. <=e3e7<wat tu, vBvpvevT<wif. , 5 The present invention conprises a s m
for«nmonitoring the use of water and water rel ated heat energj\““\mu‘wwmmm
“apartment unit. BACKGROUND OF THE | NVENTION 10 15 20 25 Toda

. great enphasis on conserving water and water rel ated heat energy.«sStigwer
heads and faucets may be designed to-restrict flowto a maxi numflow rate.
The toilet nay al so be designed to use no nore than 1.6 gallo \Mmmm
And the tenperature of the water outg%%ﬁé%hot wat er hgm‘m&m\m

is being set at |ower and | ower tenp — 0. o. Patent applicatjgR,.
serial no. 08/972,848 fil ed NovaiidER MANAGH) i BMs a system wherein
each pi pe, which discharges water in an apartnent, etc., has a nonitor
attached thereto to deternmne the flow of . the pipe and the tenperature of
the water flowing throtgh tHESHNe. ITWERCLARs GAHRFLRRT off (S4B afovol une
of water used in hbritoringnédhkherdicadf engtgy addedadted heswated papcbe

cal cul at ed. é) S. Patent aﬁpl i ﬁati on_serial _no, 08/,972,848 di scl oses a

moni tor for 3uch SBFFP¥ation. “THEs8TaBBRF EREIGnE 4Fe i ncor porated by
reference herein. OBJECT OF THE INVENTION 30 It is an object of the present

invention to provide a systems\mg'%%% Y e higrRagerent of the water
and energy use. Ot her objects T-tne esent invention wl|
beconme apparent fromthe followi ng portion of this specification ad from
the acconpanying draw ngg8aphictRrel |{Usts aheeht 26@AREARC oM EBnkB8ving?
mandat e of the pat eEt statutes a presently %ref erred enbodi nent

i ncor porating t he¥pFEhcPPPedaden Heetatrht PR BRPEFYDESCRIPIFONERIFHE
DRAW NGS 5 Fi gur eaftdi €aaicetizemudy cbdr awisigneld accurestrbétdeliosestd naa unit
whi ch di schagge 1 ri u eac avi it i ch ; se the
low of wat 20t hr eaRTEHE BouePEee T IRENIRE Y £lad bl laE8taREh
transmit informatkonuse aor aegevahan @ .6 galdang ver ffbwslsharAnd the
[1ustrating the dehgeshpakboBrOkne SRl AW dRictled B {RE REEN.HBLES

consumi ng devi ce; ' _ _ )
heating device is being set at lower and lower

temperatures.

15 U.S. Patent application serial no. 08/972,848
filed November 18, 1997, discloses a system wherein
each pipe, which discharges water in an apartment,
etc., has a monitor attached thereto to determine the
flow of the pipe and the temperature of the water

20 flowing through the pipe. With this information the
total volume of water used in the unit and the heat
energy added to the water can be calculated. U.S.
Patent application serial no. 08/972,848 discloses a
monitor for such application. These applications are

25 incorporated by reference herein.

OBJECT OF THE INVENTION

It is an object of the present invention to
provide a system which can enhance the management of
the water and energy use.

30 Other objects and advantages of the present
invention will become apparent from the following
portion of this specification ad from the accompany-

ing drawings which illustrate in accordance with the



Figure 3 is a flowchart illustrating the use of event information to
Jmonitor:the actual flush volune 15 'of a toilet and to nake fl ow corrections
such as for a shower; Figure 4 is a flow chart illustrating the use of
event information to identify a maintenance problem Figure 5is a flow
chart illustrating the use of 20 total2flow information to identify a
problem Figure 6 is a flow chart illustrating how BTU use can be
determ ned after gohdaggdoho \Y ixed: Figure 7 is a flow
chart illustratin W£$MLa tooE%éa%?%%H?eﬁ%ggggﬁgzés%???ﬁgti%rPFﬁEGﬁB?dmater
supply can be det HeBenandirFgyPerstiaga ¢diematinsimiing of tHRe
control circuit finvéasibng a signal indicating that a person has tanpered
with the nmonitor. 30 BRI EF DESCRI PTI ON OF THE PREFERRED EMBODI MENT Figure 1
illustrates a nunber of nmonitors 10 which will nonitor the water used by
devi ces that discharge wat BRIGE DEGCRIPTIONE o¥Ff THICSEAIEWEES -3 shown in
figure 1 is atoilet or water closet 12 which is supplie y a cold water
line 14. A second shown device is a sink 16 which is supplied by cold 17
and hot 18 water |inesFigweealthérd dehemetis drawimenwest heathindied WhE Spout
10 wher e hot wal Slevupph! 2 4w foinyehelsLing-30 godegohd paler suppliod
er

