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Positioning Devices

Field Of The Invention
This invention relates to positioning devices.

Background
There are a number of known techniques for determining the position of an

apparatus using radio frequency signals. Some popular techniques relate to use

of the Global Positioning System (GPS), in which multiple satellites orbiting

Earth transmit radio frequency signals that enable a GPS receiver to determine

its position. However, GPS is often not very effective in determining an accurate

position indoors.

Some non-GPS positioning techniques enable an apparatus to determine its

position indoors. However, many of these techniques do not result in an

accurate position being determined, and others suffer from other disadvantages.

An indoor positioning system using positioning receivers that calculate a bearing

from which signals are received has been proposed and is described in

WO2012/042315 and some other publications.

Summary Of The Invention
A first aspect of the invention provides a method comprising:

receiving a signal constituting a positioning packet at a positioning

device;

processing the signal by:

demodulating a header of the positioning packet from the signal;

extracting an identifier from the header of the positioning packet;

part processing samples of the signals; and

forming a message from the part-processed samples;

in response to receiving the signal, deactivating a receiver circuit of the

positioning device for a period of time, the period of time constituting a sum of a

time taken by the positioning device to process the signal and a preconfigured or

random delay time; and



activating the receiver circuit of the positioning device immediately

subsequent the period of time.

The delay time may be a preconfigured delay time. The delay time of a receiver

circuit in a second positioning device may be different to that of the first

positioning device. The preconfigured delay time may be transmitted to the

positioning device after installation.

The preconfigured delay time may be programmed into the positioning device

during manufacture or initial configuration.

The delay time may be in whole or in part a random delay time. Here, the delay

time may be a random delay time that is less than 10 milliseconds, optionally

less than 5 milliseconds.

The signals received at each of at least three antenna elements forming part of

the positioning device may be Bluetooth low energy signals.

Processing may further comprise transmitting the message. Processing may

further comprise transmitting the complex signal parameters and the identifier

to a position calculating device.

Part processing may comprise determining a bearing of the transmitting device

from the positioning device.

The invention also comprises a computer program comprising machine readable

instructions that when executed by computing apparatus control it to perform

the method of any preceding claim.

A second aspect of the invention provides apparatus comprising:

a receiver configured to receive a signal constituting a positioning packet

at a positioning device;

a processing arrangement configured to process the signal by:

demodulating a header of the positioning packet from the signal;

extracting an identifier from the header of the positioning packet;



part processing samples of the signals; and

forming a message from the part-processed samples;

a deactivating arrangement configured, in response to receiving the

signal, to deactivate a receiver circuit of the positioning device for a period of

time, the period of time constituting a sum of a time taken by the positioning

device to process the signal and a preconfigured or random delay time; and

an activating arrangement configured to activate the receiver circuit of the

positioning device immediately subsequent the period of time.

The delay time may be a preconfigured delay time. The delay time of a receiver

circuit in a second positioning device may be different to that of the first

positioning device.

The preconfigured delay time may be transmitted to the positioning device after

installation.

The preconfigured delay time may be programmed into the positioning device

during manufacture or initial configuration.

The delay time may be in whole or in part a random delay time.

The delay time may be a random delay time that may be less than 10

milliseconds, optionally less than 5 milliseconds.

The signals received at each of at least three antenna elements forming part of

the positioning device are Bluetooth low energy signals.

The processing arrangement may comprise a transmitter arrangement

configured to transmit the message.

The processing arrangement may comprise a transmitter arrangement

configured to transmit the complex signal parameters and the identifier to a

position calculating device.



The processing arrangement may be configured to part process the signals by

determining a bearing of the transmitting device from the positioning device.

A third aspect of the invention provides apparatus comprising at least one

processor and at least one memory including computer program code, the at

least one memory and the computer program code configured to, with the at

least one processor, cause the apparatus at least to perform:

receiving a signal constituting a positioning packet at a positioning

device;

processing the signal by:

demodulating a header of the positioning packet from the signal;

extracting an identifier from the header of the positioning packet;

part processing samples of the signals; and

forming a message from the part-processed samples;

in response to receiving the signal, deactivating a receiver circuit of the

positioning device for a period of time, the period of time constituting a sum of a

time taken by the positioning device to process the signal and a preconfigured or

random delay time; and

activating the receiver circuit of the positioning device immediately

subsequent the period of time.

