HA; & 71450
wa}t SV7F LV 18 335k 7H&5kgich

Fig. 162 AU2|Q 119] Zx} gko 2 Sv7h LV 13
o] AHAY |AE flsto] oF 25271R] HAF &5
0, 9F 22%00A 3027H4] TISY] H9IE Yol 714 &
oF 3020 LV 1°] Ql4l=lo] 7H&5t3ict.

z9 5
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Scenario 8
5
4
§3 % —
123 Velocity
g (11 z __Accsleration
S N —
3.2 Relative
8 = distance
<-3 2
-4
-5
0 10 20 30
Time(s)
Fig. 13. PreScan results(Scenario 8)
Scenario 9
5 50 100
4 90
3 Ea0 80 J—
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29 g 3 50 . PR % Acceleration
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Fig. 14. PreScan results(Scenario 9)
Scenario 10
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3 T4 80 —
g 23 z70 Velocity
1 530 E60
'.9.. 0 5 ‘;; 50 - Acceleration
g = E b " Roelative
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23210 20
-4 10
5 0 0
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Time(s)
Fig. 15. PreScan results(Scenario 10)
Scenario 11
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2238 ZEn A Velocity
1 §30 Eeo AN
_; 0 % E 50 - _ Acceleration
5-1 220 840 ¥ —
j23 2w / See
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Fig. 16. PreScan results(Scenario 11)
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710l 9oittal BrHEAL Qle Algelth Fig. 172 4.3 AXAE =A
ARPARA S E83 A7F Aol APAR] AE FSc] YiAe A= 234
& AFo] 7hsdlior gt Ag AR B4 BHE
o] dAHog ofFglont, A AH|Y AYS 5
SHA| o] AF 9T HE 820 ek AAsISich
ALAIE Y ACCE ABEHEE ASAAEEE] A
F&EEQl 80km/hE st oH, ﬂﬂ ‘ﬁ-‘ﬂzzqg =
SR AP SH, Al A 52 fl5to]
DGPS(Differential Global Positioning System, ©]3}
DGPS)2} DAQ(Data AcQuisition, °]3} DAQ) 59
FHE AEA] ASEely, Fig. 1991 yehiia,
Table 1001 A A= statt.

azazewo

(a)

Fig. 18. Test actual road
(a) city (b) interurban

Fig. 19. Test measuring device

Table 9. Environmental condition (a) Brick (b) Camera (c) RTMAPS&monitor
(d) RT-3002
Item Condition
Road condition flat, dry and clean asphalt or concrete Table 10. Test measuring device spec.
Temperature(C) 29.5 - 369
Wind speed(m/s) 16 - 1.7 name spec.
Weather sunny - Single antenna model
~ - Velocity Acuuracy : 0.05km/h RMS
RT - 3002 - Roll, Pitch : 0.03deg, Heading 0.1 deg
Al 51 XIA - GPS Acuuracy @ 2cm RMS
4.2 Exl.*l = o-t - Obtain high-bandwidth sensor data
AN GL thrGAaA] 24 Z] o A ) (1GByte/sec, 16TB or higher)
= ]— ] e tH ] d T ]El:]_,] EH-?—:T#—fl— b Brick - Integrity data can be stored (ECU
AR Yo It 29} tj ga-ZYA A=2HL sensor/camera — recording file)
. - High-level communication protocol
Z20)q o FAY AHEA(Cut-in, Cut-ou) Rvaps | - [iehlevel commun
o] ‘1:_%—'0] l‘ﬂ_:_]-/\gé}\_“—__- ﬂ%%]ro] \{g_—j_ _2.7}(:]—?:3‘1- %QT—_L /\]Zl— Camera - Full HD 1080p Video Call and Clear stereo
audio

(17:00~19:0001 AYstgon, A= AP2UE
A3 Slol S LA 33 WNEAY stck

APe 2R A8, 55, THzo] Bele] Bgge 44 HRAB 2

2 APt Fig. 18 AP APt Ad=E et Fig. 202 A A5t A8 204 HAIGE A éﬁ%
Hilemn, Table 991 Ald€ES 25t B &%, 7150 tigt gholH, 13]9] " 9 7|&
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2 2 339 AFSIAAL, AlFAIRE A Cut-indt

