WO 2006/127479 PCT/13S2006/019497 A REMOTE SENSING AND
COMMUNICATION SYSTEM FIELD OF THE INVENTION [0001] This

invention relates generally to a system and method for instrumenting the
WRHPEE8nclosures, in order to provide a platform and mBGHETRap06/015457
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enclosures and wirelessly transmitting those parameters to a distant site,
BACKGROUND OF THE INVENTION [0002] Sanitation and waste water
systems are becoming iféFeasRGY Fx MGG @M perate and face

daunting environmental, community and regulatory pressures. Agencies
anizati that manage sanitatio stems face complex and
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Sewage spills are becoming more common and more costly for agencies
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[0003] Sewage spills are becoming more common and more costly for
agencies and organizations that are responsible for handling waste disposal
and treatment. Increased population is putting severe strain on sewage
systems, systems are aging and becoming more susceptible to ieaks and
spills, and cests of spilis which inciude clean-up, mitigation and fines by
regulatory agencies are skyrocketing. A recent market analysis by the civil
engineering firm of Brown and Caldwell entitied “What's a Spill Worth?, or a
Brief Look at Community Values” surveyed 676 sewage agencies in Califomia
to capture the economic value of aveiding spills. The results of the survey
revealed, for example, for spills on the order of 1000's of gallons, agencies
were wiliing {o spend $10 per gallon to avoid these spills. For farger spills,
agencies were willing to spand $500,000 to more than $1 million to avoid

- spilis rsaching receliving waters such as rivers, iakes or the ocean. It is not



spills, especially if they are large or reach receiving waters. Sewage spills
also create serious public relations problems for operating agencies, and it
is not uncommon for sewage to back up into residences and commercial
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runoff. Sewage spills often begin, then, with sewage pipes that are either
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flowing out of manholes or odors around wet areas of grourd around or
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dVRHING R 3t is too ate — the spill has already occurred, and it is just a
question of how much sewage has spilled into the environment, whather the
spill has reached clean receiving waters, how much it will cost and how long it
will take to clean-up the problem and how large the fines will be.

[0005] A second major probiem for sanitation agencies is a loss of
treatment due 1o the killing off of beneficial treatment bacteria at the sewage

raatment plant. A common part of the treatment process is the use of
bacteria to naturally decompose organic matarials in the waste water. I
incoming waste is toxic to the beneficial bacteria, a massive die-off can occur
without warning, and sewags can be spilied or otherwise discharged that is
unknowingly under-treated or untreated. A means to provide an garly warning
of toxic materials that are traveling through the sewage collection system to
the treatment plant could provide operators with the option of diverting the



WO 2006/127479 PCT/US2006/019497 incoming flow into a holding
pond until the slug of toxic material has dissipated would be useful and

important to the sanitation industry. In addition, if the source of the toxic
WaA0eH2T88ould be identified, the source could be stopped Trihey g 19497

apyeRMd ectORESk IRcrdAipondlegal Heipiner b mrateriatzings manholes
is,a common problem, The spurce could be illegal pperatjons of

R B e e e o R e e A e isposal
ofifidifard dube weistes Mdhritagaonaipinielofarickeddsniibiesd dedsseptic

PHSURNG, Q6SHBPIS: AaRdalsy Goyed dumping of illicit drug lab waste is
an additional source of problems. Rather than pay high fees at legal

dumping stations, truckers of hazardous waste, include septic waste,
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(Rukheisystem requires wired communications, thus trenching around the
manhole; (c) the system requires continuous 120 Volt AC power, thus
trenching around the manhole; (d) the total installation is costly, limiting
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ut at'tne same time causing operational probiems, including delayed or

deferred maintenance or in the case of an emergency, significant delay in

accessing a manhole through the manhole cover.

[0008] Gurrent methods exist for the monitoring of level and flow in
manholes, for exampie, two such products are the Hach (Loveland, CO)
Sigma 1000 and the Marsh-McBimey Flo-Dar systems. These methods suffer
from cne or more of the foliowing problems: (a) installation requires eniry
into the manhole, thus high cost and higher safety risk from entering the
manhoie; (b) the system requires wired communications, thus trenching
around the manhole; (¢) the system requires continuous {20 Voit AC power,
thus trenching around the manhole; (d) the total installation is costly, limiting
the deployment of these systems o no more than g few select manholes. A
small municipality may have 5,000 to 10,000 manholes, and large municipality



3 may have more than 100,000 manholes, In order to provide wide
coverage, the total cost per manhole must be reasonable. [0009] It is
clear that a distinct need exists for a low cost, robust system and method
to provide an early warning system to avoid many of the problems and

685 BB hRARIALRN BYSHR RARSMRIRS R ISUNRSYSIEMe Soid be

inexpensive so that it can be widely deployed, provides wide area
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and prevent catastrophic failure before it occurs and affects the
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thatiabisoROMIBRIB fiAg device; a microcontroller that can monitor sensor
inputs and control communications and device operations; electronics that
provide a means to provide appropriate power and current to the
communications de\d¢8YiMERIC ItroiEE, INVESSHSds; and sensors which

monitor parameters inside the enclosure or in the vicinity near the
enclosure, Embodiments of the gresent invention also provide a low cost
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_low power ] .
integrated directly into and mounted on an enclosure barrier such as a

manhole cover to provide sensing and rapid early warning of probiems in the
enciosure or around the enclosure barrier. Specifically, embodiments of the
invention inciude a communications unit to provide communications from the
device to a remote user of the system; a power source to provide constant
and reliable power to the device; a microcontroller that can monitor sensor
inputs and cenirol communications and device operations; electronics that
provide a means 1o provide appropriate power and current to the
communications device, microcontroller, and sensors; and sensors which
monitor parameters inside the enclosure or in the vicinity near the enclosure.
Embodiments of the present invention aiso provide a iow cost and low labor
installation and maintenance process. instead of expensive and time-
consuming trenching at a site to provide power and communications,
embodiments of the invention provide a means for very low power
consumption thereby enabling the use of small standard off-the-shelf battery



consumption thereby enabling the use of small standard off-the-shelf
battery 4 packs to provide months of continuous operation, and wireless
communications that eliminate the need for wires. [0010a] In accordance
with a first aspect of the present invention, there is provided a remote
sensing .system comprising; a hausing having. communication ports for
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pre-determined thresholds of the sensors have been exceeded; and a battery for

providing power to the housing.

