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RATIONALE

r behavior regarding in-vehicle warning systems has not yet been compilg
Dr lane departure warnings. The information given in this report will assist design
for road/lane departure warning systems.
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1. SCOPE

The Road/Lane Departure Warning System is a crash-avdidance technology which warns drivers fif
have drifted) out of|their lane or from the road. This~-warning system is designed to help preven
run-off-road crash. This system will not take contro] of'the vehicle; it will only let the driver know that h
back into the lane. | This warning system is not designed as a lane-change monitor, which addres
changes, or a merging system which warns of other vehicles.

This informational reg
on relatively straigh
revisions should con

port applies to OEM«and after-market Road/Lane Departure warning systems fi
roads with a radius of curvature of 500 m or more, and under good weathel
sider the implications of newer variations on the user experience.

1.1  Purpose

J2808 was created
and/or user interfacs

with the ‘purpose of coordinating with 1ISO in establishing standards for the ope
of road/lane departure warning systems.

they are drifting (or
the possibility of a
e/she needs to steer
ses intentional lane

br light-duty vehicles
conditions. Future

ating characteristics
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3. DEFINITIONS
3.1 Road

The surface that a v
3.2 Road Bounda
The borderline of the
3.3

Lane

“The area of roadw
driver’s desire to chd

3.4 Lane Boundar

s using IVHS countermeasures. Task 3 final report -»volume 2. Report no.
: U.S. Department of Transportation, National Highway Traffic Safety Administrat

huk, S. A., and Voas, R. B. (2000). Final report.~ Automotive collision avoida
No. DOT HS 808 080). Washington, D.C.: National Highway Traffic Safety Admi

phicle would be expected to travel along in the absence of any obstruction.

Yy

road that is determined by incidental visible road features or other means such &

by that a(vehicle would be expected to travel along in the absence of any ob
nge thepath of travel.” From ISO draft standard N123.35.

y

pe, T. (2002). A human interface design of multiple collision warning system.’ In Proceedings of the

ptic Warnings for the

J.L., Pomerleau, D.A., Romano, R.A., and Petersen, A.D. ¥1995). Run-off-road collision avoidance

DOT HS 808 502.
on.

hce system (ACAS)
nistration.

s GPS.

struction without the

The borderline of the lane that is determined by a visible lane marking and in the absence of a visible lane marking by
incidental visible road features or other means such as GPS, electromagnetic nails, etc. In the case of a visible lane
marking, the boundary shall be at the centre thereof.” From ISO draft standard N123.35.

3.5 Departure

From ISO draft standard N123.35: “The situation in which the outside of one of the front wheels of a vehicle or of the
leading part of an articulated vehicle is crossing a specified line. In the case of a 3-wheel vehicle, it is the same except
that the wheel is one of the wheels on the axle with the widest track.”

3.6 Road Departure

The point of departure across the road boundary.
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3.7

Lane Departure

“The point of departure across the lane boundary.” From ISO draft standard N123.35.

3.8

Rate of Departure (V)

“The subject vehicle’s approach velocity at a right angle to the lane boundary at the warning issue point.” From ISO draft

standard N123.35.

3.9 Straight Road
Road with a radius q
3.10 Warning Cond
“A condition in which
3.11 Earliest Warni
“The innermost limit
3.12 Latest Warnin

“The outermost limit

Feurvature-of-600-m-ormeore-

ition

departure across the warning threshold occurs.” From ISO draft standard N123.
ng Line

of the warning threshold.” From ISO draft standard N123.35;

j Line

of the warning threshold.” From ISO draft standard*N123.35.

3.13 Lane Departute Warning

“A warning given to
requests.” From ISO

3.14 Road Departu

A warning given to
requests.

the driver in accordance with the lang,;departure warning condition in the abs
draft standard N123.35.

e Warning

the driver in accordance with the road departure warning condition in the abs

3.15 System Incapable

“A state of the syste
draft standard N123

3.16 Status/Functig

m in which itis' unable to warn the driver of a lane departure due to temporary ¢
35.

n Indication

B5.

bnce of suppression

bnce of suppression

pnditions.” From ISO

An indication that re

3.17 Haptic Warnin

lects a system may not (or is less likely to) deliver a road/lane departure warning.

g

“A warning that stimulates the driver’'s sense of touch, vibration, force and motion (e.g., steering wheel motion, steering
wheel vibration, seat and pedal vibrations, etc.).” From ISO draft standard N123.35.

3.18 Time Critical Warning

Warning that changes as the warning condition becomes closer in time.