A fourth aspect of the invention provides a computer readable medium having

stored thereon machine readable instructions that when executed by computing

apparatus of a positioning device control it to perform a method comprising:

receiving a signal constituting a positioning packet at the positioning

device;

processing the signal by:

demodulating a header of the positioning packet from the signal;

extracting an identifier from the header of the positioning packet;

part processing samples of the signals; and

forming a message from the part-processed samples;

in response to receiving the signal, deactivating a receiver circuit of the

positioning device for a period of time, the period of time constituting a sum of a

time taken by the positioning device to process the signal and a preconfigured or

random delay time; and



activating the receiver circuit of the positioning device immediately

subsequent the period of time.

Brief Description Of The Drawings
For a better understanding of various embodiments of the present invention

reference will now be made by way of example only to the accompanying

drawings in which:

Figure ι illustrates an apparatus according to aspects of the invention receiving

radio signals from a transmitter;

Figure 2 is a schematic diagram of a receiver apparatus according to aspects of

the invention [we are expecting a replacement for this figure, with the chipsets

clearly defined];

Figure 3 is a schematic diagram of a controller apparatus according to aspects of

the invention [this may be changed];

Figure 4 is a flow chart illustrating operation of the Figure 2 receiver apparatus

according to aspects of the invention; and

Figure 5 is a timing diagram of operation of different ones of the Figure 2

receiver.

Detailed Description Of Embodiments Of The Invention
Figure 1illustrates a person 92 (carrying a mobile radio communications

apparatus 10) at a position 95 on a floor 100 of a building 94. The building 94

could be, for example, a shopping centre or a conference centre.

A base station receiver apparatus 30 is positioned at a location 80 of the building

94. In the illustrated example, the location 80 is on the ceiling of the building

94 (i.e. the overhead interior surface) but in other implementations the receiver

may be placed elsewhere, such as on a wall or within an under-floor cavity. For

reasons that will become apparent, the base station receiver apparatus 30 can be

termed a positioning receiver.

The location 80 is directly above the point denoted with the reference numeral

70 on the floor 100 of the building. The receiver apparatus 30 is for enabling the

position of the mobile apparatus 10 to be determined, although that is not

necessarily the only function provided by the receiver apparatus 30. For



example, the receiver apparatus 30 may be part of a transceiver for providing

wireless internet access to users of mobile apparatuses 10, for example, via

Bluetooth Low Energy (BT LE) protocol signals or wireless local area network

(WLAN) radio signals.

Briefly, the mobile device 10 transmits signals in the form of positioning packets

which are received at the base station receiver apparatus 30. The mobile device

10 is operable to transmit radio signals that are receivable by the base station 30,

for instance Bluetooth Low Energy protocol signals. The base station receiver

apparatus 30 takes I and Q samples, and transmits them to a bearing calculation

apparatus for processing.

The bearing calculation apparatus may be the mobile device 10, a server

apparatus (not shown) that is separate from the mobile device 10, or by another

base station receiver apparatus 30, for instance. The bearing calculation

apparatus then uses the received samples to estimate a bearing of the mobile

device 10 from the base station receiver apparatus 30. From the bearing, the

bearing calculation apparatus may calculate the location of the mobile device 10.

Bearings from the mobile device 10 to plural base station receiver apparatuses

30 can be used to improve the accuracy of the location determination.

Alternatively, a mobile tag other than the mobile device 10 may transmit signals

which are received by the base station receiver apparatus 30, and the bearing

calculation apparatus may use I and Q samples of these signals to calculate a

bearing of the mobile tag from the base station receiver apparatus 30. Here, the

mobile tag 10 may be absent of a receiver. A mobile tag is absent of voice

communication capability, and may also be absent of a display and audio

transducers.

The position 95 of the person 92 is defined by specifying a position along a

bearing 82 which runs from the location 80 of the receiver apparatus 30 through

the location 95 of the mobile apparatus 10. The bearing 82 is defined by an

elevation angle Θ and an azimuth angle φ .



The mobile apparatus 10 may, for example, be a hand portable electronic device

such as a mobile radiotelephone. The mobile apparatus 10 may transmit radio

signals 50 periodically as beacons.

The radio signals may, for example, have a transmission range of 100 meters or

less. For example, the radio signals may be 802.11 wireless local area network

(WLAN) signals, Bluetooth signals, Ultra wideband (UWB) signals or Zigbee

signals.

Figure 2 schematically illustrates one example of the base station receiver

apparatus 30. The receiver apparatus 30 comprises an antenna array 36

comprising a plurality of antenna elements 32A, 32B, 32C which receive

respective radio signals 50A, 50B, 50C transmitted from the mobile apparatus

10. Although three antenna elements are shown, three is the minimum and the

embodiments described here may include more.

