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Foreword

ISO (the Inte

rnational 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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 22178 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting. [Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 204, Intelligent trahsport systems.
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Introduction

78:2009(E)

The main system function of low speed following is to control vehicle speed adaptively to a forward vehicle by
using information about: (1) ranging to forward vehicles, (2) the motion of the subject (LSF equipped) vehicle
and (3) driver commands (see Figure 1 — Functional LSF elements). Based upon the information acquired,
the controller (identified as “LSF control strategy” in Figure 1) sends commands to actuators for carrying out

its longitudinal control strategy and also sends status information to the driver

The ¢

This
LSF
funct
perfo

Subject vehicle
motion determination

Acquisition of
driver'commands

Detection and ranging
of forward vehicles

Actuators for

longitudinal ‘eontrol Driver information

Environment Driver

Vehicle

Figure 1 — Functional LSF elements

oal of LSF is a partial automation of the longitudinal vehicle control to reduce the driver's wg

International Standard.may be used as a system level standard by other standards, whic
0 a more detailedstandard, e.g. for specific detection and ranging sensor concepts or h
onality. Therefore,-issues like specific requirements for the detection and ranging sensor
rmance or communication links for co-operative solutions will not be considered here.
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INTERNATIONAL STANDARD 1ISO 22178:2009(E)

Intelligent transport systems — Low speed following (LS

F)

systems — Performance requirements and test procedures

1 cope

This [International Standard contains the basic control strategy, minimum functionality ‘require
drivef-interface elements, minimum requirements for diagnostics and reaction to failure;(and perf
procedures for low speed following (LSF) systems.

An LBF system is primarily intended to reduce the driver's workload of repeatedly operating th
and the brake pedal under congested traffic in order to keep a proper following distance behi
vehidle for a relatively long period on roadways where there are no objects like pedestrians and
might interrupt motorized traffic flow. An LSF system provides automatic)car-following at lower g

ments, basic
prmance test

b accelerator
nd the target
icyclists who
peed by use

of a driver interface mechanism and a speed adjustment system. The LSF system does not normally provide

speefl regulator control.

2 Normative references
The following referenced documents are indispensable for the application of this documen
refergnces, only the edition cited applies. For-undated references, the latest edition of th
docupment (including any amendments) applies.

ISO 2575, 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.
31
clearjance

distapce from thé forward vehicle's trailing surface to the subject vehicle's leading surface

3.2

t. For dated
b referenced

congested'traffic
traffiﬂ condition where the driver, at lower speed, repeatedly starts, follows a forward vehicle,

and stops in

order to keep a proper following distance behind the forward vehicle

3.3
cutting out
situation in which the target vehicle changes lanes from behind a preceding vehicle

1) Definitions are in accordance with the Glossary of ISO/TC 204/WG 14.

© 1SO 2009 — All rights reserved
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3.4

forward vehicle

vehicle in front of, and moving in the same direction and travelling on the same roadway as, the subject
vehicle

3.5
go operation
driver action to convey to the system the intention of placing the subject vehicle in motion

EXAMPLE Operation of the accelerator pedal and operation of a switch for starting the subject vehicle.
3.6

low speed fl)llowing

LSF

function that|allows the subject vehicle to follow a forward vehicle in low speed ranges such as,conggsted
traffic at an gppropriate distance by controlling the engine and/or power train and the brakes

3.7
LSF following state
condition where the system controls the clearance to the target vehicle according tothe selected time gap

3.8
LSF hold state
condition where the system controls the subject vehicle to be kept stationary

3.9
LSF retargefing state
temporary target-lost period during a transition to the next target'vehicle

3.10
maximum operational speed
maximum speed the LSF system can attain while in.following control

3.1
minimum operational speed
minimum spe¢ed the LSF system can maintain while in following control

3.12
slow moving object
object in fromt of the subject yehicle that is moving at less than MAX [1,0 m/s, 10 % of the subject vehicle
speed] in the| direction of the centreline of the subject vehicle

3.13
stationary opject
object in fronit of the~subject vehicle that is stationary

3.14
steady state
condition whereby the value of the described parameter does not change with respect to time, distance, etc.

