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jects match at least one predetined characterist-
ic and wherein object information regarding
the at least one predefined characteristic is
provided by different servers, comprising the
following steps: discovering objects within the
defined geographical space by a geo discovery
request based on geographical coordinates;
finding — from the discovered objects — a start-
ing object matching the at least one predetined
characteristic within a definable sub-space of
the defined geographical space; ranking the ob-
jects within the definable sub-space by increas-
ing distance to the starting object within a
rank; sending a query to the servers for gather-
ing object information regarding the first ob-
ject in the rank which is located nearest to the
starting object; checking whether the first ob-
ject matches the at least one predetined charac-
teristic; repeating the sending and checking
steps regarding the further objects in the rank
and according to the ranking of increasing dis-

tance, until a minimum set of objects matching the at least one predefined characteristic is discovered. Further, an according network
for carrying out the method is claimed.
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METHOD AND NETWORK FOR DISCOVERING A SET OF
OBJECTS WITHIN A DEFINED GEOGRAPHICAL SPACE

The present invention relates to a method and a network for discovering a set of
objects within a defined geographical space.

Nowadays the number of objects in the Internet of Things, loT, is impressively high
and it is expected to grow rapidly in the near future. Furthermore also the
heterogeneity of the information about each object is increasing and wide spread
in different services, e.g. geographic discovery, social network services etc.. As
the result, an application of the IoT, which aims to aggregate data from lower level
services, has to cope with different servers. The server with the longest response
time determines the overall performance. While there is no generally valid
response time distribution, it can be seen that the distributions of measured
response time are long tailed and thus the more servers need to be contacted, the
more likely is that one of them has a long response time.

In addition to that, research in distributed relational databases focuses on
generating query execution plans that minimize the cost of data transmission over
the network, see Optimization Algorithms for Distributed Queries - PETER M. G.
APERS, ALAN R. HEVNER, AND S. BING YAO. Also CPU and I/O costs are key
factors to be considered when processing a distributed spatial query.

Most research in distributed spatial query processing focuses on spatial join
algorithms, spatial semijoin algorithms and the use of Bloom filters for processing
distributed spatial queries. However, all of those cases are using strategies that
also consider attributes values associated to the geo information.

Today, mobile phones are constantly communicating with external services, e.g.
cloud services. In order to minimize the impact on the network connectivity and
maximize the phone performances it is always good to minimize the
communication between the phone and the external services.
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Applications working on the mobile phone are often using the geographic location
of the phone in order to provide services. In case that such an application is
aiming to aggregate information about geo-located objects from different data
sources, e.g. social networks, services catalogue, search engine etc., and
assuming that discovering objects based on their location is made via a geo-
discovery request to a specialized server, e.g. a yellow page service, it is possible
to have a situation as follows:

In the typical scenario shown in Fig. 1, the application: 1) first makes a Geo
Discovery Request in order to get the full list of all the objects lying within a
geographic area and 2) then sends different requests to several heterogeneous
servers in order to gather information about the objects.

Assuming the case that the purpose of the application is to retrieve a subset of the
geo-discovered objects that are matching miscellaneous characteristics. In a naive
approach the application needs to issue a certain amount of requests for each
object returned by the geo-discovery request. If no optimization is applied a high
number of requests can be issued affecting significantly the performance of the
application and the mobile phone.

An example of an application can be a service that finds a predefined number of
individuals which match a given set of attributes, e.g. music taste, and that are
within a certain area, e.g. around the user. Another example applications are:
movie preference for selecting a cinema venue, food preference for restaurant
finding. In this scenarios the main idea is to find information related to the
geographic area. The geographic area is given as a geographic scope. In addition
the information to be discovered needs to be specified. The result of a geographic
discovery request is all the information whose geographic location matches the
geographic scope. One assumption is the uniqueness of the object ID, this means
that each discovered object is uniquely identified across the heterogeneous
services.

It is an object of the present invention to improve and further develop a method for
discovering a set of objects within a defined geographical space and an according
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network for providing an efficient discovery with a best possible reduction of
network usage and/or computation time.

