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AUTOMOTIVE VEHICLE.

The invention provides a method and devices for
determining a target speed of an automotive vehicle
approaching a traffic light. The method uses extended
traffic information signalling and allows for the

computation of a target speed that allows, for example,
the vehicle to pass the traffic light during a green phase
and while there is no waiting queue in front of the traffic

light. Other targets such as reducing CO2 emissions or

overall energy consumption of the vehicle approaching the

traffic light may also be taken into account when
computing the target speed.

METHOD AND SYSTEM FOR ENHANCED TRAFFIC LIGHT SIGNALING AND FOR COMPUTING A TARGET SPEED OF AN
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METHOD AND SYSTEM FOR ENHANCED TRAFFIC LIGHT SIGNALING AND FOR
COMPUTING A TARGET SPEED OF AN AUTOMOTIVE VEHICLE

Technical field

The invention generally relates to automotive vehicles and to methods and devices for regulating
road traffic. In particular, the invention relates to a method for computing a target speed, at which
an automotive vehicle is able to approach a traffic light and pass through it while the traffic light is

in a green phase, taking into account the state of the waiting queue in front of the traffic light.
Background of the invention

It is known in the art to use smart traffic management systems, such as Cooperative Intelligent
Transport Systems, C-ITS, which are based on local and direct data communication between
entities of the system, such as automotive vehicles and entities implementing the road
infrastructure. Accordingly, it has been proposed to exchange information between a traffic light
and automotive vehicles approaching the traffic light. The information is generally sent by way of

wireless data communication channels such as WiFi™ or Vehicular Ad-Hoc Networks, VANET.

An example of such a system is shown in figure 1. A traffic light 10 is equipped with an electronics
module 12 configured to generate and transmit data 30 periodically. A vehicle 20 is equipped with
receiving means 40 capable of receiving said messages. The vehicle is further capable of
interpreting and processing the data comprised in said messages. It is known in the art to transmit
Signal Phase and Time, SPaT messages, which provide information about the physical location of
the traffic light, but also information indicating the current phase of the traffic light, i.e., green,
orange or red, and information about the timing of upcoming phase changes. Figure 2 illustrates an
exemplary known SPaT signal, wherein at time t,;, a green phase starts. The traffic light changes to
orange at time t,; and further to red at time t;;, and so on. While the information obtained by the
vehicle may be used in several ways, an application of particular interest lies in so-called Green
Light Optimized Speed Advisory, GLOSA, applications. Therein, the information provided by a
traffic light is used by an electronics module of the automotive vehicle to compute a speed S, at
which the car should approach the traffic light in order to arrive at the light while it is in a green
phase. With reference to figure 2, the corresponding time period at which the vehicie should arrive
at the traffic light is indicated by the interval [ty, t,1]. The traffic lights along a road traffic axis are
generally linked by a data communication network, allowing for a synchronization among several
traffic lights, and allowing a vehicle to obtain information enabling it to pass all the lights along a

traffic axis during a green phase. GLOSA systems have been studied in the prior art, see for
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example “Performance study of Green Light Optimized Speed Advisory (GLOSA) application

using an integrative cooperative ITS simulation platform”, Katsaros et al., 2011 IEEE — 978-1-
4577-9538-2/11).

Patent document WO 2016/055589 suggests to extend the GLOSA framework to include further
traffic information that is being sensed by one or more sensing modules on board of an automotive
vehicle. The goal is to take into account at least some traffic information that is external to both the
vehicle and the traffic light, such as regulatory speed limitations, or the speed of a third-party
vehicle driving in front of the vehicle performing the GLOSA computation.

According to the best knowledge of the inventors, none of the available systems is able to take into
account the waiting queues of vehicles forming in front of traffic lights. Even though a known
GLOSA computation based on known SPaT signals may be implemented at an automotive vehicle,
the vehicle adopting the GLOSA-compliant speed may still find itself stuck in a waiting queue in
front of the traffic light, so that the vehicle is unable to pass the traffic light during the targeted

green phase.

Technical problem to be solved

It is an objective of the present invention to provide a method and system which overcomes at least

some of the disadvantages of the prior art. The invention aims at providing a method and system

that allow to take into account the state of the expected waiting queue in front of a traffic light,

when computing a GLOSA-like speed advisory.

Summary of the invention

The invention provides a method for determining a target speed of an automotive vehicle using a
speed computing device as the vehicle approaches a traffic light. The method comprises the
following steps:

- providing at the speed computing device an estimate of the distance separating the vehicle
and the traffic light, and a signal indicating the traffic light’s phases as a function of time;

- computing said target speed so that the automotive vehicle driving at the target speed
arrives at the traffic light during a green phase thereof.

In accordance with the invention, said signal further comprises information relating to the length of
a waiting queue in front of the traffic light, and said target speed is computed as a function of said

information.
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Preferably, said information relating to the length of a waiting queue in front of the traffic light

may comprise the indication of at least one time period during which the traffic light is in a green

phase and the corresponding waiting queue in front of the traffic light is expected to be empty.

Said information relating to the length of a waiting queue in front of the traffic light may preferably
comprise the indication of at least one time instant at which the waiting queue is not empty,

together with the corresponding expected queue length.

Preferably, said information relating to the length of a waiting queue in front of the traffic light
may preferably comprise an indication of the distance between the traffic light and the last vehicle

in the corresponding waiting queue.

The target speed may preferably be computed so that the automotive vehicle driving at the target
speed is able to pass the traffic light without queuing in front of it.

