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Foreword

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

The main system function of cooperative intersection signal information and violation warning
systems (CIWS) is to warn drivers who are about to violate an intersection’s traffic signal to stop at the
prescribed location. The CIWS is intended to provide a cooperative vehicle and infrastructure system
that reduces the likelihood and severity of crashes at signalized intersections by providing the signal
phase information and/or by warning the driver that an intersection signal violation is about to occur.
The system uses information communicated from the roadside infrastructure to determine if a warning
should be given to a driver.

oredreewotationso afftestenalsatsienatizedintersections to:

The p e v g Atsiena
mber and/or severity of injuries, and (c) reduce prop¢rty damage

(a) reduce fatalities, (b) reduce the nu
assogiated with collisions.

This[nternational Standard addresses CIWS foruseinroad vehicles approaching signalized irftersections.

This|International Standard may be used as a system level standard by other(standards, which extend
the JQIWS to a more detailed standard utilizing wireless communication techriologies. Issue$ such as the
speclfic requirements for the function and performance of communicatienrtechnology or trpffic control
facilities (including traffic signal controllers) will not be considered in this International Standard.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD ISO 26684:2015(E)

Intelligent transport systems (ITS) — Cooperative
intersection signal information and violation warning
systems (CIWS) — Performance requirements and test
procedures

1 $cope

This|International Standard specifies the concept of operation, system requirements;and test methods
for cpoperative intersection signal information and violation warning systems (CIWS) 3t signalized
interjsections. CIWS are intended to reduce the likelihood of crash injury, damage, and fatality by
enhancing the capability of drivers to avoid crash situations at signalized intérsections.

The gcope of CIWS standardization includes basic functions, functional requirements, performance
requfrements, information contents, and test methods.

The [characteristics of the technologies used to communicate,bétween the signal conptroller and
the vehicles are not addressed by this International Standard nor are the behavioural rgsponses by
drivgrs, the various capabilities of vehicles on the road, or thé multitude of combinations pf these two
characteristics.

2 Normative references

Therk are no normative references cited in thisidocument.

3 Terms and definitions

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

31
stopping distance
distgnce, X, travelled by-a-vehicle with the speed of v, from the time the driver receives CIWS warning
until|the vehicle comes'to’a complete stop

Note [l to entry: This.iricludes the distance travelled during the driver perception and reaction time

3.2
speed of vehicle
speefl of'the subject vehicle, v

3.3
time to arrive at stop line of intersection

TTAI

time needed for a vehicle approaching the intersection at a speed of v to travel the distance, X, from its
current location to the stop line

TTAI = X
1%

3.4

traffic signal phase

green, yellow, and red intervals within a cycle that are assigned to an independent traffic movement or
combination of movements

© IS0 2015 - All rights reserved 1
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3.5

stop line
pavement marking line extending across approach lanes to indicate the point at which a stop is intended
or required to be made

3.6

road side equipment

RSE

roadside device that can supply traffic signal information to the approaching subject vehicle and may
also support determination of vehicle position and heading

3.7

onboard eq

OBE

in-vehicle ¢
information|

3.8

spot comm
wireless coj
zone that the availability of the communication link can serve as a definitive indicator of the veh
location in §

4 Symbg
d ded
purf
road,

Gr
tp

tOBE

LPRT

{RSE

v

VDesign
X

XaL

dun
ren
totd

the
waj

wh
dis]

driy

uipment

quipment that can provide drivers with information and/or warnings based or
received from the RSE and the vehicle

inication media
hmunication system between roadside and vehicles that operates‘only within such a §

upport of the intended application

s

eleration rate of subject vehicle for stopping on levél pavement (m/s2), assumed for thg
pose of designing CIWS (could be specific for the'vehicle type, weather conditions, and
d gradient)

ation of green time (s)
laining green time (s)
1] time of information delay (s)

time between when the-OBE receives information from the RSE and when it displays 4
ming

toBE = tOBE1 *+ LOBEZ

bre topg1 includés communication delay and judgement processing in OBE and togg2 is
blay delay-todriver.

