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(57) ABSTRACT 

A method of locating an article or person comprises at least 
one transponding station (TS 1) having its oWn radio identity 

carried by a person or article in the radio coverage area of 

a radio system. The system comprises a plurality of clusters 
of spatially separate radio units (M1 to M7) having trans 
ceiving means and received signal strength determining 
means, each of the radio units having an individual identity. 
Each cluster is associated With a network interrogating 

station (NIU(1), NIU(2)) comprising transceiving means for 
communicating With at least the radio units in its cluster. A 
central station (10) has transceiving means for communi 
cating With a plurality of the interrogating stations and 
storage means for storing a database comprising the loca 
tions of the radio units (M1 to M7). When it is required to 
determine the location of the transponding station, the 
central station transmits an enquiry signal to the interrogat 
ing stations Which in turn broadcast the enquiry signal. The 
transponding station in response to hearing its radio identity 
in an enquiry signal transmits a reply signal including its 
oWn radio identity on a frequency (F2) to Which the radio 
units are already tuned or to Which they have retuned in the 
case of the transmit frequency being the same as that of the 
enquiry signal. The in-range radio units identify the tran 
sponding station and determine the received signal strength 
and in response to receiving an interrogation signal the radio 
units relay the radio identity of the transponding station, the 
determined received signal strength and its oWn identity to 
the interrogating station Which relays the information to the 
central station (10), Whereat the location of the transponding 
station relative to the positions of the radio units is com 
puted. 
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LOCATION FINDING SYSTEM AND METHOD 

[0001] The present invention relates to an article or person 
location ?nding system and method. 

[0002] Many methods of locating articles and persons are 
knoWn. A relatively coarse location method making use of 
the cellular telephone system is to determine the location of 
the base station through Which a call is being handled. This 
Will give an indication of the cell in Which the caller is 
located. Typically a cell may be say 20 km across in a loWer 
frequency operating system and signi?cantly less in a micro 
cellular system operating at loW poWer at a higher frequency 
of the order of 1.8 or 1.9 GHZ. If a GPS satellite receiver is 
integrated With a cellular telephone, position can be deter 
mined to an accuracy of about 100 m. 

[0003] WO-A-97 33 386 discloses a location detecting 
system in Which the location of a cellular telephone terminal 
can be found by the terminal transmitting base station 
identi?cations together With electric ?eld strengths of the 
received radio Waves of a plurality of base stations to a 
position management station Which determines the location 
of the terminal by using the relationship betWeen the electric 
?eld strength and the distance betWeen the transmitting 
points and the receiving point. 

[0004] A disadvantage of these knoWn systems is that they 
require the user to be carrying and using a relatively eXpen 
sive terminal unit. This makes the system expensive to 
implement for article tracing or for applications such as 
automatically tracking or ?nding children Who Would not be 
entrusted With a cellular telephone terminal. 

[0005] An object of the present invention is to provide a 
location system having a relatively inexpensive transpond 
ing unit. 

[0006] According to one aspect of the present invention 
there is provided a radio system comprising a plurality of 
clusters of spatially separate radio units having transceiving 
means and received signal strength determining means, each 
of the radio units having an individual identity, each cluster 
being associated With an interrogating station comprising 
transceiving means for communicating With at least the 
radio units in its cluster, a central station having transceiving 
means for communicating With a plurality of the interrogat 
ing stations and storage means for storing a database com 
prising the locations of the radio units, and at least one 
transponding station having transceiving means and its oWn 
radio identity, Whereby When it is required to determine the 
location of the transponding station the central station trans 
mits an enquiry signal including its radio identity to the 
interrogating stations Which rebroadcast the enquiry signal, 
the transponding station in response to hearing its radio 
identity in an enquiry signal transmits a reply signal includ 
ing its oWn radio identity, the radio units in response to 
identifying the transponding station determine the received 
signal strength, and each of the radio units relaying the radio 
identity and the determined received signal strength together 
With its oWn identity to at least one of the interrogating 
stations Which relays the information to the central station 
Which computes the location of the transponding station 
relative to the positions of the radio units. 

