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Abstract The automobile industry has developed Advanced Driver Assistance Systems (ADASSs) to prevent traffic
accidents and reduce the burden for drivers. One example is the Lane Keeping Assistance System (LKAS), which
was developed for automotive vehicle systems for safety and better driving. The main system of the LKAS supports
the driver while maintaining the vehicle within a lane. LKAS uses a radar sensor and camera sensor to collect
information about the vehicle's position in the lane and send commands to the actuator to influence the lateral
movement of the vehicle if necessary. Recently, vehicles equipped with LKAS have become commercially available.
Test procedures for international LKAS evaluation are being discussed and developed by international committees,
such as the International Organization for Standardization and United Nations Economic Commission for Europe. In
Korea, an evaluation of LKASs for car safety is being planned by the Korean New Car Assessment Program.
Therefore, test procedures should be developed for LKASs that are suitable for the domestic road environment while
accommodating international standards. We developed a test scenario for LKASs and propose a formula for obtaining
the target relative distance. To validate the methods, a series of experiments were conducted using commercially
available vehicles equipped with LKAS.

Keywords : Advanced Driver Assistance System(ADAS), Lane keeping Assistance System(LKAS), ISO, Test
scenario, Lateral speed
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CG Vehicle center of gravity
lf Distance from CG to front axle(2.1m)
l,. Distance from CG to rear axle(3.1m)
l,, Vehicle base length(l f+l7' =5.2m)
a Wheel track(1.6m)
a, Lateral acceleration
Yy Distance from the left boundary of the lane to front
left tire [m]
L Lane width (3.0m)
R,, Road radius of curvature [m]
va Path radius of the front left tire [m]
DLC Distance to line crossing [m]
5f Steering angle [rad]
[ Vehicle relative yaw angle [rad]
Cles Objective relative clearance [m]
Cy Minimum relative clearance [m]
T Time gap [s]
Vg Lead vehicle of after speed [km/h]
Uy Lateral speed [m/s]
Ao s Objective acceleration [m]
kys ky Gain [-]
SWA Streeing Wheel Angle [deg]
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W2 Tableloll Az|akich
1) ISO 11270 :
keeping assistance systems
2) NHTSA : National Highway Traffic Safety

Administration

=
]T’:

Intelligent transport systems - Lane

Table 1. International standard trend & evaluation method

Item ISO 11270 NHTSA
Lane LKAS_Offset_max . .
departure | » Light Vehicle:0.4m | 3t Wg?‘“g Line
distance * Heavy Vehicle:1.1Im s oem
Lane width 3.4~39m 3.7~4.3m
Longitudinal 20 ~ 30m/s
72 £2km/h
speed (72 ~ 108km/h) /
Lateral speed 0.4+0.2m/s Continue to Increase Until
P (1.4440.72km/h)  |Failure at 0.5m/s Intervals
R=14v*/ a,
Curvature e Only for straight line
Max_a,, = 1m/s

@A LKASE =uie] 7F Aol oz A4y
A gkorom, o]o] FaA = KNCAP(Korean New Car
Assessment Program)oll 4] #& 7} 7] /S 93
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Table 2. Design specifications of domestic road width

. Minimum Width of Lane(m)
Division Urban Compact
f R
of Road Local Area Arca Car Road
Highway 3.50 3.50 3.25
More than
%0 3.50 3.25 3.25
General | Velocity | More than | g 325 3.00
Road Limit 70
km/h
(km/h) | More than | 5 ¢ 3.00 3.00
60
Under 60 | 3.00 3.00 3.00
A 7)5S Tablel?] 1SO 17361(LDWS)9} ISO
11270(LKAS)SF 231, S EZ £ 275~3.5m=Z If
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Fig. 1. Straight road section
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Table 5. Scenario 3 condition

Velocity | Lane width

Road radius '(/} 0 f w I
60km/h 3m 500m 3° 2° 5°
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Table 6. Scenario 4 condition

Table 3. Scenario 1 condition Velocity | Lane width Road radius 1/} 6f w I
Velocity Lane width w 5f 1/}L 60km/h 3m 500m 30 20 50
60km/h 3m 3° 0° 3°

Fig. 29] (b)& Z&7o] 44 Hoe 9% &
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A 271 Table 49 YERIATL
Table 4. Scenario 2 condition

Velocity | Lane width P 1) I U

60km/h 3m 3¢ 2° 5°

Fig. 2. Straight road section
(a) Zero steering (b) Constant steering

Fig. 3. Curved road section
(a) Zero steering

(b) Constant steering
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Table 7. DGPS & gyro sensor spec.

DGPS & gyro sensor

Eqﬁ;‘;:;m RT3002
Velocity Accuracy : 0.05km/h RMS
Spec. Roll, Pitch 0.03°, Heading 0.1°
Slip Angle 0.15°, 2cm Positioning
GPS Accuracy < 3cm

Table 8. DAQ spec.

DAQ
Equipment
name SIRIUS
IEPE 2ch, STG 6¢ch, CAN 9ch, CNT 2ch
Spec. Strain Ranges : 2mV/V ... 500mV/V free programmable
with Dual core

Table 9. Steering wheel sensor spec.

