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NETWORK

(57) A system and method for estimating traffic in-
tensity uses data from a subset (SV1-n) of connected ve-
hicles equipped with positioning systems (1) and active
safety sensor systems (2a, 2b) capable of determining
vehicles travelling in an opposite direction within a road
network (9). It is determined whenever a connected ve-
hicle meets another vehicle, and a position of the con-
nected vehicle and data regarding met vehicles is report-
ed to a back end system (6) which also provide instruc-

tions. The positions and directions of travel of the con-
nected vehicles are kept track of and it is also determined
whenever two connected vehicles within the subset
(SV1-n) meet one another. The number of vehicles a con-
nected vehicle meets is counted and the total number of
vehicles that passes a position within the road network
(9) in a given direction is estimated based on the positions
and directions of travel of the connected vehicles and the
associated vehicle counts.
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Description

Technical field

[0001] The present disclosure relates to a system for
estimating traffic intensity using data from a subset of
connected vehicles equipped with respective positioning
systems and one or more respective active safety sensor
systems capable of determining adjacent vehicles trav-
elling in an opposite direction within a road network a
traffic intensity of which is of interest.
[0002] The disclosure further relates to a method for
estimating traffic intensity using data from a subset of
connected vehicles equipped with respective positioning
systems and one or more respective active safety sensor
systems capable of determining adjacent vehicles trav-
elling in an opposite direction within a road network a
traffic intensity of which is of interest.
[0003] The disclosure further relates to a connected
vehicle, suitable to form part of a subset of connected
vehicles, the connected vehicle equipped with a position-
ing system and one or more active safety sensor systems
capable of determining adjacent vehicles travelling in an
opposite direction within a road network.

Background

[0004] Road authorities are frequently conducting traf-
fic intensity measurements. Data from such measure-
ments are frequently used as an important basis for de-
cisions on future investments in infrastructure. Often,
some temporary stationary equipment is mounted on a
road or in the traffic environment of a road, to count the
number of vehicles passing on the road. Conducting such
measurements are usually both costly and cumbersome.
[0005] Road authorities are also concerned with the
risks that its personnel are exposed to when mounting
and demounting on the road or in the traffic environment
of the road such stationary equipment to count the
number of vehicles passing.
[0006] These types of measurements normally provide
limited data sets as they are temporary, i.e. not perma-
nent over time, and as they are limited to a few locations
at a time.
[0007] It has been proposed to use data from cell
phones as an alternative method to count passing vehi-
cles. One advantage would be that such data would not
require installation of stationary equipment in the road
network. It is suggested to be based on the collection of
localization data, such as e.g. speed, direction of travel
and time information, from cell phones in vehicles that
are being driven past a certain location or road segment
in a road network. This would mean that every vehicle
with an active cell phone would act as a sensor for the
road network. Based on the acquired data it is suggested
that traffic congestions could be identified, travel times
could be calculated, and traffic reports could be gener-
ated.

[0008] However, since there is no way to collect cell
phone data from every vehicle, this type of data source
will only represent a portion of the vehicles that passes
a certain location or a road segment in the road network
and consequently this type of data will therefore be in-
complete. Thus, due to the incompleteness of the data
identification of traffic congestions, calculation of travel
times etc. will inherently be flawed with uncertainty.
[0009] Thus there is a need for solutions to non-intru-
sively and cost efficiently more accurately conduct traffic
intensity measurements without requiring installation of
stationary equipment in the road network, solutions which
also provide enhanced safety to road authority personnel
by eliminating the need for performing such high-risk
costly and cumbersome installations as discussed
above.

Summary

[0010] Embodiments herein aim to provide an im-
proved system for non-intrusively and cost efficiently
more accurately and safely estimating traffic intensity.
[0011] This is provided through a system for estimating
traffic intensity using data from a subset of connected
vehicles equipped with respective positioning systems
and one or more respective active safety sensor systems
capable of determining adjacent vehicles travelling in an
opposite direction within a road network a traffic intensity
of which is of interest, where each respective vehicle in
the subset of connected vehicles comprises: a vehicle
logic arranged to determine, using data from one or more
of its respective active safety sensor systems, whenever
the vehicle meets another vehicle, and; a communication
arrangement, arranged to communicate with a back end
system to report a position of the connected vehicle and
data regarding met vehicles and to receive instructions
from the back end system; and the system for estimating
traffic intensity further comprising: an estimation logic re-
siding in the back end system and arranged to keep track
of the positions and directions of travel of the connected
vehicles within the subset and to determine whenever a
connected vehicle within the subset meets another con-
nected vehicle within the subset; and a counter, in each
respective vehicle in the subset of connected vehicles or
in the back end system, arranged to count, starting upon
determination that a specific connected vehicle within the
subset meets another connected vehicle within the sub-
set or passes a specific geographical position within the
road network, the number of vehicles this specific con-
nected vehicle within the subset meets until it either
meets yet another connected vehicle within the subset,
passes a specific geographical position within the road
network or until a pre-determined time period has
passed; the estimation logic residing in the back end sys-
tem further arranged to estimate the total number of ve-
hicles that passes a specific geographical position within
the road network in a given direction based on the posi-
tions and directions of travel of the connected vehicles
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within the subset and the associated vehicle counts.
[0012] According to a second aspect is provided that
the estimation logic residing in the back end system, in
order to estimate the total number of vehicles that passes
a specific geographical position within the road network,
in a given direction, further is arranged to add the num-
bers whenever a connected vehicle within the subset
passes the specific geographical position within the road
network, such that the most recently counted number of
vehicles ahead of that connected vehicle within the sub-
set, either up to the preceding another connected vehicle
within the subset or the most recently previously passed
specific geographical position within the road network, is
added to the total number of vehicles passing the specific
geographical position within the road network.
[0013] The provision of adding the numbers whenever
a connected vehicle within the subset passes a specific
geographical position within the road network provides
a simple and reliable estimation of the total number of
vehicles that passes a specific position within the road
network.
[0014] According to a third aspect is provided that the
estimation logic residing in the back end system further
is arranged to derive the present traffic density for a spe-
cific geographical position within the road network as
number of vehicles over time using the delta time since
the last connected vehicle within the subset passed that
specific geographical position within the road network.
[0015] The provision of using the delta time since a last
connected vehicle within the subset passed a specific
geographical position within the road network provides
a simple and reliable mechanism for deriving a present
traffic density for a specific geographical position within
the road network as the number of vehicles over time.
[0016] According to a fourth aspect is provided that the
estimation logic residing in the back end system further
is arranged to detect and keep track of an event where
two connected vehicles within the subset meet each oth-
er, and whenever this happens either communicate to
these connected vehicles within the subset a request to
report their present count and subsequently reset their
count to zero and restart their count, or to the counter in
the back end system a request to report its present count
and subsequently reset its count to zero and restart its
count.
[0017] The provision of having an estimation logic re-
siding in the back end system detect and keep track of
an event where two connected vehicles within the subset
meet each other in order to request that a present count
is reported and the ongoing count reset to zero and re-
started provides an efficient way of supervising the har-
vesting of data for the traffic intensity estimation.
[0018] According to a fifth aspect is provided that the
estimation logic residing in the back end system further
is arranged to manage the counted vehicles between the
connected vehicle within the subset initiating the count
and the connected vehicle within the subset terminating
the count as a property of the connected vehicle within

