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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 ISQ _also take part in the work ISQ collabarates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.
The main tagk of technical committees is to prepare International Standards. Draft International’ Standards adopted
by the techmical committees are circulated to the member bodies for voting. Publication as an Infernational
Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is qrawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights| ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15623 was prepared by Technical Committee ISO/TC 204, Transport information and control system

g

Annexes A, B, C, and D form a normative part of this International Standard.
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Introduction

The main system function of a Forward Vehicle Collision Warning System (FVCWS) is to warn the driver when the
subject vehicle encounters the situation when a forward vehicle in the subject vehicle’s trajectory becomes a
potential hazard. This is done by using information about: (1) the range to forward vehicles, (2) the time to a
potential collision and (3) the grade of warnings provided to the driver (see Figure 1). Based upon the information

acquired,

Det
of

Automobil
developm

onto the market in some countries. Thus the_standardization efforts began in 1994 amongst interest
This Interpgational Standard is composedito address only the basic performance requirements and tes

for the FV

systems which have more advanced features and may extend beyond this International Standard.

he controller identified as “FVCWS warning strategy” in Figure 1 produces the warning to th

driver.

Subject vehicle

. . Driven prefere
motion determination P

bction and ranging FVCWS Warning
bbstacle vehicles warning strategy
Environment Vehicle Driver

Figure 1 — Functional forward vehicle collision warning system’s elements

e manufacturers and component suppliers throughout the world have been vigorously
ent and commercialization of these FVEWS systems. Systems of this type have already beg

CWS type systems. This International Standard may be used as a basis by other advanced

nces

pursuing the
n introduced
ed countries.
t procedures
standards for
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INTERNATIONAL STANDARD

ISO 15623:2002(E)

Transport information and control systems — Forward vehicle
collision warning systems — Performance requirements and test
procedures

1 Scope

This Inter
warning th
vehicles, i

This Intern
curves.

2 Norrn

The follow
this Interr
publication
investigatg
undated r
maintain r

IEC 6082

(consolidated edition)

3 Terms and definitions

For the pu

31

collision warning

informatio

NOTE

hational Standard specifies performance requirements and test procedures.for”system
e driver of short inter-vehicle distance and closing speed which may cause a ¢ear-end collisi
ncluding motor cycles, ahead of the subject vehicle while it is operating at ordinary speed.

ational Standard is applicable to operations on roads with curve radii ever 125 m as well as

hative reference

ng normative document contains provisions which, thfough reference in this text, constitute

s do not apply. However, parties to agreements:based on this International Standard are e
the possibility of applying the most recent.edition of the normative document indicate

pferences, the latest edition of the normative’ document referred to applies. Members of

pgisters of currently valid International Standards.

b-1:2001, Safety of laser products - Part 1: Equipment classification, requirements and

rposes of this International Standard, the following terms and definitions apply.

n that thexsystem gives to the driver indicating the need for urgent action to avoid a collision

This ‘warning is issued in the advanced stages of a dangerous situation to warn the driver of the ng

5 capable of
on with other

higher radius

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
l below. For
SO and IEC

user's guide

bed to perform

emergency!

hmking, lane nhanging or other emergency manoeures inorder to avoid a collision

3.2

coefficient of test target

CTT

coefficient representing the optical radar reflectivity of the target which is defined as the coefficient of radiated
intensity, measured in front of the receiver surface, divided by the intensity of irradiation out of the transmitter

NOTE

3.3
forward v

See clause C.4.

ehicle

vehicle in front of and moving in the same direction and travelling on the same roadway as the subject vehicle
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3.4
forward veh

icle collision warning system

system capable of warning the driver of a potential collision with another vehicle in the forward path of the subject
vehicle, but excluding intersections

3.5

obstacle vehicles
vehicles, both moving and stationary, considered potential hazards that can be detected by this system

NOTE

3.6

Vehicles include motor vehicles only, that is cars, trucks, buses, and motorcycles.