In accordance with the invention, the aforementioned object is accomplished by a
method for discovering a set of objects within a defined geographical space,
wherein the objects match at least one predefined characteristic and wherein
object information regarding the at least one predefined characteristic is provided
by different servers, comprising the following steps:

- discovering objects within the defined geographical space by a geo
discovery request based on geographical coordinates;

- finding — from the discovered objects — a starting object matching the at
least one predefined characteristic within a definable sub-space of the defined
geographical space;

- ranking the objects within the definable sub-space by increasing distance
to the starting object within a rank;

- sending a query to the servers for gathering object information regarding
the first object in the rank which is located nearest to the starting object;

- checking whether the first object matches the at least one predefined
characteristic;

- repeating the sending and checking steps regarding the further objects in
the rank and according to the ranking of increasing distance, until a minimum set
of objects matching the at least one predefined characteristic is discovered.

Further, the aforementioned object is accomplished by a network for discovering a
set of objects within a defined geographical space, wherein the objects match at
least one predefined characteristic and wherein object information regarding the at
least one predefined characteristic is provided by different servers, comprising:

- a discovering device for discovering objects within the defined
geographical space by a geo discovery request based on geographical
coordinates;

- a finding device for finding — from the discovered objects — a starting object
matching the at least one predefined characteristic within a definable sub-space of
the defined geographical space;



10

15

20

25

30

WO 2016/188582 PCT/EP2015/061831

- a ranking device for ranking the objects within the definable sub-space by
increasing distance to the starting object within a rank;

- a sending device for sending a query to the servers for gathering object
information regarding the first object in the rank which is located nearest to the
starting object;

- a checking device for checking whether the first object matches the at
least one predefined characteristic;

- a repeating device for repeating the sending and checking steps regarding
the further objects in the rank and according to the ranking of increasing distance,
until a minimum set of objects matching the at least one predefined characteristic
is discovered.

According to the invention it has been recognized that it is possible to optimize
known methods and networks for discovering a set of objects within a defined
geographical space by a suitable selection of object information query. The aim of
the method is a discovery of a set of objects within a defined geographical space,
wherein the set of objects can be predefined according to individual
characteristics. Information regarding such characteristics is provided by different
servers to be queried. In a first step objects located within the defined
geographical space have to be discovered by a geo discovery request based on
geographical coordinates. No attributes are associated to the discovered objects
at this time of method performance. Each object could represent, for instance and
without any limitation to these following attributes, persons, restaurants, or
services etc..

In a next step a sub-space of the defined geographical space is selected for
selecting a reduced number of object candidates to be queried regarding object
information. Within said sub-space a starting object matching the at least one
predefined characteristic has to be found. The starting object is one of the prior
discovered objects. In a next step, the objects within the definable sub-space are
ranked by increasing distance to the starting object. The ranking result is
mentioned within a rank. The idea behind this ranking step is that objects being
located nearby the starting object which already matches the at least one
predefined characteristic, have a high chance to be similar and/or to also match
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the at least one predefined characteristic. Thus, the next step of sending a query
to the servers for gathering object information regarding the first object in the rank
which is located nearest to the starting object, will provide the chance for quickly
discovering further objects which also match the at least one predefined
characteristic. As a result, a quick discovery of the set of objects to be discovered
is possible.

In a next step it is checked whether the first object matches the at least one
predefined characteristic and the sending and checking steps are repeated
regarding the further objects in the rank and according to the ranking of increasing
distance, until a minimum set of objects matching the at least one predefined
characteristic is discovered. Such a minimum set of objects can be a sub-set of
the above mentioned set of objects to be discovered.

In summary, on the basis of the inventive selection of objects being candidates for
query to the servers for gathering object information network usage and/or
computation time can be reduced, as a set of objects to be discovered can be
found very efficiently with a reduced number of queries to servers providing object
information. The present invention provides a kind of filter criterion, so that the
number of queries to the servers can be reduced.

According to an embodiment of the invention, if no object within the definable sub-
space matches the at least one predefined characteristic, a further definable sub-
space can be selected for finding a starting object matching the at least one
predefined characteristic. This embodiment considers the situation, if none of the
objects within the definable sub-space matches the at least one predefined
characteristic. In this case, a further definable sub-space can be selected for
finding the suitable starting object. If also the further definable sub-space does not
comprise a suitable starting object, further definable sub-spaces can be selected,
until a sub-space is found which comprises a suitable starting object matching the
at least one predefined characteristic.