the subset terminating the count, the property represent-
ing the total number of vehicles between these connected
vehicles within the subset, including the connected ve-
hicle within the subset terminating the count.
[0019] The provision of managing the counted vehicles
as a property of the connected vehicle within the subset
terminating the count, including that vehicle, provides a
simple and intuitive way of following the associated ve-
hicle count data within the road network.
[0020] According to a sixth aspect is provided that the
estimation logic residing in the back end system further
is arranged to communicate to the connected vehicles
within the subset instructions when to determine when-
ever the vehicle meets another vehicle and when to report
data regarding met vehicles.
[0021] The provision of communicating to the connect-
ed vehicles within the subset instructions when to deter-
mine whenever the vehicle meets another vehicle and
when to report data regarding met vehicles provides an
efficient way of selectively managing the harvesting of
vehicle count data for the traffic intensity estimation.
[0022] According to a seventh aspect is provided that
the estimation logic residing in the back end system fur-
ther is arranged to communicate to the connected vehi-
cles within the subset instructions to selectively activate
and deactivate the functionalities to determine whenever
the vehicle meets another vehicle and to report data re-
garding met vehicles of one or more specific connected
vehicles within the subset, such that only connected ve-
hicles within the subset close to a geographical position
of interest within the road network will determine and re-
port data regarding met vehicles.
[0023] The provision of communicating instructions to
selectively activate and deactivate the functionalities to
determine whenever the vehicle meets another vehicle
and to report data regarding met vehicles of one or more
specific connected vehicles within the subset, such that
only connected vehicles within the subset close to a ge-
ographical position of interest within the road network will
determine and report data regarding met vehicles, pro-
vides an efficient way of selectively managing the har-
vesting of vehicle count data relevant to a geographical
position of interest within the road network for the traffic
intensity estimation.
[0024] Embodiments herein also aim to provide an im-
proved method for non-intrusively and cost efficiently
more accurately and safely estimating traffic intensity.
[0025] Thus, according to an eight aspect this is pro-
vided through a method for estimating traffic intensity us-
ing data from a subset of connected vehicles equipped
with respective positioning systems and one or more re-
spective active safety sensor systems capable of deter-
mining adjacent vehicles travelling in an opposite direc-
tion within a road network a traffic intensity of which is of
interest, which method for each respective vehicle in the
subset of connected vehicles comprises: determining,
using a vehicle logic and data from one or more of its
respective active safety sensor systems, whenever the
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vehicle meets another vehicle, and; reporting, using a
communication arrangement, to a back end system, a
position of the connected vehicle and data regarding met
vehicles and receiving instructions from the back end
system; and the method for estimating traffic intensity
further comprising: keeping track of the positions and di-
rections of travel of the connected vehicles within the
subset and determining whenever a connected vehicle
within the subset meets another connected vehicle within
the subset using an estimation logic residing in the back
end system; and counting, using a counter in each re-
spective vehicle in the subset of connected vehicles or
in the back end system, starting upon determination that
a specific connected vehicle within the subset meets an-
other connected vehicle within the subset or passes a
specific geographical position within the road network,
the number of vehicles this specific connected vehicle
within the subset meets until it either meets yet another
connected vehicle within the subset, passes a specific
geographical position within the road network or until a
pre-determined time period has passed; estimating, us-
ing the estimation logic residing in the back end system,
the total number of vehicles that passes a specific geo-
graphical position within the road network in a given di-
rection based on the positions and directions of travel of
the connected vehicles within the subset and the asso-
ciated vehicle counts.
[0026] According to a ninth aspect is provided that the
estimating, in order to estimate the total number of vehi-
cles that passes a specific geographical position within
the road network, in a given direction, further comprises
adding the numbers whenever a connected vehicle within
the subset passes the specific geographical position
within the road network, such that the most recently
counted number of vehicles ahead of that connected ve-
hicle within the subset either up to the preceding another
connected vehicle within the subset or the most recently
previously passed specific geographical position within
the road network is added to the total number of vehicles
passing the specific geographical position within the road
network.
[0027] The provision of adding the numbers whenever
a connected vehicle within the subset passes the specific
geographical position within the road network provides
a simple and reliable estimation of the total number of
vehicles that passes a specific geographical position
within the road network.
[0028] According to a tenth aspect is provided that the
estimating further comprises deriving the present traffic
density for a specific geographical position within the
road network as number of vehicles over time using the
delta time since the last connected vehicle within the sub-
set passed that specific geographical position within the
road network.
[0029] The provision of using the delta time since a last
connected vehicle within the subset passed a specific
geographical position within the road network provides
a simple and reliable mechanism for deriving a present