3.15
subject vehicle
vehicle equipped with the LSF system in question and related to the topic of discussion

3.16

target vehicle
vehicle that the subject vehicle follows

2 © 1SO 2009 — All rights reserved
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3.17
time gap

ISO 22178:2009(E)

value calculated from vehicle speed, v, divided by clearance, ¢

NOTE See Figure 2.

c

[EJ% V (1)

ve speed is

Figure 2 — Time gap
4 Symbols and abbreviated terms
CTT Coefficient for Test Target (for infrared reflectors) (m2/sr)
c clearance, inter vehicle distance (m)
Cmin minimum clearance under steady state conditions for.all speeds (including hold stat
Cmin(¥) minimum steady state clearance at speed v (m)
Amax distance, maximum detection range on straight roads (m)
dy distance between source and projected area 4 (m)
diarge imit  distance above which the system shall not regard a target vehicle (m)
dy distance below which detection of a target vehicle is not required (m)
d4 distance below which neither distance measurement nor determination of relat
required (m)
/ length (of a'side of a RADAR test reflector) (m)
R curveradius (m)
Rain minimum curve radius (m)
RCS RADAR Cross Section (m?2)
v true subject vehicle speed over ground (m/s)
Veircle_start ~ Vehicle speed as it enters a curve of radius R (m/s)
Vmax maximum operational speed (m/s)
Vemin minimum operational speed (m/s)
Vyehicle_ end  VEhicle speed at the end of a test (m/s)

Vvehicle_start

vehicle speed at the start of a test (m/s)

© 1SO 2009 — All rights reserved
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A projected (utilized) area (m2)

Ay illuminated surface (m2)

E; intensity of irradiation (W/m?2)

1 radiated intensity (W/sr)

et radiated intensity in a given direction (W/sr)
A wavelength (m)

T gap, time gap between vehicles (s)

Tmax maximum selectable time gap (s)

Tmax(v) maximum possible steady state time gap at a given speed v (s)
Tomin minimum selectable time gap (s)

Tmin(y) minimum steady state time gap at speed v (s)
@ radiation source (W)

Dot radiated power (W)

@ incident radiated power (W)

0 solid angle (sr)

02 solid angle of the source (sr)

5 Classification — types of LSF systems
Two types of| LSF systems are addressed.in this International Standard.
The type 1 LBF system follows the ‘target vehicle that is recognized when the driver activates the system.

The type 2 LSF system follows-the target vehicle that is recognized when the driver activates the system and
it retargets the target vehicle-automatically until the system is deactivated.

6 Requitements

6.1 Basic control strategy
LSF systems shall, as a minimum, provide the following control strategy and state transitions (see Figure 3).
The following constitutes the fundamental behaviour of LSF systems.

— In the LSF following state, the vehicle speed will be controlled automatically to maintain a clearance to a
target vehicle (for car-following capability, see 6.3.2).

— (Type 2 LSF system) In the LSF following state, a new target vehicle will be chosen automatically (for
automatic retargeting capability, see 6.3.3).

4 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=e54c29b2ca2f5b809516e372c234dc7d

ISO 22178:2009(E)

— (Type 2 LSF system) In the LSF retargeting state, the subject vehicle shall not accelerate (for automatic
retargeting capability, see 6.3.3).

— After the subject vehicle has come to a stop, the system shall transfer to the LSF hold or stand-by state
(for deactivation conditions, see 6.3.5).

— In the LSF hold state, automatic brake control will be accomplished for keeping the subject vehicle
stationary (for hold capability, see 6.3.4).

Active

type 1 LSF

\LSF off°

LSF LSF on? activate
off -~ :
LSF off deactivate®

LSF
following

when the target
vehicle exists

Go operation

type 2 LSF

\LSF off®

LSF LSF on? actlvate
off b
LSF off deactlvate

Active

retargetlng

Retarget

Target lost

foIIowmg
Retarget

O = system state

when the target
vehicle exists

Go operation T l

@  The transition is driven after self-diagnostics by manual operation or automatically performed.

b The transition is driven by a manual operation of the on-off switch of the LSF system. Automatic switch-off function
can be activated upon detecting any failure.

