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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

IS0 23376:2021(E)

Vehicle-to-vehicle intersection collision warning systems (VVICW) warn the driver to avoid potential
collisions at intersections. The VVICW warns the driver of imminent crashes with other vehicles
crossing at a road junction. The system relies on relative positioning, speed and heading between
vehicles determined using vehicle-to-vehicle (V2V) communication, such as dedicated short-range
communication (DSRC). It is intended to be used to avoid intersection crossing crashes, the most severe
crashes based on fatality counts. Due to limited field of view sensing, on-board sensor systems such as
camera, lidar and radar systems cannot be used efficiently for such systems. Figure 1 illustrates the

functional elements of VVICW.

The YVICW is a road level system that deals with conflict scenarios between vehicles drilving on two
connected road segments sharing a common intersection. VVICW positioning requirements are not
demgnding compared to those of red light violation warning systems, for example,-A comprghensive set

of intersection collision scenarios can be found in Reference [1].

Remote and
subject vehicles
position, speed
and heading

Remote and
subject vehicles
motion
determinations

Intersection collision
warning(strategy

Warning human
machipe
interface

Higure 1 — Vehicle-to-vehicle intersection collision warning systems functional elements
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Intelligent transport systems — Vehicle-to-vehicle
intersection collision warning systems (VVICW) —
Performance requirements and test procedures

1 Scope

This
the s
segm

Vehi

cominunications and relative positioning between the subject vehicle and crossing-p

(rem
collis
in th

In aq

geonpetries and target vehicle types. Moreover, the requirements for the V2V data will |

The s
road
oper

2 Normative references

Ther

Fort
ISO 4
— 1
— 1

3.1
subj
Y%

Terms and definitions

document specifies performance requirements and test procedures for systems capabl
ubject vehicle driver of a potential crossing-path collision with other vehicles atdnter
ents.

'le-to-vehicle intersection collision warning systems (VVICW) rely on wehicle-to-v¢

pte vehicles). V2V data, such as position, speed and heading are used-to €valuate if an
ion is imminent between the subject and remote vehicles. The performance requirem
s document specify the warning criteria for these systems.

dition, VVICW operate in specified subject and remote yelicle speed ranges, road

cope of this document includes operations on intersecting road segments (physically
5), and motor vehicles including cars, trucks, buses<and motorcycles. Responsibility
htion of the vehicle remains with the driver.

e are no normative references in this document.

he purposes of this document, the following terms and definitions apply.
nd IEC maintain terminology databases for use in standardization at the following adq

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropéedia: available at https://www.electropedia.org/

bet vehicle

mot

e of warning
becting road

hicle (V2V)
hth vehicles
intersection
bnts laid out

intersection
e specified.
intersecting
for the safe

Iresses:

Note

3.2

rvéhicle pr}nipppd with a VVICW

1 to entry: A subject vehicle can be also a remote vehicle for another subject vehicle.

subject vehicle speed
subject vehicle velocity in the heading direction

3.3

remote vehicle

RV

motor vehicle equipped at minimum with a V2V transmission device and localization system and that
has the ability to possibly intersect the path of the subject vehicle
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icle speed

longitudinal component of the remote vehicle velocity in the heading direction

3.5

intersecting road segment
physically intersecting roads that are described based on the number of road segments

Note 1 to entry: A road junction is where two or more road segments intersect.

Note 2 to entry: Roundabout, ramp/highway, street 4-way intersection and street 3-way intersection are

examples of i

tersection road geometry.

EXAMPLE 1
areas where
to each other
can be offset
street.