traffic density for a specific geographical position within
the road network as the number of vehicles over time.
[0030] According to an eleventh aspect is provided that
it further comprises detecting and keeping track of an
event where two connected vehicles within the subset
meet each other, and whenever this happens either com-
municating to these connected vehicles within the subset
a request to report their present count and subsequently
reset their count to zero and restart their count, or to the
counter in the back end system a request to report its
present count and subsequently reset its count to zero
and restart its count.
[0031] The provision of detecting and keeping track of
an event where two connected vehicles within the subset
meet each other in order to request a count report and a
subsequent count reset and restart provides an efficient
way of supervising the harvesting of vehicle count data
for the traffic intensity estimation.
[0032] According to a twelfth aspect is provided that
the estimating further comprises managing the counted
vehicles between the connected vehicle within the subset
initiating the count and the connected vehicle within the
subset terminating the count as a property of the con-
nected vehicle within the subset terminating the count,
the property representing the total number of vehicles
between these connected vehicles within the subset, in-
cluding the connected vehicle within the subset terminat-
ing the count.
[0033] The provision of managing the counted vehicles
as a property of the connected vehicle within the subset
terminating the count, including that vehicle, provides a
simple and intuitive way of following the associated ve-
hicle count data within the road network.
[0034] According to a thirteenth aspect is provided that
it further comprises arranging the estimation logic resid-
ing in the back end system to communicate to the con-
nected vehicles within the subset instructions when to
determine whenever the vehicle meets another vehicle
and when to report data regarding met vehicles.
[0035] The provision of communicating to the connect-
ed vehicles within the subset instructions when to deter-
mine whenever the vehicle meets another vehicle and
when to report data regarding met vehicles provides an
efficient way of selectively managing the harvesting of
vehicle count data for the traffic intensity estimation.
[0036] According to an fourteenth aspect is provided
that it further comprises arranging the estimation logic
residing in the back end system to communicate to the
connected vehicles within the subset instructions to se-
lectively activate and deactivate the functionalities to de-
termine whenever the vehicle meets another vehicle and
to report data regarding met vehicles of one or more spe-
cific connected vehicles within the subset, such that only
connected vehicles within the subset close to a geo-
graphical position of interest within the road network will
perform determining and reporting of data regarding met
vehicles.
[0037] The provision of communicating instructions to
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selectively activate and deactivate the functionalities to
determine whenever the vehicle meets another vehicle
and to report data regarding met vehicles of one or more
specific connected vehicles within the subset, such that
only connected vehicles within the subset close to a ge-
ographical position of interest within the road network
can be activated, provides an efficient way of selectively
managing the harvesting of vehicle count data relevant
to a geographical position of interest within the road net-
work for the traffic intensity estimation.
[0038] According to a final aspect is provided a con-
nected vehicle, suitable to form part of a subset of con-
nected vehicles, the connected vehicle equipped with a
positioning system and one or more active safety sensor
systems capable of determining adjacent vehicles trav-
elling in an opposite direction within a road network,
which connected vehicle comprises: a vehicle logic ar-
ranged to determine, using data from one or more of its
respective active safety sensor systems, whenever the
vehicle meets another vehicle, and; a communication ar-
rangement, arranged to communicate with a back end
system to report a position of the connected vehicle and
data regarding met vehicles and to receive instructions
from the back end system; and a counter, arranged to
count the number of vehicles this specific connected ve-
hicle within the subset meets when instructed to do so
by the back end system.
[0039] A vehicle as above is able to cost efficiently pro-
vide the vehicle count data required for operating a sys-
tem for estimating traffic intensity according to at least
some embodiments described herein and in accordance
with at least some embodiments of the method for esti-
mating traffic intensity as described herein.

Brief description of the drawings

[0040] In the following, embodiments herein will be de-
scribed in greater detail by way of example only with ref-
erence to attached drawings, in which

Fig. 1 is a schematic illustration of initiation of a ve-
hicle count in a system according to embodiments
herein.

Fig. 2 is a schematic illustration of termination of a
vehicle count in a system according to embodiments
herein.

Fig. 3 is a schematic illustration of a method accord-
ing to embodiments herein.

Fig. 4 is a schematic illustration of a connected ve-
hicle adapted for performing vehicle counting in em-
bodiments of a system operating according to em-
bodiments of the method described herein.

[0041] Still other objects and features of embodiments
herein will become apparent from the following detailed

description considered in conjunction with the accompa-
nying drawings. It is to be understood, however, that the
drawings are designed solely for purposes of illustration
and not as a definition of the limits hereof, for which ref-
erence should be made to the appended claims. It should
be further understood that the drawings are not neces-
sarily drawn to scale and that, unless otherwise indicated,
they are merely intended to conceptually illustrate the
structures and procedures described herein.

