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20 caused human illness and/ or environmental changes.

Within the last few years, breakthroughs in sensor technology have largely
shortened the time required for measurement of the various parameters that dictate the
quality of a fluid such as water. The required time for the measurement of such parameters

25 has been reduced into minutes or seconds. Furthermore, the measurement of multiple
parameters has been integrated into portable sensor modules. The rapidly maturing
technologies in the areas of telecommunication and Internet systems also provide long-
distance telemetry solutions for the online monitoring of the quality of water in a water
distribution network.

30

However, there exist several problems with the presently used sensors. Water
distribution monitoring networks typically comprise a host station and remote sensors.

Electrical power is required for the remote sensors so that they can perform functions like
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20  reliability and lifespan and which is easy and cheap to operate.

SUMMARY OF THE INVENTION
To this end, the invention provides a self-powered in-pipe fluid meter and a fluid
transmission piping network as defined in the respective independent claim. Further
25 embodiments of the fluid meter and the piping network according to the present invention

are described in the dependent clainas.

An aspect of the present invention is the employment of a fluid-driven power

source unit such as a hydraulically driven power source unit, which is capable of supplying

30 a continuous supply of electricity to the fluid meter and its associated electrical
modules/units. Another aspect is the employment of telemetry, for example, acoustic-wave
telemetry, which allows for data transmission to and from the remote fluid sensor/meter

without an on-surface module, that is, from inside of the pipe. Both aspects allow the
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20 The self-powered in-pipe fluid meter can be mounted inside of a pipe carrying a
fluid therein. In other words, the fluid meter according to the present invention can be
mounted on the pipe so as to be entirely embedded in the pipe. The fluid can be a liquid or
liquid mixture, a gas or a gas mixture, or a gas/liquid mixture. For example, the fluid can
be water or a mixture containing water. The tube can be made of any material suitable for

25 the fluid to be carried therein. For example, if the fluid is water, the tube may be made of
metal. However, the tube may be also made of a synthetic material or of glass. Further, the

tube can be also made of a transparent material.

For example, the fluid sensor can be a sensor for measuring fluid flow in the tube
30 and/or a sensor for determining the pH-value of the fluid and/or the concentration of a

substance within the fluid.



For exanple, the fluid sensor can be a sensor for measuring fluid
flowin the tube 30 and/or a sensor for determ ning the pH val ue of

the fluid d o % concentration of a substance within the f]uid.
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parameters of a sample of the fluid within the pipe, and then forwards the measured
20 parameters to the telemetric data transmission unit which transmits the data to a host
terminal or another fluid meter. For example, both the sensing unit and the transmission
unit are driven by the power source unit, that is, are supplied with power generated by the

power source unit from the fluid flow inside the pipe.

25 The fluid meter according to the present invention allows for a total in-pipe
implementation of the entire fluid meter, that is, the fluid meter can be entirely mounted
within the pipe without having any on-surface parts (parts being located outside of the pipe
such as an antenna or a solar cell unit). For example, the fluid meter can be fixed to the
inner surface of the tube by gluing, screwing or via a plug-in connection. Thus, the fluid

30 meter does not need to be protected against damages, for example caused by exireme
environmental conditions, and does not need to be regularly surveilled, thereby improving
security and lifetime as well as reducing maintenance cost for the fluid meter. Further, the

fluid meter according to the present invention can be implemented as a totally self
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20

For éxample, the fluid meter can further comprise a control unit. For example, the
control unit can be capable of controlling power distribution/supply from the power source
unit to one or more of the other units, and/or storing data received from said sensing unit
and/or the signal conditioning unit and/or the host terminal, and/or processing data

25 -received from said host-terminal and/or another fluid meter.