f0011] The system and method according to embodiments of the
present invention also provides the following: (a) autonomously operations
for months without need for external power, aithough external power may be
used if it is availabie; (b) ease of integration and mounting into the enclosure
barrier such as a manhole cover so that the operation of the enclosure barrier
is not impeded and physical entry into the enclosure for installation is
unnecessary; (c) rapid and reliable communications from the remote site to
various real-time receivers that may include computers and electronic mail,
personal digital assistants, phones, cell phones, and pagers; (d) generation of
immediate alarms when thresholds of sensors have been exceeded or
switches have been tripped; (e) monitoring of various conditions in and



immediate alarms when thresholds of sensors have been exceeded or
switches have been tripped; (e) monitoring of various conditions in and 5
around the enclosure at short enough time intervals to provide sufficient
time for communications and response in time for the prevention of an
activity to be avoided, such as a sewage spill or illegal entry. [0012] In a

preferred embodiment, the system method of the present inyention
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more apparent when referring to the specification, claims and

accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS
[0898PIhe pleaeRiici&TBRAIMEBE bEtsiRm e fomahbe present

invention can be used as a monitor for the environment surrounding the
enclosure. For exampie, with the mounting on the underside of manhole
covers, the system and method of the invention can also be used o monitor
street traffic, air quality in urban areas, or other environmental
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following detailed description of an exemplary embodiment of the
invention, taken in conjunction with the accompanying drawings in which
like reference numerals refer to like parts and in which: [0016] Figure 1
shows a schematic block diagram of one embodiment of the present
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embodiment of the invention. DETAILED DESCRIPTION [0023] The
present invention owdes a system and method for combining
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capability and sensors |nto a low cost and iow power device mtegrated
g@@etly intg,andmounted on an enclosure barrier such
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tilt sensor and communications in a housing;

[0019] Figure 4 shows a side view of the same layout in the housing,
including the ultrasonic sensor;

[0020] Figure 5 shows a schematic drawmg of the antenna mounting
on the manhole cover,;

[0021] Figure 6A shows the flow diagram for the tilf sensor in one
embodiment of the invention; and

[0022] Figure 6B shows the flow diagram for the ranging sensor in one
embodiment of the invention.

DETAILED DESCRIPTION

[0023] The present invention provides a system and method for

combining seli-contained power, electronics, communications, computationat
capability and sensors into a low cost and iow power device integrated directly
into and mounted on an enclosure barrier such as a manhole cover to provide



housing. In the case of a the float switch no power is consumed until the
float switch closes with rising fluid level, thus conserving power, such as a

battery. Additional types of sensors can be physically disconnected from
WRHAY%HAHSle cover and communicate with the housing thréGdHArTPae 3147
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electronics that provide a means to provide appropriate power an
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A e e A
staitéindhe peeiasoresiti@sistem. Such defined states include, but are not
limited to initial testing mode, field installation mode, normal 7 WO
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SeRGhEAMPISzr and current to the communications device, microcontrolier,
and sensors; and sensors which monitor inside the enclosure or the vicinity
near the enclosure. The present invention also provides a low cost and iow
labor installation and mainienance process. Instead of expensive and time-
consuming trenching at a site to provide power and communications, the
invention provides a means for very low power consumption thereby enabling
the use of small standard off-the-shelf battery packs to provide months of
continuous operation, and wireless communications ’ghat eliminate the nead
for wires. Solar cells or a rechargeabis battery that is recharged using direct
electrical connections or capacitive or inductive connections from a portable

device can aiso provide power.,

[0025; The microcontroller is programmed with & command set that
defines the states of operation of the system. Such defined states includs,
but are not limited o initial testing mode, field installation mode, normal



[0026] Unless otherwise indicated, the following terms will have the
following meanings: [0027] The term "manhole"” shall be taken in its

broadest sense to include, without limitation, underground vaults, for
WepieManholes or utility vaults, as well as any other entfd<BeRYRL4%7
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witbau! drattabopcaieradetimgergrognd uat tedoianamnpite ssanhaies
ity vaults, asauel as Rnelosuie Al e s sugh a8 doois araupls for
any other enclosed area, undergiround or above ground, that has .
insesARBeRAtcYUemserfals BE aoprtR e sioatbliehe aRef seMa@ ¥ that

MaYviRedIRNiREeR (902 Fhpreibrhadd waisienmorwen ahalbhrstalkan

in its broadest sense to include, without limitation, the box and its
c%ﬁ%ﬁtg%ﬁﬁ%%’rd some or all of the following: the electronics, the power
supply, input/output connections, the communications device, the

miggegpntroller;sensafs e RR-SRUIGMNeMA RaterRIs e damaake

the box rugged and weather and water proof. [0030] The term
SRR N EF computer” shall be taken in its broadest sense to
include, without limitation, a computer and communications system that

Cagbsageive mepsages famhille Balalied Hrlh initahd asyALe e,

messages to email addresses, pagers, personal digital assistants, cell .
phGHEE eSS daHIAL Y FOISESTAYRS SOBFS1 BA SFeTRP SR RIBRAG BHtY
nedfitatmnved responsiierpartiesed hecse wetergrvaitsiod rbo e gronmah disat

gﬁgé %&tﬁme‘a‘ﬁﬁér%’ﬁ&Paf&fr’ai_g%P‘E@QJ'&&%Fﬁbmﬁt@é\ﬁ%@ééoal%é"{rifé%s

|
arm acknowledgement, statistical record keeping, customer
aﬂ?ﬁih?ﬁ@ﬁ@ﬁ?‘r%%ort generation, maintenance record keeping and
alerting, and security management. The application server computer can

311% e.&%g”S'ate 46158 RaghinGs19-M9Shing JessaRss Nt a format thatisy

rstandable by a system user. [0031 The term "system user' shall be
tdRelyss bR dEdiadigRseoisrs for underground vaults, for exampie

manhaies or utifity vaults, as well as enclosure barriers such as doors or walls
for any other enclosed area, underground or above ground, that has
instrumantation or materials or aspects in or about the enclosed area that may

be monitored.