Fer’s perception-reaction time (PRT)

the

mall
icle’s

the

time between when the RSE receives signal status information and when it broadcast

that information

approach speed (m/s)

maximum speed of vehicle, assumed for the purpose of designing CIWS (m/s)

travel distance from the current position of the vehicle to the stop line (m)

location of downloading information from RSE (m)

2
VDesign

2-d

XL ZVDesign ‘tpt
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NOTE: Location of the RSE is limited by the physical conditions of the road. If the RSE is
located upstream than vpesign - tp + VZDesign/(Z - d), it can communicate the information in the
timing required for warning.

tp = tprT *+ LOBE

Xy stopping distance (m)
2
v
X, =V-tppr +——
PRT 2.d
Y duration of yellow time (s)

5 Classification

5.1 | System configuration
The §ystem configuration should be in accordance with Figure 1.
Vehicle
interface
Vehicle
information
(optional)
Infrastructure v Display
. information information
Roadside mn > On board .
9 Driver
equipment equipment interface
RSE -< <
(RSE) Vehicle status (OBE) Display
information operation
(optional) (optional)

5.2

In or
drivd

phas

Figure 1 — System configuration

System configuration

der to_reduce the likelihood of crash injury, damage, and fatality by enhancing the
rs tovavoid crash situations at signalized intersections, the CIWS application shall 1
ree types as shown in Table 1. Class I systems are intended to give 1nformat10n about

rapability of
be classified
the current

5 11 systems

are lntended to prov1de an in- Vehlcle warnlng to the drlver of an 1mm1nent trafflc 51gna1 v1olat10n for
enhancing the opportunity for the driver to avoid the signal violation.

Class III systems address future issues; they are intended to include the function of automatic brake
control to reduce red light violations by inattentive drivers.

© ISO 2015 - All rights reserved
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Table 1 — Classification of CIWS applications

Class |Function Aims Driver support Infrastructure Vehicle Scope
information information
I Information |Information |Current state of traffic |Signal phase: Direction of |Yes
provision signals (green/yellow/red) travel
by direction
Timing of signal Signal phase and Direction of |Future
changes timing by direction travel issue
II Warning Avoiding Signal violation Signal phase and Direction of |Yes
viclation urarnihg fiming hy direction fravn],
position,
speed,
TTAI
II1 Contfol Avoiding Assisted braking or Signal phase and Directioyof |Futjure
violation automatic stopping timing by direction trayel, issye
poésition,
Speed,
TTAI

6 Functional requirements

6.1 CIWS
CIWS shall,

state diagram

OBE OBE activation (3)

OBE

RSE deactivation (2)

. . > active
Inactive < (Displaying signal
OBE deactiyation (4) information)
~~~~~~~~~ 1
~~~~~~~ Infrastructure information :
~~~~~~~~~ s
Seo '
~~~~~ '
RSE activation (1)
RSE >
inactive <

ht a minimum, operate according to the state diagrams as shown in Figures 2 and 3.

Infrastructure information

Figure 2 — System state diagram — Class I information
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OBE
active

OBE

OBE activation (3) R

Warning activation (5)
No >

warning | <
Warning deactivation (6)

inactive <
OBE deactivation (4)

-
oo
-~
-~
-~
N
-~
N
.~
-~
-~

J
1]
'
]
J

Infrastructure information

e
-~
-
e
-~
-~
-~
-
-~
-~
-
.~
-
-~
-~
N
e
S

6.1.1

6.1.1

State

6.1.1

State

6.1.1

State

6.1.1

Statd

prov
the d

6.1.1

Statd

mach

RSE activation (1)
RSE > RSE

inactive < active
RSE deactivation (2)

Figure 3 — System state diagram — Class Il warning

CIWS states

.1 CIWS states

in which RSE is inactive.

.2 RSE active

in which RSE is active and sends information on signal phase, etc. to OBE.

.3 OBE inactive

in which OBE is inactive.

