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The present I nvention relates to a range sensor for neasurin

“between the sensor and an object of neasurenent by triangul ati on}@esl

a position sensitive photodetector, and to a flushing device for a t0|Iet
stool or a washing device for a washstgnd utilizing the range sensor.

The present invention relates to: a sanitary device such as an autonmatic
faucet, toilet stool flushing device, hot-water jetting toilet seat, hand
drier and toilet stool equipped with a hot-air fan, and nore particularly,
to a sanitary device which incorporates a range sensor for measuring the
di stance between the sensor and an object of nmeasurenent by triangul ation

uti'lizing a pOSItI(RANGﬂHBENSORlﬁUITNﬁ@Ee®bRrAaBﬂNW@hﬁ@ pEe3ckhe data on
the distance for a human body detector or the lik Range sensors

sueh as that shown in Fig. 2 are conven- tlonally utilized in various
fields such as an automatic focusing canera and an autonmation line in a
factory. In ththe apgessertsoinvensionn ralatgs Zo agposiahigen seAsbri VEor
phoét odet ect or (PSD) 1 is_ wutilized as a |ight receiving element, and the
posi ti on mfasdwing pbheordistakS8D behweahi dihet heehsght amddj ant edbjlcam af
| i ght
measurement by triangulation utilizing a position sensitive
photodetector, and to a flushing device for a toilet stool or a
washing device for a washstand utilizing the range sensor.

The present invention relates to'a sanitary device such as
an automatic faucet, toilet stool flushing device, hot-water
jetting toilet seat, hand drier and toilet stool equipped with
a hot-air fan, and more particularly, to a sanitary device which
incorporates a range sensor for measuring the distance between

the sensor and an object of measurement by triangulation

Ly

utilizing a position sensitive photodetector and which uses the
data on the distance for a human body detector or the like.
Range sensors such as that shown in Fig. 2 are conven-
tionally utilized in various fields such as an automatic focusing
camera and an automation line in a factory. In the range sensor
5 shown in Fig. 2, a position sensitive photodetector (PSD) 1 is
utilized as a light receiving element, and the position of the
spot on the PSD 1 at which the light projected from a light
emitting element 2 and reflected by the object 3 of measurement
is detected. The distance 4 between the range sensor 5 and the
object 3 of measurement is measured by utilizing the principle

of triangulation. The PSD 1 used in this type of conventional
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emjiting element 2 and reflected by the object 3 of neasurenent is
detected. The distance 4 between the range sensor 5 and the object 3 of
measurenent is neasured by utilizing the principle of triangulation. The
PSD 1 used in this type of conventional

- 2- range sensor 5 is a light receivigg_elenent such as a strip of
silicon photodiode. In this range sensor 5, the position of the focus,
i.e., the spot on the plane of the PSD 1 at which the |ight reflected by
t he object 3 of measurenent converges, is calculated fromthe

phot oel ectrangec wenetr Balises Abigtineddeioingelikmead LRI Bal 8 Griif Jhe
PSD 1. Fromthe position obtained, the distance 4 between the rangé sensor

5 and thesdbjieoh Bhotodiredeur elerthis redigelbahedr 5, the ostdtsh ¥ She
concretely, the current values 11,12 obtained fromboth end termnals 6,7

of *t he PSPotuar, e icenverttherd spaott oonokthageleakues the/2psminel daff @heage theél -
V2) between the voltage values and the sum (V1 + V2) thereof 2 are
obt ai ned, laght tdefldictteshdey 4the ocbfjegkatiedof rveashrenestl tonterbesdi issi on
of the difference by the sum Such a range sensor is utilized, for
exanpl e, FalanlagadoFaomc thieusphiotgedertrdct gurgensi vaelussoobtadsede feombed
I n

both end terminals 6,7 of the PSD 1. From the position obtained,

the distance 4 between the range sensor S5 and the object 3 of

measurement is calculated.

To state this concretely, the current values I,, I,

obtained from both end terminals 6,7 of the PSD 1 are converted

into voltage values V,,V, the difference (V, - V,) between the

voltage values and the sum (V, + V,) thereof 2 are obtained, and

the distance 4 is calculated from the result of the division of

the difference by the sum.

-

Such a range sensor is utilized, for example, in an
automatic flushing device for a toilet stool, as described in
Japanese Patent Laid-Open No. 256807/1992.

In the conventional range sensgor, however, since operations
such as current/voltage conversion, subtraction and addition are
executed by analog processing which use the respective
operational amplifiers, many amplifiers are required. As a
result, the distance obtained contains the errors produced by the
operational amplifiers themselves.

Sanitary devices such as an automatic faucet, toilet stool

flushing device, hot-water jetting toilet seat, hand drier and



Japanesg Patent Lai d-Open No. 256807/ 1992. | In the conventional range

sensor, however, since opéeraticons such as current/voltage conversion,
subtraction and addition are executed by anal og processi ng which use the

respective operational anplifiers, many anplifiers are required. As a
result, the distance obtained contains the errors produced by the
operational anplifiers thensel ves. Sanitary devices such as an
automatic faucet, toilet stool flushing device, hot-water jetting toilet
seat, hand drier and - 3- toil et

stool equipPes WstBoR aehia'F_édf A W aChAAORYS B AdEn S&%@@g? isgn@gpggn.

detect a human body or the Tike and control the driving o

el ectr onBgARddE &8 & ddied la s bdde ol kBeWhigB 3HA KBAMROI the
conventionally. In the range sensor 5 shown in Fig. 2, a position

sefsi ti vaipheingedmet ot i PSS ah il edtridniageétas Fallvaht ar geeLYipgcghesent,
and the position of the spot on the PSD 1 at which the |ight projected

froma |lighd 1ike twhith edmsetiowh avhvegitiesiaddyly tthetbbj eahgé 8énsor s
neasurenent is received is detected. The di stance 4 between the

range serswowrd BmdFide 2bj acpod8itbdnneansicihentphstedécateded(PeD) he basi s
of the voltage values which are obtained by converting the photoelectric
current witileiszed as a light receiving element, and the position of the
spot on the PSD 1 at which the light projected from a light
emitting element 2 and reflected by the object 3 of measurement
is received is detected. .

The distance 4 between the range sensor 5 and the object 3
of measurement is calculated on the basis of the voltage values
which are obtained by converting the photoelectric current values
output from two terminals of the position sensitive photodetector
1 in accordance' with the principle of triangulation.

Fig. 3 is ;1 circuit diagram of the range sensor S5 used for
a conventional sanitary device. Current/voltage converters 11,
12 are used so as to convert the photoelectric current values
obtained from two terminals of the position sensitive

.photodetector 1 into voltage values V,,V, as shown in Fig. 3. The

current/voltage converter 41 is composed of an operational
amplifier OP, and a resistqr R,, and the current/voltage
converter 42 is composed of an operational amplifier OP, and a
resistor R,.

A capacitor C, is connected to the output side of the

operational amplifier OP;, and a capacitor C, is connected to the



out put fromtwo term-nals of the position sensitive photodetector 1 in
accordance with the principle of triangulation. Fig. 3is acircuit
di agram of the range sensor 5 used for a conventional sanitary device.
Current/voltage converters 11, 12 are used so as to convert the
phot oel ectric current values obtained fromtwo term nals of the position
sensitive photodetector 1 into voltage4vélues V1,V2 as shown in Fig. 3.
The current/voltage converter 41 is conposed of an operational anplifier
OP1 and a resistor Rl, and the current/voltage converter 42 is conposed of

an operational, a | fier .OP2 and Si rs . a | )
connect ed"{?‘{%es% pcht'te tsl}%eopoqrattﬁ.eo I{z’lg‘pear |lof%r é)r?ﬁl'i %rgﬁﬁég%%% A%
capaci tor, C2 is_connect t h : . ; + 4-
cu put st GPIFRGtater 01 O STBACHESF Fe. o, TR RSBRF £ 1f
copnected, to t apaci Eﬁﬂ% | ptegra | SorSBpeclgd 440
capaci tor® .ecn:eeée%i%nt %géa%as %4 g"t?e ptrrg%i gé(ljﬁest%r as to g\g/efageé?ﬁe
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vol’tage val U€s averaged by the integrators 43,44 are input to a
M Cr OCOMULET iy fPentd Mool £&OCEBRYLEEAS gal gyl atrs thd tdiget anQaied bRt ween

t he
averaged by the integrators 43,44 are input to a microcomputer
45. The microcomputer 45 calculates the distance 4 between the
position sensitive photodetector 1 and the object 3 of
méasurement on the basis of the averaéed voltage values V,,V, in
accordance with the principle of triangulation.

The integrators 43,44 are the same as the sampling-holding
circuit 16,17. The integrators 43,44 integrate input voltages
only during the predetermined sampling time, and hold them during
the holding timg.