Description of embodiments

[0042] The present disclosure proposes a solution
such that vehicle data from a limited subset of connected
vehicles SV1-n, out of an assumed large fleet of connect-
ed vehicles, can be used to accurately estimate the traffic
intensity non-intrusively, cost efficiently and safely. It is
based on the use of vehicle data from contemporary ac-
tive safety sensor systems, such as camera based sen-
sor systems, LIDAR (Light detection and ranging) or RA-
DAR (Radio Detection and Ranging) based sensor sys-
tems, or combinations thereof, such as e.g. so called
RACam (Radar and Camera) sensor systems, in combi-
nation with logics to derive the traffic intensity.
[0043] Firstly will be described, and illustrated sche-
matically in figures 1 and 2, a system for estimating traffic
intensity using data from a subset of connected vehicles
SV1-n equipped with respective positioning systems 1,
such as satellite based GPS (Global Positioning Sys-
tems) or similar, and one or more respective active safety
sensor systems 2a, 2b, as described above, capable of
determining adjacent vehicles V1-n travelling in an oppo-
site direction within a road network 9 a traffic intensity of
which is of interest.
[0044] Each respective vehicle in the subset of con-
nected vehicles SV1-n, as further illustrated in figure 4,
comprises a vehicle logic 3 arranged to determine, using
data from one or more of its respective active safety sen-
sor systems 2a, 2b, whenever the connected vehicle SV1
in the subset of connected vehicles SV1-n meets another
vehicle V1-n travelling in an opposite direction.
[0045] Further, each respective vehicle in the subset
of connected vehicles SV1-n also comprises a communi-
cation arrangement 5, such as an arrangement for wire-
less communication and in particular data communica-
tion over e.g. a cellular network or similar. The commu-
nication arrangement 5 is arranged to communicate with
a back end system 6 to report a position of the connected
vehicle and data regarding met vehicles and to receive
instructions from the back end system 6. It is also possi-
ble, in some embodiments, that the communication ar-
rangement 5 additionally provides for V2V (Vehicle-to-
Vehicle) communication, V2I (Vehicle-to-Infrastructure)
communication and any combinations thereof.
[0046] The system for estimating traffic intensity fur-
ther comprises a cloud logic, hereafter called an estima-
tion logic 7, residing in the back end system 6 and ar-
ranged to keep track of the positions and directions of
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travel of the connected vehicles SV1-n within the subset
and to determine whenever a connected vehicle SV1
within the subset of connected vehicles SV1-n meets an-
other connected vehicle SVn within the subset of con-
nected vehicles SV1-n.
[0047] The system for estimating traffic intensity also
comprises a counter 4, which in a first embodiment, as
illustrated in figure 4, is arranged in each respective ve-
hicle in the subset of connected vehicles SV1-n. In a sec-
ond, alternative embodiment, illustrated in figures 1 and
2, the counter 4 is arranged in the back end system 6.
The above alternatives are illustrated by dashed lines in
the respective figures.
[0048] The counter 4, is arranged to count, starting up-
on determination that a specific connected vehicle within
the subset SV1-n meets another connected vehicle within
the subset SV1-n or passes a specific geographical po-
sition within the road network 9, the number of vehicles
this specific connected vehicle within the subset SV1-n
meets. This counting is arranged to be maintained until
the specific connected vehicle within the subset SV1-n
either meets yet another connected vehicle within the
subset SV1-n, passes a specific geographical position
within the road network 9 or until a pre-determined time
period has passed.
[0049] Thus counting may as illustrated in figures 1
and 2, as a first alternative, be initiated upon determina-
tion that a specific connected vehicle SV1 within the sub-
set SV1-n meets another connected vehicle SV2 within
the subset SV1-n, as illustrated in figure 1, and terminated
as the specific connected vehicle SV1 within the subset
SV1-n meets yet another connected vehicle, illustrated
by vehicle Vn in figure2, within the subset SV1-n. For em-
bodiments where the counter 4 is arranged in each re-
spective vehicle in the subset of connected vehicles
SV1-n the estimation logic 7 residing in the back end sys-
tem 6 should be arranged to inform the two connected
vehicles within the subset SV1-n that they have both met
another of the connected vehicles within the subset
SV1-n.
[0050] As a second alternative, the counting may be
initiated upon determination that a specific connected ve-
hicle SV1 within the subset SV1-n passes a specific ge-
ographical position within the road network 9, illustrated
by the position of SV1 in figure 1, and terminated as the
specific connected vehicle SV1 within the subset SV1-n
passes another specific geographical position within the
road network 9, illustrated by the position of SV1 in figure
2.
[0051] As a third alternative, the counting may be ini-
tiated upon determination that a specific connected ve-
hicle SV1 within the subset SV1-n passes a specific ge-
ographical position within the road network 9, illustrated
by the position of SV1 in figure 1, and terminated when
a pre-determined time period thereafter has passed, the
pre-determined time period in figure 2 illustrated to have
passed once the specific connected vehicle SV1 within
the subset SV1-n passes the SV1 position as illustrated

