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cation messages; at least one mobile tag being location-tracked; and a

control apparatus configured to receive through the communication network infrastructure a message associating said at least one

mobile tag to at least one location tracking node and to m
system further comprises at least one radio beacon node d

ap the location of the mobile tag on the basis of said association. The
Isposable to Improve the coverage of the location tracking system.
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Abstract

This document presents a wireless location tracking
system comprising a plurality of location tracking nodes to
cover an area where the location tracking is to be carried
out, wherein the location tracking nodes are configurable
to form a static communication network infrastructure for
routing communication messages; at least one mobile tag
being location-tracked; and a control apparatus configured
to receive through the communication network
infrastructure a message associating said at least one
mobile tag to at least one location tracking node and to
map the location of the mobile tag on the basis of said
association. The system further comprises at least one
radio beacon node disposable to improve the coverage of
the location tracking system.

(Figure 3)
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Improving Positioning Accuracy of Location Tracking System

Field

The invention relates to the technical field of location tracking
systems.
Background

Prior art teaches several types of location tracking systems. Satellite
based tracking systems, e.g. Global Positioning System (GPS), are probably
the most common location tracking systems. However, their problem is that
they are not suitable for indoor location tracking, because GPS signals do not
penetrate building walls. For indoors location tracking, prior art teaches
systems that utilize a pico network of wireless base stations, and the location
of a given person in the coverage area of the pico network is determined on
the basis of which wireless base station currently serves a personal
communication device of the person. Other prior art systems rely on radio
frequency identification technology or other radic communication technology,
wherein a plurality of nodes disposed throughout an area are used to track
locations of mobile devices.

Brief description

According to an aspect of the present invention, there is provided a
location tracking system as specified in claim 1 and radio beacon node as
specified in claim 10.

Embodiments of the invention are defined in the dependent claims.

List of drawings

Embodiments of the present invention are described below, by way
of example only, with reference to the accompanying drawings, in which

Figure 1 illustrates a layout of an area where location tracking is
carried out;

Figure 2 illustrates a static network infrastructure formed by location
tracking nodes according to an embodiment of the invention;

Figure 3 illustrates the layout of the area where location tracking is
carried out, wherein a plurality of radio beacon nodes have been installed

according to an embodiment of the invention;
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Figure 4 illustrates communication between radio beacon nodes
according to an embodiment of the invention;

Figure 5 illustrates an embodiment of a beacon frame broadcasted
by a radio beacon node;

Figures 6 to 8 Iillustrate embodiments of signalling diagrams for
carrying out the location tracking; and

Figure 9 illustrates a structure of a radio beacon node according to
an embodiment of the invention.

Description of embodiments

The following embodiments are exemplary. Although the
specification may refer to “an”, “one”, or “some” embodiment(s) in several
locations, this does not necessarily mean that each such reference is to the
same embodiment(s), or that the feature only applies to a single embodiment.
Single features of different embodiments may also be combined to provide
other embodiments.

Figure 1 illustrates an exemplary layout of an indoor area to which
embodiments of a location tracking system (LTS) may be applied. The
embodiments are particularly suitable for indoor location tracking, but the
Invention may equally be utilized in outdoor applications. The layout of Figure 1
Hlustrates a number of rooms with doors illustrated by discontinuations in the
room walls, and a hallway providing access from one room to another. People
Inside the building that are being location-tracked are represented by their user
equipment or, as from now on called, mobile tags 120, 122, 124. The mobile

tag 120 to 124 may be an apparatus dedicated to the location tracking but, in
general, the apparatus comprising the mobile tag 120 to 124 may have other
functionalities. For example, the apparatus comprising the mobile tag may be a
cellular phone, a palm computer, or any other portable electronic device. In
some embodiments where the LTS uses Bluetooth communication capability,
the apparatus may be any Bluetooth or Bluetooth Low Energy capable device.
The same analogy applies to radio access schemes other than the Bluetooth.
The location tracking is enabled by disposing a plurality of location
tracking nodes (or LTS nodes) 100 to 112 throughout the area where the
location tracking is to be carried out. The LTS nodes 100 to 112 may be radio
communication devices, each configured to provide a coverage area effectively
defined by transmission power and receiver sensitivity, for example, and the
combined coverage areas of the LTS nodes 100 to 112 may be designed to



10

15

20

25

30

35

CA 02815456 2013-05-09

2120661CA 3

cover the location tracking area. The LTS nodes 100 to 112 may also form a
fixed or static network infrastructure enabling data routing between the nodes
100 to 112 and through the nodes 100 to 112. Figure 2 illustrates an
embodiment of such a network infrastructure. Referring to Figure 2, the
network topology may be a pipeline topology where an arbitrary LTS node
communicates with one or two neighbouring LTS nodes such that the LTS
nodes form a pipelined structure. Other topologies are equally possible but the
topology may be static or at least semi-static to enable reliable data transfer
with low signalling and processing overhead. The LTS nodes 100 to 112 may
be provided with a backup mechanism in preparation for one or more LTS
nodes breaking and falling off from the network. An example of such a
mechanism (s providing an LTS node with an identifier of an auxiliary LTS
node to which the LTS node connects to if it detects that one of its
neighbouring LTS nodes has dropped from the network.

