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WD 2008/ 018836 PCT/ SG2007/ 000236 1 SELF- POAERED

I N-PI PE FLU D METER AND Pl PI NG NETWORK COWPRI SI NG A
WERWBALESIY OF SUCH FLU D METERS CROSS- REFERENSET/SGR007/000236

RELATED APPLI CATI ONS 5 The present invention clains

the benefit of priority of S provisional application

Wb ch i o REEIOPOMERRIL B RE REO s M RECRRIFT & ©
Plrﬁlﬁti KEDWORK tOMPRISENESA PENALRLEFY HE SUSEVIUID METERS

e present 1nvention relates to fluid neters such as
a water quality neter used for nonitoring the quality

of water i :) pi pi ng

et vor k. CRORRRERERERGE Shat SRR ARPHRATENEY P

t hendBREdr® ihveatioh chahe thebaietit ¥f prionityt &frUS rrmonsisionsli application

and distribution 15 systens has bfggﬁgfne th]ilgou h thetdb
No. 6)/834,29% fibshPERY b12098r theceanisnis p 15 RErepL Lcomppyated by

at__.rapn ' he sanpl es collected are
refer?f’scﬁé?ﬁ@g%?pgygggélgﬁg%P§%i ne through wet-.chemstry

nmet hods. The processing often takes place several days

or weeks after th aﬁif‘&ﬁfﬁ;ﬂgt her ed.

Accordi ngly, thergnﬁé@@e&@n | es where the

degp AJALLR PnveRtibh Fel¥iRd & f16iH Rhdtéry shéh A WaRPRBAIRHmeter used for

a??lér t%]éelﬁc angle In water quality has 2.0_c§u.sed human
monitérinethe qaality of watmmin wetenpipeaf & Waleg EeNSiFYiAN FIDIREOGROTK.

few years, breakthroughs in sensor technol ogy have

| argely shortened the tine required for measurenent

of the vari ousppakaROEND OFXHENNVENTION qual ity of
a fluid such as water. The required tine for the

meHsstoresatlsis themanitonng af sy apalitydn FeaterjEmsmissifpcg distribution
|t Mt d LT i : WRAdst and at
vl TR e SR B LGP gt DR R
rand @ 1y s S The ovantpdebu kelecteBharer apially yproedssed off-line through wet-
technol ogies in the areajg of .tel commnigﬁti on_and after the
chenyiirermthods, JERIOSFSWENPURA (ST GRS VPR ARE O6IEIHse 1
| gt f ' NHeRS iy b bhife Ginalahbes &here the
Sam@/gt f(gérs ?’Eéna ‘(i%gl%égjf;@ ngtn{riﬁlk%%l J[cl)ln netrﬁ]%’or K. 30e However, e're
degradution iaxthe twaten guadity ps oblyeagpavint afteh ghepehasnan tip ywajgeguality has

sepsors, Water .
causec? ﬂuman 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
has been reduced into minutes or seconds. Furthermore, the measurement of multiple
parameters bas 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.

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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di stribution nonitoring networks typically conprise a
host station and renote sensors. Electrical power is

WO e@ionssds f or the renote sensors so that they B@rnsSG2007/000236
performfunctions |ike W 2008/ 018836
PCT/ S&007/ 000236 2 sensing, signal conditioning,

sensgfg;?iiglgﬁlgc%npﬁm%gt% %Fg?alotgé}gg %Bna 31?{ Otﬁa%%{var dZtPQVg?dsrt?xe host station.

In re@lif, fHNdtdtn oTet e KsriBiebrl Adworks Q6 @i réshediipepipeia®s are not
are not always close to electricity supply networks.

alwayp claseHo elesicityt sromplwew@werks skinsish sajesy tetrgmpte. sensors have to be
o) I

e B SR g T RO p RS s e i

battegiek lagd sdlae _céllsaWhafd&vaafzksI hE&eseppmmr seoces e% thatethe batteries need

the, batteries need to be rechar repl ced due t
to bg rechyre efipg/rqpfem:o? e 19 g SRy laﬁﬁeﬁhfjeawan&étdfsg &ﬁllmryonqy work
prOp%glﬁHdﬁfrgﬁﬁEﬂeM eﬂti?&ﬁnén?a;taha% eletb\ﬁupe@gent al and

condi ti ons ods o at a
transm ssi on between the host term nal and rermte

&35 et SF ke FRRGRIgen DRS4S nosh el pRE SgRote sensors,
said TBEtROESinclude deRiME &1§HORE! GPY ShicllRe, CRittrkAeH# iMtrhdketaFor all these

nmodem and/ or an ant enna, Whi ch means, the renote ‘
methodasthe temote senser erwpbbe@qmp@dwefltél amadem ang/on aggytenna, which

meajlr})sr, gl’ll ude CO %e%ts 1'21%18[5? Bg e%[g%? L& gthg %afeﬂ{enjts as lﬁﬂﬁgg ﬂ'gilll?d an n-surface

modiRy, €hdt Ss, 4 Matulsyebvided ontisdlolitac alrt‘aad ldf% pipedBhd d)raki&back here is
protected and re uIa ly surveilled, which then 15

that peghy gyoR-e8fagegppdule 5 ﬁahsm?ct%g%reeetaﬂw&mﬂled which then
1ntroFﬁBQést ﬁ%ﬁl‘ﬁgmﬁfméﬁ‘ Ser Lbsib rfblbﬂ’ﬁe'rﬁcghlﬁtﬁﬁx Pﬁiéh{tgltlon networks
unbers of renote sensors. e present I nvent
havmgﬁkge hambets 0f cemeote bensarfsor esai d pr obl ens and
difficulties. It is therefore an object of the
present invention to provide a fluid sensor having
' ”%@\b?&entzlgvérﬁidnaﬁéﬁs' foYoveR@ulel the aRaarNstoblhs hnddifficulties. It
easy and cheap to operate. SUMVARY OF T I NVENTI ON To
is thetefereeandgbjedifi thw erqsemnnmmmn de previden fllud sesrser having improved