in acold water |in 211,_1 are mxed in a m Xe rior 1o m)ﬁf‘fl%r}lﬁﬁ.’ In a
shower appl i cati otPThe 8HoREr & dMPHeEPT dEBéRle a0 Semre sphgotf lofw td® t ub

whi ch means 10 t hedtéhetkhough kheepiigd daysebeekpkla@hkhe s line
can exhaust into‘sg}?%ltubax#gr@%%? tJ}r}ie; fu sr{%%“?ot after each use. Both are
represented by this draw ng. H o R o 07 FHoRet@r & Fecehy®¥ hat i on and
transmt dat® 23 at a Begufe equersy @evEigwei ghard5 thliStrd@ingXamie) to
a renote receiver ' il r ' a-to a_host_device 25 at a
set frequency (on%eg&a .alf/&oir%rl{/\é)eiTé%%g%sg%%?pkggg&ﬁio%ﬁﬁo?"’,‘c HRYF of the
ki nd di scl osed i FRMHBIHIRE &Y1QR) pat ent appl i cation, which includes a

b | : 1311 - i ch
rotatable 20 netal targRhu30 I $8€aMBDbOELSP: ﬁ]t.l'.th{-Q&ﬁém%Y?ée:Jﬁ{Bﬂ]m' ¢

is sensed by a sensor, 32 ich supplies signals to 1ts co

det er mi nes when & d817 WW‘gf‘:%‘E‘l"@&f 18 @otums flustealivmsugh t he

pi pe. The ddnput evf cartaldtetr rime vtheidkay FlloWw dc rfe t3CHY durh S §p34) by
virtue of the tar j.hg sensed regularly and it can determine that flow
has stopped when signal S fromthe sensor stop. To sinplify the description,
each nonitor will be iRlawted isWaefloweckhanputElusict=t thdechd hale idfow i s
30 occurring, thewHdry : oW f (. p erat an
accurrul ating flow ti ner%QJ(%%t%aaISt%Jné%o %ﬁq%v%/ﬁea g%g-?’ﬁtae&%é‘%%aé’r\ﬂi’ﬁa‘f"m |
define a running totalfigunend ipnd Hkew hart iklystoating mlwrigise of pi pe.

When the camtrol tdelzr HIRNS itnTRrmite FAlHON Qnt3FMa §frdied ) OWed t hrough

the pipe (step 40) a |l on counter aqr regqgister | be Iipcrenmented (step
42). The monitor will %gé‘lgekeegpl?rﬁc%lf?f”’ %}U’rrd: ﬁ_ilustratlng how BTU

use can be determined after cold and hot water have
been mixed;

Figure 7 is a flow chart illustrating how a too

25 high temperature setting for the hot water supply can

be determined; and

Figure 8 is a schematic showing of the control
circuit for issuing a signal indicating that a person
has tampered with the monitor.

30 BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 illustrates a number of monitors 10
which will monitor the water used by devices that

discharge water during use. One of these devices



events. Wen there is no flow, the accumulating flowtimer will be turned
_off '(step 44) and a determ nation Wll be nade as to whether or not the f
low f lag is set (step 46). Should the flow flag not be set, 5 the control
programw || recycle whereas if the flowflag is set, it will be renoved
(step 48) and a tiner which has a "Y'.3tine period will started (step 50).
"Y" could for exanple be two seconds . The control determ nes whether or
not the water agaéljél %o% JfO within this \t/' .&i me period %thelioflow flag is
reset) (step 52).%TT"Tt *F's WEEEE the 26yt e “Pe1PEs 19 1 BT hd SlPSEYe 17 ner
times out, an evewbtichuht esuppliegdilsyex avld wEtenclemented (Stepc-ddd .
Accordingly an "e ter turn .f any.. i1 e nati o 5