[0007] According to a second aspect of the present inven 
tion there is provided a method of locating at least one 
transponding station having its oWn radio identity in the 
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radio coverage area of a radio system comprising a plurality 
of clusters of spatially separate radio units having transceiv 
ing means and received signal strength determining means, 
each of the radio units having an individual identity, each 
cluster being associated With an interrogating station com 
prising transceiving means for communicating With at least 
the radio units in its cluster, and a central station having 
transceiving means for communicating With a plurality of 
the interrogating stations and storage means for storing a 
database comprising the locations of the radio units, Wherein 
When it is required to determine the location of the tran 
sponding station, the central station transmits an enquiry 
signal to the interrogating stations Which in turn broadcast 
the enquiry signal, the transponding station in response to 
hearing its radio identity in an enquiry signal transmits a 
reply signal including its oWn radio identity, the in-range 
radio units identifying the transponding station and deter 
mining the received signal strength and relaying the radio 
identity of the transponding station, the determined received 
signal strength and its oWn identity to the interrogating 
station Which relays the information to the central station 
Which computes the location of the transponding station 
relative to the positions of the radio units. 

[0008] According to a third aspect of the present invention 
there is provided a transponding unit comprising non-vola 
tile storage means for storing the unit’s radio identity, a radio 
receiver for receiving an enquiry signal, means for compar 
ing the stored radio identity With a radio identity in the 
enquiry signal, and means responsive to the radio identities 
being considered to be substantially the same for activating 
a transmitter to send a reply signal having at least one 
characteristic different from the received enquiry. 

[0009] The at least one characteristic may be the fre 
quency of the reply signal being different from that of the 
enquiry signal or the signalling rate of the reply signal being 
different from that of the enquiry signal. 

[0010] In implementing the system, the infrastructure may 
be a modi?ed version of an installed Wide area automatic 
metering system for use in measuring consumption of for 
eXample Water, gas, electricity and/or heating Water in 
domestic and business premises. Thus in urban areas the 
radio unit comprises the telecommunications part of a meter 
ing unit coupled to each of the premises Which Will enable 
a resolution equivalent to one dWelling to be obtained. The 
netWork interrogating stations are normally mounted in 
advantageous positions, for eXample on posts, from a radio 
communications point of vieW. In rural areas Where the radio 
units may be dispersed less densely than in urban areas, the 
netWork interrogating stations may function as radio units 
for the purpose of location ?nding and information is 
relayed to the central station by Way of one or more 
intermediate netWork interrogation stations functioning as 
relay stations. 
[0011] A transponding station may be physically small so 
that it can comprise an accessory Which can be attached to 
clothing, especially children’s clothing, or integrated into a 
container for an article or attached to the article. The 
transponder station is typically a transceiver Which is able to 
receive an enquiry signal at one frequency and transmit a 
signal at another frequency. 

[0012] The present invention Will noW be described, by 
Way of eXample, With reference to the accompanying draW 
ings, Wherein: 
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[0013] FIG. 1 is a diagrammatic of the embodiment of a 
location system, 

[0014] FIG. 2 is a block schematic diagram of a central 
metering station, 

[0015] FIG. 3 is a block schematic diagram of a transpon 
ding station, 

[0016] FIG. 4 is a block schematic diagram of a radio 
metering unit, and 

[0017] FIG. 5 is a How chart shoWing the sequence of 
operations When conducting a location enquiry. 

[0018] In the draWings the same reference numerals have 
been used to indicate corresponding features. 

[0019] The system shoWn in FIG. 1 comprises a central 
metering station 10 Which comprises a large computer 12 
and a transceiver 14 coupled to antennas 16, 18 Which may 
provide antenna diversity. The computer 12 stores a map of 
the entire system. 