. Nz i and a trans m ssion piping
retiaffifabileshEatagoh  nl b st rd 08 Fuependent
claim Further 25 enbodinents of the fluid nmeter and
t he pi ping network accordlng1to the present invention

are described i SYNMMARYAHHE BVYENIION aspect of
% rg‘og&%r%{/ﬁté ﬁﬁ&%@@ﬁdoﬂg%ﬂoﬁdte?g s?tﬂég%{]@%-p%e fuid meter and a fluid
trandiiyigsian | pipaig| yetd’brk/ an dufined igothecespeotive imfipehdéms claim. Further

capable of su
embod@nents of the ﬂuri)(P meter %nd the piping network according to the present invention

are described in the dependent claims.

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
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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30 a continuous supply of electricity to the fluid
meter and its associated el ectrical nodul es/units.
wan@shesssaspect is the enpl oynment of tel enetrypPCT/862007/000236
exanpl e, acoustic-wave telenetry, which allows for
data transm ssion to and fr n1the renot e f|UId
sensor/ nmeter . _w thout .an on- sugfaceegpdule
tally

remof gy FEIELOBS HESH) BESIGt Ip 8 dectLyahiighe PAlRtiiand thercby
ﬁﬂ e é)@@%@ f3hd giMtsendot OW sensor of
1ncre§ﬁéé§%%1§§%?n?nvg§tl oﬁaéo be a %ota Iyslr#lopl pe sol ution
and thereby increase systemsecurity and extend the

seAaoine el st B PERET R BRO0RB005% 4.l auatity meter for
wateﬂ Hﬁltﬂlﬁlﬁloﬁﬁ{eﬁ{'oﬂ@ wheRein@lRiraliyséf wiret g@ility fictds sy be embedded
wherein a plurality of water quality neters nmay

be
withisnthedweatgr pies ioif the M@ten,ailgnblgﬁqyegetwpﬂ{ ngle\,@p@llty of water quality
mete?{%fc’:%l{ bbugtﬁc eg g tht)ca'h 1S thx 110 ]a g) a;?é otn% vs’a.\iﬁft %@ﬁnsgilfﬁl &t é’istnbutlon
pipindShéiofK. aheWae qality wetst carbdétecrand mheasng arpitmmhhkof §fhmiard or

wat er quality nmeter can detect and neasure a pl ur
custasp paramelaisdthal deterpsng Mepaalite o reatety 20 dan drHbmE ‘?% td a host

termfﬂ‘é?wl{l%upth V@& OF an %QQH&@BO?VE@M& oo @n—"sﬁ’rfé’cer}ﬁ%ulé Quch as an
rmnal wthout the aid an external power source
anteiia @ wibarsellfvatte nodul e such as an antenna or a sol ar
cell unit. According to the invention, a self-powered
in-pipe fluid neter conprises at |east one sensing
un' Il ft@lﬂ%b{oeth@fm%ﬁ%ﬂré &£ ga@e&a g RedafBls E(Sm@ﬁses at least
F I nsi de of pipe; a telenmetric dat
one smnwms capablendft mezspring @ngfor edre MW%@‘S |of the ﬂuld inside of the
mtting data includin neas Bk e
pipe; - SIRBEYC, G PaieanieFo pid e iitahedicln? YAMHifhe date
incldd2@s b nidaBurkll Wit Parhiveter AOXBbSt Ierifsl amﬂldr aﬂa!;habﬂmd(rheter and at
generating power fromthe fluid flow wthin the epﬁ
leastzone ﬂwﬁ;ﬂrwengoomf@mé@ur%umh sapabls phgengrating Aoyes fropp ghe tluid flow

L Bt S T

fluid thereln In other words, the fluid neter

v sl s ead Hobipe TG meB¥ oR AScBORRed skt pibe camying 2

ﬂuldTﬁ‘Ferélhuh{j oD wWoPds? thd ﬁHiddm‘éfer acb&ding 101 the Lﬁ@senﬁnﬁz@ﬁ’u&{ can be
as mxture, or a gas/liquid mxture. For exanple

mountuel dl thie ghijeaso askie bmntmelmnbcddse‘( inuthe pipenilae @luﬁbcambfé? liquid or

The.tube can be nade  of ui t-abl
BTG B E6bOBE ELPPIBS Dh ey o Bap Btk eRafle b fid can
be wateH & 4 MmiMBteSontailifg WdkRe. TRYube caBenflle offehpinaterial suitable for
However, the tube nmay be al so made of a synthetic

the ﬂmdeimbm cagiedotherging $'6t examnlpeifl the fiaid 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
and/or a sensor for determining the pH-value of the fluid and/or the concentration of a

substance within the fluid.
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tube can be al so nade of a transparent material. For
exanple, the fluid sensor can be a sensor for
woreasoisssg fluid flowin the tube 30 and/ or aPSEREZINT/000236
for determning the pHvalue of the fluid and/or the
concentration of a substancg within the fluid. WO
20 /01883 PCTOéwEZd&aW 00023 4 Faqr exanple, the
e B BEW BN Sl GARIITRRITSE e OF more turbine

bladé@r(@uéhl raE" d %’dl*él Afeite GAUEE @Se BrhY Whe g{?Péfrpe iinbf&sion shaft

case of a wa nmeter), a transm ssion

conpestidetot g terbinertdadesy mdn@p@Wadgmer@mvhl’@nmbe For example, the fluid-
at For exanmpl.e, the fluid- driv

crivg RERL 36 L VR Btk oS BbiehoBomeBaf piepipmple, the fuic

dnveﬂi poagesoures weEK sdPfiethed Bnprisei Lctrgl d édfﬁ%ll@PWlV&ﬁHﬁ 4&ad, and a
unit can further conprise a charge control

voltageregulatis. | oad, and a voltage regul ator. For exarrpl e,
the telenetric data transm ssion unit can use acoustic
waves or el ectronmagnetic waves (such as optical
vva\Fes)e)dampﬂe;I ﬁherﬁellemaid gath rieas midsidauait Sdaﬁn@desa&ﬂsﬁé‘ Svaves or