[002¢] The term “hardware enclosure” shall be faken in ifs broadest
sanse fo include, without limitation, the box and its contents that hold some or
all of the following: the electronics, the power supply, inputoutput
connections, the communications device, the microcontroller, sensors, and
any environmental materiais used to make the box rugged and weather and

water proof,

[0030] The term "application sarver computer” shall be taken in its

broadest sense 1o inciude, without limitation, a computer and communications
system that can receive messages from the installed field unit and forward the
messages to email addresses, pagers, personal digital assistants, celt phones



include, without limitation, people who are using the system to sense and

monitor various environmental and process parameters in their area of

interest, for example, the manager or operator of a sanitation utility. [0032]
WaTHeaa?iF alert” shall be taken in its broadest sense to inclE§&/URAREER457

limitation, a_ mes . [ ti jtion
STESTE RR S ATEAN SNSRI LA HEA! Befa
thiken doiteraramdestsyntsn tereladbtodth S ARaERRIA (NS iSRRG of

the e SRCOSUERAAe FRAOSWEhBEIRISHE RAp R ENBRRBIRer

cover, Including the antenna and all , sensors required for ope aﬁio&l of the
@Hﬁ‘iﬁ*ﬁ@ﬁi‘ﬁ?@n%@%%%ﬁt‘fﬁbéﬁﬁ“ﬁ?@%ﬁrﬁ‘:@% ‘beoerg)ér}ﬁ o'f}(f!'h%eprgggént
investionrsy thenistneneTiee apgliteierceveer Thennsaieatited nasirie
Qe IteQrales NOWEI, HONMNIUBICRIONSHRIGHIRRICS uRIGrGRABEIEHS

and sensors into a compact low power and low cost package that mounts
SA8IROHEGa manhole cover, providing a universal platform for sensors
that can operate below or inside the manhole cover or above or outside

jg%ﬁ?”m'e fr%%r%h%ﬁ&gmésr%ﬁaﬁ insNmenteddnanheleinde

mMmunicate critical or time- sensitive information about the monitored

depledss vitilidiiiinnaPRASUNED B8 HEIhIE SYRIFM IASTFIEGEd
eRradiment disswsastrRate kvobesdae paranitadngfinsenrgeivaters,
the invention can alsq be appli ' imitati Jmonitoring
dﬁ%ﬁaﬁg  GOREE ?r? fn%eawaégngcqgggé%}:gga#a%} %r%@fégogr}:}ﬁtiiﬁgl asset as
well as enclosed areas that can be used to monitor the environment

euiespal to thegnelasuegedt isanesy arerhakirbgeneselsiess Wbcluds,

2006/127479 PCP/U32006/019497 monitar is. difficult to_provide
SRR JBRIURG RRET 26 ﬁ%%n?c% R ?g??g%g’é?@&%ﬂei%m

ireedtion wiltoovehddestriyeteiereinbelow, and with reference to the
drawings, Figure 1 shows a schematic diagram of the components of a

preferred emhgdiment of the system. Referring to Fi '
e com BB BRRLAATEL Hap ey e b e
10, ndiictesviffixddinitationu tueissillafien@ ienalidy HE WFHMRNFORD an

CON B ARENGIASULEROMEE, AHPRIe 2B aw amdpivednenddnelodds the

sensors required for operation of the unit In its intended manner.

[0034] The central component of the present invention is the
instrumented manhoie cover. The instrumenied manhole cover infegrates
power, communications, electronics, microcontroller(s), and sensors into a
compact low power and low cost package that mounts easlly onto a manhole
saver, providing a universal platform for sensors that can operate below or
inside the manhole cover or above or outside the manhole cover. The
purpose of this instrumented manhoie Is to communicate critical or #ime-
sensitive information about the monitored aspects of the environment around
the manhole. While the preferred embodiment discussed here involves the
monitoring for sewage waters, the invention can also be applied, without
limitation, to any monitoring application concerning an enclosed area that
contains a critical asset as well as enclosed areas that can be used to monitor
the environment external to the enclosure, If is presumed that in general the



following components: a high capacity battery 11 (although this power can

also be provided by standard AC line power or other sources) which has

sufficient capacity to provide power for at least several months and which
WihpeRAAEE ower for a digital microcontroller 12 and a two-why W2ed19497

?ﬁ’é%tor&’é’” 843 tipugh 2 '0"":¥8 i {;\?V;‘n"é%vre?%’%‘ée\f\lkﬁfr g@.ﬁqglﬂ@dona

microcontrolier isz communica esto 0-way wireless radio module 13
thfough a digital connection 15. Communication ports for external sensors
for the hardware package 10 are provided either through an analog to

dlghial; (AID) convaIeL 16 10LSENR0lP AHThAS SHRELAIIS LSRR
emical sensors, or other variable parameters provide an analog
omﬁune&rammdwm@ thavdngital hiatrecbabone L1t heriatindiagiapesitisn
S@B%@x@@t@bgI@%k@é}%@l@ﬂb%@%Haﬂbpfﬁylﬁl@swgitak@f@m@m$@@és:
Output ports exist on the E ?}cr%cq,ntroelilg%g (%gcri]tlg O%ut[%s
dg\ﬂc[@@r) %@%/3@8@8?”51 8torS 27 FREtwo ereless g%al
radiosmpd 0levbBodrafivmitindse \ﬁwﬁaimm@%@mmﬁﬁl ahranhole
CRBRIUDICEHABLAR 8bva:bg dane dvirualy icklings) dHouaaLbena

worldwide or national wireless radio network, o ough an eX|st| Iocal

I
NG R, SRR TERS BT SR RGN GRERD thbP! )
thaisudgle arowiddineyostavicelesaly lsoanwmrairséhwerssor@@)twmdmed by

the Relwerk pravider andidecRives P RIANEIossalransmittad: ipmmthe

external antenna. (The antenna is de5| ned agd tunedto o erate in close

pRIRIRRS ROYRS Fﬂ%?aﬂi%‘%ﬁ&@@%?ﬂ ersy VSR WSl Giier
5eheanmiinicatesttiaraugodtadaterwet convattioo O e ttigitalpplication

SRS GHTRHES Z Qobich: @@%&%@a@%ﬁ%.% RREsation.Af the

system 81 as well as all the application logic tor the system 82 includin
(OGRS FEHAERTSOTRR Ler ST ARIREI IRy GEVRE B

mmmn@kﬁwamwawhmmmm piigarhroalyipbores|metsdigal
1 §Bojn%{¥§? 2008/ Lel 4 E&E&%&%@é@&ﬁ@ SQMRULRES g emalil

computers usmg{%wreless connections, land line phones and audio
aﬁenﬁgﬁapa%mﬁgvm RAGBSR R ddilfer i AraKRs AR F7a{PBEWRYIRY on
théirandlerside afdite misrdoletctven 2dodiecte eonpusiicatiensds thigor

Ci SR e LI AIOL LR B SR RN AN O UIRETBIR: b
the digital microcontrolter 12 to control output devices such as valves or

actuators 24. The two-way wireless digital radio module 13 communicaies .
via radio waves 30 (although this communication can also be done through
tand lines) through either a worldwide or national wireless radio network, or
through an existing iocal radio network 40. This wirsless network 40 then
communicates either through a wire line or wirelessly to a central server 50
that is provided by the network provider and receives the parameters
transmitted from the external antenna. (The antenna is designed and tuned to
operate in close proximity o the metaliic surface of a manhole cover.) The
central server 50 communicates through an Internet connection 60 to the
application server computer 70, which keeps the database for the operation of
the system 81 as well as all the application logic for the system 82, including
the user's interface 90, The user's interface can include many devices or
methods, inciuding without fimitation, pagers, celf phones, personal deskiop

