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Abstract Many countries have provided support for research and development and implemented policies for
Advanced Driver Assistance Systems (ADAS) for enhancing the safety of vehicles. With such efforts, the toll of
casualties due to traffic accidents has decreased gradually. Korea has exhibited the lowest toll of casualties due to
traffic accidents and is ranked 32nd in mortality among the 35 OECD members. Traffic accidents typically fall into
three categories depending on the cause of the accident: vehicle to vehicle (V2V), vehicle to pedestrian (V2P), and
vehicle independent. Most accidents are caused by drivers' mistakes in recognition, judgment, or operation. ADAS
has been proposed to prevent and reduce accidents from such human errors. Moreover, the global automobile industry
has recently been developing various safety measures, but on-road tests are still limited and contain various risks.
Therefore, this study investigated the international standards for evaluation tests with regard to the assessment
techniques in braking capability to cope with the limitations of on-road tests. A theoretical formula for braking force
and a control algorithm are proposed, which were validated by comparing the results with those from an on-road test.
These results verified the braking force depending on the functions of ADAS. The risks of on-road tests can be
reduced because the proposed theoretical formula allows a prediction of the tendencies.

Keywords : Advanced Driver Assistance System(ADAS), Advanced Safety Vehicle(ASV), braking force, control
algorithm, Intelligent Transport System(ITS)
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Iz MY
Ve Subject Vehicle Velocity
Vip Target Pedestrian Velocity
a Deceleration Range
(O Average Deceleration
D, Radar detection Distance
L ox LKAS Offset max
LW Lane Width
v Velocity
14 Lateral Velocity
v, Relative Velocity
SV Subject Vehicle
oV Object Vehicle
a,, Object vehicle acceleration
CAD Collision Avoid Distance
FCAD Final Collision Avoid Distance
RD Relative Distance
Py, Steering Angle
D, Target Distance
RPM Revolution Per Minute
Gy Gear Ratio
R Tire Radius
t, Braking Time
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o7)% 5o o R ADAS? #Ago] g o]t o
A F=3H7]17H1S0, Organization  for
Standardization), FHAIZH7IZZ 13 (Euro NCAP,

International

European New Car Assessment Programme), P|=r =2
WFOHA(NHTSA, National Highway Traffic Safety
Administration) 5ol ADAS®| A7+ AS AASIL
A, FUE A EAPA =H 7HKNCAP, Korean
New Car Assessment Program) 1F7¢l4 ADASE 74 <]
SkaL glonk APl gk Aol v gek A4
ojtt, mhhA FUEEZH] A3 ADASS] 7|5
Bio|a AEE Eufel i due|Ss Atetast &

t}.

21 2H 7%

2.1.1 180 15622 — ACC

ISO-15622% 45 =% #A9(ACC, Adaptive Cruise
Control)®] =7A] F=olth. ACC 7]& 7BEAl Al2¥l&
At 71E AgH, Hx 71T 87ANL, 712 S
O1E] ¥ o] ~(interface) 24 5-°] A= Ut} Table 1
o Aoatek B Hxake] £& 9 &R #lolr] 7]

Helel #EE S HeEhiI12].

Table 1. ISO-15622 ACC parameter

2.1.3 ISO 19237 — PDCMS

1S0-192372 RAEA 8 F= &48p A=d
(PDCMS, Pedestrian Detection and Collison Mitigation
System)2] 4| #Folth. AEB7|% /NEA] 249} 1.3
A gt A A7) =S skl §lH Table 32
Avpbge] gl AgEE WEES eyt
[13].

Table 3. ISO-19237 PDCMS parameter

Condition Specification Condition Specification
Ve 30 ~ 60km/h | Vip 5km/h

a 3.6 ~7.9m/s* | Gy 7.0m/s* = 0.71g
D, 18m - -

2.1.4 1SO 22839 — FVCMS

AEE3] 9 A| 2~ E(FVCMS, Forward Vehicle Collision
Mitigation System)9| =ZAEFS 1S0-22839 o]t}
AEB71% /N Al At A& 78S WEHAT RS T
7gataL ik ofdlo] MFES At 43 F AME
o] 5gtg ot o] S SAR BT AlvEe W
TE Aslth FVCMSe] M4E-2 Table 40 UE}
WATH14].

Condition Specification Condition Specification Table 4. 1S0-22839 FVCMS parameter
V:S‘V 30 ~ 60 km/ h VT r 5 km/ h Condition Specification Condition Specification
a 3.6 ~7.9m/s" |a,, 7.0m/s> Ver B0~ 100km/h  |Vyy 15 ~ 100km/h
D, 18m ~0.71g Vi —15~ —72km/h |D. 18m
a 3.6 ~7.9m/s” Qg 7.0m/s* = 0.71g

2.1.2 1SO 11270 — LKAS

ISO-112702> A ##] HZ A Z~=(LKAS, Lane
Keeping Assistance System)2] =#| HFo|th. LKAS
714 A 2ol w2 718 Ao] A Ha 7 &
A, 7124 212 dEF o]~ 8k T 1A S v
A7) =5 TSl Utk Table 2= -84k 71 Alofx}

Fol WrplEe HeEriIu13].