1 oSt . termE and/or_ to a510ther fluid meter.
elec %ﬁ%ﬁ*f‘éw V85 (Rch AEOPGE! HAYER (0 Ieonatisallfransmet dadsiignals to the

host!tE@NaA1 dndiaH B a‘ﬁbﬁle@ﬁuﬁclﬁ%{]'ffbr‘& gr tIPente%h%ﬁIic! h&g transmission

wave through the fluid wt
unit R traasypit glataavih jagaicelistio Mavasmaata%asctmal ovave Alrough t}&: fluid within

f b wave r
o AN B S0 eSS oy ot
beca(lselﬁctbu@ﬁc WaRELArk ichp bl 6B tkaveHAYRVES a Idr&edlgt%llc%riﬁttflé glé)es (such as

data transm ssion unit does not need to transmt
metalhie Pipgtla HavavST: $he telaneiric dat transidssionsile dodsengiinwed lbwtransmit

i.de f the. p I S

the EEDSELTE hOAE Ml SIS ol Chterpigel it s opige of e
plpe;matmxmghmémedwmgndiﬁg&hdm gures/ detects one or

nore fluid paraneters of a sanple of the fluid within

t he pipe, and then forwards the nmeasured 20

pa t ot Qn_ uni t

e e for AR, THE g AR hEBURTGERE oS o uia
paramgigrsd ofret mmplgarf the dinid evitintthe toiyee, smdstheg forwdrd@mee measured

parsrd EARIIh 08 B Gt Yol il CuBOUET SRS, « o

tormina or BEWREr SO BGeH o} okkRBle! BEH
pi pe. 25 The fluid meter accords n%lytsgn{uliléwgrtgg%gl? © blimission

unit fuﬁ\ftfmenéw the pewsr Jovrceamito thwk is, arepsupplied withqoevet genavated by the
powé} %@uﬁﬂtﬁ%ﬁ Helﬂﬂl&'ﬂ{qngérelsﬁde hlré%tlpel s, the fluid neter

e ent

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
meter does not need to be protected against damages, for example caused by extreme
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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wi thin the pipe w thout having any on-surface parts

(parts being |located outside of the pipe such as an
wanaosons3e©r a solar cell unit). For exanple, tpPer/8Gri0d000236

meter can be fixed to the inner surface of the tube

by gluing, screwing or via asplug-in connection. Thus,

|ud d 30 ter does.n need to be, protected
P""%"gg‘} ﬁ%’tﬁ ‘Hstﬁﬁagtg?el%ﬁ?%&%’gh@nkws%ew B Surce. In other words,
the @mid frefeirah de opemtid wiksut 1RSAdT98 ARlmASRYd YohSe so pat it can

regularly surveilled, thereby inproving ‘security an
alsq b eser gbisalatedeplpces sFyrtign sineg theaflwid enetercuses thetflvid flotvihef the fluid

; ' (GO leanthe . Bl uid. neter. accordin 0
= ﬂ%g}p S’r tggl{eﬁt th|ene\l‘l/%It ?)(1:)‘ A ecg ldbgieitﬁﬂﬁl E}Fti?{tdt—f*’ﬁs gat IéaVFg? QP goessed or
remsetd oM 2O PRIeWhBS B haPbdhSAH 1061033 Ghus, tROREIHSRetEd d¥cbrding to
h net er . not .bel,srr}g d&gendent fromany external power
the prapent dnventop isalso irrkls as well @s pasyisnd eheasr tooperatse
operated without the aid of an external power source
so that it can also be used at isolated places.
Furkonesxamgile) ctbe ttraasthission unit of thes €sid heetdrl wcdrdﬁﬂ%i% @he present
inwﬁtnﬁeflui in{heﬂ%ipeI that .is, the ener_gy of the
0P £20; ARYS PuiP-WRY deleisly fipetiomie thet Bk inaiob sy cepable of
tranfm{t@AP¥ECalts e4pab bRSyi i N ;
t her g%) n. Th us?ﬁat %?f?}e%ﬁ%g?t g rﬁ%{g ?ﬁ;er (?Sﬁger?{gﬁl t%#g%g another fluid
metesy dis rexapmple npadrameters/mogems edfi thel sensimgvedit aad @hayumindcan be
t.e, For exanple, the transm ssion unit
upd%tP&t@ﬁedl?Pgﬁgér?}%ﬁar according to the present invention
can have a two-way telenetry function so that it is

notF only capable of 10 transmtting but also capable
of ToBeEaPisgthelud mesen aen durisertcommrise nb leasinatteoftuid sampling unit

whi xtialctd] i l /
R e R et LU —

to sajyd at lehst ohes¢nstrrumitnal . For exanple, the fluid neter
can further conprise at |east one fluid sanpling unit
15 which takes/extracts a sanple of the fluid inside
t hgoPeRANFBIHRRRS Githdr QbRiger LdGR: L eSS itioni
.l east oneﬁsensi ng uni tr. For e){;ﬁﬁ%pé@é‘?#f;ea%o%edﬁ%% ggr)ndltlomng
unit gAcH prpedsess the fiprd paearacters eassured by shig bl casiundisth s figt.
unit which processes the fluid paraneters neasured by
said at |east one sensing unit. 20 For exanple, the
f | Borlexeeiysle, 103 Muld! filelte carf A ek %&nﬁﬂE@Qk{)&!ml Wkt Fof Qfample, the
exanple, the control unit can be capable of ’
contyad 4K sen be gapahlee! wntrolingpoweh distriipitipnisupply toen thevemwer source
it &PYAS Er ' 1 re of the,other. units, and/or )
U St or‘? ngmg’géi gf %hgcogﬁe\? el g'lt?’:r%rcrl{e < asltodl@eq?g? e ﬁatﬁc’m said sensing unit
and/or the signal conditioning unit and/or the host terminal, and/or processing data

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.