Preferably, the method may comprise a step of generating said signal using a signal generating
device and transmitting the signal using data transmission means to said speed computing device

via a data communication channel.

The data transmission means may preferably comprise a networking interface of the signal

generating device.

The data communication channel may preferably comprise a cellular data network or a vehicular

ad-hoc network.

Preferably, the step of generating said signal may comprise:

- obtaining, using sensing means, an estimate of the time required for a waiting queue in
front of the traffic light to empty;

- encoding, using processing means, said estimate into a signal indicating the traffic light’s
phases as a function of time, so that said signal indicates at least one time period during which the

traffic light is in a green phase and the waiting queue is expected to be empty.

The step of generating said signal may further preferably comprise:
- obtaining, using sensing means, a further estimate, said further estimate being of a waiting
queue’s length, or of a waiting queue’s duration being the expected time required for a waiting

queue to empty, at at least one time instant wherein said waiting queue is not empty;
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- encoding, using processing means, said further estimate of the waiting queue’s
length/duration into a signal indicating the traffic light’s phases as a function of time, so that said
signal comprises the indication of at least one time instant at which the corresponding waiting

queue is not empty, together with the corresponding expected queue length/duration.

The signal may preferably be updated or regenerated periodically.

Said waiting queue may preferably comprise a current waiting queue or at least one upcoming

waiting queue in front of the traffic light.

The time required for a queue of automotive vehicles in front of the traffic light to empty may

preferably be computed starting from the beginning of an upcoming green phase of the traffic light.

The sensing means may preferably comprise a data processor, a traffic sensor, an image sensor

coupled to an image processor, a data receiving device, or a combination of the above.

The estimate(s) may preferably be stored in a memory element.

Preferably, said sensing means may estimate the length of a waiting queue in front of the traffic
light and compute said estimate(s) on an average draining rate of the queue. The draining rate may
be estimated based on observed draining rates of the queue, or it may be a predetermined value

stored in a memory element to which the sensing means have read access.

The sensing means may preferably receive traffic information via a data communication channel,
said information being transmitted from at least one traffic information gathering node in a

communication network and indicating a waiting queue length/duration or said estimate.

Alternatively, the sensing means may preferably receive data from a transmitting device on board
of the last automotive vehicle in a waiting queue as it passes the traffic light, said data indicating
the time said vehicle spent in the queue, and wherein the sensing means use said waiting time as

the estimate of the time required for the next upcoming waiting queue to empty.

The estimate(s) and/or expected queue lengths/durations may preferably be a function of previously

encoded estimates. The function may preferably be a linear function.

93392
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Preferably, said signal may further be received by data reception means of said speed computing

device. The data reception means may preferably comprise a networking interface of said speed

computing device.

According to a preferred embodiment, said distance estimate, representing the distance separating
the traffic light from the automotive vehicle, may be received by data reception means of said
speed computing device or estimated using distance sensing means of said speed computing device.
The distance sensing means may preferably comprise a radar device, or an imaging sensor coupled

to an image processor.

Said speed computing device may preferably be an on-board device of said vehicle. The device
may comprise a Global Satellite Positioning, GPS, device. Alternatively, the device may be an

electronic module that is part of the vehicles data infrastructure.

Alternatively, the speed computing device may comprise a data processor located at a node in a
communication network, which is configured to transmitting said target speed to said automotive

vehicle.

The signal generating device may preferably be comprised in an electronics module of said traffic
light. Alternatively, the signal generating device may comprise a data processor located at a node in

a communication network, which is configured to transmit said signal to said automotive vehicle.

It is a further object of the present invention to provide a speed computing device. The device
comprises data reception means configured for receiving, when an automotive vehicle approaches a
traffic light, a signal indicating the phases of said traffic light as a function of time, the signal
further indicating at least one time period during which the traffic light is in a green phase and a
waiting queue in front of the traffic light is empty. The device further comprises computing means
configured for computing a target speed of said automotive vehicle, the target speed being such that
the automotive vehicle driving at the target speed arrives at the traffic light during a green phase
thereof, wherein said target speed is computed as a function of an estimate of the distance

separating the vehicle and the traffic light, and of said time period.

It is yet another object of the present invention to provide a signal generating device. The signal
generating device comprises signal generating means, the signal generating means being
configured to generate a signal indicating a traffic light’s phases as a function of time, the signal

further comprising information relating to the length of a waiting queue in front of the traffic light.
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Said information relating to the length of a waiting queue in front of the traffic light may preferably

comprise the indication of at least one time period during which the traffic light is in a green phase

and the corresponding waiting queue in front of the traffic light is expected to be empty.

Preferably, said information relating to the length of a waiting queue in front of the traffic light
may comprise the indication of at least one time instant at which the corresponding waiting queue

is not empty, together with the corresponding expected queue length.

The signal generating device may further preferably comprise data transmission means configured

for transmitting said generated signal to a receiving device.

Preferably, the signal generating device may further comprise sensing means for obtaining an
estimate of the time required for a queue of automotive vehicles in front of said traffic light to
empty, and processing means for encoding said estimate into said signal, so that the latter indicates
at least one time period during which the traffic light is in a green phase and a waiting queue in

front of the traffic light is expected to be empty.

The signal generating device may further comprise sensing means for obtaining a further estimate,
said further estimate being of a waiting queue length, or of a waiting queue duration being the
expected time required for a waiting queue to empty, at at least one time instant wherein said
waiting queue is not empty, and processing means for encoding said time instant and the
corresponding waiting queue length/duration into said signal, so the latter indicates at least one
time instant at which the waiting queue is not empty, together with the corresponding expected

waiting queue length/duration.