fol |l oned by bei ngéll'?%le é‘(’)‘#‘?‘gfg’rg gt S g%sti%t %;,@( JI@RHSE‘} ﬁ{eﬁ‘rell%.ﬁ%'h%gh%e of
this information +% 3piuBekalBdwprReri gdres3, wWaidchk ithigsd rdaaisceanisl gorit hm
whi ch can eid her Hechdr thead rSASHIL tSout NS NpEely o ONwdher 20,08t ed thi s
algorithmw || be, di scussed as being operated on by a conputer in the host
devi ce). The conptite? BeteVAtREsline ggnénéeﬁoﬂé]d“ﬁt&iueﬁwlmt%rathe
pipe to which it ¢sl&omaest edihgs2adrat migad! igne eMeddr (B afr ) .t f

t here has been at O25.tI:east one_event, the conputer .det etrm' nq}s whet her the
device is a faucel°Rt SHA@r h&Ad3(SPOFTE SFFGOCE T 8 it SHFEH t FRR

nmoni t or which i demei indspendenevofetheveptigb8) ofwhdree tiub ivhixks hoewns head
(or tub spiget), ihg CRERUShoflet e, L1 P it BeSoruliet BEr Ofe Ot it
is a draining shower head (or tub spigot) step 60,7 I.e., connected to a

| i ne which drai nsSBove¥r Lige tfanRpFRaRet e shpgotub |§hreugh theg tub
enpirically definggigst | oF &y eddciEQiseCt iR ZiraM tdphesatefédash (hep 62)
to correct for reyerse flo%%%fromthe s?gw&r head_or, shower _valve to the
tub spigot upon cHMPYEEFon FENdrQRRel L Ebat iy SRR ot Pt AE™RFORP APQi r i n
the normal directtoanshitf!| dateheZd at5 4 heetevirequensy ar(eeeryp.eidiet t ot al
flowtotal ilne, i [ he ate of t : or, f ef., wll
be conput ed}L%wi t hﬂ\{a)lrlg% t %8%t e[’{%r%\(/:ioepr eg?i gn)&s%t‘%%g)dég%@%ﬁe 2@0%%%

nunber will be cowphlethen Sransmpit dataned ackeptadeeiceodbratearsglye (the

flow of current sppugheRS@dsonpd faauggi.so'&.s Wl [ | £bpdekampiedccepridl e
flowrate) step 66 afd where the caonputed fl ow rat§8| s _nqt i r]nS| de this

accept abl e fl ow rBPRIF@RgeCapher |WVw it ekt pELB8eHi R drP§ RPPBW 10
indicating that tégtédbpsthenerapplicacedns el ciesinel ndenanceofdestkbe or IS
cl ogged) or_,has beepn_inmpraoperly dified to.Lncrease thow_In.this, case the
conput er w?& sen‘aeg?iiglréfrrp & g%gf) (Cgs eepm g}l:gg that ELllle lerLlovtK‘/élre héla%wor
faucet can be repatream ¥hith oy sempeddhytdhecennputI? weieh nsupslidmt the
device is not a s e or; fau LL, Wyl the I

gal | ons/ event st e%g%él% at'Ei)hel fesvi %g&%’gtz%rt o%%%%mgge%%ﬁfhﬁggﬁun%er

will be conpared €8finederolune rfd YAt & gatarge hAsSghlPvad/#rXRwEB0 for

the toilet (step ¢¥e @ik e coniRaESeanshevwerhifeanhdthegatkl onsiper
event flowéglls out of .the a cept3 le flowrate r ngg ther?g%%mdlcatlng
that the toffet hRSCYEENFodPHEd BF  R¥t EREDS (o | 5P $37888 it t1%e
flow event is exserseflyregulardy ahdr mt25agi gredlexsirep whdd How ssaed
(step 76) so thatgt LQi 'xﬁ{er?a%i?ﬁ—xa Qrechid. 19k nudalsous the qunber
of events is conpared.to a standard "W (step 7/8) and if therée are nore
than "W events, &ifaliaf¥naklee sEePeriPSlPRsuctPflt dPPBOHYOT ndVEhti nget hat
tlhe t oi Ihet_ 30 is ﬂ@éxa@;ﬂéé%)_r mmgargrtQﬁeHehb)hpug%Qh@@ﬁEﬂnﬁhe@! &ﬁahaﬁlb‘geis
algorithmi]lustrated in figure 4. re a r ti.ger is _sta tep
500 11 thi 801 repeiRELng RS T Shr ey 8P WPFEDDSE Ly Hm [t ed
(step 94). If theopenete85ahasawmitliatechoputlow oneehourtotiatert e | obe
started (step 96) ¢ eRcbiec00e MU Hd™MinLAPa: 98" detit %) iy fgmPut er
det er mi nes whet her an_evént has _ .