BRIEF DESCRIPTION OF DRAWINGS
Figure 1 is a schematic block diagram showing a water quality meter according to
an embodiment of the present invention mounted in a water transmission pipe.
30
Figure 2 is a schematic block diagram showing the hydraulic-driven power source
unit of the water quality meter shown in Fig. 1.
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value and forwards the measured parameters to the signal conditioning unit which

processes the measured parameters. The processed parameters are then stored in the control
unit and send to a host terminal or another water quality meter via the transmission unit,
20
As can be seen in Figure 2, the sensing unit, the signal conditioning unit, the
control unit, and the transmission unit (as well as the sampling unit) are respectively
supplied with electric power by the power source unit. The water/hydraulically driven
power source unit comprises turbine blades connected to a transmission shaft. The
25 transmission shait is connected to and operates an alternator/generator to generate electric
power when water causes the blades to rotate. The alternator is commected to a battery

storage supplying the different units with electric power.

Fjgure 4 is a diagram of another hydranlic-driven power source unit of a water

30 quality meter according to the present invention, the power source unit comprising:
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battery. However, when the hattery is ful hat an, exce a t
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is inportant that the Diversion Load js sized t?
recharging of the battery. However, when the battery is fully charged, an excess amount of
electricity is produced by the hydro turbine. The function of the Diversion Load is to
20 provide an outlet for this excess power. It is important that the Diversion Load is sized to
utilize all of the power produced by the hydro furbine in case there are no electrical loads

and the battery is fully charged.

Charge Controller
25 The Charge Controller charges the Battery Bank and shunts the excess power (not

used by the electrical loads and battery charging) to the Diversion Load. The Charge
Controller must have sufficient capacity to handle the Battery Bank and entire diversion
load.

30 Batieries .
Batteries are an integral part of the self-sufficient energy system. One of the
benefits of hydro systems is that fewer batteries are required than with wind or solar

systems because of the reliability of hydropower on a day-to-day basis. Furthermore, the



utilize all of the power produced by the hydro turbine in case there
are no electrical loads and the battery is fully charged. Charge
Controller 25 g@e arge Controller charges the Battery_Bank and
shunts the W858 wer (not used by the electrical | oBYSGAE7/000236
battery charging) to the Diversion Load. The Charge Controller nust
have sufficient capacity to handle the8 Battery Bank and entire
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energy in the batteries is not dependent on the ever-changing

weat hey . H rage QS}teries cone in many different styles and sizes,

but al = Vet harge and di scharge repeatedly for years. 5
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nonitoring system the data transm ssion between 10 the nonitoring
points (nodes), that is, the water quality neters, shown in F

Lg. 3,
and the cent Far tosd isygipe svater gHRIEY RoRuigRng fyatei thedats; WF?‘F&’PPE?%W%&
An acqys tdu@mb@ccﬁﬂ%b@inté (Hgﬁé‘éj)thatﬁé, REERAS: haBQQet&8lshbvwiom Higr3, dad the

transmssion in a water pipé. An acoustic nmodemis used for

under wat exenitdtservenrammakease ofthe watee distributien pipgi Amacoudts: tglgmster (agrlem)
speci al under wat . i e cansmtted in water.
The renotB%° té@égé‘i{ %%wn%d@%gagg?%gé%ﬁg%ﬁagﬁal and translates it
into digital data. Either time domain or frequency domain filtering

| gorith b d t the datag f , i\ d
31 gnal 5. Tho. Areabocmtenh i) 4pd Forpp s s DRy LB, SO
about 151, £@0into AR uhlerReRr BBIMN sigraBdthithenbegiarspittsl mcwatet. iThe radetm

data rate may be, but is ) - . . .
recei%/ing modem receives a sound signal and translates it into digital data. Either time

domain or frequency domain filtering algorithms may be used to separate the data from the

receiving sound signals. The signal range may be, but is not limited to, between about

1,000 - about 10,000 meter, and the high speed acoustic modem data rate may be, but is
20 pot limited to, more than about 30 kbps.

