SENSOR NETWORK FOR LI QUI D DRAI NAGE SYSTEMS

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wappbitesb? on clains benefit fromU. S. Provi si oPel/1B2009/050583

Pat ent Application No. 61/028,216, filed February 13,

2008, and U. S. Provisional Pfiltent Appl i cation No.

61/ 102,928, filed Cctober 6, 2008, which are hereby

incorporated in their entirety by reference. FIELD OF

THE | NGRITLON NRIIRORIOPOR EFGUID BIVEINAGE S ARFR Lo

sensor networks for nonitoring and control of liquid

dr ai nage systens generally and to wrel ess
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BACKGROUND OF THE | NVENTI ON [ 0003] El ectronic systens
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and wast ewat er systens, ~are known in
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reférb@el evel and flow of the systemis contents. Each
installation conprises one or nore different sensors
to provide a single or a varie of data points such
as water |evel, toEIFer]PPFXHEdIg\}ENWQW rate or an
i ndi cation that an access point is open. [0004] Fig.
[0002] t oThm prelient dfreanéine eclitss o wenrsad estworksufor meanétoring and control of
pi C such sensor nst llation 100.installed.t
hqlﬁﬁ rf”iS‘Pge SRy 8%%[%% WG T e ttaéloPo%faﬁléc& networks  in
partlfdl@f neath ground 25, with nanhol e 20 providing access
fromthe surface. Manhol e 20 conprises insulated walls
2 1 and manhol e cover 30. It will be appreciated that
the use of sewdgeCKIGROUNDN@Y TRE INYENBYON such
systerrB may al so be used for non sewage wastewater as
[0068] | . E[cODab¢ speamsofor paakitodifg itlse sthiuaofi éiduidodrambge s’Zysfbnisn such as
such manner as to allow its sensorsaé@gt shown) 62
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renote network unit Sensor I S wat er proo

proaid s riagdatasorc dlel levdl ot fRinovh)hei dystamcesmtdntsIeEddh installation
forward sensor _data to unit 5Q. The sensor data can

COPYEYSS BRe @r@p@@gfé@e@,sg@@fq tg pquéqiﬁ 35ingle gpa yaricty of data points such as
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typically powered by electrical input received from
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w1tﬂ 'n‘?a%lhs)l%% p?oxrfg ﬂé talgcrekgqigorﬁﬂ‘?e s%ﬁ“aééq Malﬂﬂblg 90 z%ornprlses insulated walls 21
and manhole cover 30. It will be appreciated that the use of sewage line 10 may be
exemplary; such systems may also be used for non sewage wastewater as well.

[0005]  Sensor pack 40 is attached to wall 21 in such manner as to allow its sensors (not
shown) to monitor sewage parameters that are accessible within manhole 20. Access line 45
connects sensor pack 40 to remote network unit 50. Sensor pack 40 is waterproofed and uses
a data cable (not shown) in access line 45 to forward sensor data to unit 50. The sensor data
can then be collected directly from unit 50 or alternatively forwarded to a central location. For
example, Unit 50 can forward the data over network 60 via network line 55.

[0006]  Sensor pack 40 is typically powered by electrical input received from unit 50.



renote nonitoring station that communi cates wirel essly

Wi th nonitoring devices placed in manhole cavities and
wWEoeotdsaed in close proximty to the manhol e. PCGUNIIRA050583

OF THE PRESENT | NVENTI ON [ 0008] An object of the

present invention is to inprgve the prior art. [0009]

There is therefore, in accordance with a preferred

enbodi nent of the present invention, a nmanhol e
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wirelessly the data to an external network unit
| ocat ed aboveUYMaRY Otyblldy] PRESENI INVENEEQNr dance
with a preferred enbodi nent of the present invention,
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e diment of the present invention, e conmuni cati on
[00a0] t Furdlcudesicomdase twathad prefastd emdmhnmm af ehevpredenaainvention, the

| east one ot her the nmanhol e nonitorin nit
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[0013]  Moreover, in accordance with a preferred embodiment of the present invention, the
at least one other manhole monitoring unit is located in at least one of the following
locations: the manhole and at least one other manhole.

[0014]  Further, in accordance with a preferred embodiment of the present invention, the
data processor includes means to control actuators according to high level network
commands.

[0015]  Still further, in accordance with a preferred embodiment of the present invention,
the unit also includes means to receive an activation signal.

[0016]  Additionally, in accordance with a preferred embodiment of the present invention,
the means are at least one of the following: a wireless receiver, a magnet sensor and an

activation switch.



activation switch.[0017] Mreover, in accordance wth

a preferred enbodi nent of the present invention, the
W@ riov/18d58D i ncl udes nmeans to request and recei REI/1B2009/050583

confirmation of the activation signal. [0018] There is

al so provided in accordance with a preferred

enbodi nent of the present invention, a manhol e

nmoni toring and control unit including a housing ' '
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becnQpERYAL cation unit includes neans to at |east
communi cate with at | east one other the nmanhol e
[0020hi t Btill figtheniit acodd@@2¢ withrageferred iembadiowntiafitbe pwdserdt isvention,
ref.erred enbodi.nent of th resent inyention, the, at
thefloAiRE 5 EOBNSENS TGS EOR N RO R ST S PERS ol i assembly
foraltadhgfst toQNsdfk the follow ng | ocations: the manhol e
and at | east one other manhole. [0023] Further, in
[002¢k or Addicienaliyt m @cpndedeerwidda prebocid mertbdimfient hthp pesserttinvention,
i nventi.on, the.uni& al so includes neans to receive an
the opiAEGaAN Nt Andludep gresny toset; IFgst pempwaicate; Withalclges gRg gther the
malhdiOnRnREEfali€ed enmbodi nent of the present invention,
the neans are at |east one of the followng a wreless
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1;:) resent . o .
unit also includes means to receive an activation signal.

