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Example Toilet Intended Flush Operation - Flapper Open
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Example Flapper Leak



U.S. Patent Nov. 13,2012 Sheet 16 of 29 US 8,310,369 B1

N A

L 118
QQ 58
56 ST
122 199
)
112 _
It &
N l
" 107 \W
<108 \\ fﬁ@d
W% - = /

FIG. 15A

Example Flapper Leak 50 \
[ A"

L \
g 202
\ y "‘(
Iy
FIG. 15B e

//& NN N
Example Toilet Refilling Due / /\
to Unintended Fill Valve V 202

Action - Fill Valve Open

A




U.S. Patent Nov. 13,2012 Sheet 17 of 29 US 8,310,369 B1

"

Fill valve Open @~ —————

))
((

Fill Valve Closed
Periodic Flush, No Leaking Flapper

FIG. 16A

Fill Valve Open — —— — [~ T3 T4
Fill Valve Closed |_| |_| |_| |_| |_|

No Flush, Flapper Leaking

FIG. 16B

B M [~ T4

Fill Valve Open

Fill Valve Closed

Periodic Flush, Flapper Leaking

FIG. 16C
Fill Valve Open @-—————
Fill Valve Closed ()(3

No Flush, No Leaking Flapper

FIG. 16D
Fill Valve Open (3(’
Fill Valve Closed __ _ _ _ _

Flapper Stuck Open

FIG. 16E



U.S. Patent Nov. 13, 2012

N\

305

OPTIONAL
|  TELEMETRY |
| TRANSMITTER OR|
| TRANSCEIVER |

_ /
303

VIBRATION OR
ACOUSTIC
TRANSDUCER

Y

HIGH GAIN
AMPLIFIER

Y

RECTIFIER
AND LOW
PASS FILTER

Y

Sheet 18 of 29 US 8,310,369 B1

//3‘00

301

302

SIGNAL e

304

Vi

MICRO CONTROLLER
WITH BUILT-IN A/D
CONVERTER

LED'S OR OTHER
ANNUNCIATION

FIG. 17

Example Electrical Block Diagram



U.S. Patent Nov. 13,2012 Sheet 19 of 29 US 8,310,369 B1

(Leak detector L is in place on or near toilet 52) 800
START —

Y 802
POWER UP CIRCUIT S
DUMP REGISTERS TO SERIAL PORT

TAKE FIRST BATTERYA/D READING & STORE
DETERMINE INTTIAL BASELINE

PRESET INITIAL THRESHOLD

ALERT USER TO FLUSH TOILET

NO

812
_/_ _/-

TOILET STILL NO
FLUSH NO FLUSH AFTER
DETECTED? 15 SECONDS?

A\ 4

YES

READ Vout A/D & STORE
INCREMENT FLUSH DURATION CNTR
WAIT 500 MILLISECONDS

SENSOR A/D
STILL ABOVE
THRESHOLD?

FLUSH_DUR-
ATION_CNTR
>3607

g%ﬁg SS%II’{L%T[]?RAH oN USE DEFAULT FLUSH_DURATION VALUE
— USE DEFAULT THRESHOLD VALUE

CALCULATE Voul AVG " \ " ‘:
CALCULATE NEW THRESHOLD SET'NO_FLUSH _DETECTED" FLAG=

BEGIN MONITORING |+ SET
l 818
Fig. 18A

Example Software Flowchart

A

To Fig. 18B



U.S. Patent Nov. 13,2012 Sheet 20 of 29 US 8,310,369 B1

820
From Fig. 18A /

’

BEGIN NEXT CYCLE
DETERMINE BASELINE

836
822 /
START FLASHING
YELLOW LOW BATTERY

LED EVERY 2 MINUTES &
AT THE END OF FLUSHES

BATTERY
LOW?

838

/

USE DEFAULT DURATION VALUE
USE DEFAULT THRESHOLD VALUE

NO FLUSH DE-
TECTED FLAG=1?