Preferably, said waiting queue comprises a current waiting queue or at least one upcoming waiting

queue in front of the traffic light.

In accordance with embodiments of the invention, a method and system are provided, which allow
to take into account the time expected for a waiting queue in front of a traffic light to become
empty, when computing a GLOSA-like speed advisory. By adopting the resulting target speed, an
automotive vehicle can approach the traffic light such that when it arrives at the height of the traffic
light, the latter is in a green phase and there is no waiting queue. The invention extends the
efficiency of GLOSA systems in real-world scenarii. Further, it allows the automotive vehicle to
operate at a higher fuel efficiency, as braking, stopping and restarting actions due to the arrival in a
waiting queue in front of a traffic light are avoided. The invention enables smoother traffic flows,

improving in particular the overall traffic efficiency around traffic lights. According to further
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embodiments of the invention the expected lengths and/or durations of the waiting queue(s) in front

of a traffic light are communicated to an automotive vehicle approaching the traffic light. Knowing
the lengths and/or durations of the waiting queues, a reduced target speed may be computed so as
to arrive at the traffic light in a manner that minimizes or reduces the CO, emissions of a thermal

engine driven vehicle, or more generally the energy consumption of any vehicle.

Brief description of the drawings

Several embodiments of the present invention are illustrated by way of figures, which do not limit
the scope of the invention, wherein:
- figure 1 provides an illustration of a cooperative intelligent transport system known from
the prior art;
- figure 2 provide an illustration of the evolution of a SPaT signal in time, as known from the
prior art;
- figure 3 provides a schematic top view of a road with a traffic light in front of which a
queue of vehicles as formed, and a third car approaching the traffic light;
- figure 4 provides an illustration of the evolution of an extended SPaT-like signal in time, in
accordance with a preferred embodiment of the invention;
- figure 5 provides a schematic illustration of a signal generating device in accordance with a
preferred embodiment of the invention;
- figure 6 provides a schematic illustration of a speed computing device in accordance with a

preferred embodiment of the invention.

Detailed description of the invention

This section describes features of the invention in further detail based on preferred embodiments
and on the figures, without limiting the invention to the described embodiments. Unless otherwise
stated, features of one described embodiment may be combined with additional features of another

described embodiment.

The relative wording “in front of a traffic light” is to be understood as describing locations from
which the light emitted by a traffic light can be seen when looking into the direction of the traffic
light. Therefor a queue of waiting automotive vehicles forms “in front” of a traffic light if said
traffic light is in a red phase and the vehicles must stop and wait. It is further noted that one traffic
light per road lane is assumed. Where there are several lanes and traffic lights on one road, the
method according to the invention may be implemented independently for each lane and/or traffic

light as adequate.
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Known traffic lights are equipped with electronics and logic modules that enable them to function

and to change light phases on a regular predetermined basis or using information obtained using
traffic sensors. Such equipment will not be described to any detail, as the present description

focusses on features that are relevant to the invention.

In all embodiments, even if not explicitly mentioned, the length of a waiting queue may be readily
exchanged with the duration of the waiting queue, as both measures are deemed equivalent and the
skilled person is capable of computing one from the other. Similarly, whenever a duration of a
waiting queue, or equivalently the time required for a waiting queue to become empty, is
mentioned, that duration may be readily exchanged with the length of the waiting queue, without

departing from the scope of the invention.

Figure 3 offers an illustration of a scenario in which the method in accordance with the invention
finds its applications. While the traffic light 10 is in a red phase, automotive vehicles C1, C2 stop at
the light and a queue forms along the road lane whose traffic is regulated by the traffic light 10.
Using a signal generating device 120 having data transmission means 128, the traffic light
periodically broadcasts a signal 130 indicating its current phase and the timing of forthcoming
phase changes. In addition, the signal includes information relating to the length and/or duration of
the current waiting queue in front of the traffic light. Optionaily, the signal may also comprise
information indicating the length and/or duration of upcoming waiting queues in front of the traffic
light. The information relating to the length of the waiting queue in front of the traffic light
comprises for example the expected timing of at least one phase during which the traffic light is in
a green phase and the queue in front of it is empty. The time period T, corresponding to this
additional phase is encoded in the signal 130. The signal 130 may be transmitted in the form of an
analogue signal or preferably in the form of data packets comprising structured data. Knowing the
instants ty, t,, ... at which green phases of the traffic light start, the signal generating device 120
has to obtain an expected time required for the current queue (and upcoming queues) to become
empty. The estimation of the expected time period(s) may be implemented by several mathematical
forecast models known as such in the art, without departing from the scope of the present
invention. For example, the last observed draining time for the queue may be used as expected
value for all draining times of upcoming waiting queues. Alternatively, a linear extrapolation of
several previously measured queue draining times may be used to estimate draining times Tgq;, Tqy,
... of upcoming waiting queues. In what follows, the notation Tq; will denote either a current
observation of the queue draining time, or a computed expected queue draining time, which takes
into account, among other data, a current observation of the queue draining time. The use of the
notation is clear for each specified embodiment. Estimates of the draining times of upcoming

waiting queues, i.e. waiting queues that are expected to form after the next upcoming green phase
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of the traffic light, Tqy, ... are computed similarly based on expected behavior of the traffic flows,

and on the observations acquired up until the signal is generated.