[0020] A plurality of geographically distributed radio 
metering units M1 to M7, for eXample Water metering units, 
are connected to each of the domestic and industrial pre 
mises receiving the particular commodity. As Will be 
described later in greater detail each metering unit comprises 
a radio transceiver coupled to an antenna Which may be 
incorporated into the lid of a boundary boX containing the 
meter or Which may comprise a Whip antenna suitably 
positioned to provide good signal reception and propagation. 
The radio metering units are loosely arranged in clusters 
Which are operatively associated With netWork interrogation 
units NIU (1) and NIU Each of the netWork interroga 
tion units includes a transceiver to enable it to receive 
messages from the metering units in its cluster and to relay 
messages to the central metering station. In certain cases, 
such as in rural environments, radio relay netWork interro 
gation units NIU (R) are provided. HoWever it is possible for 
NIU (1) and NIU (2) to provide a relay function When called 
upon to do so. 

[0021] A transponder station T51 is carried by a person, 
for eXample a child, or an article, for eXample a vehicle or 
package. Each transponder station comprises a transceiver 
and a store for storing a unique identity Which is included in 
transmitted messages. 

[0022] In operation as a metering system, the netWork 
interrogating units NIU (1) and NIU (2) interrogate indi 
vidually the radio metering units M1 to M4 and M5 to M7 
in their respective clusters and store the meter reading and 
the meter’s identity. Alternatively, or additionally, the radio 
metering units may make their transmissions at random. 
From time to time the central metering station 10 contacts 
the respective netWork interrogation units Which doWnload 
the stored meter readings and identities. The transmission 
frequency or frequencies lie Within an approved frequency 
band reserved for this purpose. For ease of illustration it Will 
be assumed that a single frequency F2 is used. 

[0023] In one embodiment of a location ?nding mode the 
central metering station 10 or a dedicated control centre (not 
shoWn) sends a short message including a unique address, 
such as “TS1”, to some or all of the NIUs depending on the 
breath of the search. The NIUs transmit on a dedicated 
emergency channel F1 receivable by all the transponder 
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stations “TS1 please transmit your ID on frequency F2”. The 
frequency F2 is the customary frequency used for metering 
units to transmit to their NIU. The frequency F2 could be 
different depending upon the area, type of utility and com 
pany oWning the meter reading system. 

[0024] The transponding station TS1 responds to the 
above message by retuning its transmitter to the frequency 
F2 and transmits “TS1 responding”. This message is 
received by in-range radio metering units and perhaps also 
by some interrogation units NIUs. The metering units mea 
sure the strength of the received signal. When interrogated 
by the interrogation unit poling in turn the metering units in 
its cluster, messages such as “Meter M1 has heard TS1 at 
signal level 56” and “Meter M2 has heard TS1 at signal level 
23” are transmitted. The interrogation unit relays these 
messages to the central metering station 10 Which using the 
map data stored in its data base can determine the location 
of the metering unit Which received the message With the 
highest signal level. The relatively high density of metering 
units in an urban area Will mean that the person, article or 
vehicle carrying the transponding station TS1 can be iden 
ti?ed visually. If the transponder station is moved then its 
movement can be tracked. 

[0025] In another embodiment (not shoWn) the transpon 
der stations receive and transmit on the same frequency, 
such as F1, and the radio metering units and some or all of 
the NIUs retune their transceivers to F1. The retuned con 
dition may be maintained until another retune signal is 
received or the condition is timed-out and the radio metering 
units and NIU’s retune themselves. 

[0026] Referring to FIG. 2, the central metering station 10 
comprises a receiver 14R having an input coupled to the 
antennas 16, 18 and an output coupled to a decoder 20. The 
decoder 20 is coupled to the controller 12 Which operates in 
accordance With softWare stored in a PROM 22. Various 
facilities and databases are coupled to the controller 12. 
These include a data base of the locations of the interrogat 
ing units and the metering units, a billing facility 26 for 
compiling bills to be sent to consumers, a display device 28, 
a store 30 for storing the identi?cations of the interrogation 
units NIUs and radio metering units M1 to M7 and a store 
32 for storing the identi?cation of the transponding stations. 
The controller 12 has an input for eXternal data Which may 
be via the PSTN or a local personal computer generally 
represented by the block referenced 42. 