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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and/ or the signal conditioning unit and/or the host

term nal, and/or processing data 25 received from
waaiod/oigssé t erm nal and/ or another fluid neterPCBR:EB7/000236

DESCRI PTI ON OF DRAWNGS Figure 1 is a schematic bl ock

di agram showi ng a water qual ity meter according to an

e di nepnt. of the presepnt invention nounted in_a water
t rngﬁ@mf“sg PRAV P e amgle %‘in@a%mz 5 luiglity ¢fawater qualitwmgters of the
pre$UneiiaMici A\ Wtet ffhsBIMAYibinp ddtyRN Pover source
y

unit of the water quality netér”shown in Fig. 1. WO

2008/ 018836 PCT/ SG2007/ 000236 6 Figure 3 shows an

ex ing.a plurality_.o ter qualit )

ne?igglsneeo gst ) 48 ﬁpe(gfe%’t ‘%‘Wgﬁ?rft &h aﬁq&@uﬁg—@@ym power source unit of
a whteadquebitys fietth aptRiing t6 ifelpRetentingéti®nd i s a di agram of

an enbodi nent of a hydraulic-driven power source unit

of 5 a water quality nmeter according to the present

i NnVepd Y I

ENBOD NENFSTE it S TR RO By

of Eigwee bshaysad schymetit Blockdingras 6fa tvater qualefdedér®Bbrding to an

of .. th ol esent invention, The water qualjity neter is .
emtRimEEAT e RERSeTE iRt dbe wteramakty metar ismomien anstherinner side
of PdRr tARSHAB ipEeAs | Ly al b 1 340f ;

e o pipE e B Dce it 8 £ el of &k quatiy
metess o the Présantainygniéon tanabs picsdedninpa [wWaty tsymsiis¥ion piping system,

ag VY .sng W th one or nor st termnpals. The . )
conf U ST B0 R, D5y S e Sorio o i
embodinkint $6mpHsiad Fhted SaMplinOuit) alsendin® 6%, Mgt dondfioning unit, a
signal conditioning unit, a ‘control unit, a power
contge] Jile 2 pAMET apRFcR Uit aRd Ajtransoissionunit. Theesasalinigi ungt axtiatts/takes
e : le fromwater flow i nsi.de
et i T T —
samplaripltiee sansinigeurse Thie Rgnsi tnit TREsEE VO] PianePRASUES the pH-

al sev%‘gl araneters such as the pH value and forwards
valuggn the BGRSHISH sPargmetes & dheisignehdondiiohing unit which

procéied tHh ERurANAERSRES. Tlgbe;%rﬁgéﬁéﬂrﬁgarg@ﬂél%@?%&réﬁ 'sto-{rér]dg in the control

_processed paraneters ar n store € con
unit gnd sengdrid adwstitetminal drosibtheewaiengliality netatviethe Wahehission unit.
quality neter via the transm ssion unit. 20 As can be

seen in Figure 2, the sensing unit, the signal

condi ¢anObd BEerlIiH FigurB€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
transmission shaft is connected to and operates an alternator/generator to generate electric
power when water causes the blades to rotate. The alternator is connected to a battery

storage supplying the different units with electric power.

Eigure 4 is a diagram of another hydraulic-driven power source unit of a water

quality meter according to the present invention, the power source unit comprising:
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control unit, and the transm ssion unit (as well as

the sanpling unit) are respectively supplied with'
webk@sissss power by the power source unit. The PCT/SG2007/000236
wat er/ hydraulically driven power source unit
conprises turbine blades copnected to a transm ssion
shaft. The 25 transm ssion shaft is connected to and
Hydr, s an alternator/generator to generate electric
P C @R Spdver! WitAt £ velin8imple design.
a%ﬁeﬁ%?o ﬁ@’?&eﬁn ctg‘ge?g&a@ggglt :I?y_ st or age 5 6imp =
Typisallyph yiunger"' e pooeller mrattachwidite awhafh whiel is ¢annpead o and operates

Figure 4 is i agram of anot her hydr i.c-dri
o Bty SRR a5 G N . There e
seve%g F}?kg bPeirbifed, Hat %@%&%ﬁwm tHedlassiflied undeethrs&omajoe types: (i)

conpri si ng: 4 018836 PCT/ S&2007/ 000236 7
impulsecucbitfess Gintsactioneiurbipesr and; @iosubesridls drepadley EJrfgmeS- Each type

r.el i abl.e .power .w t h [ lLAN: j
o i SRR Yot Pt ol (R ety g ity soue
of tHeSrufifIAP &edtadpresond vil-siepaalong asaheralit arcvabiant supply of flowing of
generate el ectric power when water causes.the.runner
watet,dhere isimest likels & wates tusbipg yeell-quited pprogde SlpoffiGiys  but
generally they may be classified under three major
types: (i) inpulse turbines, (ii) reaction turbines
Diveddion Lbad ) subnersi bl e propel |l er turbines. Each type

of turbine is ideally suited for a.different t. f
\Nal'lé(Flr%B‘ﬁ]b‘P? angy aﬁté}% HOWER, Rrodugersy eget‘ﬁe aq(at?rhlé Rfowihg and the
turbih QEisgﬂxﬁi@g‘, Ghe BVARE AirbPB-i§ ighGduchfe tlebwicRy. Thereteduicity must be

constant supply”of flow ng of water, there is nost
conshined| or diravtedesomewhirae Ofiesirwisgutheeelegticity ovillgle converted to heat