4 OBE active

in which the OBE1s active, (a) conditions of information provision are met and the
de information-to’driver (Class I) or (b) conditions of warning are met and the syste
river (Class 41).

4.1 Warning state

in’'which the warning requirements are fulfilled. In this state, a warning shall be issu¢

system can
m can warn

d to human-

ine interface (HMI)’ which mighf arbitrate prinrifinc relative to other v\mrningc

6.1.1.4.2 No warning state

State in which the system shall give no warning to the driver because the warning requirements are not met.

6.2

Transition criteria

6.2.1 Criterion (1): RSE activation

When the RSE operator or the automatic system turns RSE on, it becomes active.

© ISO

2015 - All rights reserved
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erion (2): RSE deactivation

When the RSE operator or the automatic system turns RSE off to discontinue the system due to failures
and maintenance, etc., it becomes inactive.

6.2.3

Criterion (3): OBE activation

The OBE becomes active when the accessory/ignition switch is turned on. In systems with an optional

ON/OFF swi

tch, the OBE becomes active when this switch is turned on.

It might also transition to the active state again when a failure period ends.

6.2.4 Crit

The OBE be
In systems Y

6.2.5 C(Clas

For the war}
are require
criteria spe

6.2.6 Clas
The warnin

for example
of the stop |

6.3 Funcf

erion (4): OBE deactivation

romes inactive when the accessory/ignition switch is turned off or during failure per
vith an optional ON/OFF switch, the OBE becomes inactive when this switeh/is turned

s II criterion (5): Warning activation

iods.
off.

ning in Class II, the warning shall be given when passing the area oxtime in which warfings

| based on the reception of information from RSE. The warning decision depends o
ified in 6.5.3.

s II criterion (6): Warning deactivation

b shall be ended when passing the stop line or after’the warning criteria are no longen
because the vehicle has decelerated so thatitisnelonger in danger of violation. The poq
ne is contained in the message sent by the RSE or stored in the in-vehicle map databas

rional requirements of OBE

6.3.1 Acquisition of travel direction

The directid
navigation g

n of travel of the vehicle shallibe acquired using a position-detection function such as g
atellite systems (GNSS) okinformation provided from the RSE.

6.3.2 Acqpuisition of vehicle/position

The positio
information

h of the vehieléyshall be acquired using a position-detection function such as GN{
provided fromrthe RSE.

The speed o

6.3.3 Acqr

isition-of vehicle speed

the vehicle shall be acquired by sensors onboard the vehicle.

h the

met,
ition
e.

lobal

bS or

6.3.4

Identification of traffic signal information

Information about the state of the traffic signal ahead of the vehicle shall be identified from information

received fro

6.3.5

m the RSE.

Judgement of warning necessity and warning contents (Class II)

The decision to issue a warning and its contents will be based on the estimated signal phase at the time
the subject vehicle arrives at the intersection and on the position and speed of the subject vehicle.

© ISO 2015 - All rights reserved
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6.3.6 Timing of warning output

The timing and position to trigger the warning should take into account the driver’s perception and
reaction time.

6.3.7 Timing of warning termination

The warning shall be terminated when judged unnecessary due to driver operation, vehicle position,
vehicle speed, traffic signal state, or the like, or when the predetermined warning output time has elapsed.

6.3.8 __ HMI display contents

The HMI shall display the content of the warning correctly.

6.4 | Functional requirements of RSE

The RSE shall be installed in the intersection area according to the type of comimunication ljnks used by
the sfystem. The RSE shall be connected to the signal controller at the intersection for receiying the data
of signal timing and status from the controller.

6.4.1 Data sets
Datal sets shall be provided with the resolution and accuracy that are sufficient to engure system

performance; for example, signal phase (Class I) and stop.line position (Class II), signal phase in the
diregtion travelled by the vehicle, remaining time of signal phase, and next signal phase.

6.4.2 Communication range

The RSE shall have a communication range thatis sufficient to ensure system performance with a vehicle
driving at the design speed.

