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METHOD FOR LOCATING A DEVICE AND A MOBILE LOCATOR DEVICE

TECHNICAL FIELD

The present disclosure relates to methods and devices for locating a device.

BACKGROUND

It is known to identify the geographical position of mobile devices, such as cellular
telephones, PDAs eic., by the aid of so-called tnangulation. The approximate localization of
the mobile devices is defined via the sensing of signal strength of the radio of at least three
radio towers, 1.¢. base stations, of the network of the mobile device. Gther positioning

methods, such as Cell 1B, CGVTA, E-CGI and A-GPS are also available.

It is further known to identify the position of lost or stolen objects by the aid of GPS
positioning means. Objects may herebv be equipped with preferably concealed GPS
trackers, 1.¢. GPS receivers, which are actuatable by a center station or a user via radio
communication to collect positioning data for the object from GPS sateliites. Such tracker is
known from for instance GB2483459 A or GB2484273 A. A drawback with these types of
trackers s that they require a costly mobile phone subscription and a configuration of for
mstance a GSM modem and GPS receiver devices. Said devices are highly energy
consuning and therefore need to be equipped with relatively bulky batteries which requires
constant charging and operator discipline 1n terms of shutting the GPS tracker on and off to
work as intended. The increased cost, size, weight and bulkiness further reduces the GPS
trackers usability for certain applications wherein such parameters are preferably kept low,
c.g. to track stolen bicyeles, vehicles ete. For instance, it is generallv not feasible to track

objects of relatively low cost compared to the GPS trackers themselves, and a single user

PCT/SE2015/050593
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may not be able to afford to equip all objects he desires with expensive GPS trackers. Some
objects, such as for instance bicycles or motorbikes are stolen i large volumes, generating
high costs not only for the owners but further to the insurance companigs. A further
drawback is that a stolen or lost object to be tracked by using a GPS tracker may be
positioned such that their ability to receive either GPS signals or signals via the mobile

network is highly reduced, whercby their tracking ability is incapacitated.

There is a constant desire to provide improved and cheaper methods and devices for

location devices, in particular lost devices.

SUMMARY
It is an object of the present mvention to provide improved methods and devices for locating

devices, in particular lost devices.

This object and/or others are obtained by the methods and devices as set out 1n the appended

claims.

Ag is set out above existing methods for finding lost objects/devices tvpically involves the
use of relatively expensive and complex hardware.

To provide a cheaper and smaller method for location of a, tvpically lost, device, a distance
measurement for example based on a radio transmassion round trip time from a locator
device can be utihized. Optionally or as a supplement a direction determination can be made.
Both the locator device and the (lost) device are provided with radio frequency transceivers.
The locator device can further determine the distance and or divection to the {Jost) device
with some accuracy. For example the round trip time (RTT) for a message from the locator
device to the (lost) device can be determined with some accuracy. When the distance and or
direction, with an error, has been determined a geographical arca can be formed which is

himited by the distance and or direction with respective determined errors. The limited area
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can then be sub-divided mio sub-arcas. By successively creating new geographical areas
when moving a locator device, any sub-area not covered by all geographical arsas formed
can be climinated until the arca of the remaining sub-arca(s) 1s sufficiently smail. The

location of the device can then be determined to be at the remaining sub-arca(s).

In accordance with one embodiment method of determining the location of a device
coraprising a radio transmitter is provided. The method comprises

- receiving n a locator device a radio signal from said device,

- determining a distance to the device from the locator device at the position of the locator
device. The determined distance has a determined distance accuracy, and/or determing a
direction to the device with a deternuned direction accuracy.

The determined distance and or direction is based on the radio signal received from the
device,

-forming a geographical arca with boundaries set as the determined distance +/- said
determined accuracy, and /or as the determined divection +/- said determined direction
accuracy,

- subdividing the geographical area into a number of sub-areas, and removing any sub area
that 1s not included in all geographical areas formed for each new position of the locator
device,

- moving the locator device to a new position and repeating removal of sub-arcas until the
total area of the remaining sub-areas is below a threshold value.

