WO 02/ 08725 PCT/1BOL/ 01142 1 A systemfor automatic collection and
transport of readings fromwater, gas and electricity nmeters The present
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readings fromwater, gas and electricity neters, based on spread-spectrum
digital RF comunications and Internet protocols. The systemallows the
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BACKGROUND OF THE | NVENTI ON Known in the art are systens for taking
readings of water, gas and electricitylneters, which are based on 15
manual reading of said neters. The usual nethod involves sending an

operative to the Qi 29 QuiimdP4Y SR 1ddhidy 48k t&ar:%g@@fnot e down
ThT S nmethod T nvol

the figures of —satu_rTeadrng. ] a T
di sadvant ages wEe2@ings FEQR VAEST 1935, 2pd qFRcEEleiby MALERS to go to
the building in order to take the reading often neans having to gain
access to private

Bren‘i ses. oL premses to \é%}lgch it,is diffic,éjlt Efo gai n
access. In the cast6f PERDTRLzoHELSM I HE t VEItosts  Bf THe-Fperati ve
have to IBeaaddedtiandoilliest ican anel 25 aespordt ed amadiagmtiEiom WadrerSpai n,
at between a 16 t er,Jieadl ng.; I1..th | sady S nust
be added g%so {g%éi p%slm e@ﬁf?@“@f Hhelrjman ’errbéa-rg%bd;l tohnfa %&%f\%%ﬂ?ﬁki ng

t he readi ngiictiégét h&F weenmpssspbiensr randpylrrrnger P HrdcesBiang t he
i nfor mati oryakkal ned Ry, d herhd0 aRekat i ieadNayy el estr ol ¢ deatiig-tsust ens

are now bein introduced to allqw._the operative to take the neter
readi ngs uSGTRtEGRLdNl &9 dhSuert 1R % RENHRe. Al t hough
10

BACKGROUND OF THE INVENTION

Known in the art are systems for taking readings
of water, gas and electricity meters, which are based on

15 manual reading of said meters. The usual method involves
sending an operative to the building to be invoiced, in
order to read and note down the figures of said reading.

| This method involves a number of disadvantages
which are described below.

20 The fact of having to go to the building in order
to take the reading often means having to gain access to
private premises or premises to which it is difficult to
gain access. In the case of remote zones, the travel costs
of the operative have to be added, and these can be

25 estimated approximately, for Spain, at between 30 and 160
pesetas per reading. To all these disadvantages must be
added also the possibility of human error by the operative
in taking the reading, together with possible error by the
personnel processing the information obtained by the

30 operative.

New electronic reading systems are now being
introduced to allow the operative to take the meter
readings using a portable computer or the like. Although
this system reduces considerably the potential reading

35 error by the operative, it does not solve the problems of
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this systemreduces considerably the potential reading 35 error by the
operative, it does not solve the problens of CONFI RVATI ON COPY WO 02/ 08725
PCT/ 1 BO1LMQ 821@8722 cost associated with the readi ng, nor dpewiBar/opezm t the
frequency of readings to be increased. Wth the intention of reducing
costs, the utilities that take the readings fromthe neters nmake esti mated
readi ngs of consunption, 5 that is, they do not take the reading at the
residence of the custonmer but instead determ ne approximately the reading
of the meter, which is unfair for the custoner because |ater, normally at
the end of each year, the paynent has to be regul arised. 10 The nopst
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electronic telemetry emitter systems to send the reading
from the meter. Said system requires that an operative use
a hand-held receiver to “read” the figures transmitted by
the meter, which means that said receiver must be within
15 the coverage range of the transmitter. Although said
system does solve some of the disadvantages that have
existed so far in relation to the classic manual reading,
it still presents several limitations:
- The reading costs are not reduced greatly, since
20 operatives are still needed to travel and take the
reading.
- The telemetry systems use narrow-band transmission that
can easily suffer interference, and transmission power in
the range of tens of watts is required. The system causes
25 Yband pollution’ with radio-electric noise and hinders
mass deployment thereof in densely populated areas.
- The system works in one direction only, and so cannot

carry out other value-added applications.
30 DESCRIPTION OF THE INVENTION
The device of the invention overcomes the

aforesaid disadvantages, while providing other advantages
which will be described below.