If the waiting queue is too long to become empty during an upcoming green phase of the traffic
light, the signal may comprise only the information indicating the waiting queue’s length and/or

duration.

The information relating to the length of the waiting queue in front of the traffic queue may further
comprise indications of the expected length of the waiting queue, at at least one instant in time. The
estimation of the queue lengths may be implemented by several mathematical forecast models

known in the art, based on current and/or earlier observations of the queue length evolution.

To update the signal 130 based on new observations, €.g. newly observed queue draining times, the
signal is preferably updated or regenerated periodically. The expected time/times that is/are
encoded into signal 130 is/are preferably computed at an electronics module embedded on the
traffic light 10, even more preferably being part of the signal generating means 120. Alternatively,
the computation may be made at a central computation node in a communication network linked to
the signal generating means, or even on board of an automotive vehicle. In the latter cases, the
resulting expected draining time is transmitted to the signal generating means using a VANET or
using a cellular data communication channel. The computed values are preferably stored in a

memory element,

The signal 130 is preferably transmitted using a SPaT-like protocol by the traffic light. The signal
generating means are in that case embedded in an electronics module of the traffic light and

comprise data transmission means for emitting the SpaT-like signal 130.

According to a preferred embodiment of the invention, an observation of the current queue draining
time Tq;, or the current length of the queue in front of the traffic light, is obtained by using at least
one traffic camera installed at or around the traffic light 10. The traffic camera comprises an image
sensor linked to an image data processor for extracting visual information from the sensed image or
video data. The image sensor and image data processor provide sensing means for obtaining the
queue draining time and/or the queue lengths. By acquiring image data of the queue in front of the
traffic light while the traffic light is in a red phase, the length of the current queue Q, is obtained.
Knowing the length of the queue and assuming a constant draining rate, the queue draining time is
readily obtained. The assumption of a constant average draining rate makes sense as the automotive
vehicles start slowly once the light’s phase changes from red to green. Alternatively, the draining

rate may be modelled according to observed data such as the actual speed of the automotive
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vehicles leaving the queue, wherein such data may also be obtained using the image sensor and an

appropriately programmed image data processor. Based on previous observations of the queue
length, which may be complemented by traffic flow statistics, the expected queue lengths of

upcoming waiting queues forming at Jater times may also be obtained.

According to a further embodiment of the invention, an observation of the current queue draining
time Tq, or the queue length is obtained by using dedicated traffic sensors that detect the passing of
vehicles at the traffic light. Such sensors may for example comprise inductive loops embedded in

the road and linked to a data processor.

Another alternative for obtaining an observation of the current queue draining time Tq; or the
queue length is provided by way of one or more traffic information gathering nodes located in a
communication network to which the signal generating means 120 have read access. The data
reception means of the signal generating means 120, through which the queued draining time is
obtained, therefore implement sensing means for obtaining the queue draining time and/or queue
lengths. Such known traffic information nodes implement services that aggregate publicly available
traffic data, and they may be extended to use dedicated processing means to extract measurements
of the queue draining times of each traffic lights. The resulting information is then either broadcast

to all traffic lights or transmitted to a specific traffic light upon request.

According to another implementation of the invention, an observation of the current queue draining
time T is obtained by means of the automotive vehicles waiting in the queue. As a vehicle passes
the traffic light, it estimates whether it is the last vehicle of the current queue and sends the time it
spent in the queue to a central entity or to the signal generating means 120. The data reception
means of the signal generating means 120, through which the queue draining time is obtained,
therefore implement sensing means for obtaining the queue draining time. The communication
originating at the automotive vehicle may be made using a VANET or a cellular data
communication channel. Alternatively, all vehicles passing the traffic light transmit their waiting
times, and the central entity or signal generating means detect which vehicle was the last in the

queue, for example based on imaging data.

Figure 4 illustrates an exemplary extended SpaT-like signal 130 in accordance with a preferred
embodiment the present invention, wherein at time t;), a green phase starts. The traffic light
changes to orange at time t,; and further to red at time t,;, and so on. In addition, the signal provides
an indication of the time t,; at which the queue in front of the traffic light is expected to be empty.
The interval [ty t] equates to the expected draining time Tq; of the queue of vehicles waiting at

the traffic light at time t;,. If a vehicle should arrive at the traffic light during a green phase at
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which the queue is empty, it should therefore arrive during the interval T,=[ty, t.;]. The signal is

similarly extended with estimates of the lengths/durations of upcoming waiting queues in front of

the traffic lights, which may be greater or equal to zero..

With reference to figure 2, a third automotive vehicle C3 approaches the traffic light 10 having
queue Q, and expected queue draining time Tq;. A speed computing device 140 obtains an estimate
D of the distance separating the vehicle and the traffic light, and said signal 130 indicating the
traffic light’s phases a s a function of time, as well as, for example, the time period T, during which
the queue is expected to have cleared while the phase of the traffic light is green. Using these data,
the speed computing device computes a target speed S,. If the vehicle adopts speed S, while
approaching the traffic light 10, it will be expected to arrive during period T;, thereby being able to
pass the light without stopping and without queuing up. The device may also compute the target
speed S, using a later time period, for example T, if the automotive vehicle C3 would not be able
to reach the traffic light within period T;. Alternatively, or in conjunction therewith, the knowledge
of expected upcoming queue lengths may be used by the speed computing device to compute a
reduced target speed, so as to arrive at the traffic light at a time when the queue is expected to be
within a predetermined limit, thereby reducing CO, emissions of a thermal engine driven vehicle,

or more generally the energy consumption of any vehicle.