10



[0036] In an alternative embodiment, data or information from multiple
manholes can be compiled. This information can be compiled using local

radio, wired, infrared, or acoustic communications that coordinate alarms
WQ38R2f87%ransmission to the application server computer By ASREG&H 2497

long range communication system. The application serv ter can
SERSTE A S AR P =Ly MBS s o T Aol e
NEATESIRRGFUE B ARHHSE FIRIFASHE 'SYRERPIR R CRTHRRARNIEITE that
alspowhishicaasiliessthedasiabest fieldnamitsie housirigradgecords the
acknowledgement in_the application server.com r da S
i IR S e B
systEricasdtiie aralnco@ditionally, the installed field unit can conserve
battery power by varying the time between samples as a function of

BB G AR s AP Sl

’cdon%i%’r‘?s measured ov
pedobiotézicae. fO08Tpliae. prefeirdermailsodiatehe ep el esinenyes

applied iR segLr8aa8Pgle CaUSES ris daREHBRY Rareinhiaiave Hlisms
embaodiment is in no way. limiting of the invention and serves solely as an
b R RPTEn TR

il ASEYHHOL EBERTIRE SR tREN% A BRISHLR ST G5 SUPIED .
[683¢] Thispreferied eriectimeatpbifairesentanvempoterzndésdtwo
PHALS SERROSHAANG aCSRIpration (aeeeleremalathsRR SR hataRN:

detect the movement of the' manhole cover from the restin%{égﬁ}g?hn,\and
' e

af dalAERI AN T RETEE HEP AR GE IRMETEP SR IV B
savifige timdnttaledAdtitioniady hansoptisal meants heactacvdedtshmend 8

r@ﬁ@@gﬂ&c&mmﬁ ilized 4o getect the-maabivle.oves Bagheny

moved or opened. All of the power, communications, electronics,
iR HSIBH A R POBAL GRS 8P LB SRS 8 S RaRbBR T in & HBRG I
that inaffikedididastlydon thebattematibthe manhelesbrviagway thae does not

i@B%HBS%B&%&L&@f&&%@ GBI 7 4R PL L UR2Q06/01 3R s

manhole cover or require entry into the manhole for installation. The main
cHAp SR ARPTRIRN SRUSIHCFBRRRIWATIRRERIURESS! yipR-AHRH N GRIEE08Rs
1R asersaasie:of steeldoiistiron, and if they are "traffic rated”, that is,
capable of supporting loads from road vehicles, they are very heavy and
[0037] The preferred embodiment of the invention, as applied o sewer
manhole covers, is described hereinbelow. This embodiment is in no way
limiting of the invention and serves solaly as an illustrative exampie of the

application and use of the present invention.

0038} This preferred embodiment of the present invention includes two
primary sensors: a tilt and acceleration (accelerometer) sensor that can detect
the movement of the manhole cover from the resting position, and an
yltrasonic ranging device that detacts the level of the water in the sewage
manhole. Additionally, an optical means, a contact switch and a magnetic
switch can be utilized to detect if the manhole cover has been moved or
opened. All of the power, communications, elactronics, microcontroller and
sensors are combined in a small box — the "housing” that is affixed directly to
the bottom of the manhole in a way that does not impede opening of the
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rugged and include support vanes 120 on the' bottom of the cover. The
housing 110 is mounted on the bottom of the manhole using a mounting

bracket that is screwed into the manhole cover, or directly mounted onto
WQRElHARHADIe cover with screws, or glued onto the manhold SRR+

trafigHateds RROXY i heNsINEd 104 $mad € ROUBk 198 Preiactagifrom

impact by the manhole ribs 120 or extensions from the manhole ribs. The

oﬁﬁf‘“@%?ﬁﬁ oSS BB RBMBULI I e ahiBIAR M AURY 7
cdifestechadmoulites| smaibhiode, dntlefjtirej‘zmmmﬁmleam!i’eth%e

a@&%%%%@&pﬁaéﬁsﬁ&r!{é%%tﬁéﬁ?rmm&ot%%&ﬁé tgpga

130, which transmits the parameters to a communicatiori device, such as

f&@ﬂ??ﬁwéﬂé IRClEGSURPRRIEHIRS tRGieH hedrsi: 6?"5%%%%5“@
cmmgm QO3 Hhdnigtee ch she wstia ko piiesn it @I@i%ff@%&ﬁb@ﬁﬁ&@c

of th the h |n 200. All.of the com ts of the

e B ek A ey FoRT shiE AT
ARGRECKIP 6t Rt SETRitE Cé’rﬂim?@@ﬁbemﬁ@r@@wra\ﬁwf@fﬂl égled
wa@;@rxyest'r)sm@mzﬁ,@ﬂg iﬂcﬁ@\émn@m@é&y mqﬁoteoﬁguf@r@ﬂﬁ%ﬁigb the
capa atte 20 is.chosen .to X|m|z apa attery in

i Red e e e e D e e
b@mmﬁﬁﬁﬁ@ﬁﬂéfé@wgﬁﬁb@mﬁ‘@m@ the wvmﬁti@wmeﬁ@t&ﬁé‘nyowmn

b%ﬁ%ﬂi%lEQﬂrﬁé@ﬂﬂpﬂ@e thahtRItsvBRIyrWatA neheut BB -HAEaBPR cts the
ur series alrs of ree- tllthlum ells in parallel

f
R O M e A R R R RS BB ot
Lummmuw@a@wzqiswﬁmm B ol b€ Grpegstioh Pvitnal Witdiatarget

typicalamnearagediaw ebheupgusing 200 of about two milliamps (mA), a
battery pack of about 10 A-H capacity can provide sufficient power for
more than six months of continuous operation. Standard alkaline batteries
anéa®] alternatigerprinshnyvb attory tgvecVehitefprimvhsyirataiics 220 erthe

the RPWRERBOHF e RRieS R 0Ny et IHRAIbBRASKRTR Fize.aBRiratRaS,

the prese t mven&&)n is not limited to thlst e of power source. If external
AB2GFSE I A A AP UG SR AR S BT RE Y ATPIA ) 6F
restitgeadiceirdtmies 19UChias nighed metalyiikdevbiiterisistearsbmnd is