[0024]  Still further, in accordance with a preferred embodiment of the present invention,
the means are at least one of the following a wireless receiver, a magnet sensor and an
activation switch.

[0025]  Additionally, in accordance with a preferred embodiment of the present invention,
the unit also includes means to request and receive confirmation of the activation signal.
[0026]  There is also provided in accordance with a preferred embodiment of the present

invention, a remote network unit including a communication unit to relay a transmission from



invention, a renote network unit including a

comruni cation unit to relay a transm ssion frona
worehads9nhoni tori ng unit to a network, rechar geebIB2009/050583

batteries, and a solar panel to provide power to the

network unit and charge the hatteries. [0027] Further,

in accordance with a preferréd enbodi nent of the

present invention, the comrunication unit includes a '
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There is also provided, in accordance with a preferred
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the sending includes transmtting the nonitoring data

datg droen s ewond] conmumicatoat ivottsthe sédond chmneeretmehs unit located in at least
co ications unit located in at |east one of the
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[ 0033].
SRRBRHSARIS WG W ¥rlpastornBlodr eliRWige leqgons the manhole
anagap%@mne'owegﬂ{elrﬁa]hote.he met hod al so includes

ansmtting the nonitoring data in response to a
[008RT esAdllidorallynin dcoelideddcedittby picfieretwnibodmiang ofléhit resent invention,
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ity D | o ) '
0053, T N AT NG L MAPE By fgion.
metho@Mdlso includes transmitting the monitoring data in response to a threshold event

indicated by the monitoring data.

[0034]  Further, in accordance with a preferred embodiment of the present invention, the
method also includes defining at least one event window for ignoring repeated changes of
states for the threshold event.

[0035]  Still further the method also includes defining different lengthed the event

windows for the beginning and end of a non normal state for the threshold event.



[0035] Still further the nethod al so includes defining
different | engthed the event wi ndows for the begi nning
wW@rwIaodIdf a non normal state for the threshobdI/1B2009/050583

event.[0036] Additionally, in accordance with a
preferred enbodi nent of the gresent i nvention, the
sendi ng i ncludes storing the nonitoring data and,
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det ec receivin
mefop a8 oS sl e el Shapls i
[00@9{ | Vil QeI ih GPeordM04 Qlith Al fele @Y dinlellt SCHE HHARR 8nvention,
h a preferred enbodi nent of the present invention,

thetrbesivreg hio dctatagon Blgualudelgdetscﬂhtlfra@l onenef the fellvong detecting a magnet,
accordln to. hig net wor k. co nds. &8041]
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[004DE pA@&ﬁBﬁallynHl%Eblﬁanet\ﬁﬁl yﬁfe%?féd%%din%'t HE®S present invention,
recei ving a second set of the nonitoring data on a

theseatlonh sonpludéscatirahsg actidtons ecatrdidg ionhiglh kevateehodrk commands.

urther, in accardance wi.th_a preferred ) )
1003 8D 0 MR doerpRaagit & P it B Pl SIS Psssay yention, the
melHag §l‘§& ofdua&! réc%nﬁﬂg‘ta! %H&Jﬁa s&togfgfetile %bllu{onfn FHAET on | 'J‘ second

accordance with a preferred enbodi nent of pr esent
commuenstions unit heated irthihd nainboelei ncl udes actlvatlng t he
i ons .unit he_ eyent failure of

0 conmuni ca
[O@Eﬁ }g‘fl’gter dB AR RSE iwé 2 IR ef“r_egl Bﬁl m@E p,-pre@@tdajventlon the
YGCI nvg@%@s%d&@ﬁ&é&mtﬂﬂ@?ssum ect matter regarded as the

ntion is particularly pointed out and distinctly
[00dBi nill rﬁnﬂteh an aceocdande nithpoprtfeand embbtienent of the present invention,
spe The [nvention, however, both. a

icatio
thearffj'é%f 3R SO RFURSIRIRS SREOUbEARTHBE o Sk foihe i i of ailure of

ﬂmQQé%Sﬁﬁml E6ﬁy&ﬁ and advant ages thereof, may best be
erstoo y reference to the follow ng detalled

descrlptlon when read with the acconpanyi ng draw ngs
in which: [OBRAEFDESCRIFEIGN hEHE DRAWINGSr at i on of
a prior art sewage nonitoring installation.
[0044]  The subject matter regarded as the invention is particularly pointed out and

distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed description
when read with the accompanying drawings in which:

[0045]  Fig. 1 is a schematic illustration of a prior art sewage monitoring installation.
[0046]  Figs. 2A and 2B are schematic illustrations of novel wireless sensor installations,
designed and constructed in accordance with a preferred embodiment of the present

invention.



[0046] Figs. 2A and 2B are schematic illustrations of
novel wreless sensor installations, designed and
w@owsterset ed i n accordance with a preferred enbOOiBREON050583
of the present invention.[0047] Fig. 3 is a block
di agram of the electronic elﬁnents of an exenpl ary
communi cation unit for use in the installation of
2A and 2B. [0048] Fig. 4Ais an illustration of
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nchr.onou nchran the unit of
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and 2B over tinme. [0050] Fig. 5 is a schematic
synichiopeusfasyichrongfs lansgyssionaby eicamd of&ksdr i nstal | ati on,
ccord nc
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FgggggmdQB(g@ﬂmﬁg are schematic illustrations of the
unit of Fig. [0052] It will be appreciated that for