Table 2, ISO-11270 LKAS parameter

Condition Specification Condition Specification
L .« 0.4m LD 3.4 ~3.9m
v 20 ~ 30m/s Vi 0.4+ 0.2m/s
=72 ~ 108km/h =1.4440.72km/h
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2.1.5 Euro NCAP — AEB

Euro NCAP2 frifollx] 70, snfjs]= 2pel] 48
% AEB 7] /WL Al o] A4S BEAT| RS Ak
91t} Euro NCAPolA AEBS] AAAH S ¢35 A&
2 38 A=HCCRm, Car to Car Rear moving)Z}
FA538H= A=HCCRDb, Car to Car rear breaking), 34|
H AEHCCRs, Car to Car Rear stationary)2] A 7}4]
AR vre] Aosta gtk Azte] Wb 2d

Table 5 YERNATH15].
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Table 5. Euro NCAP AEB parameter

Condition Specification Condition Specification
Ve 10 ~ 80km/h Vev 0~ 50km/h
a 2~ 7m/s2 Covg 7.0m/s2 ~0.71g

ﬂ ]1 4§ oA = Als $ v ol A
Y= s ¢ Stk ZoiAg = ofd Fig. 1, A(1)¥
Zo] £33]745(RPM, Revolution Per Minute)ol] 7]}
H|(Gy)o v AA@2rR)S e ghell AlsAIRK ) S
sko] Ak

EH

Fig. 1. Tire residual distance
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2.3.1 ACC Egj0|3 Mo ¥ dT2|E

Fig. 2 ACC Alo] ¢agl5s YehiSdth

ACCe] Bae sk Xt dolt] MK 2Re
A 2 FPAE Al 5 253|942 (CAD, Collision
Avoid Distance), #|%-%=3]3]72](FCAD, Final Collision
Avoid Distance), 14 2](RD, Relative Distance)2]
2 4% 2 MRl 9, 43, 919 5o e
et ARRe £aAe Ad glol Faol T
g Agolm, AidAle AWSEE A SR(FCWS,
Foward Collision Warnig System)©] 2}g-3}H 7112
STEAEe] EAE Ieletd SEAE TFedS duEE
CR9AE SRR STt Aol e
2 45 AojAke] & XWW} 0] dojut
= A5 (partial braking) Al Feg gttt

2
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Vehicle driving video
& signal reception

With potential hazards

Temporary selection of vehicles(OV)

Collision Possibility
If SV maintains spec

Select as OV

Measurement of
the presence of a,,

Select
target
vehicle
close
to SV

Apply a,, to the
SV up to ‘CAD=RD’

N braking force

Apply

to_the driver

Fig. 2. ACC control algorithm

2.3.2 LKAS Eg0|3 Ao & &mE|E

Fig. 391 LKAS Ao} <y

Vehicle driving video
& signal reception

< YERhSiT

| Extract road information |

Time for automatic
lane keeplng

automaticlane keeping
ontrol interventiol

Apply 0.3g
of force

For 1 sec

Fig. 3. LKAS control algorithm
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2.3.2 AEB E&|0o|3 Hjof &
AEB Ao} duE]EL Fig. 49

Vehicle driving video
& signal reception

Preserve
Current
Braking

force

Apply a force
Of 0.4g per sec

‘ Apply

N |a force
‘@ of 0.4g
v to stop

Grant driving authority
to the driver

End

Fig. 4. AEB control algorithm
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Vehicle driving video
& signal reception

—etecmon of thmgs-

With potential hazard:

Extract road information

Time for automatic
lane keeping
Control intervention

Caluation of CAD, FCAD, RD]
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For
1 sec

Preserve
Current
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<
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K

Fig. 5. ADAS control algorithm
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Fig. 6. Test vehicle
(a) EQ900 (b) K5

3.2 AlgsEd 9 Jls
Table 60l =AFF2] A wpgl obd 2 A|H 3

=0% Al

Table 6. Test environment

Condition Specification
Temperature [C] 220 ~ 40
Wind speed [m/s] Less than 3

Horizontal visibility range [km]|More than 1

Road surface material flat, dry asphalt or concrete surface
Coeffcient of friction [ /4] More than 0.9
Tlluminance [lux] More than 2000

Table 7°] AXAE =& 32729 BPN(British
Pendulm Number)S Z7sto] npaAG ALaks A
atith. BPN2  A()5  #83ke]  whEAIS(COF,
Coefficient Of Friction)Z 3$HF5}TE[16]

