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STOOL FLUSHING DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions

made by reissue.
TECHNICAL FIELD

The present invention relates to a toilet cleaning device for
cleaning a toilet stool, a water closet, and so on.

BACKGROUND ART

Conventionally, in order to automate the cleaning of the
main body of a toilet following usage, a human detection
sensor such as an infrared sensor 1s 1nstalled 1n the toilet stool,
and 1f the human detection sensor detects a user for a fixed
period of time or more, the sensor then detects the departure
of the user and flushes the toilet stool with a fixed quantity of
cleaning water. However, 1n such automatic cleaning systems
based on human detection, the toilet stool 1s flushed with a
fixed quantity of cleaning water regardless of whether the
toilet stool has been used or the quantity of urine, leading to a
great deal of waste.

A device for solving this problem, proposed 1n Japanese
Patent Unexamined Publication No. H10-37284, detects
variation in the water pressure at the trap portion of a toilet
stool using a pressure sensor, and thereby detects variation 1n
the water level of the trap portion, or in other words urination.
According to this system, the fact that urination has occurred
1s detected, and hence cleaming water 1s not supplied mistak-
enly when a person stands before the toilet stool but does not
urinate. Moreover, the quantity of urine that was passed 1s
detected and cleaming water 1s supplied 1n accordance with
the quantity of urine, and hence wastetul flushing using an
unnecessarily large quantity of cleaning water does not occur.

Further, 1f cleanming water continues to be flushed into the
toilet stool when the drain pipe 1s blocked, the water level
rises such that the cleaning water overtlows from the toilet
stool, but by detecting the water level, a valve 1s controlled 1n
advance such that an overtlow of cleaning water from the
main body of the toilet stool can be forestalled.

Also, the supply condition of the cleaning water can be
detected by the pressure sensor, and hence warnings can be
1ssued upon the detection of a “stoppage” or “leakage”.

However, this cleaning system using a pressure sensor 1s
constituted such that the trap portion and pressure sensor are
connected by piping 1n order to detect the water pressure
inside the trap, and hence water tightness must be secured 1n
the piping connection portion at the trap portion over a long
period of time. However, 1n reality this 1s not easy. Moreover,
a protective member 1s required for preventing the infiltration
of liquud or harmiul gas into the sensor portion, making
assembly difficult. To prevent the water pressure-detecting
piping portion from blocking, a portion of the cleaning water
1s supplied to clean the piping, but this leads to an even more
complex constitution, making assembly difficult and becom-
ing a possible cause of breakdowns. Moreover, when a break-
down occurs in the piping portion, repairs from the back
portion of the toilet stool can proceed only when the toilet
stool 1s separated from the water supply pipe and drain pipe
and moved away from the wall surface, and hence this system
1s highly unrealistic.

The basic 1ssue 1n detecting the water pressure at the trap
portion 1s the mfluence on pressure variation in the drain pipe.
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More specifically, in general a drain pipe 1s connected to the
drainage portions of a plurality of instruments such as toilet
stools and wash basins, whereby the drainage from each
individual mstrument 1s collected and transmitted to a sew-
crage facility. The pressure inside the drainpipe varies con-
stantly depending on the drainage from the plurality of instru-
ments, and the water pressure inside the trap of the toilet stool
varies 1n accordance therewith. Hence 1n reality, it 1s difficult
to detect only urine reliably.

DISCLOSURE OF THE INVENTION

The present mnvention has been designed 1n consideration
of the background described above, and it 1s an object thereof
to solve the aforementioned problems by supplying cleaning
water approprately according the usage condition. Another
object 1s to conserve water by self-diagnosing cleaning water
stoppage or leakage and 1ssuing a corresponding warning. A
further object of the present invention 1s to provide a toilet
cleaning device with a simple constitution such that repairs
can be performed easily in the event of a breakdown. Further
objects of the present invention will be clarified 1n the follow-
ing description of the embodiments.

To solve the problems described above, according to the
present mnvention, a toilet cleaning device for controlling the
opening/closing of a valve, which 1s disposed in a toilet stool,
comprises cleaning water pipe with a valve which enables
cleaning water to be supplied to a toilet main body. The device
1s characterized 1n comprising transmission means for trans-
mitting radio waves toward a bowl portion interior space of a
toilet stool or a space 1n the vicinity of an opening portion of
the bowl portion, reception means for recerving retlected
waves of the radio waves transmitted by the transmission
means, a Doppler sensor provided for generating a differen-
tial signal corresponding to the difference between the fre-
quency of a signal received by the reception means and the
frequency of a signal transmitted by the transmission means,
frequency analysis means for analyzing the frequency of the
output of the Doppler sensor, liquid flow condition calcula-
tion means for calculating the liquid flow condition 1n the
bowl portion interior space based on the output of the fre-
quency analysis means, and control means which perform
control of the valve in accordance with the calculation result
of the liquid flow condition calculation means.

A radio wave (in particular, microwave or millimeter wave)
Doppler sensor 1s used to detect objects (movements) using
the Doppler etfect according to the following principles.

Basic equation: AF=F-F,=2xF xv/c

AF: Doppler frequency

F.: transmission frequency

F,: retlection frequency

V: rate of travel of object

c: speed of light (300x10° m/s)

F_ transmitted from an antenna i1s retlected by an object,
receives a Doppler frequency shift caused by the relative
motion v, and thus becomes F,. At this time, a frequency
difference AF between the transmitted wave and
reflected wave can be extracted as a detection signal.

It has been confirmed experimentally that when a Doppler
sensor 1s directed toward a tlow of water, a signal with a
frequency corresponding to the tlow velocity of the water 1s
outputted. FIG. 24 shows a frequency spectrum of the output
ol the Doppler sensor determined when the Doppler sensor 1s
directed toward a flow of water. By varying the flow velocity,
the obtained spectrum changes. If the relationship between
the peak frequency and tlow velocity, for example, 1s 1llus-
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trated on a graph, the result 1s as shown 1n FIG. 25, and hence
it can be said that there 1s a correlation between the flow
velocity and the frequency characteristic of the output of the
Doppler sensor.

Hence a signal at a frequency corresponding to the velocity
of a flow of urine or cleaning water 1s outputted from a
Doppler sensor which transmits radio waves toward the bowl
portion interior space of a toilet stool. By frequency-analyz-
ing the output of the Doppler sensor to determine by calcu-
lation the presence, quantity, temporal tlow rate change, and
so on of a liquid tlow along the bowl surface such as urine or
cleaning water, the opening timing, closing timing, and soon
of the valve can be controlled appropriately in accordance
therewith.

Here, 11 the toilet stool 1s formed from ceramics, resin, or
the like, the radio waves pass through, and hence the Doppler
sensor may be disposed on the 1nside of the toilet stool. In so
doing, the sensor will not be caused to corrode by cleaning
water or excrement. Further, the sensor cannot be seen, and
hence the outer appearance of the toilet stool 1s good and the
sensor 1s unlikely to be tampered with. Moreover, the consti-
tution 1s simple, facilitating assembly of the product.

Further, the frequency analysis means can output a ire-
quency spectrum by Fast Fourier Transform, and the liqud
flow condition calculation means can determine the presence
of a liquid flow according to the presence of a frequency at or
above a predetermined threshold.

By using FFT (Fast Fourier Transform), the frequency
spectrum of the output of the Doppler sensor 1s obtained 1n
real time. Urine and cleaning water can be detected from the
obtained frequency spectrum.

Alternatively, the frequency analysis means may be con-
stituted by a filter which passes only signals with a frequency
in a specific range, whereby the liquid flow condition calcu-
lation means determine the presence of a liquid tlow by com-
paring the output of the filter with a predetermined threshold.

By setting the passband of the filter in advance to align with
the frequency distribution of the output signal from the Dop-
pler sensor 1n relation to urine flow or cleaning water flow,
urine tlow and cleaning water tlow can be detected.

The liguid flow condition calculation means may comprise
time measuring means for measuring the time period during
which it 1s determined that a liquid flow 1s present.

According to the constitution described above, a momen-
tary tlow rate relating to urine 1s set as a representative value,
and by multiplying this representative value with the urina-
tion duration, an approximate total urine quantity can be
learned easily. By determining the total urine quantity, an
appropriate quantity of cleaning water commensurate with
the total urine quantity can be supplied, enabling water con-
servation. As regards cleaning water, by learning the time
period during which cleaning water actually flows into the
toilet stool and comparing this with the time during which the
valve 1s 1nstructed to open, a “stoppage” or “pipe blockage™
can be detected and appropriate measures can be taken.

The liquid flow condition calculation means may calculate
the liquid tlow rate on the basis of a maximum value of the
frequency spectrum generated by Fast Fourier Transform.

Since there 1s a correlation between the frequency spec-
trum of the output of the Doppler sensor and the liquid flow
velocity, the liquid flow rate can be charted on the basis of the
FE'T output.

In so doing, the momentary liquid flow rate can be learned.
If the momentary flow rate of the cleaning water 1s too low,
then the excrement cannot be discharged from the toilet stool.
Conversely, i the momentary flow rate 1s too high, the total
cleaning water quantity becomes too large, causing waste
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through water spray, and hence the momentary flow rate 1s
preferably within an appropriate range. By obtaiming the
momentary cleaning water tlow rate, various measures can be
taken.

In the case of persons troubled with urinary passage
impairment, the momentary urine flow rate of a person and
temporal change thereof diflers from those of ordinary per-
sons. Hence by means of this device, urination function can
be examined easily.

The liquid tlow condition calculation means are capable of
calculating the total liquid tlow quantity by totaling the liquid
flow rate during the time period in which 1t 1s determined that

a liquid tlow 1s present.

By imtegrating the momentary liquid flow rate, the total
flow quantity can be obtained more accurately. As a result, an
appropriate quantity of cleaning water commensurate with
the total urine quantity can be supplied, enabling water con-
servation. By accurately obtaining the quantity of cleaning
water which actually flows into the toilet stool, the quantity of
cleaning water can be controlled appropriately.

The Doppler sensor 1s capable of transmitting radio waves
from the transmission means 1n a substantially parallel direc-
tion to the flow direction along an mner wall surface of the
bowl portion of the toilet stool.

The Doppler sensor outputs signals at a frequency based on
the travel velocity of the object to be detected. In this case,
travel velocity signifies that components 1n an 1dentical direc-
tion to the direction of radio wave transmission and reception
are reflected largely 1n the output signal, and components 1n
other directions are substantially not reflected as sensor out-
put signals. Accordingly, to obtain a large signal, it 1s prefer-
able that the direction of radio wave transmission and recep-
tion accords with the liquid flow direction as possible. The
flow of cleaning water flows along the inner wall surface of
the toilet bowl portion 1n order to rinse away stains on the
inner wall surface. Urine, meanwhile, usually hits the inner
wall surface ol the bowl portion and then flows along the inner
wall surface. Hence by making the direction of radio wave
transmission and reception substantially parallel to the flow
direction along the imnner wall surface of the bowl portion, a
large sensor output signal can be obtained. As a result, noise
has little effect, distortion in the sensor characteristic 1s
unlikely to have an effect, and thus urine flow or cleaning
water flow can be detected accurately.

The Doppler sensor 1s also capable of transmitting radio
waves from the transmission means substantially 1n the direc-
tion toward a user position.

As described above, the Doppler sensor preferably trans-
mits radio waves parallel to the movement direction of the
object to be detected. Accordingly, when measuring a flow of
urine 1n release, the urine 1s released from a user, and hence
the radio waves are preferably transmitted from the Doppler
sensor substantially 1n the direction of the user.