[00§O}Tp| Figi Dys arsdhqmaalputh}st@flon pf aspvetwioriess sbrsoe mstlsthawdesigned

e fi.gures, have ce ri e
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[0081 EMERi:S. XByndsB S¥asaalaat Athsirfickiloy ettt gy 3€l ement s
for clarity. Further, where considered appropriate,
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1n%%§%£%% at e rresgﬁﬁ%ﬁng or ang%ggpus el$ é&:%ﬁﬁ@g?nsofynne

of 1R él&ﬁerft@ kﬂa?%engxa%géréﬂeﬁ QlafRS &S bRl OBmeMYTBF BMty. Further, where
speci f |s are set forth in order to provide a

cottshi@redugalpramdet stferniicriginadrals eayi oy saptatech amblogwtheefigured to indicate
be und rsto%yn%%>those skilled in the art that
Coqq%BOIﬂ?Iégs%ﬁPa PEMBA Y S my be practiced without these

specific details. In other instances, well-known

met hodHE 1K RS WESTCR Y 0N ORI RIFR DSWR TRV KN EION

described in detail so as not to obscure the present

[00:5%]\3&e 91'3 fo l&gﬁg] deiaglgw c#e% rﬁ&b@ gl%c ﬁ(%etalls are set forth in

syst tsteover ert

ordaﬂtoepﬁ‘oﬁltib raghmn@tohlﬁiezdﬂanda% oftied hxﬁzbﬁ@bnzvaldw&vé’r ir \alrlleoe understood
breached as part of the install ation_ process.

by those plifed ’élrt@@ ag haf|thopicsyt invsstigionay be Waatlce@o\glﬁlsowt ghese specific
det%n?sb bl ﬁ?]dmgtgﬁ'é r@@ﬂ End;vrb]'r{ H%g{ogg, (‘PS SI%X‘%E 0891 nﬁ%% ljla%e not been

i one clds

des2ﬁbedt1h dstait xpashdtdo bbsctie thiapregat by ciramser s by , either
intentionally or otherwse. If, for whatever reason,
[0054} wokt kvill hierappeiated thatansielling syptem 40 alects thsmvimitieerity of an

ex1§t?ng(1glglﬁho?8(?&pa{s 1nsurfa§9(p gzaﬁs %?ec G Y g&ﬁ%@ 21? ngﬁ oltfgﬁea{ﬁgﬂﬁlltgqn process.
Thé AFitIM@r prov&y Jalsot ﬂ@@ulﬁé@sﬁcﬁl trifvial @BQE i@Mgbor and equipment. Furthermore,
network unit 50 is typically positioned on the ground close to manhole 20, thus exposing it to
damage by passersby, either intentionally or otherwise. If, for whatever reason, network unit
50 is located at a distance from manhole 20 (for example, manhole 20 is located in the middle
of a street, or a more protected location is available farther away), the costs in labor and
equipment may be even higher.

[0055]  Applicants have realized that a wireless system may resolve these issues: the

insulation on walls 21 may retain its integrity; the time and costs required for installation may

be reduced; and the remote network unit may be moved to a safer, more convenient location.



equi pnent may be even hi gher. [0055] Applicants have
realized that a wireless system may resol ve t hese
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integrity; the time and costs required for
installation may be reduced; ,and the renote network
unit may be noved to a safer, nore convenient

| ocation. It will be appreC|ated that a wirel ess system
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hi gher installation costs and breakage by passer shy
UfﬁﬁﬁebEpﬁ@dmbE@myP@U@B%ﬁFlg 2A, to which reference is
novel
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insRASINARI0C Bestined add P REBEES th LIbRNdBRkh Qgr&é}@dmﬁﬁm of the
invention. As in the prior art, manhole 20 conprises

presemé infvantéah. vl in gheoprior artdmentné A@ sompidss snwkatesiew\é@éll andegprovides

ek AR o 8 o AT e v

ma$ B8 RAGEtLS tol prQ\lZHng SechiQMBMBRA! Bord PranBIRNY. §1H8¥181c03G 30 covers
covers manhole 20. It will be appreciated that, as in

manlrde g0.ilowilhbe apm@m&tgbthlat, aeinde pugr 48 Se\x@vpﬂn@rl@ mayhlee exemplary;

present inventio S rovi de a sol uti n for
theBhianvaalee iy 8o B GirouBiodoy SorligR funt vty valpgp s well
Systét @Obsrﬁayg' 8ns %nffb?@é( &8 Mkl ¢4, Wclp%la?%lng&fn@@{ed @ & wireless

W rel ess ‘conmuni cati on unlt 141 via cable 145. Renote
cormatmmationumlt 14b@iaveabldré43.cReahed nebrork mngel/ié)r mlay fhgnldeatet] ten to

ﬁ fron1 onmmuni cat.i on _uni t } . [0057]

Sm@ﬁ% @@@my P}%%EHWHQTmPPnﬁﬁé ‘be problematic to

[008Y} ach ﬂ%hfs Al Dl tSat %5& W‘[BrBﬁeﬂiﬂQc RN m@aﬂﬂoﬂ units such
nanholg cover 30. Since nmanhol e covers 30 tend

uniqsu] 40eand @aiy] tcanymhule actred0eSncpmentioleragvers Ketepd hxebe quite heavy,

ed when it o ned. In [l ati ons i i at el )
an}bﬁé}?éﬁ%drmmw ey diel 3@%@‘5 Wﬁ@gg it OBEAgH- 1B %tgiﬂﬂem Eppediately
beIEXthorQﬁl{o}écédV@ﬁ R Qﬁ?retséht Rpie! groglgrn by o%@cﬂﬁkeﬁbc@ss to manhole
manhol e 20 may requifre servicin an i1'nstallation