uwlmrﬁﬁ@m&@ﬁ@é‘a@ WP@&Q@’%%@JR%%A%OQQ{QW isWHBRdow

current trickle charge from_an adaptation such as a solar cell to
fo maximize the capacity of the ba ary in amp-hours (A-H) for the volume of
the battery. Typical batteries that can be used in the preferred embodiment of
the invention are primary lithium batteries. For exampls, a six-volt supply with
about 10 A-H can be constructed of four series pairs of AA three-volt lithium
cells in parallel using standard off-the-shelf batieries from, for exampie, the
Duraceli™ Lithium Mode! 245 from the Duracell™ Corporation. With a total
target typical amperage draw of the housing 200 of about two miliiamps (mA},
a battery pack of about 10 A-H capacity can provide sufficient power for more
than six months of continuous operation. Standard alkaline batteries are an
alternative primary battery type. While primary batteries 220 are the power
source of choice for low cost, small package size applications, the present
invention is nat fimited fo this type of power source, If external AC or DC
power is readily available, it can be used as a substitute, or rechargeable

batteries, such as nickel metal hydride batteries can be used in conjunction
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charge the batteries during daylight hours. [0040] The high capacity
battery 220 in Figure 3 provides power through a low voltage power

converter 260 to two sources in the hardware package, the digital o
WORIYH@déssor 240 and the two-way digital radio module 5%69%?)%’3@4 7

thesbatisry2a8 sak8a | rocessor,240 and the two-way
radio module 250 ope?a%étgar?%gﬁoﬁ %cﬂl%%%? ﬁe?gﬁ?lg? ﬁ{g@%aerscejrﬁo

neiaeE &t BRlteHasdERs idaigitEeep” mode when possible in order

to minimize power consumption. In the preferred embodiment, the

' rocessgr 240 is a Basic Stamp.2pe (RarallaxtM Corporation), and
Ry A A B S S a
Cibrpeghtion)y rodeagiabessecisreai2piwe conreastdt s thrrdeeBunit
280:1aRd this epnBesierdpadRiadhe@dpalRieIng Whtehamonsierd
on_the manqol cover. The Karli ynit %50 is capable of measuring the
e RERS AP AL S AN Bt TRV BRI AR doteby
ptowitingvadeidomabsetesiig capadiiitgt thatscansaeepditedating voiesg by
thcﬁe%‘ﬁfﬁﬂ@&%ﬁ%ﬂ@?ﬂﬂt&@%@ﬁ"Pﬁ&ﬂ\éfé HABNGISEBRAN BRIer

Karli two-way pager 250, and the microprocessor 240, are all mounted on

2 QiU RS ET ERRSYBEY Hoard T50P PRI SFPattReStatish sensor

28ﬁbis;a’rsmasouﬁ_ﬂ@da)a B_zisimbﬁawﬂﬁer&!taaﬁﬂ Qogsieztition sehor
280a6ts anAPuieh hich iR AitheERRen. I mAk fA%F@Q:%GlDSGd (the

sensor has been tilted or accelerated). The state of the tiltand =~
a@@énaraﬂaws&gw%mm%&b{%&z&|§ TueEtRErP BRI it this
fresleneytissvanalaletaridaajpibdatoxispeat ficclf thevwtate iofmioeartikdyruwh

aa%‘eelﬁé%%% 280sP #0445 foundenhe Llased 2 pignalis SRRt fHpgh the

pager to the wireless network and the time and date of this closed
starangratieds aAmitRoritesisrs 4o e easrEi i e B/ SHBwE Zside
vigidiostaeshasising000ian aagoas be reguredshaudngi theitep view. The
b vides the power for the housing. Power is provided for the
mﬂ;g@gﬁ%&gﬁ. 330 and the two-way pager 340 on the electronics board
320, and the ultrasonic ranging sensor 350. An example of a low cost
ulmasonic ranghrgisenstizisetberING 8/ W 2006L RE4iA%o-way pager

P%-E?Lajngc?%%q[rg&r%%?gcessor 240, are all mounied on a singie printed cirouit
(PC) board 230. The iilt and acceleration sensor Z80 is aiso mounted on this
PC board. The tilt and acceleration senscr 280 acts as a switch, which is
either open (normal state) or closad {the sensor has been tiked or
accelerated). The state of the {ilt and acceleration sensor 280 is checked
typically once every sécond, but this frequency is variable and appiication
spacific, If the state of the tilt and acceieration sensor 280 is found to be
closed, a signal is sent through the pager 250 {o the wireless network and the
time and date of this ciosed siate is stored in the microprocessor 240.

[0042] Figure 4 shows a side visw of the housing 300, anaiogous to
Figure 3 showing the fop view. The battery 310 provides the power for the
housing. Power is provided for the microprocessor 330 and the two-way
pager 340 on the electronics board 320, and the ultrasonic ranging sensocr
350. An example of a low cost ultrasonic ranging sensor is the PING
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ultrasonic sensor (ParallaxTM Corporation), which provides range

information to maximum range of about 11 feet, which covers the majority

of manhole depths, A waterproof or water resistant cover 360, which does
wWoatledvdtzely affect the performance of the ultrasonic sendSEsBER0/019457

Iaced in front of the ultrgsanic sensor. At intervals of a I’OXI ately once
e A R e e
rtma:whememmjmarﬁg@w g fektasbivic voxersiBF OIafanly rimyanhedelt

R, bﬁ@bﬁ&%@{epwg%n QLA R wigaabisvRiN daugh: RsH3eRr

to the wireless network. (0043] Figure 5 shows the antenna mé) nting

@ﬁﬂ%‘ﬁ%ﬁ*ﬁf&%@r%ﬁ%iﬁé%&éﬁ@&fﬁﬂoﬁuméﬁ?%"tﬁ?@rﬁ\?
Asraaihhoterisddrilkedrite thelsmbahotedcosehanta mxlwm:ahlmmoﬁwe

&P@%&Aﬁ ﬁSHS&J%@ e RAYELIN, 9&&%@9&&%@{95{@%@%%

the manholé cover and Is connected to a low profl e strip antenna 420.

