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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The main system function of a Lane Keeping Assistance System (LKAS) is to support the driver in
keeping the vehicle within the current lane. LKAS acquires information on the position of the vehicle
within the lane and, when required, sends commands to actuators to influence the lateral movement of
the vehicle. LKAS provides status information to the driver.

Issues such as specific requirements for the detection sensor function and its performance, or the
communication links for co-operative solutions, will not be considered here.

© IS0 2014 - All rights reserved v
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INTERNATIONAL STANDARD 1SO 11270:2014(E)

Intelligent transport systems — Lane keeping assistance
systems (LKAS) — Performance requirements and test

procedures

1 Scope

This|International Standard contains the basic control strategy, minimum functionality e
basiq driver interface elements, minimum requirements for diagnostics and reactipn ‘to
performance test procedures for Lane Keeping Assistance Systems (LKAS). LKAS provide
safe lane keeping operations by drivers and do not perform automatic driving nor'‘prevent y
depafrtures. The responsibility for the safe operation of the vehicle always remains'with the

is intended to operate on highways and equivalent roads. LKAS consist ofimeéans for rec
locatfion of the vehicle inside its lane and means for influencing lateral vehicle movement. I
react consistently with the driver expectations with respect to the visiblelane markings. Th
roadvay sections having temporary or irregular lane markings (such.as roadwork zones) i
the gcope of this International Standard. This International Standard is applicable to pas
cominercial vehicles, and buses.

2 Normative references

The following documents, in whole or in part, are nermatively referenced in this documn
indigpensable for its application. For dated references, only the edition cited applies. |
referfences, the latest edition of the referenced-document (including any amendments) appl

ISO 4575, Road vehicles — Symbols for controls, indicators and tell-tales

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
subject vehicle
vehigle equipped with'LKAS as defined herein

3.2
system states
one ¢f several stages or phases of system operation (see Figure 1)

quirements,
failure, and
support for
ossible lane
Hriver. LKAS
gnizing the
LKAS should
e support at
s not within
senger cars,

ent and are
For undated
es.

3.2.1

LKASoff state
system is switched off

3.2.2
LKAS on state
system is switched on

3.2.3
LKAS stand-by state
system is switched on but the activation criteria are not all met

3.2.4
LKAS active state
system is switched on and the activation criteria are met

© IS0 2014 - All rights reserved
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3.3
lane

:2014(E)

area of roadway that a vehicle would be expected to travel along in the absence of any obstruction

without the

3.4

driver’s desire to change the path of travel

visible lane marking
delineators intentionally placed on the borderline of the lane that are directly visible to the driver while

driving (e.g.
3.5

not covered by snow, etc.)

incidental
visible patte
lane, but whi

Note 1 to ent

3.6

;o;‘ﬁ}c I uad fcatul \ >3
rns on the road surface that were not explicitly intended to delineate the boundarjes«
ich are indicative of the position of the lane

Fy: These can include such features as pavement seams or edges and curbs.

lane boundary

borderline d
marking, by

Note 1 to ent

3.7

time to lind
TTLC
calculated t

Note 1 to ent
(D) between
vehicle relati

3.8

suppressio
driver requg
is detected

3.9
lane keepir
actions whi
intention of

3.10

f the lane that is determined by a visible lane marking; and in thefabsence of a visible
incidental visible road features or other means such as GPS, magnetic nails, etc

Fy: In the case of a visible lane marking, the boundary is at the center thereof.

crossing

me to lane departure

"y: For example, the most simple calculation method of this time (TTLC) is to divide lateral dis
the predetermined part of the vehicle and thelane boundary by rate of departure (V_depart)
ve to the lane. (TTLC = D/V _depart)

N request
st or a system feature intended to prevent an LKAS action if an intentional lane depa

g actions
Ch the system pérforms to influence the lateral movement of the subject vehicle wit
helping the dsiver to keep the vehicle within the lane

rate of departure

V_depart

component

f the

lane

tance
bf the

rture

h the

bfsubject vehicle’s approach velocity at a right angle to the lane boundary

3.11
visibility

distance at which the illuminance of a non-diffusive beam of white light with a colour temperature of
2700 K is decreased to 5 % of its original light source illuminance

3.12

automatic driving
system that drives the vehicle without the driver being in the vehicle control loop, e.g. without a hand on

the steering

wheel or feet on the pedals
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3.13
failure
mechanical or electronic malfunction which causes a persistent loss of performance or function

Note 1 to entry: Temporary performance reductions, for example, due to bad weather conditions, bad lane
markings, or temporarily occurring sensor blindness, are not considered a failure.