preliminary
information t

NOTE TH
driver’s inatter

3.7

radar cross
RCS
measure of t
the power pg
on the scatte

3.8

visibility
distance whi
decreased tg

4 Symbc

ateral_max
min

CTT

|section

collision warning
hat the system gives to the driver indicating the presence of a forward obstacle vehicle

tion/daydreaming, or the sudden change in movement of a preceding vehicle, which may-result in a cg

ne reflective strength of a radar target expressed in square meters, ‘and defined as 4r times
r unit solid angle scattered in a specified direction to the power per unit area in a radio wa
rer from a specified direction

ch the illuminance of a non-diffusive beam of white light with the colour temperature of
5 % of its original light source illuminance

s

Maximum allowed lateral acceleration in curves
Minimum deceleration of thie\subject vehicle’s emergency braking

Coefficient for Test Target for infrared reflector

Minimum detegtable distance without distance measuring capability
Minimum-detectable distance with distance measuring capability

Minimum detection distance for a cut-in vehicle

is warning is issued in the early stages of a potentially dangerous situation, caused by-such circumstances as

llision.

he ratio of
e incident

P2 700K is

Tmax
in

m

RCS

Maximum detectable distance

Upper detection height from ground

Lower detection height from ground
Maximum driver’s brake reaction time after the warning
Minimum driver’s brake reaction time after the warning

Radar Cross Section
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5 Spe(

51 Wa

5.1.1 Ggdneral

Forward v

5.1.2 Manitoring distance and relative speed between obstacle vehi¢le and subject vehicle

A forward
image pro

51.3 Ju

The timing of a potential collision is judged by the results’of evaluating the subject vehicle speed, th

the obsta

system detects multiple obstacle vehicles at the same time, the one in the subject vehicle’s expected t
the subject vehicle will reach the soonest!) shallbe selected.

5.1.4 Preliminary collision warning and collision warning (see annex A)

Forward Vehicle collision warning systems shall provide at least two separate warnings: a prelimi

warning a
presence

a collision
collision.

Warnings
collision W

Warnings

ISO 15623:2002(E)

Speed of the test vehicles at the start of the test

Maximum vehicle speed at which the system is capable of operating
Minimum vehicle speed at which the system is capable of operating
Lane width

Subject vehicle width

tifications and requirements

‘'nings

ehicle collision warning systems shall provide warnings in accordance-with the following fung

obstacle vehicle is sensed by obstacle detecting devices.stich as optical radar, radio wa
cessing systems.

fdging the timing of collision

le vehicle, and the relative speed between the subject vehicle and the obstacle vehicl

hd a collision warning—~The purpose of the preliminary collision warning is to inform the
bf a forward obstacle-vehicle. In this case the driver should prepare to take the necessary a
The purpose of the collision warning is to inform the driver of the need to take action in org

consist ofindependent or combined use of visual, audible and/or tactile senses. However in

tions.

e radar, and

e distance to
e. When the
rajectory that

pary collision
driver of the
ction to avoid
er to avoid a

the case of a

arning<audible and/or tactile means of warning shall be used and visual means may be usgd in addition
to the aforementioned means.

H al ol A H 4l lat: al o ot $lo | 4+ laial ot lbat |
AT ToSUTU UTPUTTIUNTY UTT UTC TTTalive SPTTU UTTIWTTITT U SUUJCLT VeTIIUICT Al TuUuTeuuSiall

vehicle, the

subject vehicle speed, the inter-vehicle distance, the free running (driver's brake reaction) time and the
deceleration.

When the subject vehicle is approaching an obstacle vehicle, the warning distance should be decided according to
criteria with respect to time to collision threshold values.

515 Fa

ult indicator

If a fault is detected during system start up or during system operation, the driver shall be informed.

1) “Soonest” means the smallest time to collision.
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5.2 System classification

Systems are classified according to curve radius capability as shown in Table 1.