EXAMPLE 2
form one roa

3.6

time to colllision

TTC
time that it
remains corl

Note 1 to ent
therefore cal

d
te =——
Vs
where
t. ig
d. is
Vgy IS
3.7
enhanced t
ETTC

time that it
between thd

A four-way intersection, or crossroads, usually involves a crossing of two streets or‘toa
here are rectilinear blocks and in some other cases, the crossing streets or roads are perpend
However, two roads may cross at a different angle. In a few cases, the junction of tworoad seg
from each other when reaching an intersection, even though both ends may be corfsidered the

A three-way intersection is a junction between three road segments, a T junction where two
H, or a Y junction. The latter also known as a fork if approached from the stem of the Y.

takes a subject vehicle to collide with a remote vehicle assuming the relative vel
stant

ry: For the VVICW, TTC is the time needed for the subject vehicle to reach the collision point. T
tulated using Formula (1):

the time to collision;
the distance of the subject vehicle from the collision point;

the speed of the-subject vehicle.

ime to collision

takes:a'subject vehicle to collide with a remote vehicle assuming the relative acceler
subject vehicle and the remote vehicle remains constant

is. In
cular
nents
same

arms

pcity

TCis

M

htion

Note 1 to entry: For the VVICW, ETTC is the time needed for the subject vehicle to reach the collision point and
not a remote vehicle. An enhanced arrival time therefore takes into consideration the acceleration of the subject
vehicle. Since the collision point is fixed at any point in time, the value of zero is substituted for vgy and agy. ETTC

is calculated using Formula (2):
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1

2 )
—(VRry —Vsv )_\/(VRV —Vgy )" —2%(agy —agy ) *d, }

tee = (2)
(agy —asy )
where
t.e isthe enhanced time to collision;

vpy Is the speed of the remote vehicle;

oy s the speed of the subject vehicle;

is the distance of the subject vehicle from the collision point;
qry Is the acceleration of the remote vehicle;
ggy is the acceleration of the subject vehicle.

3.8
required deceleration
Ar.eq. . . . . .
minimum deceleration that, if constant, enables the subject vehicle to stop at a definedl calculated

distance from the current subject vehicle position

Note [l to entry: A, is calculated using Formula (3):

2
freq = _Ysv. 3)
2<d5p _dr)
where
Areq istherequired deceleration;

voy  is the speed of the subject.vehicle;

d is the current distance from stopping point;

sp

¢,  isthereaction travel distance.

4 $ymbols and-abbreviated terms

Apeq required deceleration

apy acceleration of the remote vehicle

agy acceleration of the subject vehicle

d, distance of the subject vehicle from the collision point

d, reaction travel distance

dg) min minimum required distance measured from the stop line
dg), current distance from stopping point

DSRC dedicated short-range communication

GNSS global navigation satellite system

© IS0 2021 - All rights reserved 3
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Iy length of the remote vehicle

lgy length of the subject vehicle

T2, etc) tolerance

ty braking system response time

t. time to collision

tee enhanced time to collision

tresp driver brake reaction time

Vgy speed of the subject vehicle

VRv speed of the remote vehicle

VRVp projected speed of the remote vehicle at the arrival time
VSVmax maximum subject vehicle speed for VVICW operation
VSVmin minimum subject vehicle speed for VVICW operation
Vsv,p projected speed of the subject vehicle at the arrival time
V2v vehicle-to-vehicle

VVICW vehicle-to-vehicle intersection collision warning system

5 Requirements

5.1 Minimum enable conditions
Vehicles eqyipped with VVICW shall be«capable of the following:
— determjning if the V2V communication between the SV and RVs is available at the road junctiqn;

— receivirjg valid V2V communication that provides the GNSS position, speed and heading of RVs
approaghing the road junction;

— determjning GNSS pasition, speed and heading of the SV approaching the road junction.

5.2 Minimumrequired VVICW scenarios

The purpos¢ of the VVICW is to provide the drivers of the SVs with alerts that assist them in avoidipg or
reducing the severity of impending collisions associated with the following scenarios:

a) Crossing scenarios (illustrated in Figure 2):

1) cross straight through an intersection, across the path of a vehicle approaching from a lateral
direction;

2) cross straight through an intersection, after initially being stopped, across the path of a vehicle
approaching from a lateral direction.

b) Oncoming scenarios (illustrated in Figure 3):

1) turn left or right (depends on left or right driving rule) across the path of an oncoming vehicle
approaching from the opposite direction;

4 © IS0 2021 - All rights reserved
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2) turn left or right (depends on left or right driving rule), after initially being stopped, across the

path of an oncoming vehicle approaching from the opposite direction.