CALCULATE THRESHOLD

AFTER FIRST 64 CYCLES, 2
OUT OF 3 SUCCESIVE CYCLES
THE PROCESSOR "SLEEPS"

4

From

o 840
' 830 Fig 18C & 18D
MASTER LOOP ]4—@
Ve
LOOP_CNTR
WAKE-UP PROCESSOR . 270007
INCREMENT LOOP_CNTR 834 '

FLASH GREEN LED EVERY 2 MINUTES
IF LEAK _FLAG<2

DOUBLE-FLASH RED LED EVERY 20 SECONDS
IF LEAK_FLAG>1 AND DOUBLE-FLASH
AND BEEP AT THE END OF DETECTED
FLUSHES

RESET LEAK FLAG=0 WHEN 6 CYCLES
PASS WITHOUT LEAK FLAG
INCREMENTING

I Fig. 18B

To Fig, 18C Example Software Flowchart




U.S. Patent Nov. 13,2012 Sheet 21 of 29 US 8,310,369 B1

From Fig. 18B

l st ToFig. 188 ( A
READ Vout A/D

A

852
e

INCREMENT T4 CNTR

STORE T3 VALUE IN ARRAY[Y]
IF T3>5; T3=0

INCREMENT ARRAY[Y] CNTR

PUT PROCESSOR TO "SLEEP"

844
S

Vout A/D
>THRESHOLD

YES 846 WAIT 500 MILLISECONDS
INCREMENT T3_CNTR ,
STORE T4 VALUE IN ARRAY[X] 84
IF T4>5; T4=0
INCREMENT ARRAY[X] CNTR PUT PROCESSOR TO "SLEEP"
WAIT 500 MILLISECONDS
848
T
ARRAY[X] NO
_CNTR>4?
YES
850
CALCULATE T3_AVG S

CALCULATE T3 _STD
CALCULATE T4_AVG
CALCULATE T4 STD

To Fig. 18D

Fig. 18C

Example Software Flowchart



U.S. Patent Nov. 13,2012 Sheet 22 of 29 US 8,310,369 B1

From Fig, 18C

866

/

SPURIOUS NOISE DETECTED
THRESHOLD=THRESHOLD+3

T3_AVG +
T4 AVG<20?

368

/

y
ARRAY[X]_CNTR=0

ARRAY[Y] CNTR=0

ERASE ARRAY[X] & [Y] VALUES
PUT PROCESSOR TO "SLEEP"
WAIT 500 MILLISECONDS

A

T3 AVG <
0.SFLUSH_
DURATION?

T3 STD <
LOOK-UP

VALUE? To Fig. 18B

T4 AVG >
3*T3_AVG?

870

vl LEAK DETECTED

LEAK _FLAG=LEAK FLAG"1
Y

T4 STD <
LOOK-UP
VALUE?

NO

Fig. 18D

Example Software Flowchart



US 8,310,369 B1

Sheet 23 of 29

Nov. 13,2012

U.S. Patent

sa TY
AN
L ¢ 140d ¥ 1d0d
AAA
L0731 d— s 1o ¢ 140d
b0 Gy
¢ 023 d— ; 1vod 7 1M0d AN
p1Y
INOA < 8.140d | 140d AA,

weibeiq ynoaD
[eoaujoe|g s|dwex]

@[. ERNEELD) 6l ©OIld

D¢ a1 MOTREA
D1 o

207

g

|
A
Maraml!

o7y




US 8,310,369 B1

Sheet 24 of 29

Nov. 13,2012

U.S. Patent

i, AN welbeiq 3noJ10 [es3os|g ajdwexg
§ 140d p 1¥40d 0¢ 9OId
| 0zalg o 10 £ 140d )MR( ¢$. ENEEN)
(07 d— 11M0d ALY A &D—1 a1 MOTIEA
<+— 8140 e (e
INOA d | L¥Od AN A@l. 031 a3
eIy 2~
o
7073 g
olee gles e e
ldl =
"L ]
9 %oo 3 )m/zw/\lv %oﬂw r
06N gen
AN AN
oM N
——
0€€




U.S. Patent Nov. 13,2012 Sheet 25 of 29 US 8,310,369 B1

2.0v
1.0v
AL A
y g w
| g % ﬁf
g £ EE E é ! jg 0
-1.0v
-2.0v
4ms 8ms 12ms 16ms 20ms
FlG. 21A
Example Unfiltered Amplified Sensor Qutput -
Higher Pressure Higher Flow
1200 mv
80.0mv |
40.0 mv :
0.0mv