Another effect of the present invention is that the presence
ol a user can be detected simultaneously. Typically, the flow
velocity of urine 1s approximately 2 m/sec, but the travel
velocity of a human body 1n the vicinity of a toilet stool 1s less
than half of that. Since The frequency of the output signal of
the Doppler sensor differs depending on the velocity, the
frequency analysis means are capable of distinguishing
between a human body and urine flow. Since the presence of
a user can be detected simultaneously, a water film can be
tformed over the inner wall surface of the bowl portion (pre-
cleaning) by supplying cleaming water when a user 1is
detected, for example, and thus preventing a stain from cling-
ing more eifectively. Alternatively, cleaning water 1s supplied
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only when both a human body and urine are detected, for
example, and thus enabling an improvement 1n the certainty
with which urine 15 detected.

The toilet cleaning device may further comprise outside
output means for outputting the output of the liquid flow
condition calculation means to the outside of the toilet clean-
ing device.

By outputting information regarding the calculation results
outputted by the liquid tflow condition calculation means to
the outside as a signal, this information can be used 1n other
devices. Further, so as to get attention of a person, the imnfor-
mation outputted by the liquid flow condition calculation
means may be outputted outside visually or audibly 1n the
form ol a message, audio, or similar.

Urine flow indicates the state of the urinary system, and
hence by outputting information relating thereto, this infor-
mation can be used for medical care and health management.
By outputting information relating to the flow of the supplied
cleaning water to the outside, measures can be taken to ensure
an appropriate cleaning water flow.

When the liquid flow condition calculation means deter-
mine that a liquid tlow has disappeared, the valve can be
opened to supply cleaning water.

In this way, cleaning water 1s supplied only when urine 1s
present, and hence wasteful water use can be prevented.

Further, the Doppler sensor transmits radio waves from the
transmission means substantially in the direction of the user,
and the toilet cleaning device comprises user detection means
for detecting the presence of a user of the toilet stool on the
basis of the output of the Doppler sensor. Accordingly, the
valve can also be opened and cleaming water supplied when
the liquid flow condition calculation means determine that a
liquid flow has disappeared and the output of the user detec-
tion means detects that no user 1s present.

Urination sometimes ceases and then restarts, but accord-
ing to the constitution described above, cleaning water is
supplied after the user has moved away following urination,
and hence cleaning water can be prevented from being sup-
plied two or more times 1n relation to a single urination, thus
climinating the wasteful use of water.

When a predetermined length of time or more elapses after
the liguid flow condition calculation means determine that the
liquid tlow has disappeared, the valve can be opened and
cleaning water supplied.

Urination sometimes ceases and then restarts, but accord-
ing to the constitution described above, cleaning water 1s
prevented from being supplied several times in relation to one
urination due to being misled by a brief interruption 1n the
urination, and thus wasteful use of water 1s eliminated.

The valve may be prohibited from being opened until a
predetermined length of time elapses after the valve 1s closed
tollowing the opening of the valve.

The flow velocities of the cleaning water and urine flowing,
along the mner wall surface of the bowl portion sometimes
take similar values, and hence it may be impossible to ditter-
entiate between the two. It 1s wasteful 1n such a case to
mistake cleaning water for urine and then supply cleaning
water again. When the valve 1s open, cleaning water continues
to flow for a while even after closing the valve, and hence by
prohibiting opening of the valve during this period such that

cleaning water 1s not re-supplied, such waste can be pre-
vented.

The control means may comprise cleaning condition deter-

mination means for determining the cleaning water supply
condition based on the state of instruction to the valve and the

output of the liquid flow condition calculation means, and the
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output of the cleaning condition determination means may be
outputted to the outside of the toilet cleaning device.

In the constitution described above, the state of instruction
to the valve 1s one of either “open” or “close”. Meanwhile, the
flow rate of the cleaning water 1s obtained from the output of
the liquad flow condition calculation means. Hence, the clean-
ing condition determination means determine whether the
flow rate 1s within the appropriate range when the state of
instruction 1s “open”, for example. Also, the cleaning condi-
tion determination means determine whether the tflow rate 1s
zero when the state of instruction 1s “close”, for example.
Thus the cleaning condition can be self-diagnosed using the
Doppler sensor. The outside output means may output the
output of the cleaning condition determination means as a
signal for use 1n an external system, or the outside output
means may be constituted as means for notifying a person,
such as a display or buzzer.

According to the constitution described above, 1n cases
where cleaning water 1s not supplied when it should be due to
a water stoppage caused by a defect 1n the water supply
equipment, stulling up the cleaning water pipe which is con-
nected to the toilet stool, a defect 1n the valve, and so on, for
example, occurrence of those troubles can be detected and
outputted to the outside, and hence the user or manager can
deal with those troubles. Conversely, 1n cases where cleaning

water continues to be supplied even though the valve which 1s
connected to the toilet stool has been instructed to “close”,
due to a defect 1n the valve, this trouble can be detected and
outputted to the outside, and hence the user or manager can
deal with this trouble.

Further, an appropriate range for the quantity of supplied
cleaning water exists for discharging excrement from the
toilet stool, and 1n reality, this range varies according to the
pressure of the water supply. According to the constitution
described above, cleaning water flows when the valve has
been 1nstructed to “open”, but when the flow rate thereof 1s
not within the predetermined appropriate range, this 1s out-
putted to the outside, and hence the pressure of the water
supply can be adjusted manually or automatically by an exter-
nal system such that measures can be taken to ensure an
appropriate quantity of cleaning water.

The valve may comprise cleaning water quantity adjust-
ment means, and control means for controlling the cleaning
water quantity adjustment means based on the output of the
liquid tlow condition calculation means.

In this case, the flow rate of the cleaning water 1s calculated
by the liquid tlow condition calculation means.

An appropriate range for the quantity of supplied cleaning
water exists for discharging excrement from the toilet stool,
and 1n reality, this range varies according to the pressure of the
water supply. The flow rate of the cleaning water, determined
by calculation according to the constitution described above,
1s therefore adjusted by the cleaning water quantity adjust-
ment means for keeping 1n the appropriate range, and hence
an appropriate quantity of cleaning water 1s supplied auto-
matically.

Urinary calculus prevention flmd supply means may also
be provided for supplying urinary calculus prevention fluid
into the drain pipe to prevent the formation of urinary calculus
in the drain pipe.

Here, the urinary calculus prevention fluid may be any fluid
which 1s capable of suppressing the formation of urinary
calculus. For example, hypochlorous acid or the like 1s favor-
able. The urinary calculus prevention tluid may be supplied
into the drain pipe periodically or in accordance with-the
quantity of urine.
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When water conservation 1s realized according to the
present invention, the toilet stool itself 1s cleaned suificiently,
but the urine concentration in the drain pipe 1s higher than in
conventional cases. As a result, more urinary calculus are
formed 1n the drain pipe, leading to a increase 1n the quantity
of labor for removing the urinary calculus. According to the
constitution described above, however, the formation of uri-
nary calculus 1n the drain pipe can be suppressed while con-
serving water, and hence the quantity of labor for maintaining
the drain pipe does not increase.

A control portion which opens the valve to supply cleaning
water immediately upon detection of a liqud tlow by the
liquid flow condition calculation means may also be pro-
vided.

According to this constitution, cleaning water 1s supplied
to the toilet stool immediately after urine 1s detected to form
a water film over the inner liquid surface of the bowl portion,
and hence staining of the inner liquid surface of the bowl
portion can be prevented. Further, when cleaning water 1s
supplied by detection of a user, water may be used wastetully
if the user departs without urinating, but according to this
constitution, this concern 1s eliminated.

The Doppler sensor may be disposed 1n the interior of the
toilet main body such that the transmission direction of the
radio waves from the transmission means 1s substantially
orthogonal to the interior surface of the main body of the toilet
stool.

When the Doppler sensor 1s disposed on the inside of the
toilet stool, a portion of theradio waves from the transmission
means 1s reflected due to mismatching of the media on the
interior surtface of the toilet main body. According to the
constitution described above, however, the radio waves that
are retlected on the interior surface of the toilet main body are
reflected again by the Doppler sensor, and thus directed 1n the
original transmission direction. As a result, even stronger
radio waves pass through the toilet main body, leading to an
improvement in sensitivity.

The Doppler sensor may be disposed 1n the interior of the
toilet main body, and a plate material for preventing the
reflection of radio waves on the surface of the toilet main bod
may be provided in close contact with the region on the
surface of the toilet main body through which radio waves
transmitted from the transmission means pass.

Typically, the following matters are known. Radio waves
moving from a medium A having a wave impedance of 7,
toward a medium B having a wave impedance of Z, are
partially reflected at the interface if Z , and Z, are different.
However, by inserting a medium having a wave impedance of
V(Z ,7.) and a thickness of A (2n+1)/4 (where A is the wave-
length and n 1s an integer) 1s mnserted between the medium A
and the medium B, matching of Z , and 7 can be achieved
such that the reflection 1s eliminated.

The propagation velocity v of radio waves with a frequency
{ through a medium having a permittivity of € and a perme-
ability of uis 1/V(e 1), and hence the wavelength A is A=v/
=1/ (e n), whereby A (2n+1)/4=(2n+1)/(4fV(e n)). In other
words, by disposing a plate material having a wave imped-
ance of V(Z,Z.) (where Z, is the atmospheric wave imped-
ance, and 7, 1s the wave impedance of the toilet main body)
and a thickness of (2n+1)/(4fV(e 1)) (where € is the permit-
tivity, 1s the permeability, n 1s an integer, and 1 1s the radio
wave frequency) 1n close contact with the region of the toilet
main body surface through which radio waves transmitted
from the transmission means pass, reflection on the toilet
main body surface can be eliminated.

To put 1t simply, when the Doppler sensor 1s disposed
inside a toilet main body which 1s constituted by a substan-
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tially uniform medium, a portion of the radio waves from the
transmission means 1s reflected on the nner portion surface
and outer portion surface of the toilet main body due to media
mismatching, but according to the constitution described
above, wave impedance matching can be achieved, and hence
reflection 1s reduced, enabling stronger radio waves to pass
through the toilet main body and thereby improving sensitiv-
ity.

A water spout portion 1s disposed downstream of the valve
for discharging cleaning water to the inner wall surface of the
bowl portion, and the discharge velocity from the water spout
portion 1s caused to differ from a typical urine flow velocity.

The discharge velocity from the water spout portion 1s a
value obtained by dividing the water flow rate (m?/s) from the
water spout portion by the sectional area (m”) of the water
flow, and this 1s affected in the frequency of the output of the
Doppler sensor. Hence, by causing the discharge velocity
from the water spout portion to difler from a typical urine flow
velocity (for example, 1.4 to 2.8 mv/s), the frequency of the
output of the Doppler sensor differs 1n relation to each.

As a result, urine flow can be recognized even when a
subsequent user urinates during cleaning by the previous user
and so on, enabling accurate measurement of the urine quan-
tity.

Another aspect of the present invention comprises open-
ing/closing means for opening and closing a toilet seat and
toilet 11d which are rotatably mounted on the toilet main body,
and user detection means for detecting the presence of a user
of the toilet stool based on the output of the Doppler sensor,
the control means for mstructing the opening/closing means
to open the toilet seat and toilet Iid when a user 1s detected by
the user detection means, and 1nstructing the opening/closing
means to close the toilet seat and toilet lid when the user
detection means cease to detect the user following detection
of a liquid tflow by the liquid flow condition calculation
means, and then open the valve such that cleaning water 1s
supplied.