30 DESCRI PTI ON OF THE I NVENTI ON The device of the invention overcones the
af oresai d di sadvant ages, while providing other advantages which will be
descri bedvet/asms WO 02/ 08725 PCT/ 1 B01/ 01142 3 The systenpr€DiBEGiDIEBL i C
collection and transport of readings fromwater, gas and electricity
meters is characterised in that the at | east one transmtter device

i ncludes an interface subsystemthat adapts the signal 5 fromthe neter to
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10 = A wvalue t 1is assigned to the receiver elements, with
maximum value T.

- If the direct neighbours of a given network node have as
a maximum an assigned value t, a value t-k is assigned to
this node, where k > 0.

15 - Every node will transmit a message to a neighbouring
node with t value larger than its own. If there is more
than one with the same maximum value, it will transmit to
one of them.

A system is thereby achieved for automatic

20 collection and transport of readings from water, gas and
electricity meters without need for any operative travel,
since the reading from the meter is transmitted via radio
to the receiver.

Advantageously, the interface subsystem includes

25 an electronic interface capable of adapting the signal
pulses sent from a current loop or optical sensor.

This adaptation of the pulses permits correct
processing thereof by the microcontroller subsystem.
Also advantageously, the radio transmitter

30 subsystem uses a spread-spectrum digital transceiver
capable of implementing a Frequency Hopping or Direct
Sequence scheme.

Preferably, the radio transmission subsystem is of
low power, such as less than 1W, with a maximum coverage

35 in urban areas of 300 metres.



processi ng thereof by the mcrocontroller subsystem Al so advantageously,
the radio transmtter 30 subsystem uses a spread-spectrumdigital

t ranscei weo 02/es3piabl e of inplenenting a Frequency Hoppi ng PCT/DB1®ct42
Sequence schenme. Preferably, the radio transm ssion subsystemis of |ow
power, such as less than 1W wth a maxi num coverage 35 in urban areas of
300 netres. WO 02/08725 PCT/1B01/01142 4 Since the power is low, this
prevents potential interference in the transm ssion band with

radi o-electric noise, and thus perm tsimassive deploynment in densely
popul ated areas. 5 According to one characteristic of the invention, the
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meter readings to at least one receiver element, via

10 spread-spectrum digital radio and channel sense multiple
access method with collision avoidance (CSMA/CA).

The use of spread spectrum considerably reduces
the danger of possible interference.

The communication between at least one receiver

15 element and the radio transmission subsystem is
bidirectional.

The system is thus capable of sending and
receiving information, which means that value-added
applications can be implemented.

20 According to another characteristic of the
invention, the communication between sald at least one
receiver element and the radio transmission subsystem uses
the IP protocol.

Moreover, the software application includes a

25 first bidimensional table, in which the first dimension is
the tariff to be applied and the second dimension is the
identification of the meter read, and a second
bidimensional table of tariffs in which the first
dimension is the start time and the second dimension is

30 the stop time.

The meters can be substituted by any kind of

sensor or data acquisition equipment.
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Mor eover, the software application includes a 25 first bidinensional
table, in which the first dinension is the tariff to be applied and the
second diwenzigiesis the identification of the neter readpCrmbiaisiRCcond

bi di mensi onal table of tariffs in which the first dinension is the start
time and the second dinension is 30 the stop tine. The nmeters can be
substituted by any kind of sensor or data acquisition equipnment. BRIEF
DESCRI PTI ON OF THE DRAW NGS WD 02/ 08725 PCT/1B01/01142 5 For a better
under standi ng of all that has been outdined, sone drawi ngs are attached
whi ch, schematically and solely by way of non-restrictive exanple, show a
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10 Figure 2 shows a block diagram of the electronic
system for automatic collection and transport of readings
from water, gas and electricity meters, based on digital
radio network with IP protocols, according to the
invention.
15

DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION

An example of the system of the invention 1is
described in the following, by means of which the reading
20 0f 1 to 50 metres is carried out, the wvalues of the
various readings are stored and are sent to neighbouring
equipment 1 which lies within the area of coverage. The
deployment of said pieces of equipment in an area A
constitutes the network of Figure 1, in which each of the
25 pieces of equipment 1 1is able to route the packets of
information to one of said pieces of equipment 1, which is
called access point.
As Figure 1 shows, the network is deployed in area
A. Each circle 2 represents the area of coverage centred
30 upon a system. The area of coverage of a system covers at
least one other piece of equipment 1. The bidirectional
arrows represent the path travelled by an information
packet from a point of origin O to an access point X.
As Figure 2 shows, the system for automatic

