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; FIRST PARTY

SECOND PARTY ‘k

(57) Abstract: To send a message to a communication device (17) associ-
ated with a moving object (16) a method comprising several steps is pro-
posed. In a first step, a first location trajectory (3) of this object (16) is ob-
tained by a first party (1 ). In a second step, this trajectory (3) is sent (9)
from this first party (1 ) to a second party (2). Then, the second party (2)
obtains (8) a set of second location trajectories (6) of tracked communica-
tion devices (19) and compares the first location trajectory (3) with this set.
Next, the second party (2) selects a selected location trajectory (5) of a se-
lected communication device (17) from the set if this selected location tra-
jectory (5) is substantially the same as the first location trajectory (3). This
selected communication device (5) corresponds to the communication
device (5). At the end, the message is sent to the selected communication
device (5) by the second party (2).
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A METHOD AND PLATFORM FOR SENDING A MESSAGE TO A
COMMUNICATION DEVICE ASSOCIATED WITH A MOVING OBJECT

Field of the Invention

[01] The present invention generally relates to the identification of a
communication device associated with a moving object. It further relates to the
delivery of a message to the identified communication device. The communication
device may be a mobile phone, smartphone or tablet carried by a person who is
moving around, for example by foot, bike or car. The moving object may also be the
mechanical device itself such as a car or any other moving equipment. The
communication device may then be part of the mechanical device, for example an
on-board computer equipped with a SIM card and thus functionalities for mobile

communication.

Background of the Invention

[02] Surveillance systems or other monitoring systems allow to identify people and
objects in a surveyed or monitored area. In some situations, it may be desirable to
send a message, for example an SMS, to the mobile device of an observed person
who is walking around in the area. Such a situation may occur when a person left
behind a personal object or when people should be warned about a dangerous
situation in the direction they are heading to, e.g. a sudden manifestation or
hooliganism. It may also be desirable to send a message to a communication device
installed in a car or any other vehicle, for example to the on-board computer of a car
equipped with cellular functionality. The problem in these situations is to retrieve the
identification of the communication device such as for example the phone number or

email address.

[03] Several solutions exist for identifying and sending messages to mobile and
communication devices in such situations. A first solution proposed in

US20030013466A1 is by using cell broadcasts, designed for simultaneous delivery
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of a message to multiple users in a specified area. In other words, an operator can
send a text message to all users within reach of a particular cell tower and thus a
particular area. A disadvantage however is that there are no means to distinguish
between people or objects, for example, based on their moving trajectories. A further
disadvantage is that the broadcast perimeter and, hence, the accuracy of addressing
specific persons largely depends on the number and range of available radio

beacons covering an area.

[04] Another solution uses public cameras in combination with face recognition
algorithms to identify persons. The system then looks up a mobile phone number
associated with a person in a database and sends a text message to the targeted
person or persons. A disadvantage of this solution is that the personal details like the
phone number, photo and name of the persons have to be known to the monitoring
or surveying system, compromising the privacy of the persons. A further
disadvantage of this solution is that it is only applicable for persons and objects that
can be identified through a camera, e.g. requiring that the face of a person or the
license plate of a car is clearly visible in camera feeds which is not always the case.

Summary of the Invention

[05] Itis an object of the present invention to overcome the above disadvantages
by providing a method for sending a message to a communication device associated
with a moving object, the method comprises several steps. In a first step, a first party
obtains a first location trajectory of the moving object and sends it to a second party.
This second party obtains a set of second location trajectories of tracked
communication devices and compares the first location trajectory with location
trajectories from this set. The second party then selects a selected location trajectory
of a selected communication device from the set if the selected location trajectory is
substantially the same as the first location trajectory. Finally, the second party sends

the message to the selected communication device.

[06] An object may be a person that is walking around while carrying a mobile
communication device such as for example a phone, smartphone, tablet or portable
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computer. In this case, the first location trajectory comprises the path this person has
walked within a certain time interval. An object may also be a physical object such as
a car or bicycle carrying a person and his mobile communication device. A first
location trajectory is then defined by the path of the physical object rather than the
path defined by the person. The communication device may also be attached to the
moving object. For example, a car may be equipped with an on board communication
module using cellular or other wireless communication means. In this sense, the term
“associated with” means that the communication device and the moving object travel
substantially the same location trajectory in the observed time interval wherein the
first location trajectory is obtained. The selected location trajectory is then the path of
the communication device associated with the moving object during that same time
interval. The set of second location trajectories are then location trajectories of
communication devices that are located in the same area as the area observed by
the first party. While the first party gathers information on the position of the moving
objects, the second party gathers information on the position of the communication
devices associated with the moving objects. The second party also comprises the
means to retrieve the addressing information of the tracked communication devices

so that it can send the message to the selected communication device.