Table 1 — System classifications

Class

Horizontal curve radius capability

curve radius > 500 m

curve radius > 250 m

— Class | s
along c(

— Class I
along c(

— Class Il
along c(

5.3 Obstd

curve radius > 125 m

rves of radii down to 500 m.

ystems shall have the capability to detect forward obstacle vehicles in the subject-Vehicle’s

systems shall have the capability to detect forward obstacle vehicles in_the) subject vehicle’s

rves of radii down to 250 m.

rves of radii down to 125 m.

5.3.1 Obstacle vehicle detection area

5311 M

The minimun

cle vehicle detection area and performance

nimum detection area (Class I, Il and Ill)

 detection area is illustrated in Figure 2|

- =

systems shall have the capability to detect forward obstacle vehigcles in the subject vehicle’s

trajectory

trajectory

trajectory

do

d

dmax

5.3.1.1.1 Detection range

Figure 2 — Detection area

Detection range requirements are specified in Table 2.

© 1SO 2002 — All rights reserved
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Table 2 — Detection range requirements

Distance Formula or value Meaning
Amax Vinax X Tmax + Vmax2 / 2amin The maximum detectable distance.
do Less than or equal to 10 m for Class | The minimum detection distance for a cut-in vehicle (which
L th lto 7.5 m for CI " crosses the line of the subject vehicle’s trajectory by the
ess than orequalto 7,5 mfor tass width of the subject vehicle and is thus possible to disturb
Less than or equal to 5 m for Class IlI the subject vehicle’s ordinary driving).
dq Trnin % Vmin The system’s minimum distance with distance measuring
capability.
dy Less than or equal to 2 m The minimum detectable distance without distance
measuring capability.
where
Vinax is the maximum vehicle speed at which the system is capable of gperating, in metres per second
(m/s);
Vinin is the minimum vehicle speed at which the system is capable”of operating, in metre$ per second
(m/s);
Tmax is the maximum driver’s brake reaction time after the . warning, in seconds (s);
Tinin is the minimum driver’s brake reaction time afterthe warning, in seconds (s);
Amin is the minimum deceleration of the subject'vehicle’s emergency braking, in metres per square second
(m/s2).
Vmax and [, are the design parameters for actual systems, which will be decided by the vehicle manufacturer,
while Tmak , Trnin @nd ap,, are the design ‘parameters (see Annex A) and following values should be used to
calculate the dmaxand dy.
Tmax F 1,5 s
Tmin F 0,4 S
amin E 3,6 m/s?
5.3.1.1.2 | Detection width and detection height
Table 3 — Detection width and detection height requirements
Distance Minimum detection width Minimum detection height
dmax W, metres hi=02mandi2=11m
do Wy , metres hi=02mandi2=11m
dq not specified not specified
d, not specified not specified
© 1SO 2002 — Al rights reserved 5
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5.3.1.2 Detection range for horizontal curve radius

The width of the detection range for horizontal curve radius shall be extended in relation to the curve’s radius (see
Annex B).

5.3.2 Warning distance accuracy

Warning distance accuracy, which is defined as the difference between the warning distance where the system
produces the warning at the test and the system design warning distance, shall be the maximum system design
warning distance, with a relative tolerance of + 1 m or + 5 %. Both distances are calculated by evaluating the inter-
vehicle distance, the relative speed, the time to collision, the subject vehicle speed and so on.

5.3.3 Tarth discrimination ability

5.3.31 Lgngitudinal discrimination
If there are fwo or more obstacle vehicles in the detection range from a distance d{\o’dmax from the subject

vehicle's fropt end, the system shall be capable of clearly selecting the soonest(one in the subject vehicle’s
trajectory andl shall give appropriate warnings.

5.3.3.2 L3teral discrimination

If there are tjvo or more obstacle vehicles in the subject vehicle’s trajectory or in an adjacent position, the system
shall be cagable of clearly selecting the vehicle in the subject vehicle’s trajectory and shall give dppropriate
warnings.

5.3.3.3 Overhead discrimination

If there are dbstacles at overhead of the road such as overhead sign, etc., the system shall be capable ¢f avoiding
nuisance wafnings.