20ﬂémhhwhmannmmﬁdh@@enmpﬁﬂnnamnmnmgtMEnnmﬂmkﬁnmﬂnmnmlnmyhmmto

worker in qrder to renmpve and reinsta nmoni t Qri.ng
accPpiEy the TRAlRERaNEE WOE I PiiF L) 1T MQVE AR KRG ?wh? fnogitoring units as

req%%%n{(. %&g&angﬁ%b&ﬁ&{ce itlh Q%r@feﬁéq%%ﬂoﬁ o??l?el ?(Fe’s*é{? invention,

comuni cati on unit
senga@l dacl? 140 arfdddaBjunlidation bhit bél mppbe afﬁab@tzb WwhlBR1.i t rray
not be required to breach the_ insulation of wal

[00t5 8l pl Hedll bppprrcaiatod ﬁwalt Topy noEBg reguisgRyodreagh ﬂ%@smsmswaﬁé wall 21
to éné%h%or aﬁlﬁ tlfflf %g lllm ? lJ;O \Qﬁ& IP4 f&ﬁgggﬁr%‘ég to all 21 with

SCrews 0 not go enti
an hdigsivat droitlo @homatdrexﬁslthaﬁhd aotgd entietly thrasgh aﬁdﬂmﬁat@n@n wall 21.
typ cally installed in manholes 20, units 140 and 141
lﬁ@?tl‘ﬁ?éy as ladders are typically installed in manholes 20, units 140 and 141 may be
attached to a ladder (not shown). In any case, it will be appreciated that communication unit
141 and/or sensor pack 140 may be positioned relatively close to wall 21, thus providing the
additional benefit of leaving a generally unobstructed path for a maintenance worker to
descend into manhole 20 and perform maintenance work as required typically without having

to remove and reinstall unit 141 and/or pack 140. It will also be appreciated that by installing



attached to a | adder (not shown). In any case, it wll
be appreciated that conmmuni cation unit 141 and/ or
waengaeispack 140 may be positioned relativel y BCDER00I050583
wal | 21, thus providing the additional benefit of
| eaving a generally unobstrugted path for a
mai nt enance worker to descend into manhol e 20 and
perform mai nt enance work as required typically w thout
uniffaltthgnd d4} deweeinamanhade ROt dioy may be encrali pertegiede kom damage
. 140.. 1t wll also a eci ated that by
incfi) ) nelyasn RSB %aRB05T Fover i mmhol e 20, they
[o0s8)y behgenefi@d yap 'b@ﬁﬁ@leﬁ@nfeﬂ%r%m@duﬂaﬂ epproRd. Byr cxample, by
openi ng and cl osing cover 30. [0059] The invention may

seppratingrficdwediiond ity of wejt & Inberuitat of ppserarkk 14 eostsampbereduced. A

singf SERTED plp G MGG REY sty PLatiBlipete GHREPLNR pveret of

thefnldtlthe bhaé tiFRY ThE beRFREMLE thdRicBducel YoftfofsRvRIctPaaK the same
(140) or even several of themat the sane tine. The

unip ey be neeyl fomevargty ofaoplestbntaions; ehd feribiligemunssaliagion: unit 141

sane uni for ,a vari

t he it 14 be ed ety af
mey AP aRents T nE B B ATRRRet fredi Fioes] ¥l bawer bl 40 may
be dfkadBRM e8I Br tBinkPendel ABRHIMAIONShER phtP B4(0thayP BRRRise a varicty
used i s changed or if sensor pack 140 may be
of spyemdiedincepladen ckanplembavagndecd,. acdigo rtaxingy, yratesehdow and/or

ack 140 may, cC rise a.variety of sensors to asure
opPe Qi aRETo30-o LT RULYS 5oty ol ey, S dgponfigured
acchlday e QEqBREIMADIO sfeBNRI indMatibRESEMBCHARNRI! h¥y Bperate in a
sensor pack 140 may thusly be configured according to
mapine geeeally smelat & hht af spewifatic 40.ndowtveat i'nsinad_ @?sﬂtmrsferring sensor
o3 P RS bR TR0 RCEL Gl Tt &81e 14
wirkfe@ 86 BFfub 28t 1501149 2 CRnRNIEEABh | hiV 1 A 3LSEHEN ltlaR&nit the data
45, sensor pack 140 may be connected through cable 145
wittlgssly e hets®ric amtidDcdhé¢ oomumintcatlehl uniCddhumiycld embedgdad twith the

141 hen tr mt the data wirelessly to networ o
serigofi Rack 40 S?r?éﬁle AR sty O HP%Y‘GT&T@&HE} ap éntewsleﬁeeﬁus within a

gngghhﬁ;he sensor pack 140, so cable 145 may actually be

npl enented on an internal data bus within a single

[0060] t . Af 0aBOE dislosed hebmbdbsrc irnsedrdasscewith el poeterréchembodiment of
accordance with a referred%Fnbafinent of the present.

theiprepehit PumiioRpystem DB cnavdy CORIABTH PP dde ¢tigpephimenitoring, event

o . = 0 L 0g. ‘

bS8 Rt R B EPhb Bl B9 BUE Lo BRI RBRE! bR 1407 comprise an

ultrasopici ssesoa Buitdbla for poswiding eostdruoss titabtgardiog therlowdl dndigr flow of
conti nuous data regarding the level and/or_ flow of .

Walgh b seViECs i d@ i fpsordgncy yith cdoplipaingize wirgfaredh embodiment of the

pre@éntt %{\%ﬁﬁé‘n\f% Rh&k Hek %%ngm gL E&ﬁfnu&fl &Bﬁtcﬂ{n%srﬁ also provide event
Inventlon, a sensor that nay prOV|d% cont 1 Huous

basg®rurt geriody n@Yit@irgorgpoay iadewel efdr baspit, am plemcddd enonitor may

npnitoring,reﬁprts as. well. For exanple, an ultrasonic
COTHHPYSHf megijor the depth of water in manhole 20. At the end of a day (or any other

defined period) it may report a current, average and/or maximum/minimum daily depth. It

may also report a threshold event as it occurs, for example, if the water exceeds a defined
depth.
[0061]  Such data may be used as input for a software application to calculate required

pipe widths for sewage line 10 and/or to provide baseline statistics useful for determining



conti nuously nonitor the depth of water in manhol e 20.