A location tracking apparatus or a module that may be comprised in
a server 202 may be connected to the network of LTS nodes 100 to 112
directly or through a gateway node 200, and the location tracking apparatus
may be configured to maintain locations of tracked objects and control the
location tracking and other features of the LTS. The server 202 and the
location tracking apparatus may be realized by a computer provided with
suitable communication equipment so as to enable a communication
connection with the LTS nodes 100 to 112. The server 202 may be connected
to the gateway node 200 via an Internet Protocol (IP) connection, and the
router may be configured to connect to the fixed network of LTS nodes 100 to
112 through another connection type. The connection in the fixed network of
LTS nodes 100 to 112 may be established by using radio connections
according to a Bluetooth technology, but it should be understood that other
radio communication schemes may be used as well, e.g. IEEE 802.11, radio
frequency identification (RFID), or Zigbee.

The locations of objects are tracked by tracking movement of tags
120 to 124 attached to the objects. As examples of the tags 120 to 124, a user
tag may be carried by a person, and an asset tag may be attached to an asset.
The asset may be any mobile or portable apparatus that is wanted to be
tracked, e.g. a wheelchair, a computer, or expensive Iindustrial testing
equipment. The asset tag may equally be attached to a fixed apparatus, e.g. a
safe, a projector, in order to detect attempted robbery. The different tags 120
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to 124 whose movement and location are tracked may be called generally
mobile tags, although some of the tags 120 to 128 may actually be In a
substantially fixed position. The location tracking may be based on a scheme
where a mobile tag is configured to detect the closest LTS node and to
transmit to the server 202 periodically a message comprising an identifier of
the mobile tag and an identifier of the detected closest LTS node, or a plurality
of detected LTS nodes. The message may be routed through the fixed network
of LTS nodes 100 to 112 to the server 202. As the server 202 1s provided with
information on fixed locations of the LTS nodes 100 to 112, e.g. in a layout of
the area, the server 202 is able to associate the mobile tag with the LTS node
on the basis of the received message and, thus, determine the location of the
mobile tag and the object associated with the mobile tag. In another
embodiment, an LTS node is configured to detect mobile tags in its coverage
area and transmit periodically identifiers of detected mobile tags to the server
202. Similarly, the server 202 may then determine the location of each mobile
tag on the basis of the LTS nodes that have detected the mobile tag. The
detection of the LTS nodes or mobile tags may be based on Bluetooth Low
Energy (BTLE) advertising procedure. The LTS may, however, utilize another
location tracking scheme and/or another communication scheme.

The apparatus carrying out the detection and reporting to the server,
e.g. an LTS node detecting mobile tags or a mobile tag detecting LTS nodes,
may be configured in a detection procedure to report a closest detected
apparatus (as determined by the highest estimated reception power), a
determined number of closest detected apparatuses, or all the detected
apparatuses. The detection may include at least one threshold In the
apparatus reporting the detection, e.g. a LTS node or a mobile tag. The
threshold may be a rapid detection threshold, and a mobile tag may be
configured to estimate a received signal strength indicator (RSSI) or another
metric proportional to a reception power for a signal received from an LTS
node. If the RSSI exceeds the rapid detection threshold, the mobile tag may
instantly link to the LTS node without waiting for further signals from other LTS
nodes. This speeds up the positioning and reduces operations carried out In
the mobile tag, thereby also reducing power consumption. If the RSSI is below
the rapid detection threshold, the mobile tag may be configured to continue the
detection procedure by attempting to detect other LTS nodes and then
collectively transmit to the server a message comprising identifiers of the



10

15

20

25

30

35

CA 02815456 2013-05-09

2120661CA S

detected LTS nodes. The operation is similar when the LTS attempts to detect
the mobile tags and applies the rapid detection threshold. Another example of
the threshold is a discarding threshold, wherein those apparatuses that are
detected but whose RSSI is below the discarding threshold are discarded from
the report. This eliminates reporting and possible positioning to LTS nodes that
are far from the mobile tag.