A transistor Q, is connected to the microcomputer 45 through
a resistor R,. When a light projection pulse is output from the
microcomputer 45, the transistor Q, is turned on in synchronism
with the 1light projection pulse. When the transistor Q, is
turned on, a current is supplied from a supply voltage VB to the
light émitting element 2. In other words, light is intermittently

- projected from the light emitting element 2.

The light intermittently projected from the light emitting
element 2 and reflected by the object of measurement is
intermittently received by the position sensitive photodetector

1. As a result, the voltage values V,,V, output from the



position sensitive photodetector 1 and the object 3 of neasurenent on the
basis of the averaged voltage values V1,V2 in accordance with the
principle of triangul ation. The integrators 43,44 are the sane as the
sanpling-holding circuit 16,17. The integrators 43,44 integrate input
voltages only during the predeterningdssgnpling time, and hold them during
the hol ding tine. A transistor QL7is connected to the m croconputer
45 through a resistor R3. Wien a light projection pulse is output fromthe
m croconputer 45, the transistor QL is turned on in synchronisn1 mﬁth t he

l'i ght pr I Whan- apsi nt
IS suppl?E%%%?%zygqgﬁgg ;Ovoltggggv%&fg§tﬁ%8ﬁ ﬁﬁ%hé létélng e enent I?
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el enent 2. The |ight |ntern1ttently projected fromthe light emtting

el gment Zhard reefdoet athed nild¥dBNRRle 04 STRASWARRYs ithe IvArEEHHIdRNd Y
recei ved by the position sensitive photodetector 1. As a result, the

vol tage thlkeuesolViay@ owdludsfrypvihet the respective times, and the
-5- current/vol tage converters 41,42 when light is projected differ
from t hediskhage ¢dbetsscdf, vz !Vaemtlibgrrtenssitrﬁote phojtedetdctioar 1 drid $he
reason, the mcroconputer 45 cal cul ates the variations of
object 3 of measurement is calculated on the basis of the
variations.

In the circuit of the range sensor 5, shown in Fig. 3 the
voltage value V, output from the curreht/voltage converter 11 is
based on the difference from a reference voltage' E, (V, = E, -
I,.R,), and the voltage value V, output from the current/voltage
converter 12 is based on the difference from a reference voltage
(B, + By (V, = (B, + E;) + (I, + I,).R;}. The operafional
amplifiers OP,,OP, cannot output  a lower voltage than a ground
voltage. In adéition, the operational amplifiers OP,,OP, cannot
output a higher voltage than the supply voltage VB. Therefore,
if the 1light from the 1light emitting element 2 enters the
position sensitive photodetector 1 while comparatively strong
disturbing light enters the position sensitive photodetector 1,
and if the photoelectric current value output from a terminal of
the position sensitive photodetector 1 is too large, the voltage
(E; + E;) + (]f1 + I,).R, which corresponds to the photoelectric
current value exceeds the supply voltage VB, so that the voltage

V, output from the current/voltage converter 42 when light is

projected does not vary in proportion to the light which is



the. vol tage values V1,V2 at the respective tinmes, and the distance 4

bet ween the position sensitive photodetector 1 and the object 3 of
nmeasurenent is calculated on the basis of the variations. In the
circuit of the range sensor 5, shown in Fig. 3 the voltage value V1 out put
fromthe current/voltage converter 11_ig _based on the difference froma
reference voltage E1 (V1 = El - I11.R), and the voltage val ue V2 out put
fromthe current/voltage converter 12 is based on the difference froma
reference voltage (El1 + E2) {V2 = (El + E2) + (I1 + 12).R}. The

oper at i oparioj eaeld fixesms €I, ORgheasmbtt dbgpuledehever, valfiageekhas, a.yy ound
voltage. In addition, the operational anplifiers OP1, OP2 cannot Output a

hi gher vobtjage tdrh tdueistgably e ages MB onlmrafiarisre pHotdtetddddy from
the light emtting elenent 2 enters the position sensitive photodetector 1
whifl e colsarat imesguyltst r dng isli stmpdsisidpllel gbd edcrratdls poaltiudatsendid i ve
phot odetector 1, and if the photoelectric current value output froma

t er m nal ddstamiee petweeon thenpositéophsendit bve ophdtodetentdrrgand he

vol't age El + E2) + (11 +12) .R which corresponds to the photoelectric

current PRIGEterfelgasUFE™SnSpl y vol tage VB, so that the voltage V2 output
fromthe current/voltage converter 42 when light is projected does not
vary in propoP@fi§dYro & MEXIRR QSR j¥oltage Ve wy of ‘an operational

amplifier is generally approximately 70% of a supply voltage
supplied thereto. When an input voltage V,, is lower than a
voltage Vi, ... (which yields the maximum output voltage Vi, max 1S
an output voltage V,, varies in proportion to the input voltage
Vig -

. When the input voltage V;, is higher than the voltage Vi, ..
the output voltage V,,. does not vary in proportion to the input
voltage Vi,.

As a resuit, the output voltage V,,. does not vary in
proportion to the distance between the photodetector 1 and the
object.

It is-an .aim of the preésent invention to eliﬁinate the
above-described problem in the related art and to provide a range
sensor which has the wmeasuring accuracy required of a range
sensor, particularly for detecting a human body at toilet stand
or a washstand, and which can reduce the errors produced by the
operational amplifiers themselves by reducing the number of the
amplifiers necessary in the circuit structure.

It is another aim of the present invention to provide a



-'6-. projected fromthe light emtting element 2, reflected by the

obj ect and received by the position sensitive photodetector 1. As a
result, it is inpossible to accurately calculate the distance between the
position sensitive photodetector 1 and the object of neasurenent.

Nanel y, a maxi mum out put voltage Vout _mgx_of an operational anplifier is
general ly approximately 70% of a supply voltage supplied thereto. When
an input voltage Vin is |lower than a voltage Vin.max (which yields the
maxi mum out put voltage Vout.max is an output voltage Vout varies in

proporti @awtiee hﬁﬂlmn%cﬁﬁiasg&an@ensensor. When the input voltage Vin is
hi gher than the voltage Vin.max, the output voltage Vout does not vary in

proportion to ItheisnpttillvadidgieeVi aim of tHS apmwsdrht theaveutpuh walt age
Vout does not vary in proportion to the distance between the phot odetector
1 and t heliotijnette the abovie-idesamridied ptobbempimsehd ralatéd anrt carel ige nate
the above-described problemin the related art and to provide a range

sensor wpirolvildes & heamidssy i dey iare wikeh reeguidedearf aa namege bashnsar ,the

pafticularly for detecting a human body at toilet stand or a washstand,

and whi cBAikenanddaceuraeeby reantynlodbecel eyt romagngeiaitviadve oanpheé fliides

t hensel ves by reducing the nunber of the anplifiers necessary in the

circuit ®mr d{qvm:@i_.ng the light projection level of the light emitting
element 2 when the voltage value V, output from the
current /voltage converter 42 eiceeds a predetermined value due
to the disturbing light which enters the position sensitive
photodetector 1 so as to vary the voltage value V, in proportion
to the received reflected light without exceeding the ground
voltage VB.

Accoxrdingly, in a first aspect of the present invention,
there is provided a range sensor comprising: a light emitting
element for projuecting light to an object of measurement; a light
receiving element constituted by a position sensitive
photodetector for proportionally outputting the photoelectric
currents obtained from both end terminals thereof in
correspondence with the position at which light enters the
position sensitive photodetector; and a signal processing circuit
for processing the signals for photoelectric currents which flow
through a common terminal and one of both end terminals of the
position sensitive photodetector; the signal érocessing circuit

including current/voltage converters for converting the

photoelectric currents which flow through the common terminal and



It is another aimof the present invention to -provide a ' devi ce

utilizing this range sensor. It is still another aimof the pr esent
invention to elimnate the above-described problemin the related art and
to provide a sanitary device which can detect a human body or the |ike

and accurately control the el ectromagnetic valve or the like by |owering
the light projection level of the |ight gnftting el enrent 2 when the

vol tage value V2 output fromthe current/voltage converter 42 exceeds a
predeterm ned value due to the disturbing light which enters the position

sensi tive ¢ hatadghCt O dn 20 A d GoYRhYebheaYeld 309G akUg Y2 11 pr opOrLi on
ed rée it Wt Rou ng Vol teet VB,

to the recelrv ecte I'gh excéeedi hé "ground

Accor di nglphe i3 d icgistt}?ép%%tl;g%léé\?rﬂ ?&?fgeer%ﬂy%{ﬂc?{;’rfl&h% 41?%19{%%ded

a range sensor conprising: t emtting ement proj ec t

tosan obj hmmidn FReRYhATERhd Bhd IHY enfeEEkHiNgL 18} €ABRL1aEQRS! Eﬁétﬁ\hié?y

a position sensitive photodetector for proportionally outpttting the
phot oel ectgfi Ctheur F&gb&ct Did aiviiad agesONbbb@ied e, LREN d@kfSent MRS B0 ge i N

correspondence with the position at which light enters the position

sensi ti ve quinteatrirest Aiherdlsly adst @meingr OR€SHoBYL Lo CHEt which the light
projected from the light emitting element and reflected by the
object of measurement enters the position sensitive photodetector
so as to measure the distance between the range sensor and the
object of measurement on the basis of the position.