[07] Due to the differences in accuracy of the localization techniques used by the
two parties, the first and the selected location trajectories may differ from a few
centimeters to several meters or more. Therefore, substantially the same should be
interpreted as such that the selected trajectory resembles most the first trajectory
from the set of second trajectories. To decide this, a heuristic algorithm may for
example be used that decides that two trails are e.g. 80% similar and hence are
considered to be substantially the same. The ability of the algorithm to detect a
proper match will depend on the number of similar trajectories in a given period as
related to the number of moving objects.

[08] It is an advantage that no personal information such as a phone number,
picture or address is needed by the first party about a person or communication
device to actually identify the person as the identification is purely done by the

location trajectory. The privacy of the user or owner of the communication device is
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thus safeguarded, as the first and second party do not exchange any information with

respect to the identity of the user or her device.

[09] As alocation trajectory is used for the identification of an object, the method is
not restricted to the addressing of mobile devices carried by people as it is the case
when using facial recognition algorithms. Every moving object may be addressed as

long as it has an associated communication device.

[10] Optionally the method may comprise the following additional steps:

- notifying by the second party to the first party that the first and selected
location trajectory is substantially the same;

- creating the message by the first party; and

- sending the first message from the first party to the second party.

[11] This way the first party knows if a message can be addressed by the second
party to the communication device associated with the moving object. This allows the
first party to use alternative options for the delivery of the message. For example by
sending the first location trajectory to a third party that offers the same functionality
as the second party but by a different technology.

[12] According to a preferred embodiment the first location trajectory comprises first
location points, each comprising a position of the moving object at a certain moment
in time. Each one of the set of second location trajectories comprise second location
points, each comprising a position of one of the tracked communication devices at a

certain moment in time.

[13] This allows to define a location trajectory by a simple set of points as a function
of time making the exchange of the location trajectory simple and straightforward.

[14] Preferably, the second party operates a wireless communication network
comprising network cells. The tracked communication devices are then detectable by
said network cells.
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[15] This wireless communication network may for example be a Wireless LAN
(WLAN), a Zigbee network or a cellular network such as a GSM, UMTS, LTE, 3G, 4G
or any other cellular network. These wireless networks divide the zone that comprise
the first location trajectory in overlapping network cells. As the communication device
is thus located inside one of the network cells, the message can be addressed to the
communication device identified and is thus known to the wireless communication
network. The message may then for example be formatted as an SMS, an MMS or

email.

[16] As the second party operates a wireless communication network, it may easily
retrieve addressing information for the communication device in order to send the

message to this device.

[17] According to an embodiment, the obtaining the second location points
comprises, for a tracked communication device, calculating a position of the tracked
communication device within the network cells by using localization techniques

offered by the wireless communication network.

[18] This allows an easy implementation of the above method as no extra hardware
is needed for the localization of the tracked communication devices. Most wireless
communication networks already have built-in capabilities for the localization of

communication devices connected to the network.

[19] One example of such a localization technique is cell triangulation supported by
most wireless communication networks and wireless communication devices.
Receiving the signal of a network node (e.g. cell tower or WiFi access point) whose
position and cell coverage area is known, provides a coarse location estimate.
Several techniques can also be used to estimate the distance between a
communication device and a wireless network node, such as measuring the signal
strength, round-trip time of a packet or angle of arrival. Combining localization
information from multiple cells typically leads to an increasingly accurate location

estimate.
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[20] Alternatively the second party may also operate a location-based service
receiving location coordinates from communication devices of subscribed users. By
the subscription of the users, the address information for addressing the message is
known to the second party. The second location is then registered by the
communication device itself for example by a mobile application installed on the
user’'s communication device. The obtaining of second location points may then be
done by a GPS module comprised in the communication device. The second location
trajectory is then sent as a series of GPS coordinates together with time-stamps to

the second party.

[21] According to a further preferred embodiment the first location trajectory is

obtained from a camera grid used to track the moving object.