Figure 2 illustrates examples of routing signals between the
elements of the system according to an embodiment of the present invention.
As already mentioned, the LTS node(s) 100 to 112 may transmit their unique
identifiers (IDs) by utilizing the BTLE advertising messages or other
connectionless means for radio transmitting/broadcasting a unigue identifier
without establishing an actual radio connection. The LTS nodes 100 to 112
may also form the fixed network used for routing messages in the LIS
between the server and the mobile tags 120 to 124 and/or the LTS nodes 100
to 112. The mobile tag(s) 120 to 124 detecting the radio
transmissions/broadcasts of the LTS nodes 100 to 112 may connect to any
one of the LTS nodes and to forward the detected unique identifiers to the
server over the fixed network of LTS nodes configured to route signals through
the network to the server 202. In another embodiment, the mobile tags may
rely on connectionless broadcast transmissions for reporting the detected
identifiers to the nearby LTS nodes that forward the report to the server. The
mobile tag may include its identifier, e.g. a transaction identifier or a device
identifier, in the broadcast message. One or more of the LTS nodes may be
connected to the gateway 200 connected also to a wired network, e.g.
Ethernet, so as to connect to the server. The connection to the wired network
may be realized by providing a router apparatus or a gateway node 200
providing a wireless connection with the fixed network through at least one
LTS node 112 and the wired connection to the server 202. If the server 202 is
located in a remote location, the connection between the fixed network and the
server 202 may be routed through the Internet. The network may be based on
any Bluetooth network technology. Other embodiments may utilize other
communication technologies to implement the network, such as IEEE 802.11x
(WIiF1).

The server 202 may comprise a location tracking apparatus
configured to monitor for the locations of the mobile tags 120 to 124. The
server may additionally comprise a control apparatus or a control module
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configured to control operational parameters of the LTS. The control apparatus
may monitor and control the transmission powers and other communication
parameters, control detection parameters such as the above-mentioned
threshold(s), resolve link failures, etc.

One problem In such a system where the LTS nodes are fixed to
selected locations and form a fixed network topology relates to changing radio
environment. New walls may be built, furniture may be installed, etc. and this
may result in degraded location tracking or even lack of location tracking
coverage in some areas. On the other hand, after the installation of the LTS
system it may be discovered that in some areas the location tracking results in
problematic location tracking, e.g. the mobile tag 122 may become mapped to
the LTS node 102 which is actually quite far away from the mobile tag 122.
Adding new LTS nodes to the system I1s complex, as it requires changes to the
fixed network topology when a new LTS node needs to be added to the
network topology. After all, the problem may be in the positioning accuracy and
not in the routing performance.

An embodiment of the invention provides structurally and
operationally simple positioning devices used dedicatedly for improving the
positioning accuracy without being involved in the static network topology.
Such positioning devices are called radio beacon nodes herein. As a
consequence, the system further comprises at least one radio beacon node
disposable to improve the coverage of the location tracking system without
belonging to the static communication network infrastructure. The at least one
radio beacon node is configured to participate in unidirectional radio

broadcasting with said at least one mobile tag for the location tracking
purposes. In an embodiment, the unidirectional radio broadcasting refers to the

radio beacon node broadcasting a beacon signal comprising a unique identifier
of the radio beacon node. In another embodiment, the unidirectional radio
broadcasting refers to the mobile tags broadcasting a signhal comprising a
unique identifier of the mobile tag and the radio beacon node receiving the
broadcast. The term unidirectional may be considered to mean that the
broadcasted signal is not addressed to any specific recipient or group of
recipients and that the broadcasting is a connectionless transmission.

The control apparatus is further configured to receive through the
static communication network infrastructure of LTS nodes 100 to 112 a
message associating said at least one mobile tag 120 to 124 to said at ieast
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one radio beacon node and to map the location of the mobile tag 120 to 124
on the basis of said association.

In an embodiment, the LTS nodes 100 to 112 are capable of
bidirectional radio communication, while the radio beacon nodes are
configured for only unidirectional communication, e.g. either to broadcast or to
receive. In an embodiment, the LTS nodes 100 to 112 are capable of
establishing bidirectional radio communication connections with other LTS
nodes 100 to 112 and/or with the mobile tags 120 to 124, while the radio
beacon nodes are configured not to establish any connections but to rely on
connectionless broadcast transmission in the transmission and/or reception.

Referring to Figure 3, the radio beacon nodes 300 to 308 may be
installed into locations where the location tracking performance needs to be
Improved. As a consequence, the location tracking performance may be
improved in a simple manner without making changes to the network topology.
All that is needed is to store locations of each radio beacon node 300 to 308 in
the server 202, install the radio beacon node in the corresponding location in
the area, and to switch the radio beacon node on. Each radio beacon node
may be preconfigured with its unique identifier and to start its operation
iIndependently.