In a second aspect of the present invention, there is
provided an automatic urinal flushing device incorporating the
above-described range sensor which detects the distance between
a user and the range sensor and which automatically flushes a
urinal when th? user enters a predetermined range.

In a thi;d aspect. of the present invention, there is
provided an automatic toilet stool flushing device incorporating
the above-described range sensor which detects the distance
between a user and the range sensor and which automatically
flushes a toilet stool when the user enters a predetermined
range.

In a fourth aspect of the present invention, there is
provided an automatic toilet stool flushing device incorporating
the above-described range sensor which detects the distance
between a user and the range sensor and which automatically
flushes a toilet stool when the user leaves a predetermined

range.



for, processing the signals for photoelectric currents which flow through -a
common term nal and one of both end termnals of the position sensitive
phot odet ector; the signal processing circuit including current/voltage
converters for converting the photoelectric currents which flow through
the comon term nal and -9 - - 8- t he one
end termnal into voltages, and a divider for calculating the ratio of the
phot oel ectric currents which flow through the conmon term nal and the one
end termnal by calculating the ratio of the respective voltages obtained

by the currenttyold age reaONYEpLEE S oft hERED R | REvERE1BASI tﬂ]:ﬂ%’%‘t 1uhi ch
the light projected fromthe light emtting el enent and reflecte y the

obj'ect ofprEas@s@ERin enhetsmhBecPOoSiddhahgsengédive pEokodef eclygkhssanas to
measure the di stance between the range sensor and the object of

nmeasur enebhconpdher bagi shofaddie aiddibed range $&nsosednivh dspeetsothkhe
present invention, there-is provided an automatic urinal flushing device
i ncor por adisigatde betbesen desmdhaddr ahgeramyms wendvr whieteatisombeidaiignce
between a user and the range sensor and whi ¢ch automatically flushes a
urinal whewriseomsehe emaees whenetlee arsemeshtaarges predetdmmimedhinaghgaspect
of the present invention, there is

In a sixth aspect of the present invention, there is
provided an automatic washing device for a washstand
incorporating the above-described range sensor which detects the

- distance between a user and the rangeESensor which automatically
blows out hot air when the user enters a predetermined range.

In a seventh aspect of the present invention, there is
provided an automatic washing device for a washstand
incorporating the above-described range sensor and which detects
the distance between a user and the range sensor which
automatically drops liquid socap when the user enters a
predetermined range.

In an eighth aspect of the present invention, there is
provided a hot-water jetting toilet stool having a cover opening
mechanism and incorporating the above-described range sensor and
which detects the distance between a user and the range sensor
which automomatically opens or closes the cover when the user
enters a predetermined range.

In a ninth aspect of the present invention, there is

provided a toilet stool seat opening device incorporating the

above-described range sensor which detects the distance between



provi ded an automatic toilet stool flushing device incorporating the
above-descri bed range sensor which detects the distance between a user and
t he range sensor and which automatically flushes a toilet stool when the
user enters a predeterm ned range. In a fourth aspect of the present
i nvention, there is provided an autaomatg c-toilet stool flushing device

I ncorporating the above-described range sensor which detects the distance
bet ween a user and the range sensor and which automatically flushes a
toil et stool when the user |eaves a predeterm ned range.

- 9- a uder aafidf theasperte derdvr pardenhichventomarithly iopendr @u ded
an automatic washing device for a washstand incorporating the

above- desdosesd thengeatewhen whiec hséet entershe praedeterwibedweamga. user and
t he range sensor which automatically turns on the water when the user
enters a predé eemgecdensnyeaccordingnta thetpresprttinfentionpragonits a
invention, there is provided an automatic washing device for a
washst an€ignadorRRcasHiqd helsgeie- desc Mussessdnge Hehssignalehfast &qiss t he
di stance between a user and the range_sensor which automatically blows out

hot air WBOROEHECHIAC eWFERats WrikibEdom RBroughddie common terminal and

one end terminal of the position sensitive photodetector. The
signal processing circuit is constituted only by current/voltage
converters for converting the photoelectric currents which flow
through the common terminal and the one end terminal into
voltages and is dispensed with an adder or a subtractor which is
necessary in the conventional range sensor. It is therefore
possible to reduce the number of operational amplifiers in the
range sensor, thereby reducing the influence of the errors of the

operational amplifiers themselves and enhancing the measuring

accuracy.

The range sensor is utilized in a device for starting or
stopping various operations of a toilet stool, a urinal or a
.washstand.

The present invention also provides.a sanitary device such
as an automatic faucet and a toilet stool flushing device
provided with a fange sensor, the range sensor comprising: a
light emitting element for intermittently'projecting light to an
object of measurement; a position sensitive photodetector as a
.light receiving element to which a photoelectric current is

applied in proportion to the position at which light enters;



In.a seventh aspect of the present invention, there is provided an
automatic washing device for a washstand incorporating the
above-descri bed range sensor and which detects the distance between a
user and the range sensor which automatically drops |iquid soap when
the user enters a predeterm ned range.11 - In an eighth aspect of the
present invention, there is provided a hot-water jetting toilet stool
havi ng a cover opening nechanism and incorporating the above-described
range sensor and which detects the distance between a user and the range

sensor whirddenaytvaritregte cabhyempens ofor| emasetdtd ngovehe Whistiotideel deefic
enters a predeterm ned range. In a ninth aspect of the present

i nvent i ogurtiesits iaitprtoviintml the @idssit istroderssatiwp ghaotpdhdater into

i ncorporating the above-described range sensor which detects the distance
befween voltages; integrators for averaging the respegbtéveantlitfagesange
sensor and which automatically opens or closes the seat when the user
enters acoptPyét Sxpméler shgeent/voltage sperveriens o chistianre canpuiteresent
i nvention adopts a signal processing circuit for processing the signals

for the IPRoCEHBEGHINT dhee s taRceh betaRemn tegwhiecte shdieassmeament and

and the position sensitive photodetector on the basis of the
averaged voltages 1in accordance with the principle of
triangulation; and a light projection level lowering c¢ircuit for
lowering the light projection level of :the light emitting element
when the voltage output from one of the current/voltage
converters exceeds a preset value.

According to the range sensor having the above-described
structure, since the light projection level lowering circuit
lowers the light projection level to an appropriate level in
accordance withj;he output voltage of a current/voltage converter
when the output voltage exceeds a preset value due to the
disturbing 1light which enters the position sensitive
photodetector, the voltage takes a value which is proportional
to the received reflected light, so that the distance coﬁputer
can accurately calculate the distance between the position
sensitive photodetector and the object of measurement.

An embodiment of a range sensor according to the present .
invention will be explained hereinbelow with reference to the
accompanying drawings, in which;

Fig. la is a circuit diagram of a signal processing circuit



one end:term nal of the position sensitive photodetector. The signal
processing circuit is constituted only by current/voltage converters for
converting the photoelectric currents which flow through the common
termnal and the one end termnal into voltages and is dispensed with an
adder or a subtractor which is necessa{% in the conventional range sensor.
It is therefore possible to reduce the fiunber of operational anplifiers in
the range sensor, thereby reducing the influence of the errors of the
operational anplifiers thenselves and enhanci ng the neasuring accuracy.

Th et L : , for . . St ODDI )
oper at1 ot o &Peitent: 851= Mt HiShr 28 Selintlliy ek BB BB
inventicngﬁvéﬁ%§§ﬁnﬂ des a sanitary device such as an automatic faucet and

a toilet stool ushing device provided with a range sensor, the range

sefisor conpri gy B id ghtcHbdid RO R ARERYE Ropgpitermttently projecting
light to an object of nmeasurenent; a™position sensitive photodetector as a

light receivi il erents t ol BRehem @&t bl Gampliglthb3diagp! ied in
proportion to the position at which light enters;
current /vwnldage: converters for converting the photoelectric

Fig. 2 is a schematic view of the basic structure of a
range sensor;

Fig. 3 is a circuit block diagram of a conventional
range sensor; and ;

Fig. 4 is a circuit block diagram of a range sensor of an
embodiment of a sanitary device in accordance with the present

invention.

8

The basic structure of a range sensor is the same as that
shown in Fig. 2. The characteristic of the range sensor of the
present invention lies in a signal processing circuit 8 for
processing the signals output from the PSD 1.