The resulting target speed is either communicated to the driver of the vehicle using audio or visual
display means, or it may be fed to an onboard computing device of the vehicle, that is in charge of
regulating the car’s speed autonomously. The speed computing device 140 is shown as being
onboard of vehicle C2, it may for example be a GPS device, a smartphone or an electronics module
that is part of the vehicle’s data infrastructure. Alternatively, the speed computing means may be
implemented at a central computing node in a communication network, which has access to data D
and signal 130, and which communicates with the vehicle using a VANET or using a cellular data

communication channel.

The distance D is preferably sensed at the vehicle C3 by appropriate distance sensing means, such
as an onboard radar, for example. Alternatively, the distance may be provided by traffic sensors
linked to a central computing entity or by the traffic light having appropriated sensing means. In
the latter cases, the distance information D is transmitted to the vehicle C3 using a VANET or

using a cellular data communication channel.

While numerous techniques may be used for computing the target speed S, we provide here one
preferred example, which is both simple and flexible, without limiting the scope of the invention

thereto.
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Define:
- D, the distance between the considered vehicle and the traffic light,

- tgq and ¢,y for the beginning and end of the first time slot that can be reached by the car
(i.e. via driving at the max authorized speed),
- A€][0,1] an aggressiveness parameter, which can be set by the user and/or by the

computation entity (e.g. via leveraging some information on the expected accuracy of ¢ 5y

» Lot ),
- S, the recommended target speed that a vehicle should drive at, to arrive at the traffic
light when it is green and passing,

-S4, the maximum speed at which the vehicle can drive,

The recommended target speed for a vehicle to reach a traffic light when that light is green and
passing (i.e. there are no more cars waiting or going through it) may be one of the three following
choices:

a) Aggressive choice (Seeks to arrive right at the beginning of the passing time slot Ty=[t;,t,]; the

duration of T, equals ty;-tq;):
D
St =S = min (t—,Smax)
ql

b) Robust choice (Seeks to arrive right in the middle of the passing time slot T1=[t1,t,4], so as to be

more robust with respect to the uncertainties of the passing time slot estimation):

D
S¢ = S = min (m,smax)
c) Weighted aggressiveness choice (weighted trade-off between the two choice above of

aggressiveness and robustness):
Sy =ASy, + (1-)S,,

Note also that this computation may be improved so that the recommended speed tries to make the
vehicle go through several successive traffic lights. We will not go through the details of that type of
scenarii, for which solutions of the literature can be used (cf. for instance M. Seredynski, W.
Mazurzyk, D. Khadraoui, “Dynamic Multi-Segment Green Light Optimal Speed Advisory”, 27th
IDPSW, IEEE, pp. 469-465, ISBN: 978-0-7695-4979-8, Cambridge, MA, USA, May 20-24, 2013).

If the waiting queue in front of the upcoming traffic light is too long to empty completely during the
next upcoming green phase of the traffic light, the target speed may optionally be set to a low value,

for which the automotive vehicle adopting the target speed is known to perform efficiently.
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Figure 5 provides a schematic illustration of the main building blocks of a signal generating device
120 in accordance with a preferred embodiment of the invention, which is preferably embedded with
a traffic light. The device comprises sensing means for obtaining an estimate of the time Tq,; required
for the current queue in front of the traffic light to empty, once the light changes to green. The sensing
means include for example an imaging sensor, an image processor and a data processor for computing
said estimate based on past and current queue observations. Using processing means 122, the
information Tq, is stored in a memory element 126 for later use and encoded into a signal 130
indicating the traffic light’s phases as a function of time and indicating at least one period T; during
which the traffic light is in a green phase and the waiting queue is expected to be empty.
Alternatively, or complementary to embedding the information T, into the signal, expected queue

lengths may also be encoded into the signal 130.

Figure 6 provides a schematic illustration of the main building blocks of a speed computing device
140 in accordance with a preferred embodiment of the invention, which is preferably provided on
board of an automotive vehicle. The device comprises data reception means 144 configured for the
reception of the signal 130 as transmitted by the signal generating device 130. The data reception
means 144 may comprise a networking interface and data processing means configured to extract the
time and phase information included in said signal, so that it may be used by processing means 142.
The device further comprises distance sensing means 146 for obtaining an estimate of the distance
D separating the vehicle from the traffic light it approaches. The processing means 144 include a
processor configured to compute the target speed S; of the vehicle as a function of the time interval
T, comprised in the received signal 130. If the signal 130 comprises information on the evolution of
the length of the waiting queue, that information may also be taken into account while computing
the target speed S, of the vehicle. Using output means 138, the resulting speed information is provided

either to a display unit, a speech generating unit, or to an electronics module of the vehicle.

The algorithms outlined here above, for example for the computation of the expected queue
draining times or for the computation of the target speed, are implemented using processing means
that are by appropriately programmed, or by specific analogue circuitry, as it is known in the art.
The skilled person is capable of providing such programming code means or circuitry providing the

required functionality based on the description that has been given.