THsasepicaran 8 120 S rangrdRP N AR BREK AR EFTRIB SR e by a

diglestlic sppestdSthitniealy hepadger340m thickvirdleesspaisesristrip
antenna, and connection are together encased in traffic- rated epoxy 440
of the type used to attach reflectors to road surfaces. [0044] In the
piedétled embistiradhe P Wit iRt MaVEAHBH G M S IFRARCEEWER 00

thraHg RrareeByaarBit: ﬁ\g{@xwmmr@twm&rkamm@s B PXhe
TS SEer 818 Ariratmn el AR S R AE A PLAYET A

-Wway communlc 1oNs me -usin S|gnal etween

- opouskzcarnes Do MMiE TRRIRER| 12 NBAGAHRVIFICRIGES GRIUMEISHIKaRYOW

distiiutech Lansaaivers thalcomumisais hathtorbs: staties niieldoits
by radio and o the Int rnet ith erellra%é: nn!gg |ons T §1II0W§hlck
ORI AR ﬁ’?ﬁrﬁ% ﬁgg‘:rﬁ% Ennect emm(m chas the

apptcakonr, gemmmaum @se@m@tyac@mhﬁfa&éq@ﬁmtan@iﬁﬁeld
units4 ERexReflEXBelNerkroiocaiscareliseinseth rosa therddperican

Association of Paging Carriers. ReFLEX communications have the
advantage of wide geographic dispersal, generally superior to cellular

ciivizféige anditciveprafertryesusidiriend Kdre Bressetiorkriioss rasiuire
SQRR @H%&ﬁﬁ%&f@céw&@mgysm@w&wk@@wm and
GBS AP TR O CBEEME w6 TR MR OT Gk ae
sewrdyabeseomra,wwest lbveivhrcmoshiggicThivatfiodrition feagibe
comuLMicHe AR c0deRIMNASz, The ReFlex network inciudes
geographically distributed transceivers that communicate both to the installed
field units by radio and to the Internet with wireline connections. This aliows
communications from any internet connected system (such as the application
server computer) to securaly communicate to instalied field units. The
ReFLEX network protocols are licensed from the American Association of
Paging Carriers. ReFLEX communications have the advantage of wide
geographic dispersal, generally superior fo cellular coverage and lowar
monthly costs. The ReFLEX network does require sophisticated softwars for
supporting both the installed fleld devices and the application server
computer. The ReFLEX system is designed to pass terse digital messages
that identify specific status information, such as a security alert or a water
level that is toc high. This information may be communicated and coded in as
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14 WO 2006/127479 PCT/1152006/019497 little as one or two bytes of

information. The message is marked with a unique identifying installed

unit number and so further identification is not required. The application
wWaemeidiPreformat a terse one or two byte message into & FAGrez006/019497

informative message fors din stem user. A
HiRnEDENP AT SERIN i y AR &I the 3%%%3%‘2? e‘%ﬁf‘lled
iettiymlensif 184 bR Jumgitane ﬁaﬁsfﬁtezdad@r@mwgem@fwmed

SHREL, T&aﬁo%%emeﬁéamﬁgféﬁastwqel@éom%% 80rains3ha o
Messaglng Service ( SM%) to a cell phone as a text messa%e toa p%%er,

SPeEeAERPRSHS: BEERRP Gbéﬁﬂ%\%/ © S SIS E5AtA REKTRSGE
(SeADA) ey siemrdhabisSecnitgrEdirpyAyttent dsermifhe imtafiediiee use

W Rsbdror a8 oik fgnianich-aeliraion-ghipsponcihiam lesdn 2

inuous geograp ally independent way. [0045] In the preferred

eHHISCRAM RIREE TR SRS BRLIRREN BRI, VHBHs JUShBRdse8eming Service
qemgyf@@%maacﬁem@att@m e ébeait efoto pageoaMunicatiopstaceasdd

Se 5 g e n sl Wil el

eac are pac age given manhole cover

%h%@ma{%ﬁe'srn&@é@é%ﬁ%ﬁéeaﬁm@iﬁ% RefiEr esMukdPiiRPiimes

R SR NTETE SUHRRAROH RIS 16 SSEQRIHTNY A SEAIEr it YISt IcHeer Brat
each installed hardware package and the supporting wireless

Mmunications system is working property. Referring to Figure 1, a
maintenance alert is sent to the system user from the application server

qeayiter 70 ii“h%?%@@ﬁ‘@@’ shassagR frantae rastled batsingdlrdees
not occur in ner, miglcatl %{%RO ntle}kergpl%m with either the
AT %E%?fg?ﬁé;?ﬁ/ oA A R I A IR NRE " R secondary
perpOseiofihismessdgdhie @@%@ﬁ@ﬁéﬁﬁ%ﬂ@g@@&ﬂﬂ@@ﬁrmes

IRGHHE RS ERRI éimit@@%daaeune@Qersaﬁésaneemw%ta%mgaet 2
wireless 9%? I level histqr y at e site, and h%qbatte%vpltage or input

VOB &NBURR'SERE %feﬁ'} P8R S ISSPRdneng & MEssage 1o the
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Sypied, Uner that therdnsinlind hardware passaaars grasagpamgrmally.
Th|rd the system user can re uest th tthe |nst Ile%t}ardwatre#)g acka e
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maintenance alertt is sent to the system user from the application server
combu’ter 70 if the expected message from the instalied housing 10 does not
oceur in a timely manner, indicating a potential problem with either the
communhication to the site or instrurmentation at the site. A secondary purpose
of this message is to send nominal operating parameters, including without
firitation, the temperature history at the site, the wireless signal level history
at the site, and the batfery voltage or input voltage level. Second, the system
user can send a message fo the instalied hardware package essentially
asking for a response to the system user that the installed hardware package
is operating normally. Third, the system user can request that the installed
hardware package send back data stored in the microprocessor memory,
inciuding without limitation temperature history, battary levels, wireless signal
jevels, alarm types and times, and current status of the sensors. Fourth, the
system user can send a messags to the instaliation site changing the
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including without limitation temperature history, battery levels, wireless

signal levels, alarm types and times, and current status of the sensors.

Fourth, the system user can send a message to the installation site
WQRM¢GIHG the 15 WO 20061127479 PCTfST52006/019497 F&PEIEHA8HAL497

%ate%g%%?éﬁp%@%@&%,Mgﬂ%g_g%i{ﬁaepumr@ﬁaﬂl%éeﬁaagrmmwency

Of reporting, frequency of interrogating the sensors, nominal manhole
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ohihednsiallad fipldramibsHiftmiadnaialiechiieldguiteariendaseltne
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rpessajes wathtatenscasise senelalfEcnsseadre s BIsRI SRR AX an
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sensors are used: a tht/acceIeFrgatiQn sepsor set to alarm if the manhole
FGEF €AY T FEFYFSRT IRSTRORS Phsition, and an ultrasonic ranging

detector that measures the height of the water in the manhole. The

fedloxding procedures ars meankioperdivsiratisp aifaseca besaandled in
a variety of ways, and the followmgﬁd%%%gt,lon IS not mtli