As shown in Fig. 2, the light projected from the light
emitting element 2 to the object 3 of measurement is reflected
by theisurface of the object 3 toward the range sensor 5. The
reflected light forms a spot on a specific position of the PSD
1.

The PSD 1 produces charges which are proportional to the
light energy of the spot. The charges are output from both end

terminals 6,7 of the PSD 1 as photoelectric currents.



currents output fromthe position sensitive photodetector into voltages;

I ntegrators for averaging the respective voltages output fromthe
current/vol tage converters; a distance conputer for calculating the

di stance between the object of neasurenent and the position sensitive

phot odet ector on the basis of the averaged voltages in accordance with the
principle of triangulation; and a light projection |evel |lowering circuit
for lowering the light projection level of the light emtting el enent

when the voltage output fromone of the current/voltage converters exceeds
a preset val uéhs shownpAgpoFdgsg tle and ldngensers ot Hovimgendeterminals
abQve-descri bed structure, since the light projection |evel |owering
circuit Gohels tgroundpl pebpectalsle | efeltheo eurzent oflpwingl drm i the
accordance with the output voltage of a current/voltage converter when the
ouf put vAISEYE Kk chdds aFgmahtta deud.Yueand thee valiug dnbpfigthei gitremhi ch

enters he . pasitio sensitive photodetector, the voltage takes a
val ue vvhi“%??‘q}é F&\W% the okbercbervanat of | ard dehe iHiue do efiathehe

o1 St ance Sl 90 Al Shel galculate (B distance belweenile,

Cro o ! g AR RIS gFERCHOL By ea LU BEES R o NG 24 1, b0

which  photddbeddis BufbLUL! 191 AONARH 28’ 813LBLAEERS 10 SLISHL
proportion to the distances between the spot and the respective
terminals 6,7 are taken out of both end terminals 6,7.

When a spot of light is closest to the end terminal 7, £he
value of the photoelectric curxient I, taken out of the end
terminal 6 or 7 equal to the current I,, and the value of the
photoelectric current I, taken out of the end terminal 6 is 0.

When the spot is formed at a point distant from the
terminal 6 by afdistance "X,", the current values I, and I, are
represented by the following equation:

I, = I, X/ .. v vv ve e o (1)

Wherein "L" is an interval between the terminal 6 and 7
(which corresponds to the length of the PSD 1). The value I, of
the current which flows into the c¢ommon terminal 11 is
represented by the following equation:

I, =1, + I,

The photoelectric current values I,,I,, respectively, are
first converted into voltage values V,,V, by current/voltage
converters 14,15 constituted by operational amplifiers 12,13 and

resistances R,,,R;s.



- -

-+ 12 - + of an enbodi ment of a range sensor in accordance with the present

I nventi on; Fig. Ibis a circuit diagramof a PSD Fig. Icis a
circuit diagramof. a sanpling-holding circuit; Fig. 2is a
schematic view of the basic structure of a range sensor; Fig. 3is a
circuit block diagramof a conventional 4range sensor; and Fig. 4is
a circuit block diagramof a range sensor of an enbodinment of a sanitary
device in accordance with the present invention. The basic

structure of a range sensor is the sanme as that shown in Fig. 2. The

characteristicTié peragignaienafpldfidie 12prnesent inentdwirdigs i ﬁ
signal processing circuit 8 for processing the signals output from F e PSD
1. verwimah whi€hgis2 cdrmedteghttgr ohectembhomedignhlghts & t hhng
elenment 2 to the object 3 of nmeasurenent is reflected by the surface of

t h¢ obj ecin@rsivn dtetminahgehdehsdrs Scotectadf techedaltitglly H| NBawifgot

on a specific position of the PSD 1.
.voltage of approximately 2.5 volts. The operational amplifier

12 has a non-inversion input terminal which is connected to the
terminal 6 and an inversion terminal which is grounded.

The output terminal of the operational amplifier 12 is
connected to the microcomputer 18 via a capacitor ¢,, and a
sampling-holding circuit 16. The ° output terminal of the
operational ampifier 13 is connected to the microcomputer 18 via
a capacitor C,, and a sampling-holding circuit 17. Each one of
the non-inversion input and output terminals of the operational
amplifiers 12,13 is connected to each other via the resistances
Ryes Rys- .

The capaciéors Ci./Cys are rechargeable by the battery E; of
sampling-holding circuit 16,17 as described later.

In this embodiment, the light emitting element of the range
sensor is lighted in a pulse pattern. During the period while
the light-receiving element is receiving light, the currents I,,
I, do not flow, and the voltage charged in the capacitors C,,C,s
becomes equal to the voltage of the battery E,.

Each of the operational amplifiers 12,13 is a model *#s 3272
of Hamamatsu Photonics Corporation in Japan. The resistors 14,

15 have a resistance of 4.3 MQ. The capacitors C,,C,s have a .

capacitance of 0.047uF.



Ther PSD*1 produces charges which are proportional to the |1|ight energy of
the spot. The charges are output from'both end termnals 6,7 of the PSD 1
as photoel ectric currents. - 13 -

As shown in Figs. la and Ib, one 7 of both end terminals 6,7 is grounded
(the value of the current flowi ng from Qe_ termnal 7 is assunmed to be

12), and the value |1 of the current Ich flows through the other
terminal 6 and the value 13 of the current which flows through a common
termnal 11 are processed. In accordance with the characteristics of

the PSD 1, thesimboterteedbltageubtephs LAve2sibhCinghe Heshih®Ut&A31 Phe
reverse proportion to the distances between the spot and the respective

term nal svéltagé eof akBe Abh-2hvESEloRNINHEE NE8BhENEL Tof the ofBeAroapot of
light is closest to the end termnal 7, the value of the photoelectric

cufrent |ZmpbkElessitapé the safle becsusal o8 an ImagiahrioshBetrcuirenic! 3,
and the value of the photoelectric current |1 taken out of the end

term nal tthe sv@ltage of Wha fheespbbdni snpot nedrminal pof nthdi spanhtisnalt he
termnal 6 by a distance "I X2", the current values I1 and I3 are
r epr esentaepbif ide Folilsohi agd ethetviodiage of thd imvedsf/dn input. terminal.
(1) of the operational amplifier 13 is 0. (The value E is the voltage
of the battery E,,.) The currents I,;,I, flow in the resistors
Rys,Rys in the direction of arrows shown in Fig. la. Accordingly,
the output terminal voltages V,,V, of ‘the operational amplifiers
12,13 are described in the following equations.
Vy = E + Ry . I,
V, = Ry . I,
From the above equations, the currents I,,I, are calculated

By the following egquations.

V, - E

I3 = R14 .- -« . . P - . « . (2)
V.

I, = Ris -+ vv v e v .. (3)

As described above, the voltage value V; is the value KI,,
which is determined only by the diameter of the light spot and
the intensity of the light irrespective of the position of the
spot. Since the intensity of the received light is judged from
the result of the addition, it is possible to automatically
adjust the light emission. Fof example, when the value is small,
the intensity of light is increased.

The signals indicating the voltage values V,;,V, are input to

a divider 18 of a microcomputer after the output timings thereof



Wherein:"L" is an interval between the termnal 6 and 7 (which corresponds
to the length of the PSD 1). The value 13 of the current which flows into
the common termnal 11 is represented by the foll ow ng equation: I 3
=11+ 12 The photoelectric current values 11,13, respectively, are
first converted into voltage val ues V@,¥§ by current/voltage converters
14,15 constituted by operational anplifréers 12,13 and resistances Rl14,
R15. - 14 - The operati onal
anplifier 12 has a non-inversion input termnal which is connected to the
common t L Nalg d | ' t Fnak; Walhehoi § CQRNected s
battery E%ﬁéhgépéétggofﬁg§§i T ég%?gaiﬁg?%?y&§¥€hggft§§'$gé od§r3§?5§%
anpl i fi eryailife NRST, a3 H0Ra1 AYPASE®@Md NEWIL1dwe M nal which is connected to the
termnal 6 and .an inversion term nal which is grounded. The out put
terfmnal of the operational anplifier 2 i connected to the m croconputer
18 via a capacitor Cl4 and a sanpling-holding. ciccujf 16. .. The oyiput
termnal of the operational anpifid& 13, s connected to the
m croconputer 18 via a capacitor Cl4 and a sanpling-holding circuit 17.
Each one of the non-inversion input and output termnals of the.
oper ati onal v

1

—

( " R, = Ry = 4.3 MQ)

In order to obtain the distance X of the spot from the end
terminal, the result of the value [X/L] is multiplied by L.
After the distance X of the spot is calculated, it is possible
to calculate the distance 4 between the range sensor 5 and the
object 3 by triangulation.