Steering Wheel Sensor

Equipment Steering Wheel Sensor
name
Steering Moment : passenger cars(+10N-m)
Angle Resolution : 0.1°
Spec. - .
Maximum Steering Speed : 1,000%/sec
Steering Angle : 1,250°
A4S S8l dlold AlA e} shdlgt MM E AL
aidth. dlold AlME DAFS] ESR 252 Fhehwal,

ESR 2,55 720 §& Wgje AeokE 4re ¥
o} Agatel Ad 175m7HA 2A7F 7hsab Ad 6474
o] e A & & Qe V) 7}A) a1 L g
MFC7Hl2ke] ARO132ATE o]n]x] AA = e 1,
ARO0132ATE HAAE Z2Ae] 7F538h MARY A
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Fig. 7. Radar detection range
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Table 10. Radar sensor spec.

— #49l Aueles FASGoH, LAAE ASEAE
Equipment R 2 AREAEAY AANQATAEE ol 53 AT/}
name )
Pl A I oy K|
24V-DC for Commercial Applications - é e ‘Eo}-,\ "q—'
Integrated 3-Axes Accelerometer
Multi-mode, Multi-applicati bilit -
ulti-mode, ulapphlcaloin capallx 3.4 MRS =A
Complete radar module, including electronics,
Spec. measures just 173.7 x 90.2 x 49.2 millimeters /éj].,\]@% i—lﬁg_i%%] o]] gl—z‘,; Eﬁi 7]_7‘,_: }\]{_"x:
including mounting features o - o . _
Horizontal Field of View 60km/h= A3 oM, B2 £.o A& BE50] 3.0m
Mid-Range (60m) : + 45 deg Z APy o :q AEa)p 2 /_(';._g_ 2} 715 2.0mo| ol
Long-Range (174m) : + 10 deg

Agotrh. wek FHZ AL Fig. 99 F4H A~C
T T FAFYT BolA LKASAER7FE WSl

A@AEe] LKAS AASEE 60kmhE 2E AL
g ool FAsHA 485, 10Tt A F4

Table 11. Camera sensor spec.

Camera sensor

Equipment
name MIE Comer w2 FEWMAS ARSI A% 60kmhd A5 3
Image Sensor : AR0132AT =
Resolution : 1280x672 MRS 0.5m/s 02 ZPEEt A9yl ola) FEut
Angle of View : D55, H: 45. V: 34 A& 557.78m7}F A5 A BA A 2 500m=E 7
Spec. Data Transfer : YUV 422 16bit 3,3 ;]-33\1:]—
Control Signal : 12C, RESET CrmET.
DC 33V 0.1V
IR Wavelength : 650mm R=1%/ a, 9)
3.3 AXIAIE EA 2 31H LKAS Aue]e Alde Eaf AaAQ woje s o
AR L TR S A=A A5 0] 3 4] &) Aol 7] YeiA e B2 & FHAEZ A FET ] FY
A Aume FHRR hrold AgaN Auz A ST WS AR PSEOR e ol e *‘XW dell A

&2 Fig 89 (a) 1% F3Zoln, TR ;\]ﬁg‘ﬁ 5= Al g Ak E
gl 4
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lzoﬂ xéﬂ]o]—”\ . < 3}%5}.

L )
_1
Ho
S
w
23
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Table 12. Environmental conditions

Item Condition
Road conditon Flat, dry and clean asphalt or concrete
Temperature[ C] 182 ~ 185
Wind speed[m/s] 2 ~ 26
Weather sunny

Fig. 9. Example for a track for the test procedure in
a curve

3.5 XA Zat

' Ayl m& AlgAE AaA Y A ol

@ ® 25l 2rom 7 Alubel o Wl 2akzk xbak o Elo
Fig. 8. Evaluation road of Korea Intelligent T gor] Zh Aupele W 29, A o eeleld]
Automotive Parts Promotion Institute A 2R 9] AR, Ak olE £ TS At whE

(a) Multipurpose test track  (b) High speed main circuit =2 Jepd gro|th
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Fig. 10. Steering angle
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Fig. 11. Distance from the front tire to the lane
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Table 13. Comparison between theory and actual data

Scenario Said Mammar Suggested Test value Error
formula value | formula value factor
1-1 11.683 m 0.990 m 0972 m | 1.88 %
1-2 1.213 m 1.168 m | 4.81 %
1-3 - 1.311 m 1.286 m | 2.68 %
2-1 27777 m 1.281 m 1.203 m | 648 %
2-2 1.156 m 1112 m | 393 %
2-3 - 1.503 m 1450 m | 3.64 %
3-1 17.517 m 1.292 m 1.234 m 4.77 %
32 1912 m 1.864 m | 2.55 %
33 - 1.894 m 1.800 m | 521 %
4-1 161.594 m 1.740 m 1.866 m | -6.26 %
4-2 1.749 m 1.742 m | 035 %
43 1.710 m 1.642 m | 4.17 %
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