¢ The driver’s operation to deactivate the system or the conditions specified in 6.3.5.

d  Optional state.

© 1SO 2009 — All rights reserved
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6.2 Applicable target vehicle

6.2.1

General

The LSF system shall regard the forward vehicles that conform to the following conditions from 6.2.2 to 6.2.4
as a target vehicle.

6.2.2 Detection targets

The LSF system shall detect moving vehicles.

The LSF sys
It is optiona

detected as
vehicle, the d

6.2.3 Dete(

subject V
forward

Detectio
Detectio
Detectio

If a forward
between the
detected with

d

max —

If a forward
of the vehicl

em shall regard a stopped vehicle that was tracked before it stopped as a target vehicle.

to design LSF systems to regard an object that is already stationary or slow-moying

when

@ target vehicle. When stationary objects or slow-moving objects are not regarded' as a farget

river shall be informed, as a minimum, by a statement in the vehicle owner’'s manual.
ttion range on straight roads

d

d max

=]

3
3555
355K
3GRRRK
3RS

%S
e
9.9.9.9.9.%

ehicle
ehicle

h of vehicle not required.
n of vehicle required.
h of vehicle and determination of range.

Figure 4 — Range of detection

ehicle is present within the distance range of d, to 4, the LSF system shall measure the

max’

ange

forward and subjeet)vehicles (see Figure 4). Within this range, the forward vehicle shall be

in a lateral area of-at least the subject vehicle width.

max(Vmax) X Vinax

ehicle.is present within the distance range of d; to d,, the LSF system shall detect the preg
e but is not required to measure the range to the vehicle nor the relative speed betwee

forward and

ence
h the

subject vehicles. If a forward vehicle is detected within this range and the distance cann

pt be

determined, the system shall inhibit automatic acceleration.

d1 = ¢min(Vmin)

If a forward vehicle is present at a distance less than d, the LSF system is not required to detect the presence
of the vehicle.

dg=2m

© 1SO 2009 — All rights reserved
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6.2.4 Target discrimination

If there is more than one forward vehicle on straight roads, the closest of these vehicles (see Figure 5) in the
subject vehicle's path shall be selected for LSF control in typical LSF situations as represented by the test
scenario (for the target discrimination test, see 7.4).

Key
1 subject vehicle

2 fqrward vehicle in the subject vehicle’s path
3 fqrward vehicle in the adjacent lane

Figure 5 — Target discrimination

If a fprward vehicle is in the distance farther than 4y get jimi: the LSF system shall not regard |t as a target
vehide (see Figure 6). B

‘Itarget_limit =MAX {[Tmax (v)xvx 3], 36}

d max d target_limit

Key

1 subject vehicle

2 forward vehicle

a LSF system may regard it as a target vehicle.

LSF system shall not regard it as a target vehicle.

Figure 6 — Range of target vehicle

© 1SO 2009 — All rights reserved 7
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6.3 Funct

6.3.1

ionality

Activation conditions

The following conditions must be satisfied in order to transition to the active state.

The sub

The system shall be activated by a driver.

The speed of the subject vehicle shall not exceed the system’s maximum operation speed.

ect vehicle shall already detect the target vehicle.

The ded

When the sy
the LSF hold

6.3.2 Car-fi

In the LSF f
t

Vmin 10 Vmax

The LSF syq
vehicle that i

Under the st
in6.3.2.1.

Under transi
occurs, the s

6.3.2.1

Tmin Shall be

ctivation conditions are not fulfilled.

The sysfem does not detect any failure.

bject vehicle is stopped, it is permissible for the LSF system with hold capability to transit
state even while the driver is operating the brake pedal.

pllowing capability

bllowing state, the speed of the subject vehicle shall be controlled automatically in the ran
b maintain the intended clearance from the target vehicle.

tem shall decelerate, within its limited deceleration capability, to v, behind a stopping
5 already tracked.

pady state condition, the LSF system shall comply with the minimum clearance limit as de

bnt conditions, the clearance may temporarily fall below the desired distance. If such a situ
ystem shall adjust the clearance to,attain the desired distance.