Key O
1 RV moving 3 RVmoving \%
2 §Vinitially stopped, then accelerating

4 SV movin% @)

Figure 2 — Crossing scg%?os
N
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Key Q‘
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2 v i?{ i stopped, then turning left 4 SV moving

o)

e Lo} ray - =
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5.3 Necessary functions

Vehicles equipped with VVICW shall be equipped to fulfil the following functions:

receive V2V messages from RVs that provide data representing the position,
the RV;

if needed, provide alerts to the driver of an impending collision with an RV in

© IS0 2021 - All rights reserved
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monitor SV and RV dynamics, including heading, heading change, speed and acceleration;

determine the threat potential of collision with approaching RVs and evaluate the warning criteria;

the intersection.


https://standardsiso.com/api/?name=d37b0fccc3bfbe2e2605893615c4394e

IS0 23376:2021(E)

5.4 State transition diagram

5.4.1 General

The VVICW shall function according to the state transition diagram in Figure 4. Specific implementation
of the state transitions beyond that which is illustrated in Figure 4 is left to the manufacturer.

4 N

( Yon ( ) activate
VVICW
standb VVICW
vyicw | ) active
off | off eactivatd
—
\__| J off

\ %

Figure 4 — VVICW state transition diagram

5.4.2 Stafe functional description

5.4.2.1 Introduction

The VVICW, state descriptions address the-transition requirements of VVICW and identify which
functions shall be performed in each state.

5.4.2.2 VVICW Off
VVICW do njot perform VVICW flinctionality in the Off state.

The conditipns under whieh VVICW transition from system Off state to system Standby state afe as
follows:

a) for a VYICW-equipped vehicle with a driver on/off control, both the vehicle ignition and the ojn/off
control preon and no faults are determined;

P2 EETEPCTID-CN PN o S O SEPN B 2 PN TN PE-P PNE PO -F ey
U TV CT UTT/ OTT COTICT O, tIrC vV T CTCTE T IO T 1S on

MOIA oot d ool ol Lot A 0 iaclid
b) fOl‘ a V\I TCVvv—Cqurpp T veTrIcIc thataoeshnoteraa

and no faults are determined.

ca

5.4.2.3 VVICW Standby

5.4.2.3.1 General

In the VVICW Standby state, the warning judgment is not determined. The subject vehicle data validity
is monitored.

6 © IS0 2021 - All rights reserved
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5.4.2.3.2 Transition to the system Off state

The conditions under which VVICW transition from system Standby state to system Off state are as
follows:

a) for a VVICW-equipped vehicle with a driver on/off-control-equipped vehicle, either the vehicle
ignition or the driver on/off control is off;

b) for a VVICW on vehicles not equipped with a driver on/off control, the vehicle ignition is off;

c) VVICW-equipped vehicle data associated with a non-recoverable condition are detected. The
description of fault notification conveyed to the driver remains up to the manufacturer.

5.4.2.3.3 Transition to the Active state

The VVICW function shall transition to the Active state when SV data are valid@nd geaf position is
forwprd.

5.4.2.4 VVICW Active

5.4.2.4.1 General
In the VVICW Active state, V2V data validity shall be assessed:

In the VVICW Active state, the predicted driving path for.beth SV and RVs shall be assessgd using the
SV's pnd RV's V2V data to determine if an intersection collision warning shall be issued to the driver.

In the VVICW Active state, the system shall issue an alert to the driver if the warning criterfia are met.

5.4.2.4.2 Transition to the Standby state

Wheh a VVICW recoverable system faultis:detected, the Active state shall transition to VVICW Standby
state.