According to a further embodiment a spatial clustering approach can be used for
defining the sub-space or sub-spaces. Such a clustering approach can result in a
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sub-space comprising objects with a definable characteristic. This can provide a
pre-selection of objects to be considered within the query for gathering object
information.

Within a further embodiment the definable sub-spaces can be defined based on
the height of density of objects within the sub-space. Such sub-spaces can provide
a high ratio between number of objects and its geographical area. An effective
discovering method can be performed under consideration of such high density
sub-spaces, as the probability for discovering suitable objects is generally higher
than in sub-spaces within lower density of objects.

According to a further embodiment the definable sub-spaces can be sorted by the
height of density of objects within the sub-spaces. Such a sorting or ranking of
sub-spaces can be suitable, if the method needs to perform the discovering
procedure within more than one sub-space.

Thus, within a further embodiment, the sub-space with the highest density of
objects within this sub-space can be selected as the first sub-space for finding the
starting object. This will result in a high probability in successfully finding the
starting object due to the high number of objects within the area of the sub-space.

According to a further embodiment the definable sub-space or sub-spaces can be
a circle or circles with an object as a center and a distance between said object
and a user position as a radius of said circle or circles. Such a circle approach
provides a simple possibility in defining a sub-space or sub-spaces.

According to a further embodiment, if no object within the definable sub-space
matches the at least one predefined characteristic, the sub-space or sub-spaces
being closest to the definable sub-space and/or the sub-space or sub-spaces with
the next height of density of objects can be iteratively selected for finding a starting
object. Thus, two criteria can be used for selecting a sub-space or sub-spaces in
case of no matching object. These criteria can be used in combination or
separately.
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Alternatively or additionally, if the minimum set of objects matching the at least one
predefined characteristic is not discovered within the definable sub-space, the sub-
space or sub-spaces being closest to the definable sub-space and/or the sub-
space or sub-spaces with the next height of density of objects can be iteratively
selected for further discovering. Thus, multiple sub-spaces can be used for
reaching the definable minimum set of objects matching the at least one
predefined characteristic, so that this minimum can be reached at the end of the
method.

Some of the steps of the claimed method can be provided within a functional entity
according to a further embodiment. Such a functional entity can be provided for
receiving the geo discovery request by a user, for transmitting the geo discovery
request to a geo discovery service and for sending the query for gathering object
information to the servers. Thus, such a functional entity can be provided between
a user device, a geo discovery service and the servers. Such a functional entity
can be designated as Core Dispatcher Engine. Such a functional entity can be
integrated in known methods and networks for providing the invention.

Within a further embodiment the functional entity can be provided in a cloud or in a
user device. Such a provision within a user device can minimize the network traffic
between the device and the servers.

Within a further embodiment and for providing a reliable gathering of object
information the objects can be uniquely identifiable by the servers. Alternatively or
additionally the objects can be characterized by an object type and/or by individual
geo coordinates. Thus, a reliable identification of objects is possible easily.

Within a further embodiment a geo discovery service handling the geo discovery
request can only provide geo spatial information of objects. No further attributes
can be associated to the objects.

Within a further embodiment the set of objects can comprise a predefined number
of objects. Such a number can depend on individual requirements of an
application to be performed by a user device or by a user.
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Embodiments of the present invention define an efficient method for discovering a
set of objects within a geographic area, matching specified characteristics, from
multiple and heterogeneous data sources. An important goal is the query
optimizations over the network where it tries to minimize the number of requests to
heterogeneous servers for a spatial query. In order to limit the number of requests
involved in the discovery operation, a selective criterion — filter — according to how
the objects could be distributed, is used. Based on the retrieved object from the
geo query, the filter can be applied in order to minimize the number of queries to
serve the set of objects requested.

Embodiments of the present invention present a mechanism to efficiently discover
a set of objects within a geographic area, matching characteristics specified as
input. The assumption is that the information is not fully centralized in a single
server but distributed among heterogeneous servers. This means that a single
request should involve multiple servers to be served.

The current invention helps to minimize the number of requests to external servers
relying on the following assumption: “Objects that are nearby have high chance to
be similar’. This approach constitutes a solution that in many cases helps to
reduce the number of queries needed to determine a set of similar objects.

Various advantages of embodiments of the invention can be summarized as
follows:

1) Reducing the number of spatial query results based on the assumption that
objects that are nearby have high chances to be similar - filter approach.