However, usually acoustic modems are used in open-seas or in open water. In
comparing the data transmission of an in-pipe application to that of an open water

application, the following issues can be considered:

25
Sound signal reflection in pipes may cause “echo” at the receiver modem, and this
may not happened in an open sea. Accordingly, any resulting “echoes” may be handled by
special filtering techniques at the receiver end.
30 The signal can be transferred along the pipe. As such, the direction of the

transmission/reception, as well as the beam width of the transducer can affect the

transmission distance and efficiency.
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nodens are used in open-seas or in open water. In conparing the dat a
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efficiency. WO 2008/ 018836 PCIT/ SG2007/ 000236 9 The water
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reerc lon1n uce the si strength significant
such, 5 eedecfipipsmgpydesneitbbl e di st ance bet ween nodens, in both
straight pipes or around the bends of pipes naybe useful . If the

pipeline is quite long, a signal relay can be used. Each nodem may
function as afsempiiriing &ciitesng, asighiierelaghn bassd. Goet mbaemiaerﬁmcﬁaﬁ
as a repeater for the sjgnals 10 between the central serv
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15 Most oJ t@ﬁsﬁﬁgl‘%{t‘f@qﬁcgfr@m@ﬁ%ﬁé b&xsfﬁgﬁﬁgﬁ achi eved rat her good
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performance In ver or direct-path underwater channels, but very
poor performance working in horizontal multipath channel. There s a

b pe 111 1HREER B R e B bR TR "Tar Ty ng out, The
prelimnary ed@erofrthe inddieakr abeusto atbdems uchisyed bathdrr guodnpesfoimance in
di stance v%?t%lcla o? edi?eggpa:.l' Ou%dgx?vxtfa%ers channels, but very poor performance working in
horizontal multipath channel. There is a report of investigation of acoustic modem using in

horizontal drill pipe filled with mud, the experiment is still carrying out. The preliminary

experiment shows the good results, the transmission distance could be 600-1000 meters.

20 'With the technology of sweep-spread-carrier (82C) comumunication, the signal is carried by

a succession of sweeps (permanent and rapid frequency variation) and the receivef modem

would separate the multipath arrivals by converting their time delays into their
reallocations. When converting the signal into constant intermediate frequencies, the best

suitable multipath arrival can be geparated in frequency domain by means of conventional

25 frequency filtexing. An intricate (multipath) received signal can be simplified to one single

arrival by suppressing the interfering components through filtering. Each multipath signal,

arriving with its individual time delay to receiver, will have its own instant frequency,

which significantly differs from instant frequencies of all other multipath arrivals. This

appears to indicate that the acoustic modem with S2C technology would be able to vse in

30 water pipe data transmission to extract the data from multipath “echo” in pipe, and also be

able to separate the signals from different modem.

(2) Message transmission direction
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such, it may be suitable to set the modem working range to be between about 2.2- about
20 2.7 times of the modem’s average working distance (range). Detail analysis shows that the
amount of data transmission /reception /re-transmission will not increase significantly over
a long distance and with multiple repeaters. Instead, the data may still be expected to be
relayed and transmitted to the final destination even if some of the modems (provided not

the adjacent modems) along the pipe are not working due to any reason.
25

(4) Data Transmission control
In this water quality monitoring system, each node data sampling rate (in seconds,
minutes) can be configured, to ensure that any water quality problem found takes placein a
near real-time situation. In the event that the data transmission is not completed by the
30 acoustic modem, the data transmission control module in the control unit plays an
important role. The major objectives of data transmission control unit include real-time

updating of water quality status to a central server, and reducing the power consumption of
the acoustic modem.
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Transm tsc%&e&m’mdl ately to the central server if a

at least one sensing unit, for measuring various aspects of the water quality
parameters;

20 at least one water sampling unit, for exposing the said sensing unit to water;

a fransmission unit for two-way telemetry function, which sends data to and
receives data from a host terminal and/or another water quality meter;

at least one signal conditioning unit, for processing measurements from said at least
one sensing unit;

25 a control unit, for storing results from said at least one signal conditioning unit,
controlling the power distribution to said units, and for processing data from said host
terminal and/or another water quality meter; and

at least one power source unit, for generating power from a water flow, distributing
controlled power to said units.