.electricity., 10 Diversion L ‘ t [[es ar .
i T i AP S D OSSR g i
gene?itéd bahe hyildl fbihé i péramed bytthe elugtifcal laadbi(thet iss by the other

producing electricity. The electricity must be, . d th
units; ofi Shersaienr meieresichdas dhfe RRTAISioR RBF P dhe sFsing unit) and the

el ectrd.ci ! o) fdqh i et dess t of
el 5L K o N By lE B P hbs amount
electicityab ippoducad Ibyothet Ingire |texbirel Glhiyfungteame o theed Dipwersipve Load is to

hydro turbine is consuned_hy.the el ectrical |oad .
PTOV(lgfh%ﬁ optlet f%ryt%t%@icsfsrmwefuﬁil%/ gnmﬂa{lhﬁlaévﬁ}egﬁww%} Dagglfs sized to

ili fﬁ%?i Bd Bhitke Rydrb REbERNAICAS: thRid dreacblédngcal loads
““h?‘i?:]%g?ge g o pt§ e}&bat er??yl—rlov\ever, when the battery

and tie Hattetyyis by dmdgedan excess anmount of electricity is
produced by the hydro turbine. The function of the
Di version Load is to

Charge Controller

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.

Batteries _
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
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20 provide an outlet for this excess power. It is
i nportant that the Diversion Load is sized to wutilize
wa@bkdosoissshe power produced by the hydro turbi nPCT/RGTAZ/@00236
there are no electrical |loads and the battery is
fully charged. Charge Contrgller 25 The Charge
Controller charges the Batter Banﬁ}eand sﬁmnts th Storage
amousyk o §8ergpWe the brterie erpt sippendentsgm e GVELFIANENE WEFGCr- toras
iC | i ' m ¢REcKd?3s B discharge
batte@gstn%o?%%ne&%ngg?gk%r%gt}gél}?ﬁ@cs?{%%’?d ‘%31615’? ?%y to han%lg e the &
repedbedly €oryyeBank and entire diversion |oad. 30 Batteries
Batteries are an integral part of the self-sufficient
energy system One of the benefits of hydro systens

Volté%ﬁ@iat&ewer batteries are required than with wind or

a Systens because of the reliability of

hyfho Moltege Begalaiaonvertsahe hatery, voitage (irmahy, 120 24Xt 48V)
. 008/ 018836, .PCT/ S&2007/ 000236, r in

nto &"ﬁél Ei?reql}?]élswl u§ﬁ’ 8&2‘ 58% g&hhe %}]aﬂ?%}éfét&gé;q_ c %ﬁg?éhg

weat her. Storage batteries cone in many different

styles and sizes, but all of them can charge and,

di Eetttatayin-pipe pesseramplityraenijsingsystem edatsd amsptsigndietween

The Vol i i and the
the oGl (B0 2 is DY Aler SpAF piRer Skl L FROS, o
centi@Udvidr cdb nidkgase bbthemetertdistribution wyes tAenacoustia telsmeterdmodem)

For total .in-pj pﬁ wat er %ual i.t%/ nPnitori ng system the
presefis & 2ehipipHsiop A2tR SraREIBISSIon ¢ ¢ WA'HBH or i ng” poi nt s

(nodes), that is, the water quality neters shown in

Fig. 3, and the central server can make use of_ the ..
waeracdiistcrmbden enugsidfer uniereetondats comaluataatien. It poreskyp digital
presents, a good, sol utjaon for, data.tr 1SS '

data oo Gndkgroict ot SengS iR e BRBEIRS! AlwpR Srhe remote

receAAnoABRLRCEREd BRouhd sipAAVAId Gablgéd Alintoldigital datanEiher time
speci al underwater_sound signals that can be

dompmandraquensy domaia filtering plgortmsiaay bepserp separygdig data from the
receives a_s Sl: I S Lot 1. RTeT

roehRESER, PRt AT RS Al Sond e o Sl sboue

1,000i-l d00i NG,080 Gedtért hind tireigh epecsletotsdicsimpdenatdata tage vhay de, but is
fromthe receiyving sound signals. The signal range

not limifedto, mewe thag ahewt 30 kPsed to, between about

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:

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.

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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1,000 - about 10,000 neter, and the high speed
acoustic nodemdata rate nay be, but is 20 not
wo 2ovsiess3és o, nore than about 30 kbps. However, POB8GL10Y/000236
acoustic nodens are used in open-seas or in open
water. In conparing the daga transmi ssion of an

i n-pi pe_application to that of an n wat er ,
ap Bl Biater GheTibHion Bips SR sttt arne BEndl fehguiowgaround the
bendggt%rttﬁﬂg%iﬁé aald bk tkPorisiieRiiBRS My cause "echo"

receiver nodem and this may not happened in
gn gpeg sea. Accordingly, any resulting "echoes" nay
e.handl ed by .special filtering.techpi S, at.