6.4.3 Communication delay

Inforymation shall be outputted within the maximum tolerable delay time that is sufficient tp ensure the
system performance for OBE-and RSE, i.e. 200 m/s of togg1 and 1,0 s of trsg, respectively.

6.5 | CIWS system performance

6.5.1 System capabilities

The PBE in the 'CIWS will use information transmitted from the RSE to determine if a|warning or
information should be given. The transmitted information should include traffic signal stlatus and/or
timing and traffic signal stopping location or distance information.

The RSEwillbroadcasta periodic wireless message thatidentiiies the traific signal and its exact location.
The message will indicate the current phase of the signal and the travel direction corresponding to that
information. The message could also indicate the next phase for the traffic signal, as well as the time
until that phase change.

The OBE will receive the wireless message from the RSE and conduct computations to determine if
a warning or information should be generated. In conjunction with information about traffic signal
location, phase, and/or timing, the OBE could display signal status information or use information
regarding the vehicle’s location, heading, speed, and acceleration, to estimate the likelihood of violating
the traffic signal phase upon entering the intersection. The calculations could also use information
about road conditions, embedded in the message from the traffic signal via RSE or known from any
other source, to adjust the operation of the decision algorithm.

© IS0 2015 - All rights reserved 7
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6.5.2 Provision of information

6.5.2.1 Provision of information to drivers
The system has many ways to provide drivers with information. However, this International Standard

focuses on messages to the OBE that will be used to provide the driver with current state of traffic
signals (Class I) or warning signals (Class II).

6.5.2.2 Out-of-order indication

In case of system failure detected by the OBE, the driver shall be informed that the system is not able to
provide infdrmation.

6.5.3 Warning threshold for signal violation

When a vellicle approaches the intersection, the distance to the intersection wherethe warning is
activated adcording to the activation conditions, X), is based on the global navigation satellite syjstem
(GNSS) dataland/or on the information about the vehicle location derived from the RSE location. Then,
the time to grrive at the intersection (TTAI) from the distance, X,, can be determined as a function ¢f the
distance and the speed of vehicle, as follows.
s
TTAI =3~ (1)
y

In this case| the requirements for providing warning could be déetermined by comparing the time of
remaining green (G,) at the approach as shown in the following-table.

Anywarningshallbe terminated whenitisjudged to be unfiecessaryin consideration of the position/state
of the vehicle.

Table 2 — Warning activation condition with respect to TTAI

Time condition Class II Meaning of information
TTAI < G, No warning Green signal ahead
(optional)
Gr<TTAI< G +Y Signal violation warning (optional) |Signal changes - attention and/or reduce spged
TTAI> G-+ Y Signalwvielation warning Red light running - stop

When spot ¢gommunicatioh-media is used by the RSE, RSE information is not available continuously. As
a consequerice, there-are two possible system configurations.

6.5.3.1 Syjstems for which the warning can be activated at any time during the approach

The OBE shaltestimate-theetapsed-timeanddistancetravettedfromthe point-whenthe—vehicte did
pass the RSE; it shall update the time green remaining (G,) and the TTAI, taking into account the current
vehicle speed. In this case, the provision of warning could be decided during the approach by comparing
TTAI to thresholds as shown in Table 2.

Anywarningshallbe terminated whenitisjudged tobe unnecessaryin consideration of the position/state
of the vehicle.

This system should not be installed in intersections where actuated signal control, with changeable
signal timing, is applied.

8 © IS0 2015 - All rights reserved
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6.5.3.2 Systems for which the warning can only be activated at the location where the spot
communication from the RSE is received

The warning can be activated only at the instant when the vehicle passes the location where information
is downloaded from the RSE via a wireless communications link. If the duration of green time is given
as G s, the warning threshold will be determined to be G - t1 before the onset of the yellow signal, i.e.
the end of the green signal. Thus, a subject vehicle approaching with the speed of v might have sufficient
time to reduce its speed until the vehicle reaches the intersection to stop safely. The warning threshold
is determined as a function of the speed of the subject vehicle at the location for providing information.