- deternuning the location of the device as the arca as the remaining sub-areas.

In accordance with one embodiment the removal of sub-arcas is repeated until the number

of remaining sub-areas is reduce to only one remaining sub-area.

In accordance with one embodiment the received signal from the device is a signal received

m response to a signal transmitted to the device from the locator device.
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Tn accordance with one embodiment the distance 1o the device 1s determined based on the

roundtrip time for transmitted radio signal and the recetved response signal,

In accordance with onc embodiment the roundtrip time 1s received from the device by the

focator device.

To accordance with one embodiment the direction to the device is determined based on the

direction having the strongest received signal strength.

In accordance with one embodiment the direction 1s also determined based on the direction

opposite to the direction having the weakest received signal strength.

Using such a method for determining the position of a device makes it possible o use a
cheap and small device to be located. The device used for locating can be any suitable
device including a smart phone or a similar device. Also the successive search method as set
out above will gnable the user to select the precision with which the location of the (lost}
device is given. This can for example be done by selecting the settings for the sub-arcas to a
smali area and/or by setting the number of remaining sub-arcas to a small number typically
only one, when the successive searching is determined to be completed. A more precise
determination of the location of the (lost) device will typically require more successive new
locations for the locator device. Also the precision will become improved if the (lost) device

is stationary or at least moves more slowly than the locator device.

The invention also extends to a mobile locator device and a computer program product

adapted to perform the above methods.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described in more detail by way of non-limiting

examples and with reterence to the accompanving drawings, in which:
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- Fig. 1 is a general view of a scenario when locating a device,

- Fig. 2 is a view illustrating climination of sub arcas in accordance with a first cmbodiment,
- Fig. 3 18 a view iHustrating elunination of sub arcas in accordance with a sccond
embodiment,

- Fig. 4 15 a flowchart illustrating some steps performed when locating a device,

- Fig. 5 is a view of a locator device, and

- Fig. 615 a view of a device that is to be located.

DETAILED DESCRIPTION

An object like a property, merchandise, or a person is provided with a device comprising a
radio frequency transcerver. The device is typically passive and may in one mode only
receive signals. At some time a user wanis to locate the object having the device. Examples
of such an occaston can be, without imitation, when the object has been stolen, lost, or
when a person having the device 18 missing. In such a situation the user may can, using a

focator device locate the device. The locator device will be described in more detail below.

In Fig. 1 a general view of a scenano where a locator device 181 s used to locate a device
163. The locator device 101 is provided with a transcetver for transmitting receiving radio
signals over an air iterface. In a similar manner the device 103 is provided with a
transceiver for transmutiing radio signals over an air interface. The devices 101 and 103 wall
be described m more detail below. The devices 101 and 103 can be in direct communication
with cach other over the air-interface for example using a Local Area Network (LAN)
protocol signaling or a similar communication protocol. The LAN signaling protocol can be
any suitable protocol such as IFEE 802 1i(Instinste of Electrical and Electronics Engineers),
mehuding but not limited to 802.11a/b/m or other similar forthcoming standards. (ther
examples of standards which may be supported are: Zigbee, Bluctooth, RFID (Radio
frequency identification), USB (Universal serial bus). The mentioned protocols may also be

carried by various frequencies, such as 433 MHz, 450 MHz, 900 MHz, 2 4 GHz, or 5 GHz,
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not imiting usage of other switable frequencies or any similar protocol. For example, the
locator device 101 can transmit a message over the air interface to the device 103 In
response to the message transmitted from the locator device 101, the device 103 can
transmit a response message over the air interface back to the locator device 101, In some
embodiments the device 103 continuously transmits a signal and there is then no need to
transmit a signal from the locator device 101 to which the deviee 103 responds. Based on
the response message trom the device 103, the locator device 101 can provide an estimate of
the distance r to the device 103 from the locator device 101 The estimate r can for example
be calculated based on the signal strength of the response signal or the round trip time
(RTT) of a message and a response to/from the device 103, . In an alternative embodiment
the device 103 can be set to determine the distance r and cormmunication the distance or a
parameter from which the distance can be determined such as the RTT. The distance 1 or the

parameter value can then be communicated to the locator device 101

The distance r will be an approximate distance that will have some degree of inaccuracy dr.
The device can therefore be determined to be located within a geographical area 102 limited

by two concentric circles having a distance between them of 2%dr. This is depicted in Fig. 1.