5.4 User s$afety requirements

5.4.1 Optigal radar

The optical radar shall satisfy the requirements for Class 1 lasers as defined in IEC 60825-1.

5.4.2 Radip wave radar

No International Standard-giving the relevant requirements currently exists.

5.5 Human interface requirements
5.5.1 Warlng‘ompursp'!mtion

Visual, audible warnings shall correspond to the characteristics given in Table 4.

6 © 1SO 2002 — All rights reserved
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Table 4 — Warning characteristics

Warning Visual warning Auditory warning
Collision Colour: red Pressure: sound pressure should be the highest of those of all
warning auditory warnings present in the vehicle conveying more

Position: main glance direction urgency than other auditory warnings

Luminance: high luminance Tone: pure tone should be avoided

Interval: intermittent at short interval is

Interval: intermittent at short interval is recommended

recommended
Preliminary | Colour: yellow or amber Pressure: sound pressure overriding background noise
collisiop - - - - - -
warning Lurr?.ln:nce. Iulrr1|pou§ eﬂoughhln Tone: not annoying tone
daylight, not glaring in the night Interval: continuous sound or intermittent at long-intdrval or
Interval: continuous or intermittent at single sound
long interval
5.5.2 Interference with other warnings
Even whep a vehicle is equipped with a forward vehicle collision warning system along with other warping systems
such as thpse for rear or side obstacles, the warning shall be clearly distinguishable to the driver.
5.5.3 Ogerational status display
5.5.3.1 |General
The indicgtions given in 5.5.3.2 and 5.5.3.3, which clearly identify the system's operational stajus, shall be
provided.
5.5.3.2 |System in-operation indication
An indicatjon which informs the driver that the system is operational shall be provided (e.g. an illumjnated power
switch).
5.5.3.3 |Fault indication
An indicatjon which informs_thé driver of a system failure shall be provided (e.g. a fault indication on the display
panel).

5.6 Awareness ofsystem limitations

System us
manual an

ers shiould be made aware of the system limitations as follows using appropriate means sug
d/or ‘eaution label.

h as owner’s

For example warnings for head-on collision, crossing-path collision, operations beyond the sensor limit (including
short radius curve etc.), and the maximum velocity (Vnax) has been reached are not available with this system.

© I1SO 2002 — Al rights reserved
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6 Evaluation test method for measuring detection performance

6.1

6.1.1

Test target specification

Optical radar

The test target is defined according to the CTT (Coefficient for Test Target) which represents the reflectivity of

motorcycles.

The specific value for CTT shall be 2 m2/sr (see annex C).

The CTT onl
reflector (red
whole reflect

6.1.2 Radig
The test targ
The specific

NOTE In
difficult to ach
in the actual u

Examples of

6.2 Envire

Test loc

Horizont

6.3 Testr

The most red
test shall be

and dqas shown in Figure 3.7A range measurement is not needed for measurements between these two

The system
range measu

Temperature range shall be 20 °C + 20 °C

y describes the quality of a reflector (damping). For the test procedure it is sufficient to hay
uction of the surface to “a point”). But it is also possible to have a larger surface of(refled
vity of the reflector surface does not exceed the mentioned value.

b wave radar
bt is defined by a Radar Cross Section (RCS) that is representative of matorcycles.

value for RCS shall be 3 m2.

actual use, the measurement range of automotive obstacle vehicle.detection sensors is comparativel
leve a plane wave on the scatterer. Therefore RCS values for the automotive use are defined by meas|
5ing range for the sake of convenience.

possible test target geometry are discussed in annexD.

bnmental conditions

htion shall be on a flat, dry asphalt or concrete surface.

al visibility shall be greater than1 km.

hethod for detection.zone
listic test for deteCtion area is a dynamic test, however, a static test is available as an option

done as follows. jThe system shall detect a test target positioned at an arbitrary distance b

bhall deteet a test target positioned at an arbitrary distance between d1 and dy as shown in f
rement is required for measurements between d¢ and ds.

e a corner
tion, if the

y short, it is
Lred values

also. The
etween dj
listances.