In an embodiment, the radio beacon nodes 300 to 308 may form a
beacon network for exchanging operational parameters amongst the radio
beacon nodes 300 to 308. The beacon network may be defined such that each
radio beacon node 300 to 308 scans passively for beacon transmissions of at
least one other radio beacon node and determines operational parameters

from the detected beacon transmissions. Referring to Figure 4, one of the radio
beacon nodes, e.d. a radio beacon node 302, may be a master beacon node

configured to determine the operational parameters and include the
operational parameters in its beacon transmissions. Other radio beacon nodes
300, 306, 308 detecting the beacon transmission of the master beacon node
302 may acquire the operational parameters from the detected beacon
transmission and, additionally, spread the information by including the
operational parameters in their own beacon transmissions. In this manner,
even a radio beacon node 304 not able to detect the beacon transmissions of

the master beacon node Is able to acquire the operational parameters.
In an embodiment, the beacon transmissions of the radio beacon

nodes 300 to 308 are synchronized, and the information on the
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synchronization may be carried out in the beacon transmissions. The
synchronization may be a coarse synchronization in the sense that it is not
essential that every radio beacon node transmits exactly at the same time with
the other nodes. One aspect in synchronizing the beacon transmissions in the
coarse manner is to enable the mobile tags 120 to 124 to enter a sleep mode
between the beacon transmissions and to save battery. In an embodiment, a
radio beacon node scans for beacon transmissions of other radio beacon
nodes and synchronizes its beacon transmission to the detected beacon
transmissions. The radio beacon node may determine beacon transmission
interval from the detected beacon transmissions and adapt its own beacon
transmission interval to the determined beacon transmission interval. In this
manner, no separate control signalling or synchronization commands between
the radio beacon nodes 300 to 308 are necessary. The radio beacon nodes
may determine the beacon transmission timing implicitly from the detected
beacon transmissions.

In an embodiment, the radio beacon nodes 300 to 308 insert
synchronization parameters in the beacon transmissions. Figure 5 illustrates
an embodiment of a beacon frame broadcasted by the radio beacon nodes
300 to 308. The beacon frame may comprise at least an information element
500 carrying the identifier of the transmitter of the beacon frame. This enables
a mobile tag receiving the beacon frame to associate to the correct radio
beacon node.

The beacon frame may additionally comprise an information
element 502 specifying timing of the next resynchronization. Upon
synchronizing its beacon transmission, e.g. by determining the transmission
timing for the beacon transmissions, a radio beacon node may maintain that
timing until the resynchronization timing occurs. The master beacon node 302
may specify a resynchronization interval for the radio beacon nodes 300 to 308
by using the information element 502. The information element 502 may
specify duration to the next resynchronization, i.e. duration for how long the
current transmission timing is valid. A radio beacon node receiving and
analysing the information element 502 maintains its current transmission timing
for as long as the transmission timing is validated. When the validation expires
as determined by the radio beacon node by using its own timer in connection
with previously received information element 502 or by receiving a new
information element 502 specifying that the validation has expired or I1s about
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to expire, the radio beacon node may reacquire the synchronization by
monitoring the beacon transmissions of the other nodes, e.g. the master
beacon node 302. If the radio beacon node does not detect the beacon
transmissions of the master beacon node 302, the radio beacon node may wait
for a predetermined duration after the expiry of the validation to enable
neighbouring radio beacon nodes closer to the master beacon node 302 to
acquire the resynchronization. The radioc beacon node may detect that a
neighbouring radio beacon node has acquired a resynchronization by
analysing the information element 502. If the information element has been
reset, e.g. it has a value that indicates a subsequent resynchronization timing,
the radio beacon node may trigger its own resynchronization procedure.

In some embodiments, the radio beacon nodes 300 to 308 add a

random or pseudo-random delay to their beacon transmissions in order to
reduce mutual interference. In a scenario where the location tracking area is

large and many of the radio beacon nodes rely on the synchronization
spreading functionality by synchronizing to neighbouring non-master beacon
nodes, the added delay may accumulate and delay the transmission timing of
the radio beacon nodes far away from the master beacon node 302. In such a
scenario, the transmission timing may be essentially different between the
master beacon node and such a remote radio beacon node, and their
transmissions are not even coarsely synchronized anymore. Since the radio
beacon nodes are not mutually synchronized, the transmission timings of the
radio beacon nodes expand in a time domain such that there are no distinctive
transmission and non-transmission periods. As a result, the mobile tags can no
longer enter the sleep mode. In order to avoid the accumulation of the delay,
the beacon frame may comprise an information element 504 comprising the
accumulated delay so far. A radio beacon node receiving a beacon frame may
extract the total transmission delay associated with the received beacon frame
from the information element 504, then determine a transmission delay applied
by the radio beacon node, and add the transmission delay to the extracted
total transmission delay. Thus updated total transmission delay value may then
be inserted into the beacon frame transmitted by the radio beacon node at the
transmission timing determined by the radio beacon node through the
synchronization plus the added random or pseudo-random transmission delay.
In this manner, the cumulative effect of the transmission delays is effectively
reduced or even cancelled, and even the radio beacon nodes remote to the
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master beacon node 302 are able to transmit the beacon frames in
substantially synchronized manner, and there exist distinguishable
transmission and non-transmission periods in the beacon transmissions
throughout the system. This increases the duration of the sleep periods of the
mobile tags 120 to 124 and improves battery lifetime.