Each of the plurality of antenna elements 32A, 32B, 32C is connected to a switch

19, which is controllable by a controller 3 1 as described below. The switch 19 is

controlled so that only one of the antenna elements 32A, 32B, 32C is connected

to an amplifier 21, such as a low noise amplifier or LNA, at a given time. The

output of the amplifier 2 1 is received at a mixer arrangement 22. This is

provided with in-phase (I) and quadrature (Q) signals by an arrangement of a

local oscillator 23, which may be analogue or digital, and a 900 phase shifter 24.

A sampler 25 is configured to receive I and Q output signals from the mixer

arrangement and take digital samples thereof. The sampler 25 may take any

suitable form, for instance including two analogue to digital converter (ADC)

channels, one for the I channel and one for the Q channel. The effect of the

mixer arrangement 24 and the sampler 25 is to downconvert the received signals

and to provide digital I and Q samples of the downmixed signals.

The sampler 25 is coupled to a controller 31. The controller 3 1 will now be

discussed with reference to Figure 3.

The controller 3 1 is configured to control the other components of the base

station apparatus 30. The controller may take any suitable form. For instance,



it may comprise processing circuitry 40, including one or more processors, and a

suitable storage device 33, comprising a single memory unit or a plurality of

memory units. The storage device 33 may comprise memory units of different

types. The storage device 33 may store computer program instructions 34 that,

when loaded into processing circuitry 40, control the operation of the base

station 30. The computer program instructions 34 may provide the logic and

routines that enables the apparatus to perform the functionality described above.

The computer program instructions 34 may arrive at the apparatus 30 via an

electromagnetic carrier signal or be copied from a physical entity such as a

computer program product, a memory device or a record medium such as a CD-

ROM or DVD.

The processing circuitry 40 may be any type of processing circuitry. For

example, the processing circuitry 40 may be a programmable processor that

interprets computer program instructions 34 and processes data. The processing

circuitry 40 may include plural programmable processors. Alternatively, the

processing circuitry 40 may be, for example, programmable hardware with

embedded firmware. The processing circuitry 40 may be a single integrated

circuit or a set of integrated circuits (i.e. a chipset). The processing circuitry 40

may also be a hardwired, application-specific integrated circuit (ASIC). The

processing circuitry may be termed processing means.

The processing circuitry 40 is connected to write to and read from the storage

device 33. The storage device 33 may be a single memory unit or a plurality of

memory units. The storage device 33 may consist of portions of non-volatile

storage and volatile storage such as RAM, ROM or FLASH or the like. The

memory 33 may be implemented as a component, or it may be implemented as

one or more separate components. Some or all of the components may be

integrated/removable and/or may provide permanent/semi-permanent/

dynamic/cached storage.

The controller 3 1 operates to control the switch 19 to connect the antenna

elements 32A, 32B, 32C to the amplifier 2 1 in turn. The controller 3 1 controls

the switch 19 to connect one of the antenna elements 32A, 32B, 32C to the Low

Noise Amplifier (LNA) 2 1 for the duration of transmission of the header of a



packet transmitted by the mobile device 10. After the header has been received,

the controller 3 1 controls the switch 19 to connect a different one of the antenna

elements 32A, 32B, 32C to the LNA 2 1 in a sequence. The interval between

successive switching of the switch 19 is approximately equal to the symbol rate

used in the payload of the transmitted packets.

An output of the controller 3 1 is provided to both a demodulator 26 and a

message former 27. The demodulator 26 is configured to demodulate data

modulated onto signals received by the antenna elements 32A, 32B, 32C and

extract therefrom an identifier relating to a mobile tag that transmitted the

received signals. This identifier is provided to the message former 27.

The controller 3 1 further comprises a time reference 41, for instance a clock.

The controller 3 1 further operates to control a Power Management Unit (PMU)

39, which is external to the controller.

The PMU 39 is coupled selectively to provide electrical power to the receiver

circuit 37. The receiver circuit 37 comprises the switch 19, the LNA 21, the mixer

22, the sampler 25, the oscillator 23, and the phase shifter 24.

The PMU 39 is further coupled selectively to provide electrical power to at least

the message former 27.

The PMU 39 comprises an internal switching circuit. The PMU 39 is configured

to provide power to particular devices when instructed to do so by the controller

31·

The base station 30 may be coupled to the server (not shown) via an Ethernet

cable. The base station 30 here may be powered by power-over-Ethernet.

In this embodiment, the controller 3 1 comprises a random number generator 38.