Clearance capability

Tmin(v) shall be greater than or equal 1o 7, =1,0s.

¢min Shall be
be greater th

Under stead

the minimum clearance for following under steady state conditions for all speeds v. c;in(v)
an or equal toeyi, = 2,0 m.

state conditions, the clearance shall not be below MAX [¢hins (Tmin X V)]-

on to

ge of

arget

fined

ation

the minimum selectable. time gap for following under steady state conditions for all speg¢ds v.

shall

6.3.2.2 CTrve capability

The LSF system shall enable steady state vehicle following with a time gap of z,,,, on a curve with a radius of

R greater tha

n or equal to R, = 125 m.

© 1SO 2009 — All rights reserved
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6.3.3 Automatic retargeting capability (type 2 LSF system only)

78:2009(E)

The type 2 LSF system shall have an automatic retargeting capability to detect a next target vehicle and
switch the target at least in the following instances:

— cutting in by other vehicles;

— cutting out by target vehicle.

In the LSF retargeting state, the vehicle speed may be controlled.

In tr\r | O votgrantina otot P=N laratiopn—ahbsa
I o Totargo Ty Statc;,actlTioTatiornSTTa

The

vehide.
6.3.4| Hold capability (optional)
The IISF system with v;;, = 0 may have hold capability as an option.

The LLSF system with hold capability shall automatically transfer to the LSK hold state when the s
comgs to stop.

The

effecfed if the subject vehicle has already detected the target.vehicle.

6.3.5| Deactivation conditions

The

L SF retargeting state shall transfer to the LSF following state at the instant of switching te' t

ransition from hold state to following state is enabled by ‘the driver's go operation and

In the LSF following and the LSF retargeting states, braking by the driver shall deactivate L
Ipast if the driver-initiated brake force,demand is higher than the LSF-initiated brake force.

In the LSF following and the<LSF retargeting states, the system shall be deactivated whe
ehicle speed exceeds v,/

In the LSF following‘and the LSF retargeting states, the system without hold capab
deactivated when thé&-subject vehicle speed drops below v;;,. In the case of v;;; =0, the sy
deactivated within 3/s after the subject vehicle has come to a stop.

In the LSF fallewing state, the type 1 LSF system shall be deactivated when cutting in/out oG
o target\vehicle is present.

If the.target vehicle comes closer than d; and is no longer detected, the type 1 and type 2

e new target

bject vehicle

can only be

bystem shall transfer from the active state to.the stand-by state when any of the following conditions
occulr.

BF system at

n the subject

lity shall be
stem shall be

curs or when

| SF systems

hall inhibit automatic acceleration and may continue hraking

In the LSF retargeting state, the type 2 LSF system shall be deactivated either when the duration of this
state exceeds 7,5, or when the subject vehicle reaches the location where the target vehicle was when it

was lost.

NOTE Tmax 1S the maximum selectable time gap, i.e. it is the clearance divided by the subject
(> 0) normally used and at which a driver expects retargeting.

In the LSF hold state, braking by the driver may not necessarily deactivate the LSF system.

vehicle speed

In the LSF hold state, when the system deactivates automatically, the deactivate condition shall be clearly
stated in the owner’s manual of the vehicle and a notification shall be provided when deactivation occurs.

© 1SO 2009 — All rights reserved
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6.4 Basic

6.4.1

driver interface and intervention capabilities

General

The system shall provide the following controls and intervention capabilities.

6.4.2 Operation elements and system reactions

6.4.2.1
driver's braki

ng input even when the LSF system has been braking automatically.

The LSF system shall not lead to a significant transient reduction of braking in response to the

6.4.2.2
the engine p
system engir]

If the power
disengaged
lead to a sigH

6.4.2.3
devices (ABS

6.4.2.4
than traction

6.4.2.5
respond to t
than the min

The larger of the power demands from either the driver or the LSF system will be usede

The LSF system may automatically adjust the clearafnge without action by the driver in org

ower actuator (e.g. throttle actuator). This always gives the driver authority to override.the
e power control.

demand of the driver is greater than that of the LSF system, automatichbraking sha
vith an immediate brake force release. A driver intervention on the accelerator pedal sha
ificant delay of response to driver's input.