re%’&lgle’fe%@ﬁtb‘?/n gb%*lpr?emf?’ ol ‘fcec%i‘ﬁ %6%“? Fgﬁ%@rsﬁ éﬁﬁé{@% g s such,
detedof1BinRi P Suitddle Aikbdhce tHeBwébin’ RGHEAS) i@f bdthestraight pipes or around the

transm ssion/reception, as well as the beam w dth of
bends pEpipeame beapeishn af fect the transmi ssion distance

and efficiency. WO 2008/018836 PCT/ SG2007/ 000236 9

The water distribution pipe may not be straight. The

Si prad phpetiny isajiitedong) rackigue rel e cah pondedoBadf mpigra may function

shoul d be taken into consideration. Signal reflectign .
as ajsgniprisecchsy 1Pk ircBost HEaten grality MGt ghdh 28 % FRPeRIER Ae] 31.6 signals
betwhsn R ntralXefRE ShaTbMHeP Wafbr GUbTiP Rh&ed! PhARGEHIR HQES installation

nodens, 1 n both straight pi'pes or around the bends of
locatporpesthenydier queadity imetdrfmashtakpiapg deteetions point regquingntsaas well as
d sggnal.rela .can be used"quph nodem may function as
ata fralEnigeipn FRUBEPRAERES (P CORMIFRD. yat er qual ity neter,

and as a repeater for the signals 10 between the

central server and other water quality neters. The
(1) Medese with swetp-spread-aarrigt (SRC) derhneleay i on of the water

qualj i ter may, tak y ' ' .

"5t 105 Sy oI R e oo prtomance i
vertic£lq bt IEiveinhah | Wderwates iciaials, dut (éby pludepenforintance working in

sweep-spread-carrier (S2C technol ogy.15 Mst of the

horizgméd peltiesth sbaswst TEerae AePosLof IBVESHER tigm e acgyyip modem using in

R | ih&h i Rt imi
ror S TG 124 40 s S5y 08 BT i
expeipent clndved thrugdod pasiitse Hentneismiskiver distasceacowd det609F1000 meters.

.lnvestigation of acoustic.np using in. horizontal .
Wity ongiigaY OF Y e REN-Graet (FE) ERBER e tae SBpfLFs caried by
a su&Rbdid H8svleps (PtBadi lahd@4}Ad ¥requency variation) and the receiver 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 separated in frequency domain by means of conventional
frequency filtering. 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 use in
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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experinment shows the good results, the transm ssion
di stance coul d be 600-1000 neters. 20 Wth the
wo e@Rndsegy of sweep-spread-carrier (S2C) PCT/SG2007/000236
conmuni cation, the signal is carried by a succession
of sweeps (permanent and rapjg frequency variation)

and cei.ver d woul d separate the I tipath
ar rlTb/gi%gJIEy lg%he/féggﬁlﬁé]c?rh@ﬂ%Filﬂé’egé’!“awl??sn B tbﬁqu.en about 60-
abaue d 20 ategtded)) hem¥pRBri €0 Bt HolrizBAkafl{ Snsli PMREGdIM, Cfor example. In the
i nternedi ate frequencies, the best swta%l?%

onst ant : > f )

aPPE‘ﬁFti(?‘b‘aff WaisF apaliy reenitopeg syptama tlsdsansorfyrdadp emc e thansfetted from
\, ' | 25 freguency filtering. An

the Mo R el P BB bFRT st e BGREal ey gneh Food o send a data

acquisitjini tormiatd (@€ adjusigbdnplady tat@) toDheS WaikE Eﬁﬁliﬂg ndefl§. For long

d ti|li%|§terfer| ng conponent.s throu(&;] filtering. Each .

1strOpten, RS, dhey signal cagrbe senhand(pt received vinga valehuhetweemenodems. In
SUCH%J i r i \/ i i .

R o e RS T 't oy by 2hnt SaRBHly o secpie data from
botl disqetiamsiakangothe giijpe. Gt dverdimglyt a hatirortallyi sahsdirddfiofial modem may
be %glglﬁarreﬁ t o i ndicate that 1.t he acoustic mdemw th S2C

PRSP SRS M BEeabiRPlca hse i n 30 water pipe data

transm ssion to extract the data fromnultipath "echo"

in pipe, and also be able to separate the signals

(3) Megyngarelew relinblamnerfiicient comtrmsmigationr ansni ssi on
di reet 0 18836 PCT/ SG2007/ 000236 10, The . .
T e I LB

congidergtion d wedeh tahaiela fliablahad efficiéht ¢88IARTIation of data through long
or horizontally omi-directional, for

: hem spheri cal Z \
Wat%fx‘ﬁ]ﬁﬁ%@?ml? RiRerethe sppnkingarangn oftheyaeastiquandety is also an important

tor i 2t t t f d
O e B TS, 8 AR B S, o

comgrvhication cleamehetiespame notrisyrelisisld. If thesabdera “iiﬂkiﬂ§ 5?ngeti?] far more
o the

acqgui.sitiqn, co nd (e.g. adjust sanpling rate
tha“\@g Qéﬂﬁﬁl ef“;’/eeﬁraga@f’.d B 0N GHFOVER Sierwarkingsitstipe sangenef a few
thes ingitRinsC 8 ulBec® I ' e
o s Spaly 200400 LYoo ot A e
such, ilcmay detshisalde pabét] the ynadeny workiingeratgt a0 be betwdaatdbout 2.2- about

irecti he pi pe. dj ngl y, a horizantal
277 kL6t 8 Wadtl Barle Rbtiiie BEERGE hatesd el Shatiige shams that the

amotfto fafaesteaisagidn £&dep@n /rdirabshhisiBs %0 %0t RlcP¥se significantly over
rel.jable and efficient comruni cation The arrange%nt

a lopg d{sf?@cwcg pvi%p]tip}p m@tprsnﬁ.ystqaékéletda@. wegrstill be expected to be
rela}‘e%%ﬁﬁrtﬁ-ﬁﬁ%ﬂitgdgp #tﬂe ARANRLAS AL egfgré iiflos??ngefr gﬁt&f: tél%{d%%i@?pvided not

rgel I abl e an I crent conmmuni
the ddgavgnt modems) along the pipe are not working due to any reason.