The random number generator 38 is configured to generate an integer at random

to be used by the processing circuitry 40. The processing circuitry 40 is

configured to use the random number to generate a delay time, as follows:



Td = NxL p

where Lp is the length of one positioning packet, for example 0.3 milliseconds. N

is the random integer. The random integer is in the range o milliseconds to

, where dmax is the maximum delay time. The maximum delay time

is typically 5 milliseconds, where 5 milliseconds is equivalent to the time it takes

to process a positioning packet.

The message former 27 may be integrated within the controller 31.

The message former 27 is configured to generate a message comprising I and Q

samples of the downconverted signals from each of the antenna elements 32A,

32B, 32C and the identifier. The message is then passed to a transmitter 28,

from where it is transmitted. The transmitter is incorporated within an Ethernet

integrated circuit (chip) 29. The message may be transmitted via an Ethernet

cable, to a central server for instance.

Alternatively the message may be transmitted wirelessly, for instance using radio

signals. The radio signals may have a transmission range of 100 meters or less.

For example, the radio frequency signals may be 802.11 wireless local area

network (WLAN) signals, Bluetooth or Bluetooth Low Energy signals, Ultra

wideband (UWB) signals or Zigbee signals. Here, the message may transmitted

(e.g. broadcast) such that it can be received directly by the mobile telephone 10.

Alternatively, the message may be transmitted or broadcast such that it can be

received by a server (not shown). The server can be configured to perform the

step of calculating a bearing from the base station 30 to the mobile device 10,

and calculating the location of the mobile device.

However it is communicated, the message may be relayed by a device, for

instance another base station receiver apparatus 30, before it reaches the

destination of the mobile station 10 or the server.

The message may include plural positioning packets, each including a header

and a payload. The headers of the packets include an identifier relating to and



identifying the base station receiver apparatus 30. The payloads include the I

and Q samples and the identifier demodulated from the signals received by the

base station receiver apparatus 30. The I and Q samples and identifier relating

to one signal received at the base station receiver apparatus 30 may be included

in one positioning packet, or split across multiple positioning packets. One

positioning packet may include I and Q samples and identifiers relating to two or

more signals received at the base station receiver apparatus 30, although

advantageously each packet relates to only one signal.

In a prototype system constructed by the inventors, sixteen antenna elements

32A are used. In this system, each antenna element is sampled twice although

one antenna element (a reference element) is sampled more frequently.

Performing three measurements results in 104 samples which, with one byte for

each I and Q sample, totals 208 bytes of data. These bytes are included in the

message.

The I and Q samples constitute complex signal parameters in that the I and Q

samples together define parameters of a complex signal.

Instead of transmitting 'raw' I and Q samples, the controller 3 1 may process the I

and Q samples to provide other complex signal parameters relating to the

received signals, from which bearing calculation can be performed. For

instance, the controller 3 1 may provide averaging of the I and Q samples in the

angle/phase domain before converting the averages back to the I and Q domain

(one sample for each antenna) and providing the averaged samples as complex

signal parameters. Alternatively, the controller 3 1 may calculate amplitude

and/or phase information from the I and Q samples, and provide the amplitude,

phase or phase and amplitude information as complex signal parameters

Whatever form is taken by the complex signal parameters, they are included in a

message as described above.

Figure 4 is a flow chart illustrating operation of the receiver apparatus 30

according to aspects of the invention.



The receiver circuit 37 is activated in step 200. Sometime thereafter, a mobile

device 10 transmits a positioning packet, which is incident on the base station

receiver 30. The positioning packet includes a header and a payload. The

header is received and decoded. This utilises only one of the antenna elements

32A-C. Sampling of the payload to obtain I and Q samples from different

antenna elements 32A-C involves switching the switch 19 between the antenna

elements 32A-C in sequence.

In step 202, a first sample of the positioning packet payload is taken using a first

antenna element 32A. At step 208, it is determined whether all the necessary

samples have been made. This step only produces a positive result when all the

antenna elements have been sampled at least twice. On a negative result, the

method proceeds to step 204. Here, the controller 3 1 operates to control the

switch 19 to connect a different one of the antenna elements 32A-C to the LNA

21. After step 204, the method returns to step 202, where a further sample of

the positioning packet payload is taken. This time, a second antenna element

32B is used because switching has taken place.

The method remains in a loop of steps 202 and 204 until step 208 yields a

positive result. In the loop, the at least three antenna elements 32A, 32B, 32C

are controlled to be connected by the switch 19 to the LNA 2 1 in turn. The

controller 3 1 controls the switch 19 to connect a different one of the antenna

elements 32A, 32B, 32C to the LNA 2 1 in any suitable sequence. The interval

between successive switching of the switch 19 is approximately equal to the

symbol rate used in the payload of the transmitted packets.