It should be understood that the detailed description of specific preferred embodiments is given by
way of illustration only, since various changes and modifications within the scope of the invention
will be apparent to the skilled person. The scope of protection is defined by the following set of

claims.
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Revendications

1. Procédé de détermination d'une vitesse cible (S¢) d'un véhicule automobile en utilisant un
dispositif de calcul de vitesse (140) lorsque le véhicule s'approche d'un feu de circulation,
le procédé comprenant les étapes suivantes:

- fournir au dispositif de calcul de vitesse (140) une estimation (D) de la distance
séparant le véhicule et le feu de circulation, et un signal (130) indiquant les phases
du feu en fonction du temps;

- calculer ladite vitesse cible (S;) de sorte que le véhicule automobile qui arrive 4 la
vitesse cible arrive au feu de circulation pendant une phase verte de celui-ci;

caractérisé en ce que ledit signal (130) comprend en outre des informations relatives a la

longueur d'une file d'attente devant le feu de circulation, et en ce que ladite vitesse cible

(Sy) est calculée en fonction de ladite information.

2. Procédé selon la revendication 1, caractérisé en ce que lesdites informations relatives a la
longueur d'une file d'attente devant le feu de circulation comprennent l'indication d'au
moins une période de temps (T1, T2) pendant laquelle le feu est en phase verte et la file

d'attente correspondante devant le feu de circulation devrait étre vide.

3. Procédé selon l'une quelconque des revendications 1 ou 2, dans lequel lesdites informations
relatives a la longueur d'une file d'attente devant le feu de circulation comprennent
l'indication d’au moins un instant de temps auquel la file d'attente correspondante n'est pas

vide, ainsi que la longueur de file d'attente attendue correspondante.

4. Procédé selon I'une quelconque des revendications 1 & 3, dans lequel lesdites informations
relatives a la longueur d'une file d’attente devant le feu de circulation comprennent une
indication de la distance entre le feu de circulation et le dernier véhicule dans la file

d'attente correspondante.

5. Procédé selon 'une quelconque des revendications 1 a 4, dans lequel le procédé comprend
en outre I'étape consistant & générer ledit signal (130) en utilisant un dispositif de
génération de signal (120) et a transmettre le signal en utilisant des moyens de transmission
de données (128) audit dispositif de calcul de vitesse (140) par I'intermédiaire d'un canal de

communication de données.

6. Procédé selon la revendication 5, dans lequel I'étape de génération dudit signal (130)

comprend:
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- obtenir, a I'aide d'un moyen de détection (124), une estimation (Tqi, Tqz) du temps

nécessaire pour vider une file d'attente devant le feu de signalisation;

- encoder, en utilisant des moyens de traitement (122), ladite estimation (Tqi, Tq2)
en un signal (130) indiquant les phases du feu en fonction du temps, de sorte que
ledit signal (130) indique au moins une période de temps (T1, T2), pendant laquelle

le feu est en phase verte et la file d'attente devrait étre vide.

Procédé selon la revendication 6, dans lequel I'étape de génération dudit signal (130)

comprend en outre:

- l'obtention, a l'aide d'un moyen de détection (124), d'une autre estimation, de la
longueur d'une file d'attente, ou de la durée d'une file d'attente, cette derniére étant
le temps estimé pour vider une file d’attente, a un instant ou ladite file d’attente
n'est pas vide;

- encoder, en utilisant des moyens de traitement (122), ladite estimation
supplémentaire de la longueur/durée de la file d'attente en un signal (130)
indiquant les phases du feu en fonction du temps, de sorte que ledit signal (130)
comprend l'indication d'au moins un instant auquel la file d'attente correspondante
n'est pas vide, ainsi que la longueur/durée attendue correspondante de la file

d'attente.

Procédé selon l'une quelconque des revendications 1 & 7, dans lequel ladite file d'attente
comprend une file d'attente en cours ou au moins une file d'attente a venir devant le feu de

circulation.

Procédé selon l'une quelconque des revendications 6 a 8, dans lequel ladite estimation (T,
Tqz, ...) et/ou les longueurs/durées de file d'attente attendues sont stockées dans un élément

de mémoire (126).

Procédé selon I'une quelconque des revendications 6 4 9, dans lequel lesdits moyens de
détection (124) estiment la longueur d'une file d'attente devant le feu et calculent ladite

estimation (Tq1, Tq2) sur la base d'un taux de drainage moyen de la file d'attente.

Procédé selon I'une quelconque des revendications 6 & 9, dans lequel lesdits moyens de
détection (124) regoivent des informations de trafic via un canal de communication de
données, lesdites informations étant transmises depuis au moins un nceud de collecte
d'informations de trafic dans un réseau de communication et indiquant une longueur/durée

de file d'attente, ou ladite estimation (Tq1, Tqa).
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12.

13.

14.

15.

16.

17.

18.

Procédé selon l'une quelconque des revendications 6 a 9, dans lequel lesdits moyens de

détection (124) recoivent des données d'un dispositif de transmission a bord du dernier
véhicule automobile dans une file d'attente au passage du feu, lesdites données indiquant le
temps que ledit véhicule a passé dans la file d'attente, et dans lequel les moyens de
détection (124) utilisent ledit temps d'attente en tant qu'estimation (Tq:) du temps

nécessaire pour que la prochaine file d'attente se vide.

Procédé selon l'une quelconque des revendications 6 a 12, dans lequel l'estimation (Tq;,
Tqz) et/ou les longueurs/durées attendues de file d'attente sont une fonction d'estimations

précédemment encodées.

Procédé selon 1'une quelconque des revendications 1 a 13, dans lequel ledit signal (130) est
regu par des moyens de réception de données (144) dudit dispositif de calcul de vitesse

(140).

Procédé selon I'une quelconque des revendications 1 & 14, dans lequel ladite estimation de
distance (D) est regue par des moyens de réception de données (144) dudit dispositif de
calcul de vitesse (140) ou estimée en utilisant des moyens de détection de distance dudit

dispositif de calcul de vitesse.