The construction of sampling-holding circuit 16 is explained
now with reference of Fig. lc. The sampling-holding circuit 17
has the same construction as of the circuit 16.

The battery E, is connected to one of the terminals of the
capacitor C,, via a switch SW,, and also the inversion input
terminal of an operational amplifier Ic 100 is connected to the
terminal of the capacitor C;, via a switch SW, and a resistor of
1 KQ.

The output terminal of the operational amplifier Ic 100 is



afpFifiers 12,13 is connected to each other via the resistances R14, R15.
The capacitors Cl4,Cl5 are rechargeable by the battery El of
sanpling-holding circuit 16,17 as described later. In this

enbodi nent, the light emtting el enent of the range sensor is lighted in a
pul se pattern. During the period while_ {he_light-receiving elenent is
receiving light, the currents I3, 11 do not flow, and the voltage charged
in the capacitors Cl4,Cl5 becones equal to the voltage of the battery EI.
Each of the operational anplifiers 12,13 is a nodel #S 3272 of Hamanmatsu

Phot oni cs dRitdd Ot | & HERAIRVdRELSeSiSh@d ScdmindDd dvend &ssist foes of
4.3 Merr]. The capacitors Cl4,Cl5 have a capacitance of 0.047[err]F.

- 15 - amplifSid¥ed hQovelihagecpad ot Mearigigoa capHtitahaenst @ughjime
voltage of the non-inversion input termnal of the operational anplifiers
are’ the sapfe rogise tdrmimdlInagf peratfionalc anplifiert e wobt dgeadbot he
I nversion input termnal of the operational anplifier 12 is E and the
vol t age ofcdrmedtadriso obhenmitrbepnpnaer 08 bhd dher atormnatveangiord | 2pdS i s
0. (The value Eis the voltage of the battery E14.) The currents 13,11
flow in themagist @fs the operational amplifier Ic 101. The non-inversion
input terminal of the operational amplifier Ic 101 is connected
to the battery E,. The output terminal of the operational
amplifier Ic 101 is grounded via a switch SW,, a resistor of 10
KQ, a resistor having value of 1 KQ and a capacitor having
capacitance of 0.1uF.

The portion where the resistor of 10 KQ and the resisitor
of 1 KQ is connected is communicated to the non-inversion input
terminal of the amplifier Ic 100.

The ampli?ier Ic 100 is a model *TLO82 of Texas Instruments
and the ampliéier Ic 101 is a model *u PC4570 of NEC.. The
switches SW,, SW, and SW,; are controlled to be turned on and off
by signals from the microcomputer 18.

The sampling-~holding circuit acts as follows:

(1) When all switches SW,, SW, and SW, are turned on, an analog
level of the circuit is initialized and an output thereof becomes
E, (the voltage of the battery E,).

(2) When only the switch SW, is turned on and the switches SW,
and SW, are turned off, the voltage V, is sampled.

(3) When the switches SW, and SW, are turned off and

only the switch SW, is turned on, the sampling voltage is

held. 1In this case, the capacitor C,,, is charged by the battery

E,.



Rl 4, RI5.in the direction of arrows shown in Fig. |a. Accofdingly, t he

out put term nal voltages V3,V1l of the operational anplifiers 12,13 are
described in the foll owi ng equati ons. . V3=E+ R4 13

V1l = 11 From t he above equations, the currents 13,11 are -
calculated by the follow ng equations. ;g _ [err] [err]
[err] As descri bed above, the voltage value V3 is the val ue KiO,
which is determned only by the dianeter of the |ight spot and the

intensity of the light irrespective of the position of the spot. Since the
intensity of thg fleceineldddtiriked ddgegibhonv, tBeusedud tile Bhieiadddti on,

it is possible to automatically adjust the Iidht em ssion. For exanpl e,
when the xatgenbsicabll, itt he poeedbleytof gkbghl thei bermanetl. 6 and Use

signals indicating the voltage values V3,V1 are input to a divider 18 of a

m er oconpgher valuer Vi hebtadmped by ncomsettiongedfhe current value I, output -

from the terminal 7 into a voltage value.

This embodiment is applicable to, for example, an automatic
urinal flushing device which automatically flushes a urinal when
a user stands in a predetermined range. In this case, since the
distance between the range sensor and the urinal is measured, it
is possible to accurately automatically flush the urinal
irrespective of the color of the clothes, or the like of the
user.

This embodiment may also be applied to an automatic toilet
stool flushing device which automatically flushes a toilet stool

when a user enters or leaves a predetermined range by detecting

Ly

the distance between the user and the range sensor. According
to such a device, since the toilet stool is automatically
flushed, there is no fear of the toilet stool making the user
sick because of the preceding user who forgets to flush the
toilet.

When this embodiment is applied to an automatic washing
device for a washstand, it is possible to detect the distance
between a user and the range sensor, and when the user enters a
predetermined range, it automatically turns on the water, blows
out hot air, drops liquid soap, or successively executes these
operations, as occasion demands.

If a toilet stool is provided with a cover opening mechanism



ar e édjusted‘by sanple;hold (S.H) circuits 16, 17. A divided value X/L S

cal cul ated as foll ows. [err]

[err] [err]

[err] [err]

[err] - [Lerr] [err]

In order to obtain the distance X of the spot fromthe end termnal, the
result of the value [X/L] is multiplied by L. After the distance X of the
spot is calculated, it is possible to calculate the distance 4 between the
range ser@®r a5 J@att lppendgiecmeghanismi arigul 481 @essible The dedmesttr uchéon
of sanpling-holding circuit 16 is explained now wth reference of Fig. 1c.
The sanpl HHIRFRYi PREEEIR A tUSer Fngs thee reRge 66RSOTUcERdnwhenothe heser
circuit 16. The  batter &1 is conpected to one_of the termnals of
the capdtttors CELZIP’V"‘FgetéeEW%E E¥PIC antlC af L bOPRELFRYEY sPRRRF nPuit clesesi nal

of an opqgational anplifier 1c 100 is connected to the termnal of the,

capaci tor kﬁf?/‘f%ffao vﬁkfecl'ﬁ%‘\‘/ﬁ and a resistor of 1 K[err]. The

output tern1n%&s(Heéé?iéggwégéégvﬂaé@g¥dfggeEol%h%ogrg%ent invention, it
is not necessary to provide an operational amplifier exclusively
for addition of the outputs of both end terminals of the PSD or
an operational amplifier for subtraction of the outputs. It is
therefore possible to reduce the :errors produced by the
operational amplifiers themselves.

An embodiment of a sahitary device according to the present
invention will be explained with reference to Fig. 4. Aé shown
in Fig. 4, a range sensor 40 incorporated into a sanitary device
such as automatic faucet, toilet stool flushing device, hot-water
jetting toilet Eeat, hand drier and toilet stool equipped with
a hot-air fan is different from the range sensor 5 shown in Fig.
3 in that it includes a light projection level lowering circuit
46. The light projection level lowering circuit 46 lowers the
light projection level of the light which is emitted from the
light emitting element 2 when the voltage value V, output from
the current/voltage converter 42 exceeds a predetermined value
due to the comparatively strong disturbing light which enters the
position sensitive photodetector 1, in order to vary the voltage
value V, in proportion to the received reflected light, thereby
enabling the accurate calculation of the distance between the
position sensitive photodetector 1 and thelobject 3 (human body

or the like) of measurement.



*

-~ ¥7 - » connected to a non-inversion input termnal of the operational
anplifier Ic 100 via a capacitor having a capacitance of 0.22[err]F. The
output term nal of operational anplifier Ic 100 is also connected to the
m croconputer 18 and the non-inversion input termnal of the operational
anplifier Ic 101. The non-inversion Lnpgt-term nal of the operational
anplifier Ic 101 is connected to the battery EL. The output term nal of
the operational anplifier Ic 101 is grounded via a switch SWB8, a resistor
of 10 KQ a resistor having value of 1 Klerr] and a capacitor having
capaci t ance of The Iifatigg lEensor 40Thel bdrd iecxplaiaed héeeiwsndénr aThelBailgerr]
and the resisitor of 1 Klerr] is connected is conmunicated to the

nori- i nversefereénpet nuneral nahref provided| £6retheécelodents whiTheamapkhéi er
Ic 100 is a nodel #TLOB2 of Texas Instrunents and the anplifier Ic 101 is
a model [®amé RESEhost NBC. theThzangei tssnsersWe, sivwwmndnS\Bigre3 and
controlled to be turned on and off by signals fromthe m croconputer 18.
The sanpl¢xplaphtion ehexeef wklks ke 9wittRd: (1) Wen all switches SW,
SW2 and SWB are turned on, an analo | evel of the circuit is initialized
and an out put IReFésr HecohBe OEEPPghé’q;("}IaB:?gevzofoﬁ hEh%aFPéF?nEP yoltage

converter 42 is input to the non-inversion terminal (+) of an
operational amplifier OP, through the capacitor C,. A reference
voltage which is obtained by dividing the supply voltage VB by
resistances R; and R is applied to the inversion terminal (-) of
the operational amplifier OP,. An integrator 47 composed of a
resistor R,, a capacitor C, and a resistor R, is connected to the
output terminal of the operational amplifier OP,.