The beacon frame may further comprise other information elements
506 that carry other information, depending on the design of the location
tracking system.

In an embodiment, at least the master beacon node includes the
above-described Information elements to its beacon transmissions. In an
embodiment, only the master beacon node is configured to include the
information elements In the beacon transmissions, while other radio beacon
nodes to not include them. This embodiment may be used when all the radio
beacon nodes are able to detect the master beacon node. However, in other
embodiments the information spreads in the above-described manner by
configuring all the radio beacon nodes to include the Iinformation element
controlling the synchronization and operational parameters into their beacon
transmissions. This embodiment may be used in arbitrarily large location
tracking systems.

In an embodiment where the LTS nodes 100 to 112 transmit or
broadcast their identifiers and the mobile tags 120 to 124 scan for and detect
the identifiers of the LTS nodes 100 to 112 and the radio beacon nodes 300 to
308, the beacon transmissions of the radio beacon nodes 300 to 308 are
further synchronized with the transmissions of the LTS nodes 100 to 112. In
such embodiments, the radio beacon nodes 300 to 308 may scan for
transmission intervals of the LTS nodes 100 to 112 and adapt their
transmission timings to the transmission intervals of the LTS nodes 100 to 112.
In another embodiment, only the master beacon node 302 may synchronize its
transmission timing to the transmission timing of the LTS nodes 100 to 112,
while the other radio beacon nodes synchronize to the master beacon node
302 in the above-described manner.

The radio beacon nodes 300 to 308 may synchronize only to the
location tracking transmissions of the LTS nodes 100 to 112. For example, If
the LTS nodes transmit a specific location tracking frame for announcing thelr
presence to the mobile tags 120 to 124 and use another type of frames for
routing messages within the static network infrastructure, the radio beacon
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nodes 300 to 308 may synchronize to the transmission timing of the location
tracking frames. Such embodiments may utilize the information elements 502,
504 for specifying a resynchronization interval and the delay added to the
transmitted beacon frames.

Let us now consider with reference to Figures 6 to 8 some
embodiments of the location tracking in the location tracking system
comprising the LTS nodes 100 to 112 forming the static network infrastructure,
the radio beacon nodes 300 to 308 not belonging to the network infrastructure,
and mobile tags 120 to 124 being tracked. Figures 6 to 8 illustrate signalling
diagrams related to associating the mobile tags 120 to 124 with LTS nodes
100 to 112 and/or with the radio beacon nodes 300 to 308 and reporting the
association to the location tracking apparatus so that the location of the mobile
tags 120 to 124 may be mapped to the real location on a map stored in the
location tracking apparatus.

In the embodiment of Figure 6, the mobile tags scan for
transmissions of the LTS nodes and the radio beacon nodes and report the
detected LTS nodes and/or radio beacon nodes to the server. Referring to
Figure 6, a radio beacon node Is configured to determine a transmission timing
of the beacon transmission in block 600. Block 600 may comprise
synchronizing to another radio beacon node, e.g. the master beacon node,
and/or to another LTS node. In block 602, the radio beacon node broadcasts a
beacon frame comprising the identifier of the radio beacon node. |n block 604,
the LTS node transmits a frame comprising the identifier of the LTS node. In
an embodiment where the LTS utilizes the Bluetooth , the frame transmitted by

the LTS node may be a Bluetooth advertising message, for example. The radio
beacon node may also transmit the advertising message or another beacon

frame. The mobile tag may be in a scanning state attempting to detect
advertising message transmissions or, in general, iIn a scanning state
attempting to detect transmissions of the LTS nodes and the radio beacon

nodes.
The mobile tag may carry out the scanning for a determined period

and, then, gather the identifier(s) it has detected during the scanning period
(block 606). The mobile tag may insert the detected identifier(s) and the
identifier of the mobile tag into a report message and transmit the report
message to the server comprising the location tracking apparatus in block 608.
In an embodiment, the mobile tag may additionally estimate a reception power,
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e.g. RSSI, of the detected frames and associate each reception power with the
corresponding identifier. Block 608 may comprise establishing a connection
with at least one LTS node of the static network infrastructure and transmitting
the report message to the LTS node. In another embodiment, block 608
comprises broadcasting the report message and configuring the LTS nodes to
scan for broadcasts of the mobile tags. The mobile tag may include in the
report message its identifier and an information element that the message is
the report message addressed to the server. The LTS node is then configured
to forward the report message towards the server in the network. In an
embodiment, the report message comprises an information element specifying
the server as the recipient of the report message, but in other embodiments
the information element may be omitted, and the LTS nodes may be
configured to route all data packets not received from the direction of the
server towards the server. The server may then determine the destination of
the data packets and process them appropriately.