3.14
straight
segment of road which curvature is less than 1/5 000 m

4 $ymbols and abbreviated terms

4.1 | Symbols
Table 1 — Symbols and meanings
Symbol Meaning
D distance between the predetermined part ofthe vehicle and the lane poundary

LKAS§ curvature_rate_max |maximum rate of change of curvature whichis allowed for the curve fest track

LKA§_curve_time minimum duration of the curve test after entering the curve

LKAS_Lat_Acel_max maximum lateral acceleration whichis allowed to be induced by a lane keeping
action

LKA Lat_Jerk_max maximum lateral jerk whichiis-allowed to be induced by a lane keeping action

LKAS Offset_max maximum value by whichithe outer edges of the tyres of the vehicle are allowed
to exceed the lane boundary

V_depart rate of departure

vmax LKAS is not requiired to function if the vehicle speed is larger than vinfax

vmin LKAS is nat required to function if the vehicle speed is less than vmin

4.2 | Abbreviated terms

TTLC time to line crossing

5 Requirements

5.1 | Functionality

LKAS 4 LKAS )

off

on

on activate
LKAS
deactivate active
off

— - j

Figure 1 — LKAS states and transitions
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LKAS provides support for safe lane keeping operations by drivers and do not perform automatic
driving nor prevent possible lane departures. The responsibility for the safe operation of the vehicle
always remains with the driver. LKAS shall, as a minimum, provide the following operations and state
transitions. The following constitutes the fundamental behaviour of LKAS.

5.2 Basiddriver interface and intervention capabilities

The system hall provide the following ¢ontrols and intervention capabilities:

5.2.1 Operation elements and-system reactions

The transition from LKAS off to LKAS on can be performed by the driver or automatically, e.g. after

the ignition is switched on and no system failure has occurred. The transition from LKAS on to

LKAS off can be performed by the driver or automatically, for instance after the ignition is switched

off or a system failure has occurred.

LKAS shall be operational for speeds between vmin and vmax. vmin = 20 m/s, vmax = 30 m/s, or the
rrpossible-vehiclespeed-whicheveristess—tisatowed-to-beoperationatinawiderspeed

In LKA§S stand-by state, the system shall evaluate the activation criteria. LKAS shall .not perform
any lang¢ keeping actions. One of the activation criteria shall be that the system has.determinef the
positior] of the vehicle within the lane relative to the visible lane markings of its ‘own lane. It|is up
to the manufacturer to decide whether it is necessary to detect one or both visible lane markings of
the owr] lane. Other criteria to be selected by the manufacturer can be the type of the lane marking
(e.g. soljd or dashed), a minimum vehicle speed, driver actions, steering-dngle, and other vdhicle
conditigns. If all of the selected activation criteria are met, the system-shall transition from LKAS
stand-bly to LKAS active state. This transition can be done automatically or by a driver confirmgtion.

In LKA$ active state, the system shall evaluate the activation eriteria. If any one of the sel¢cted
activatipn criteria is not met, the system shall transition from:LKAS active to LKAS stand-by gtate.
In the LKAS active state, the system can perform lane keeping actions to influence the Igteral
movement of the subject vehicle with the intention of helping the driver to keep the vehicle wjithin
the lang when an unintended lane departure is likely.,A“lane keeping action influences the lateral
movem¢nt of the subject vehicle with respect to thie lane in such a way that the TTLC incr¢ases
compargd to the vehicle movement without a lane\keeping action (unless the driver overrides the
system)l. The system can detect suppression requests to minimize nuisance lane keeping actions.
The suppression request can be issued, e.g. ifithe driver operates a turn signal.

The driyer shall be pravidéd with means to override the lane keeping action at any time. Such mjeans
shall in¢lude turningthe steering wheel.

Specifiqdriver actions can be considered as a suppression request.

The driyer’shall be provided with the means to transition from LKAS on to LKAS off and to keep the
system in‘the LKAS off state. Such transition shall be possible regardless of whether the systéem is
in the LKAS active or the LKAS stand-by state.

The driver shall be provided with the means to transition from LKAS off to LKAS on.

Drivers shall be informed of the conditions that result in LKAS activation and deactivation by the
vehicle owner’s manual.

5.2.2 Display elements

The information about whether the LKAS is in LKAS on state shall be accessible to the driver, e.g. in
a pull down menu.