in figure 2.
[0052] For embodiments where the counter 4 is ar-
ranged in each respective vehicle in the subset of con-
nected vehicles SV1-n the communication arrangement
5 can be arranged to communicate with the back end
system 6 to report data regarding met vehicles directly
upon determining that the vehicle has met another vehi-
cle or intermittently at a certain interval or upon an in-
struction to do so being received from the back end sys-
tem 6.
[0053] The estimation logic 7 residing in the back end
system 6 further arranged to estimate the total number
of vehicles that passes a specific geographical position
within the road network 9 in a given direction based on
the positions and directions of travel of the connected
vehicles within the subset SV1-n and the associated ve-
hicle counts.
[0054] As in a system for estimating traffic intensity as
above, multiple connected vehicles within the subset
SV1-n could provide vehicle counts, the estimation logic
7 residing in the back end system 6 could be arranged
to estimate the total number of vehicles that passes a
specific geographical position within the road network
through statistical analysis. The traffic density may e.g.
be estimated as the number of vehicles over time that a
connected vehicle within the subset SV1-n have met di-
vided by the corresponding time period, possibly with
compensation for the effect of the travel velocity of the
connected vehicle within the subset SV1-n. A higher travel
velocity of the connected vehicle within the subset SV1-n
would normally lead to an increasing over estimation of
the traffic intensity whereas a stationary connected ve-
hicle within the subset SV1-n would yield a correct count.
[0055] Furthermore, if for some reason the data re-
garding met vehicles should be incomplete, the estima-
tion logic 7 residing in the back end system 6 could be
arranged to provide an estimate of the traffic intensity
using the counted vehicles as a sample for this estima-
tion.
[0056] If there are measurements from multiple con-
nected vehicles within the subset SV1-n, related to the
same geographical starting point and during some limited
time, the estimated vehicle density could be improved
though an averaging of the measured data. Such a so-
lution would relax the need for connected vehicles within
the subset SV1-n to meet each other to initiate counting
and reporting of counted vehicles. This solution could
enable estimation of the traffic density at a lower density
of connected vehicles, i.e. with a smaller subset SV1-n or
fleet of connected vehicles.
[0057] According to some embodiments the estimation
logic 7 residing in the back end system 6, in order to
estimate the total number of vehicles that passes a spe-
cific geographical position within the road network 9, in
a given direction, further is arranged to add the numbers
whenever a connected vehicle SV1-n within the subset
passes the specific geographical position within the road
network 9. In this way the most recently counted number
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of vehicles ahead of that connected vehicle SV1-n within
the subset, either up to the preceding another connected
vehicle SV1-n within the subset or the most recently pre-
viously passed specific geographical position within the
road network 9, is added to the total number of vehicles
passing the specific geographical position within the road
network 9. This provides a simple and reliable estimation
of the total number of vehicles that passes a specific ge-
ographical position within the road network 9.
[0058] In still further embodiments the estimation logic
7 residing in the back end system 6 is further arranged
to derive the present traffic density for a specific geo-
graphical position within the road network 9 as number
of vehicles over time using the delta time since the last
connected vehicle SV1-n within the subset passed that
specific geographical position within the road network 9.
The back end system 6 will be arranged to keep track on
such delta times for one or more geographical positions
of interest within the road network 9. This provides a sim-
ple and reliable mechanism for deriving a present traffic
density for a specific geographical position within the
road network 9 as the number of vehicles over time.
[0059] In yet some further embodiments the estimation
logic 7 residing in the back end system 6 is further ar-
ranged to detect and keep track of an event where two
connected vehicles, e.g. SV1 and SV2, within the subset
meet each other. And further, whenever two connected
vehicles within the subset meet each other, for embodi-
ments where a counter 4 is arranged in each respective
vehicle in the subset of connected vehicles SV1-n, com-
municate to these connected vehicles within the subset
SV1-n a request to report their present counts and sub-
sequently reset their counts to zero and restart their
counts. Conversely, for embodiments where the counter
4 is arranged in the back end system 6, communicate to
the counter in the back end system a request to report
its present count and subsequently reset its count to zero
and restart its count. This provides an efficient way of
supervising the harvesting of data for the traffic intensity
estimation.
[0060] According to still some further embodiments the
estimation logic 7 residing in the back end system 6 is
further arranged to manage the counted vehicles be-
tween the connected vehicle within the subset initiating
the count, in figure 1 illustrated as SV1, and the connected
vehicle within the subset terminating the count, in figure
2 illustrated as SVn, as a property of the connected ve-
hicle within the subset terminating the count SVn. The
property will thus be representing the total number of
vehicles V1-n between these connected vehicles within
the subset SV1-n, including the connected vehicle within
the subset terminating the count SVn. Through associat-
ing the count as a property of the connected vehicle within
the subset terminating the count SVn will provides a sim-
ple and intuitive way of following the associated vehicle
count data within the road network 9 as the connected
vehicle within the subset terminating the count SVn trav-
els within the road network 9.

[0061] In some further embodiments the estimation
logic 7 residing in the back end system 6 is further ar-
ranged to communicate to the connected vehicles within
the subset SV1-n, e.g. using an associated wireless com-
munications network, illustrated by arrow 8, instructions
when to determine whenever the vehicle meets another
vehicle and when to report data regarding met vehicles.
This provides an efficient way of selectively managing
the harvesting of vehicle count data for the traffic intensity
estimation.
[0062] According to yet some further embodiments the
estimation logic 7 residing in the back end system 6 is
further arranged to communicate to the connected vehi-
cles within the subset SV1-n, e.g. using an associated
wireless communications network, illustrated by arrow 8,
instructions to selectively activate and deactivate the
functionalities to determine whenever the vehicle meets
another vehicle and to report data regarding met vehicles
of one or more specific connected vehicles within the
subset SV1-n. In this way it will be possible to ensure that
only connected vehicles within the subset SV1-n close to
a geographical position of interest within the road network
9 will determine and report data regarding met vehicles.
This provides an efficient way of selectively managing
the harvesting of vehicle count data relevant to a geo-
graphical position of interest within the road network 9
for the traffic intensity estimation.
[0063] Still further, the present disclosure also propos-
es an improved method for non-intrusively and cost effi-
ciently more accurately and safely estimating traffic in-
tensity. This is provided through a method, as illustrated
schematically in figure 3, for estimating traffic intensity
using data from a subset SV1-n of connected vehicles
equipped with respective positioning systems 1 and one
or more respective active safety sensor systems 2a, 2b,
such as e.g. camera, RADAR, LIDAR, RACam based
sensor systems or combinations thereof, capable of de-
termining adjacent vehicles travelling in an opposite di-
rection within a road network 9 a traffic intensity of which
is of interest.
[0064] The method comprises, for each respective ve-
hicle in the subset of connected vehicles SV1-n the fol-
lowing actions:

• determining 10, using a vehicle logic and data from
one or more of its respective active safety sensor
systems 2a, 2b, whenever the vehicle SV1 meets
another vehicle;

• reporting 11, using a communication arrangement
5, to a back end system 6, a position of the connected
vehicle and data regarding met vehicles and receiv-
ing instructions from the back end system 6; and

the method further comprises:

• keeping track 12 of the positions and directions of
travel of the connected vehicles within the subset
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SV1-n and determining whenever a connected vehi-
cle within the subset SV1-n meets another connected
vehicle within the subset SV1-n using an estimation
logic 7 residing in the back end system 7; and

• counting 13, using a counter 4 in each respective
vehicle in the subset SV1-n of connected vehicles or
in the back end system 6, starting upon determina-
tion that the vehicle meets a connected vehicle within
the subset SV1-n or passes a specific geographical
position within the road network 9, the number of
vehicles this specific connected vehicle within the
subset SV1-n meets until it either meets yet another
connected vehicle within the subset SV1-n, passes
a specific geographical position within the road net-
work 9 or until a pre-determined time period has
passed; and

• estimating 14, using an estimation logic 7 residing
in the back end system 6, the total number of vehicles
that passes a specific geographical position within
the road network 9 in a given direction based on the
positions and directions of travel of the connected
vehicles within the subset SV1-n and the associated
vehicle counts.

[0065] According to some embodiments the estimating
14, in order to estimate the total number of vehicles that
passes a specific geographical position within the road
network 9, in a given direction, further comprises adding
the numbers whenever a connected vehicle within the
subset SV1-n passes the specific geographical position
within the road network 9. This is done such that the most
recently counted number of vehicles ahead of that con-
nected vehicle within the subset SV1-n, either up to the
preceding another connected vehicle within the subset
SV1-n or the most recently previously passed specific ge-
ographical position within the road network 9, is added
to the total number of vehicles passing the specific geo-
graphical position within the road network 9.
[0066] In yet some further embodiments the estimating
further comprises deriving the present traffic density for
a specific geographical position within the road network
9 as number of vehicles over time using the delta time
since the last connected vehicle within the subset SV1-n
passed that specific geographical position within the road
network 9. Thus, in such embodiments the method com-
prises arranging the back end system 6 to keep track of
such delta times for one or more geographical positions
of interest within the road network 9. This provides a sim-
ple and reliable mechanism for deriving a present traffic
density for a specific geographical position within the
road network 9 as the number of vehicles over time.
[0067] According to yet some further embodiments the
method further comprises detecting and keeping track of
an event where two connected vehicles within the subset
SV1-n meet each other, and whenever this happens either
communicating to these connected vehicles within the

subset SV1-n a request to report their present counts and
subsequently reset their counts to zero and restart their
counts, or to the counter 4 in the back end system 6 a
request to report its present count and subsequently re-
set its count to zero and restart its count.
[0068] An example hereof is illustrated in figure 2 by
the meeting of two connected vehicles within the subset
SV1 and SVn. This provides an efficient way of supervis-
ing the harvesting of vehicle count data for the traffic in-
tensity estimation.
[0069] In still some further embodiments, where both
initiation and termination of the count is triggered by the
meeting of two connected vehicles within the subset
SV1-n, the estimating further comprises managing the
counted vehicles between the connected vehicle within
the subset initiating the count SV2 and the connected
vehicle within the subset terminating the count SVn as a
property of the connected vehicle within the subset ter-
minating the count SVn, the property representing the
total number of vehicles between these connected vehi-
cles within the subset SV1-n, including the connected ve-
hicle within the subset terminating the count SVn. This
provides a simple and intuitive way of following the as-
sociated vehicle count data as the connected vehicle
within the subset terminating the count SVn travels within
the road network 9.
[0070] According to yet some embodiments the meth-
od further comprises arranging the estimation logic 7 re-
siding in the back end system 6 to communicate to the
connected vehicles within the subset SV1-n, e.g. using
an associated wireless communications network, in-
structions when to determine whenever the vehicle
meets another vehicle and when to report data regarding
met vehicles.This provides an efficient way of selectively
managing the harvesting of vehicle count data for the
traffic intensity estimation.
[0071] In still some embodiments the method further
comprises arranging the estimation logic 7 residing in the
back end system 6 to communicate to the connected
vehicles within the subset SV1-n, e.g. using an associated
wireless communications network, instructions to selec-
tively activate and deactivate the functionalities to deter-
mine whenever the vehicle meets another vehicle and to
report data regarding met vehicles of one or more specific
connected vehicles within the subset, such that only con-
nected vehicles within the subset close to a geographical
position of interest within the road network 9 will perform
determining and reporting of data regarding met vehicles.
This provides an efficient way of selectively managing
the harvesting of vehicle count data relevant to a geo-
graphical position of interest within the road network 9
for the traffic intensity estimation.
[0072] It is also envisaged that the vehicle count data
be combined with localization data, speed, direction of
travel and time information from the involved connected
vehicles within the subset, in order to further enhance
the estimation provided by the estimation logic 7 of the
back end system 6 of the system for estimating traffic
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intensity as described herein and in accordance with the
method for estimating traffic intensity as described here-
in.
[0073] Finally, the present disclosure also proposes a
connected vehicle SV1, suitable to form part of a subset
of connected vehicles SV1-n, the connected vehicle SV1
equipped with a positioning system 1 and one or more
active safety sensor systems 2a, 2b capable of determin-
ing adjacent vehicles travelling in an opposite direction
within a road network 9. The connected vehicle SV1 com-
prises a vehicle logic 3 arranged to determine, using data
from one or more of its respective active safety sensor
systems 2a, 2b, whenever the vehicle meets another ve-
hicle. The connected vehicle SV1 also comprises a com-
munication arrangement 5, arranged to communicate, e.
g. using an associated wireless communications net-
work, with a back end system 6 to report a position of the
connected vehicle and data regarding met vehicles and
to receive instructions from the back end system. The
connected vehicle SV1 further also comprises a counter
4, arranged to count the number of vehicles this specific
connected vehicle SV1 within the subset SV1-n meets
when instructed to do so by the back end system6. A
connected vehicle SV1 as described above is able to cost
efficiently provide the vehicle count data required for op-
erating a system for estimating traffic intensity according
to some embodiments described herein and in accord-
ance with some embodiments of the method for estimat-
ing traffic intensity described herein.
[0074] The above-described embodiments may be
varied within the scope of the following claims.
[0075] Thus, while there have been shown and de-
scribed and pointed out fundamental novel features of
the embodiments herein, it will be understood that vari-
ous omissions and substitutions and changes in the form
and details of the devices illustrated, and in their opera-
tion, may be made by those skilled in the art. For example,
it is expressly intended that all combinations of those
elements and/or method steps which perform substan-
tially the same function in substantially the same way to
achieve the same results are equivalent. Moreover, it
should be recognized that structures and/or elements
and/or method steps shown and/or described in connec-
tion with any disclosed form or embodiment herein may
be incorporated in any other disclosed or described or
suggested form or embodiment as a general matter of
design choice.