According to this constitution, the toilet seat and toilet Iid
are opened automatically when a user approaches, and the
toilet seat and toilet 1id are closed automatically when the user
urinates and departs, whereupon cleaning 1s performed. By
means of this action, the effects of an improvement 1n user-
friendliness due to the automatic opening and closing of the
toilet seat and toilet lid, and an improvement in hygiene due to
the reduction 1n cases touching the toilet seat and toilet lid. In
terms of structure, both a liquid tlow, 1n other words urine
flow and cleaning water flow, can be detected by a single
Doppler sensor, and hence the number of components can be
reduced. The space occupied by the component 1s also
reduced, therefore we can achieve miniaturization of the
device.

The control means also determine whether or not a user has
approached the toilet main body and whether or not urination
has been performed into the bowl portion on the basis of
output signals from the Doppler sensor. Hence, when the user
approaches the toilet main body, cleaning water can be sup-
plied brietly to perform pre-cleaning, and when the user com-
pletes urination, cleaning water can be supplied 1n accordance
with the quantity of urine to perform post-cleaning.

Moreover, the control means are capable of supplying
cleaning water 1n accordance with the total liquid flow quan-
tity, and also of adjusting at least one of the concentration of
the urinary calculus prevention fluid or the supply rate of the
urinary calculus prevention fluid 1n accordance with the total
liquid tlow quantity.

Meanwhile, the Doppler sensor may be provided such that
oscillatory waves are transmitted from the back face side of
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the toilet main body through the toilet main body toward the
bowl portion interior space of the toilet stool, and at least the
part of the toilet main body through which these oscillatory
waves pass may be partially or entirely formed so as to be
permeable to the oscillatory waves.

Note that the Doppler sensor may be any sensor which
generates any one of radio waves, light waves, and sound
waves as these oscillatory waves, and which outputs signals
based on the difference between the transmission frequency
and reception frequency thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a constitutional diagram of a toilet stool according,

to an embodiment of the present invention;

FIG. 2 1s a functional block diagram of a Doppler sensor
according to an embodiment of the present invention;

FIG. 3 1s a functional block diagram of the toilet stool
according to an embodiment of the present invention;

FIG. 4 shows the wavelform of an output signal from the
Doppler sensor during urination;

FIG. 5 shows a frequency spectrum determined by an FFT
calculation portion;

FI1G. 6 1s a tlowchart showing an example of a sequence for
determining a maximum frequency value from the frequency
spectrum;

FIG. 7 1s a graph showing an example a flow rate deter-
mined 1n a flow rate calculation portion;

FIG. 8 15 a flowchart showing an example of a method for
determining reliably that urination 1s complete;

FI1G. 9 1s a graph showing a relationship between the quan-
tity ol urine and the quantity of cleaning water to be supplied;

FI1G. 10 1s a flowchart showing a sequence up to the closure
of cleaning water supply valve;

FIG. 11 1s a flowchart showing an example of a method
whereby a controller detects and outputs an 1rregularity when
the cleaning water supply valve 1s open;

FIG. 12 1s a flowchart showing an example of a method
whereby a controller detects and outputs an irregularity when
the cleaning water supply valve 1s closed;

FIG. 13 1s a functional block diagram showing a second
constitutional example of the toilet cleaning device according
to the present invention;

FI1G. 14 1s a flowchart showing a method for automatically
adjusting the quantity of cleaning water flow along the inner
wall surface of a bowl portion when this quantity of cleaning,
water 1s not within an appropriate range;

FI1G. 15 1s a view showing a third constitutional example of
the toilet cleaning device according to the present invention;

FIG. 16 1s a view showing an example of an output signal
from a bandpass {ilter;

FI1G. 17 1s a flowchart showing a sequence up to the supply
of cleaning water based on the output signal from the band-
pass filter;

FIG. 18 1s a view 1llustrating a table which charts the time
that the cleaning water supply valve remains open from a
timer value;

FI1G. 19 1s a view showing another example of the disposal
of the Doppler sensor in the toilet stool;

FIG. 20 1s a view showing the constitution of a function
portion;

FI1G. 21 1s a flowchart showing an example of a method for
controlling the cleaning water supply valve;

FI1G. 22 1s a flowchart showing an example of a processing,
method up to the opening of the cleaning water supply valve
tollowing urination;
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FIG. 23 1s a view showing an example of Doppler sensor
disposal when the toilet cleaning device 1s applied to a water

closet:;

FIG. 24 1s a graph showing a frequency spectrum of the
output of the Doppler sensor 1n relation to water tlow;

FIG. 25 15 a graph showing a relationship between the peak
frequency in the frequency spectrum and the flow velocity;

FIG. 26 1s a flowchart showing a sequence for supplying
cleaning water immediately after urination has begun to pre-
vent the mnner wall surface of the bowl portion from becoming
stained;

FIG. 27 1s a view showing an outline of another example of
the disposal of the Doppler sensor 1n the toilet stool;

FIG. 28 1s a sectional view of an upper portion of the toilet
stool shown 1n FIG. 27;

FIG. 29 1s a view showing an example 1n which the present
invention 1s applied to a multitfunctional water closet system;

FIG. 30 1s a view showing the constitution of a function
portion of the multifunctional water closet system;

FIG. 31 1s a lowchart showing an example of a method for
controlling toilet 11id opening/closing means, toilet seat open-
ing/closing means, and means for switching between urine
and solid waste cleaning;

FIG. 32 1s a flowchart showing an example of a method for
controlling the toilet lid opening/closing means, toilet seat
opening/closing means, and means for switching between
urine and solid waste cleaning following urination;

FIG. 33 15 a sectional view showing an example of a water
spout portion for differentiating the flow velocity of cleaning
and the tlow velocity of urine;

FIG. 34 1s a view showing the flow of cleaning water when
the water spout portion shown in FIG. 33 1s used;

FIG. 35 1s a waveform chart showing a waveform ampli-
tying the output of the Doppler sensor during urination;

FIG. 36 1s a wavetorm chart showing a condition in which
the amp waveform during urination 1s processed by a high-
pass filter such that only urine tlow 1s detected;

FIG. 37 1s a wavetorm chart showing a condition 1n which
the amp waveform during urination 1s processed by a low-
pass lilter such that only human movement 1s detected;

FIG. 38 1s a view showing the outer appearance of the
Doppler sensor;

FIG. 39 1s an 1llustrative view showing a specific example
of a Doppler sensor attached to the exterior of a toilet stool;

FIG. 40 1s an 1illustrative view showing another specific
example of a Doppler sensor attached to the exterior of atoilet
stool:

FIG. 41 1s an illustrative view showing a further specific
example of a Doppler sensor attached to the exterior of atoilet
stool; and

FIG. 42 1s an illustrative view showing a specific example
ol a Doppler sensor attached to a water closet.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

Embodiments of the present invention will be described
below on the basis of the drawings.

FIG. 1 1s a view showing the constitution of a toilet stool to
which the toilet cleaning device of the present ivention 1s
applied. A Doppler sensor 11 and a function portion 12 are
installed 1n the 1nterior of a toilet stool 10. The upper end of
the toilet stool 10 1s a lid 15, and hence maintenance work on
the space which accomodates the Doppler sensor 11 and
function portion 12 can be performed easily. A water supply
portion 13 1s provided 1n the upper back face of the toilet stool
10 for supplying water to clean the space inside a bowl portion




US RE42,340 E

11

of the toilet stool 10. Cleaning water spout 14 1s provided 1n
the upper portion of the bowl portion interior space. A clean-
ing instruction button 16 for discharging the cleaning water to
the bowl portion interior space at the discretion of a sanitation
worker, and a lamp 19 for notifying the condition of the toilet
cleaning device are installed in an inconspicuous location on
the outside of the toilet stool. A trap portion 17 and a drain 18
are provided in the lower portion of the bowl portion 1nterior
space to form a water seal.

When urine 1s detected by the Doppler sensor 11 or the
cleaning 1nstruction button 16 is operated, the cleaning water
1s supplied from the water supply portion 13 and discharged
from the cleaning water spout 14 via the function portion 12
so as to rinse the bowl portion interior space. The cleaning
water then passes through the trap portion 17 and 1s drained
from the drain 18. Here, the cleaning water spout 14 1s dis-
posed so as to wash away stains on the iner wall surface of
the bowl portion mterior space, and hence the cleaning water
flows downward along the mnner wall surface of the bowl
portion. Meanwhile, the urine released by a user sometimes
impinges on the inner wall surface of the bowl portion and
then flows downward along the inner wall surface of the bowl
portion, and 1s sometimes released directly toward the lower
interior portion of the bowl portion. In both cases, the flow of
urine from its release by the user to the trap portion 17 1s
substantially parallel to the inner wall surface of the bowl
portion. The Doppler sensor 11 1s disposed using an anchor
such that radio waves are transmitted 1n a parallel direction to
the mner wall surface of the bowl portion, and hence the
cleaning water and urine signals can be obtained at a high S/N
ratio and low distortion.

FI1G. 2 1s a functional block diagram of the Doppler sensor
11. The Doppler sensor 11 1s constituted, for example, by
transmission means 20 for transmitting 10.525 GHz micro-
waves, reception means 21 for recerving reflected waves, and
differential detection means 22 for outputting the difference
in frequency between the transmission means 20 and recep-
tion means 21. Note that in this embodiment, a Doppler effect
using radio waves 1s employed, but the present invention 1s
not limited thereto, and a Doppler sensor which uses light
waves such as infrared rays or sound waves such as ultrasonic
waves, for example, may be used.

FIG. 3 1s a block diagram showing a specific example of a
function portion 12. The output of the Doppler sensor 11 1s
amplified by an amp 31, and a frequency spectrum 1s calcu-
lated by an FFT calculation portion 32. The output 1s then
converted to a flow rate in a tlow rate calculation portion 33 on
the basis of the frequency spectrum. A controller 34 operates
other devices on the basis of the tlow rate calculated by the
flow rate calculation portion 33 or the operational state of the
cleaning 1nstruction button 16. Cleaming water supply valve
36 1s opened and closed according to an 1nstruction from the
controller 34. Electrolyzed water for preventing the forma-
tion of urinary calculus in the drain pipe 1s generated 1n an
clectrolyzed water generating portion 38, and when an elec-
trolyzed water supply valve 39 1s opened, electrolyzed water
1s discharged from the cleaning water spout 14. Further, a
check valve 37 1s provided on the upstream side of the elec-
trolyzed water generating portion 38 so that electrolyzed
water generated 1n the electrolyzed water generating portion
38 does not flow back toward the water supply source. The
controller 34 is set to supply electrolyzed water at least once
a day, or more frequently 1n accordance with the usage fre-
quency. An outside output interface 35 1s provided to transmit
information outside. The quantity of urine calculated by the
flow rate calculation portion 33 1s transmitted outside via the
outside output interface 35. Further, when 1t 1s determined by
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the controller 34 that a trouble occurs 1n the toilet cleaning
device, this 1s notified to the outside via the outside output
interface 35, and simultaneously, the lamp 19 1s caused to
flash 1n order to notily an administrator.

The electrolyzed water generating portion 38 will now be
described 1n more detail. The electrolyzed water generating
portion 38 generates electrolyzed water by applying an elec-
tric current to electrodes containing silver such that Ag ions
are eluted 1nto the water. By adjusting the magnmitude of the
current value that 1s applied to the electrodes or the duration
of the current, the concentration of Ag 1ons inthe electrolyzed
water can be controlled.