Wheh the VVICW gear position_is\not in forward position the Active state shall transition to VVICW
Stanglby state.

5.4.2.4.3 Transition to\the Off state

Wheh a non-recoverable system fault is detected, VVICW Active state shall transition tq VVICW Off
state.

For g VVICW:equipped vehicle with a driver on/off-control-equipped vehicle, the system shdll transition
to Offf state When either the vehicle ignition is off or the driver on/off control is off.

For VVIGW on vehicles not equipped with a driver on/off control, the system shall transition to Off state
when the vehicle ignition is oil.

6 Warning provisions

6.1 VVICW output

VVICW shall provide a collision warning to the driver when warning criteria are met. A preliminary
collision warning is optional.

6.2 Warning modality

6.2.1 VVICW collision warning shall contain a visual warning, as well as an audible and/or haptic.

©1S0 2021 - All rights reserved 7
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6.2.2 VVICW preliminary collision warning, if used, shall contain visual or audible or a combination
of visual and audible modalities. Supplemental haptic modalities are optional for preliminary collision

warning.

6.2.3
subject vehi

cle driver is applying the brakes.

It is recommended not to use haptic warning braking modality for collision warning if the

6.2.4 The warning braking modality may be used for collision warning and preliminary collision
warning when automatic braking is applied by another system in the subject vehicle (i.e. when
automatic braking action is underway).

6.2.5 Warhing braking shall be applied for a duration of <1 sec. It shall result in a deceleration <p,5 g,
and a maxijnum speed reduction of 2 m/sec. To ensure the effectiveness of the warning)braking, a
minimum ayerage deceleration of 0,1 g for a minimum duration of 100 ms shall be fulfilled:
6.2.6 An dudible warning tone should be selected such that it can be easily heand and distinguijshed
from warnings unrelated to VVICW direction threats.
6.2.7 An Jctuation of seat-belt pretensioner may be used for VVICW collision warning.
6.3 Warning criteria for crossing scenarios
6.3.1 Warning requirements
6.3.1.1 Inftroduction
The following subclauses contain the warning criteriafor the VVICW.
6.3.1.2 Ajyriving time requirements
The warning shall be issued if the SV and RV are predicted to arrive to the calculated collision pojnt at
the same tine within a tolerance of T;sand the other warning criteria specified in this subclausp are
met. For an $V that has been stationary.and just sensed to be moving into the intersection, the tolefance
value shall he set to T,. T; and T,are-Calculated as follows:

Ty1=max (0,5, Isy /Vsyp JgviVry p)
where

lgy sthetengthrof the-stbjectvehicte;

Iy is the length of the remote vehicle;

Veyp  isthe projected speed of the subject vehicle at the arrival time;

Vryp  is the projected speed of the remote vehicle at the arrival time.
It is up to the manufacturer how to calculate the projected speeds for RV and SV.

T; and T, specify the minimum requirement of the arriving time overlap that is required to be met in

order to pro

ceed in evaluating warning timing.

© IS0 2021 - All rights res
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6.3.1.3 Required deceleration requirements

VVICW shall issue a collision warning when the condition in 6.3.1.2 is satisfied and the required
deceleration, A,,,, to stop the subject vehicle at the intersection stop line exceeds a given threshold
value. The given ttheshold value shall not be greater than 5,5 m/s2 considering the response time values
in 6.3.1.9 to 6.3.1.11 in dry road and warm weather conditions. The 4,4 requirement is to specify when
the warning will be issued (warning timing) if the condition in 6.3.1.2 has been met.

6.3.1.4 Preliminary collision warning provisions: permissions

VVICW may issue a preliminary collision warning at a lower required deceleration threshold.

6.3.1.5 Warning timing adjustment requirement with respect to 4,

VVIQW that provide a warning timing adjustment for the driver shall have at,least one [setting that
satisfies the required deceleration threshold value requirement in 6.3.1.3.