1200 2400 3500 4800
Mz Hz Hz Hz
FIG. 218

Example Spectral Power Bandwidth
Response of Ampilified Sensor Ouiput



U.S. Patent Nov. 13,2012 Sheet 26 of 29 US 8,310,369 B1

2.0v

1.0v

[an]
<
e
oy
R o
i Sy
M“ﬂm—}
oS W
——
o
etz
P
W“‘““h
B i e
=
.= ot
=
Qe
=21
o
e
&
E"..::
e
o
=
e
b=
‘S:E__‘_:__
‘mz"_z‘:::n
s Y
o
o
'ﬂ%
T
P
e,
L
:":“""'ar-
= S
—
T
=
o ——__
P

-1.0v
~2.0v
4ms fms 12ms 16ms 20ms
FIG. 22A
Example Unfiltered Amplifiad Sensor Output -
Lower Pressure Lower Fiow
1200 mv
20.0 mv~
’ |
400 my
» 4 5
00 my T U
1200 2400 3600 4300
Hz Hz Hz Hz

FiG. 228

Example Speciral Power Bandwidth
Response of Amplifiad Sensor Output



U.S. Patent Nov. 13,2012 Sheet 27 of 29 US 8,310,369 B1

2.0v
1.0v
Ov Eoh 0 s e b LA, N N .S N
W \_V; T AN A VAR AW A AV VY )
-1.0v
-2.0v
4ms 8ms 1dms 16ms 20ms
Example Unﬁitc—;reduf-\mpiiﬁed Sensor Qutput of
Urine Striking Toilet Bowl Water Surface
120.0 mv
80.0 mv
400 my i
3
0.0mv
1200 2400 3600 4800
Hz Hz Hz Hz

FIG. 23B

Exarmnple Spectral Power Bandwidth
Response of Urine Striking Water Surface



U.S. Patent Nov. 13,2012 Sheet 28 of 29 US 8,310,369 B1

20v

1.0v

] Bl s
RN

-1.0v

-2.0v

4ms 8ms 12ms 168ms 20ms

FIG. 24A

Example Unfiltered Analog impulse Response Dug o Brief Hard Contact

120.0 mv |

80.0 mv |

400 mv |

‘:)0 mv— WVW " PBRO00 1

1200 2400 3600 4800
Hz Hz Hz Hz
FIG. 248

Example Spectral Power Bandwidth
Response of Brief Hard Contact



U.S. Patent Nov. 13,2012 Sheet 29 of 29 US 8,310,369 B1

2.2y

1.8v

1.4v

1.0v

600mv

45 8s 12s 16s 20s 243 28s 32s

FIG. 25A

Example Filtered Analog Signat of Higher Pressure Higher Flow

2.2V

1.8v

1.4v

bl

1.0v

&00my

45 8s 12s 16s 20s 24s 28s 3Zs

FIG. 25B

Example Filtered Anaiog Signal of Lower
Pressure Lower Flow




US 8,310,369 B1

1
DETECTING UNINTENDED FLUSH TOILET
WATER FLOW

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of provisional applica-
tion No. 61/164,191 filed Mar. 27, 2009, entitled “Apparatus
and Methods For Detecting [eaks and Preventing or Reduc-
ing Waste of Water”, incorporated herein by reference. This
application is related to copending commonly-assigned U.S.
patent application Ser. No. 12/748,853 entitled “A Self-Stick
Resonant Enclosure That Responds to Flush Toilet Fill Valve
Water Inflow Vibration” filed on Mar. 29, 2010, also incor-
porated by reference herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

N/A
FIELD

The technology herein relates to apparatus, methods and
techniques that can be used to detect leaking toilets and/or
prevent the unnecessary waste of water. More specifically, the
technology herein relates to method and apparatus for detect-
ing unintended cyclical and other operation of a flush toilet by
analyzing sensed acoustical and/or vibrational energy.

BACKGROUND AND SUMMARY

As water conservation continues to grow as a national and
global concern, itis becoming abundantly clear that reduction
in water usage and eliminating waste is an important national
and global objective. Although the US population is increas-
ing daily, the aquifers that supply potable water do not nec-
essarily replenish according to demand. In some cases, up to
20% of the nation’s population may experience moderate to
extreme drought conditions at any point time. It is possible
that many more will routinely experience significant drought
levels in the future. Added to the population growth and
limited replenishing of the aquifers, water utility infrastruc-
tures are already being stressed beyond their designed capac-
ity while private wells often can run dry.