total of the time when water is flowing through the

pipe. When the control determines that one gallon of
35 water has flowed through the pipe (step 40) a gallon
counter or register will be incremented (step 42).

The monitor will also keep track of fluid



-6 occurred (step 100). If no event has occurred, the 24 hour timer is
restarted. I'f an event has occurréd, the one hour tiner is restarted. If an
" event Has occurred in each of 24 consecutive hours, 5 sonething is wong
with the device. This would for exanple indicate that a toilet is not
perform ng properly and that maintenagce is required. It should be
understood that the duration of the tiners and the nunber of events to

indicate a proble?bgggsbe Wﬁ%ﬁf%kég% %§E§ﬁer onea%8C HPg?acan

eval uate the total water flow per uaf 9Vce
basis or on a coIFé@@rv@ldéVMﬁaQu%ﬂsd(@ﬁialsmapeﬂ4MS@mdrat@etdmeih+ng

unit). As shown Iatibﬂu«,flﬁ bé‘ e ey tolahfegﬁle%xg%phet tQLak1 8§ ml use

is conmputed for the unit deV|ce or devices in the unit) ste o and
if this total is %EoSﬁFgHSBFPt&é IOWSH9¥4QNEH%N§%PW(f%?%kﬂ?ﬁn?%t%®t112)

an alarmwi | $ be tBsuedntstppiééiamTh£1lOf@&y&DéUﬁﬁe@éagthU@hé £B5ow0 a
whol e or of a speﬁkglc device or es_i s an . dlcat he nunber of

peopl e occupyi ng IR T5hy {ﬁn%l % S RETRNISE | §teﬁtgﬁ&e8n 02 ber BTt upi ed
by two peopl e thishathrhasi gna¥"coid berdedi gnédl svarnddcdseephad)the

number of peopl e 29 0eeuRyl Hod Nacdillie & LfloVisatahlan OfrddIGbetiE, of the

| ease. Additionally, this data cou Icate the unit is unoccupled or not
occupi ed during tAetEERingRe werkhR®r OTasNSRoVkRE n WAtQF eagaisonbleoes the

30 flow of beth hgirnnd erid V\@t'eﬁulaé! dﬁ@kng(w@ @%@tfpag fs +0bd0ps
Ax+By=Cz A+B=C x : t enper at ur e_ of wat er = tgggerature of

hot wat er (knomn) (step %%hper%ﬁLHQE%ﬁ TReesd tRat € m@ﬁeé§u¥é§t3E\
cold water; f L6wehé hmmematEMestutfImm1@&emtxedhmaétrofnfaguseda. 5

10 15 20 25 will be incremented (step 54). Accordingly an
"event" is the water turned on for any time duration

15 followed by being turned off for at least the "Y"
time period.

The use of this information is illustrated in
figure 3, which illustrates an algorithm which can
either be in the transmitter, the receiver or the

20 host (this algorithm will be discussed as being
operated on by a computer in the host device). The
computer determines, at some defined £frequency,
whether the pipe to which it is connected has had at
least one event (step 56). If there has been at

25 least one event, the computer determines whether the
device is a faucet or shower head (or tub spigot)
from data from the monitor which identifies the

device (event 58). Where it is a shower head (or tub
spigot), the computer determines from the data
30 whether or not it is a draining shower head (or tub
spigot) step 60, i.e., connected to a line which

drains after use through the bath spigot. If it is,
an empirically defined gallon/event correction "Z"
will be defined (step 62) to correct for reverse flow
35 from the shower head or shower valve to the tub
spigot upon completion of the shower (bath) and for

the flow of air in the normal direction of flow when



The fl ow volunme fromeach hot and cold water feed allows a building owner
~to bill for each source of water at a separate rate, recogni zing the higher
cost to provide hot water. The control determ nes whether nixing takes