[0027] If it is required that the central metering station 10 
sends a message, it is generated in a stage 36. The message 
is relayed to a transmitter 14T Which is coupled to the 
antennas 16, 18. 

[0028] A frequency synthesiser 38 is coupled to the 
receiver 14R and the transmitter 14T. Its output frequency is 
determined by the controller and a set frequency signal is 
applied on an output 40. The receiver 14R and the trans 
mitter 14T are able to be tuned over a range of frequencies 
in the assigned meter reading band. 

[0029] FIG. 3 illustrates an embodiment of the transpon 
ding station TS1 Which comprises an antenna 50, Which may 
be a loop antenna, coupled to a receiver 52 and a transmitter 
54. The receiver 52 is coupled to a decoder 56 Which in turn 
is coupled to a controller 58. If desired the decoder 56 may 
be omitted and the decoding function is carried out by the 
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controller 58 under software control. APROM 60 (or a code 
plug) storing the transponding station’s identity is coupled to 
the controller 58. In the embodiment in Which the receive 
and transmit frequencies are the same, the required locally 
generated signals are produced using a ?xed frequency 
generator 62 Which is coupled to the receiver 52 and the 
transmitter 54. HoWever in the embodiment in Which the 
transmit frequency, say F2, is different from the receive 
frequency, say F1, the frequency generator 62, is controlled 
to generate a local oscillator signal Which Will enable the 
receiver 52 to receive the frequency F1 and to generate a 
frequency Which Will enable the transmitter 54 to transmit 
on the frequency F2. Since the transponding station TS1 
need only to be able to respond to a location enquiry signal, 
the controller 58 prestores an appropriate message With the 
station’s identi?cation being obtained from the PROM 60. 

[0030] The transponding station TS1 is battery poWered 
using a battery 64. In order to maximise the battery life, the 
receiver 52 is energised periodically in accordance With a 
battery saving protocol. It is convenient if the protocol used 
is compatible With the protocol used by the radio metering 
units. Thus in order to ensure that the transponding station 
TS1 receives an enquiry message, the message has to be 
repeated over a time period equivalent to tWice the normal 
on-period of the receiver 52 plus the off-period betWeen tWo 
successive on-periods. 

[0031] In the single frequency embodiment of the fre 
quency generator 62, the local oscillator may have a loW 
tolerance crystal and use the receive frequency F1 as a 
reference to pull the local oscillator frequency. An advantage 
of using F1 is that it is a relatively stable frequency and is 
unaffected by ageing of components of the transponding 
station TS1. 

[0032] FIG. 4 shoWs an implementation of a radio meter 
ing unit M. An antenna 70 is coupled to a receiver 72 and a 
transmitter 74. The receiver 72 is coupled to a decoder 76 
Which in turn is coupled to a controller 78 operating in 
accordance With a program stored in a ROM 80. Also 
coupled to the controller 78 are a PROM storing the unit’s 
identi?cation, a metering unit 84, Which provides a digital 
output representing the consumption of the resource, for 
eXample Water, being measured, a RAM 86 for storing the 
consumption, a frequency synthesiser 88, received radio 
signal strength indication (RSSI) determining stage 90 and 
a battery 91. In normal operation the metering unit M 
receives and transmits signals at the same frequency F2 but 
as different systems operate at other frequencies in the 
allocated metering band, the use of a frequency synthesiser 
88 enables the receiver 72 and the transmitter to be tuned to 
the desired channel. In the embodiment of the transponding 
station being a single frequency device, the frequency syn 
thesiser 88 Will enable the radio metering unit to be retuned 
as required and be retuned back again either in response to 
an instruction to retune or as a result of timing-out after 
being in a temporary retuned state. 