2) Using the minimum distance technique for identifying which object should
be queried first.

3) Reducing the number of information that should be stored inside the Geo
Discover server.

Embodiments of the claimed method can comprise the following steps:
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1. The first step, for serving the user request, is to identify the entire space of
objects around him, where around him means all the objects of a certain
type inside a specified geographical area.

2. The second step is to select the number of objects within the high density
space. In this case techniques like clustering can be applied for.

3. The third step is to select the right object to be queried inside the cluster. In
this case our filter approach will be applied in order to reduce the number of
queries to the heterogeneous servers.

Further advantages of the present invention in contrast to current state of the art:

The current state of the art is always considering the case where there are
attributes associated to the spatial information. In all the cases the geo information
and the attributes are handled by the same service. As also described in the paper
Multiple-Site Distributed Spatial Query Optimization using Spatial Semijoins -
Wendy OSBORN and Saad ZAAMOUT, most of the current algorithms for spatial
query are focusing more on the usage of spatial join and semijoin for the spatial
queries in a centralized and a distributed environment, but in all the cases the
attributes are always associated to the geo information. The presented filter
approach aims to query multiple heterogeneous servers using less queries and
obtaining valid/similar results.

There are several ways how to design and further develop the teaching of the
present invention in an advantageous way. To this end it is to be referred to the
following explanation of examples of embodiments of the invention, illustrated by
the drawing. In the drawing

Fig. 1 is showing a typical use case of a known method for discovering objects
by a computation on a mobile phone,

Fig. 2 is showing a generic scenario model for providing an embodiment of the
invention,
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Fig. 3 is showing an architecture of an embodiment of the invention with an
additional functional entity,

Fig. 4 is showing an example of the location of retrieved objects from a geo
discovery server,

Fig. 5 is showing a partition in sub-spaces based on circles,

Fig. 6 is showing minimum distances between objects according to an
embodiment of the invention and

Fig. 7 is showing a block diagram of an embodiment of the method of the
invention.

Embodiments of the present invention can be based on the following problem
assumptions:

1) Information is not centrally stored but distributed among different servers.
This means that the servers are heterogeneous. Querying the servers is
very expensive because of the big bandwidth consumed and the high
computation.

2) Every object has an unique ID and the ID is shared among the different
servers.

3) The geo discovery query will be based only on geographical coordinates.

4) The amount of objects requested is limited.

Generalizing the model starting from the example of Fig. 1, it is possible to have
something like Fig. 2. The Geo Discovery service is specialized and dedicated to
handle only geo spatial information of objects and it can be queried to retrieve all
objects inside a geographic area. The response of this service is a list of objects.

The Information Server in Fig. 2 abstracts the many heterogeneous servers. This
server can be queried to get information only about one single object. Querying
the Information Server is very expensive.
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Using a naive approach the objects should be queried one by one, picking an
object randomly from the set returned by the Geo Discovery service.

Requirements of the problem:

1) Reducing the amount of network usage during the message exchanges
between the different components.
2) Reducing time of computation for handling a complete query.

Embodiments of the invention define a methodology that in several cases can
reduce the amount of requests to be issued to the Information Server.

Fig. 3 shows the architecture and the message flow of the proposed solution.

A functional entity in, for example, the form of a Core Dispatcher Engine can be
considered as a main component that implements an embodiment of the present
invention. In order to achieve the number of requested objects the dispatcher will
perform the following actions:

1. Receive the Geo Request from a Client Application
2. Query the Geo Discovery
3. Apply the invention before to query the Information Service

This component could be part of the Backend in the cloud. The Core Dispatcher
Engine could be also embedded inside the fronted devices in order to minimize the
network traffic between the single device and the Information Services.

The procedure to follow in order to solve the presented problem, applying the
invention, is the following:

1. Identify the entire space of objects within a geographical area.
2. Select the number of objects within the high density space. In this case
techniques like clustering can be applied.
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3. Select the right object to be queried inside the cluster. In this case the filter
of this invention will be applied in order to reduce the number of queries to
the heterogeneous servers.

Fig. 4 shows the objects retrieved after the first step, i.e. Geo Discovery. The
objects according to an embodiment have the following properties:

* Unique ID across multiple servers, e.g. mobile number, email, google ID,
apple ID etc..