Once step 208 yields a positive determination, the receiver circuit 37 is

deactivated in step 210. This involves the controller 3 1 controlling the PMU 39 to

cease providing electrical power to the receiver circuit 37. Then, in step 212 the

positioning packet is processed. Processing comprises transferring the I and Q

samples from the chip comprising the analogue to digital converter to the

Ethernet chip 29, and then for transferring that packet out. Processing also

comprises message forming using the message former 27. Processing may also

comprise the bearing calculation or beamforming.



Once the processing of step 212 is complete, the receiver circuit 37 is controlled

by the controller 31, through the PMU 39, to remain off or deactivated for a

further period of time. This period of time is referred to herein as the delay

time. The delay time may be randomly or pseudo-randomly generated, or it may

be a predetermined delay time. The delay time is typically between o and 5

milliseconds.

After the delay time has passed, in the controller 3 1 reactivates the receiver

circuit 37 in step 200. This is effected by the controller controlling the PMU 39

to provide electrical power to the receiver circuit 37.

In embodiments in which the delay time is be randomly or pseudo-randomly

generated, the value for the delay time is provided by the time generator 38.

In embodiments in which the delay time is predetermined, the controller 3 1 may

not have a random time generator 38 but has a fixed delay time pr e

programmed, for instance by being stored in the memory 33. The fixed delay

time may be different for every base station apparatus 30. The fixed delay time

may be preconfigured by the device manufacturer. Alternatively, the fixed delay

time may be transmitted to the base station apparatus 30 after installation.

Transmission of the fixed delay time to the base station apparatus 30 after

installation may occur when the base station apparatus 30 is first initialised or

following power-up, for instance.

Figure 5 shows graphically the effect of the implementation of the method of

Figure 4.

Individual positioning packets 400a-e, 402a-e, 4o6a-e, and 4o8a-e are

transmitted at intervals by the mobile devices 10. Each collection of positioning

packets e.g. 400a-e represent individual mobile devices 10. Each mobile device

10 may transmit positioning packets at regular intervals or at intervals that are

not strictly regular. Intervals 410, 412, 414, and 416 are the periods of time in

which the base station 30 receiver circuits 37 are switched off. Intervals 410 and

414 represent a first base station, and intervals 412 and 416 represent a second

base station. The positioning packets are only received by the base station 30



when it is switched on. It takes a finite period of time to receive a positioning

packet 400a. If a second positioning packet is incident on the antenna elements

whilst the first positioning packet is being received, a collision will occur and the

first positioning packet will be discarded.

The positioning packet 400a immediately prior to each period of deactivation

410, 412, 414, 416 is the positioning packet that has been received and will be

subsequently processed by the base station 30. Once the positioning packet

400a is received, the base station 30 receiver circuit 37 is switched off. For

example, in the no additional delay example it can be seen that positioning

packets 402a-e are never received by a base station 30.

In the no additional delay example shown at the top of the Figure, first and

second base stations BSi and BS2 are located nearby to one another. The base

station 30 receiver circuit 37 receive the same positioning packet and then are

switched off for the amount of time it takes to process the positioning packet

payload. The base stations 30 then wake up at the same time, and thus receive

the same positioning packets. Significantly, they also both miss the same

positioning packets (packets are missed if they are transmitted whilst the base

stations are processing another positioning packet). The no additional delay

example shown at the top of the Figure is not part of the invention. The example

shown at the bottom of the Figure is part of the invention. The no additional

delay example is provided purely as a comparison against examples, including

that at the bottom of the Figure, that are within the scope of the invention.

In the illustrated example that is part of the present invention, the base station

30 receiver circuits 37 are switched off for the amount of time it takes to process

the positioning packet payload and a further delay time. As a result of this

further delay time, all positioning packets 400a-e - 4o8a-e are received by one

of the two base stations 30. As such, positioning information can be calculated

for each of the mobile devices 10. This is a result of the adding of the further

delay time before switching on the receiver circuits 37. Particularly, this is a

result of adding a delay that is different or likely to be different for neighbouring

base stations 30.



In some embodiments, the delay time is random, which ensures that the delay

time is different for neighbouring base stations almost every time. In other

embodiments the delay time is preprogrammed in each base station 30. By

ensuring that neighbouring base stations are preprogrammed with different

delay times, it can be assured that neighbouring base stations will power up after

receiving a given positioning packet at different times. In other embodiments,

the delay time has a component that is preprogrammed and a component that is

random. This helps to ensure different delay times for neighbouring base

stations 30.