The locator device 101 and the device 103 commumicate over an air interface using a direct
communication link as set out above. A user holding the locator device 101 can then, when
scarching for the device 103, hmit the area where the device 103 1s Jocated to the
geographical area 102 bimited by the two concentric circles. This geographical area 102 here
limited by the two concentric circles can be denoted “original search arca”. When the direct
link between the locator device 101 and the device 103 1is, for example, a LAN protocol
link, the maccuracy dr of the distance r to the device 103 from the locator deviee 101 can be

relative targe. The original search arca 102 can then be large.

In order to hinut the geographical arca where the device 103 can be Jocated 1o establish a

more precise location of the device 103, some different methods can be used. In accordance
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with some embodiments the original search arca 102 1s subdivided into a number of sub
arcas. Sub arcas are then successively eliminated from the original search area until only
one {(or a fow} sub arcas remain. The device 103 is then determined to be located at said

remaining sub area {(s). Fach sub arca can in accordance with one embodiment be

n

represented by one position. In such an embodiment the onginal search arca will be
represented by a number of discrete positions, where each position represents a sub-arga.
The discrete positions are then successively eliminated, thereby narrowing the area in which

the device 103 is located.

10 Ina first enmvbodiment sub-areas are eliminated by moving the locator device 101 to new
position(s) and generate a new geographical area Iimited by two concentric circles at the
new position. This 1s depicted in Fig. 2. In Fig 2, the locator device has been moved from a
first position to a second position. When in the second position sub areas of the original
scarch arca can be climinated. Thus, any sub area in the original scarch arca not being

15 covered by the new geographical arca at the new position of the locator device 101 1s
ghminated from the set of remaining sub areas. In Fig. 2 the remaining sub areas arg
mdicated at 105, Ag stated above each sub-area can be represented by a discrete location
having an area around if. This procedure is repeated until the arca of the remaining sub areas
105 15 below some threshold value. The deviee 103 is then determined to be located at said

0 remaining sub area {s).

In a second embodiment subareas are ehimunated by determining a direction to the device
103 from the locator device 101, This can for example be performed by letting the user

rotate 360 degrees with the locator device 1o his/her hands. The body of the user then acts as

n

shield. Tt is envisaged that a separate shield other than the body of the user can be used when
rotating the device. The direction with the strongest received signal can then be determined
to be the direction in which the device 103 15 located. The direction can in some
embodiments be given with some inaccuracy and any sub area outside the determined

direction d +/- some inaccuracy angle is elimmated from the onginal search area. This is
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depicted in Fig. 3. The direction d can for example be determined as the direction providing
the strongest recetved signal from the device 103, for example as given by the received
signal strength indicator (RSS1) in a protocol ased for the transmission between the locator
device 101 and the device 103, It 1s to be noted that the method described in conjunction
with Fig. 3 can be used without a distance determination as set out above in conjunction
with Figs. 1 and 2. In such an implementation the onginal search area 102 will have the
form of a sector imited by an origmal direction +/- a deternuned error for the original
direction. Again the sub-areas can be represented by discrete positions having an area

surrounding the position.

In accordance with one embodiment, the direction 15 determined based on the direction with
the strongest signal and a direction opposite to the direction with the weakest signal. For
example the direction can be determined to be in the direction of the vector sum of the
direction with the strongest RSST and the direction opposite to the direction with the
weakest RSST +/- an error. The error can be predetermined or a function of some
parameters. For example the function can be based on the difference between the direction
with the strongest RSST and the direction opposiic to the direction with the weakest RSSE In
such an embodiment if there 1s a large difference between the direction with the strongest
RSS1 and the direction opposite to the direction with the weakest RSSE there will be a
larger error used in the search method procedure than if there is a smaller difference in the

direction.