10 1 )*1 @

COF:(BPN7§

Table 7. Friction coefficient by branch office for testing

Spot 1 Spot 2 Spot 3
BPN 85.5 90 86.5
Coefficient of
o 1.049 1.123 1.066
friction [ 4]

HE3H Table 891 A2AE E29] A|7HE =S
Asle] Atk

I

555

Table 8. Illuminance per hour

Time 10:00 13:00 15:00
[lluminance [lux] 26833 60200 5667
3.2.1 ACC Alg=A & &4
A ACC Al 9] AlddxE A7) As)A

Aol A Al a9 $290
1 A

&) 7joj= xke] x| 9f £r= xgsuzl AE

A v AE 7}:3110]: st} whepa

3.2.2 ACC A=A &

MRl ACC Alvhe]l S

= 70|t ek} AlojAae] A 44
A W AF Fhsalor B mebd A9
2 93] Floj=t Age] A9} Sr

o
Aol Ashg Q7] A
o] 55
she] 24
143 19

3 AFAE FAeA FAS.

AN Fae] 58 #3 7HE 98 Al
o] MAEL= 140km/hE B8 AU Qo] SUsHA 3
431e] 33 HHEAE g on AT BezAEL AvE
o Hugt Hagow A4 shoirh

3.2.3 LKAS A=A 2 &
Ni}/\]a :&]-740 E/gg

0.5m/s* 2 AAst )

ER2EZ2 A FxlE]

E
82 71 20mel, it 2
o},

L 500m= A5k

A~CT & JFHAFYE B
o
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Fig. 7. Test procedure in a curve

A5 AsA Ak
gbg f\l%ﬂ Z13 Q1 Jﬁr & FLsHA FrAleksl L 33
HEAE 590 AEBE AN e EXAF Aaxpek
Fo] FEAFA ol =} webs] A3 AEB A @7t
E 93 Euro NCAPY] 2% Yu|(dummy)S A3}
o2 &gaisitt

o

Nl

3.3 AXIAIE HA

AR T AT AR S D] FYA P
A 18kl aL Fig. 8l L}EM%%E}

ACCS} LKAS®] A1) 9= Fig. 89] (b) L& +3
24 138t oH, AEBS] 7% Fig. 89 (c) wAk=
olA Algdatolet. 2F 7158 AR AR AR
3 AEuFE o5 AeFAFAEL L] AT

7k AR e,

aking force

Test Kiln

Fig. 8. Evaluation road
(a) Multipurpose test track
(b) High speed main circuit
(c) Cooperative vehicle-infrastructure test
intersections

3.4 AX[AE ZH|

ADAS®] 7} 7]5H Wil AlS fls 914, S5, 7)
&5 olgk £ Fo| TA Ayt sty ol 93|
DGPS(Differential Global Positioning System) & #}¢]
Z(Gyro) AAet A dlolE §41& $18 DAQ(Data
AQuisition) 31| & Al@AFF] FA3AE LKASS}
AEBE 2bge] 54 A3 o} Abepe] xEld 4 X
7bsdh zERY 7 WI|E ZEold
(steering)°ll & r). Alojalke] HEEE Setow
AAIZE G2, Aoatr] 3 AEEAE A
Alge] ebAdS =ol7] 913 Euro NCAPS] UM & &
g3ttt

Al@ztekol gl o] ARLE Fig. 9ol UERISL
i1, AR Table 9~13¢l Aelatairh

7 x4do]

Table 9. RT3002(DGPS & gyro sensor) spec.

Velocity accuracy : 0.05km/h RMS
Roll, pitch 0.03°, heading 0.1°
Slip angle 0.15°, 2cm positioning

Spec.

GPS accuracy < 3cm

Table 10. Steering wheel sensor spec.

Steering moment : passenger cars(+10N‘m)

1,000°/sec

Spec. Maximum steering speed :

Steering angle : 1,250°

Table 11, Euro NCAP dummy spec.

Balloon, Car radar absorbent foam
VW Cover, ECE104 standard reflective material
Tray / Standing Frame

Spec.

Bumper Element RADAR reflective component

Table 12, G-meter spec.

Spec. ‘ Measuring Range : 5 ~ -10m/s”

Table 13, DAQ-SIRIUS spec.

IEPE 2ch, STG 6ch, CAN 9ch, CNT 2ch
2mV/V ... 500mV/V

free programmable with dual core

Spec. Strain ranges :
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Fig. 9. Test measuring device
(a) DGPS & gyro sensor (b) DAQ
(c) Steering wheel sensor (d) G-meter
(e) Euro NCAP dummy

Az Y 379 =HudA S} 28 A5 9
3] STANLEY LONDONAFS] Fth-§& “skid-resistance’
tester®} BLUBBIRDA}S] ZEAE AFR-3}SIT]

Sl AREE gnle AR Fig. 901 HERRIL,

AL Table 14~15¢] A28tk

Table 14, Skid-resistance spec.