The actions of the toilet cleaning device constituted as
described above when a user urinates will be described here-
mafter. FIG. 4 1s a waveform of an output signal from the
Doppler sensor 11 during urination. The amp 31 amplifies
this signal. The FF'T calculation portion 32 performs calcu-
lation processing on the output of the amp 31 at a fixed cycle
of 500 ms 1n order to calculate a frequency spectrum such as
that shown 1n FIG. §, for example. Naturally, this frequency
spectrum differs according to the flow of the urine, and hence
varies upon each calculation. Note that here, the FF'T calcu-
lation cycle 1s set at 500 ms, and 1f the calculation cycle 1s
shortened, variation in the flow rate can be grasped more
accurately. Conversely, if the calculation cycle 1s lengthened,
the calculation speed slows, and hence a low-cost constitution
can be obtained.

As shown by the frequency spectrum 1n FIG. 5, when a
person urinates, there are maximum values (Imax) at a lower
frequency band of'less than 50 Hz and also a higher frequency
band of more than 50 Hz. It 1s understood that the maximum
value (Imax) at the high frequency correlates with the urine
flow rate. Hence the flow rate calculation portion 33 deter-
mines the frequency (Imax) which 1s the maximum value of
more than 50 Hz at least, and then refers to a preset conversion
table for converting the frequency into amomentary flow rate,
therefore the momentary tlow rate 1s calculated on the basis of
this frequency.

Every time the frequency spectrum 1s calculated by the
FFT calculation portion 32, the flow rate calculation portion
33 determines a maximum value frequency (Imax) of more
than 50 Hz at least. An example of a method will now be
explained using the flowchart 1n FIG. 6. Variables known as 1,

Vmax, and fmax are secured 1n memory in advance, and
firstly, 30 1s stocked 1n F, V(50) 1s stocked in Vmax, 50 1s

stocked 1n Imax (S61). Note that V(50) indicates the 50 Hz
signal level calculated by the FFT calculation portion 32.
Next, 1 1s added to 1 (S62), V(1) 1s compared to Vmax (S63),
and only when V(1) exceeds Vmax, Vmax 1s updated to V(1)
(S64) and tmax 1s updated to 1 (S65). Next, a determination 1s
made as to whether 1 has reached 500 (566), and 11 1 1s less
than 500, the sequence returns to the processing of S62*. 1T 1
1s 500, the sequence ends. In this manner, eventually a maxi-
mum frequency of at least 50 Hz 1s recorded 1n fmax.

The flow rate calculation portion 33 calculates the momen-
tary tlow rate by applying fmax calculated as described above
to a preset conversion equation. An example of a flow rate
calculated by the flow rate calculation portion 33 1s shown 1n
FIG. 7. The controller 34 1s capable of transmitting these flow
rate data outside through the outside output interface 35. For
example, a doctor can examine the health of a user on the
basis ol these data. The controller 34 opens the cleaning water
supply valve 36 to begin cleaning, after 1t determines for
certain that urination 1s complete on the basis of the calculated
urine flow.

When a tlow rate at or above a predetermined threshold 1s
detected by the flow rate calculation portion 33, the controller
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34 confirms that urination has begun. Then, 1n order to deter-
mine with certainty that urination 1s complete, the controller
34 performs the processing shown in the flowchart of FIG. 8
using the momentary flow rate calculated by the flow rate
calculation portion 33. The momentary flow rate calculated
every 500 ms 1s compared with the threshold (S81), and 11 the
momentary flow rate 1s less than the threshold, a timer 1s
started (S82). The momentary tlow rate continues to be com-
pared with the threshold (S83), and when the momentary tlow
rate reaches or exceeds the threshold, the timer 1s reset (S87)
and the sequence returns to S81*.

If the momentary flow rate 1s less than the threshold in
S83%, a determination 1s made as to whether or not two
seconds have elapsed on the timer (S84 ). IT two seconds have
clapsed on the timer, and five seconds or more have elapsed
from the previous closing of the valve, the valve 1s opened
(S86), and 11 not, the sequence ends.

According to the sequence described above, cleaning 1s
performed for the first time when the momentary tlow rate 1s
less than the threshold for two seconds or more. Further, the
valve 1s not opened unless five seconds have elapsed since the
previous closing of the valve, and hence cleaning 1s not
repeated mistakenly when the cleaning water flow along the
inner wall surface of the bowl portion 1s detected.

Next, the timing of closure of the cleaning water supply
valve 36 will be described in the following. To maintain the
hygiene of the toilet stool 10 at or above a fixed standard, the
quantity of cleaning water must be increased as the quantity
ol urine 1increases, and hence 1n this toilet cleaning device, the
quantity of supplied cleaning water 1s set 1 relation to the
quantity of urine as shown in the graph in FIG. 9, for example.
Accordmgly, the quantity of cleaning water 1s to be supplied
1s determined by integrating the momentary tlow rate data
shown 1n FIG. 7, calculating the quantity of urine, and on the
basis of the quantity of urine, referring to a table which 1s set
in advance 1n the controller 34.

To supply the quantity of cleaning water determined 1n this
manner, the controller 34 opens the cleaning water supply
valve 36, and then closes the cleaning water supply valve 36
according to the sequence shown 1n the tlowchart in FIG. 10.
First, a frequency characteristic signal corresponding to the
flow rate of the cleaning water which tlows along the 1nner
wall surface of the bowl portion 1s outputted from the Doppler
sensor 11 1n the same way for urine, and thus the momentary
cleaning water flow rate 1s calculated in the same way for
urine. However, since the surface area of the flow, the position
in relation to the sensor, the state of the flow, and so on differ
between urine and cleaning water, the different conversion
tables for converting the frequency spectrum to the momen-
tary flow rate are prepared individually for urine and cleaning,
water. By integrating the momentary tlow rate (S101), the
quantity of cleaning water supplied heretofore 1s calculated.
A determination 1s then made as to whether this quantity of
cleaning water has reached a set value (58102), and 11 the set
value has been reached, the valve 1s closed (S103).

According to this sequence, when a user urinates, cleaning
using an appropriate quantity of cleaning water for the quan-
tity of urine 1s performed when the urination 1s completed
with certainty, and information of the quantity of urine 1s
outputted outside to be used for health management purposes.

This toilet cleaning device 1s also capable of detecting and
outputting the cleaning condition. More specifically, the
device 1s equipped with a self-diagnosing function using the
Doppler sensor 11. An example of a method whereby the
controller 34 detects and outputs an 1rregularity when 1ssuing
an instruction to open the cleaning water supply valve 36 will
now be described on the basis of the flowchart shown 1n FIG.
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11. After opening the cleaning water supply valve 36, a timer

1s started (S111). Then, a determination 1s made as to whether
or not the flow rate calculated by the flow rate calculation
portion 32 1s between an appropriate lower limait Ql and an
appropriate upper limit Q2 (SllZ) I1 the tlow rate 1s within
the appropriate range, the timer 1s reset (S113). I, on the other
hand, the flow rate 1s outside of the approprniate range, a
determination 1s made as to whether or not the timer has
counted up (S114). If the timer has not counted up, the flow
rate determination of S112* 1s continued. If the timer has
counted up, information stating that “the tflow rate has been
outside of the appropriate range for at least a predetermined
length of time” 1s outputted from the outside output interface
35(S115), and the lamp 19 1s caused to tlash (S116). Note that
this processing 1s implemented only when the cleaning water
supply valve 36 1s open. Further, by setting the time period for
determining an 1rregularity suiliciently longer (two seconds,
for example) than the time required for the cleaning water
flow along the inner wall surface of the bowl portion to reach
a steady state after the mstruction 1ssue to open the cleaning
water supply valve 36, the danger of determining an irregu-
larity immediately after opening the cleaning water supply
valve 36 due to the fact that the quantity of cleaning water has
not reached a steady value 1s eliminated.

Next, an example of a method whereby the controller 34
detects and outputs an irregularity when the cleanming water
supply valve 36 1s closed will be described on the basis of the
flowchart shown 1n FIG. 12. After closing the cleaning water
supply valve 36, a timer 1s started (S121). Then, a determi-
nation 1s made as to whether or not the flow rate QQ calculated
by the flow rate calculation portion 32 1s zero (5122). If the
flow rate 1s zero, the timer 1s reset (S123). If, on the other
hand, the flow rate 1s not zero, a determination 1s made as to
whether or not the timer has counted up (5124). If the timer
has not counted up, the flow rate determination 1n S122 1s
continued. IT the timer has counted up, information stating
that “the tlow rate has not been zero for at least a predeter-
mined length of time” 1s outputted from the outside output
interface 35 (S125) and the lamp 19 1s caused to tlash. Note
that this processing 1s implemented only when the cleaning
water supply valve 36 1s closed. Further, by setting the time
pertod for determining an irregularity sufliciently longer
(three minutes, for example) than a typical urination period,
the danger of determining an 1rregularity when urination has
been detected 1s eliminated.

FIG. 13 1s a view showing a second constitutional example
of the toilet cleaning device according to the present mnven-
tion. In addition to the constitution 1n FIG. 3, a flow rate
adjustment valve 42 1s provided downstream of cleaning
water supply valve 41. The flow rate adjustment valve 42 1s
designed to gradually modily the opening of the flow path
using opening modification means 43. The opening modifi-
cation means 43 are driven by a stepping motor which oper-
ates 1n accordance with an 1nstruction from a controller 44.

A method employed 1n the constitution described above,
whereby the quantity of cleaning water 1s adjusted automati-
cally when the quantity of cleaning water tlowing along the
inner wall surface of the bowl portion 1s not within the appro-
priate range while the controller 34 opens the cleaning water
supply valve 41, will now be described on the basis of the
flowchart 1n FIG. 14.

The cleaning water supply valve 41 1s opened (S141), the
stepping motor 1s rotated 1n a valve-opeming direction by a
predetermined P step (5142), and the elapse of a predeter-
mined length of time 1s awaited (N 1n S143). When the pre-
determined length of time has elapsed (Y 1n S143), a deter-
mination 1s made as to whether or not the calculated
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momentary flow rate Q 1s smaller than the appropriate lower
limit Q1 (5144). If the momentary tlow rate Q 1s smaller than
the appropriate lower limit Q1, the opening modification
means 43 are caused to perform a one-step opening operation
such that the flow path area of the flow rate adjustment valve
42 1s increased (S145). 11, on the contrary, the momentary
flow rate Q 1s larger than the appropriate upper limit Q2 (Y 1n
S146), the opening modification means 43 are caused to
perform a one-step closing operation such that the flow path
area of the flow rate adjustment valve 42 1s decreased (5147).
This adjustment operation 1s continued until a closing imstruc-
tion 1s 1ssued to the cleaning water supply valve 41 (8148)
Here, the time period during which adjustment 1s not per-
formed 1n 5143 1s set to be sufficiently longer (two seconds,
for example) than the time required for the quantity of a
cleaning water tlowing along the mner wall surface of the
bowl portion to reach a steady state following the opening of
the cleaning water supply valve 41. By means of this process-
ing, the opening of the flow rate adjustment valve 42 1s main-
tained until the time at which the cleaning water supply valve
41 1s reopened, and hence as long as there 1s no variation 1n
water pressure, cleaning water 1s supplied at an appropnate
flow rate from the beginning of the following operation.

FI1G. 15 1s a view showing a third constitutional example of
the toilet cleaning device according to the present mnvention.
The difference with the constitution shown 1n FIG. 3 lies 1n
the employment of a bandpass filter 51 as the frequency
analysis means 1n place of the FFT calculation means. By
using the bandpass filter 51, a low-cost constitution can be
obtained.

The bandpass filter 51 sets a passband through which sig-
nal frequencies produced by urine flow pass, and thus an
output signal such as that shown in FIG. 16, for example, 1s
obtained. In FIG. 16, the output signal maintains a constant
level of zero prior to the start of urination, but when urination
begins, changes to a waveform which undulates above and
below the zero level.