Figure 3. A

The system

shall detect with range measurement, each Of Tour test targets positioned In turn at both a

istance do

and dmax as shown in Figure 3. The four points shall be within the area of height (% — #4) and width (W#4,) at distance

do and within

the area of height (4 — /1) and width () at distance dpax-

© 1SO 2002 — All rights reserved
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Dimensions in metres

a) Detection range
WL = 3,5 WV
O </ ©
| o) fe - o O
~ N
o‘ (=)
b) Detection point at d 5« c) Detection point at d>
< WL
= ~
— (o]
\N e
v
N
o
A
d) Arbitrary distance detection point between dy and do
NOTE The, centre of the test targets shall be located at points marked by O in the figure above, however when this is not
possible (i.¢. at the centre lower position), the test target shall be set up on the ground surface.

Figure 3 — Detection range and detection points

© 1SO 2002 — Al rights reserved 9
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6.4 Test method for warning distance accuracy
This test shall be done with vehicles in motion.

The standard target shall be in the detection area. While the subject vehicle is driving toward the standard target at
the speed Vmax the warning distance shall be measured by following procedure.

Two timings shall be measured. The first timing, ¢, is at the point where the subject vehicle to the standard target is
equal to d. The second timing ¢, is at the point where the warning is issued. The warning distance from the standard
target is calculated as D =d —Vmax x (t1 —tg). The D is compared to the warning distance specified by
manufacturer. The warning distance accuracy shall be smaller than that defined in 5.3.2.

’ R
‘ 0 > 2
Lol ="

Key

1 Subject vehicle
2  Standard|target

a8  Standard [iming
b Warning tjming

Figure-4 — Warning distance accuracy test
6.5 Test method for targetiscrimination ability

6.5.1 Gendral

This test shpll be done with vehicles in motion. The tests in this section are finished when the vghicle has
“produced a warning®. Tests should also show the ability to avoid “nuisance warnings”. For example test|conditions
which are fin|shéd when the manoeuvre is complete and no warning has been produced.

6.5.2 Longitudinal discrimination

Two target vehicles in the detection area are driving with the same speed, which is Vax. The subject vehicle is
following the two target vehicles. The time gap between the two target vehicles shall be Ty, (= 0,4 s) and the two
target vehicles are positioned along a line in such a way that the near target vehicle does not mask the far target
vehicle. The time gap between the subject vehicle and the near target vehicle may be over Thax ( =1,5s). The
subject vehicle accelerates until the system produces a preliminary collision warning. After that, the subject vehicle
decelerates until the warning stops, then keeps that speed. Next, after a few seconds only the near target vehicle
decelerates to a speed which is low enough to have the subject vehicle produce the preliminary collision warning.
The test is finished when the subject vehicle has produced a warning.

10 © 1SO 2002 — All rights reserved
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See Figure 5.
1 2
Key
1 Subjegt vehicle
2 Targef{ vehicles
Figure 5 — Longitudinal target discrimination ability test
6.5.3 Lateral discrimination
6.5.3.1 [Straight road lateral discrimination test
The test shall be performed dynamically. Subject vehicle and target vehiclé-are driving with the same gpeed, which
is Vmax. and in a time gap which does not cause a warning. The forward\vehicle drives beside the target vehicle at
a same ppeed of Vnax- The spacing between the longitudinal ‘eentrelines of the preceding| vehicles is
3,5 m + 0,25 m. The width of the preceding vehicles shall be between 1,4 m and 2 m. The lateral displacement of
the longitydinal centreline of the subject vehicle relative to the longitudinal centreline of the target vepicle shall be
less than D,5 m. After a few seconds, the forward vehicle decelerates to a speed which is significanfly lower than
the speed| of the subject and target vehicle. During passing of the forward vehicle, the subject vehjcle shall not
produce al warning. Next, after a few seconds, the target’vehicle decelerates to a speed which is Iqw enough to
have the subject vehicle produce the preliminary collision warning. The test is finished when the subjegt vehicle has
produced A warning.
2
Key
1 Subjegt‘vehicle
2  Forward vehicle
3  Target vehicle
Figure 6 — Straight road lateral target discrimination ability test
6.5.3.2 Curved road lateral target discrimination test