35 collection and transport of readings from water, gas and



depl oynent of said pieces of equipnent in an area A constitutes the
network of Figure 1, in which each of the 25 pieces of equipnent 1 is able
to rout ewhexgriekets of information to one of said pi eceBCDiBEa@ui4pment 1,
which is called access point. As Figure 1 shows, the network is depl oyed
in area A Each circle 2 represents the area of coverage centred 30 upon
a system The area of coverage of a systemcovers at |east one other piece
of equipnent 1. The bidirectional arrows represent the path travelled by
an informati on packet froma point of @rigin O to an access point X As
Figure 2 shows, the systemfor automatic 35 collection and transport of
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operating system. Said software application processes the
pulses generated by the meters 4, maintains the values of
the various readings and prepares the sending of said
readings through the radio transmission subsystem 6.

15 The radio transmission subsystem 6 includes a
digital spread-spectrum transceiver capable of
implementing either frequency hopping (FHSS) or direct
sequence (DSSS) schemes with digital modulation (i.e., the
GFSK, 2GFSK or 4GFSK). The media access protocol (IEEE

20 802.11 or SWAP-CA) is based on a standard that implements
collision sense multiple access with collision avoidance
(CSMA/CA). The radio transmission subsystem i1s of low
power, less than 1W, and has a maximum coverage range of
300 meters within urban areas.

25 The radio transmission is bidirectional, such that
the system is capable of sending and receiving
information. The transmission/reception operating mode is
managed by the software application mentioned above. Said
application is also responsible for forming and sending

30 the packets of information according to different network
protocols, such as the IP protocol.

Therefore, according to the configuration
described, the system works as follows.
When a meter 4 generates a pulse, the interface

35 subsystem 3 generates an interrupt signal to the



GFSK, 2GFSK or 4GFSK). The nedia access protocol (IEEE 20 802. 11 or
SWAP-CA) is based on a standard that inplenents collision sense multiple
access wwoovaed7es si on avoi dance (CSMA CA). The radi o tr aP6TVIBEI0ON2
subsystemis of low power, less than 1W and has a nmaxi mum cover age range
of 300 neters within urban areas. 25 The radio transm ssion is
bidirectional, such that the systemis capable of sending and receiving
information. The transm ssion/reception operating node is managed by the
software application nentioned above. Said application is also responsible
for formng and sending 30 the packets of information according to
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al gori tHM maintains a table of tariffs with two ranges. the start

time and the stop time.

The software application then sends the readings
to a neighbouring device 1, according to a routing
algorithm:

15 - A wvalue t 1is assigned to the network access
points, with maximum value T.

- If the direct neighbours of a given network node
have as a maximum an assigned value t, a value t-k is
assigned to this node, in which k i1s an entire number

20 calculated on the basis of neighbourhood link quality.

- Fach node will transmit a message to a node with
a t value larger than its own. If there are more than one
with the same maximum value, it will transmit to one of
them randomly selected, in order to distribute the packets

25 uniformly and avoid traffic congestion.

The readings are transmitted as a result of either
an external query or a preset sending frequency. The
software application may leave pending a confirmation of
the sent readings. .

30 The receiver equipment may or may not confirm
reception. If it 1s not itself the data destination it
must route the received packet to the final target
destination. The application maintains the routing tables
to route data packets optimally.



15 - Avalue t is assigned to the network access points, w th maxi num
value T. - If the direct neighbours of a given network node have as a
maxi num avo ayed7ghed value t, a value t-k is assigned to pai/sBnod2 in
which k is an entire nunber 20 cal culated on the basis of nei ghbourhood

link quality. - Each node will transmt a nessage to a node with a t value
| arger than its owmn. If there are nore than one wth the sane nmaxi num
value, it will transmt to one of themrandomy selected, in order to

distribute the packets 25 uniformy andé avoid traffic congestion. The
readings are transmtted as a result of either an external query or a
preset sending freﬂ‘i%ﬂ%ﬁgh-rhfefesﬁgﬁé’@rﬁa@p@)le'e%atzﬁa%é npy 'o%%V%p%fé‘ldEﬂQ a
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of protection defined in the attached clains. WO 02/08725 PCT/1B01/01142 9
CLAIM5S 1. A systemfor automatic collection and transport