Normally, the flow velocity of urine and the tflow velocity
of cleaning water have similar values, and hence the output
frequencies from the Doppler sensor 1n relation to both also
take similar values. Accordingly, a substantially identical out-
put 1s obtained from the bandpass filter 51 1n the case of both
urine tlow and cleaning water tlow. However, by altering the
form of the cleaning water spout portion, the cleaning water
flow velocity and urine flow velocity can be differentiated,
enabling only urine flow to be detected by the bandpass filter
51. In so doing, urine tlow can be detected even during clean-
ing, which 1s favorable since 1t allows urine tlow to be mea-
sured accurately even 1n cases such as when a subsequent user
urinates during cleaning performed after usage by the previ-
Ous user.

FI1G. 33 1s a sectional view showing an example of a water
spout portion for differentiating the cleaning water tlow
velocity and the urine flow velocity. Cleaning water entering,
a water introduction portion 130 flows through the interior of
the water spout portion main body, whereupon most of the
cleaning water impinges on a discharge direction control
plate 131 and 1s discharged from a water spout 132. Here, the
water spout 132 1s provided with opening portions in the left,
right, and downward directions when seen from the flow of
the cleaning water, and hence the cleaning water 1s discharged
widely along the inner wall surface of the bowl portion as
shown in FIG. 34. In other words, by discharging the cleaning
water to the discharge direction control plate 131 such that the
cleaning water 1s discharged from the water spout 1n a sub-
stantially radial form, the flow velocity of the cleanming water
can be slowed, allowing the detection of urine flow even
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during cleaning. Note that the means for reducing the flow
velocity of the cleaning water are not limited to those shown
in FIG. 33.

Returning to FIG. 15, the bandpass filter 51 may be con-
stituted by a circuit using a condenser and resistor. As an
alternative constitution, a simpler constitution may be
employed 1in which the bandpass filter 51 1s a digital filter
using a computing element such as a microcomputer or DSP
(Digital Signal processor). More specifically, this can be real-
1zed by A/D converting the output of an amp 54 at equal time
intervals, and substituting the resulting A/D value 1nto a cal-
culation process corresponding to the required filter charac-
teristic.

Immediately before urmation begins, the controller 53
forms a water film over the inner wall surface of the bowl
portion by supplying cleaning water to prevent stains from
becoming attached to the imner wall surface of the bowl por-
tion. More specifically, the sequence shown 1n the flowchart
in FIG. 26 1s performed. When an output level V of the
bandpass filter 51 1s no higher than V1 or no lower than V2 as
shown in FIG. 16 (N 11 S261), a timer 1s started (5S262). When
the timer reaches 0.2sec (N 11 5263), a determination 1s made
as to whether or not 50 msec have passed from the output level
V of the bandpass filter 51 entering the range between V1 and
V2 (5264). If 50 msec have passed from the output level V of
the bandpass filter 51 entering the range between V1 and V2
(Y 1n S264), this 1s considered to be noise rather than urine
flow, and hence the timer 1s cleared (S265) and the determi-
nation as to whether the output level V of the bandpass filter
51 1s no higher than V1 or no lower than V2 1s repeated
(S261). I, on the other hand, the timer has reached 0.2sec (Y
in S263), the cleaning water supply valve 52 1s opened for a
predetermined length of time (S266%).

A sequence up to the supply of cleaning water following
urination 1s shown in the flowchart in FIG. 17. When the
output level V of the bandpass filter 51 1s no higher than V1 or
no lower than V2 (N 1n S171), a timer 1s started (S172). When
a predetermined length of time elapses from V entering a
range between V1 and V2 (Y 1 S173), the timer 1s stopped
(S174) and the cleaning water supply valve 52 1s opened
(S175). The predetermined length of time 1n S173 15 set to be
suificiently longer (two seconds, for example) than the time at
which urination typically stops. Once this processing 1s com-
plete, the timer value, or 1n other words the time during which
urination was detected, 1s reflected in the quantity of cleaning
water.

A table charting the time during which the cleaning water
supply valve 52 1s opened 1n relation to the timer value 1s
preset 1n the controller 53 as shown 1n FIG. 18, and hence the
controller 53 closes the cleaning water supply valve 52 after
an quantity of time obtained by referring to this table has
clapsed. By means of the processing described above, the
quantity of cleaming water can be controlled appropnately
using the tendency for the quantity of urine to increase in
proportion to the duration of urination.

Another example of the disposal of a Doppler sensor 1n a
toilet stool will now be described on the basis of the drawing
in FIG. 19. A Doppler sensor 61 and function portion 62 are
installed 1n the interior of a toilet stool 60. A 11d 65 1s provided
on the upper end of the toilet stool 60, facilitating mainte-
nance work of the space in which the Doppler sensor 61 and
function portion 62 are stored. The tlow of cleaning water
through the toilet stool 60 1s i1dentical to that 1n the first
example. The Doppler sensor 61 1s disposed using an anchor
such that radio waves are transmitted toward the user, and
hence user signals and signals of the urine released by the user
can be obtained at a high S/N ratio and low distortion.
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The function portion 62 1s constituted as shown 1n FIG. 20.
The output of the Doppler sensor 61 1s amplified by an amp
71, and outputted respectively to a low-pass filter 72 which
passes signals of less than 50 Hz and a high-pass filter 73
which passes signals of between 100 and 500 Hz. A controller
74 operates cleaning water supply valve 75 on the basis of the
output of the low-pass filter 72 and high-pass filter 73.

In the toilet stool constituted as described above, when a
user approaches the toilet stool 60 or a user moves away from
the toilet stool 60, signals are outputted mainly from the
low-pass filter 72. On the other hand, the velocity of urine
flow 1s faster than that of a human body, and hence during
urination signals are mainly outputted from the high-pass
filter 73. Thus the controller 74 1s able to distinguish between
human movement and urine flow.

A method of controlling the cleaning water supply valve 75
will be described on the basis of the flowchart in FI1G. 21. The
controller 74 determines the presence or absence of a user on
the basis of the output of the low-pass filter 72 and high-pass
filter 73. When 1t 1s determined that no user 1s present, the
processing shown in the flowchart in FIG. 21 1s performed.
That 1s, when the output of the low-pass filter 72 exceeds a
threshold (Y 1 S211), the cleaning water supply valve 75 1s
opened for a predetermined length of time (5212). Note that
the above processing 1s performed continuously while the
cleaning water supply valve 75 1s closed. By means of this
processing, a water film can be formed over the inner wall
surface of the bowl portion prior to urination when a user
approaches the toilet stool 60, and thus stains can be removed
casily.

The controller 74 determines the start of urination when the
output of the high-pass filter 73 reaches or exceeds a prede-
termined threshold while cleaning water 1s not being sup-
plied. Next, in order to determine with certainty that urination
1s complete, the controller 74 performs the processing shown
in the flowchart 1n FI1G. 22. The output of the high-pass filter
73 equals or exceeds a threshold during urination (N 1n S221),
but falls below the threshold when urination 1s complete (Y in
S221). Next, the output of the low-pass filter 72 does not
exceed a threshold until the user moves away (N 1n S222), but

when the user moves away, the output of the low-pass filter 72
exceeds the threshold (Y 1n S222) and the valve 1s opened

(S223).

The timing for closing the cleaning water supply valve 75
can be set approprnately in accordance with the duration of
urination similarly to the example described previously. Fur-
ther, the tlow rate can be confirmed with accuracy by per-
forming FF'T calculation 1nstead of using a bandpass filter.

Another example of the disposal of a Doppler sensor 1n a
toilet stool will now be described. FI1G. 27 shows an outline
thereol. A Doppler sensor 91 and a function portion 92 are
installed 1n the upper interior of a toilet stool 90. A Iid 95 1s
provided on the upper end of the toilet stool 90, facilitating,
maintenance work of the space 1n which the Doppler sensor
91 and function portion 92 are stored. The flow of cleaning
water through the toilet stool 90 1s identical to that in the
previous examples. In order to detect urine flow with even
more certainty, the Doppler sensor 91 1s disposed such that
radio waves are transmitted toward a parallel direction to the
direction of urine flow 1n the vast majority of cases, or in other
words 1nclined downward, and hence signals of the urine
released by a user can be obtained at a high S/N ratio and low
distortion.

FI1G. 28 1s a sectional view of the upper portion of the toilet
stool 90. The Doppler sensor 91 1s disposed using a spacer
101 such that the inner surface of the toilet stool 90 1s orthogo-
nal to the transmission direction. Further, a retlection preven-
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tion plate 102 made of an ABS resin having a relative permit-
tivity of approximately three and a relative permeability of
approximately one 1s disposed using an anchor and 1n close
contact with the imner surface of the toilet stool 90 at the part
through which radio waves transmitted from the Doppler
sensor 91 pass.

Radio waves of 10.525 GHz, for example, are transmitted
from the Doppler sensor 91. The radio waves transmitted by
the Doppler sensor 91 propagate through the air existing
within the gap between the Doppler sensor 91 and the reflec-
tion prevention plate 102, pass through the reflection preven-
tion plate 102, and then progress to the earthenware inner wall
ol the toilet stool 90. Here, the atmospheric wave impedance
Z.,1s Z,=V(e,/11,). The relative permittivity of the earthenware
1s approximately nine, and hence the wave impedance 7, of
the earthenware inner wall of the toilet stool 90 is Z,~V(9¢,/
Wy). The wave impedance 7, of the reflection prevention plate
102 is Z,~V(3e,/11,).

Since V(ZoxZ,)=V V(€1 )xV(9ey/11,) } =V (Bey/LL,), a rela-
tionship of reflection prevention plate 102 wave impedance
Z,~V(ZxZ.,) is satisfied. Here, €, indicates the permittivity
of a vacuum, and u, indicates the permeability of a vacuum.

Further, by setting the thickness of the reflection preven-

tion plate 102 to 1/(4fV (e n))=1/(41V(3xe, 11,))=1/(4x10.525%
10°xvV(3%8.854x10™*x4ntx107"))~4.1 mm, matching wave
impedance 1s obtained 1n the radio waves transmitted from the
Doppler sensor 91 with the earthenware inner wall of the
toilet stool 90. As a result, reflection, which 1s a cause of
reduced sensitivity, can be prevented. Note that by providing
another retlection prevention plate on the bowl portion side of
the toilet stool 90, reflection on the inner wall surtace of the
bowl portion can be further prevented.

Note that the material for the reflection prevention plate 1s
not limited to the ABS resin described above, and any mate-
rial having a relative permittivity of approximately three and
arelative permeability of approximately one may be used. For
example, polycarbonate resin, polyphenylene ether resin,
polybutylene terephthalate resin, and so on may be used.

Up to this point, application to a toilet stool has been
described. However, the present invention may be applied
similarly to a water closet. For example, by disposing a Dop-
pler sensor 81 on the inside of the lower portion of an earth-
enware water closet as shown 1n FIG. 23 such that radio waves
are transmitted upward, cleaning control and so on can be
activated upon detection of a user or urine flow.

The present invention may also be applied to a multifunc-
tional water closet system. FI1G. 29 shows an example thereof
in which a water closet 110 1s provided with a toilet seat 111,
a toilet lid 112, and a tank storage case 113. Localized wash-
ing means 114, cleaning water tank 115, a function portion
116, and a Doppler sensor 117 are provided respectively 1n
the tank storage case 113. The Doppler sensor 117 1s disposed
such that radio waves are transmitted 1n a forward direction
from the water closet 110, and hence both the presence of a
user and a flow of urine from the user can be detected by a
single Doppler sensor 117.