+ Object Type: the type that describes the object, could be link to a semantic
description.

+ Geo Coordinates: used for localizing the object inside the Geo Space.

No attributes are associated to the objects. Each object could represent for
instance persons, restaurants, or services etc., but without limitation to this object
types.

The present invention is aimed to define a technique for querying an external
server that has information about the object attributes and retrieving a set of
objects with the minimum number of queries based on the assumption that
“‘Objects that are nearby have high chances to be similar”.

A preliminary step of an embodiment of the proposed technique is to find a first full
matching object with the characteristics requested by the user. In the following
description, it will be shown a methodology for selecting the set of objects to be
queried. In fact, the “circle approach” is only an example and several spatial
clustering approaches, see Spatial Clustering Methods in Data Mining: A Survey
Jiawei Han, Micheline Kamber, and Anthony K. H. Tung. Geographic Data Mining
and Knowledge Discovery, Research Monographs in GIS, Taylor and Francis,
(2001), can be used for selecting the number of candidate objects.

The spatial query returns a set of objects around the initial point, i.e. user position.
The next step is to find a first full matching object among the set of objects. One
approach is to draw around each object a circle where:
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+ Each object is the center of the circle.
« The radius of each circle is the distance between the object and the user
position.

Based on this space partition, as shown in Fig. 5, next action is to sort the circles
by the ratio between number of objects and its area and select the first candidate
with the highest ratio, i.e. highest object density.

Starting from the first candidate, a query to the external server is sent in order to
check if the center of the circle is matching the attributes required by the user.

If the center of the circle does not match the required attributes, the second circle
with highest density is selected.

If the selected object matches the required attributes then the filter is applied, see
next section.

An embodiment of the filter can comprise several steps to be applied:

1. First the distance between all the objects inside the selected circle — sub-
space — and the center of the circle needs to be calculated.

2. Second, the objects are ranked by increasing distance to the center of the
circle. A smaller distance is higher in the rank.

3. Third step is to send a query to the Information Server about the first object
in the rank and check if it matches the required attributes. This operation is
repeated until the minimum set of required objects is satisfied.

4. If after having queried all the objects inside the circle the minimum set of
objects that is matching the initial query is not found, than the closest circle
or cluster with the highest density needs to be selected. After that the
technique needs to be applied iteratively following all the previous steps.

Fig. 6 shows the minimum distances between objects inside the selected circle
and the center of the circle.
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Fig. 7 shows a block diagram presenting steps of en embodiment of the invention.

Extensions of the Invention: OMA NGSI 9/10 Compatibility:

The OMA NGSI 9/10 standard defines a data model for context data and
operations for querying that data and subscribing to it. The invention can be
realized in a way compatible to that standard by:

e Using the NGSI 9 DiscoveryContextAvailability operation for discovering the
object in a defined area.

o Using the Restriction Field and more in details the OperationScope
that is part of the NGSI request, it is possible to detect a set of
objects that are inside a geographical area defined by geo
coordinates.

e Using the NGSI 10 query context Request for retrieving the Object
information from the servers that are NGSI 10 compliant.

Example of Discovery:

<discoverContextAvailabilityRequest>
<entityldList>
<entityld>
<id>*</id>
</entityld>
</entityldList>
<attributeList>
<attribute>rock</attribute>
</attributeList>
<restriction>
<scope>
<operationScope>
<scopeType>SimpleGeolocation</scopeType>
<scopeValue>
<circle>
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<centerLatitude>43.45</centerLatitude>
<centerLongitude>11.86</centerLongitude>
<radius>2</radius>
<[circle>
</scopeValue>
</operationScope>
</scope>
</restriction>
</discoverContextAvailabilityRequest>

More information about the standard and the binding for the NGSI 10 can be found
at this link:

e NGSI 10:https://forge.fiware.org/plugins/mediawiki/wiki/fiware/index.php/FI-
WARE_NGSI-10_Open_RESTful_API_Specification

e NGSI 9: https://forge.fiware.org/plugins/mediawiki/wiki/fiware/index.php/FI-
WARE_NGSI-9_Open_RESTful_API_Specification