Claims

1. A system for estimating traffic intensity using data
from a subset of connected vehicles (SV1-n)
equipped with respective positioning systems (1)
and one or more respective active safety sensor sys-
tems (2a, 2b) capable of determining adjacent vehi-
cles travelling in an opposite direction within a road
network (9) a traffic intensity of which is of interest,

characterized in that each respective vehicle in the
subset of connected vehicles (SV1-n) comprises:

a vehicle logic (3) arranged to determine, using
data from one or more of its respective active
safety sensor systems (2a, 2b), whenever the
vehicle meets another vehicle, and;
a communication arrangement (5), arranged to
communicate with a back end system (6) to re-
port a position of the connected vehicle and data
regarding met vehicles and to receive instruc-
tions from the back end system (6); and
the system for estimating traffic intensity further
comprising:

an estimation logic (7) residing in the back
end system (6) and arranged to keep track
of the positions and directions of travel of
the connected vehicles within the subset
(SV1-n) and to determine whenever a con-
nected vehicle within the subset (SV1-n)
meets another connected vehicle within the
subset (SV1-n); and
a counter (4), in each respective vehicle in
the subset of connected vehicles (SV1-n) or
in the back end system (6), arranged to
count, starting upon determination that a
specific connected vehicle within the subset
(SV1-n) meets another connected vehicle
within the subset (SV1-n) or passes a spe-
cific geographical position within the road
network (9), the number of vehicles this spe-
cific connected vehicle within the subset
(SV1-n) meets until it either meets yet an-
other connected vehicle within the subset
(SV1-n), passes a specific geographical po-
sition within the road network (9) or until a
pre-determined time period has passed;
the estimation logic (7) residing in the back
end system (6) further arranged to estimate
the total number of vehicles that passes a
specific geographical position within the
road network (9) in a given direction based
on the positions and directions of travel of
the connected vehicles within the subset
(SV1-n) and the associated vehicle counts.

2. The system according to claim 1, characterized in
that the estimation logic (7) residing in the back end
system (6), in order to estimate the total number of
vehicles that passes a specific geographical position
within the road network (9), in a given direction, fur-
ther is arranged to add the numbers whenever a con-
nected vehicle within the subset (SV1-n) passes the
specific geographical position within the road net-
work (9), such that the most recently counted number
of vehicles ahead of that connected vehicle within
the subset (SV1-n), either up to the preceding another
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connected vehicle within the subset (SV1-n) or the
most recently previously passed specific geograph-
ical position within the road network (9), is added to
the total number of vehicles passing the specific ge-
ographical position within the road network (9).

3. The system according to claim 2, characterized in
that the estimation logic (7) residing in the back end
system (6) further is arranged to derive the present
traffic density for a specific geographical position
within the road network (9) as number of vehicles
over time using the delta time since the last connect-
ed vehicle within the subset (SV1-n) passed that spe-
cific geographical position within the road network
(9).

4. The system according to any one of claims 1 to 3,
characterized in that the estimation logic (7) resid-
ing in the back end system (6) further is arranged to
detect and keep track of an event where two con-
nected vehicles within the subset (SV1-n) meet each
other, and whenever this happens either communi-
cate to these connected vehicles within the subset
(SV1-n) a request to report their present count and
subsequently reset their count to zero and restart
their count, or to the counter (4) in the back end sys-
tem (6) a request to report its present count and sub-
sequently reset its count to zero and restart its count.

5. The system according to any one of claims 1 to 4,
characterized in that the estimation logic (7) resid-
ing in the back end system (6) further is arranged to
manage the counted vehicles between the connect-
ed vehicle within the subset (SV1-n) initiating the
count and the connected vehicle within the subset
(SV1-n) terminating the count as a property of the
connected vehicle within the subset (SV1-n) termi-
nating the count, the property representing the total
number of vehicles between these connected vehi-
cles within the subset (SV1-n), including the connect-
ed vehicle within the subset (SV1-n) terminating the
count.

6. The system according to any one of claims 1 to 5,
characterized in that the estimation logic (7) resid-
ing in the back end system (6) further is arranged to
communicate to the connected vehicles within the
subset (SV1-n) instructions when to determine when-
ever the vehicle meets another vehicle and when to
report data regarding met vehicles.