The constitution of the function portion 116 1s shown 1n
FIG. 30. The output of the Doppler sensor 117 1s amplified by
an amp 120, and outputted respectively to a low-pass filter
121 which passes signals of less than 50 Hz and a high-pass
filter 122 which passes signals of between 100 and 200 Hz.
Toilet I1id opening/closing means 123 open and close the toilet
lid 112 1n accordance with an instruction from a controller
125. 'Toilet seat opening/closing means 124 open and close
the toilet seat 111 1n accordance with an mstruction from the
controller 125. The localized washing means 114 discharge
hot and cold water to alocalized area of the user sitting on the
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toilet seat 1n accordance with an instruction from the control-
ler 125. Urnination/solid waste switching cleaning means 126
differentiate the quantity of cleaning water into two levels
according to whether urine or solid waste has been passed,
and thus supply cleaning water from the tank 115 to the water
closet 110. The localized washing means 114, toilet seat
opening/closing means 124, toilet 1id opening/closing means
123, and urination/solid waste switching cleaning means 126
can be operated by a user manipulating operating means 127.

In the water closet system constituted as described above,
when the user approaches or moves away from the water
closet 110, signals are mainly outputted from the low-pass
filter 121. On the other hand, the velocity of urine flow 1s
faster than that of a human body, and hence during urination
signals are mainly outputted from the high-pass filter 122.
Thus the controller 74 1s able to distinguish between human
movement and urine flow.

An example of a method for controlling the toilet 1id open-
ing/closing means 123, toilet seat opening/closing means
124, and urination/solid waste switching cleaning means 126
will now be described on the basis of the flowchart in FI1G. 31.
The controller 125 determines the presence or absence of a
user on the basis of the output of the low-pass filter 121. If 1t
1s determined that no user 1s present, the processing shown 1n
the flowchart in FIG. 31 i1s performed. That 1s, when the
output of the low-pass filter 121 exceeds a threshold (Y 1n
S311), the toilet 1id opening/closing means 123 are operated
to open the toilet id 112 (S312). By means of this processing,
the toilet Iid 112 1s opened automatically when a user
approaches, and hence the user can be relieved of labor.

Next, when the user urinates, the controller 125 determines
the beginning of urination when the output of the high-pass
filter 122 equals or exceeds a predetermined threshold. To
determine with certainty that urination 1s complete, the con-
troller 125 then performs the processing shown 1n the flow-
chart in FIG. 32. The output of the high-pass filter 122 equals
or exceeds a threshold during urmation (N 1n S321), but falls
below the threshold when urination 1s complete (Y 1n S321).
Next, the output of the low-pass filter 121 does not exceeds a
threshold until the user moves away (N 1n S322), but when the
user moves away, the output of the low-pass filter 122 exceeds
the threshold (Y 1n S322), whereupon cleaning water for
rinsing urine away 1s supplied from the urination/solid waste
switching cleaning means 126, and the toilet lid opening/
closing means 123 and toilet seat opening/closing means 124
are operated to close the toilet 1id 112 and toilet seat 111
(S323%).

The timing for closing the cleaning water supply valve can
be set approprately in accordance with the duration of urina-
tion similarly to the examples described previously. Further,
the flow rate can be confirmed with accuracy by performing,
FFT calculation instead of using a bandpass filter.

Next, a method for detecting the duration of urination from
the beginning to the end of urination and detecting the
approach and departure of a user by processing signals from
the Doppler sensor using a bandpass filter will be described
with reference to FIGS. 35 and 36.

FIG. 35 1s a wavetorm chart showing an output signal from
a Doppler sensor. When a user moves toward the toilet stool,
an output wavelorm with a comparatively large amplitude 1s
obtained. When the user stops in front of the toilet stool and
begins to prepare to urinate, the amplitude decreases. When
urination begins, a waveform with a comparatively stable
amplitude corresponding to the urine tlow velocity 1s output-
ted. When the user finishes urinating and begins dressing, a
wavelorm which corresponds to the movements of the user 1s
obtained. Finally, when the user moves away from the toilet
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stool, a wavetorm with a comparatively large amplitude cor-
responding to the velocity at which the user moves away from
the toilet stool 1s obtained.

Accordingly, if a high-pass filter which passes frequencies
of between 100 and 200 Hz, for example, 1s used as shown 1n
FIG. 36, a wavelform of the urination period alone can be
extracted from the output wavetorm shown in FIG. 35. By
totaling the preset momentary tlow rate for the detected uri-
nation period as described above, the urination quantity of the
user can be calculated, and an quantity of cleaning water
corresponding to the quantity of urine can be supplied such
that the toilet stool 1s cleaned etfectively and without waste.

FIG. 37 1s a wavelorm chart showing a case 1n which a
low-pass filter which passes frequencies of between 10 and 40
Hz, for example, 1s used. By using a low-pass filter, the
movements of the user alone can be detected from the wave-
form shown 1n FI1G. 35. Accordingly, the movements of a user
who has come to urinate and the departure of the user from the
toilet stool after urination 1s complete can be detected. More-
over, a water {illm can be formed inside the toilet stool by
supplying a small quantity of cleaning water in advance at the
same time as the user nears the toilet stool, directly before
urination, or at the same time as urination begins, for
example.

Next, FIG. 38 1s a view showing an outline of the outer
appearance ol a Doppler sensor. The Doppler sensor com-
prises two transmission antennas 151 and two reception
antennas 152. The set of two transmission antennas 151 and
two reception antennas 152 are provided on a detection sur-
tace 150 of the Doppler sensor opposite each other. Note that
this 1s one example of a Doppler sensor and the present
invention 1s not limited thereto. Three or more transmission
antennas and reception antennas may be provided, or the
number of antennas may differ on the transmission side and
reception side such that two transmission antennas and four
reception antennas, for example, are provided.

Next, several specific examples of Doppler sensor mount-
ing methods will be described. First, 1n the example shown 1n
FIG. 39, a Doppler sensor 222 1s provided on the back surface
side of a panel 200 to which a toilet stool 210 1s attached.

A toilet main body 211 of the toilet stool 210 1s attached to
the panel 200. A bowl portion 212 into which a user urinates
opens widely on the front face of the toilet main body 211. A
water spout 213 1s provided on the upper side of the toilet
main body 211 for discharging and supplying cleaning water
into the bowl portion 212, and a trap portion 214 in which
cleaning water and urine gather temporarily and a drain 215
for draining the cleaning water and urine are provided on the
lower side of the toilet main body 211.

Next, focusing on the back surface side of the toilet main
body 211, a water supply portion 220 for supplying cleaning
water to the water spout 213 and cleaning water supply valve
221 for controlling the water supply from the water supply
portion 220 by opening and closing are provided on the upper
side of the rear surface of the panel 200 which 1s positioned on
the back surface side of the toilet main body 211. Note that an
clectrolyzed water generating portion, an electrolyzed water
supply valve, and so on are also provided, but have been
omitted from the drawing.

A control portion 230 1s provided on the rear surface side of
the panel 200 so as to be positioned above the bowl portion
212. The Doppler sensor 222 1s mounted so as to face the
substantial direction of the user through the panel 200 and
toilet main body 211.

Radio waves transmitted from the Doppler sensor 222 pass
through the panel 200 and toilet main body 211 to reach the
bowl portion 212, and are reflected by the liquid (cleaning
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water or urine flow) inside the bowl portion. The reflected
radio waves pass back through the toilet main body 211 and
panel 200 and are recerved 1n the Doppler sensor 222.

Thus even when the Doppler sensor 222 1s provided on the
rear side of the toilet main body 211, a flow of cleaning water
or urine and the movements of a user can be detected without
contact. Furthermore, since the Doppler sensor 222 1s pro-
vided on the back surface side on the exterior of the toilet
main body 211 rather than 1n the interior of the toilet main
body 211, the structure of the toilet main body 211 can be
simplified and the Doppler sensor 222 can be removed from
the cleaning water and urine, thus preventing deterioration or
the like caused by moisture, ammonia, and so on.

Next, FIG. 40 shows another example of Doppler sensor
mounting. In this example, a control portion 230a and a
Doppler sensor 222a are positioned below the bowl portion
212 and mounted on the rear surface side of the panel 200.

The Doppler sensor 222a 1s provided so as to transmit and
receive radio waves at an upward incline from the lower side
of the bowl portion 212.

In contrast, a control portion 230b and Doppler sensor
222b shown 1n FIG. 41 are positioned on the upper side of the
toilet main body 211 and can be mounted on the rear surface
side of the panel 200.

In this case, the Doppler sensor 222b 1s mounted so as to
transmit and recerve radio waves facing diagonally down-
ward from above the bowl portion 212.

Next, FIG. 42 1s a pattern diagram showing another
example of application to a water closet. A bowl portion 311,
a toilet seat 312, adrain 313, and so on are provided in a toilet
main body 310 of a water closet 300. A function portion
storage space 320 1s provided on the rearward upper side of
the toilet main body 310, and cleaning water supply valve 321
and Doppler sensor 322 are installed inside this space 320.

The Doppler sensor 322 1s positioned on the exterior of the
toilet main body 310 so as to transmit radio waves at a down-
ward incline toward the bowl portion 311. Output signals
from the Doppler sensor 322 are ignored during cleaming of
the toilet stool using cleaning water in order to prevent the
cleaning water from being mistakenly detected as urine.

Note that the present invention 1s not limited to the various
embodiments described above. A person skilled 1n the art
would be capable of making additions to, modifications of,
and omissions from the constitution of the present invention
within the scope thereof. For example, the Doppler sensor 1s
not limited to a sensor which uses radio waves (microwaves),
and a sensor which uses another type of waves such as ultra-
sonic waves or infrared rays may be provided mstead.

What is claimed 1s:

[1. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaning water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized in comprising:

transmission means for transmitting radio waves toward a
space 1n the vicinity of a bowl portion interior space or
an opening portion of the bowl portion of a toilet stool;

reception means for recerving retlected waves of the radio
waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal received by said reception means and
the frequency of a signal transmitted by said transmis-
S10N means;

frequency analysis means for analyzing the frequency of
the output of said Doppler sensor;
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liquid flow condition calculation means for calculating the
liquid flow condition 1n the bowl portion interior space
based on the output of said frequency analysis means;
and

control means which perform control of said valve 1n
accordance with the calculation result of said liquid flow
condition calculation means;
wherein said liqud flow condition calculation means

comprise time measuring means for measuring the
time period during which 1t 1s determined that a liquid
flow is present.]

[2. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaning water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized in comprising:

transmission means for transmitting radio waves toward a
space 1n the vicinity of a bowl portion 1nterior space or
an opening portion of the bowl portion of a toilet stool;

reception means for receiving reflected waves of the radio
waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal received by said reception means and
the frequency of a signal transmitted by said transmis-
S10N means;

frequency analysis means for analyzing the frequency of
the output of said Doppler sensor;

liquid flow condition calculation means for calculating the
presence of a liquid flow 1n the bowl portion interior
space based on the output of said frequency analysis
means; and

control means which perform control of said valve 1n
accordance with the calculation result of said liquid flow
condition calculation means;

wherein said frequency analysis means output a frequency
spectrum by Fast Fourier Transform; and

said liquid flow condition calculation means determine the
presence of a liquid tlow according to the presence of a
frequency at or above a predetermined threshold and
calculate a liquid tlow rate on the basis of a maximum
value of the frequency spectrum generated by Fast Fou-
rier Transform.]

[3. The toilet cleaning device according to claim 2, char-
acterized 1n that said liquid flow condition calculation means
calculate the total liquid flow quantity by totaling the liquid
flow rate during the time period in which it 1s determined that
a liquid flow is present.]