[22] Camera grids are typically used in safety and monitoring applications and may
cover large areas such as streets, market places, cities or areas where events are
organized. Such a camera grid may obtain a set of location trajectories of all persons
or objects moving in the surveyed or monitored area. A person or algorithm may then
select a person or object to whom a message should be addressed. The location
trajectory of this person or object obtained from the camera grid then corresponds to

the first location trajectory.

[23] The present invention also relates to a platform operated by the second party as
claimed in claim 11 This platform is adapted to perform the steps by the second party

of the method above.

[24] Similarly, the invention also relates to a platform operated by the first party as
claimed in claim 10. This platform is adapted to perform the steps by the first party of

the method above.

[25] It should be noted that the first and second party may be the same. For
example, an operator of a wireless communication network may also operate a
camera grid, identify a moving object from the camera grid by a location trajectory
and address a message to the communication device over its wireless

communication network.
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Brief Description of the Drawings

[26] Fig. 1 illustrates the sending of a message to a communication device

according to a preferred embodiment of the present invention.

Detailed Description of Embodiment(s)

[27] Fig. 1 illustrates the sending of a message to a communication device 17
associated with a moving object 16 according to a preferred embodiment of the
present invention. A first party 1 operates a platform comprising a grid of cameras 12
surveying a public area 20. These cameras may be mounted on poles along the
streets and buildings or carried by drones and return top-level feeds of people and
objects passing by. As the location of these cameras is known as well as the
distance between them and their field of view, the location of objects 18 within the
view of the camera grid can be calculated. Software analyzing the camera feeds then
detects the moving objects 18 and their trajectories 14, which are stored as a set of
location coordinates and timestamps. The timestamps indicate at which moment in
time the moving object 18 was at a corresponding location coordinate.

[28] Different algorithms are known in the art for obtaining 7 such first location
trajectories 14 from a camera feed. One such algorithm is described in “A Camera-
based System for Tracking People in Real Time” by Jakub Segen and Sarma Pingali
from Bell Laboratories published in Proceedings of the International Conference on
Pattern Recognition in 1996. Another such algorithm was decribed in “Tracking
Multiple People with a Multi-camera System” by Ting-Hsun Chang and Shaogang
Gong published in the Proceedings of the IEEE Workshop on Multi-Object Tracking
in 2001.

[29] These first location trajectories 14 may then be displayed on a monitor of a
surveying room where a user, for example an employee of a security company,

selects a first location trajectory 3 from these first location trajectories 14 with the
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intention to have a message delivered to the communication device 19 associated
with the moving object. If the moving object is a person, the communication device
may for example be a mobile phone, smartphone or tablet carried by the person. The
communication device may also be a communication device installed in an object
such as for example a car, motorbike or any other vehicle. Alternatively, this first
location trajectory 3 may also be obtained by a computer algorithm that
autonomously selects a moving object 18 from the camera feed or first location
trajectories 14. The selecting may then be based on pre-configured behaviour rules,
for example as described in “Intuitive Network Applications: Learning User Context
and Behavior” by Nilton Bila et al published in Bell Labs Technical Journal, 2008.

[30] The first party 1 then sends 9 the first location trajectory 3 to a second party 2.
This second party can map location data it receives from the first party 1 onto one or
more unique device identifiers of a communication device 17 associated with the
moving object 16. The second party 2 then relays the first party’s message to the
communication device 17 without revealing the true identity of either the
communication device 17 or the owner of the communication device. This mapping
and relaying may be done in different ways depending on the platform the second

party is using or operating.

[31] According to a first preferred embodiment, the second party is a cellular
network operator operating in the same public area 20 as the first party 1. The public
area 20 is then largely covered by overlapping network cells 13 defined by the
antennas operated by the cellular network operator. The communication devices 19
are then detectable by the network cells 13 and the network operator is able to get
identification information from the devices connected to one of the cells. If a device is
connected to one of the cells, the network operator can also send a message such
as an SMS or MMS to one of the connected communication devices.

[32] The network operator will then obtain 8 a set of second location trajectories 6
from devices that are connected to one of the cells 13 by obtaining location
coordinates or points of the communication devices at different moments in time.
Different solutions exist for obtaining a location of a communication device connected

to a cellular network cell.
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[33] One way for obtaining a location is by using cell triangulation. This known
technique uses the travel time of a signal from a communication device 19 to one or
more antennas of one or more cells 13. Depending on the amount of antennas the
communication device is communicating with, the position of the communication

device can be determined with some degree of accuracy.