At the end of a day (or any other defined period) it
woreaponexsert a current, average and/ or nmaxi munt PETIBROH/050583

daily depth. It may also report a threshold event as

it occurs, for exanple, if tEe wat er exceeds a defi ned

depth. [0061] Such data may be used as input for a

software application to cal culate required pipe w dths
futyrg rrequivgaipaty faieoth mp@llgions.oSensew paek BAG engynalso comprise sensors
BB PSSl LB Sl SHYEATROUR of waer

aciGiQRkice$ aSEASRingWihalRhelc boverdet ecting "threshol d"
events, such as flooding, unusual |evels of water

[0088] di Ryfercass db typvandadgniogeni AB. dR srepidencs edthepnglicr preferred

e 052 B S SBSE b R RO B S SR S m

sing1B Vi@ AHoRN 20 aF U bAaini]¢, Cdehsbr Qfack SABAT mBR WeSinddled B atR@ly decp in
Installed in a single manhol e 20. For exanple, sensor

maplzadi 20 400k thatyit brayimetital thedlave bAsdwagk Jing é@pSdnsorpak d#@B may be
20,such that it .may nmonitor.the fl.ow of sewage,line

locfigd RSTLBp ThadRSTADE HRY e Pubeandiiony grapT aici & ot manhole

coRPS0 AN bE GpeRY. IiltipleORAsd Hadkd 1AM AP be WREE BEHa@dups. For
not manhol e cover 30 nay be opened. Miltiple sensor

exapadk sser1so0 packy 1408 map eraxsdaddais ifbadkwubs, schenr eglaflA may cease to

sensoy. .pack 140B may pr.ovi de d i f and when s r
opeﬁ%{g KE A &Jﬁvm@gg&‘énpﬁ{lﬁﬁ egag]fse ?é@ |ni1a31bPI§/e_rate n pa.raﬁpef ?0 ensure an
uniﬁlehﬁ?t@@ﬁht‘é Qlr¥am MUEdst BF GniPBGIGR:. Mgltiﬂﬁ'%’})a@l@bef@t Bay 8so be configured
parallel to ensure an uninterrupted data streamin

to awide bbthemertt bhstidland eontMubts pbertipadics cddtfploponcatsor paek 140 may

confi ed to provide both event based .and contihuous
co@isr § g e CaiREr & TS AR T EaD WP PAck 140 may
corﬁﬁ‘f@rah%ﬁraasofntc%ﬁﬁfr R oAENIo8E Qflting‘é?%fepﬁ o)

reporting; while a secondopac 40 may conprise an
[006B} r aAs elmiven mdng.AB, feach efah¢ moliplssenspgrathisnigOahayist @nnected to a

depth. [0063] As.shown in Fig. éEE eagh of thg o
SCPATRG FMBUNER o8 Unfaliils Saaer e} WOACHAREE Feknerisd do communications
uniE ERFAALG [ CONTBNLARL I Q0N Ukt bh4donnSQES 6 RAGKuMERBNEENit 141A.

e connected to comuni cations unit 141A, and sensor
Altpaekvelyl Gieymayy xeconaoniet toedsitgle canmmunicetain wrtis14inFor example, both

141A. Alternatively, th may be connected to a single
senssnishiABA I 54 oo paety 14 Magbe RoNRECtyl o FogEmEYsatigaT kit 141B.
WO SRR CR T, BEREISELR, gl 20,
14 umiaysusd Alscoayd beit Ud eds ianrcly sb nginemireo metveork @inital i Fset example,

unit 141 may use a second unit 141 as a rela¥ to
corpmypis#ans upit Jd{ eray telay datede) comppnisgtigRs ugit 141B. Alternatively, each

cofiAIRMA R LA P 1%1 erl#r %raﬁrﬂgér%ﬁ% td ﬁét\?é{rkqﬁmtitai 569

conmuni cat1 ons un ernati vely, each
[0060MURigC Atis @ d¥ocknfidgrdd bf kRytrétiabBRMchtsdifra@ Gixbiyiplady communication
network unit 150. ) ) )
unit 141. Unit 141 may have a housing designed to be mounted onto wall 21. The housing
may be completely sealed from elements found in sewage such that it can continue to operate
in the hostile environment of manhole 20.
[0065] In general, communication unit 141 may comprise an I/O unit 160, to interface with
one or more sensor pack 140, a micro controller 165 to handle the data received from sensor

pack 140 and to package the data according to a network protocol, and an RF unit 170 to



[0064] Fig. 3 is a block diagram of electronic

el ements of an exenplary communi cation unit 141. Unit
wazmonens9yhave a housi ng desi gned to be nount edP@HTR2009/050583

wal | 21. The housing nmay be conpletely sealed from

el ements found in sewage such that it can continue to

operate in the hostile environnent of manhol e 20.