An output terminal of a NPN transistor Q, is connected to
the output side of the integrator 17. As the output voltage of
the integratorx ‘31.7 increases the base voltage of the transistor
Q, increases so that the internal resistance (the resistance
between the collector and the emitter) of the transistor Q,
increases.

A collector of the transistor Q, is connected to the
microcomputer 45. The collector is also connected to a base of
the transistor Q, through the resistor R;. The transistor Q, ié
turned on and off in accordance with the light projection'pulse
output from the microcomputer 45.

A current is applied from the supply voltage VB to the light
emitting element 2 when the transistor Q; is turned on, as

explained in relation to the conventional range sensor 5.



-

(-2)» When only the switch SWM is turned on and the switches SW2 and SWB are
turned off, the voltage V3 is sanpled. (3) Wen the switches SW. and SWB
are turned off and only the switch SW2 is turned on, the sanpling voltage
is held. In this case, the capacitor C 4, is charged by the battery EL. _
- 18 - I n the above-described_.dpyision, V1 is used as the dividend.
Alternatively, it is possible to ground the termnal 6 and use the val ue
V2 obtained by converting the current value 12 output fromthe termnal 7
into a vol tage val ue. Thi s enbodi ment is applicable to, for exanple,
an automatic Imithé EbnebhogofaVi eenybi s&nsoi ovashewhl ¥nf Fughes, agupiaal
when a user stands in a predetermned range. In this case, since the

di St ance tie¢ vemearrdéme appigeed éns aheabtighbeemt t thiatg i slemastireds tbnstant,
possible to accurately automatically flush the urinal irrespective of the
colFor of itelisl dmpessibilet o ladjasti thee quasdrity of lilghts embodkdent Imay
al so be applied to an automatic toilet stool flushing device which

aut onat i cCeaPB§rasshes bheopresentodnvenhiéena tker léghtr projettiorslavel

pr édet erm ned range by detecting the distance between the user and the

range sensdferimgofdrfyit 46 can automatically reduce the quantity of
light emitted when disturbing light which ehters the position
sensitive photodetector 1 is stronger than a predetermined level.

In the circuit shown in Fig. 4, the element 1 is the same

as the element shown in Fig. la. The resistance value of each

resistor, the capacitance of each capacitor and the supply

voltage VB are as follows.

R;, R, : 4.3 MQ
R;. : 2.7 KQ
R, : 1.3 Q
Rs i : 1.5 KQ
R; : 6.8 KQ
R, : 4.7 KQ
R, : 10 KQ
C,, C : 0.047uF
C, : 0.1uF
VB : 12 Vv

The operation of the light projection level lowering circuit

46 will now be explained.
When the output voltage V, of the current/voltage converter
42 is input to the non-inversion terminal (+) of the operaﬁional

amplifier OP,, the operational amplifier OP, compares the voltage



i

tor'such*a device, since the toilet stool is automatically flushed, there
Is no fear of the toilet stool making the user sick because of the
precedi ng user who forgets to flush the toilet. When this enbodi ment
is applied to an automatic washing device for a washstand, it is possible
to detect the distance between a user. gy 1he range sensor, and when the
user enters a predetermned range, it automatically turns on the water,
blows out hot air, drops liquid soap, or successively executes these
operations, as occasi on denands. If a toilet stool is provided with a

cover opey) pgtheehantéMtage applied to the inversion terminal ¢-)19 If ther a
seat opening nechanism it is possible to detect the distance between a

user and ¥bEtagage, sereeds aik wodtages appdiedenbetheaipveteienntaendinange,

it automatically opens or ‘closes the cover or the seat. As descri bed

abdve, actey diug to the sreseptdistering light whiedt enserssthg posptibonde

an operational anplifier exclusively for addition of the outputs of both

end t er ni semsioive phespletector oberthé orReratinng] amglef iamQPacPubRuLS

the outputs. It is therefore possible to reduce the errors produced by the
a positive voltage which corresponds to the difference between
both voltages. The output voltage of the operational amplifier
OP, is output to the base of the transistor Q, with delay laid
down by a time constant of the circuit constituted by the
resistors R,,R, and the capacitor C,. :

When the output voltage of the operational amplifier OP; is
applied to the base of the transistor Q,, the internal resistance
(the resistance between the collector and the emitter) of the
transistor Q, is lowered, so that the base voltage of the

_transistor Q, increases. As a result, the internal resistance
(the resistancé between the collector and the emittex)} of the
transistor Q, increases, which automatically lowers the light
projection level of the light emitting element 2. The voltage V,
therefore varies in proportion to the level of the received light,
thereby enabling the microcomputer 45 to calculate accurately the
distance 4 between the photodetector 1 and the object.

When the intensity of disturbing light becomes low and the
voltage V, is lower than the voltage of the inverse terminal of
the operational amplifier OP,, the base voltage of the transistor

, Q, becomes low with delay‘laid down by the time constant of the

integrator 47. As a result, the base voltage of the transistor

0, increases, so that more current flows into the light



operational anplifiers thensel ves. -~ An enbodi nent of a sanitary device
according to the present invention will be explained wwth reference to
Fig. 4. As shown in Fig. 4, a range sensor 40 incorporated into a sanitary
device such as automatic faucet, toilet stool flushing device, hot-water
jetting toilet seat, hand drier and tail2gt -stool equi pped with a hot-air
fan is different fromthe range sensor 5 shown in Fig. 3 in that it
includes a light projection level lowering circuit 46. The |ight
projection level lowering circuit 46 lowers the [|ight projection |evel of
t he |i ghtemititting s edeimenéd 2r @nd hehe| ilgightenptoj egt édemdmtved. whberefieom
vol tage value V2 output from the current/voltage converter 42 exceeds a

pr édet er Mneueaggsie due to the conparatively strong disturbing |ight which
enters the position sensitive photodetector 1, in order to vary the
voPtage val uelh® 7angs Geasaroa Ot dnt ecerdancr MY the: PyeFrght InYeRE 2bY
enabling the accurate cal culation of the distance between the position
sensi ti veePhRoddtiddizid £afgters bBpetsels PhmmdTiBsdy ofFothet| skeplopr
medsurenent. _ . , - 20 - The range
sensor 40°8% 131iHRy &% #5750 HeeiWadhdas. deNdCeafiRT RerEFBAERNAunERS 1és%l‘rge
provi ded for_the el enents lch are the sanme as those in the range sensor
5 shown i?flfr gl'.‘axff?a ex é’\@c, : :

As described above, accordiﬁé to the present invention, a
sanitary device such as an automatic faucet and a toilet stool
flushing device is provided with a range sensor, and the range
sensor comprises: a light emitting element for intermittently
projecting light to an object of measurement; a position sensitive
photodetector as a light ©receiving element to which a
photoelectric current is applied in proportion to the position at
which light enters; current/voltage converters for converting the
photoelectric Zerents output from the position sensitive
photodetector into voltages; integrators for averaging the
respective voltages output from the current/voltage converters;
a distance computer for calculating the distance between the
object of measurement and the position sensitive photodetector on
the basis of the averaged voltages in accordance with the
principle of triangulation; and a light projection level lowering
circuit for lowering the light projection level of the light
emitting element when the " voltage output from one of the
current/voltage converters exceeds a preset value. It 1is
therefore possible to lower the light projection level of the
light emitting element when the voltage output from one of the

current/voltage converters exceeds a predetermined value due to



expt anat'i on thereof will be omtted. In Fig. 4, the output voltage V2
of the current/voltage converter 42 is input to the non-inversion term nal
(+) of an operational anplifier OP3 through the capacitor C2. A reference
vol tage which is obtained by dividing the supply voltage VB by resistances
R5 and R6 is applied to the inversion teymnal (-) of the operational
anplifier OP3. An integrator 47 conposed of a resistor R7, a capacitor C3
and a resistor R8 is connected to the output term nal of the operational
anplifier OP3. An output termnal of a NPN transistor @ is connected

to the OWPUteSHSE 1 dd18, | RiYnat oai;zuréﬁn%helm@utwh\i@& agat@ls tPRe

integrator 17 increases the base voltage of the transistor @ increases so

that the jdgf s é@ﬁéﬁﬁﬁ’éEﬁéb&ié@éé@éﬁm%h@e{rwﬁﬂgé hen&pbE6ss Oasidst e
emtter) of the transistor i ncreases. A col l'ector of the :

transi st oin RréforOiBect&dthe rBeeivedroconputed Hbghthetnelébet @habBiagso
connected to a base of the transistor QL through the resistor R3. The

transi st ofhdlabgurhtenegastiramédnef foff nthe cdidanneewibdtwiden |41ght ppsLt £6hi ON
pul se output fromthe m croconputer 45. A current is applied fromthe
suppl y vodéragit MB: tphdthwidtiegittor ema tiheg odbjemenbf2mehsnrehentt anThes pri€l
is turned on, as explained in relation to the conventional range sensor 5.
is possible to accurately control an electromagnetic valve of an
automatic faucet, a toilet stool flushing apparatus or the like.
While there has been described what is at present considered
to be a preferred embodiment of tﬁe invention, it will be
understood that various modifications may be made thereto, and it

is intended that the appended claims cover all such modifications

as fall within the scope of the invention.