[34] Another way for obtaining a location is by using the cell id or cell identification
number. In this case, the location of the communication device 19 is considered to be
the position of the cell the communication device is connected to. The accuracy is
then dependent of the size of the cell and it is therefore advantageous to use small
cells, for example cells operated by lightRadio cubes as described in
http://www.alcatel-lucent.com/solutions/lightradio. For obtaining the position of the

cell and thus the position of the communication device, the Google’'s Geolocation API
may be used.

[35] Detailed techniques to obtain a location of a connected communication device
that may be used are described in “Wireless sensor network localization techniques”
by Guogiang Mao et al. published in The International Journal of Computer and
Telecommunications Networking, Volume 51, Issue 10, Pages 2529-2553 on July,
2007.

[36] The cellular network operator then compares the first location trajectory 3
received from the first party 1 with the set of second location trajectories 6 of
communication devices connected to the network cells 13. If the network operator
finds a second location ftrajectory, i.e. a selected location trajectory 5, that is
substantially the same as the first location trajectory, it is assumed that the
communication device 17 of this selected location trajectory is associated with the
moving object 16 travelling the first location trajectory 3.

[37] The cellular network provider then notifies 10 the first party that a location
trajectory 5 has been found that matches the first location trajectory 3. The first party
1 then sends the message to the network provider who, on its turn, sends the
message to the communication device 17. As, in this case, the second party 2 is a
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cellular network provider, the message is delivered by cellular communication
means, for example by an SMS, MMS or the like. The sending of this notification may
be optional. The message may also be send to the cellular network provider together
with the sending 9 of the first location trajectory. The cellular network provider then
directly sends the message to the selected communication device 17 without
notifying the first party.

[38] According to an alternative embodiment, the second party 2 may also be a
location-based service. In this case the location of the communication devices 17 is
collected by the communication devices themselves, for example by collecting GPS
coordinates from a GPS module in the communication device. The communication
device then forwards the location to the location-based service, i.e. to a server
operated by the location-based service. The collecting and forwarding of the location
points may be done by an application installed on the communication device and
provided by the location-based service. The location-based service then collects all
location points or coordinates from the communication devices subscribed to the
location-based service and obtains a set of location trajectories 6 of the
communication devices 19. The location-based service then obtains the selected
location trajectory in a similar way as done by the cellular network provider described
above.

[39] As the users of the communication device 17 is subscribed to the location-
based service, also his identification information for sending a message is known to
the location-based service. This information may for example be a phone number or
email address. The advantage of using a location-based service for the obtaining of
the trajectories and the sending of the message to the communication device is that it
can work over several wireless communication technologies. The location-based
service may exchange the location information with the communication device over a
cellular network, but also over WiFi or any other wireless network. The selection of
the communication device from the set of the location trajectories is then performed
in a similar way as for the cellular network operator. In the end, the location-based
service sends the message to the communication device using the identification

information.
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[40] According to a further alternative embodiment, the second party 2 may be any
cell-based wireless network operator, for example an operator of a WiFi network
comprising hot-spots. Similarly to the embodiment where the second party is a
cellular network operator, the communication devices are then connected to cells 13
defined by the range of the hot spots. The location of the communication devices 19
may then be obtained by the location of the WiFi hot spot or, if supported, by
techniques similar to cell triangulation for cellular networks. The wireless network
operator then obtains the addressing information of the communication device when
it registers to the hot-spot by requesting an email address or phone number when a
user of a communication device subscribes to the internet service offered by the

wireless network operator.

[41] In the above embodiments the sending 9 of the first location trajectory 3 has
been described as a static process where the first party 1 collects a predefined
number of {location coordinate, timestamp} pairs and sends it to the second party 2.
If a match is found by the second party 2, the message is delivered. Alternatively, this
sending may also be done in a dynamic way where the first party 1 sends a live
stream of {location coordinate, timestamp} pairs of a moving object. The second
party then re-performs the comparing with the trajectories 6 until a match is found.