3.19 Road/Lane Departure Warning System

A system which provides road departure warnings or lane departure warnings.
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4. HUMAN INTERFACE

4.1 Warning Levels

Time-critical warning levels are not realistic for road/lane departure warning systems, since “...the time course of lane
departure events will typically not allow for a graded series of warnings — several warnings of increasing urgency.”
(Pomerleau et al., 1999)

Systems with imminent versus cautionary warning levels are intended to convey the likelihood of a crash caused from a
road or lane departure. Lane departures with a high likelihood of a crash (imminent) might be presented differently than

departures with a low likelihood of a crash (cautionary).

information about {|

r*lri\ling nn\/irnnmnnf; such as the identification of dashed versus dotted lane

Systems that determine these levels usually have additional

arkings, blind-spot

monitoring, or side-g

For systems with an
or confusing.

ollision warning systems.

4.2  Warning Pres¢gntation Modality

The draft internation
auditory warnings.

consistent with this
warnings for Side Cq
vehicle, in order to 3
are not interchanges

421 Visual

Effectiveness:

e Visual warnings ¢
departure warnin

secondary modal
Type:

The draft ISO 70
7000-2682:

al standard for Lane Departure Warning Systems (LDWS) fequires that LDWS g
A review of the current warning modality research with’ regards to lane d
requirement. Much of the research currently published related to warnings

ssist the driver in avoiding a side collision when making a lane change. Althoug
ble, they do suggest similar driver responses with-the steering wheel.

an be useful as status indications (Olsen, 2004), and to help drivers understand
gs (LeBlanc et al., 2006). <For lane departure warnings, the visual modality s

0 document includes a standard visual icon for road/lane departure warnings. T

[ 1

y type of warning levels, care should be taken to determine whether the drivers find the levels intuitive

resent haptic and/or
bparture systems is
for LDWS is about

llision Avoidance Systems (SCAS). SCAS are systems that detect objects located to the sides of the

h these two systems

the meaning of lane
hould be used as a

ty only. This is consistentwith the draft international standard for Lane Departur¢ Warning Systems.

he icon below is ISO

L |

FIGURE 1 - ROAD/LANE DEPARTURE WARNING ICON FROM ISO 7000-2682
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Location:

LeBlanc et al. (2006) displayed a visual alert on the left side of the instrument panel, seen through the steering wheel.

Four out of 25 focus-group participants questioned after field testing with this visual alert suggested that the display be
moved toward the center of the dashboard or in a head-up display.

4.2.2 Haptic

Effectiveness:

Krawchuck, and
visual or auditory
detected than vis
created so they ¢
Drivers have reg
LeBlanc et al.,
preferred the aud

Type:

The most comm
(usually to the se
Drowsy drivers in
Often, haptic war
a road shoulder
Kochhar and Tij

rina
pan as a lane de{arture warning.

Location:

The most comma
seat pan or seat

Kochhar and Tije
the lane departur
Kozak, et al. (200
Haptic warnings,

2006) or the auditory-haptic combination (Stanley, 2006).

warnlng S|gnals (Ho Spence, and Tan 2005 Stanley, 2006).
ual warnings, assuming that the body is in contact with the tactile feedback! “Ha
o not disturb the passenger(s) (Ho, Spence, and Tan, 2005; Sayer, Sayer, and
orted warnings in the haptic modality were less annoying comparéed;to audi

Haptic warni

Drivers, from Stanl
tory-haptic combination, however, as most preferred to have with\roadway depar

bn types of haptic warnings for SCAS , which is simjlarin driver reaction to R
bt back, seat pan, or steering wheel) or constant torque™(to the steering wheel).

Kozak, et al. (2006) only recognized steering wheel torque warnings 32% of the
hings for road departure mimic the sensation of rumble strips. A rumble strip is g

(2006), approximately 55% of participants (n=54) identified a ‘rumble strip’

n locations for haptic warnings-for SCAS are located on the steering wheel (as vi
back (as vibration).

B warnings.
6) found steering wheel vibration was an effective lane departure warning for dro
especially when.presented through a vehicle control (like the steering wheel), ¢

indicating proble

warnings.

Although driving [pefformance with a combined haptic and auditory warning showed promise, |

r beside a road which, when driven over, calises a strong vibration and noise ifpside the vehicle.