The locator device can be provided with positioning means to keep track of the position of
the locator device 101 and may also be provided with a compass to keep track of the
orientation of the locator device 101, The onentation of the locator device 101 1s
particularly useful if the method in accordance with the second embodiment is used. The
compass then makes it possible to associate the received signal strength with different

directions.
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Further, 1t 18 possible to combine the methods in accordance with the first and second
embodiment. In Fig. 4 a flow chart depicting some steps that can be performed by a user
using a locator device 101 in accordance with an exemplary implementation i1s shown. ltis
to be noted that it is not necessary to perform all of the steps described in conjunction with
Fig. 4. A user can elect to only perform some of the steps for eliminating sub arcas and can
stop eliminating sub areas at any time. In particudar it 15 possible to stop eliminating sub
arcas when the user deternuines that the remaining subarea is small enough. Inthe
exemplary embodiment of Fig 4, first in an initial step 400, 1t 1s assumed that a user holding
a locator device 101 1s searching for a device 103. Next, in a step 481 an onginal search
area is determined as an arca limited For example, an estimate of the distance r to the device
103 from the locator device 101 can be used to generate an arca as described above in
conjunction with Fig. 1. In accordance with another embodiment the original search arca
can be determined as a direction with an error as described above in conjunction with Fig. 3.
The onginal scarch arca will then be a geographical area imited by two concentric circles
having a distance between them as depicted in Fig. 1 or a sector himited by the determined
angular error for a direction determined as deseribed m conjunction with Fig. 3ora
combination thereof Next, 1n a Step 483, the onginal search area is divided into a number
of subargas in accordance with some method. For example sub-areas of some size are set to
cover the original scarch area. In one embodiment a namber of discrete points are
distributed over the original search area where each discrete point represents a sub area.
Next, elimnation of sub arcas is performed in a step 405, The climination in step 405 can be
performed when the user moves to a new position. At the new position the user can perform
new ehiminations of sub areas by repeating the elimination process for the new position. For
exaraple in stop 405 the user can generate a new search arca and climinate all sub areas from
the original search area not covered by a new search area and the original search area. This
can for example be performed as described in conjunction with Fig. 2. Also i step 405 the
user can {again} rotate to determing a direction o the device 103 from the locator device

101 as described in conjunction with Fig. 3 to further clininate subarcas from the oniginal

search arca. Step 405 can be repeated n as step 486 as many times as is deemed necessary
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for finding an accurate enough position of the device 103, It is to be noted that the
ghmination of sub-areas can be performed at any time during the positioning procedure as
described herein. That is, if at anv time there is information that makes it possible to
climmate sub-areas such a step 405 can be performed. At any time duning the procedure
deseribed in Fig. 4 the elimination procedure can be terminated and the area of the
remaining subarcas is determined to be the location of the device 103. This 18 indicated at

step 407,

The locator device 101 can be a User equipment (UE} such as a mobile phone, smart phone,
PDA tablet, PC or similar or it can be a dedicated focator device. An exemplary locator
device 101 1s depicted i Fig. 5. The locator device 101 may comprise a processing unit,
radio transceiver unit, antenna, battery, and optionally other supporting components for

making a locator device 101 operational.

Fig. 5 shows an exemplary embodiment of a locator device 101, The locator device 101 may
be implemented, by a hardware device such as set out above. The locator device can have
program modules of a respective computer program comprising code means which, when
run by a processing unit 381 causes the device 101 to perform the above-described methods.
The processing unit 301 may comprise a single Central Processing Unit (CPU}, or could
comprise two or more processing units. For example, the processing unit 501 may mchude
general purpose microprocessors, mstruction set processors and/or related chips sets and/or
special purpose microprocessors such as Application Specific Integrated Circuits (ASICs).

The processing unit 501 may alsc comprise a storage for caching purposes.