Toilets leaks that waste precious water have plagued us for
years. While modern toilets are generally very reliable, they
can and do malfunction from time to time. Perhaps the most
common malfunction is when the so-called “flapper” (the
rubber or other “flap” that controls the exit of water from the
tank into the bowl) remains open, leaks or is misaligned. A
stuck-open flapper can waste a lot of water. Sometimes the fix
is as simple as jiggling the flush handle. Other times, it is
necessary to replace the flapper.

Although often difficult to see and identify, a leaking flap-
per can sometimes be detected by observing a slight flow of
water from the rim holes into the toilet bowl. It is also some-
times possible to detect the flapper’s failure to close by lis-
tening for water running or trickling continuously into the
tank, or for the periodic activation of the fill valve. People who
are hearing-impaired may not be able to hear the water run-
ning. More modern toilets are often so quiet in their operation
that a leak is audibly undetectable. Reasons that account for
so many leaking toilet flappers thus include people not hear-
ing the toilet “run” or failing to visually observe the water
flowing from the bowl rim holes into the bowl. Even when
these conditions are observed, the observer does not always
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2

conclude that there is a problem, or that water is even being
wasted. There are many people who have paid high water bills
for years, believing the bills to be normal.

On the shelves of hardware stores and do-it-yourself home
supply centers, you can find up to a dozen different types of
replacement flappers, many touted as being “universal”, to
address this very common problem. Water utilities often
acknowledge that the number-one reason for high water bills
to home owners is due to leaking toilet flappers. When cus-
tomer service representatives of these water utilities receive a
call about a high water bill, it is common for them to auto-
matically send out dye packs or food coloring for the cus-
tomer to put inside the toilet tank. If the flapper is leaking, the
dye or food coloring should be visible in the toilet bowl after
a short period of time. This is a simple and effective way to
detect leaky flappers, but often much water has been wasted
(with corresponding cost or well run dry) by the time the
problem is discovered and diagnosed.

Leaking toilet flappers are not an isolated problem. In fact,
without routine maintenance, it isn’t a question of “if”” a toilet
is going to leak, but “when”. There are over 250 million toilets
in the United States. It is estimated that up to 20% are leaking
atany point in time because of deteriorated, faulty, or improp-
erly seated flappers. Some studies show that the average
leaking toilet wastes 100 gallons per day or more, suggesting
a total nationwide daily waste of over 5 billion gallons, or
nearly 2 trillion gallons per year. This problem is not limited
to the United States. Unpressurized tank-based toilets that use
flappers are common around the world as are other toilet
designs that can leak.

Not surprisingly, there have many previous attempts at
devices that will detect leaking toilet flappers or prevent toi-
lets from leaking. Yet, very few of these have ever resulted in
successfully commercialized products. Most are not practi-
cal, too complicated for the average home owner to install, or
too expensive. Some require the entire toilet to be replumbed.
Others require replacement of internal toilet components.
Still others don’t provide helpful feedback to the user. Just as
there are those who will not change or add oil in their cars
until the red “OIL” light illuminates on their dashboards,
some people will not replace or fix their toilet flapper unless
there is something that indicates the desirability to do so.
When it comes to simple routine maintenance, many of us
benefit from being advised what to do and when to do it.

There is thus a long felt but unsolved need for an effective
and non-invasive way to automatically detect leakage or other
unintended operation of a flush toilet and provide an alert to
prompt the user to take corrective action.

Exemplary illustrative non-limiting implementations
herein electronically monitor a toilet and provide visual and/
or audible notification when the toilet is leaking.

One exemplary illustrative non-limiting implementation
electronically monitors the sound, vibration and/or noise gen-
erated by a toilet during its operation and provides an alert
such as a visual and/or audible notification to inform a user or
other entity when there is a leak.

An exemplary method of detecting unintended inflow of
water into the tank of a flush toilet can comprise measuring
durations between water inflows into the toilet tank; process-
ing said durations; and based at least in part on said process-
ing, determining when water inflow into said toilet tank is not
initiated by flushing said toilet but is instead the result of
cyclic periodic unintended fill valve operation due to a leak.

An exemplary illustrative non-limiting implementation
provides a new and useful single self-contained non-contact
water flow monitoring apparatus, capable of being located
anywhere on the inside or outside of a tank and flapper-based