Of course, different delay times result in different power up times if the

processing period is the same for different base stations (any difference in the

time at which a positioning packet starts to be received is negligible).

An alternative solution to the problem of ensuring that positioning packets are

received could be provided by providing more sophisticated hardware in the base

stations. However, there is considerable advantage in allowing base stations 30

to be constructed with relatively basic hardware. As well as providing a lower

implementation cost for a given installation, it also provides the possibility of

increasing the number of base stations in an installation, thus increasing

positioning accuracy or reducing time to a position fix, for a given cost. The base

station hardware described with reference to Figure 2 can be provided at very

low cost.

Various alternatives and variations are conceivable and all such variations and

alternatives are within the scope of the invention unless outside the scope of the

claims. Some such alternatives will now be described.

For instance, in other embodiments, the receiver circuit 37 is not switched off

during the processing period and the delay period. In these embodiments, newly

received positioning packets are ignored by the processor such that the packets

currently being processed are not overwritten in memory. For instance, in these

other embodiments, the ADC 25 may be disabled or a memory controller (not

shown) may be configured not to record samples provided by the ADC. These



embodiments comprise deactivation of the receiver circuit 37 without requiring

it to power down.

To paraphrase, the method above comprises receiving a data packet at a

positioning device. The packet is begun to be received at step 200 of Figure 4.

Upon receiving the data packet, a receiver circuit of the positioning device is

deactivated for a period of time at step 210, the period of time constituting a sum

of a time taken by the positioning device to process the data packet and a

preconfigured or random delay time. The delay time is applied in step 214. The

packet is processed according to step 212 by: obtaining complex signal

parameters of signals received at each of at least three antenna elements forming

part of the positioning device, and extracting an identifier from the data packet.

Obtaining complex signal parameters is multiple executions of step 202. The

receiver circuit of the positioning device is activated again immediately

subsequent the period of time.

In further embodiments, the base station apparatus 30 may be powered by a

fixed mains electricity source. Alternatively, the base station apparatus 30 may

be battery powered.

References to 'computer-readable storage medium', 'computer program product',

'tangibly embodied computer program' etc. or a 'controller', 'computer',

'processor' etc. should be understood to encompass not only computers having

different architectures such as single /multi- processor architectures and

sequential (Von Neumann)/parallel architectures but also specialised circuits

such as field-programmable gate arrays (FPGA), application specific circuits

(ASIC), signal processing devices and other devices. References to computer

program, instructions, code etc. should be understood to encompass software for

a programmable processor or firmware such as, for example, the programmable

content of a hardware device whether instructions for a processor, or

configuration settings for a fixed function device, gate array or programmable

logic device etc.



Claims

1. A method comprising:

receiving a signal constituting a positioning packet at a positioning

device;

processing the signal by:

demodulating a header of the positioning packet from the signal;

extracting an identifier from the header of the positioning packet;

part processing samples of the signals; and

forming a message from the part-processed samples;

in response to receiving the signal, deactivating a receiver circuit of the

positioning device for a period of time, the period of time constituting a sum of a

time taken by the positioning device to process the signal and a preconfigured or

random delay time; and

activating the receiver circuit of the positioning device immediately

subsequent the period of time.

2. The method of claim l , wherein the delay time is a preconfigured delay

time.

3. The method of claim 2, wherein the delay time of a receiver circuit in a

second positioning device is different to that of the first positioning device.

4. The method of any proceeding claim, wherein the preconfigured delay

time is transmitted to the positioning device after installation.

5. The method of any of claims 1, 2, or 3, wherein the preconfigured delay

time is programmed into the positioning device during manufacture or initial

configuration.

6. The method of claim 1, wherein the delay time is in whole or in part a

random delay time.

7. The method of claim 6, wherein the delay time is a random delay time

that is less than 10 milliseconds, optionally less than 5 milliseconds.



8. The method of any proceeding claim, wherein the signals received at each

of at least three antenna elements forming part of the positioning device are

Bluetooth low energy signals.

9. The method of any proceeding claim, wherein processing further

comprises transmitting the message.

10. The method of claim 9, wherein processing further comprises

transmitting the complex signal parameters and the identifier to a position

calculating device.

11. The method of any of claims 1to 8, wherein part processing comprises

determining a bearing of the transmitting device from the positioning device.

12. A computer program comprising machine readable instructions that when

executed by computing apparatus control it to perform the method of any

preceding claim.