(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
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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wat er distribution pipes, the working range of the

acoustic nodemis also an inportant 15 factor. If the
woesmssss ki ng range i s about the di stance bet MERGL0MY000236

nodens, the communication therebetween nay not be

reliable. If the rmdemvvorkilri]g range is far nore than

the di stance between 2 nodens, or can cover the

wor ki ng effective ranges of a few other nodens, an

un %%%Pﬁ%lyﬁlﬁgﬁ)%ggfﬁ{k cﬁ%ﬁrﬁﬁ%&ﬁiﬁ&%i Wt &fn ST HEYs:
t ake place. such, 1t may be suitable to set the
(a) Thinskebased rdatangansariggon,d.coe hmimeandabopdat® réde (adaddtbe2if seconds

. 2.7 tinmes of the npdem s aye e wor ki ng distance
mingied ) CELelsp e SR ErCoEig RO el SHECt Satshfoegfar data update
and $86@ the ARATHBH) HNhEhegRPti on /re-transm ssion wi Il not

I ncrease significantly over a long distance and with
(b) Buénttidsiven rdefretiamsnsissioms (Vebeh thetraeasared watgr quality data exceeds the

expected t e relayed.and trapnsmitted to.the fi .
nonﬂilst“foﬁlgpg oﬁm&/ en ?liwvgso h=2e) capL ecrﬁﬁ@%eeﬁ% ?eﬁfrg Vit e%m%%]t.s’ warning
meskd}Rs afllydedatdDARINRt @]t EentiaBsepvdd émadediabely. wor ki ng

due to any reason. 25 (4) Data_ Transm ssion control In
(c) Pnidsmapd detagiznsmissioroni Erensmity dajes framediaieln i Bgecegtplyserver if a

Li r L Y
ComEGh it% g%léidv?ét? ro&'llee{rl}éigée‘tggﬁf el‘éér?yﬁ]é)\/\%ﬁér ceglg‘gi %é?yerbr obl em
(@) Tl%nmdsshgé(ma}moa&el logicedesodtsed in @bdvet@)re situation. In

the event that the data transm ssion is not conpl efed
Abayg lpgie @@Jlgcf@agrer @%@eﬂmﬂsr@tw he tt’faﬁﬁ@}l‘fegsﬁopﬁ[:gfltra{ server only
whe‘rﬁg{égésgérrﬁ,' R %a{ﬂgéxﬁﬁnééﬂﬂﬁ%@éiv'glgﬁrétre{ﬂlsﬁys%iof’ﬁrhlgﬁgm@ i Wvould be

e maj or objectives of data transm ssion
redured sigoificamily compdrediwithegmirely tims basgsidata rgnsoiissien.er
qual ity status to a central server, and reducing the
power consunption of the acoustic nodem WO
200808336 MothcPerBOdintR08S e inkEnillHi aGedter @lality meter
functions of the data transm ssion control unit can be
compeisesol | ows: (a) Tinme based data transmission, i.e. a
mn a te .ra . d .
i bRt ReChtRo kR e el SERARTY g water qualiy
par@@stérkal server can get regular data update 5 and know
the availability of the nodes. (Db) Evegt driven data
t r #hleastone gyater SPEWNDE Hait, s eXRoste e ¥d sRRgIngUpItdq fpter;
ex Caeﬁgésrﬁigs‘?on R W—Wa?gteieh{&  AfMCtiSh OWhich sends data to and
significant change in certaln pafaneters, warning
receiees slagasommayhobieterminal aul/@radothenwatepqudlidy owtary al ser ver

I medi atel y. e . . .
at least on6y81gnal conditioning unit, for processing measurements from said at least

one sensing unit;

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.

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

water-driven power generator and a battery storage.



(c) On-denmand data transm ssion - Transmts data

i medi ately to the central server if a 10 conmmand to
waend/ommBer quality data is received fromthe BeNnsGz07/000236

server. (d) The nessage relay control |ogic described

i n above (3) Above logic woyjd control the neasuring

ggéggérgp%eto;%g{}]x;ga%%&g)f tthols (e:r?lggéigllents, %eru\cll ; 09\9&'1})/ televn\'ilqe%rr;/ function is

dARY 'gsa%b' ORI RER! FAREiSRI RPREI Ssi on al ong the pi pe
mﬁ%ﬁﬁ% e reduced signf?icantly conpared with purely
time based data transm ssion. 15 According to another
emhodi nent. of the.invention wat.er lity, nmeter .. .
conpt esaEpieae MRge draned bt fig et ol il iefirgine o his
5  emb¥@inidt SopRas e Qbpsidfe Water quality paranmeters; 20
at | east one water sanpling unit, for exposing the
s aigencsafing ang confrolling pamersvailable te pelerted sepsingrint cogiponents;
two-way. telemetry function, ' . . "
- Rk S} ol AL R cal R R B oa P of R Behsing it
watefidifitkdh biyd StiAg saidtht leedshe AlRasEEd Aplectcanidia; and)i ng
unit, for processing nmeasurenents fromsaid at | east
on&anepisingsaithiata tozhestsgminay| unit, for storing
results fromsaid at | east one signal conditioning
unit, controlling the power distribution to said
uniTospmangizepm eptsad dsspragpntimy entfonanelsde:d host
term nal and/or another water guality neter; and at ..
| e egnedation ot o ntre i3 gneés Sy pSRGr ppligpmeter
e.g. MAIRIRE idf-bPWsighab trhhibdilD thr G the Tl ind@ikethe fpfpeS Thib generally
30" According to an aspect of this enbodinent,

10

units.