30

According to an aspect of this embodiment, the power source unit can compxise a

water-driven power generator and a baitery storage.



to coomand to send water quality data is received fromthe central
server. (d) The nessage relay control |ogic described in above (3)
Above logic would control the neasuring data to be transmtted to
central seMPA0%HP836 when necessary, so the data PCT/SG2007/000236
transm ssi on/receiving/retransm ssion al ong the pi pe woul d be
reduced significantly conpared with purzely tine based data

transm ssion. AQ RGPl tnbBhet £padl OF M enIPARAAIRALG tRlo-WikPteleMéeBH thRion &
water quality nmeter ~conprises: at |east one sensing unit, for
measur i ngpieEdedby amagpasticswate raemigsipededeml ity paraneters; 20 at

| east one water sanpling unit, for exposing the said sensing unit to
water; a transmssion unit for two-way telenetry function, which
sends data to Fmdexampieia emildag andthodnof theowktet epniityameten diccordiag db hihis
water quality,. nmeter; at | a%% one signal conditioning unit, for
processin B ERPRECSIIOIPRS Oty at | east one sensing unit: 25 a
control unit, defbraBi@ind\@nireBinkpowél2ailabid td sellecte@ saisingR@itSbaupadents;
conditioning unit, controlling the power distribution to ,said units,
and for procedBeaBingitdeast in asBgo oHBe EnVIOBRGRR PrOfiatE o SBHbIEPE Waiber
qual ity neter;  affofle8RSbriRRSiPINEt SRUAGBuA hipecl AldaBCRRS,at | Ng
power froma water flow, distfibuting controll ec}3 power to said
units. 30 Accdrabmiftinpsaihdais peahospierinpls enbodi nent, the power source
uni t c@n conprise a water-driven power generator and a battery
storage. WD 2008/018836 PCT/ S&007/000236 12 Accordi ng to anot her
aspect of thi sTennodariventerisaif thetpnsentayventdemeludy: f unction is

provi ded by an.acoustic-wave tra i ssion device. For exanple...a

Wor ki ng. et hodVoP TR GRIPRPOTER e RRE AuERmsler sug too® FRIcE a0ty meter,
enmbodi Neng.g CiadRting 68-pipfeeigiab@snsefission through the fluid inside the pipe. This generally

removes the on-surface parts and ensures good security for the system.

15 (ii) Self-powered implementation of the entire fluid meter, which improves the

reliability and robustness of the system due to its isolation from external environment.



generating and controlling power available to selected sensing unit
conponents; neasuring at |east one aspect of the environnment in
proximty to said sensing unit; conditioning and storing said at
| east one neasured aspect as data; andjz transmitting said data to a

host termnal. 10 To summarize, nerits of the present invention

i nclude: (i) In pi pe inplenmentation gf. A8 entire fluid nmeter such as
a wat er %ﬁ@l neter, e.g. including in-pipe signal transm ssion

t hrough t tﬂ#ﬁ@&ﬁdﬁélde the pipe. This generally renpves the

on-surface parts and ensures good security for the system 15 (ii)

Sel f -powered inplenentation of the entire fluid nmeter, which inproves
the relilabi| iA selapaiveredirspipe smtafqutlity msstat tobeditRintel intide bSDpipt cmying
fromexternal environnent. 13 CLAI Vhat is clained is: 1. A

sel f - ﬁbm@@@HOFﬁnB?B%eﬂ%?@?“@dﬁ#?ﬁ? 1@F‘¥%“h§“ﬁﬁﬁﬁ@éd i nside of a
pi pe carrying g féaé’i’%ﬁ@%elﬁ'fngaudﬂ %JHISI@ of BIRL &I %ﬁie‘ﬁ?%ﬁgﬁ: @fﬁte qhdiitd Harameters

therein, conprising: at | éast ohe sensing ufit ca neas ring
one or nvf§KMhnénmqmaﬂMMwmparaneters of the fluid |n5|de of the
sm Ssion_uni le of telenmetrical

t el t 1
Pt ne BaeleindiR fald SORTORSAE hh copeblEl O SePl By Trasbarifpp ata

host t er mdhalin@h eHeasuraafe quality 'pQraﬁﬁEe@rt@ a hb& t@xﬂﬁnﬁtanbi%ﬁﬁﬁotﬁé}%luld meter;
fluid-driven power source unit capabl e of generating power fromthe

f1ui dliof] @ wit hin the pipe and supplylng power to the sensing unit

and/or the tr S and at battery stora

char ged by ¢ net TRt Ghecl gt b Rer Shwree Bt s2iihur B Rl et eE o e
sensi ng tinid flow vadpe Heepipé afk bupdliih goreSNRE Ser@ingtingt dnldtor @he fritihf&ion
t he pi pe and exposing the sanple to said at | east one sensing unit.