[0065] In general, conmunication unit 141 nay conprise
hangfe fheransmssipe ! the sprpedpiac Eomwm@h@nwmhéﬂb meggyradgsr comprise
pox%} al1<1d ]dg'% r%lgldurl'%sclﬁg aid %ern? lr%e%i%& om% g rgtlo h?thwﬁdae agpremated

celve rom sensor pac age

meRBERS dRO GndyObe afe kiieible %@tdmﬁémo@n @hoﬁﬂhr%: fonbtandpl® EEPROMs
tohandl e the transm ssion of the sensor dat a.

andgyntiashi r@@mmn§ou ﬁmhcmmsnﬁlyclalnw ISaWEY Pardro@vdire samgor pack 140

modul es nnrl 180 for ongo
andi§ e REM SRR, PG ST TRILER, FRE coBlnsRr Sl Migeivar, 1o n these
emB&MmSHts | AR Ingicioy @mtfler AP El¥o pkdt@&suéﬂnﬁﬁandfs Qhicle ¥R be received
EEPROVE and/or flash menory. For applications which
fropg p@mﬂd r eongrohtstasionofviat i swrts d70.pdic kregppdsartd/ tesg rpemmands,

iSRG 0 o Vo, skttt B Patpdi BisSei &y gend a command

sigh b OkhRF lﬂ@,yeté” RP cREMpRSS cERFOTRBE a8 Ql'ihy%% REAMd Reactivate a
received froma central control station via RF unit

sengqtOandfan trapspidrsaient chdisg immedaretis , Trarsceivgoltl rrow @ro be used to

send s eci fi data from ecifig sen 140
sl e SETRHAR T Haf0 g ncsuRE T SRE It keSpapve siemls andlor
“A@KarHékﬁowlédééﬁ{éhfSO\Lvh&PfE@ﬁWl Ya. h%erﬁ%hy @btisBoRAS M4BUR of any
a sensor and/or transmt a current read |ng
sultahimctleadle@bgdmg' oatheddi frequeddylanden tid @wﬁbraug@tsb neovakpdit 150. Its

le %&nt iy %él gt}ﬂtnl (\f g?t(iglré%jalggmgﬁ& y &%ﬁ&i@p{%m rnanhole 20, since there
rna?%g Q%ﬁﬂgﬁ 'ﬁ?s%n%e OB NECH %' th9 ddata rnoTlﬂ n?he( ﬂh@ﬁre of the

Shown) may be of any suitable size, depen ng on
mafRFials vathue ad/owside ohmbiield2é by well asatrhtg ¢ypeand stzaof kovsen Bt) may also

. 150. Its length r al sq. pe a fun tion of the desjred .
impasioR rhﬁde%fegﬁw? Hio of i b andprif@nd Het 47 by cither be
sea%% Jﬁ%éfﬁé?,' ﬁg{% K tg%a %ﬁ &0 SERME Qlﬁﬁl%nt’s; Ort 811 1B %Pgm%&hfeﬁ Ghat by sealing

I ng e nature of the materia
theaamtbnoal tissidbeurof 14iaithodyebd Bsasxpustd toadarhdpe Uyythe ehsmmi:nﬁsl ael during

. E cover, 30 npy al so i mpact on the required
instatafiqnrandior msh OISplaPH@laﬁ?ﬂ enna. The antenna and unit

[O()%é nﬁlyac%b{dgﬁée Bfh Sa?aéx%glrpfa‘?}g%ﬁlggﬁlme f opﬁ%k@'gfe% eﬁt‘f% the RF
separate elenents. [t w e appreci ate
cors@ahicatipnt haitamhgn n@pe'ra'nsi the amgi tof 14dn-litensed/ @SM)emnd such as

exposed to damage the el ements and dur| ng
30045y e

Y WM QR %mlﬁﬁa% Proidst @il fr ew@@epr litymay work in
t
ﬁe@%\‘[}% ?Igﬁﬁg,vwh &bﬁ'&;&h X W Cat gﬁ&ﬁ%ﬁ%w@é +g$cgsrﬂ rfSF@![‘éMHz or

2460y edndpand [Hi206Bse tor (thSW) S BasdHzsbimd. &swill be appremated that these
300/ 433/ 868/ 900I\/Hz or 2.4GHz. It may provide a single
spepyf@a‘rg@qq Crgyayolpe pY J%&rp W‘J‘?]klaWﬁ and regulatory bodies. Accordingly, the present

invention may include alternative specifications as required.

[0067] Communication unit 141 may transmit the sensor data at any desired periodicity.
For example, signals may be sent every 1 minute, 15 minutes, 30 minutes or only when the
sensors indicate a problem (i.e. the sensors may provide positive/negative data and the

communication unit may transmit only when it receives a negative signal or when it receives



frequency hopping, as desired. A power anplifier may
provi de +24dBm for 915MHz or 2.4GHz bands and +2CQdBm

WO 0091659815/ 325MHz band. It will be appreci at RGI/1B2809/050583
t hese specifications may be subject to |ocal |aws and
regul atory bodi es. Accordingi , the present invention
may i nclude alternative specifications as required.
[0067] Conmruni cation unit 141 may transmt the sensor

a dglsa ehagge fan tedast s@tuse i will be eppreqrged dieh sl reriodictn and nature of
be nt e 1 mnute,. 1 ' es i nyt-.es
iR PRI WY EL0 ey B P tbuad b A e 200 RecRligur for
cor#iRiSR o TRYinp hAYbE& cROSHdrt MPOARY A dr\Bntesttapplafioishthe signals may
comuni cation unit may transmt only when it receives

alse bp gepitin yespansgriala requosh&pmi a cangiele¢andioh ugle (sometimgn grder as an "on
fromthe st status). .l i,] | be ecj ed that the

deryirThoatoeh Bbhoeld Bhttibisd ot et oL SOBRES Bhr i 141

[006BY bRe@vokinGiti 150 @by WBRbAKY a SYRIQH c3BPnuiR4tiBE unit to receive the

configured for continuous nonitoring and/or event '
transgpgsian frepolotinmgnicadon ot oln apepidpecst Wighg prefiised embodiment of

therigR o BT T e F 8 1 sriesdiohgitagH o mafote 20.
, i . n bfttany pre-
o AP T o Sy fepRiany pre

exigiingghewying dopation, sath & talsbhonegotee e tleetrit pele, lamp pole or a building