pl ace (step 120) and receives information concerning the hot and cold water
tenperatures (T hot, T cold) fromotheér nonitors in the unit (the cold

wat er tenperature could also be set to reflect the cold water tenperature)

and determ nes thg, %{'Qi%é)flgl%tt %ﬁﬁ%bgsg@ gl &Pgi #1? een ed (step

122). The control ihen computes th Vottie of
hot water by the Yitkfferid urke of ¥dwereate beettvh,terf:ume d’tmwandazccﬂadlm,er or

the relative te rat u e a t i t &ONEl ste
e Bt upe @Jﬂ;ﬁf@?ﬁ (Picgach tiandet i ped & tota{%gg)u( p

124). The conputer, as shown in gure 7, also conmputes t
use/the total volSifP of4 h%‘&dePerCPWBHFFtihPslméem ¥idilsdpegupargd to

i ndi vi dual devi cea oissel @efigeQuacotpdapilees)oat &Qt&&a@@é CQIRRAr oy hi s
ratio to a stand%rfj ste r4127 and se Cﬂs anqiaflrarm n the event that the

actual ratio exceeds 1H1e 5 ST Wi FEGHA 2t EETEETEY S hot
wat er step (128) .arﬂ'h@c@@rpttra@lLe aslewownate) f ishae %6 dendr nwhesei fthee hot

wat er tenperatur eccﬁﬁif\ﬁ?ét? f"lldi?fxla@%d ilsl gbt !‘ﬁgﬁﬁe' §h§§taéc9e Qe QGpupants

fromthe risk of scaldin t he neasur ed ature exceeds a
user defined Ii m’-fat%l#aé}geﬁ'mql’? fdpw Fﬁ@ﬁca’ﬁlﬁgbﬁhéoﬁe@ﬁgho@r regrai¥yow or

adj ustment 10 30 SinEE-4EH@et chat~ WRNSedbbyndueac hbAg rhugeke & gdrcuit
1. switch 13= nonitor, the rretg g@/ have a rot t|n taII|

metal |ic subst andiLRHFNAR tIRF sySte egﬁ i Ahi bti'*?%dli?ﬁﬁrimgnet
to the nmonitor. Assnpi‘mperl;n hddi £heputer inorehsentidiowor 130 tais a::a/ﬂe chis

mmgneti ¢ reed ow teh GoPEEFS ofEl Sefa B BLa0E BRI AR W) e
the monitor conputkat the refupwes chead t o sf%mgmfal cmebemnepmram | transmit
a tanper alpymwhen itréransdids fat o ddpd @&F'd’éﬁfermu?e%d@ the A

system for nonitoring the use of water suppl. ed fél | east one pi pe to one
or nore devices t3RNIGR skharPe AaPBPWEHY Pﬁ@du%’l ug® tapart ekl

Cogprl si ng ahrret efamnae@rt@é gamoﬁspeeeﬁer sgepenatl nc_xﬂ m‘mdrﬂaévme
indicating that water js owi, ng : f.or- det erm ni ng
the total vol ume of @va’f%?‘ Hhi éﬁ r@bj h?’b‘ﬁ%ﬁ bq SRPHhE élpl pe,
means for deternitdng uberBﬂefamraderﬁl@v satd deneemumedgabltcmsmm of
wat er, and jfeans t t t t efpgLat }lr:g];!,gs

dﬁé E&Eé} ﬂgt h@téﬁ? fid oo ejflnegs Imt and

content and conpafing the conputed tenmp erature to a user
i ssuing an al ar mfrhietﬁ@t‘aéitualaltléﬁﬁerpamr%"%eéﬁ%wt faldserUdeteePeinit .