2. The fMpitcEnget er according to claim1, wherein: the transm ssion
unit has a twgepay L€ ‘a%& "s%rgglér}:‘ﬁﬁxlggﬁ? b§(ﬁlet ARE-deiveh ﬁo&'w stonxecre; capabl e

15 wherein the at least one sensing unit is capable of extracting a sample of the fluid

inside the pipe and exposing the sample to said at least one sensing unit.

2. The fluid meter according to claim 1, wherein:
the transmission unit has a two-way telemetry function so that it is further capable

20 ofreceiving data from the host terminal and/or another fluid meter.

3. The fluid meter according to any of claims 1 and 2, further comprising:
at least one signal conditioning unit capable of processing the fluid parameters
measured by said at least one sensing unit.
25
4. The fluid meter according to any of claims 1 to 3, further comprising a control
unit capable of:
controlling power supply from the power source unit to one or more of the other
units; and/or storing data received from said sensing unit and/or at least one signal
30 conditioning unit and/or the host terminal; and/or

processing data received from said host terminal and/or another fluid meter.



20 of receiving data fromthe host term nal and/or another fluid
meter. 3. The fluid neter according to any of clains 1 and 2, further
conprising: at |east one signal conditioning unit capabl e of
processing the fluid paraneters neasured by said at | east one
sensing unit. 25 4. The fluid neter according to any of clains | to
3, further corfprhsiflng metpatdodding iy efapabisel ©f4, sgio i dihvdgpdyamburce
supply fromthe power source unit to one or nore of the other units;
and/ or stUSHi QPPHESINE A ROVET BERFTAPH AR kA PYIeERHOTA8E unit and/or at | east
one signal 30 conditioning unit and/or the host termnal; and/or
processing data received fromsaid host term nal and/or another fluid
meter. 14 5. 6TAke fluid deteeteordiog ar aiyng clamanyto 6f said aanmidsidroudt sai d

fluid-driven power source unit conprising a r..generator and a

bat tery SCBIPHGBE 8 ACRRECTY R ATDEIon dEUPEF GO EARY BRI datfiagn; o
5, said tansitivast Motl theFni@ WMISHBAYRN acoustic-wave transm ssion
devi ce capable of transmtting data via an acoustic wave through the
fluid within the pipe. 7. Afluid transm ssion piping network
conprising a ral.i of . sel f-powered.in- pipe fluid nmete .
cecording o dndk DA hrSuisSRms SRR EEH Smile folishet sl anape in-
pi pe 10 pafe M@ nititdts AECOREh RS Kny She ofitfuifnk UidirebpRATE S u@RdIhAHOSS a pipe
network according to claim7, each fluid nmeter being capabl e of
comuii c & ithegpimingmetyerisdj acent fluid meter via the respective
telemetric data transm ssion unit. 15 9. The fluid neter according
to any of clains 1 to 8, wherein the at | east one fluid- driven power
source furt hers. dbepiiis @tnsmiksionrspmg depactkpicowiditig® aain® Ut keadh hid meter

excess %%}Qa%rdapa\{\tﬂg gf E:gn?lm%%}c}agrrlg wsitthoarnaa Jeacler?t ffhﬂli lrgetgrhvailg eedréspzegtive telemetric
data transmission unit.
15
9. The fluid meter according to any of claims 1 to 8, wherein the at least one fluid-
driven power source further comprises a diversion load providing an outlet of excess

power, when the battery storage is fully charged.

20