ransm ssion fr co nication unit 141,
roof AT FRARGL et T2l Pt B rEdcanpaty urligh Ao opd smetpe for tha
purpBER A Be aPFENREK tHADIHE rdiRQ) 16BYi0RS Uit 850 Aby 80 provide a measure
position relative to manhol e 20. For exanple, unit 150
of pratectien fromntaedhlom @ ypoltended YamPgd ey ddsderstyy Itrvaf rabsmetappreciated

any pre existing nmounti l.ocation, such.as a : :
tha{ @!e@ptmyn%e ?ﬂﬂ ?rg%tﬁraép-@ggﬂiegf?%%% w en I]:Hﬁ)uBBﬁl%uIB]; 1559 in such a raised
locRitrl €iRY, meRhse Y LREO &bV BhdholPS SndlmdkdBYt iRRial transmission more

dedicated to instal Fation 200, and erected for that
difparpblowevdrtit may dlsdedagphesirabedf theatvetaH eomaiumation nodes (relays)

cation of unit 150 .also proyvi de a neasure of
as %?&mem © B vaREAPRLi P aa%m '8ffdio8- dammge by
S :
(0083 S NFRIGek L 130 g kS AR, BTG M et B, B manhole
20.ulni dccddBndenwihich &emplase prdfacatt erabodimntntimitymiay bk dasged up to 40

the range from nmanhol e 20 and nake that_initial .
mefe i SEMEH T aTdS %P%%Wydb gon; ¢f the poypisgf communication

uniE ?QF Gfte gillfkﬁx/&i bn tﬁet}@ ¥ eha lbluil&iﬁgmnﬂlg %f\%ﬁﬂorﬂ&qﬁgf manholes
rel’ays) as RF tends to havé greater range when it Is

20 and poledi5$edhdl the pdditoning O0GARhoNe 2 Ovdiok cxarhple,l:bthanteyte D@ positioned

| ocated up to a few hundred neters_away from manhol e

on y gideyplkgpaydiaa A cBailF 9 veim exish may pe S dpr @ognmunication, whereas
' ; . | '

o AT TR0 50 BSPHEBURS  0 LB  moun o
unip 09& rMaxthot8 rPOUn b alkd d8 i Pakinkdshacdshendeddoordirgtly a parked vehicle on

frequency, the terrain and buildings in the )
toprpd it ABOINFFEEEE With thehispiraission Iaydl et ke appreciajgddhatpdepending on the

laygtﬁsdftﬂlﬁl%égg 28,f a E'iﬁglla %leﬁ)vcﬁ‘g unft450 Wé&% ﬁld%ﬁg%a%sﬁgsions from

pOSItio
more than one communication unit 141.

[0070]  Network unit 150 may comprise a wireless communication unit (not shown) to
transmit the sensor data to network 60 via wireless network connection 56. Alternatively,

network line 55 may be used to connect unit 150 to network 60. It will be appreciated that,



on a sidewal k may have a smaller cover 30 which may be

better for communi cation, whereas in the mddle of the
W@ eero1597 cover 30 may bi gger and heavi er and BPEI/1B2009/050583

farther froma nount for unit 150. Manhol es 20 may

al so be in parking spaces, d accordingly a parked
vehicle on top of it may interfere with the
transmssion. It will also be appreciated that,

depgadiag dlinn@le dayauh ef [naapboles P mnuhélr@sgezbﬁtwaenspﬂgfr ¢60, units 150 in
net}:v%}km@d rnag r‘-c]r'at sn:h? %on'ﬂgmﬁﬁ?%&a ¥ ?I?G ano{heelr %M tr aglrr]esg%n%@? "Bta received

ne co Ion unr’t

ﬁoﬁiegewaﬁkumal 14111510a SiBYle GRARNIsSiIBn Fotel2§1t6 Sasm&arrbhrﬂt&amﬁm more,
unit (not shown) to transmt the sensor data to

somfeuWr 1500w ofhes syitabde é@éeeﬁ enayorekpastiioned i1 agiwark 60 as relays of such
wor k. sed to connect

et iRl VB BE NV B P 4T et at o

[o07Rt , S@RENFHCRA 40 inl REmhAMRdtiod inirRunh &2 :bezﬁtt@@g;o%ﬁ:d units, and
range between poles 160, units 150 in network

thetqﬁan s;mﬂytmhmutr@ il agethat power sowise. aZFh@tSH@randtstmtgth of the battery may

atljﬁghthedta% etcetlvtedfrtomse era d41 dicity of

5 Sl &hg FERUN QSR P oFansitags fNS tl“re%‘l‘”“e periodictty o

trar?sﬁﬁﬁs?dn TR Wi, anS SR M, lePnbbain oPttﬂéeﬁreﬁﬂt irRBht®on, they
devices may be positioned in network 60 as relays of

mag usti baggreipek edmguasing wig ¢ronere didhddhiug bagteésvtd mepvadet sgveral years

fraoma unit 14 Sens ack nd
of SR oG ot e TR B LRSI B aEH TRy birechargeable
or AAddpREdiR T% Bh hd Y uiRMhentsSAdl doSts A RXSr8AMR wilCWMeAIternative preferred
sour ce. e size and strength of the battery nmay be a

emborhoeitoef thé prdsentanmpantivn.othe dattery tnoayt beaplsexdt oras sepeirdte amall board
he required periodicity of transm ssi

withndBe bolising nackage &horéﬁretﬂﬁi‘%ﬁltﬁteé’ﬁ%f&ﬂﬁ%%e%?fl PRY BHESnt

[007 Q]Venft'vﬁﬂ bl Jb%i/ec{%ﬁ 5L R RENs PAF kn COIRS 1A Iﬂgy B88%ositioned
or  nore I'fthium batteries to provide several years

inswif rnmholeﬂu%] iopey did ¢llﬁﬁ¢md!f or ecceasplhameoreat regeyr basis to switch the
necessary. Tng battery be rechargeabl e or not

batigEigs famnyhigh ﬁéir%aaw LMt L SERSOT QgONE PP LR Patteries
ma é kit AlibSHRA: 'e)(ﬁe £ &{ &bt dgr%f qplgl’ig%%?'%néﬁmai Bfcnever possible to

sent | nventi on, e bat t e placed on a
extsr&btae afeeofshm]nlstab@ﬂm&emd dinmchhe pbwitdd.ng package in
er to acilitate easy replgcenent of sp