Automatic brake activation shall not lead to locked wheels for periods longer than ant
) would allow. This need not require an anti lock device (ABS) system.

Automatic power control by LSF shall not lead to excessive gositive wheel slip for periods |

control would allow. This need not require a traction contrehsystem.

ne driving environment (e.g. poor weather). However, the adjusted clearance shall not be
mum clearance selected by the driver.

6.4.2.6

shall confor
a) If the sy
clearand
b) If the sy
clearand

6.4.3 Display elements

6.4.3.1
from stand-b

6.4.3.2

]

the system allows the driver to select a desired clearance and/or time gap, the selection m
to either one of the following.

stem retains the last selected clearance and/or time gap after it is switched to LSF off
e and/or time gap shall be clearly presented to the driver at least upon system activation.

stem does not retain the last.selected clearance and/or time gap after it is switched to LSF o
e and/or time gap shall.be-set to a predefined default value.

n the stand-by state, an active-ready signal meaning that the LSF system is ready to tran|
y state tosactive state, which will be used for the adaptation of the control, is recommended.

vehicle is de1ected.

drive
LSF

Il be
Il not

lock

bnger

er to
less

bthod

f, the

f, the

sition

n the\active state, the type 2 LSF system shall have visual display indicating when a farget

6.4.3.3 The system shall have visual display indicating when the system is in the active state.
6.4.3.4 If the LSF system shuts down or is not available due to a failure, the driver shall be informed.
6.4.4 Symbols

If symbols are used to identify LSF function or malfunction, standardized symbols in accordance with
ISO 2575 shall be used.

10
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6.5 Operational limits

Vmax Shall not exceed 13,9 m/s.

Vmin Shall not exceed 1,39 m/s (0 < vy, < 1,39 m/s).

There shall not be a sudden brake force release in the case of an automatic deactivation of the LSF system.
The average automatic deceleration of LSF systems shall not exceed 3,5 m/s2 (average over 2 s) when the
vehicle is travelling above 20 m/s and 5 m/s2 (average over 2 s) when the vehicle is travelling below 5 m/s, as

shown in Figure 7. The vehicle speed range 0 m/s to 13,9 m/s only applies to the LSF systems.

YA

4,1
3,5

>V

5 13,9 20

Key

X
[}

Libject vehicle speed, expressed in m/s
Y maximum deceleration, expressed in m/s?

Figure 77— Maximum deceleration

The pverage rate of change of audtomatic deceleration (negative jerk) shall not exceed 2,5 nj/s3 (average
over [l s) when the vehicle is travelling above 20 m/s and 5 m/s3 (average over 1s) when the vehicle is
travelling below 5 m/s, as shownin Figure 8. The vehicle speed range 0 m/s to 13,9 m/s only gpplies to the
LSF systems.

YA

3,5

25

>V

5 13,9 20

Key
X subject vehicle speed, expressed in m/s
Y negative jerk, expressed in m/s3

Figure 8 — Negative jerk

© 1SO 2009 — All rights reserved 11
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The average automatic acceleration of LSF systems shall not exceed 2 m/s2 (average over 2 s) when the
vehicle is travelling above 20 m/s and 4 m/s2 (average over 2 s) when the vehicle is travelling below 5 m/s, as
shown in Figure 9. The vehicle speed range 0 m/s to 13,9 m/s only applies to the LSF systems.

Y

2,8

Key
X subject ve
Y automatic

6.6 Activation of brake lights

If the LSF s
system appli
be illuminate
flickering, thg

6.7 Failun
Table 1 giveq

The faill
remain 4

The rea
ignition

2,0

>y

13,9 20

hicle speed, expressed in m/s
acceleration, expressed in m/s?