1



21, In the conventional range sensor 5 shown in Fig. 3, SInce
the current applied to the light emtting el ement 2
i npossi ble to adjust the quantity of light em tted ”“lmﬂﬂﬁmﬂw””mn t he

present invention, the light projecti on | evel | oweri*ngecciecwt s46+*can
automatically reduce the quantity of light emtted when dist urb| ng |ight
whi ch enters the position sensitive ph6todetector 1 is stronger than a
predet erm ned | evel . In the circuit shown in Fig. 4, the elenent 1 is

the sane as the elenent shown in Fig. la. The resistance val ue of each
resistor, ﬁi‘ﬁl apaci tance of each capacitor and the supply voltage VB are
as foll ov%———g R3 °

. Rl, R2 4.3 Merr].
2.7 Klerr] R4 1.3 [err] R5
ig K%err] R6 : 6.8 Klerr] R7
. P Kler 10 Klerr Cl, C2
o 047[9”1H: A range s§§sor compr1s1ng ’ [erE] . ] VB
Y The ppgret éﬁﬂt@inéh&ém&m ﬂB:@J S8+ 98t 1.2y el i doveEd ngn Cob ekt

46 wi || now be expTl ai ned.
of measurement;

a light receiving element constituted by a position sensitive
photodetector for proportionally outputting photoelectric currents
obtained from both end terminals thereof in correspondence with
the position at which 1light enteré said position sensitive
photoaetector; and

a signal processing circuit for processing the signals of
photoelectric currents which flow through a common terminal and
one of said both end terminals of said position sensitive
photodetector; )

said signal processing circuit including current/voltage
converters for converting said photoelectric currents which flow
through said common terminal and said one "end terminal into
voltages, and a divider for calculating the ratio of said
photoelectric currents which flow through said common terminal and
said one end terminal by calculating the ratio of the respective
voltages obtained by said current/voltage converters, thereby
detecting the position at which the light projected from said
light emitting element and reflected by said object of measurement
enters said position sensitive photodetector so as to measure the
distance between said range sensor and said object of measurement

on the basis of said position.



Vhen'the out put voltage V2 of the current/voltage converter 42 I's input to
the non-inversion terminal (+) of the operational anplifier the

operational anplifier OP3 conpares the voltage
- 22 - V2 with the voltage applied to the inversion teHmmaHm !J"ll,'(yuwme
vol tage V2 exceeds the voltage applied tgthe inversion tefmnmha

to the strong disturbing Iight which enters the position senS|t|ve

phot odet ector 1, the operational anplifier OP3 outputs a positive voltage
whi ch corresponds to the difference between both voltages. The out put

vol tage of.theanpaingbratde afinali eflusthhg sddtiiduit in€oiperdeseg 04 khfge
transistor 2 with delay laid down by a time constant of the circuit

const i t ut eenbyrt Hecorésngt vo ScRAimAl arvhddeinr amec idistabde betweehanubbe
out put voltage of the operational anplifier OP3 is applied to the base of
t he™t ransasf osa@d, rdreye nsensatr desidetanted (Whesaidi shagee deetsmrenaidiea
collector and the emtter) of the transistor @ is |owered, so that the
base vol tegtnal the taudosiatticaldy i fdusheds. whan a tlesuldset heentées nab
resi stance @éthe resi stance between the collector and the enitter) of the
transi st cprefetarniaedsrangieéch automatically lowers the light proj ection

| evel of the light emtting element 2. The voltage V2 therefore varies in
proporti oh-t 0 AReaPEPBRLAE todlescatpad |fipfhing device ircorporating a

range sensor according to claim 1, wherein the distance between

a user and said range sensor is detected by said range sensor and
a toilet stool is automatically flushed when the user enters a
predetermined range.

4. An automatic toilet stool flushing device incorporating a
range sensor according to claim 1, wherein the distance between
a user and said range sensor is detected by said range sensor and
a toilet is automatically flushed when the user leaves a
predetermined r;nge.

5. An automatic washing device for a washstand incorporating a
range sensor according to claim 1, wherein the distance between
a user and said range sensor is detected by said range sensor and
the water is turned on when the user enters a predetermined range..
6. An automatic washing device for a washstand incorporating a
range sensor according to claim 1, wherein the distance between
a user and said range sensor is detected by said range sensor and
hot air is is automatically blown out when the user entexs a
predetermined range.

7. An automatic washing device for a washstand incorporating a



t hereby 'enabl i ng the microconputer 45 to calcul ate accarately the distance
4 between the photodetector 1 and the object. Whe Iyl '

di sturbing light becones |ow and the voltage V2 is | omer“ﬂlHﬂMMﬂ““mLe
of the inverse termnal of the operational anplifier OP3* tthetba%e ¥ol*t age
of the transistor @ becones IOM/mAth_d%%ay | aid down by the time constant
of the integrator 47. As a result, the Dase voltage of the transistor QL
i ncreases, so that nore current flows into the |ight

- 23 - emtting elenent 2 and the |ight projection |evel therefrom

i ncreasesyange seHddr @mrm@xgortol%liaamaclqom@i@anwt&ﬁ (NSRRI Yetwee

invention can be utilized to detect the user of a urinal, a toilet sto0O

or the | kk@sekhgngsssaiaf rany@sdinbriay gecbeted ¥oshsi@nthndd &dintir aafy @
hand drier, etc. As descri bed above, according to the present

i nvéntionliguiganidas yidevueematehadlyadiapbanali whiealafe aieR bALLEL a
stool flushing device is provided with a range sensor, and the range
sensor coppedeesrmdnkedghbnesi.tting el enent for intermttently projecting
light to an object of nmeasurenent; a position sensitive photodetector as a
| i ght recéi.vi ng cheremtéen eitthng toilet stool provided with a cover

opening mechanism incorporating a range sensor according to claim
1, wherein the distance between a user and said range sensor is
detected by said range sensor and the cover is automatically
opened or closed when the user enters a predetermined range.

9. A toilet stool seat opening device incorporating a range
sensor according to claim 1, wherein the distance between a user
and said range sensor is detected by said range sensor and the
seat 1s automatically opened or closed when the user enters a
predetermined range.

io. A range s;nsor as defined in c}aim 1, wherein each of said
current/voltage converters 1is equipped with an operational
amplifier whose inversion terminal is connected to the light
receiving element and whose non-inversion terminal is grounded via
a battery or directly, and a resistor which connects the inversion
terminal and the output terminal of said operational amplifier.
11. A range sensor as defined in claim 10, wherein said output
terminal of said operational amplifier of each converter is .
connected to a sampling-holding circuit wvia a capacitor.

12. A range sensor as defined in claim 11, wherein said output

of said sampling-holding circuit is input to a microcomputer.



- -

photeel ectric current is applied in proportion to the.poesition at which

| ight enters; current/voltage converters for converting the photoelectric

currents output fromthe position sensitive photodetector into voltage
integrators for averaging the respective voltages out put 1“{"“"[! mu"ﬂ”““l
current/vol tage converters; a distance gonputer for calc

di stance between the obJect of neasurerent and the p05|t|on Sen§itlve

phot odet ector on the basis of the averaged voltages in accordance with the
principle of triangulation; and a light projection |level lowering circuit

for Iowerisg tﬁeséh‘at'é r&éﬁ{féoﬁuéﬁvsé 8h % Eohh@iL £EOLLLT Dg4elepEhy phen

t he vol tage out put one 0 current tage converters “exceeds a
preset Vaké§ol flﬁshh.ﬁg HB9R 8E0RIPHAILE nkO d WBigd NGeAdht &4 pdefahgg

| evel of the light emtting el enment when the voltage out put from one

the™ curreahéypl EG@Sr LOIY frters exceeds a predeterm ned val ue due to

- 24 - the conparatively strong disturbing light which enters the

posi tion sensiiiVigithadmide o alemdit: \fIr dgeetniecehely yaohiesting light
proportion to the received reflected |ight, thereby enabling the accurate
measur enetw af obpect sdfimsadnetewsEnt § he p05|t|on sensitive photodetect or
and the object of neasurenment. Thus, it 1is possible to accurately control
an el ectromagnet iPosiglive ofemgitive photodetector as a light receiving

element to which a photoelectric current is applied in proportion
to the position at which light enters;

current/voltage converters for cénverting the photoeléctric
currents output from said position sensitive photodetector into
voltages;

integrators for averaging the respective voltages output from
said current/voltage converters;

a distance computer for calculating the distance between said

'n

object of measurement and said position sensitive photodetector
on the basis of the averaged voltages in accordance with the
principle of triangulation; and a light projection level lowering
circuit for lowering the light projection level of said light
emitting element when the voltage output from one of said
current/voltage converters exceeds a preset value.