Upon receiving the report message from the static network
Infrastructure, the location tracking apparatus may extract the transmitter of the
report message (the identifier of the mobile tag) and reported identifiers In
block 610. Then, the location tracking apparatus may compare the reported
identifiers with a map defining locations of the LTS nodes and/or radio beacon
nodes corresponding to the reported identifiers. If the report message
comprises the reception powers associated with the reported identifiers, the
location tracking apparatus may improve the location tracking accuracy by
using the reception power or another signal quality metric, angle-of-arrival

estimation for a received signal, etc. The reception powers may enable more
accurate positioning of the mobile tag to a location between the LTS nodes

and/or the radio beacon nodes, as the reception power or, more accurately,
path loss derivable from the reception power, is proportional to the distance
between a transmitter (an LTS node or a radio beacon node) and a receiver
(the mobile tag).

In the embodiment of Figure 7, the radio beacon nodes 300 to 308
and the mobile tags 120 to 124 transmit the location tracking frames. In this
embodiment, block 600 may comprise synchronisation amongst the radio
beacon frames. Accordingly, the radio beacon nodes may omit the
synchronisation of the transmission of the location tracking frames with the
mobile tags. In block 602, the radio beacon node transmits the beacon frame
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by using the transmission timing determined in block 600. In block 700, the
mobile tag transmits a location tracking message comprising the identifier of
the mobile tag. In block 702, the mobile tag scans for the beacon frames of the
radio beacon nodes and gathers the detected identifiers of the radio beacon
nodes. In block 704, the LTS node scans for location tracking frames
transmitted by mobile tags and gathers mabile tag identifiers extracted from
detected location tracking frames. The location tracking frames may be the
Bluetooth advertising messages, for example. |n block 706, the LTS node
reports the detected mobile tags to the location tracking apparatus by
transmitting the report message through the network Infrastructure. In block
708, the mobile tag transmits a report message comprising the identifiers of
the detected radio beacon nodes to the location tracking apparatus through the
network infrastructure. In block 710, the location tracking apparatus extracts
from the received report messages the LTS nodes and the radio beacon nodes
associated with each mobile tag. The location tracking apparatus may extract
the radio beacon nodes associated with the mobile tag from the report
message received from the mobile tag itself, and it may extract the LTS nodes
associated with the mobile tag from report message(s) received from one or
more LTS nodes. Thereafter, the location tracking procedure may be carried
out as described above.

Figure 8 lllustrates an embodiment where the mobile tags transmit
the location tracking frames and both the LTS nodes and the radio beacon
nodes scan for the location tracking messages. In this embodiment, the radio
beacon nodes may be configured to synchronise to the transmission of the

mobile tags. Furthermore, the transmissions of the mobile tags may be
synchronized in order to enable the radio beacon nodes to enter the sleep
mode between scanning periods. The synchronization may be carried out in
the above-described manner, or the server may control the transmission timing

of the location tracking frames.
Referring to Figure 8, the radio beacon node determines the

scanning timing in block 800, e.g. by monitoring for transmission intervals of
the mobile tags and adapting its scanning periods to the determined
transmission intervals. This embodiment may also comprise resynchronisation
after a determined time interval, e.g. the radio beacon node may maintain its
scanning periodicity until the resynchronisation. The scanning timing may
comprise guard periods before and after the determined transmission timing of
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the location tracking frames such that the probability of not sleeping during the
transmission timing is reduced. In block 802, the mobile tag transmits the
location tracking message comprising its identifier. In block 804, the radio
beacon node gathers the identifiers of mobile tags detected during one or
more scanning intervais. In block 806, the LTS node gathers the detected
identifiers of mobile tags and reports them to the location tracking apparatus in
block 808. In block 810, the radio beacon node establishes a connection with
an LTS node of the static network infrastructure and transmits a report
message comprising the gathered identifiers of the mobile tags to the location
tracking apparatus through the static network infrastructure. In another
embodiment, block 810 comprises the radio beacon node broadcasting the
report message and configuring the LTS nodes to scan for broadcasts of the
radio beacon nodes. The radio beacon node may include in the report
message its identifier and an information element that the message is the
report message addressed to the server. In block 812, the location tracking
apparatus receives the report messages and determines the radio beacon
nodes and/or the LTS nodes with which each mobile tag is associated.

Figure 9 illustrates a block diagram of an embodiment of a structure
of the radio beacon node 300 to 308. The radio beacon node may be Installed
to a wall, ceiling, or to any other fixed or substantially fixed structure such that
the location of the radio beacon node will be static. The radio beacon node
may comprise a casing and a fixing mechanism used for attaching the radio
beacon node to the fixed structure. The radio beacon node may further
comprise radio interface components 62 providing the radio beacon node with

radio communication capabilities. The radio interface components 62 may
comprise standard well-known components such as an amplifier, filter,

frequency-converter, (de)modulator, and encoder/decoder circuitries and one
or more antennas.