6.3.1.6 Required deceleration adaptation provisions: permissions

The required deceleration threshold for collision and preliminary warnings may be adapted based on
the detected road condition, environmental and driver state conditions, driver behaviour gnd different
driving scenarios.

6.3.1.7 Stop line position requirements

The §top line position calculated from the subject vehiele current position is defined to be gt least 10 m
distdnce before the calculated collision point, assuming there is no other aiding data thatj determines
the sftop line location. For example, if the collision,point is 50 m away from the SV, then th¢ stop line is
40 m away from the SV. This is a virtual substitute for the physical intersection stop line.

6.3.1.8 Driver reaction time requirements

The glriver reaction time to the warning (driver brake reaction time, t...;) shall be incorpqrated in the

calcylation of the warning range, The ¢, value shall not be less than 0,8 s.

6.3.1.9 Warning timing.adjustment requirements with respectto ¢ ..,

VVIQW that provide a\warning timing adjustment for the driver shall have at least one [setting that

satisfies the ¢, requirement in 6.3.1.8.

6.3.1.10 Braking system response time provisions: permissions

The [braking system response time, t,, may be incorporated in the calculation of the required
deceleration. The selection of the braking system response time value is left to the VVICW ¢esigner.

6.3.1.11 Adjustment of .., and £, provisions: permissions

resp

The driver brake reaction time, ¢, and the braking system response time, ty, may be set to zero if the

SV driver is already applying the brakes.

6.3.1.12 Warning distance range calculation example

©1S0 2021 - All rights reserved 9
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sl,min’

ased on the values ¢,

provides Formula (4):

=0,8 sec and A,,,=5,5 m/s?. Using the definition of 4, in

can be

3.8

VZ
— *

dsl,min —2*—5’54'0,8 \% [4‘)
6.3.1.13 Equivalent warning triggering point
For systems that use different warning triggering methods (e.g. TTC or ETTC), the warning triggering
time shall m i B O — -3
6.3.2 No warning provisions
6.3.2.1 Supclauses 6.3.2.2 to 6.3.2.5 specify the conditions under which the VVICW. shall not |ssue
any type of wvarning. Subclauses 6.3.2.6 to 6.3.2.10 provide examples of when the VVIEW warning may
be suppressgd or delayed.
6.3.2.2 THhe VVICW shall not issue any type of warning if the SV deceleration is greater than or ¢qual
to the required deceleration threshold specified in 6.3.1.3.
6.3.2.3 The VVICW shall not issue any type of warnings if thesSV is not moving. A recommended
speed threshold for not moving state is when the subject vehiclesspeed is below 0,5 m/s.
6.3.2.4 The VVICW shall not issue any type of warnings\if both vehicles (subject and remote]) are
projected tqg arrive at the intersecting paths point at different times such that the collision will be

clearly miss|
6.3.1.2 are 1}

6.3.2.5 Th
connected
two road se

6.3.2.6 Th

6.3.2.7 TH
required de

6.3.2.8 TH
predicted tg

ot met.

e VVICW shall not issue any type-ofwarnings for an RV that is on a road segment that i
Vith the SV road segment, assuming enough information is available to determine thg
bments are not connected (forexample, RV driving on overpass and SV is on highway).

e VVICW warning may, be suppressed or delayed if the SV driver is applying the brake

e VVICW warnifng ‘may be suppressed or delayed if the TTC is greater than 4,0 s o
celeration is Jess’than 2 m/s2.

e VVICWAwarning may be suppressed or delayed if the RV is detected to be performi
be performing a turn that makes it divert away from the projected path of the SV.

XL AL

ed. The clearly missed criteria is left up to,the manufacturer: for example, if conditions in

s not
t the

UT

r the

hg or

6.3.29 Tl

h Fal 1 ] -Cal DL A | 41 lba O /
[S] VILVV WATTIITZ TIIdy DT SUPPITSSTU IT LT RV SPTTU IS 1TSS UIdITNUT TYUdI tU J111/5.