Figure 9 — Automatic acceleration

ystem applies automatic service braking, the'brake lights shall be illuminated. When theg
bs other deceleration devices, the system_may illuminate the brake lights. The brake lights
d within 350 ms after the LSF system initiates the service brake. To prevent irritating brake
brake light may remain on for a reasenable time after the LSF initiated braking has ended.

e reactions
the required reactions to-failures depending on which subsystem fails.

res described in Table1 shall result in immediate notification to the driver. The notification
ctive until the system’is switched off.

ctivation of the"LSF system shall be prohibited until a successful self test, initiated by
pff/on or LSF-off/on, is accomplished.

LSF
shall
light

shall

Bither
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Table 1 — Failure reactions for LSF

Failure in Failure occurs whilst LSF is applying:
subsystem:
Brake control Engine control
1 Engine Should maintain braking as required at least for | LSF engine control shall be relinquished.
the actual/current braking manoeuvre.
2 Brake system @ | LSF brake control shall be relinquished. LSF engine control shall be relinquished.
If the brake system failure is not total during an
active brake manoeuvre, the system may finish
the current braking manoeuvre before the LSF
control is relinquished completely.
3 Detecting and | Should initiate a controller strategy starting with | LSF engine control shall be\relinquished.
ranging sensor |the last valid braking command. Braking shall
not be released suddenly in this case. The
system shall be switched off immediately after
driver intervention by brake or accelerator
pedal or LSF off switch.
4 LSF controller |LSF brake control shall be relinquished. LSF engine control shall be relinqpished.
@ |f a malfunction within the gear controller occurs, the brake will be able to handle the deceleration function.

6.8 | Combination with other systems

The |LSF shall comply with the following requirements when combined with other longitudinal driving

assistance systems.

— (Combination with a system which does not-conduct a vehicle control, such as FVCWS (sed ISO 15623),
shall be allowed.

— If a type 1 LSF system is installed in combination with a system that supports accgleration and
deceleration in a normal driving condition, such as ACC (see ISO 15622), a transition between the LSF
Active state and the Active state (or its equivalent) of the other system shall only be allowed|by a manual
driver operation.

— |If a type 2 LSF system is installed in combination with a system that supports accgleration and
deceleration in amormal driving condition, such as ACC (see ISO 15622), it shall be indjcated to the
driver which systenTis activated.

— In a combination with systems that conduct a collision avoidance control or collision mitjgation in an
g¢mergency; the LSF system shall not interfere with the emergency operation of such systems.

7 Performance evatuation testmethods

7.1 Environmental conditions

a) Test location shall be on a flat, dry and clean asphalt or concrete surface.

b) Temperature range shall be between —20 °C and +40 °C.

c) Horizontal visibility range shall be greater than 1 km.

© 1SO 2009 — All rights reserved
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7.2 Test target specification

7.21

General

The test targets are specified for technologies currently in use. For other technologies, representative test

targets have

7.2.2

to be used.

Infrared LIDAR

The infrared test target is defined by an infrared coefficient for test target CTT and the cross section of the test

target.

The minimun
The test targ
7.2.3 Millin
The RADAR

For the frequ

W cross section for test targets is 20 cmZ2.

ot is a diffuse reflector with a CTT = (1 + 0,1) m2/sr.
hetre wave RADAR

test target is defined by a RADAR cross section (RCS).

ency range between 20 GHz and 95 GHz, the RCS for the test target shall be 3 m2.

For significant different frequency ranges, the RCS shall be determined.and defined.

7.3 Detec

7.31

For the deteq

7.3.2 Test

The vehicle 1
height of 0,2
restricted by
3 columns. T
detected at I
d Atdyo

max-*

— For the positions dj;.df.and 4,

Range t

tion zone test

Gengdral

tion range on straight roads, see 6.2.3.

procedure for dj, d; and d,
eference plane corresponds tota rectangle of height 0,9 m by subject vehicle-width beginnin
m. The detection area considers different places within the vehicle front-end plane. It ig
the minimum height of passenger cars. The reference planes of d; and d,;,,
he columns L and R have the width of 0,5 m each. During testing, the defined reflector sh

j at a
also

are divided into

Al be

past at one position within each column (L, C, R) of the vehicle reference plane at the position d4,

nly one position within the whole reference plane has to be detected (see Figure 10).

max: the test target (see 7.2) shall be used.

psting.should be done dynamically. As an option, static testing may be permissible.