It shall be displayed whether LKAS is in LKAS active state, except if the vehicle is equipped with
a combination of systems that assist the driver to keep the vehicle inside the lane, e.g. with lane

© ISO 2014 - All rights reserved
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departure warning system and LKAS. In this case, it shall be displayed whether at least one of the

systems is in an active state.

If LKAS is not available due to a failure, the driver shall be informed.

5.2.3 Symbols

5.3

To cd

test

5.4
The

Ther]

5.5

If symbols are used to identify LKAS function or malfunction, standardized symbols in accordance

with [SO 2575 are recommended to be employed.

Minimum functionality

ver the main purpose to help the driver to keep the vehicle inside the lane, the LKAS’s

procedure defined in Clause 6.

Operational limits

LKAS should be designed in a way that the driver is able to use the’hKAS safely in a
efore, the vehicle actions which are induced by the lane keeping actions shall be limite

The magnitude of the lateral acceleration which is induced, by the lane keeping acti
¢xceed LKAS_Lat_Acel_max. Also the moving average over half a second of the lateral je
limited to:

LKAS_Lat_Jerk_max.;
— LKAS_Lat_Acel_max =3 m/s2;

— LKAS_Lat_Jerk_max =5 m/s3.

The lane keeping action shall not cause@]longitudinal deceleration larger than 3 m/s
keeping action causes a longitudinal'deceleration larger than 1,0 m/s2, this shall not c§
feduction more than 5 m/s.

In case of a transition from LKAS active state to LKAS stand-by state, the lane keeping
not end suddenly but shall’be'faded out smoothly.

The vehicle owner’s manual shall inform the driver that LKAS operation is not guarantg
ame as on a dry, flagroad if it is under low traction conditions, on roads with lateral

¢levation, or adverse weather conditions.

These operational limit requirements shall be fulfilled under all conditions.

Failure reactions

hall pass the

| situations.
d.

on shall not
rk should be

b, If the lane
luse a speed

action shall

ed to be the
bend, super

Failures in the LKAS components shall result in immediate notification to the driver an

1 LKAS shall

ransition to the LRAS off state. Thenotification shatt remaimactive umtit the systentis

witched off.

— The reactivation of the LKAS shall be prohibited until a successful self-test, initiated by either

ignition off/on or LKAS-off/on, is accomplished.
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Table 2 — Failure reactions while LKAS performs a lane keeping action

Failure in subsys-
tem
LKAS control shall be stopped. If the actuator is still
1 |Actuator able to finish the current lane keeping action or to
fade out smoothly, this is allowed before the LKAS
control is stopped completely.
2 Lane recognition The lane keeping action shall not be ended suddenly
system but shall be faded out smoothly.
3 LKAS controller LKAS controlshallbe cfnppnd

6 Performance evaluation test methods

Due to diffefent actuators to realize interventions, e.g. steer torque or steer angle vérsus single $ided
braking, it i$ necessary to define a test, which can be passed by both systems.

6.1 Envirjonmental conditions

— Testlochtion shall be on a flat, dry, and clean asphalt or concrete surface.
— Temperpture range shall be between -20 °C and +40 °C.

— The winjd speed shall be less than 3 m/s.

— Horizorltal visibility range shall be greater than 1 km.

— Visible lane markings of the test location shall be inigéod condition in accordance with the nationally
defined|visible lane markings. Also, they shall be marked in accordance with applicable standards
for lane|marking design and materials.

6.2 Test ¢ourse conditions

The course ghall be long enough to maingain a minimum vehicle speed (of at least 20 m/s) while allowing
the vehicle to drift out from the lane-at-a low rate of departure.

The width of the lane marking shall be in the range of 0,1 m to 0,3 m according to applicable regulafions
for highway|like roads.

The width df the lane refative to the centre of the lane markings shall be in the range of 3,4 m to 3,9 m
according tq applicable\regulations for highway like roads.

6.3 Test yehicle conditions

The test veltclemass—shalt-bebetween Luxuplctc vehicletkerb ulaao1) plua driver-and—test cquip ent
(combined mass of driver and test equipment shall not exceed 150 kg) and maximum authorized total
mass?) (Refer to ISO 15037). No alterations shall be made once the test procedure has begun.

6.4 Test system installation and configuration

The LKAS shall be installed and configured in accordance with the instructions provided by the
manufacturer. For tests of the LKAS with a user adjustable intervention threshold, each test shall be
performed with the intervention threshold set at its latest setting. No alterations to the system shall be
made once the test procedure has begun.

1) Includes lubricants, coolant, washer fluid, fuel, spare wheel, fire extinguisher, standard spare parts, chocks, and
standard tool-kit.