[42] Although the present invention has been illustrated by reference to specific
embodiments, it will be apparent to those skilled in the art that the invention is not
limited to the details of the foregoing illustrative embodiments, and that the present
invention may be embodied with various changes and modifications without
departing from the scope thereof. The present embodiments are therefore to be
considered in all respects as illustrative and not restrictive, the scope of the invention
being indicated by the appended claims rather than by the foregoing description, and
all changes which come within the meaning and range of equivalency of the claims
are therefore intended to be embraced therein. In other words, it is contemplated to
cover any and all modifications, variations or equivalents that fall within the scope of
the basic underlying principles and whose essential attributes are claimed in this
patent application. It will furthermore be understood by the reader of this patent
application that the words "comprising" or "comprise" do not exclude other elements
or steps, that the words "a" or "an" do not exclude a plurality, and that a single
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element, such as a computer system, a processor, or another integrated unit may
fulfil the functions of several means recited in the claims. Any reference signs in the
claims shall not be construed as limiting the respective claims concerned. The terms
"first", "second", third", "a", "b", "¢", and the like, when used in the description or in
the claims are introduced to distinguish between similar elements or steps and are
not necessarily describing a sequential or chronological order. Similarly, the terms

"top", "bottom”, "over", "under”, and the like are introduced for descriptive purposes
and not necessarily to denote relative positions. It is to be understood that the terms
so used are interchangeable under appropriate circumstances and embodiments of
the invention are capable of operating according to the present invention in other

sequences, or in orientations different from the one(s) described or illustrated above.



10

15

20

25

30

WO 2015/028443 -13 - PCT/EP2014/068028

CLAIMS

1. A method for sending a message to a communication device (17) associated
with a moving object (16), the method comprising the following steps:

- obtaining a first location trajectory (3) of said moving object (16) by a first party
(1);

- sending (9) said first location trajectory (3) from said first party (1) to a second
party (2);

- obtaining (8) a set of second location trajectories (6) of tracked communication
devices (19) by said second party (2);

- comparing said first location trajectory (3) with location trajectories (6) from
said set by said second party (2);

- by said second party (2), selecting a selected location trajectory (5) of a
selected communication device (17) from said set if said selected location trajectory
(5) is substantially the same as said first location trajectory (3); said selected
communication device (5) corresponding to said communication device (5);

- sending said message to said selected communication device (5) by said

second party (2).

2. The method according to claim 1 further comprising the following steps:

- notifying (10) by said second party (2) to said first party (1) that said first (3)
and selected (5) location trajectory is substantially the same;

- creating said message by said first party; and

- sending (11) said first message from said first party to said second party.

3. The method according to any one of the preceding claims wherein said first
location trajectory (3) comprises first location points, each comprising a position of

said moving object (16) at a certain moment in time.

4. The method according to any one of the preceding claims wherein each one
of said set of second location trajectories (6) comprises second location points, each
comprising a position of one of said tracked communication devices (19) at a certain

moment in time.
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5. The method according to any one of the preceding claims wherein said
second party (2) operates a wireless communication network comprising network
cells (13), and wherein said tracked communication devices (19) are detectable by
said network cells (13).

6. The method according to claim 5 wherein said obtaining said second location
points comprises, for a tracked communication device of said tracked communication
devices, calculating a position of said tracked communication device within said
network cells (13) by using localization techniques offered by said wireless

communication network.

7. The method according to claim 6 wherein said localization technique

comprises cell triangulation.

8. The method according to claim 6 or 7 wherein said localization technique
comprises obtaining a location of a network cell (13) to which said tracked

communication device is connected to at a certain moment in time.

9. The method according to any one of the preceding claims wherein said first
location trajectory (3) is obtained from a camera grid (12) used to track said moving
object (16).

10. A platform operated by a first party (1) for sending a message to a
communication device (17) associated with a moving object (16); said platform
comprising a camera grid (12) adapted to obtain a first location trajectory (3) of said
moving object; said platform further being adapted to:

- send (9) said first location trajectory to a second party (2);

- receive (10) a notification from said second party (2) if said first location
trajectory is substantially the same as a selected location trajectory (5) of a selected
communication device (17); said selected location trajectory being selected from a
set of second location trajectories (6) of tracked communication devices (19)
obtained by said second party; said selected communication device corresponding to

said communication device;
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- send said message to said second party for further relay to said selected

communication device.

11. A platform operated by a second party (2) for sending a message to a
communication device (17) associated with a moving object (16); said platform being
further adapted to:

- receive (9) a first location trajectory (3) of said moving object from a first party
(1);

- obtain (8) a set of second location trajectories (6) of tracked communication
devices (19);

- compare said first location trajectory with location trajectories from said set;

- select a selected location trajectory (5) of a selected communication device
(17) from said set if said selected location trajectory is substantially the same as said
first location trajectory; said selected communication device corresponding to said
communication device;

- sending said message to said selected communication device (17).
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