The maximum-“detection time should not exceed 2 s after presentation of the target.

14
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Dimens

a [«

7.4

7.41

For target discrimination, see 6.2.4.

7.4.2

Two
betw
shall

The

displ
targe|

$ubject vehicle width.

that Ile subject vehicle follows is designated the target vehicle. The time gap = 7,,5,(Vyehicle_start

%,

7
%%

L d

ehicle reference plane.

Figure 10 — Longitudinal detection zones

Target discrimination test

General

Initial conditions

forward vehicles of the same model travel alongside each other at a speed of vgpicie start-
ben the longitudinal centrélines of the forward vehicles is (3,5 + 0,25) m. The width of the fory
be between 1,4 m and2,0 m.

bubject vehicle follows one of the forward vehicles under a steady state condition. The for

cement of the longitudinal centreline of the subject vehicle relative to the longitudinal cen
t vehicle Shall be less than 0,5 m (see Figure 11).

78:2009(E)

jons in metres

The spacing
vard vehicles

ward vehicle
). The lateral
treline of the

©180
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Dimensions in metres

Key

1 subject vg
2 forward v
3 forward v

hicle
hicle in the subject vehicle's path
hicle in the adjacent lane

a8  Each vehigle speed is Vyehicle end-

7.4.3 Test

The target v¢

The test is S

Figure 11 — Discrimination test (initial conditions)

procedure

hicle accelerates t0 vygnicie end-

uccessfully fulfilled if the subject vehicle passes.\the forward vehicle i

under LSF control (see Figure 12).

Vvehicle_d

Vvehicle_{

nd = Ymax

tart = Yvehicle_end -3 m/s

n the adjacent lane |while

(B

Key

hicle

1 subject vg

2 targetveh

icle

3 forward vehicle in the adjacent lane

8 Target vehicle speed is Vyghicle end-

b Forward vehicle speed in the adjacent lane is vghicle start-

16

Figure 12 — Discrimination test (end conditions)
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7.5 Automatic deceleration test

7.5.1 General

For car-following capability, see 6.3.2.
7.5.2 Initial conditions

A forward vehicle shall travel at a speed of v, 5, ,?0 %(see Figure 13).

The Width of the Torward vehicle shall be within a range between 1,4 m and Z,0 m.
The gubject vehicle follows behind the vehicle under a steady state condition.

The ime gap shall be the value 7, (vimax)-

) [T ...

Key
1 subject vehicle
2 fqrward vehicle

Figure 13 — Automatic deceleration test (initial conditions)

7.5.3| Test procedure

The target vehicle shall decelerate to a stop.
The qeceleration rate of'the target vehicle shall be the value (2,5 _8’5) m/s2.

The fest is considefed to be successfully completed when the subject vehicle under LSF contro] decelerates
to v, |, behind theltarget vehicle (see Figure 14).

(I—<\ )
M ==l
v =0 (stop)

Key
1 subject vehicle
2 target vehicle

Figure 14 — Automatic deceleration test (end conditions)
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7.6 Automatic retargeting capability test (type 2 LSF system only)

7.6.1 General

For automatic retargeting capability, see 6.3.3.
7.6.2 Initial conditions

A forward vehicle shall travel at a speed of v, ,?0 %.

The width of fhe Torward vehicle shall be within a range between 1,4 m and 2,0 m.
The subject yehicle follows the forward vehicle under a steady state condition.
The forward yehicle that the subject vehicle follows is designated the target vehicle.

The time gag shall be the value 7,;,(vmax)-

The lateral displacement of the subject vehicle's longitudinal centreline relativeé” to the target vehicle's
longitudinal gentreline shall be less than 0,5 m (see Figure 15).

Dimensions in mMetres

Key
1 subject vehicle
2 target vehjcle

Figure 15— Automatic retargeting capability test (initial conditions)

7.6.3 Test procedure

A low speed moving vehicle shall travel at a speed of 1,4 m/s to 2,8 m/s.