The radio beacon node may comprise in the casing a
communication control circuitry 50 configured to control the transmission
and/or reception of the radio beacon node. The communication control circuitry
50 may support Bluetooth communication technology, for example. The
communication control circuitry may comprise a transmission control circuitry
58 configured to form messages for the transmission and to carry out the
transmission through the radio interface components 62. The transmission
control circuitry 58 may be configured to determine the transmission timing of
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the beacon frames in the above-described manner and to insert into the
beacon frames the necessary information elements. Furthermore, in some
embodiments the transmission control circuitry 58 may be configured to
acquire identifiers of mobile tags detected during one or more scanning
periods and to insert the identifiers of the detected mobile tags into the report
message together with the identifier of the radio beacon node, connect to an
LTS node, and transmit the report message to the server through the network
iInfrastructure of the LTS nodes. The detection of the LTS nodes may be based
on the LTS nodes transmitting a message comprising an information element
that indicates that the transmitter of the message belongs to a category of LTS
nodes. Similarly, the transmission control circuitry 58 may insert into the
beacon frames an information element specifying a category of radio beacon
nodes, thus distinguishing the radio beacon node from the LTS nodes.

The communication control circuitry 50 may further comprise a
reception control circuitry 54 configured to carry out processing of received
messages, e.g. the beacon frames of other radio beacon nodes and/or the
location tracking messages from the mobile tags. The reception control
circuitry 54 may be configured to extract contents of the beacon frames
received from other radio beacon nodes and/ or LTS nodes and output them to
a synchronisation circuitry 52, and to extract contents of the location tracking
messages received from the mobile tags and output them to a tag detector
circuitry 56. The synchronisation circuitry 52 may be configured to determine
the reception timing and/or periodicity of the beacon frames and the additional
delay added to the beacon frames by the other radio beacon nodes
(information element 504). Then, the synchronisation circuitry may determine
the transmission timing for the beacon frames and Instruct the fransmission
control circuitry 58 to apply the determined transmission timing to the
transmitted beacon frames. The synchronisation circuitry 52 may further
monitor for the validity of the current synchronisation by monitoring the
information element 52 of the received beacon frames and to carry out a
resynchronisation when the validity expires.

The tag detector circuitry 56 may be configured to gather the

identifiers of the detected mobile tags and to input the gathered identifiers to
the transmission control circuitry 58 in order to transmit the report message to

the server.
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The radio beacon node may further comprise a memory unit 60
storing the operational parameters of the radio beacon node and computer
program products configuring the operation of the radio beacon node. The
radio beacon node may further comprise a batter 64 providing the
communication control circuitry 50 and the radio interface components 62 with
power supply.

As used in this application, the term ‘circuitry’ refers to all of the
following: (a) hardware-only circuit implementations, such as implementations
in only analog and/or digital circuitry, and (b) to combinations of circuits and
software (and/or firmware), such as (as applicable): (i) a combination of
processor(s) or (i) portions of processor(s)/software including digital signal
processor(s), software, and memory(ies) that work together to cause an
apparatus to perform various functions, and (c¢) to circuits, such as a
microprocessor(s) or a portion of a microprocessor(s), that require software or
firmware for operation, even If the software or firmware is not physically
present. This definition of ‘circuitry’ applies to all uses of this term in this
application. As a further example, as used in this application, the term
“circuitry” would also cover an implementation of merely a processor (or
multiple processors) or portion of a processor and its (or their) accompanying
software and/or firmware. The term “circuitry” would also cover, for example
and if applicable to the particular element, a baseband integrated circuit or
applications processor integrated circuit for a mobile phone or a similar
integrated circuit in server, a cellular network device, or other network device.

The processes or methods described in connection with Figures 2 to
7/ may also be carried out in the form of a computer process defined by a
computer program. The computer program may be in source code form, object
code form, or in some intermediate form, and it may be stored in some sort of
carrier, which may be any entity or device capable of carrying the program.
Such carriers include a record medium, computer memory, read-only memory,
electrical carrier signal, telecommunications signal, and software distribution
package, for example. Depending on the processing power needed, the
computer program may be executed in a single electronic digital processing
unit or it may be distributed amongst a number of processing units. As the
present invention comprises features in the location tracking apparatus, the
access control apparatus, and the mobile tag, each apparatus may be
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provided with a processor configured by a separate computer program
product.

It will be obvious to a person skilled In the art that, as technology
advances, the inventive concept can be implemented in various ways. The
iInvention and its embodiments are not limited to the examples described
above but may vary within the scope of the claims.
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Claims

1. A system for tracking location, comprising:

a plurality of location tracking nodes to cover an area where the
location tracking is to be carried out, wherein the location tracking nodes are
configurable to form a static communication network infrastructure for routing
communication messages;

at least one mobile tag configured to communicate with at least one
of said plurality of location tracking nodes at a time for location tracking
purposes; ana

a control apparatus configured to receive through the
communication network infrastructure a message associating said at least one
mobile tag to at least one location tracking node and to map the location of the
mobile tag on the basis of said association,

characterized Iin that the system further comprises at least
one radio beacon node disposable to improve the coverage of the location
tracking system without belonging to the static communication network
Infrastructure, wherein the at least one radio beacon node is configured to
participate in unidirectional radio broadcasting with said at least one mobile tag
for the location tracking purposes, and

wherein the control apparatus is further configured to receive
through the communication network infrastructure a message associating said
at least one mobile tag to said at least one radio beacon node and to map the
location of the mobile tag on the basis of said association.