13. Apparatus comprising:

a receiver configured to receive a signal constituting a positioning packet

at a positioning device;

a processing arrangement configured to process the signal by:

demodulating a header of the positioning packet from the signal;

extracting an identifier from the header of the positioning packet;

part processing samples of the signals; and

forming a message from the part-processed samples;

a deactivating arrangement configured, in response to receiving the

signal, to deactivate a receiver circuit of the positioning device for a period of

time, the period of time constituting a sum of a time taken by the positioning

device to process the signal and a preconfigured or random delay time; and

an activating arrangement configured to activate the receiver circuit of the

positioning device immediately subsequent the period of time.



14. The apparatus of claim 13, wherein the delay time is a preconfigured delay

time.

15. The apparatus of claim 14, wherein the delay time of a receiver circuit in a

second positioning device is different to that of the first positioning device.

16. The apparatus of any of claims 13 to 15, wherein the preconfigured delay

time is transmitted to the positioning device after installation.

17. The apparatus of any of claims 13 to 15, wherein the preconfigured delay

time is programmed into the positioning device during manufacture or initial

configuration.

18. The apparatus of claim 13, wherein the delay time is in whole or in part a

random delay time.

19. The apparatus of claim 18, wherein the delay time is a random delay time

that is less than 10 milliseconds, optionally less than 5 milliseconds.

20. The apparatus of any of claims 13 to 19, wherein the signals received at

each of at least three antenna elements forming part of the positioning device are

Bluetooth low energy signals.

21. The apparatus of any of claims 13 to 20, wherein the processing

arrangement comprises a transmitter arrangement configured to transmit the

message.

22. The apparatus of claim 21, wherein the processing arrangement comprises

a transmitter arrangement configured to transmit the complex signal parameters

and the identifier to a position calculating device.

23. The apparatus of any of claims 13 to 20, wherein the processing

arrangement is configured to part process the signals by determining a bearing

of the transmitting device from the positioning device.



24. An apparatus comprising at least one processor and at least one memory

including computer program code, the at least one memory and the computer

program code configured to, with the at least one processor, cause the apparatus

at least to perform:

receiving a signal constituting a positioning packet at a positioning

device;

processing the signal by:

demodulating a header of the positioning packet from the signal;

extracting an identifier from the header of the positioning packet;

part processing samples of the signals; and

forming a message from the part-processed samples;

in response to receiving the signal, deactivating a receiver circuit of the

positioning device for a period of time, the period of time constituting a sum of a

time taken by the positioning device to process the signal and a preconfigured or

random delay time; and

activating the receiver circuit of the positioning device immediately

subsequent the period of time.

25. A computer readable medium having stored thereon machine readable

instructions that when executed by computing apparatus of a positioning device

control it to perform a method comprising:

receiving a signal constituting a positioning packet at the positioning

device;

processing the signal by:

demodulating a header of the positioning packet from the signal;

extracting an identifier from the header of the positioning packet;

part processing samples of the signals; and

forming a message from the part-processed samples;

in response to receiving the signal, deactivating a receiver circuit of the

positioning device for a period of time, the period of time constituting a sum of a

time taken by the positioning device to process the signal and a preconfigured or

random delay time; and

activating the receiver circuit of the positioning device immediately

subsequent the period of time.













n erna ona app ca on o.

PCT/IB20 12/05449 1

A. CLASSIFICATION OF SUBJECT MATTER

See extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: H04W, H01 Q , G01 S, G06K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Fl , SE, NO, DK

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-lnternal, WPI , XPI3E, XPIEE, XPAIP, INSPEC, lEEEXplore

DOCUMENTS CONSIDERED TO BE RELEVANT

Category' Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 201 204231 5 A 1 (NOKIA CORP [Fl]) 05 April 201 2 (05.04.201 2) 1-25
abstract; claims 1-31 ; Figs. 1 and 2

US 585961 2 A (GILHOUSEN KLEIN S [US]) 12 January 1999 ( 12.01 .1999) 1-25
abstract; column 16 , lines 52-67; column 17 , lines 1-48; Fig. 11

EP 0897233 A2 (PRONET TRACKING SYSTEMS INC [US]) 1-25
17 February 1999 ( 17.02. 1999)
abstract; paragraphs [0064], [0067], [0068], [0077]-[0079]; Figs. 7 , 8 , and
10

GB 204861 9 A (CONTROL DATA CORP) 10 December 1980 ( 10 .12 .1980) 1-25
abstract; page 1, lines 36-65

TOWSLEY, D. et al . , Ά Comparison of Sender-Initiated and 1-25
Receiver-Initiated Reliable Multicast Protocols', IEEE Journal on Selected
Areas in Communications, vol. 15 , no. 3 , pp. 398-406, 1997.
abstract; section MB, section V I

Further documents are listed in the continuation of Box C. See patent family annex.