Each computer program may be carried by a computer program product 502 in the locator
device 101 in the form of 2 memory having a computer readable mediam and being
connected to the processimg unit 501 The computer program product 502 or memory thus
comprises a computer readable medium on which the computer program is stored ¢.g. inthe

form of computer program modules “m”. For example, the memory 502 may be a flash
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memory, a Random-Access Memory (RAM), a Read-Only Memory (ROM) or an
Electrically Erasable Programmable ROM (EEPROM), and the program modules m could
i altemative embodiments be distributed on different computer program products in the

form of memorics within the device 502.

The locator deviee 101 may further comprise a commumication unit 566, The
communication unit is in particular arranged to communicate with the device 103 viaa
direct radio communication channel. The communication unit 506 may also be arranged for
programming and/or configuration of the locator device 101, In an embodiment the
commumication unit 506 may comprise chip set adopted for communication via IEEE
802.11(Institute of Electrical and Flectronics Engineers), including but not limited to
802.11a/b/n or other similar fortheoming standards. Other examples of standards which may
be supported by the communication unit 506 are: Zigbee, Bluctooth, RFID (Radio
frequency identification), USB (Universal senial bus). The commmunication unit 506 may
coraprise an antenna. The communication unit 306 may be connectable to an external

antenna.

The locator device 101 may comprise a power supply unit 518, The power supply unit may
be arranged for power supply of the processing unit 501, the memory unit 502, and/or the
communication unit 306, Examples of a power supply unit 510 are, battery, capacitor, fuel
cell, solar cell, inductive contact, USB-contact (Universal senal bus), wired contact, not
hmiting to other examples suitable for a power supply unit 510. In addition the locator
device 101 can comprise a compass 588, The compass can be used to provide input
regarding directions. This 1s for examplc uscful when the user 1s locating a device by
rotating to find the direction having the strongest RSST as described above. The locator
device can also comprise a positioning device 512 such as a GPS receiver for keeping track

of the position of the locator device 101,

PCT/SE2015/050593
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The device 103 that 1s to be located using the locator device can be a small device attachable
to any object that a user would want to be able to locate. The device 103 can also be
mtegrated in an existing device such as a smart phone. An exemplary device 103 is depicted
m Fig. 6. In Fig. 6 an excraplary cmbodiment of a device 103 is depicted. The device 103
may be implemented by a hardware device that can have program modules of a respective
computer program comprising code means whick, when run by a processing unit 681 causes
the device 101 to perform the above-descrnibed methods. The processing unit 601 may
comprise a single Central Processig Unit {CPU), or could comprise two or more processing
units. For example, the processing unit 601 may melude general purpose microprocessors,
mstruction set processors and/or related chips sets and/or special purpose microprocessors
such as Application Specific Integrated Circuits {ASICs). The processing unit 601 may also

comprise a storage for caching purposes.

Fach computer program may be carried bv a computer program product 682 in the device
103 in the form of a memory having a computer readable mediam and being connected to
the processing unit 601. The computer program product 602 or memory thus comprises a
computer readable medium on which the computer program is stored e.g. 1 the form of
computer program modules “m”. For example, the memory 602 may be a flash memory, a
Random-Access Memory {RAM}, a Read-Only Memory (ROM) or an Electrically Erasable
Programmablc ROM (EEPROM), and the program modules m could in alternative
cmbodiments be distributed on different computer program products in the form of

memortes within the device 602.

The device 103 may further comprise a coramunication unit 606. The communication unit is
m particular arranged to communicate with the locator device 101 via a direct radio
communication channel, The communication unit 606 may also be arranged for
programming and/or configuration of the device 103. In an embodiment the communication
unit 606 may comprise chip sct adopted for communication via IEEE 802,11 (Institute of

Electrical and Electronics Engineers), includmg but not limited to 802.1 [a/b/m or other
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similar forthcoming standards. Other examples of standards which may be supported by the
communication unit 606 are: Zigbee, Bluctooth, RFID (Radio frequency identification),
USB {(Universal serial bus). The communication unit 606 may comprise an antenna. The

communication unit 606 may be connectable to an external antenna.