[00@3} t ef g ore[ o eqor gnegwiih ¢ gre %ﬁidqup%dgaeqt é:th%gresent invention,
0]
TR A, T B ORI i e

on ana htdregiilt an tih@siisentthe sywidne mat liestbgd tiee’t asWnasmmdelmhumts 141

theg dram1pomer Furthernore, in terns of ongoing
may be %Wg@ﬁm»ﬂﬁtterles may represent a significant

OBAETEFS AASREALIE Y, b5 O 1 MRSy v
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[0075] A more advanced option may include, for example, RF activation by a magnet.

The magnet would be placed over or near manhole 20 in order to turn on the power. The
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"go live" or when individual units 141 may be brought
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resume transmitting sensor data when a further significant change has been identified.

[0080] This protocol may be implemented, for example, when sensor pack 140 may
comprise a floatation device designed to detect whenever the level of water in manhole 20
rises above or sinks below a given threshold point (usually the location of the "end" of the
floatation device). Using floatation devices to check for threshold states may be an
inexpensive alternative to periodic depth measurements. The required sensor equipment may

cost less and may be simpler to use and maintain. Fig. 4A, to which reference is now made,



such a case, unit 141 may only transmt sensor data

when a significant event, such as a sewage overfl ow,
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enbodi nent of the present invention, once unit 141 has
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water level. Accordingly, in accordance with another preferred embodiment of the present
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[0083]  Unit 141 may use an hysteresis-like algorithm to identify and ignore fluctuation

periods 370. An “event window” may be defined as a minimum wait time between “07/°1”



[0082] For exanple, as described in the enbodi nent of

Fig. 4A, points 320 may indicate a transm ssion sent
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Unit 141 may al sq be conflgured not to use its battery

[0084] esk %C?rfiﬁléf@é’i‘lﬂh@ peslRared ahodisacnt oF thg pressnt 1@%%*@11@1%0* unit
15(551%39 Eornprlse solar panel 160 for the provision of power to unit 150. Networks units 150

may also comprise rechargeable batteries (not shown) as a backup power source for when
solar energy may not be feasible. The solar panels may recharge the batteries as part of the

ongoing operation of network units 150.



that may indicate an overflow. An exenplary sensor
pack 140 nmay conprise a floatation sensor that may
W@ 2000201507 mechani cal ly close a circuit in unitPQEIB20WIF0583
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248 i PSR i) ShBE e 2Rl iwe ety 145 o sensor
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al ternative enbodi nt of the present i1nvention,
140" Tki the Bttert ombddimkent; eskmroe neaek i B1oh mmbnneefekiytormﬁer 230 through

manhol e cove 230 have oI es 232 in themint
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ove or ine wth, cover 230 and a
[0090]mu11n| € éirthen embodm%ﬂﬁ CON\ﬂ’ﬂu(D[’Cafmy urixd Btidor 24 lomanmdandneit to cach
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between manholes but the range between manholes is too large, network units 150 may be
utilized to extend the range between manholes. For this embodiment, the batteries of
communication units 141 or 241 may need to be stronger or to be replaced more frequently.

[0091]  Fig. 6A, to which reference is now made, may represent a schematic illustration of
an exemplary unit 141. Unit 141 may comprise a built in antenna 185, a transceiver and

microprocessor card 190 such as the above mentioned Tnet platform, and sensor interface



conmuni cation unit 241. In either case, unit 241 may

provi de stronger transm ssions, thus enabling network
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amage nore sop cost y C
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to which reference is now nade, may represent a
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is appreciated that, throughout the specification, discussions utilizing terms such as

"processing,” "computing,

calculating," "determining," or the like, refer to the action and/or
processes of a computer, computing system, microprocessor or similar electronic computing

device that manipulates and/or transforms data represented as physical, such as electronic,



prevent damage to its working conponents. It will be
appreci ated that antenna 185 may recei ve added
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[0093] The invention may be inplenented in an
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control actuators according to high level network commands.
7. The unit according to claim 1 and also comprising means to receive an activation signal.
8. The unit according to claim 7 and wherein said means are at least one of the following: a
wireless receiver, a magnet sensor and an activation switch.
9. The unit according to claim 8 and also comprising means to request and receive
confirmation of said activation signal.
10. A manhole monitoring and control unit comprising;:

a housing mountable to walls of a closed sewage manhole, without breaching said

walls;

a data processor to receive data from monitoring sensors in said manhole and to control

actuators according to high level network commands; and
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rechargeable batteries; and
a solar panel to provide power to said network unit and charge said batteries.

19. The unit according to claim 18 and wherein said communication unit comprises:

a wireless receiver to receive said transmission from a manhole monitoring unit; and

a network communication unit to connect to said network via a connection, said

connection being at least one of wireless and cable.

20. The unit according to claim 19 and wherein said network is at least one of a WiFi
wireless network, a cellular network, an Ethernet network, or a wireless sensor network.

21. A method for monitoring liquid drainage in a manhole comprising:
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transmitting said stored monitoring data on a periodic basis.

29. The method according to claim 21 and also comprising:

storing said monitoring data;
summarizing said stored monitoring data; and
transmitting said summarized stored monitoring data on a periodic basis.

30. The method according to claim 21 and also comprising receiving an activation signal to

commence operation.
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communications unit in the event of failure of said first communications unit.