6.3.2.10 The VVICW warning may be suppressed if the absolute value of the difference in the heading
angles between the SV and RVs is greater than 20° around the right angle (greater than [90 + 20]° and
less than [90 - 20]°).

10
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6.4 Warning criteria for oncoming scenarios
6.4.1 Warning requirements

6.4.1.1 Introduction

The following subclauses contain the warning criteria for the oncoming scenarios of the VVICW
systems.

6.4.1.2 Warning provisions: requirements

VVI(QW shall issue a collision warning if:

1) the time before the subject vehicle and the remote vehicle reach one another.'(the relative down
fange distance is zero) is less than or equal to 3 s; and

2) the subject vehicle indicates a predicted motion towards the path of the)remote vehjicle via yaw
motion sensed by sensors such as yaw rate, steering angle, etc.

This|requirement states that if there is indication that subject vehicle“is moving toward| the remote
vehi¢le driving path and this indication is happening within 3 s of having the two vehicle§ arriving at
the spme location, then a warning shall be issued.

6.4.1.3 Warning provisions: permissions
VVI(QW may issue a collision warning if:

1) the time before the subject vehicle and the remote vehicle reach one another is less than or equal
3 s;and

2) the subject vehicle indicates a predicted motion toward the path of the remote vehicle via turn
gignal.

6.4.1 No warning requirements

6.4.2.1 The following subdlauses contain the "no warning" criteria for the oncoming scenparios of the
VVIQW systems.

6.4.2.2 The VVIGW,shall not issue any type of warnings if both vehicles (subject and remote) are
projected to arrive-at the intersecting paths point at different times, such that the collision will be
clearly missed=Ehe clearly missed criteria is left up to the manufacturer.

6.4.3.3 £ The VVICW shall not issue any type of warnings for a remote vehicle that is on a rpad segment
that js‘not connected with the subject vehicle road segment assuming enough information is available
to determine that the two road segments are not connected.

6.4.2.4 The VVICW warning may be suppressed if the subject vehicle is not moving.
6.4.2.5 The VVICW warning may be suppressed or delayed if the TTC is greater than 4,0 s.

6.4.2.6 The VVICW warning may be suppressed or delayed if the remote vehicle is detected to be
performing or projected to be performing a turn that makes it divert away from the projected path of
the subject vehicle.
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6.4.2.7 The VVICW warning may be suppressed or delayed if the subject vehicle is detected to be
performing or projected to be performing a turn that makes it divert away from the projected path of
the remote vehicle.

6.4.2.8 The VVICW warning may be suppressed if the remote vehicle speed is less than or equal to

9m/s.

6.4.2.9 The VVICW warning may be suppressed if the absolute value of the difference in the heading
angles between the subject and remote vehicles is greater than 30° away from the 180° angle.

7 V2Vdata provisions: permissions
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Key

1 RV moving 0.‘/)\
2 SVinitially stopped, then accelerating ({/b
Figure 6 — Test 2 s\\%
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8.2.2 No warning tests QQ

Test 3: Botl the SV and the RV are approaching the intersecti \\ta constant speed. The SV spded is
11,2 m/s angl the RV speed is 15,6 m/s. To ensure the accurag&@f he test:

1) Both vehicles have to reach their steady vehicle sp&k}within +0,2 m/s at a distance of 100 m
measurgd from the point where the driving paths oth vehicles intersect. Both vehicles alsolhave
to arrive at the 100 m landmark at approximat&?ﬁ same time (within 0,2 s). Cruise contrdl can
be used|to achieve the required speed accuracy.

2) Both vehicles have to drive straight an \acl’ntain the same driving lane during the test as lohg as
there is|no emergency manoeuvre needed for safety reasons. In case of emergency manoeuvre¢, the

test is chncelled. @ :

Test 3 is illystrated in Figure 7. Fi@ uns of this test shall be executed. The test run is passed |if no
warning is ifsued. The test shall @s*s if four out of five runs are passed.

Key
1 RV moving
2 SVmoving

Figure 7 — Test 3
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