Haptic warnings have been found to be effective in alertlng drlvers quickly (Ho Spence and Tan, 2005; Zador,

actile) warnings than
ngs are more easily
btic warnings can be
Devonshire, 2005).
ory (Stanley, 2006;
by (2006) ultimately
fure systems.

| DWS, are vibration

ime.

rooved pavement on
In
vibration in the seat

bration or torque), or

rina (2006) suggest tovput the haptic warning in the driver's seat pan to be spatfjially compatible with

sy drivers.
an be interpreted as

s with thelxehicle. Shutko (2001) found commercial motor vehicle drivers npisinterpreted brake-
pulse warnings for a vehig¢le problem. This can cause the driver confusion and even incorrect
In Sugquki and~Jansson (2003), 50% of participants had inappropriate (opposite) reactio
warnings presented as-steering wheel torque.

responses to haptic
ns to lane departure

[ijerina et al. (1995)

concluded that participants might have felt overloaded by the combination of steering wheel vibration (.5 sec, square
wave, 10 Hz, 1.5 Nm) or torque (1 sec, triangle wave, 2 Nm) and a complex tone (.5 sec, 2000 Hz) for lateral warnings.
Some evidence has shown the combination of haptic and auditory warnings is effective for brake responses (Brown,
2005).

Directional haptic warnings, which distinguish the source of the warning between right and left, were found to be
slightly preferred over non-directional haptic warnings in Pomerleau et al. (1999).

4.2.3 Auditory
Effectiveness:

Auditory warnings (tone and voice) provide faster response times (Delphi-Delco Electronic Systems, 2000) and are
superior at attracting attention (Campbell et al., 1996) when compared to visual warnings for SCAS.

Auditory warnings are perceived to be more annoying compared to visual and haptic warnings. (Delphi-Delco
Electronic Systems, 2000)
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visual or haptic w

arnings.

Drivers from LeBlanc et al. (2006) felt earcon auditory warnings for lane departure systems to be more distracting than

As stated previously, Tijerina et al. (1995) concluded that participants might have felt overloaded by the combination of

a complex tone (.5 sec, 2000 Hz) and either a steering wheel vibration (.5 sec, square wave, 10 Hz, 1.5 Nm) or torque
(1 sec, triangle wave, 2 Nm) for lateral warnings.

(Selcon, Taylor, and Shadrake, 1992).

Type:

Auditory warnings combined with visual warnings enhance performance and reduce time to respond to information

Types of auditory warnings for SCAS include tonal, voice/speech, and earcons (sometimes called auditory icon).

Auditory icons (e
Graham (1999),
brake responses
participants felt th

Location

e Auditory warning
response time (S
non-directional w

4.2.4 Auditory + H
Effectiveness:

Stanley (2006) fo
vibration) compa
separate modaliti
As stated previol
steering wheel vi
tone (.5 sec, 200

4.2.5 Auditory + V
Effectiveness:

As stated previo
LDWS present ha

Auditory warning
(Selcon, Taylor, g

TUUI IO) havc bGUII fuund tU bc IMuIrc cffcbtivc thall tUI 1T (BU:L Gt a:., 1393) Ul oY
however, found auditory icons of a car horn and of skidding tires more likely-{o
Harder et al. (2003) recommend a double-beep auditory icon for side-collision
e double-beep was more urgent than a single-beep earcon.

5 should be directional to indicate whether the lane deviation.is,on the left or rig
uetomi and Niibe, 2002). Directional auditory warnings were also found to be s
arnings by drivers (Pomerleau et al., 1999).

aptic

und that participants reacted slower to the, combination of auditory + haptic (rumb
fed to haptic alone, although they ultimately preferred the combination of au
bs for roadway departure warning systems.

sly, Tijerina et al. (1995) concluded’that participants might have felt overloaded b
pration (.5 sec, square wave, 10-Hz, 1.5 Nm) or torque (1 sec, triangle wave, 2
) Hz) for lateral warnings.

isual

Lsly, the dfaft'international standard for Lane Departure Warning Systems (L
ptic and/er.auditory warnings, and that visual warnings are secondary sources of
5 combined with visual warnings enhance performance and reduce time to reg
nd Shadrake, 1992; Belz et al., 1999).

Participants in Le

ch (Graham 1999).
be misinterpreted for
warnings, because

ht, to improve driver
ightly preferred over

le strip sound + seat
ditory + haptic over

y the combination of
Nm) and a complex

DWS) requires that
information only.
pond to information

Blanc et al. (2006) found they tended to rely on auditory and haptic cues to int

prpret warnings, and

used the visual di

splay as a confirmation only.

4.2.6 Haptic + Visual

Effectiveness:

As stated previously, the draft international standard for Lane Departure Warning Systems (LDWS) requires that

LDWS present haptic and/or auditory warnings, and that visual warnings are secondary sources of information only.

used the visual di

splay as a confirmation only.

Participants in LeBlanc et al. (2006) found they tended to rely on auditory and haptic cues to interpret warnings, and


https://saenorm.com/api/?name=cc097ce09e7404f216dd0722dfbe7c2d