Procédé selon I'une quelconque des revendications 1 a 15, dans lequel ledit dispositif de

calcul de vitesse (140) est un dispositif embarqué dudit véhicule.

Procédé selon 1'une quelconque des revendications 5 a 16, dans lequel ledit dispositif de
génération de signal (120) est compris dans un module électronique dudit feu de

circulation.

Dispositif de calcul de vitesse (140), le dispositif comprenant des moyens de réception de
données (144) configurés pour recevoir, lorsqu'un véhicule automobile s'approche d'un feu
de circulation, un signal (130) indiquant les phases dudit feu de circulation en fonction du
temps, le signal indiquant en outre au moins une période de temps (T1, T2) pendant laquelle
le feu de circulation est en phase verte et une file d'attente devant le feu de circulation est
vide, le dispositif comprenant en outre des moyens de calcul (142) configurés pour calculer
une vitesse cible (S;) dudit véhicule automobile, la vitesse cible étant telle que le véhicule
automobile qui conduit 3 la vitesse cible arrive au feu de circulation pendant une phase

verte de celui-ci, dans lequel ladite vitesse cible (S) est calculée en fonction d'une
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19.

20.

21.

22.

23.

24.
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estimation de la distance (D) séparant le véhicule et le feu de circulation, et de ladite

période de temps (T, T2).

Dispositif de génération de signal (120) comprenant un moyen de génération de signal
(122), le moyen de génération de signal étant configuré pour générer un signal (130)
indiquant les phases d'un feu en fonction du temps, le signal comprenant en outre des

informations relatives a la longueur d'une file d'attente devant le feu de signalisation.

Dispositif (120) selon la revendication 19, dans lequel lesdites informations relatives a la
longueur d'une file d'attente devant le feu de circulation comprennent l'indication d'au
moins une période de temps (T, T2) pendant laquelle le feu de trafic est dans une phase

verte et la file d'attente correspondante devant le feu de circulation devrait étre vide.

Dispositif (120) selon l'une quelconque des revendications 19 ou 20, dans lequel lesdites
informations relatives a la longueur d'une file d'attente devant le feu de circulation
comprennent l'indication d'au moins un instant auquel la file d'attente correspondante n'est

pas vide, ainsi que la longueur/durée attendue de la file d'attente correspondante.

Dispositif (120) selon l'une quelconque des revendications 19 a 21, comprenant en outre
des moyens de transmission de données (128) configurés pour transmettre ledit signal

généré (130) 4 un dispositif de réception.

Dispositif (120) selon l'une quelconque des revendications 19 a 22, comprenant en outre
des moyens de détection (124) pour obtenir une estimation du temps (Tqi, Toz) requis pour
qu’une file d'attente de véhicules automobiles devant ledit feu de circulation se vide, et des
moyens de traitement (122) pour encoder ladite estimation (Tq1, Tq2) dans ledit signal
(130), de sorte que ce dernier indique au moins une période de temps pendant laquelle le

feu est en phase verte et une file d'attente devant le feu est censée étre vide.

Dispositif (120) selon l'une quelconque des revendications 19 4 23, comprenant en outre
des moyens de détection (124) pour obtenir une estimation supplémentaire, d'une longueur
d'une file dattente, ou d'une durée de file d'attente, cette derniére étant le temps attendu
requis pour qu’une file d'attente se vide, 4 au moins un instant auquel ladite file d'attente
n'est pas vide, et des moyens de traitement (122) pour encoder ledit instant et la
longueur/durée de file d'attente correspondante en ledit signal (130), de sorte que ce dernier
indique au moins un instant auquel la file d'attente n'est pas vide, ainsi que la

longueur/durée attendue de la file d'attente correspondante.




25. Dispositif (120) selon I'une quelconque des revendications 19 & 24, dans lequel ladite file

d'attente comprend une file d'attente en cours ou au moins une file d'attente a venir devant

le feu de circulation.
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Abstract
METHOD AND SYSTEM FOR ENHANCED TRAFFIC LIGHT SIGNALING AND FOR
COMPUTING A TARGET SPEED OF AN AUTOMOTIVE VEHICLE

The invention provides a method and devices for determining a target speed of an automotive

vehicle approaching a traffic light. The method uses extended traffic information signalling and
allows for the computation of a target speed that allows, for example, the vehicle to pass the traffic
light during a green phase and while there is no waiting queue in front of the traffic light. Other
targets such as reducing CO, emissions or overall energy consumption of the vehicle approaching

the traffic light may also be taken into account when computing the target speed.
(Fig. 3)
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hag bean filed orfumishad, the required staternenis that the.nformation in the subseguent or additional
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approprigie. wera furnishad,

4. Additicnal comments:

Box No. V' Reasconed statement with regard 1o novelly, inventive step and industriad applicability;
citations and explanations supporting such siatement

1. Statement

Novelty Yes: Claims 3,7, 1013, 17, 21, 24 ‘
No:  Claims 1,246, 8, 9, 1418, 1820, 22, 23, 25
inventive step Yes: ‘Claims:
Mo Claims 1-25
indusirial applicability Yeog: Claims 1-25
Mo Clains
2. Gitations and axplanations
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Box Ne. Vit Certain defects in the application

The fobowing defects in the form e contents of the application have bean noted:

see separate sheet

Box No. Vil Certain observations on the application

see sepavate sheet

Form LURAYD (January 2007



WRITTEN OPINION Application number
{SEPARATE SHEET) LUQBSQQ

Reference is made to the following documents:

1 US 2014/046581 A1 (OTAYUKO [UPI ET AL) 13 February 2014
(2014-02-13)
D2 DE 10 2009 042923 A1 {SIEMENS AG [DE]) 4 August 2011

{2011-08-04)

D3 (GB 2 452 835 A {BOSCH GMBH ROBERT [DE]) 18 March 2009
{2009-03-18)

Beltem V

1 Reasoned statement with regard to novelty, inventive step or industrial
applicability

11 Notwithstanding the further below-mentioned lack of clanty, the present

application does not meet the oriteria of patentability, because the subject:
matter of claims 1, 2. 4. 5, 6,8, 9, 14-18, 18-20, 22, 23 and 25 is not new and
the subject-matter of claims 3, 7, 18-13, 17, 21 and 24 does not involve an
inventive siep.

1.2 Document D1 discloses a method for daetermining a targst spesd of an
automotive vehicle using a speed computing device as the vehicle
approaches a fraffic light, wherein the method comprises the foliowing steps:

I providing at the speed computing device an estimate of the distance
separating the vehicle and the traffic light, and a signal indicaling the
traffic ight's phases as a funclion of ime;

. computing said target speed so that the awtomative vehicle driving at
the target speed arrives at the traffic ight dwing a green phase thereof

characterized in that

il said signal further comprises information relating to the length ot a
wailing gqueue in front of the traffic light, and in that said target speed is
computed as a function of said information

{01 abstract; column 4, lines 28-67,; column 9, lines 16-21 and 29-36;

column 10, ling 38 ~column 11, line 4, column 18, lines 55-82; ¢laims 1
and 2; figure 8).

P LORAT-3 {separaie sheell (January 8007 {shaet 1}
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The subject-matler of claim 1 is therefore not new.

1.3 The reasoning above also applies, mulatis mutandis, 1o the corresponding
independent claim 19. The subject-matter of claim 18 is therefore not new.

1.4 Document D1 further discloses the features of claims 2, 4, 5.8, 8, 9, 14-16
and 22 (D1: see point 1.2). The subject-matter of claims 2,4, 5, §, 8, 8, 14«18
and 22 is tharefore not new.

1.5 The features of claims 3, 7, 10-13 and 17 are considerad to be trivial. The
subject-matter of claims @, 7, 10-13 and 17 is therefore not inventive,

1.8 Further to points 1.2 and 1.4, clalm 18 which combines the features of claims
1 and 2 is not new.

1.7 The same reasoning as for dependent claims 2, 3 and 6-8 applies, mutalis
mutandis, 1o the subject-matter of dependent claims 20, 21 and 23-25.
Theavefore, the subject-matier of claims 20, 23 and 25 is not new and the.
subject-matter of claims 21 and 24 is not inventive.

1.8 Furthermore, the subject-matter of claims 1. 2. 4.5, 6,8, 9, 1417 and 22is
also disclosed by document D2 (D2: abstract; paragraphs 33, 35, 36, 38, 39,
51, 52, 56-62 and 68, claims 1 and 2; figures 1-3}. Therefore, the subject-
matter of claims 1, 2, 4-6, 8, 9, 1418, 17-20, 22, 23 and 25 is not new over
D2 and the subject-matter of claims 3, 7, 10-13, 17, 21 and 24 is not inventive
when departing from D2,

1.8 Claim 1 is also not inventive when departing from documeant D3 (D3: abstract;
page 2, lines 23 and 24; page 3, lines 13-18; page 4, lines 20-24; claims 1, 5
and &; figure 1),

2 Cenain defects in the international apptication

2.1 The independent claims are not in the twa-part form, which in the present
case would be appropriate, with those fealtures known in combination from
the priar art D1 being placed in the preamble and the remaining features
being included in the characterising part.

22 it is suggested to insert in the claims reference signs placed in parentheses
relating to the vehicle (20}, the traffic light {10), the waiting queue's length
{Q1, Q2), waiting queue's duration (TQ1, TQ2), speed computing device
{140), distance sensing means {146}, electronics module {12}, signal (130).

Foarn: LRI (Heparate ehealy Lanussy 20071 (sheet @
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2.3

Documaents D1-D3 should be acknowledged in the descriplion.

Re ltem Vil

3.2

3.3

3.4

3.5

3.7
3.8

Certain observations on the intermational application

in claim 3, when depending on claim 2, the verb "comprises” shoutd be
replaced by "further comprises”™. The dapendency of claim 3 should therefore
be revised.

in claim 4, when depending on claims 2 or 3, the verb "comprises” should be

be revisaed.

tn claim g, the term "a signal" should be replaced by "said sighal” because the
signal is already defined in claim 1.

In claim &, the {eature "a signal indicating the {raffic light's phases ... emply” is
redundant becguse it is already defined in claim 2.

Claims 9-11 are unclear because when depending on ¢laim 8, claims 9-11
comprise features (TQY1, TQ2) which are defined for the first time in claim 6.
Thea dependency of claims 9-11 should therefore be revised.

Claims 9 and 11 is unclear because when depending on ¢laim 8, claims 9 and
11 comprises features {expected gueue lengths/durations) which are defined
for the first ime in claim 7. The dependency of claims 9 and 11 shouid
therefare be revised.

in.claim 18, the terms "the distance” shoukd be replaced by "g distance”,

in.claim 23, the terms "the time” should be replaced by "g ime".

Foem LU237R Jsepaiaie sheety {daruary 2007 {sheet 8
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