Many modifications and other embodiments of the invention set forth herein will
come to mind to the one skilled in the art to which the invention pertains having the
benefit of the teachings presented in the foregoing description and the associated
drawings. Therefore, it is to be understood that the invention is not to be limited to
the specific embodiments disclosed and that modifications and other embodiments
are intended to be included within the scope of the appended claims. Although
specific terms are employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation.
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Claims
1. A method for discovering a set of objects within a defined geographical

space, wherein the objects match at least one predefined characteristic and
wherein object information regarding the at least one predefined characteristic is
provided by different servers, comprising the following steps:

- discovering objects within the defined geographical space by a geo
discovery request based on geographical coordinates;

- finding — from the discovered objects — a starting object matching the at
least one predefined characteristic within a definable sub-space of the defined
geographical space;

- ranking the objects within the definable sub-space by increasing distance
to the starting object within a rank;

- sending a query to the servers for gathering object information regarding
the first object in the rank which is located nearest to the starting object;

- checking whether the first object matches the at least one predefined
characteristic;

- repeating the sending and checking steps regarding the further objects in
the rank and according to the ranking of increasing distance, until a minimum set
of objects matching the at least one predefined characteristic is discovered.

2. A method according to claim 1, wherein, if no object within the definable
sub-space matches the at least one predefined characteristic, a further definable
sub-space is selected for finding a starting object matching the at least one
predefined characteristic.

3. A method according to claim 1 or 2, wherein a spatial clustering approach is
used for defining the sub-space or sub-spaces.

4. A method according to one of claims 1 to 3, wherein the definable sub-
spaces are defined based on the height of density of objects within the sub-space.

5. A method according to one of claims 1 to 4, wherein the definable sub-
spaces are sorted by the height of density of objects within the sub-spaces.
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6. A method according to one of claims 1 to 5, wherein the sub-space with the
highest density of objects within this sub-space is selected as the first sub-space
for finding the starting object.

7. A method according to one of claims 1 to 6, wherein the definable sub-
space or sub-spaces is a circle or are circles with an object as a center and a
distance between said object and a user position as a radius of said circle or
circles.

8. A method according to one of claims 1 to 7, wherein, if no object within the
definable sub-space matches the at least one predefined characteristic, the sub-
space or sub-spaces being closest to the definable sub-space and/or the sub-
space or sub-spaces with the next height of density of objects is or are iteratively
selected for finding a starting object.

9. A method according to one of claims 1 to 8, wherein, if the minimum set of
objects matching the at least one predefined characteristic is not discovered within
the definable sub-space, the sub-space or sub-spaces being closest to the
definable sub-space and/or the sub-space or sub-spaces with the next height of
density of objects is or are iteratively selected for further discovering.

10. A method according to one of claims 1 to 9, wherein a functional entity is
provided for receiving the geo discovery request by a user, for transmitting the geo
discovery request to a geo discovery service and for sending the query for
gathering object information to the servers.

11. A method according to claim 10, wherein the functional entity is provided in
a cloud or in a user device.

12. A method according to one of claims 1 to 11, wherein the objects are
uniquely identifiable by the servers and/or are characterized by an object type
and/or are characterized by individual geo coordinates.
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13. A method according to one of claims 1 to 12, wherein a geo discovery
service handling the geo discovery request provides only geo spatial information of
objects.

14. A method according to one of claims 1 to 13, wherein the set of objects
comprises a predefined number of objects.

15. A network for discovering a set of objects within a defined geographical
space, preferably for carrying out the method according to any one of claims 1 to
14, wherein the objects match at least one predefined characteristic and wherein
object information regarding the at least one predefined characteristic is provided
by different servers, comprising:

- a discovering device for discovering objects within the defined
geographical space by a geo discovery request based on geographical
coordinates;

- a finding device for finding — from the discovered objects — a starting object
matching the at least one predefined characteristic within a definable sub-space of
the defined geographical space;

- a ranking device for ranking the objects within the definable sub-space by
increasing distance to the starting object within a rank;

- a sending device for sending a query to the servers for gathering object
information regarding the first object in the rank which is located nearest to the
starting object;

- a checking device for checking whether the first object matches the at
least one predefined characteristic;

- a repeating device for repeating the sending and checking steps regarding
the further objects in the rank and according to the ranking of increasing distance,
until a minimum set of objects matching the at least one predefined characteristic
is discovered.
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