X
t, =G-—4L (2)
v

Wheh a vehicle is approaching the range of location, X4;, with the speed of v at a sperifi¢ time, ¢, the
activiation conditions for providing warnings are shown in Table 3.

The yvarning shall be activated according to either Table 2 or Table 3.

Anyarningshallbe terminated whenitisjudged tobe unnecessaryin consideration of the pgsition/state
of the vehicle.

Table 3 — Warning activation conditions of OBE with respect to time at Xy,

Time, t, at X4;, Class II Meaning of information
to<ts<ty No warning Green signal ahead (optional)
t1<tsty Signal violation warning (optional) Signal changes - attention
ty<ts<ty Signal violation warning Signal changes - stop
t2<t<ts Signal violation warning Red light running - stop

to: time when the green signal is initiated (¢¢-shall be set as 0,0 s at the beginning of every green phase)
t1: time when the warning activation/conditions are met

ty: time when the yellow signal isinitiated

tp: time when the red signal is initiated

t3: time when the red signal is off and the next green signal is initiated
This|system should not be installed in intersections where actuated signal control withf changeable

signgl timing is applied.

7 Testrequirements

7.1 “Testvehicle

The test vehicle shall be equipped with a device to record the CIWS outputs as a function of time and
position of the vehicle.

7.2 Test site

7.2.1 Environmental conditions

The test intersection shall be on a flat, dry asphalt, or concrete surface. The ambient temperature during
testing shall be within the range of 10 °C + 30 °C.

© IS0 2015 - All rights reserved 9
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7.2.2 Geometric conditions

The test site shall be installed at a signalized intersection which need not be on a public road.

7.2.3 RSE location for the systems providing communication only at X4,

If the CIWS system has the function of warning the location of downloading information from RSE,
X4, can be determined for providing sufficient range where the drivers can make a safe decision for
stopping regardless of approaching speed. For this, a maximum speed value for CIWS operation, vpesign,
can be utilized as follows in determining the minimum distance for providing information to vehicles
over all speed ranges.

2
VDesign
X 41 2Viecion 't —_— 3
AL Qesign "“D 2.d ( )

where

tp =tpRrT * tOBE
7.3 Test Irocedure
The following sections describe the minimum test requirements for asignal information and violption
warning sygtem (Class I and II).
7.3.1 Test method
For exampld, X4y, is calculated as the distance of 125 m from the intersection if the following paramgters
are given; vpesign = 90 km/h (25 m/s),d = 3,1 m/s2, and.£p= 1,0 s.
7.3.1.1 Warning tests
7.3.1.1.1 S$etting the warning threshold according to the subject vehicle approaching speed
The purposg of this test is to check that'the CIWS in vehicles gives both information for Class | and
warning for|Class Il when required @s'the subject vehicle approaches the intersection. The test shall be
conducted afs follows.
The subject|vehicle shall be driven in the test approach zone at a steady speed of v (where v < vpgsign).
The warning threshold shallybe set as described in 6.5.3.
For exampld, if a subjectVehicle approaches the intersection with the speed of 65 km/h (18 m/s) and the
green interval of 30,0's, the warning threshold, 1, becomes 23,0 s after the beginning of green signjl, to.
7.3.1.1.2 Warning issued based on Table 3

As the subject vehicle approaches the range of location, X4y, in this case with the speed of v at a specific
time, ¢, the system shall issue the warning based on the activation conditions for providing information
with the type of warnings as shown in the Table 3.

7.3.1.1.3 Warning issued based on Table 2
As the subject vehicle approaches the intersection, the time to arrive at the intersection (TTAI) will be

continuously updated at the position of vehicle, X,. Then, the system shall issue the warning based on
the activation condition with TTAI as the function of X,, and the speed of vehicle, as shown in the Table 2.

7.3.1.2 Testrun

This test shall be fulfilled according to the conditions shown in Table 4.

10 © IS0 2015 - All rights reserved
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