Width : 75 Cms

Depth : 73 Cms

Spec. Height : 22 Cms

Volume : 0.75 meters

Weight : 29 Kg

Table 15. Illuminometer spec.

Range : 1~100000

Smallest unit : 1 lux

Spec. Error range : +4 %

Power : 9V x 1EA

Size : 116 x 64 x 30 [mm]

(b)
Fig. 10. Test environment measuring device
(a) Skid-resistance (b) Illuminator

ADAS7} b A= abg B 2P, FelE Se
S A deld AAek gt AAE ARSI
EQ9009] #lold AM+E= DAl ESR 252 HhE
ESR 2.5 TAeA W Wl Aoks FA ¥
o} Agste] Al 175m7HA] AAE S AL, 64719 df
45 A 5 e 715 7HAL Qg v
= MFC(Multi Function Camera)7}l2ko] s, oju]x] Al
M= AROIZ2ATE etk AR0I2ATE AL
Zg2 Al o] 7hsat MARY] A-gFolth #loly AlA ¢
E2L Fig. 11, AFE2 Table 1691, 7Hle} A4 Ap%-E
Table 179 YeEbCh

=2

B
(] @By U

Down Range (m)

g
e

B0m,
+45cen S0m

60

0 l N

Cross Range (m)

Cross Range (m)

Fig. 11. Radar detection range

Table 16. Radar sensor ESR 2.5 spec.

24V-DC for Commercial Applications

Integrated 3-Axes Accelerometer

Multi-mode, Multi-application capability

Complete radar module, including electronics,
Spec. measures just 173.7 x 90.2 x 49.2 millimeters
including mounting features

Horizontal Field of View

Mid-Range (60m) : + 45 deg

Long-Range (174m) : + 10 deg

Table 17. Camera sensor MFC Camera spec.

Image Sensor : ARO132AT

Resolution : 1280x672

Angle of View : D55, H: 45. V: 34

Spec. Data Transfer : YUV 422 16bit

Control Signal : 12C, RESET

DC 3.3V +0.1V

IR Wavelength : 650mm
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560
240
S
o
g 20

0
Time [sec]

i —Lv
E2 -- SV
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32
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0 20 40 60 80 100
Time [secl

£60 —RD
@
<]

& 40

B
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_g 20
3
x 0

0 20 40 60 80 100
Time [secl

Fig. 12. ACC actual vehicle test result

ACC x1101i}r1k01 AP apge] FiE 1A A
Al degateke] HEEd wet HEete s 99
4= 9lth Fig. 139] LKAS 52 3 A7t W& SWA
(Steering Wheel Angle), 33k o|g&: FHak 714

= WstEE YeERgith

2
2
o, 0
<<
=-2
)
-4
Time [sec]
_06 v
<2 — la
w Eo04
L =
S o2 M
[5)
0 2 4 6 8 10
Time [sec]
-5
6 710
= —
g 54
£ 8
2 g
S 8o
® "0 2 4 6 8 10

Time [sec]

Fig. 13. LKAS actual vehicle test result
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ACCE AojA# £55 60km/h= A3 3 LKAS
o B FAsth olu) PP olFwo] W
a7l A W Y 1R Wabh ek A8 3
o1et <= AATE Fig. 140 AEB 25 & Aj7lo]| wp& &
% MR W gAY wEwe Jepeld

ﬁso p—y

Ea0

EZO

2

0
0 5 10 15 20 25
Time [secl]

% ° —sv

E o

;g 5

% 10

<5

0 5 10 15 20 25
Time [sec]

%300 v

EZOO

E 100

£ o

0 5 10 15 20 25
Time [secl

Fig. 14. AEB actual vehicle test result

Aojxere] L2 sokmhi 44 A7) Feel A %
E 9840 d= BAE AT F Ao B4R
WakEs g% 4 Aok

4, O|2 A4h Ztah AXIAIR Ztel Hlw

Table 189 #lEAZ el &gk o] & At g3 AAA

g AUAY B LS vadF sk

Table 18. Comparison between theory and actual data

Scenario Suggested formula Test value[m] Error factor[%]
value[m]
ALL 29.718 29.096 2.14
cl2 29.569 28.869 2.42
Cc|3 29.632 28.955 2.34
LK 1 48.483 48.864 2.47
AS 2 47.337 47.337 1.06
3 47.412 49.628 4.47
ALL 8.948 8.690 2.88
E|2 9.103 8.914 2.12
B |3 8.879 8.743 1.56
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