2) Determined as a maximum by the administrative authority.

6 © ISO 2014 - All rights reserved
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Test procedure

Due to different system concepts, at least one of the test procedures “Procedure on a straight” or
“Procedure in a curve” shall be fulfilled.

6.5.1 Parameters recoverable from data record

a) Lateral acceleration

b) Rate of departure

Inl
1T

c)

For a
The
note

6.5.2
The {

The
segn
strai
the I
carri

Whil
post
V_dej
teste
ther
dura
prev

Due
(han
pass

TIC™S

11 lane keeping actions by LKAS that occur during the test, the above listed data shall |
lata shall be recovered by a device other than the system. The precision of thetest de
] in the test report.

Procedure on a straight
est procedure consists of eight single tests.

fests shall be conducted on a segment of straight road. The-vehicle will travel straig
ent of straight road at a speed of 20 m/s to 22 m/s. When¢travelling straight along thd
bht road, the vehicle can travel either in the centre of the {ang, or along the lane marking
ine marking that will be crossed at the time of lane departure. For example, when lane

ed out to the right, the vehicle can be driven along theleft-hand lane marking and vice

fe maintaining the designated speed with the 'vehicle smoothly tracking the coursg

part = 0,4 m/s + 0,2 m/s for eight tests [four'to the left (group 1) and four to the right (g1
r shall conduct lane departure trials until four trials are achieved within each group
hte of departure with respect to the lane marking. The car manufacturer shall specify t}
fion between two consecutive tests’ in order to avoid system unavailability e.g. dul
bntion measures.

[0 different actuators to realize interventions, it is possible to conduct these tests eith
ds-off, no external torque-applied) steering wheel or fixed steering wheel. These t¢g
bd using either free orfixed steering wheel.

be recorded.
vice shall be

ht along the
e segment of
y opposite to
Heparture is
versa.

» so that its

ire is stable, the vehicle shall be steered so asto gently depart from the lane at a rate ¢f departure

oup 2)]. The
hccording to
e minimum
e to misuse

er with free
sts shall be

A single test is succegsful'if the outer edges of the tyres of the vehicle do not exceed the lafjie boundary

mord
LKAS
LKAS
The {

than LKAS_Offset_max
_Offset_max= 0,4 m for light vehicles

_Offsetomax = 1,1 m for heavy vehicles

esDprocedure is successfully passed if all eight tests are successful.

6.5.3 Procedure in a curve

6.5.3.1 Performing the test

The test procedure consists of two single tests. The vehicle speed shall be between 20 m/s and 22 m/s
during the whole test. The tests shall be conducted on a road which is a straight entering a curve. At the
straight, the test vehicle shall be adjusted near the middle of the lane such that it moves straight and
parallel to the lane with the steering wheel angle being zero. After doing this, the steering wheel shall be
set free just before entering the curve. After entering the curve, the test shall last for LKAS_curve_time
seconds. The test shall be done twice, once entering a left curve and once entering a right curve. A single
testis successful if the outer edges of the tyres of the vehicle do not exceed the lane boundary more than

© ISO
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LKAS_Offset_max during the test. The test procedure is successfully passed if both tests in a right and a
left curve are successful.

LKAS_curve_time=75s
LKAS_Offset_max = 0,4 m for light vehicles
LKAS_Offset_max = 1,1 m for heavy vehicles

6.5.3.2 Testtrack

The curve radius-is not cpnr‘ifind anditis not necessary for the curve radius tao be constant durine the

whole test. During the whole test, the rate of change of curvature should be continuous and |should
not exceed LKAS_curvature_rate_max. The test track shall be shaped, such that, if a vehicle would drive
continuously in the middle of the lane, the lateral acceleration would not exceed 1,0 m/s2. At least for
the last secqnd of the test, the test track shall be shaped, such that, if a vehicle would drive-¢ontinugusly
in the middle of the lane, the lateral acceleration would be within the range from 0,5 yn/s2 to 1,0 m|/s2.

LKAS_curvature_rate_max = 4x10-5 1/m?2

8 © ISO 2014 - All rights reserved
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Annex A
(informative)

Example for a track for the test procedure in a curve

_— ]

oL
S3
C
B
S1
A
1% 20 m/s
ay 0,5 m/s”
Radilis Ryv* / ay = 800 m, reached at point B
Curvgture c=1/R=0,001251/m
End of test after 5 satpoint CS3=5sx v =100 m
Figure A.1 — Example of a curve test track
EXAMPLE 1 Curvature rate = dc/ds =4 x 10-5 1/m?