removes thoowsurfangpests and ensytes goodpedusity for theatystemtr i ven

power nerataor.and a battery, storagg.. 0 8
s oRkeBnrateL s er R BE oA Bt R itoves the
relidbllit§ afdrbstistiRsy of th@bybtdnvend@yitstisdl et fiymfatfeehil @Avirénment.
provi ded by an acoustic-wave transm ssion device. For

exanpl e, a working nmethod of the water quality neter
according to this
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5 enbodi nent conprises the steps of: generating and
controlling power available to selected sensing unit
W@ooRonsssé S; measuring at | east one aspect of Pe1®8G2007/000236
environnent in proximty to said sensing unit;
condi tioning and storing sai,d at |east one nmeasured
aspect as data; and, traEiggﬁi'ng said data to a host
termnal. 10 To sumari ze, s of the present
Whity Rih&Qisi ncl ude: (i) In-pipe inplenmentation of the
entire flurd meter such as a water quality neter,
e.g. including in-pipe signal transm ssion through the
flujd. jnside.the.pipe. Thi ener al | .Lempves the . .
L on i ARY SR o T et S SEBE R e e ds O e bifying o fuid
ther8MSESApriskd: (1 1) Sel f-powered inplementation of the
entire fluid neter, which inproves the reliability )
andit lesslueneniensingfunttirapahle pE meawsingenetos merg|naratasiers of the fluid
. .exX n envi ronment. WD 2008/ 018836 PCT/ SG2007/ 000236
1nst %&@éiﬁkg’ What is clainmed is: 1. A self-powered
i N-aptedeméttioi dhtaett s missidne uiio Wwapatde | ofS tetk@netficallyptgasmitting data -
carrying a fluid 5 therein, conprising: at Ieas& one

inclading pagFaget Tushearmeisr toarphest Frmepal ard/gr angdpes fluid meter; and
ParAELEhie gﬁld-@ﬁvé‘xlln;gdv?er solite qﬁﬁ@éagﬁﬂ%b@eéég'?raﬁng power from the

telemetric data transm ssion unit Capa
fluid bemetthindhd pipetand sepplyingpyweatathei seoding i aad/oetedrapsmission
Jluid paraneter to a host term nal and/or another
unit | i d neter; and 10 at |east one fluid-driven power
source unit capabl e of generating power fromthe
fluid flow within the pi pe and suppl ying power to the
serds iThg fluid metgnd¢aording éo elaigménwhbeeioh unit. 2. The

fluyid nmeter .accordi ng,to cl al 1 er.ein: he

{ r Ihe O Rl Bl € ehSonfay efBbrepry MRS s, Gt A prtgr capable
of rédedling dath FrohihichRkt teaniakll d/@hnsecilvidigeteat a from the

host termi nal and/or another fluid meter. 3. The fluid

meter according to claim1 or 2, further conprising:
3. The fluid meter according to claim 1 or 2, further comprising:

at least one fluid sampling unit capable of extracting a sample of the fluid inside the

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

4. The fluid meter according to any of claims 1 to 3, further comprising:
at least one signal conditioning unit capable of processing the fluid parameters

measured by said at least one sensing unit.

5. The fluid meter according to any of claims 1 to 4, 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
conditioning unit and/or the host terminal; and/or

processing data received from said host terminal and/or another fluid meter.
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at least one fluid sanpling unit capable of extracting
a sanple of the fluid inside the 20 pipe and exposing

WO bh@spasspt e t 0 said at | east one sensing unit.Pdr/SG®7/000236
fluid neter according to any of clainms 1 to 3, further
conprising: at |least one sigpal conditioning unit

capabl e of processing the fluid paraneters  neasured
by 6s &hei fluid metes peeording tnanyif daims 1 oo, said-flyid-dyiygrgpower source
: i ' i to 4, further
um‘cggﬁnl‘g{r:llslgg %Siogkggﬁéér?%t?mﬁb‘% tt)a&{ce p‘fé\ega e'of : controlling
power supply fromthe power source unit to one or nore

of _t other wunits; and/or storing data received from )
sai’d _h@enémgnmrt Akt (5 ey s 1o 15 oy fiaFadgpansmission unit
comgﬂﬁﬁ%téIPQb&&tiHJ%atveat?Q{sﬁﬁssHﬁedaﬁéé chdoR Rl t'rarﬁﬂl‘i’t'lfiﬁé data via an

rocéssing data received fromsaid host term na
acoustid hawe dmougletheffluid withist the pipdD 2008/ 018836
PCT/ S&007/ 000236 14 6. The fluid neter according to
any of clains 1 to 5, said fluid-driven power source
unigt TheREIcT e fRuidoNkér L4ORNES & aidp df alddak t1eT ¥is a water quality
storage. 7. The fluid meter according to any of clains
meter. to 6, said transmission unit 5 conprising an
acousti c-wave transm ssion device capabl e of
transmtting data via an acoustic wave through the
f19i Adﬂ\fiiﬂ Maﬁsmﬁeioﬂi]?ﬁﬁ?g fletwollecamssrisidg 4 plirdlity b)lfflsdhﬁp(ﬁﬂered in-
according to of clains ,1-7 as a water quality . )
piperiiig Fmeteraceordhng (o, e SHIES ilo%reﬁp%%ﬂslya%?mi¥181de of a pipe
bSi plurality of self-powered in- pipe fluid
Ofﬂﬁg{@?gizﬁ@g}ggkji ng to any one of clainms 1-7 respectively
mount ed i nside of a pipe of the piping network. 15 °

1010ThE Tt} L5 R0SL 5500 BLRLAY Det0ns ACS%0 U A4 meer
beingUAPALIE 6 Rt dalin@ Wit inaapdtend flbit dnérBt @k thd Rspdifive telemetric

respective telenmetric data transm ssion unit.
data transmission unit.