7. The system according to any one of claims 1 to 6,
characterized in that the estimation logic (7) resid-
ing in the back end system (6) further is arranged to
communicate to the connected vehicles within the
subset (SV1-n) instructions to selectively activate and
deactivate the functionalities to determine whenever
the vehicle meets another vehicle and to report data

regarding met vehicles of one or more specific con-
nected vehicles within the subset (SV1-n), such that
only connected vehicles within the subset (SV1-n)
close to a geographical position of interest within the
road network (9) will determine and report data re-
garding met vehicles.

8. A method for estimating traffic intensity using data
from a subset (SV1-n) of connected vehicles
equipped with respective positioning systems (1)
and one or more respective active safety sensor sys-
tems (2a, 2b) capable of determining adjacent vehi-
cles travelling in an opposite direction within a road
network (9) a traffic intensity of which is of interest,
characterized in that it for each respective vehicle
in the subset (SV1-n) of connected vehicles compris-
es:

determining (10), using a vehicle logic and data
from one or more of its respective active safety
sensor systems (2a, 2b), whenever the vehicle
meets another vehicle, and;
reporting (11), using a communication arrange-
ment (5), to a back end system (6), a position of
the connected vehicle and data regarding met
vehicles and receiving instructions from the
back end system (6); and
the method for estimating traffic intensity further
comprising:

keeping track (12) of the positions and di-
rections of travel of the connected vehicles
within the subset (SV1-n) and determining
whenever a connected vehicle within the
subset (SV1-n) meets another connected
vehicle within the subset (SV1-n) using an
estimation logic (7) residing in the back end
system (6); and
counting (13), using a counter (4) in each
respective vehicle in the subset of connect-
ed vehicles (SV1-n) or in the back end sys-
tem (6), starting upon determination that a
specific connected vehicle within the subset
(SV1-n) meets another connected vehicle
within the subset (SV1-n) or passes a spe-
cific geographical position within the road
network (9), the number of vehicles this spe-
cific connected vehicle within the subset
(SV1-n) meets until it either meets yet an-
other connected vehicle within the subset
(SV1-n), passes a specific geographical po-
sition within the road network (9) or until a
pre-determined time period has passed;
estimating (14), using the estimation logic
(7) residing in the back end system (6), the
total number of vehicles that passes a spe-
cific geographical position within the road
network (9) in a given direction based on
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the positions and directions of travel of the
connected vehicles within the subset
(SV1-n) and the associated vehicle counts.

9. The method according to claim 8, characterized in
that the estimating (14), in order to estimate the total
number of vehicles that passes a specific geograph-
ical position within the road network (9), in a given
direction, further comprises adding the numbers
whenever a connected vehicle within the subset
(SV1-n) passes the specific geographical position
within the road network (9), such that the most re-
cently counted number of vehicles ahead of that con-
nected vehicle within the subset (SV1-n) either up to
the preceding another connected vehicle within the
subset (SV1-n) or the most recently previously
passed specific geographical position within the road
network (9) is added to the total number of vehicles
passing the specific geographical position within the
road network (9).

10. The method according to claim 9, characterized in
that the estimating (14) further comprises deriving
the present traffic density for a specific geographical
position within the road network (9) as number of
vehicles over time using the delta time since the last
connected vehicle within the subset (SV1-n) passed
that specific geographical position within the road
network (9).

11. The method according to any one of claims 8 to 10,
characterized in that it further comprises detecting
and keeping track of an event where two connected
vehicles within the subset (SV1-n) meet each other,
and whenever this happens either communicating
to these connected vehicles within the subset (SV1-n)
a request to report their present count and subse-
quently reset their count to zero and restart their
count, or to the counter (4) in the back end system
(6) a request to report its present count and subse-
quently reset its count to zero and restart its count.

12. The method according to any one of claims 8 to 11,
characterized in that the estimating (14) further
comprises managing the counted vehicles between
the connected vehicle within the subset (SV1-n) ini-
tiating the count and the connected vehicle within
the subset (SV1-n) terminating the count as a prop-
erty of the connected vehicle within the subset
(SV1-n) terminating the count, the property repre-
senting the total number of vehicles between these
connected vehicles within the subset (SV1-n), includ-
ing the connected vehicle within the subset (SV1-n)
terminating the count.

13. The method according to any one of claims 8 to 12,
characterized in that it further comprises arranging
the estimation logic (7) residing in the back end sys-

tem (6) to communicate to the connected vehicles
within the subset (SV1-n) instructions when to deter-
mine whenever the vehicle meets another vehicle
and when to report data regarding met vehicles.

14. The method according to claim 13, characterized
in that it further comprises arranging the estimation
logic (7) residing in the back end system (6) to com-
municate to the connected vehicles within the subset
(SV1-n) instructions to selectively activate and deac-
tivate the functionalities to determine whenever the
vehicle meets another vehicle and to report data re-
garding met vehicles of one or more specific con-
nected vehicles within the subset (SV1-n), such that
only connected vehicles within the subset (SV1-n)
close to a geographical position of interest within the
road network (9) will perform determining and report-
ing (11) of data regarding met vehicles.

15. A connected vehicle (SV1), suitable to form part of
a subset (SV1-n) of connected vehicles, the connect-
ed vehicle (SV1) equipped with a positioning system
(1) and one or more active safety sensor systems
(2a, 2b) capable of determining adjacent vehicles
travelling in an opposite direction within a road net-
work (9), characterized in that it comprises:

a vehicle logic (3) arranged to determine, using
data from one or more of its respective active
safety sensor systems (2a, 2b), whenever the
vehicle meets another vehicle, and;
a communication arrangement (5), arranged to
communicate with a back end system (6) to re-
port a position of the connected vehicle and data
regarding met vehicles and to receive instruc-
tions from the back end system; and
a counter (4), arranged to count the number of
vehicles this specific connected vehicle within
the subset (SV1-n) meets when instructed to do
so by the back end system.
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