of readings fromwater, gas and electricity neters (4) 5 that includes at
| east one elenent to transmt the reading fromthe neter and at | east one
recei ver veoemestes (1) of that reading, characterised in thar/Bheia | east
one transmtter device includes an interface subsystem (3) that adapts
the signal fromthe neter (4) to be processed 10 by a mi crocontroller
subsystem (5), which executes software application and prepares the neter
(4) reading to be sent froman RF transmtter subsystem (6) to at | east
one receiver element (1) that creates anetwork in an area (A), according
to arouting algorithm 15 - A value t is assigned to the receiver elenents
(1), with ~pp¥iyaumvalue T. - If the direct neighbours of a given network
node have as a maxi mum an assigned value t, a value t-k is assigned to
this node. 20 - Every node will transmt a nessage to a node with t value

larger than its own, Afstbees tf@rrrah@ofna@mco&almbmlohh@n@a@amgs
value, it will transmt to one of th y%&emaccordlgrg

char act eri S&d §5ALTHER Fﬁ@%lﬂ?ﬁ?%teg§§b§V§ ESFLifrditdd eEﬁF%Igétronlc
25 interfatkatapabledet adapebsg vhe silgmehtpulosesasentitf tom reaciimgent
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that the raglo tran subs stem a sprea Spec
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Sequence sehgpemivkbh dighial mdulatd onn 4indysterracoasdidgio @aims 1
and 3, characterised in that the radio transn155|on subsy sten1 (é) i s of

| ow power, tBaEN248PIESs S an IR Wi ot PRt 38) cEQeP&gé’]ﬁoﬁeﬁ% ar eas
of 300 met pgs. D R2¢E08E3ht PETLEBOLsAbEY2tem (5), which executes

software application and prepares the meter (4) reading to
be sent from an RF transmitter subsystem (6) to at least
one receiver element (1) that creates a network in an area
(A), according to a routing algorithm:

15 - A value t is assigned to the receiver elements (1), with
maximum value T.

- If the direct neighbours of a given network node have as
a maximum an assigned value t, a value t-k is assigned to
this node.

20 - Every node will transmit a message to a node with t
value larger than its own. If there is more than one with
the same maximum value, it will transmit to one of them.

2. System according to Claim 1, characterised in
that the interface subsystem (3) includes an electronic

25 interface capable of adapting the signal pulses sent from
a current loop or optical sensor.

3. System according to Claim 1, characterised in
that the radio transmitter subsystem (6) uses a spread-
spectrum digital transceiver capable of implementing a

30 Frequency Hopping or Direct Sequence scheme, with digital
modulation.

4. System according to Claims 1 and 3,
characterised in that the radio transmission subsystem
(6)is of low power, such as less than 1W, with a maximum

35 coverage in urban areas of 300 metres.



10 5. Systemaccording to Claim1, characterised in that the

m crocontrol | er subsystem (5) executes the software application on a

mul ti -t askonyosoper ati ng system 6. System according to C aCTEBO/01B2and 4,

5 characterised in that the transm ssion subsystem (6) sends the nmeter (4)
readings to at | east one receiver elenent (1), via spread-spectrumdigital
radi o and channel sense nultiple access nethod with collision avoi dance
(CSMA/ CA). 7. System according to any previous clains, 10 characterised in
t hat the communication between the at 1least one receiver elenment (1) and
the radio transm ssion subsystem (6) is bidirectional. 8. System according

to any previous clgi My siChar acterd tB tchatind he, coREwALeatlaBgbativeen
said at 15 | east one recel ver element (1) and the radio transm ssion
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bi di rrensional t abl I Wmch t he fIC{St di mens&?n IS t e 29 tariff to be

applied and the segbnh JChERs| SIYSOEFRAS  iTdent T EAT | on of thgnﬁlete " (4)
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10. Systemaccor Ing to any 1 ous c al ns, haracterised in that the
neters can %érsuﬁs'm%B?@@idb?P%%?rwkl ﬁlégéitaéeﬁ%%ﬁfl%ra@ﬁt s&hasgsilsixqrsie

equi prent . multiple access method with collision avoidance (CSMA/CA).
7. System according to any previous claims,
10 characterised in that the communication between the at
least one receiver element (1) and the radio transmission
subsystem (6) is bidirectional.

8. System according to any previous claims,
characterised in that the communication between said at

15 least one receiver element (1) and the radio transmission
subsystem (6) uses the IP protocol.

9. System according to any previous claims,
characterised in that the application includes a first
bidimensional table, in which the first dimension is the

20 tariff to be applied and the second dimension is the
identification of the meter (4) read, and a second
bidimensional table of tariffs in which the first
dimension is the start time and the second dimension is
the stop time.

25 10. System according to any previous claims,
characterised in that the meters can be substituted by any

kind of sensor or data acquisition equipment.