[0033] An interrogation unit NIU is essentially the same a 
radio metering unit With the differences that it Will not be 
connected to a metering unit, the PROM 82 Will store all the 
metering unit identi?cations in the cluster and the RAM 86 
Will have suf?cient capacity to store all the measurements 
being relayed. 
[0034] The radio metering units and the interrogation units 
all practice battery economy in accordance With a suitable 
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protocol such as that disclosed in WO-A-99/25051. In 
summary the metering unit has a radio identity code con 
sisting of M bits and the netWork interrogation unit NIU (or 
the central metering station, if applicable) transmits a Wake 
up message consisting at least tWo repetitions of a Wake-up 
sequence, the Wake-up sequence comprising N concatenated 
parts, Where N is an integer, each of the N parts includes a 
sync code Word and a different fraction M/N of bits of a 
radio identity code. The metering unit is energised intermit 
tently in order to detect carrier and at least one of the N parts. 
In response to detecting that one of the N parts, the metering 
unit remains energised and analyses at least the detected one 
of the N parts. If the received bits of the radio identity code 
do not correspond to the corresponding bits of the metering 
unit’s radio identity code, the metering unit reverts to its 
intermittent energisation, otherWise it remains energised to 
receive a message appended to the transmitted radio identity 
code. 

[0035] The How chart shoWn in FIG. 5 commences With 
block 92 denoting the central metering station receiving an 
SOS request and transmitting a message identifying the 
transponding station. Block 94 relates to the interrogation 
units relaying the message on the frequency F1. Block 96 
denotes the transponding stations receiving the relayed 
message. In Block 98 a check is made to see if the identity 
of the requested transponding station agrees With that allo 
cated to the station. If the ansWer is yes (Y), the How chart 
proceeds to block 102 Which relates to the identi?ed tran 
sponding station replying on frequency F2 (or F1). If the 
ansWer is no (N), the transponding station reverts to its 
battery economy mode. 

[0036] Block 104 relates to in-range metering units receiv 
ing the response on F2 (or F1) and checking the received 
signal strength. Block 106 relates to the metering units 
forWarding their messages to the netWork interrogation unit 
either at random or in response to an invitation. Block 108 
relates to checking to see if all the metering units in a cluster 
have responded or have been poled. If the ansWer is no (N) 
the How chart reverts to the block 108 but if it is yes (Y) the 
How chart proceeds to the block 110. This block denotes an 
interrogation unit relaying messages it has stored onto the 
central metering station. Generally this Will be done in 
response to over-the-air invitations issued by the central 
metering station. 

[0037] Block 112 denotes the central metering station 
receiving the messages and using the signal strength indi 
cations to determine the metering unit closest to the trans 
mitting transponder. Block 114 relates to the central meter 
ing unit providing an output comprising the identi?cation of 
the closest metering unit. 

[0038] In order to minimise current consumption by the 
transponding station TS1 and the radio metering units, the 
metering units may be placed in a fast Wake-up mode in 
Which they are activated either continuously for a short time 
or more frequently than in their meter reading mode in order 
to be able to detect quickly a sequence of short messages 
transmitted by the transponding station TS1. 

[0039] In a further non-illustrated embodiment the central 
metering station and the netWork interrogation units have a 
separate dedicated emergency receiver Which receives a 
message from a transponding station. A coarse determina 
tion of the location of the transponding station can be made 
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and then the central metering station can put in hand a ?ne 
search based on using the radio metering units in the 
localised area determined by the coarse search. 

[0040] In the present speci?cation and claims the Word “a” 
or “an” preceding an element does not exclude the presence 
of a plurality of such elements. Further, the Word “compris 
ing” does not eXclude the presence of other elements or steps 
than those listed. 

[0041] From reading the present disclosure, other modi 
?cations Will be apparent to persons skilled in the art. Such 
modi?cations may involve other features Which are already 
knoWn in the design, manufacture and use of radio location 
systems and component parts thereof and Which may be 
used instead of or in addition to features already described 
herein. 