[4. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaming water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized 1n comprising:

transmission means for transmitting radio waves toward a
space 1n the vicinity of a bowl portion 1nterior space or
an opening portion of the bowl portion of a toilet stool;

reception means for receiving reflected waves of the radio
waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal received by said reception means and
the frequency of a signal transmitted by said transmis-
s10n means:

frequency analysis means for analyzing the frequency of
the output of said Doppler sensor;

liquid flow condition calculation means for calculating the
liquid tlow condition in the bowl portion interior space
based on the output of said frequency analysis means;
and
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control means which perform control of said valve in
accordance with the calculation result of said liquid flow
condition calculation means;

wherein said Doppler sensor transmits radio waves from
said transmission means in a substantially parallel direc-
tion to the flow direction along an inner wall surface of
the bow] portion of the toilet stool.]

[S. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaning water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized 1n comprising:

transmission means for transmitting radio waves toward a
space 1n the vicinity of a bowl portion 1nterior space or
an opening portion of the bowl portion of a toilet stool;

reception means for receiving reflected waves of the radio
waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal received by said reception means and
the frequency of a signal transmitted by said transmis-
S10N means;

frequency analysis means for analyzing the frequency of
the output of said Doppler sensor;

liquid tlow condition calculation means for calculating the
liquid tlow condition in the bowl portion 1nterior space
based on the output of said frequency analysis means;
and

control means which perform control of said valve in
accordance with the calculation result of said liquid flow
condition calculation means;

wherein said Doppler sensor transmits radio waves from
said transmission means substantially 1n the direction
toward a user position, said toilet cleanming device com-
prising user detection means for detecting the presence
of a user of the toilet stool on the basis of the output of
said Doppler sensor; and

when said liquid flow condition calculation means deter-
mine that a liquid tlow has disappeared and the output of
said user detection means detects that no user 1s present,
said valve is opened and cleaning water is supplied.]

[6. The toilet cleaning device according to claim 5, char-
acterized 1n that when a predetermined length of time or more
clapses after said liquid flow condition calculation means
determine that a liquid flow has disappeared, said valve 1s
opened and cleaning water is supplied.]

[7. The toilet cleaning device according to claim 6, char-
acterized 1n that said valve 1s prohibited from being opened
until a predetermined length of time elapses after said valve 1s
closed following the opening of said valve.}

[8. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaning water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized in comprising:

transmission means for transmitting radio waves toward a
space 1n the vicinity of a bowl portion interior space or
an opening portion of the bowl portion of a toilet stool;

reception means for recerving retlected waves of the radio
waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal received by said reception means and
the frequency of a signal transmitted by said transmis-
S10N means;

frequency analysis means for analyzing the frequency of
the output of said Doppler sensor;
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liquid flow condition calculation means for calculating the
liquad flow condition in the bowl portion interior space
based on the output of said frequency analysis means;
and

control means which perform control of said valve 1n
accordance with the calculation result of said liquid flow
condition calculation means;

wherein said control means comprise cleaning condition
determination means for determining the cleaning water
supply condition based on the state of instruction to said
valve and the output of said liquid flow condition calcu-
lation means, and said toilet cleaning device comprises
outside output means for outputting the output of said
cleaning condition determination means to the outside
of the toilet cleaning device.]

[9. The toilet cleaning device according to claim 2, wherein
said valve comprises cleaning water quantity adjustment
means, and said toilet cleaning device comprises control
means for controlling said cleaning water quantity adjust-
ment means based on the output of said liquid flow condition
calculation means.]

[10. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaming water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized in comprising:

transmission means for transmitting radio waves toward a
space 1n the vicinity of a bowl portion interior space or
an opening portion of the bowl portion of a toilet stool;

reception means for receiving reflected waves of the radio
waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal received by said reception means and
the frequency of a signal transmitted by said transmis-
S10N means;

frequency analysis means for analyzing the frequency of
the output of said Doppler sensor;

liquid flow condition calculation means for calculating the
liquid flow condition 1n the bowl portion interior space

based on the output of said frequency analysis means;
and

control means which perform control of said valve 1n

accordance with the calculation result of said liquid tlow
condition calculation means;
wherein said Doppler sensor 1s disposed 1n the interior of
the toilet main body such that the transmission direction
of the radio waves from said transmission means 1s sub-
stantially orthogonal to the interior surface of the main
body of the toilet stool ]
[11. The toilet cleaning device according to claim 10, char-
acterized in that said Doppler sensor 1s disposed in the interior
of the toilet main body, and a plate material for preventing the
reflection of radio waves on the surface of the toillet main body
1s provided 1n close contact with a region of the surface of the
toilet main body through which radio waves transmitted.}
[12. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaning water pipe which
cnables cleaning water to be supplied to a toilet main body,
characterized 1n comprising:
transmission means for transmitting radio waves toward a
space 1n the vicinity of a bowl portion 1nterior space or
an opening portion of the bowl portion of a toilet stool;

reception means for receiving reflected waves of the radio
waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential

signal corresponding to the difference between the fre-
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quency of a signal received by said reception means and
the frequency of a signal transmitted by said transmis-
S101 means:

frequency analysis means for analyzing the frequency of
the output of said Doppler sensor;

liquid tlow condition calculation means for calculating the
liquid tlow condition in the bowl portion 1nterior space
based on the output of said frequency analysis means;
and

control means which perform control of said valve in
accordance with the calculation result of said liquid flow
condition calculation means;

wherein a water spout portion 1s provided downstream of
said valve for discharging cleaning water to the inner
wall surface of said bowl portion, and the velocity of the
cleaning water discharged from said water spout portion
is caused to differ from a typical urine flow velocity.]

[13. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaning water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized 1n comprising:

transmission means for transmitting oscillatory waves 1n
the direction toward a user position positioned in the
vicinity of an opening portion of a bowl portion of a
toilet stool:

reception means for receiving reflected waves of the oscil-
latory waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal received by said reception means and
the frequency of a signal transmitted by said transmis-
S10N means;

frequency analysis means for analyzing the frequency of
the output of said Doppler sensor;

liquid tlow condition calculation means for calculating the
liquid tlow condition in the bowl portion 1nterior space
based on the output of said frequency analysis means;

control means which perform control of said valve in
accordance with the calculation result of said liquud flow
condition calculation means;

opening/closing means for opening and closing a toilet seat
and toilet lid which are rotatably mounted on said toilet
main body; and

user detection means for detecting the presence of a user of
the toilet based on the output of said Doppler sensor;

wherein said control means instruct said opening/closing
means to open the toilet seat and toilet lid when a user 1s
detected by said user detection means, instruct said
opening/closing means to close the toilet seat and toilet
lid when said user detection means cease to detect the
user following detection of a liquid flow by said liquid
flow condition calculation means, and then open said
valve such that cleaning water is supplied.]

[14. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaning water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized 1n comprising:

transmission means for transmitting oscillatory waves
toward a space 1n the vicinity of a bowl portion interior
space or an opening portion of the bowl portion of a
toilet stool:

reception means for recerving retlected waves of the oscil-
latory waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
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quency of a signal recerved by said reception means and
the frequency of a signal transmitted by said transmis-
s10n means:

liquid flow condition calculation means for calculating the
liquid flow condition 1n said bowl portion 1nterior space
based on the output of said Doppler sensor; and

control means which perform control of said valve 1n
accordance with the calculation result of said liquid tlow
condition calculation means;

wherein said control means are further provided with
cleaning condition determination means for determin-
ing whether or not the cleaning water supply condition 1s
normal based on the state of instruction to said valve and
the calculation result of said liquid flow condition cal-
culation means.]

[15. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaming water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized in comprising:

transmission means for transmitting oscillatory waves
toward a space 1n the vicinity of a bowl portion interior
space or an opening portion of the bowl portion of a
toilet stool:

reception means for receiving reflected waves of the oscil-
latory waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal recerved by said reception means and
the frequency of a signal transmitted by said transmis-
s10n means:

liquid flow condition calculation means for calculating the
liquad flow condition in said bowl portion interior space

based on the output of said Doppler sensor; and

control means which perform control of said valve 1n
accordance with the calculation result of said liquid flow
condition calculation means;

wherein said liquid tlow condition calculation means also
measure a liquid flow existence period on the basis of an
output signal from said Doppler sensor, and determine a
total liquid tlow quantity by totaling the liquid flow rate
during the measured liquid flow existence period; and

said control means control the opening and closing of said
valve such that cleaning water 1s supplied 1n accordance
with said total liquid flow quantity determined by total-
ing liquid flow rate.]

[16. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaming water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized 1n comprising:

transmission means for transmitting oscillatory waves
toward a space 1n the vicinity of a bowl portion interior
space or an opening portion of the bowl portion of a
toilet stool:

reception means for receiving reflected waves of the oscil-
latory waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal received by said reception means and
the frequency of a signal transmitted by said transmis-
s10n means:

liquid flow condition calculation means for calculating the
liquad flow condition in said bowl portion interior space
based on the output of said Doppler sensor; and

control means which perform control of said valve 1n
accordance with the calculation result of said liquid flow
condition calculation means;
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wherein said control means also detect whether or not a
user has approached said toilet main body on the basis of
an output signal from said Doppler sensor, and detect
whether or not urination has been performed 1nto said
bowl portion from the calculation result of said liqud
flow condition calculation means, such that when said

user approaches said toilet main body, cleaning water 1s
supplied briefly to perform pre-cleaning, and when said
user completes urination, cleaming water 1s supplied to
perform post-cleaning.]

[17. A toilet cleaning device for controlling the opening/
closing of a valve provided 1n cleaning water pipe which
enables cleaning water to be supplied to a toilet main body,
characterized 1n comprising:

transmission means for transmitting oscillatory waves
toward a space 1n the vicinity of a bowl portion interior
space or an opening portion of the bowl portion of a
toilet stool;

reception means for receiving reflected waves of the oscil-
latory waves transmitted by said transmission means;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal recerved by said reception means and
the frequency of a signal transmitted by said transmis-
S10N means:

liquid flow condition calculation means for calculating the
liquid flow condition 1n said bowl portion 1nterior space
based on the output of said Doppler sensor;

control means which perform control of said valve in
accordance with the calculation result of said liquid flow
condition calculation means; and

urinary calculus prevention fluid supply means for intro-
ducing urinary calculus prevention fluid into a drain pipe
to prevent the formation of urinary calculi calculus in
said drain pipe;

wherein said liquid flow condition calculation means also
measure a liquid flow existence period on the basis of an
output signal from said Doppler sensor, and determine a
total liquid flow quantity by totaling the liquid flow rate
during the measured liquid flow existence period; and

said control means supply cleaning water in accordance
with said total liquid flow quantity determined by total-
ing liquid flow rate, and also adjust at least one of the
concentration of said urinary calculus prevention fluid or
the supply rate of said urinary calculus prevention fluid
in accordance with said total liquid flow quantity deter-
mined by totaling liquid flow rate.]