2. The system of claim 1, wherein the at least one radio beacon
node is configured to broadcast a beacon frame comprising a unique identifier
of the radio beacon node, and wherein the at least one mobile tag is
configured to receive the broadcast and to transmit the unique identifier to the
control apparatus through the communication network infrastructure.

3. The system of claim 1 or 2, wherein the system comprises a
plurality of radio beacon nodes, and wherein the broadcasting is synchronized
between the radio beacon nodes by configuring a radio beacon node to scan
for transmissions of other radio beacon nodes and/or location tracking nodes
and to synchronize its radio broadcasting to detected transmissions.

4. The system of claim 3, wherein one of the radio beacon nodes is
a master node, and wherein the broadcasting is synchronized to the
transmissions of the master node.
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5. The system of claim 4, wherein resynchronization is controlled by
the master node such that the master node is configured to transmit broadcast
messages comprising an information element specifying a time duration to
next resynchronization, and wherein the radio beacon nodes are configured to
use a previously determined transmission timing until the resynchronization
derived from received broadcast messages.

6. The system of any preceding claim 3 to 5, wherein each radio
beacon node is configured to add a random or pseudo-random delay to its
broadcast transmissions and to insert into its beacon frames an information
element specifying the added delay, and wherein each radio beacon node
receiving a beacon frame from another radio beacon node is configured to
determine the added delay from the received beacon frame, to reduce the
added delay from a timing of the received beacon frame, and to synchronize its
broadcast transmissions to the timing from which the added delay has been
reduced.

/. The system of claim 1, wherein the at least one radio beacon
node Is configured to scan passively for transmissions of said at least one
mobile tag, to acquire a unique identifler of a mobile tag from a detected
transmission, and to transmit the unique identifier to the control apparatus
through the communication network infrastructure.

8. The system of claim 7, wherein the at least one radio beacon
node Is further configured to intermittently connect to the static network
infrastructure and report to the control apparatus the unique identifiers of
detected mobile tags.

9. The system of claim 7 or 8, wherein the transmissions of the at
least one mobile tag i1s synchronized, and wherein the at least one radio

beacon is configured to determine a transmission timing of the at least one
mobile tag, to activate the at least one radio beacon to scan for mobile tag
transmissions during the determined transmission timing, and to deactivate the
at least one radio beacon between consecutive transmission timings of the at
least one mobile tag.

10. A radio beacon node for a location tracking system comprising a
plurality of location tracking nodes to cover an area where the location tracking
Is to be carried out, wherein the location tracking nodes are configurable to
form a static communication network infrastructure for routing communication

messages, at least one mobile tag configured to communicate with at least one
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of said plurality of location tracking nodes at a time for location tracking

purposes, and a control apparatus configured to receive through the

communication network infrastructure a message associating said at least one

mobile tag to at least one location tracking node and to map the location of the

mobile tag on the basis of said association, the radio beacon node comprising:
at least one processor; and

at least one memory including a computer program code,
characterized in that the at least one memory and the computer
program code are configured, with the at least one processor, to cause the
radio beacon node to participate in unidirectional radio broadcasting with said
at least one mobile tag for the location tracking purposes.

11. The radio beacon node of claim 10, wherein the at least one
memory and the computer program code are configured, with the at least one
processor, to cause the radio beacon node to transmit a beacon frame
comprising a unique identifier for the location tracking purposes.

12. The radio beacon node of claim 11, wherein the at least one
memory and the computer program code are configured, with the at least one
processor, cause the radio beacon node to determine transmission timing of at
least one other radio beacon node and to synchronise the transmission of the
beacon frame to the determined transmission timing.

13. The radio beacon node of claim 11 or 12, wherein the at least
one memory and the computer program code are configured, with the at least
one processor, to cause the radio beacon node to receive a beacon frame
from another radio beacon node, to determine a random or pseudo-random

delay added to the received beacon frame from an information element
comprised in the received beacon frame, to reduce the added delay from a

timing of the received broadcast message, and to synchronize its broadcast
transmissions to the timing from which the added delay has been reduced.

14. The radio beacon node of claim 10, wherein the at least one
memory and the computer program code are configured, with the at least one
processor, to cause the radio beacon node to scan passively for transmissions
of said at least one mobile tag, to acquire a unique identifier of a mobile tag
from a detected transmission, to connect to at least one location tracking node,
and to transmit the unique identifier to the control apparatus through the

communication network infrastructure.
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