S1=c/(dc/ds)=31mand S2=S3-S1=69m
EXAMPLE 2  Curvature rate = dc/ds = 1,56 x 105 1/m?
S1=c/(dc/ds)=80mand S2=53-S1=20m

© ISO 2014 - All rights reserved 9
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dc

\j

dc < LKAS_curvature_rate_max
ds

Figure A.2 — Curvature of a curve test track

10 © ISO 2014 - All rights reserved
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(informative)

ISO 11270:2014(E)

B.1 General
PATTERN WIDTH
COUNTRY
Left edge Centre Right edge Left edge Centre Right ¢dge
lane marking line lane marking lane marking line lane m3rking
5m ""E 20m —Y¥
E E E
— (&) o (5]
12M g AM —p o SPAIN < 2 =
am/'[ g 5 5
SWEDEN = 2 =
am ___,-v[
am ,’[ 38 Mm
L&) [+]
\n £ I
10m—> FRANCE o ol o
14m—"
" — e
E E 5
o o [+
12m—p GERMANY ey el =2
I i A=
UNITED E 5 E
7m HD KINGDOM = = E
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PATTERN WIDTH
COUNTRY
Left edge Centre Right edge Left edge Centre Right edge
lane marking line lane marking lane marking line lane marking
0 o, 5 5 g
o BELGIUM 2 =] 2
5m/'|: ; . s
DENMARK a CLl =]
10m—¥
THE § g
NETHERLANDS E
(751
T
4.5
m
E E £
o (%] (5]
75 —F ITALY o . .
m R
dm—>] |
& 5 &
gm—Y - IRELAND w o o
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B.2 China - Lane boundary technology

Lane width should be between 3,0 m to 3,75 m.

Lane boundary width should be 100 mm, 150 mm, or 200 mm wide.

Interrupted marking lines should be:

— 4 m (segment) + 6 m (void) for opposite direction;

— for same direction, 2 m (segment) + 4 m (void) for urban areas;

© 1SO 2014 - All rights reserved

PATTERN WIDTH
COUNTRY
Lett edge Centre Right edge Lett edge Cenire line Right edge
lane marking line lane marking lane marking lane marking
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Figure B.1
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— 6 m (segment) + 9 m (void) for highway.

Note The information about lane boundaries in China is taken from China national standard GB 5768:1999.

B.3 ITALY - Lane boundary geometry
This is the information we have regarding lane boundary regulations in Italy.

Lane width should be between 2,5 m to 3,75 m for normal lanes and from 2 m to 3,5 m for emergency
lanes. However, we have measured lanes of approximately 4 m.

Lane boundfries should be Targe from 120 mm (generic) to 150 mm (highway]) to Z50 mm {borders).
Interrupted|marking lines should be:

— 3 m [segment) + 3 m (void) for urban areas;

— 3 m [segment) + 4,5 m (void) for extra urban roads;
— 4,5 1n (segment) + 7,5 m (void) for highways.

In special cdses, other markings are possible.

The data about lane boundary geometry in Italy were taken from\the “Manuale della segnaletica
stradale”, ACINNOVA.

B.4 JAPAN - Lane boundary geometry

Lane width ghould be between 2,75 m to 3,5 m for genericlanes and from 3,25 m to 3,75 m for highway
lanes.

Lane boundgries should be from 100 mm to 150smm (borders) to 200 mm (centre) wide.

Lane segments and voids for interrupted matking lines should be the same length (between 3 m to 10 m)
for centrelines. For borderlines, painted segments should be 3 m to 10 m, and 6 m to 20 m for voids.

B.5 USA { Road markings in'the US
Lane width:| 2,6 mto4,2 m

Lane markef width: 120/mm to 250 mm (250 mm for thick border markers)

Double markers, which' indicate “no passing zones” on roads with two-way traffic have two parallel
painted stripes, each'100 mm wide, with approximately 80 mm between them.

Interrupted|markers:

For dashed markers (with voids between dashes), the mean painted dash length is approximately 4 m
(¥2 m), with a void between dashes of approximately 6 m (2 m).

Other characteristics:

Pavement marker installation based on California Standard Plans Raised pavement markers can be used
in place of painted strips in marking California roads. These markers can be white or yellow, depending
on the specific application, following the same logic used to determine whether painted lines are white
or yellow.

There are two types of markers: non-reflective circular “dots” and rectangular reflectors.

Dots (D): diameter 100 mm, spherical section with maximum height up to 16 mm above pavement.
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