[18. The toilet cleaning device according to any of claims
13 through 17, characterized 1n that said Doppler sensor 1s
provided such that oscillatory waves are transmitted from the
back face side of said toilet main body through said toilet
main body toward said bowl portion interior space of the toilet
stool, and

at least the part of said toilet main body through which said
oscillatory waves pass 1s partially or entirely formed so
as to be permeable to said oscillatory waves.}

[19. The toilet cleaning device according to any of claims
13 through 17, characterized in that said Doppler sensor
generates any one of radio waves, light waves, and sound
waves as said oscillatory waves, and outputs signals based on
the difference between the transmission frequency and recep-
tion frequency thereof']

20. A toilet cleaning device for controlling the opening/
closing of a valve provided in a cleaning water pipe which
enables cleaning water to be supplied to a toilet main body,
COMpPriSing:

28

an antenna transmitting radio waves toward a space in the
vicinity of a bowl portion interior space ov an opening
portion of the bowl portion of a toilet stool and receiving
the radio waves which are reflected from a stream of

S urine;

a Doppler sensor generating a differential signal corre-
sponding to the difference between the frequency of a
signal received by said antenna and the frequency of a
signal transmitted by said antenna;

g fivst controller analyzing the frequency of the output of
said Doppler sensor;
a liquid flow rate calculator, calculating the flow rate of
urine in the bowl portion interior space; and
s a second controller performing control of said valve in

accordance with the calculation result of said liguid flow
rate calculator.

21. The toilet cleaning device according to claim 20,
wherein the first controller is a filter which selectively passes
20 a signal of a predetermined frequency range, and the liguid
flow rate calculator determines presence or absence of liquid
flow by comparing an output from the filter and a predeter-

mined threshold value.
22. The toilet cleaning device according to claim 21,
25 wherein said valve comprises a cleaning water quantity con-
troller, and said toilet cleaning device comprises a controller
for controlling said cleaning water quantity controller based

on the output of said liquid flow rate calculator.

23. The toilet cleaning device according to claim 21,
wherein in said liguid flow rate calculator calculates the total
liguid flow quantity by totalling the liquid flow rate during the
time period in which it is determined that a liguid flow is
present.

24. The toilet cleaning device according to claim 20,
wherein said liguid flow rate calculator comprises a time
measurer measuring the time period duving which it is deter-
mined that a liquid flow is present.

25. The toilet cleaning device according to claim 24,
wherein said valve comprises a cleaning water quantity con-
troller, and said toilet cleaning device comprises a controller
for controlling said cleaning water quantity controller based
on the output of said liquid flow rate calculator.

26. The toilet cleaning device according to claim 20,
45 wherein said first controller outputs a frequency spectrum by
fast Fourier transform; and

said liquid flow rate calculator determines the presence of

a liguid flow according to the presence of a frequency at
or above a predetermined threshold and calculates a
liguid flow rate on the basis of a maximum value of the
frequency spectrum genervated by fast Fourier trans-
form.

27. The toilet cleaning device according to claim 26,
wherein said valve comprises a cleaning water quantity con-
55 troller, and said toilet cleaning device comprises a controller

for controlling said cleaning water quantity controller based

on the output of said liquid flow rate calculator.
28. The toilet cleaning device according to claim 26,
wherein in said liguid flow rate calculator calculates the total
60 ligquid flow quantity by totalling the liguid flow rate during the
time period in which it is determined that a liquid flow is
present.
29. The toilet cleaning device according to claim 20,
wherein said Doppler sensor transmits vadio waves from said
65 antenna in a substantially parallel direction to the flow divec-
tion along an inner wall surface of the bowl portion of the
toilet stool.
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30. The toilet cleaning device according to claim 20

wherein said Doppler sensor transmits radio waves from

said antenna substantially in the divection toward a user
position,

said toilet cleaning device comprising a detector detecting

the presence of a user of the toilet stool on the basis of the
output of said Doppler sensor; and

when said liguid flow rate calculator determines that a

liguid flow has disappearved and the output of said detec-
tor detects that no user is present, said valve is opened
and cleaning water is supplied.

31. The toilet cleaning device according to claim 30,
wherein a predetermined length of time ov more elapses after
said liquid flow rate calculator determines that a liguid flow
has disappeared, said valve is opened and cleaning water is
supplied.

32. The toilet cleaning device accovding to claim 31,
wherein said valve is prohibited from being opened until a
predetermined length of time elapses after said valve is closed
following the opening of said valve.

33. The toilet cleaning device according to claim 20,
wherein said Doppler sensor is disposed in the interior of the
toilet main body such that the transmission direction of the
radio waves from said antenna is substantially orthogonal to
the interior surface of the main body of the toilet stool.

34. The toilet cleaning device accorvding to claim 20,
wherein said liquid flow rate calculator also measures a
liqguid flow existence period on the basis of an output signal
from said Doppler sensor, and determines a total liquid flow
quantity by totalling the liquid flow rate during the measured
liguid flow existence period; and

said second contrvoller controls the opening and closing of

said valve such that cleaning water is supplied in accor-
dance with said total liquid flow quantity determined by
totaling liquid flow rate.

35. The toilet cleaning device accorvding to claim 20,
wherein said second controller also detects whether or not a
user has approached said toilet main body on the basis of an
output signal from said Doppler sensor, and

detect whether or not urination has been performed into

said bowl portion from the calculation result of said
liguid flow rate calculator, such that when said user
approaches said toilet main body, cleaning water is
supplied briefly to perform pre-cleaning, and when said
user completes urination, cleaning water is supplied to
perform post-cleaning.

36. A method for cleaning a toilet by controlling the open-
ing/closing of a valve provided in a cleaning water pipe which
enables cleaning water to be supplied to a toilet main body,
COMpPriSing:

transmitting vadio waves, using an antenna, toward a

space in the vicinity of a bowl portion interior space or
an opening portion of the bowl portion of a toilet stool
and receiving the radio waves which ave veflected from a
stream of urine;

generating a differential signal, using a Doppler sensor,

corresponding to the difference between the frequency of
a signal veceived by said antenna and the frequency of a 60
signal transmitted by said antenna;

analyzing the frequency of the output of said Doppler sen-

sor using a controller;

calculating the flow rate of urine in the bowl portion inte-

riorv space using a liquid flow rate calculator; and
performing control of said valve in accovdance with the
calculation result of said liquid flow rate calculator.
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37. A toilet cleaning device for controlling the opening/
closing of a valve provided in a cleaning water pipe which
enables cleaning water to be supplied to a toilet main body,
COmprising:

transmission means for transmitting radio waves toward a
space in the vicinity of a bowl portion interior space or
an opening portion of the bowl portion of a toilet stool;

reception means for receiving the radio waves transmitted
by said transmission means and veflected from a stream
of urine;

a Doppler sensor provided for generating a differential
signal corresponding to the difference between the fre-
quency of a signal vreceived by said reception means and
the frequency of a signal transmitted by said transmis-
sion means;

frequency analysis means for analyzing the frequency of
the output of said Doppler sensor;

liguid flow condition calculation means for calculating the
liquid flow condition in the bowl! portion interior space
based on the output of said frequency analysis means;
and

control means which perform contvol of said valve in
accordance with the calculation result of said liquid flow
condition calculation means.

38. The toilet cleaning device according to claim 37,
wherein the frequency analysis means is a filter which selec-
tively passes a signal of a predetermined frequency range,
and the liguid flow condition calculation means determines
presence ov absence of liguid flow by comparing an output
from the filter and a predetermined threshold value.

39. The toilet cleaning device according to claim 38,
wherein said valve comprises cleaning water quantity adjust-
ment means, and said toilet cleaning device comprises con-
trol means for controlling said cleaning water quantity
adjustment means based on the output of said liguid flow
condition calculation means.

40. The toilet cleaning device according to claim 38,
wherein said liquid flow condition calculation means calcu-
late the total liquid flow gquantity by totalling the liguid flow
rate during the time period in which it is determined that a
liguid flow is present.

41. The toilet cleaning device according to claim 37,
wherein said liquid flow condition calculation means com-
prise time measuring means for measuring the time period
during which it is determined that a liguid flow is present.

42. The toilet cleaning device according to claim 41,
wherein said valve comprises cleaning water quantity adjust-
ment means, and said toilet cleaning device comprises con-
trol means for controlling said cleaning water quantity
adjustment means based on the output of said liguid flow
condition calculation means.

43. The toilet cleaning device according to claim 37,
wherein said frequency analysis means output a frequency
spectrum by fast Fourier transform; and

said liguid flow condition calculation means determine the
presence of a liquid flow according to the presence of a
frequency at or above a predetermined threshold and
calculate a liguid flow rate on the basis of a maximum
value of the frequency spectrum genervated by fast Fou-
viev transform.

44. The toilet cleaning device according to claim 43,
wherein said valve comprises cleaning water quantity adjust-
ment means, and said toilet cleaning device comprises con-
trol means for controlling said cleaning water quantity
adjustment means based on the output of said liguid flow
condition calculation means.
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45. The toilet cleaning device according to claim 43,
wherein said liquid flow condition calculation means calcu-
late the total liguid flow quantity by totalling the liquid flow
rate during the time period in which it is determined that a
liguid flow is present.

46. The toilet cleaning device accovding to claim 37,
wherein said Doppler sensor transmits radio waves from said
transmission means in a substantially parallel divection to the
flow direction along an inner wall surface of the bowl portion
of the toilet stool.

47. The toilet cleaning device accovding to claim 37,
wherein said Doppler sensor transmits radio waves from said
transmission means substantially in the direction toward a
usev position, said toilet cleaning device comprising user
detection means for detecting the presence of a user of the
toilet stool on the basis of the output of said Doppler sensor;
and

when said liquid flow condition calculation means deter-

mine that a liquid flow has disappeared and the output of

said user detection means detects that no usevr is present,
said valve is opened and cleaning water is supplied.

48. The toilet cleaning device accovding to claim 47,
wherein when a predetermined length of time or more elapses
after said liguid flow condition calculation means determine
that a liguid flow has disappeared, said valve is opened and
cleaning water is supplied.

49. The toilet cleaning device according to claim 48,
wherein said valve is prohibited from being opened until a
predetermined length of time elapses after said valve is closed
following the opening of said valve.

50. The toilet cleaning device accorvding to claim 37,
wherein said Doppler sensor is disposed in the interior of the
toilet main body such that the transmission dirvection of the
radio waves from said transmission means is substantially
orthogonal to the interior surface of the main body of the
toilet stool.

51. The toilet cleaning device accovding to claim 37,
wherein said liguid flow condition calculation means also
measure a liguid flow existence period on the basis of an
output signal from said Doppler sensor, and determine a total
liguid flow quantity by totalling the liguid flow rate during the
measured liquid flow existence period; and
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said contvol means control the opening and closing of said
valve such that cleaning water is supplied in accovdance
with said total liquid flow gquantity determined by total-
ling liguid flow rate.

52. The toilet cleaning device according to claim 37,
wherein said control means also detect whether or not a user
has approached said toilet main body on the basis of an
output signal from said Doppler sensor, and

detect whether or not urination has been performed into
said bowl portion from the calculation result of said
liguid flow condition calculation means, such that when
said user approaches said toilet main body, cleaning
water is supplied briefly to perform pre-cleaning, and
when said user completes urination, cleaning water is
supplied to perform post-cleaning.

53. The toilet cleaning device according to claim 20, fur-

ther comprising:

a user detector detecting a presence of a user of the toilet
stool on a basis of the output of said Doppler sensor,
wherein

the second controller performing control of said valve in
accordance with a calculation vesult of said liquid flow
rate calculator and a detection rvesult of said user detec-
[oF,

the first controller includes a high-pass filter which passes
frequencies so that a waveform of a urination period
alone is extracted from the output of said Doppler sensor
and a low-pass filter which passes frequencies so that a
waveform vepresenting a movement of said user alone is
extracted from the output of said Doppler sensor,

the user detector is adapted to detect the presence of said
user in accovdance with an output of the low-pass filter
to obtain said detection result, and

said liquid flow rate calculator is adapted to compare the
output of the high-pass filter with a predetermined
threshold to obtain said comparison result.

54. The toilet cleaning device of claim 53, wherein said

liguid flow calculator comprises:

a time measurer measuring the time period during which it
is determined that a liguid flow is present.
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