L varie : oWir nded to !W?ig the
SRR tEISTBRRIS R IR BAYLAG YR BRRG P E  ARR TG Tor
seadingsacoalen tiesedromtize State itf thelitit pesion, The it YEAsenis a
bJQﬁé}&g%éf&ﬁPM%Q%é\myhes R ihe ik SeRIAE is At ahe

conditions, it Is open. When it is tilted or accelerated, it is CL?%“,Q{( The
stelewinheraneskiRbrie feeadt 8BS HHRI Altesn bR $herrs YRS I @
nvignesootioles uatisteneibedond &S0iptalthisugh arendeckdntet Higseans

ty ﬂwtehﬁw%ﬁ!%[?}r;@?%%@k%%wgrtﬂ%%ﬁf?’di&%&%%@%%@m RAdmENetilt

sensor again. requency is high enqugh_to ensure that if the manhole

calret rapRE RSt thEHIE SRS IviFRSRtu Bt 3ARRRGESIA BHAREY AVl
SeRseIts g daike.clused 20 thetineiaatrdates: i abtiviieve it isdpegged
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for distr

Ibution to the system user's based on a pre-arranged protocol
R0 APl eSRRRIE PR AT TR EETROAE LR G S T SETBHR O
misupassesthad iteltheugbatistinienvel canshieriengérconkinortere swad
(e il sensql 15 1eAd AOADVILIS AIBCRE SRR AYEICF I0WEER v
the flow diagfam for sending an alert based on the readlnq of the
to ensure that If the manhole cover is moved, the tik sensor will capture the
change in state. If the tilt sensor is read to be closed 520, the time and date
of that event is logged in the microcontrolier and an alert is sent to the paging
network system for distribution fo the sysiem user's based on a pre-arranged
protocol, inciuding, for example law enforcement in the case of an illegal
entry. A minute passes 531 (although this interval can be longer or shorter)
and the tilt sensor is read again and the process starts over. Figure 6B
shows the flow diagram for sending an alert based on the reading of the
ultrasonic ranging sensor. Since the ultrasonic sansor consumes power, it is
tumed on only when used. This is shown in Figure 68 as 540. Once the
ultrasonic detector is furned on, it irﬁmedia’tety makes a ranging measurement
550, There are at ieast four outcomes of the range measurement: it is “in
range” 551, meaning the measurement maiches the expected vaiue of

distance {o the bottom of an unflooded manhole as siored in the
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ultrasonic ranging sensor. Since the ultrasonic sensor consumes power, it

is turned on only when used. This is shown in Figure 6B as 540. Once the

ultrasonic detector is turned on, it immediately makes a ranging
wWorsesurerient 550. There are at least four outcomes of thePfaifge2e06/019497

measurement: it is "in _range" 551, meaning the mea uEemeenE%LﬁQres
- m@@fﬁ%ﬁéﬁc’{/é‘?ﬁg’iﬂmﬁgt hEe "B tepott ﬁpg}garﬁh%ﬁﬁo%%ce manhole as
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for.example: JEF%Q’O%Q;?%%S%{%mgéﬂ%t%wt@mﬁmm |

expected, Indicating a possible flooding condition: or it is "hl%héhg%?)asoer Is
éﬁWﬂﬁmﬁPPﬁ@*@"%@@P%}’rﬁEBﬁBﬂYJﬁggﬁ%S@Hﬁ%’ﬁ?ﬁ the ultrasonic

SpNsRGIs Bet Operalingqiepedyandtmaydefiatdnmidencthee. In the

Case Ol 121985 52 T HASHIASORYG SERRONIR MIDEMHOIRE0aAa be

PR IdAstrement is ma e in 10 minutes 570 (althou%h this time
invytiiccas tier HIRAANROYPEAEIARAIN B ERRARRRS B AR the Process
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expected con n. In the case "lQws ek Fepeat
Pt e e R
deesenseTthet imidisreaskiiisdsisncestiaine NeRiRRR e MM returns as
ﬁ&éﬁ?gﬁgﬁwﬁmﬁ% maﬁrgéﬁi@fﬁ&ﬁoaﬁa mmk@%tfnhbe
elivered_to the system's users based an r
R A I IS o Bt aiale o Lost o i dfhoed
aprdtoet! phoheing aviite wyktiatiopdPaBrLSHMmIlO (R SYRIEERPPerators
MEFSHLRAEHH pROHEUHASdRyeRECoHARR dSeARslINbiuietite previous

t r, the ult ic. det ' th
BRI AE L AR BOTOE TEhe L8 B ol he daL et SHe e,

Thisoeepeated wsasnmmebprcesstadesestn i men B %Citnes

V‘ﬂﬂ?ﬁﬂ%l ligitationdtasedueedhechanses aifalse pesiivesasatebas to
track the rising water in the manhole as a function of $Qg%f km&e\,&m of

a

A PR P AL TR RIBRESt TS It hominal range increased,
winiglatisn physicalt toalitelyoes af fras resivemeasabasdatssl Beciiit
MAINLENARCEIIFRTAYE i$15RBIR SharetwarkSBBsashs seivered to the

e s A SS aR 08T s s faeoons

physically uniikely or 2 “max range” measurement 554 occurs, & maintenance
message is sent to the network 555 to be delivered to the system's users on a

pre-arranged protocol.

[0047] Although the faregoing invention has been described in some
detail by way of fllustration and example for the purpose of clarity and
understanding, it will be apparent to those of ordinary skili in the art in light of
the disclosure that certain changes and modifications may be made thersto
without departing from the spirit or scope of the intended ciaims.
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10

detail by way of illustration and example for the purpose of clarity and
understanding, it will be apparent to those of ordinary skill in the art in light

W@;(,ggﬁzq;ﬁglosure that certain changes and modifications mayrR&RadRes7

thereto without departing from the spirit or scope of the intended claims,
17 WO 20061127479 PCT/US200#18497 CLAIMS 1. A remote sensing
systeq comwi%%;{g @eHgHaig%{@rin@wnication ports for sensors,

the sensors monitoring parameters in the vicinity of the housing; 4 a
microcontrolRP KNG @%’ﬁ@d@w*%@ﬂﬁlmgﬁﬁﬁ%ﬂﬁo"Ba?%‘?nseet%?%rtc’o a
oI GastinisRIRsE adioichig Wititerbogdirg digital 6 connection; a
connector cable‘cor(l_;n%%toq% 1o &@%%8%%&%@&\@5%@%@@% $anodule

which leads BBl externa antenna for transmittin the parameters to a
ceTAmatHcation kevieay ETtol g pearinsB IRHAbiIAG S er to the
heusigioR: The system of claim 1 wherein the external sensors are

lected 2 f th iSi | ‘ 10Q 4
Sensor, and & FATGH CERR S TR LS S Eth TR thace

wnerein
pacanietenicalieadsanarmexinairomst ES SRS 19 PARE SRR of

claimhyhesesnthe cumunugnication device is a 2 receiving device. 5. The
system of claim 1 wherein the communication device is 2 selected from

the group corPRYIRGTEEAEF SNV A PAgRY A personal digital assistant,
and a personal computer. 6. The system of claim 1 further comprising a
central server{qr 2deceiingine RMSRIRIENS Sassitteddsemibeaxtardal

antenna, the central server |n‘Fommunicatiog evlveitrg an a gcgtggi% gerver
cHRAHECIRLP SOTUL NG 47 SulL ARERIE 37 T8 S 216 Bt claim 1 wherein

therleuséagisrmounted on a 2 device the device is selected from the
group consisting of an enclosure cover,