The target vehicle shall change lanes when detecting a low speed moving vehicle (see Figure 16).
The location of the lane change shall be the value obtained by multiplying v, 4« ,?0 % by 3,0 s.

The lateral displacement of the subject vehicle’s longitudinal centreline relative to the low speed moving
vehicle's longitudinal centreline shall be less than 0,5 m.

The test is considered to be successfully completed when the subject vehicle under LSF control follows
behind the low speed moving vehicle with an appropriate clearance (see Figure 17).
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V="Vmax X 3

()

Key

1 subject vehicle
2 tgrget vehicle
3 Igw speed moving vehicle

Key

1 subject vehicle
2 Iqw speed moving vehicle

1.7

7.71

This test should take\into consideration the road geometry prediction in combination with the fig
the LBF system's sensor.

Diffetent methods of road geometry prediction and headway sensing result in the need for a drivin

Figure 16 — Automatic retargeting capability test (lane-change conditions)

Figure 17 — Automatic retargeting capability test (end conditions)

Curve capability test

General

©180

2009 — All rights reserved
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7.7.2 Test field

The test track shall consist of either circular track of constant radius or a sufficiently long segment of curve of
constant radius. The radius should be within 80 % to 100 % of R,,,;,- The direction of travel on the track shall
be both clockwise and counter clockwise. There is no restriction concerning lane markings, guard rails, etc.

(see Figure 1

8).

For LSF systems, the tests shall be done for R, = 125 m.

Dimensions in metres

7.7.3 Curv

The target vg
middle on th
vehicle surfg
represents a

7.7.4 Drivi

The subject
from the cen
conditions ag

test are given in Tables 2 and 3 and Figure 19.

Figure 18 — Outline’test track

b capability target vehicle

hicle shall be provided with the test.target as defined in 7.2. The test target shall be placed
e rear end of the vehicle at @ height of (0,6 £0,1) m above ground. The remaining exf
ce shall be concealed inssuch a way that the rear surface, with the test target rem
n RCS of no greater than0,6-m? or a reflectivity of no greater than 20 % of the test target.

ng scenario

vehicle follows the target vehicle along the same path (+0,5 m lateral separation as mea
relines of both vehicles) under steady state condition. The two cars shall conform to the tes
definedfin)Figure 15 (subject and target vehicle only) prior to the start of the test. Details

n the
osed
bved,

sured
start
bf the

The speed o

the target vehicle at the start of the test is given by:

_ 0 o
Veircle_start = Ymax -10 %o

At the proper time, the target vehicle decelerates and the reaction of the subject vehicle is observed. The
subject vehicle shall start to decelerate due to the decreasing distance to the target vehicle before the time
gap falls below 2/3 7, (see Figure 20).

20
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Table 2 — Test conditions for the curve capability test (target vehicle)

Test preliminary Test start conditions

1st test manoeuvre

2nd test manoeuvre

decrease speed constant
Speed constant = vejrgle_start by 3,5 m/s + 0,5 m/s = Vcircler}]ar:]q;Svs m/s
Time >10s time trigger 2s —
Os
Radius > R as defined in 7.7.2; R = constant (see 7.7.2)
may vary
Table 3 — Test conditions for the curve capability test (subject ve%g]é)
Vi
Test preliminary Test start conditions 1st test manoeuvH'\ 2nd test manoeuvre
[§ v

Spedd as controlled by LSF "/

Acceleration

< 0,5 m/s?

N
d@eratlon to be observed

> R as defined in 7.7.2;

R tg’h\t( 7.7.2)
=CCQS see /./.

Radiyis
may vary A
. N
glr'gitg\?ephitgle Tmax (Veircle_start) * 25 % \\Q as controlled by LSF; shall be opserved
P AN
’\\J

Key

1 test start (subject vehicle is on a part of the track with constant radius and complies with the other test start conditions)

2 test end [subject vehicle decelerates (positive result) or the time gap falls below 2/3 7,44

@  Constant.

Figure 19 — Example of test track layout
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sults.
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Target vel:icle speed is Vgircle start:

Target ve

icle speed is Vgjrcle start=3:9 M/s.

Figure 20 — Timing of curve capability test
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