In addition to the straight road test, the following test shall be done on a circle or a sufficient part of a circle with a
radius of 500 m or less in case of Class |, with a radius of 250 m or less in case of Class Il, and with a radius of
125 m or less in case of Class lll. The test shall be performed dynamically. Subject vehicle and target vehicle are
driving in the same lane with the same speed and in a headway which does not cause a warning. The speed of the
test vehicles at the start of the test is as follows.

© I1SO 2002 — Al rights reserved
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Veircle_start = min[(alateral_max>< R)V2, Vmax] £ 1 m/s (1)
where

d\ateral_max = 2 M/s? for Class |;

a)ateral_max = 2,3 m/s? for Class Il and Il
The forward vehicle drives beside the target vehicle in the outer lane. After a few seconds, the forward vehicle
decelerates to a speed which |s S|gn|f|cantly lower than the speed of the subject and target vehicle. During passmg
of the forward

decelerates fo a speed WhICh is Iow enough to have the subject vehlcle produce the prellmlnary coII|S|on warning.
The test is fini

Key

1 Subject vehicle
2 Forward yehicle
3  Target vghicle

Figure 7 — Curved test track and target discrimination ability test

6.5.4 Overhead.discrimination

The test shall be performed dynamically. As shown in Figure 8, the test target which may cause false warnings is
installed. The subject vehicle approaches the test target. The test is finished when the subject vehicle has not
produced a warning. The height of the test target is defined according to the road construction standard of each
country.
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I\
of

Test target

The he

ght of the test target is defined according to the road standard of each gountry.

Figure 8 — Overhead target discrimination ability test
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Annex A
(normative)

Basic consideration of collision warning

A.1 Basic equation

As indicated|in Figure A.1, the basic mathematical model is based on a warning distance algorithim, jthat takes
preceding apd subject vehicle absolute speed and calculates a warning distance. This warning distance is
compared with the measured distance and if exceeded, the driver is warned. The warning distance for preliminary
collision warhing and collision warning may be adjusted by selecting appropriate free runnihg (driver's brake

reaction) timg, T and vehicle deceleration a.

Subject Subject

vehicle vehicle

Free running
distance V,;x T

Subject
vehicle

Braking distance of subject-vehicle V%/2a,

Preceding

vehicle

Detected distance D

Braking distance of preceding vehicle V,%/2a,

Preceding
vehicle

Figure A.1 — Operation principles
D =ViN{T + (V4% 12a1-V52%12a5)

where
D s the distance to prec¢eding vehicle (obstacle);
V1 is the subject'vehicle speed;

Vo is the preceding vehicle (obstacle) speed;

(A1)

T is the free running (driver’s brake reaction) time;

aq is the subject vehicle deceleration;

ap is the preceding vehicle (obstacle) deceleration.

A.2 Scenarios where warning is issued

A.2.1 General

Although there are many scenarios where the warning is issued, typical scenarios are examined.

14

© 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=add50a6383e43872da2c66dc6b79fd0a

ISO 15623:2002(E)

A.2.2 Preceding vehicle is travelling at the same speed as a subject vehicle

Di=VyxT (A-2)
A.2.3 Preceding vehicle is a stationary obstacle

Dy =VyxT +V4? 2ay (A3)

When the subject vehicle is approaching to the preceding vehicle travelling at a constant speed, 71 means the
relative speed between the subject vehicle and the preceding vehicle.

A.2.4 Preceding vehicle is decelerating with relative speed 7, =(V1-75)

D=([+Vye/a)xV4—Vye?12a (A4)

A.3 Evaluation results of 7 and «

A.3.1 Free running (driver’s brake reaction) time, T
Values for] 7 were based on Johansson and Rumar [3],

Tests for free running (driver’'s brake reaction) time T fell within 0,3 ~ 2 s. The average value of T'wag 0,66 s. The
test was ppt into effect by 321 persons and measured the delay-time of brake operation after indication} by the horn.
The distriqution of values was scattered very widely. However 98 % of all subject persons were under {1,5 s.