3. The system of claim 1 wherein the parameters are

environmental or process parameters.

4, The system of claim 1 wherein the communication device is a

receiving device.

5.  The system of claim 1 wherein the communication device is
selectad from the group comprising a cell phone, a pager, a personal digital

assistant, and a personal computer.

6. The system of claim 1 further comprising a central server for
receiving the parameters transmitted from the external antenna, the ceniral

server in communication with an application server computer that stores the

parameters.

7. The system of claim 1 wherein the housing is mounted on a
device the device is selected from the group consisting of an enclosure cover,

a door, a window, a wall and a manhole cover.
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a door, a window, a wall and a manhole cover. 18 WO 2006/127479
PCT/US2006/019497 8. The system of claim 7, further comprising an

w@%i&j%g;gantenna 2 on the underside of the device for dirggty,sr006/019497

10

12

14

communications to the central server through the ground. 9. The system
of claign 1, wiereinithe seasers7afevelesiatiisng artaddtionp eoiwsising

of a level sensor, a flow sensor,.a pr ARGPGHSEESQEran
GBS PRETRGIRL BRI B God Sehcr R Rty 4 sensor, &

feper durgreansor and an optical monitor. 10. A remote sensing system
comprising: 2 a housing connected to a manhole cover, the housing

having communication ports for sensors, the sensor ogfe] M rom
paranfdters Wﬁléy%%ﬁ’ﬁﬁ)aémtﬂewgﬁ%fﬁ&%%sr%icsrgo%c?antrol%er within the

husipg-fescasanbicaling | thans6 parkeetens b & RIBSNEY FRITG Witeless
radio module throu iigi@}] : Q&gg}pé%gmgqmabiﬁtgonnected
f@'fﬁ’é’%%%ﬂ\?v(gyargdjlg%vgl?gless r%ﬁﬁg module W.I%]i(t;h leads to an external

anteanz lGrMParEiRiIFRER FA AR TY'] communication device to

provide rapid and reliable communications from the manhole cover to a

real-time receiver; 12 an insi ing which communicates to
nfl\cf'ff%?] san%l%gﬁém%ﬁ%hgﬁﬁ.

the coMimu evice n pre-determined thresholds, of the. .
sensors haves hausEsrceRpEEgE° a1 ARG i B}%Oﬂfﬁg%g\?\réir‘%o the
hQHSiRShidakioRNe Ay Stansepkeleinnd Spneoes e thiorienasramettidr iithe 2
manhole cover has been moved and if the manhole cover has been
n’ﬂ?\*f@@,owée SH‘?‘frixg*triggered to notify a user. 12. The system o{hclaim 10,
wherein the naionscosarRick R RGRIMMRIBSIRh S gha'det that

d?é‘.‘%%%@% stalen o anerationidhsEhedty steniuid tangh2 disidlein the
states of operation are 2 selected from the group consisting of initial

tERGTRIYe, field installation mode, normal operation mode cpanged.
reporting freqa@cpweam@@lgmﬁ@ed io the two-way radio wirelessTadio
module which leads fo an external antenna for transmitting the parameters to

" a communication device to provide rapid and reliable communications from

she manhole cover to a real-time feceiver,
an alarm inside the housing which communicates to the

communication device when pre-determined thresholds of the sensors have

been exceeded,; and
a battery for providing power to the housing.

11.  The system of claim 10, wherein the sensars monitor if the
manhole cover has been moved and if the manhole cover has been moved,

the alarm is triggered to notify a user.

12.  The system of claim 10, wherein the microcontrolier is

srogrammed with a command set that defines the states of operation,
13.  The system of claim ?.'2, wherein the states of operation are

selected from the group consisting of initial testing mode, field installation
mode, normal operation mode, change reporting frequency, change sampling
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19 WO 200611.27479 PCT/US20061019497 4 frequency return historical
data mode, reset historical data mode, change location text string, change

W@%qu}ggfgnation address strings, reset the 6 communicatipag;E8aE81 9497
enable alarm, disable alarm and send message to system users. 14. The

_ﬁaﬁg@y@tﬁq@m&%twmmmm caiam&ﬂéhﬁstarm:sédh‘tﬁm@sﬁ d:imbeen_
It!]ee ALeRLy ISQFﬁéhSh ole Ve AiclNaSRE T A laimd nyherein

ousing Is mounted onto 2 existing manhole covers. 16. The system
SParMNICEtRRHEIRIAD ASHY RIS Bt i8R EN S iEFRERERIRGGSP
GRRteh Qulpylt devices. 17. The system of claim 16, wherein the output
devices are selected 2 from the group consisting of valves and actuators.
18. The system of claim 11 further comprising an ultrasonic ranging 2
detectct4for ndasimstrieé teight bMheraaieeiaiaim marfheleseol tase

systeppfigdaimdinvherein fiheddti@spic ranging 2 detector detects
the height of the water in the manhole above a predetermined level, an

alert is sent to a user informing the user of a possible 4 dumping in the
manhotécovaheystam s§staim b1 cidinrdo heheering s prederymivied

levakisehrh itheargrocontroller. 20

16.  The system of claim 11 further comprising ouiput ports on the
microcontroller to control cutput devices.

17.  The system of claim 16, wherein the output devices are selected
from the group consisting of valves and actuators.

18.  The system of claim 11 further comprising an ultrasonic ranging
detector for measuring the height of the water in the manhole.

19.  The system of claim 18, wherein if the ulfrasonic ranging
detector detects the height of the water in the manhole above a
predetermined level, an alert is sent to a user informing the user of a possible
dumping in the manhole cover.

20.  The system of claim 19, wherein the predetermined fevel is set
in the microcontroller.
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