Cut-oute] Bo] WAsH BZLAIzH] AlAshgict,

Fig. 212 H7+=7HIAEA] He] gRbE=ofA ACC
9] STOP&GO 7159 Qb4 Wrtol] "ast &k, 714
o] tigt Z3t o g 24 339 vHEAIHS Yot
3, ZF Ay e AdAE 23t 3h Fig. 20, 219 A
NG oAl g AluE . FhS AFste] Qb skE

AZE 7I€e® %t § Table 11°] 2|5t

Real-road test - 1

Velocity

. Acceleration

Accelaration(m/s"2)
dhlbbloavesa
Velocity(km/h)

100

200 300

Time(s)

(a)

400 500 600

Real-road test - 2

Velocity

f. i & Acceleration
o

Accelaration(m/s*2)

Lo
hadbbiosnvesa

300
Time(s)

100 200 400

(b)

Real-road test - 3

Velocity

. Acceleration

Accelaration(m/s"2)

200

300
Time(s)

(©)

20. Test results
(a) Realroad test 1 (b) Realroad test 2
(c) Realroad test 3

Fig.

Table 11. Test results(relative distance)

real vehicle distance[m]
about 33.8
about 26
about 25.9
about 26.4
about 18
about 15.4
about 11.9
about 20.6
about 16.9
about 27.1
about 25.8

scenario

1

O [00 [~ [\ [V [ [0

[y
— o

464

Stop&Go test - 1

Velocity

Acceleration

Accelaration(m/s"2)

30
Time(s)

(a)

50

Stop&Go test - 2

Velocity

Acceleration

Time(s)
b)

Stop&Go test - 3

Velocity

Loanvwasaa

A
LI NN

Acceleration

Accoelaration(m/s"2)

20 30

Time(s)

(©

40

50

21. Test results(Stop&Go)
(a) Stop&Go test 1 (b) Stop&Go test 2
(c) Stop&Go test 3

Fig.

2
(=]

5.

Z1t Hlw

ol

Table 125 ol 4492 @83 AA2pf i ol 7414
23t Ay B o) oIA TIS AN 2AIE Az, 4
ARAHOR ST A ke Hlw, gaow}.

Table 13 ACCO| 9H4 A%S 918, Avtele 8
ol Ak, B0, AN ATiAY Gl @
A2e Awstel Helstac

Table 139 Ukl ALkl 1 B]m Aol o]
AR AlgHo1 0] QAHEE AUES 7ol Ha
1.85%, Alele. 2014 el 16.67%= Uebgort, 7+
A7) SAA QAXel AgEHE Ao 237 £t}

gl o] A st g 27124 7d) o
Az Bkl

ol Ak ] ARAIHY] 2312 ALkl 1914
2 092%, AUkl 7014 2t 23.72%2 Uhebgtek.
A% A9} HHlE 0] 8HLOE 0X7 WAt Al
SfARE] A4 A5 AGERoL ukERolA A
A8 Aegslel Foh) 7lolS ALt 7R SO

=
KR
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Table 12. Relative distance by scenario

theoretical simulation i
scenario vehicle vehicle iieizia:]ec?[i?

distance [m] | distance [m]
1 34.11 about 33 about 33.8
2 28 about 24 about 26
3 29.72 about 26 about 25.9
4 28 about 26 about 26.4
5 17.42 about 20 about 18
6 15.83 about 17 about 15.4
7 14.72 about 15 about 11.9
8 23.28 about 22 about 20.6
9 19.17 about 21 about 16.9
10 23.33 about 24 about 27.1
11 28.75 about 25 about 25.8

Table 13. Error factor by scenario

the'oreltii:'al & theoretical & real/simulation & real
scenario Ve}‘lsilé?eugi:t);nce vehicle distance | vehicle distance
error factor [%] | €TTOT factor [%] | error factor [%]
1 3.37 0.92 2.42
2 16.67 7.69 8.33
3 1432 14.76 0.38
4 7.69 6.06 1.54
5 12.9 3.22 10
6 6.86 2.81 9.41
7 1.85 23.72 20.67
8 5.81 13.00 6.36
9 8.73 13.41 19.52
10 2.78 13.90 12.92
11 15 11.43 3.20
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