14. A sanitary device as defined in claim 13, wherein each of
said current/voltage converters are equipped with an operational
amplifier whose inversion terminal is connected to the light
receiving element and whose non-inversion terminal is grounded via
a battery and a resistor which connects the inversion terminal and

the output terminal of said operational amplifier.



aut-onsti c faucet; a toilet stool flushing apparatus or the like — \ite
there has been described what is at present considered to be a ﬁfef g ﬂ“\

enbodi ment of the invention, it will be understood that vﬁ“\“tﬁ
nodi fications may be nmade thereto, and it is intended tha
clainms cover all such nodifications as#@ll within the scope of the

I nventi on. - 25 - CLAI Ms: . A
range sensor conpri sing: a light emtting elenment for prOJectlng
light to an object of neasurenent; a light receiving el ement

constitutgsl, by @ fsitaep denbédiae dehtadleirecilorin ar4 pradpareiional |y
out putting photoelectric currents obtained fromboth end term nals thereof
i N corr espordenme: Wermirtdle qfosatidoopatanhoxal |amght iides sissaiodnposetli ba
sensitive photodetector; and a signal processing circuit for
processi nepidieistggrdonfviphat capacitdx. currents which flow through a
common termnal and one of said both end termnals of said position
sens|t|velehoA(ﬁgnxggny‘dev1ce as defined in clalm 15, wherein said output
of said integrator is input to a microcomputer.
17. A sanitary device as defined in claim 13, wherein said light
projection level lowering circuit has a current controlling means
which lowers a current flowing to said light emitting element when
a current flowing into said light receiving element becomes more
than a predetermined level.
18. A range sensor substantially as hereinbefore described with
reference to Figures l1la, 1b, 1lc and 2.
19. A sanitary device such as an automatic faucet, toilet stool
flushing device, hot-water jetting toilet seat, hand drier and

toilet stool équipped with a hot-air fan substantially as

hereinbefore described with reference to Figure 4.
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sai'd signal processing circuit i'ncluding current/voltage converters for
converting said photoelectric currents which flow through said common
terminal and said one end termnal into voltages, and a divider for
calculating the ratio of said photoelectric currents which flow through
said common term nal and said one end teggn-nal by calculating the ratio of
the respective voltages obtained by said current/voltage converters,
thereby detecting the position at which the Iight projected fromsaid
light emtting elenment and reflected by said object of nmeasurement enters
said position sensitive photodetectoraseTRacTro neasure the distance

bet ween sai d range sensor and said object of neasurenent on the basis of
sai d position. RANGE SENSOR SUITABLE FOR A SANITARY6 DEVICE 2. An
automatic urinal flushing device incorporating a range sensor according to
clatm 1, wherein the distance between a user and said range sensor is
detected by said range sensor and a wurinal is automatically flushed when
the 'user enter §he sigddt eridiovdd hdhe r@angeArsenganuts Eroiilded stimd an

fl ushi ng device incorporating a range sensor according to claiml1, wherein
t he di st apPerBéinser agmpdddiesndoraranyaningchber cizreRrt ceutnitthyfrm dne

range sensor and a toilet stool is autonmatically flushed when the user
enters a ©f both end terminals of a position sensitive photodetector (PSD)

into a vﬁitage, and an operational amplifier for converting the
current output from a common terminal into a voltage. The ratio
of the voltages corresponding to the total current values and the
current value output from the one end terminal is calculated so
as to measure the distance beﬁweén the bbject and the range
sensor. The range sensor is applied to a urinal flﬁshing device,
a toilet stool flushing device, a washing device for a washstand,

a hot-water Jjetting toilet stool, a toilet cover opening

”

mechanism, etc., so as to automatically start or stop the flushing
operation, the washing operation, the opening operation, etc. by
automatically detecting that a user approaches or leaves a

predetermined range.

Figure 1la
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predet érmned range. 4. An automatic toilet stool flushing device
i ncorporating a range sensor according to claiml, wherein the distance
between a user and said range sensor is detected by said range sensor and
atoilet is automatically flushed when the user |eaves a predeterm ned
range. 5. An automatic washing deV|ce for a washstand i ncorporating a
range sensor according to claim 1, whér/d n the di stance between a user and
said range sensor is detected by said range sensor and the water is turned
on- when the user enters a predeternined range. 6. An automatic washing
device for a washstand incorporati ral sensor according to claiml,
wherein the distance between a user Sﬂ Qg range sg&;or |s1 tected by
said range sensor and hot air is is automatically bl out n the user
enters a pr termned range. 7. An automatic mashlng devidge for a
washfist and in mmﬁnwr**~—*~-———~—— - T T2
range sensor o?rdlng t m 1, wherein the di st ance bet wee a user and
said range ifs de fy said range sensor and | i[qui & s¢ g is
aut onmat i cal py—di nse e € user ers.a predegarmined rar
e A €153, Pevels
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8. A hot-water jetting toilet stool provided wwth a cover opening
mechani smincorporating a range sensor according to claim 1, wherein the
di stance between a user and said range sensor is detected by said range
sensor and the cover is automatically opened or closed when the user
enters a predeterm ned range. 9. A t oi 1944 st ool seat openi ng devi ce

i ncorporating a range sensor according to claiml, wherein the distance
between a user and said range sensor is detected by said range sensor and
the seat is automatically opened or closed when the user enters a
predeterm ned range. 10. A range sensor as defined in claim1l, wherein
each of said current/voltage converters is equipped with an operational
anplifier whose inversion term nal iF: o] eC} to the light receiving

el engnt and whose non-inversion termnal ¥$ grounded via a battery or
directly, and a resistor which connects the inversion termnal and the
output termnal of said operational anplifier. 11. A range sensor as
defined in claim210, wherein said out put ternpﬁ@l of said operational
anplifier of each converter is connected to-4 sanpling-hol ding circuit1Bja
a capacitor. lg—A+arge—SenRsor-- f ~Fﬁ—e#akﬁ+$&;AwheFeFH—sfid
output of said{ sanpling-hol ding cirguwst,#s input to a m croconputerf.
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13.~A'sanitary device such as an automatic faucet and a toilet stool
flushing device incorporating a range sensor, said range sensor

conpri si ng: alight emtting element for intemttently projecting
light to an object of neasurenent; a position sensitive

phot odetector as a light receiving d/ment to which a photoelectric
current is applied in proportion to the position at which |ight enters;
current/vol tage converters for converting the photoelectric currents

out put from said position sensitive photodetector into voltages;
integrators for averaging the respective voltages output from said
current/vol tage converters; a di stance conputer for calculating the
di stance between said object of measurenent and said position sensitive
phot odet ector on the basis of the averaged voltage?qi accordance with the
pri<nci pl e of triangulation; and a |ight projectoh % |l owering circuit
for lowering the |ight projection | evel of sai @&IfTgh emtting el enent
when the voltage output fromone of said currentfvo
exceeds a preset value. 14. A sanitary device as|defned in d&a
wherein each of said current/voliage converi-arsg '
operational anplifier whqQge inpersion term nal
recei ving el enent and whosespnonginversion termnal is groy
battery and a resistor which cofmects the inversionw&ﬁrnin
output term nal of said operatipnal anplifier. o
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-29- ** 15, A sanitary device as defined in claim214, wherein an output
termnal of said operational anplifiers is connected to said integrator
via a capacitor. 16. A sanitary device as defined in claim15, wherein
said output of said integrator is input to a mcroconputer. 17. A
sanitary device as defined in claimi1%/4wherein said light projection

|l evel lowering circuit has a current controlling nmeans which |owers a
current flowng to said light emtting el ement when a current flowing into
said light receiving el enent becones nore than a predetermned |level. 18.
A range sensor substantially as hereinbefore described with reference to
Figures la, Ib, Ic and 2. 19. A sanitary degg such as an automatic
faucet, toilet stool flushing device, hot-wat rfLet ing toilet seat, hand
drier and toilet stool equipped with a hot- air ubstantially as

her-ei nbefore described wth reference to Figure {4. EE
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