1. A radio system comprising a plurality of clusters of 
spatially separate radio units having transceiving means and 
received signal strength determining means, each of the 
radio units having an individual identity, each cluster being 
associated With an interrogating station comprising trans 
ceiving means for communicating With at least the radio 
units in its cluster, a central station having transceiving 
means for communicating With a plurality of the interrogat 
ing stations and storage means for storing a database com 
prising the locations of the radio units, and at least one 
transponding station having transceiving means and its oWn 
radio identity, Whereby When it is required to determine the 
location of the transponding station the central station trans 
mits an enquiry signal including its radio identity to the 
interrogating stations Which rebroadcast the enquiry signal, 
the transponding station in response to hearing its radio 
identity in an enquiry signal transmits a reply signal includ 
ing its oWn radio identity, the radio units in response to 
identifying the transponding station determine the received 
signal strength, and each of the radio units relaying the radio 
identity and the determined received signal strength together 
With its oWn identity to at least one of the interrogating 
stations Which relays the information to the central station 
Which computes the location of the transponding station 
relative to the positions of the radio units. 

2. A radio system as claimed in claim 1, characterised in 
that the transceiving means of the at least one transponding 
station transmits a reply signal at a frequency corresponding 
substantially to the frequency to Which said radio units are 
tuned. 

3. A radio system as claimed in claim 1, characterised in 
that the transceiving means of the at least one transponding 
station receives and transmits on the same frequency and in 
that at least the radio units and at least one of the interro 
gating stations include frequency changing means for chang 
ing at least their receive frequencies to the transmitting 
frequency of the at least one transponding station. 

4. A method of locating at least one transponding station 
having its oWn radio identity in the radio coverage area of a 
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radio system comprising a plurality of clusters of spatially 
separate radio units having transceiving means and received 
signal strength determining means, each of the radio units 
having an individual identity, each cluster being associated 
With an interrogating station comprising transceiving means 
for communicating With at least the radio units in its cluster, 
and a central station having transceiving means for commu 
nicating With a plurality of the interrogating stations and 
storage means for storing a database comprising the loca 
tions of the radio units, Wherein When it is required to 
determine the location of the transponding station, the 
central station transmits an enquiry signal to the interrogat 
ing stations Which in turn broadcast the enquiry signal, the 
transponding station in response to hearing its radio identity 
in an enquiry signal transmits a reply signal including its 
oWn radio identity, the in-range radio units identifying the 
transponding station and determining the received signal 
strength and relaying the radio identity of the transponding 
station, the determined received signal strength and its oWn 
identity to the interrogating station Which relays the infor 
mation to the central station Which computes the location of 
the transponding station relative to the positions of the radio 
units. 

5. A method as claimed in claim 4, characterised by the at 
least one transponding station using a received signal as a 
reference frequency against Which its oWn oscillator fre 
quency is adjusted. 

6. A method as claimed in claim 4, characterised in that in 
anticipation of a transmission by the at least one transpon 
ding station, the radio units and at least one of the interro 
gating stations adjust their receive frequency to the transmit 
frequency of the at least one transponding station. 

7. A method as claimed in any one of claims 4 to 6, 
characterised by the radio metering units being placed in a 
faster Wake-up mode When determining the location of a 
transponder station than in a non-location determining 
mode. 

8. Atransponding station comprising non-volatile storage 
means for storing the unit’s radio identity, a radio receiver 
for receiving an enquiry signal, means for comparing the 
stored radio identity With a radio identity in the enquiry 
signal, and means responsive to the radio identities being 
considered to be substantially the same for activating a 
transmitter to send a reply signal having at least one char 
acteristic different from the received enquiry. 

9. A transponding station as claimed in claim 8, charac 
terised in that the radio receiver is adapted to receive the 
enquiry signal at a ?rst frequency and to relay a signal to the 
transmitter for transmission at a second frequency. 

10. Atransponding station as claimed in claim 9, charac 
terised in that the radio receiver and the transmitter operate 
on the same frequency. 