The device 103 may comprise a power supply unit 618, The power supply unit may be
arranged for power supply oft the processing untt 601, the memory unit 602, and/or the
communication unit 606, Examples of a power supply unit 610 are, battery, capacitor, fuel
cell, solar cell, mductive contact, USB-contact (Universal senal bus), wired contact, not

fmiting to other examples suitable for a power supply wnit 610,

Using the method, devices and computer programs as described herein it 1s made possible to

locate a device in a cost efficient and simple manner.
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CLAIMS

1. A method of detersining the location of a device comprising a radio transceiver, the
method comprising:

~ receiving (400) in a mobile locator device a radio signal from said device,

- determiming (401} a distance to said device from the locator device at the position of the
nocator device said deternuined distance having a deterouned distance accuracy and/or
determine a direction to the device with a determined direction accuracy, wherein said
determined distance and or dircction 1s based on the radio signal received from the device,
- forming (401} a geographical area with boundaries set as the determined distance +/- said
deternined accuracy, and /or as the deterrained direction +/- said determined direction
accuracy,

- subdividing (403) said geographical area into a number of sub-areas and removing (405)
any sub arca that 1s not mchuded 10 all geographical arcas formed for cach new position of
the locator device,

- moving said locator device to a new position and repeating {406) removal of subareas for
new positions of the locator deviee untid the total arca of the remaining sub-arcas 1s below a
threshold value, and

- determining (407} the location of the device as the area of the remainig sub-areas.

2. The method according to claim 1, wherein sub-areas are successively removed until the

number of remaining sub-arcas is reduced to only one remaiming sub-arca.

3. The method according to claim 1 or 2, wherein the received signal from the device s a

signal recerved 1o response to a signal transnutted to the devies from the locator device.

4. The method according to ¢laim 3, wherein the distance to the device 1s determined based

on the roundtrip time for transmitted radio signal and the recetved response signal.
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5. The method according to claim 4, wherein the roundtrip time is received from the device

by the locator device.

6. The method according to any one of claims 1-5, wherein the direction to the device

is determined based on the direction having the strongest received signal strength.

7. The method according to claim 6, wherein the direction is also determined based on the

direction opposite to the direction having the weakest received signal strength.

8. A mobile locator device (101) for locating a device (103), the locator device comprising a
radio transceiver, the locator device being adapted to:

- receive a radio signal from said device,

- determine a distance to said device from the locator device at the position of the locator
device said determined distance having a determined distance accuracy and/or determine a
direction (o the device with a determined direction accuracy, wherein said determined
distance and or direction is based on the radio signal received from the device,

- form a geographical area with boundaries set as the determined distance +/- said
determined accuracy, and /or as the determined direction +/- said determined direction
accuracy,

- subdivide said geographical area into a number of sub-areas, and remove any sub arca that
is not included in all geographical arcas formed for each new position of the mobile device,

- determine the location of the device as the remaining area(s) when the total area of the

remaining sub-areas is below a threshold value.

9. The locator device according to claim 8 wherein the locator device is adapted to

determine the location of the device when only one sub-area remains.

10. The locator device according to claim 8 or 9, wherein the locator device is adapted to

transmit a signal to the device requesting a response from the device.

Date Regue/Date Received 2021-08-19
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11. The locator device according to claim 10 the locator device is adapted to determine the
distance to the device based on the roundtrip time for transmitted radio signal and the

received response signal.

12. The locator device according to claim 11, wherein the locator device is adapted to

receive the roundtrip time from the device.

13. The locator device according to any one of claims 8-12, wherein the locator device is
adapted to determine the direction to the device based on the direction having the strongest

received signal strength.
14. The locator device according to claim 13, wherein the locator device is adapted to
determine the direction also based on the direction opposite to the direction having the

weakest received signal strength.

15. A computer readable medium storing computer executable instructions thereon that when

executed by a computer perform the method steps according to any one of the claims 1 to 7.

Date Regue/Date Received 2022-03-11
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