2. A systemfor npdkdefaphet RRokORSWDI+HgOT thatebybY ndli datdslg Oftgatlevi ce
supplied by at Ieﬁgt ggglgkp%ago éeﬁﬂéghlfled or that the.toilet is
leaking (the flow/ event is extremely low), an alarm
25 signal (step will be issued (step 76) so that the
toilet can be corrected. Simultaneously, the number
of events is compared to a standard "W" (step 78) and
if there are more than "W" events, a maintenance
signal is issued (step 80) indicating that the toilet
30 is not performing properly.
The computer also has the algorithm illustrated
in figure 4. Here a 24 hour timer is started (step
90) . If this timer times out (step 92), an alarm
signal will be transmitted (step 94). If the timer
35 has not timed out, a one hour timer will be started
(step 96). When the one hour timer times out (step

96) the computer determines whether an event has



a neter for each of said pipes for said at | east said one device for
generating information indicating that water is flow ng through the at

| east one pipe, nmeans for determ ning the total volunme of water which has
fl owed through said at | east one pipe fromsaid informati on, and nmeans for
conparing the volume of water determéed to have flowed through said at

| east one pipe to a reference volune and issuing an alarmsignal in the

event that the d ] t eeds gt I Le v
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109%& ()-m'11 10%Z&d9i#ddd 109%& ()-m'!'[0 109%& ()-n'33 10%&Z& () -
The computer can also evaluate the total water
flow per month, either on an individual device basis
or oh a collective device basis (total water used in
the dwelling unit). As shown in figure 5, a monthly,
15 for example, total of water use is computed for the
unit (or a device or devices in the unit) step 110
and if this total is too high or too low when
compared to a datum (step 112), an alarm will be
issued (step 114). The total volume of the unit as
20 a whole or of a specific device or devices is an
indicator of the number of people occupying the
dwelling unit. If the unit is intended to be
occupied by two people this alarm signal could be
designed to indicate that the number of people
25 occupying the unit, is in violation of the terms of
the lease. Additionally, this data could indicate
the unit is unoccupied or not occupied during the

day.
The computer, as shown in figure 6, computes the
30 flow of both hot and cold water by solving two equa-
tions as follows:
AX+By=Cz
A+B=C

temperature of cold water (known);
temperature of hot water (known) ;
temperature of mixed water (measure);
flow of cold water;

flow of hot water;

flow of mixed water (measured).

35
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10% U& () -, 10@6L§h£%rmatlon concerning the hot and cold water
temperatures (T hot, T cold) from other monitors in
the unit (the cold water temperature could also be
set to reflect the cold water temperature) and

10 determines the volume of hot and cold water that has
been mixed (step 122). The control then computes the
BTU use by multiplying the volume of hot water by the
temperature difference between the hot and cold water
or the relative temperature difference of each to a

15 defined temperature (step 124).

The computer, as shown in figure 7, also
computes the total BTU use/the total voluqe of hot
water flow (this could also be for an individual
device or select group of devices) step 126 and

20 compares this ratio to a standard step (127) and
sends an alarm in the event that the actual ratio
exceeds the standard which in turn indicates
excessively hot water step (128). The control, as
shown in figure 7, determines if the hot water

25 temperature exceeds a defined limit which is set to
protect occupants from the risk of scalding. If the
measured hot water temperature exceeds a user defined
limit, an alarm is sent indicating the need for
repair or adjustment.

30 Since the meter may have a xotating metallic
target (including a metallic substance) which 1is
sensed by a sensor, the system can be inhibited by
attaching a magnet to the monitor. As shown in
figure 8, the computer in the monitor 130 has a

35 circuit 132 which is controlled by a magnetic reed
switch 134. Should a magnet be attached to the

monitor, the magnetic reed switch 134 will close
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thereby supplying a signal to the monitor computer.
In response to this signal the monitor will transmit
a tamper alarm when i1t transmits data to the

receiver.
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1. A system for monitoring the use of water supplied by
at least one pipe to one or more devices that discharge
water during use in an apartment unit comprising

a meter for each of said pipes for generating
information indicating that water is flowing through the
pipe,

means for determining the total volume of water which
has flowed through said at least one pipe,

means for determining the BTU content of said
determined total volume of water, and

means for computing the hot water temperature of said
BTU content and comparing the computed temperature to a
user defined limit and issuing an alarm if the actual

temperature exceeds the user defined limit.

2. A system for monitoring the consumption of water by at
least one device supplied by at least one pipe comprising

a meter for each of said pipes for said at least said
one device for generating information indicating that
water ig flowing through the at least one pipe,

means for determining the total volume of water which
has flowed through said at least one pipe from said
information, and

means for comparing the volume of water determined to
have flowed through said at least one pipe to a reference
volume and issuing an alarm signal in the event that the

determined amount exceeds the reference volume.