Special categories of cited documents: later document published after the international filing date or priority

document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

earlier application or patent but published on or after the international document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination

document published prior to the international filing date but later than being obvious to a person skilled in the art

the priority date claimed document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

25 April 201 3 (25.04.201 3) 07 May 201 3 (07.05.201 3)

Name and mailing address of the ISA FI Authorized officer
National Board of Patents and Registration of Finland Pekka Alitalo
P.O. Box 1160, FI-00101 HELSINKI, Finland

Facsimile No. +358 9 6939 5328 Telephone No. +358 9 6939 500

Form PCT/ISA/210 (second sheet) (July 2009)



International application No.

PCT/IB20 12/05449 1

CLASSIFICATION OF SUBJECT MATTER

Int.CI.
H04W 64/00 (2009.01 )
H04W 88/08 (2009.01 )
H04W 4/04 (2009.01 )
H01Q 21/00 (2006.01 )
G01S 1/02 (2010.01 )
G01S 1/08 (2006.01 )
G01S 3/02 (2006.01 )
G01S 3/72 (2006.01 )
G01S 5/02 (2010.01 )
G06K 7/10 (2006.01 )

Form PCT/ISA/210 (extra sheet)



International application No.
Information on patent family members

PCT/IB20 12/05449 1

Patent document Publication Patent family Publication
cited in search report date members(s) date

WO 201 204231 5 A 1 05/04/201 2 WO 2012042303 A 1 05/04/20 12

US 585961 2 A 12/01/1 999 AU 733935 B2 31/05/2001
AU 3481 997 A 05/01/1 998
CA 225751 2 A 1 11/1 2/1 997
CA 225751 2 C 11/07/2006
GB 0 10 1585 D O 07/03/2001
GB 23551 59 A 11/04/2001
GB 23551 59 B 13/06/2001
GB 0 1044 12 D O 11/04/2001
GB 2357223 A 13/06/2001
GB 2357223 B 15/08/2001
GB 0 1044 13 D O 11/04/2001
GB 2356782 A 30/05/2001
GB 2356782 B 15/08/2001
GB 0 1044 14 D O 11/04/2001
GB 2357405 A 20/06/2001
GB 2357405 B 15/08/2001
GB 0 1044 15 D O 11/04/2001
GB 23570 13 A 06/06/2001
GB 23570 13 B 15/08/2001
GB 0 104533 D O 11/04/2001
GB 23570 14 A 06/06/2001
GB 23570 14 B 15/08/2001
GB 9826795 D O 27/01/1 999
GB 2330488 A 21/04/1 999
GB 2330488 B 07/03/2001
HK 10381 28 A 1 04/1 0/2002
JP 200051 2 10 1 A 12/09/2000
JP 40681 49 B2 26/03/2008
KR 2000001 6376 A 25/03/2000
US 594301 4 A 24/08/1 999
US 597041 3 A 19/1 0/1 999
US 6034635 A 07/03/2000
US 6195046 B 1 27/02/2001
WO 97471 48 A2 11/1 2/1 997

Form PCT/ISA/210 (patent family annex) (My 2009)



International application No.
Information on patent family members

PCT/IB20 12/05449 1

Patent document Publication Patent family Publication
cited in search report date members(s) date

EP 0897233 A2 17/02/1 999 AU 751 604 B2 22/08/2002
AU 7879898 A 25/02/1 999
CA 2244583 A 1 12/02/1 999
CA 2244583 C 17/02/2004
CA 2450503 A 1 12/02/1 999
IL 125675 D O 11/04/1 999
JP H11168478 A 22/06/1 999
US 6459704 B 1 01/1 0/2002
US 20021 3 1393 A 1 19/09/2002

GB 204861 9 A 10/1 2/1 980 AU 528573 B2 05/05/1 983
AU 5779980 A 06/1 1/1 980
CA 1125405 A 1 08/06/1 982
DE 3009962 A 1 13/1 1/1 980
DE 3009962 C2 27/07/1 989
FR 2455821 A 1 28/1 1/1 980
FR 2455821 B 1 04/02/1 983
GB 20486 19 B 15/06/1 983
JP S551 47853 A 18/1 1/1 980
JP H01 28547 B2 02/06/1 989
US 4232294 A 04/1 1/1 980

Form PCT/ISA/210 (patent family annex) (My 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