(2]
c
3
5 100 |-
[oN
> 80 |-
[}
(o]
E o0 |
4
L0 -
20 -
0 L1 e lenl |
1,8 2
Delay time, s

Figure A.2 — Distribution of driver’s brake reaction time T
A.3.2 Deceleration, «

Values for a were measured through evaluating emergency brake performance on a dry, flat road surface [6l.

Tests for deceleration « indicate that values fell within 3,6 m/s2 ~ 7,9 m/s2. The average value of a for passenger
cars was 7 m/s2 and 5,3 m/s2 for commercial vehicles. The distribution of values was scattered very widely and
depended on vehicle type, laden condition, driver reaction characteristics.

© 1SO 2002 — Al rights reserved 15
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A.4 Calcu

A.4.1 Prec

For the casdg

assuming a {ree running (driver’s brake reaction) time of 1,5 s, 0;66 s, 0,4 s, the warning distance [equa

is as Figure

60

Distance, m

50

40

30

20

10

(7))
c
2 | []cars
E’_ [ ] Trucks
° 2 | 3 ]
(0]
o]
E 5
=
10 1
5_
0 L | | L |D—|| | | |

3 3,5 A 4,5 5 55 6 6,5 ? 15 8
Delay time,'s

Figure A.3 — Distribution of deceleration a

lation examples of the warning distance

pding vehicle is travelling at ordinary speed
of the subject vehicle travelling at ordinary speed slightly higher than that of a precedi

\.4.

e

e

hg vehicle
tion (A.2)]

0 20 L0 60 80 100 120 14
Vehicle speed. k

m/h

T (s) a(m/s?

—o— 0,40 7,0
—&— (0,66 53
—&— 1,50 3,6

Figure A.4 — Relationship between vehicle speed and warning distance for preceding vehicle at ordinary
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A.4.2 Preceding vehicle is a stationary obstacle vehicle

For the case of subject vehicle encountering a stationary obstacle vehicle and assuming a free running (driver's
brake reaction) time of 1,5 s, 0,66 s, 0,4 s and deceleration of 3,6 m/s2, 5,3 m/s2, 7 m/s2, the relationship between
subject vehicle speed and stop distance is as indicated in Figure A.5.

1S
S 300 /l
8
2 250 —
a
100 &
50 /I
00 —
50
0
20 40 60 80 100 120 140
Vehicle speed|, km/h
T (s) a(m/s?
7,0
53
3,6

Figlire A.5 — Relationship between vehiclespeed and stopping distance for stationary oh

A.4.3 Preceding vehicle is decelerating with relative speed v, =(V1-75)

stacle

Also from quation (4), the relationship between relative speed and inter-vehicle distance can be detefmined and is

as shown [in Figure A.6 for the case of\subject vehicle speed of 100 km/h, a free running (driver’s br|

time of 1,9 s, 0,66 s, 0,4 s and deceéleration of 3,6 m/s2, 5,3 m/s2, 7 m/s2.

ke reaction)
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Figure A.6 — Relationship between relative speed and inter-vehicle distance
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A.5 Design parameter

Following values should be used to calculate the Dyy,5¢ and ds.
Tmax = 1 ,5 S
Tmin = 0,4

amin = 3,6 m/s?
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Annex B
(normative)

Obstacle detection along curves

Systems with curve recognition shall require a coverage of obstacle detection as shown in Figure B.1.

< //1/1/2/

R = curve radius (m)

D = distan
6 = detect

W = lane

ce to obstacle{m)
on angle
width'\(m)

Figure B.1 — Coverage of Class I, Il and Illl systems

From Figure B.1, D is given by the following equation.

D =(RxW —w_%14)%5 (B.1)
Dy =(D? +m214)%% (B.2)
Then 64 =90x Dy /(nx R) (B.3)
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