; e3e$A<<=| ?. 2@ @$AM * RANGE SENSOR SUI TABLE FOR A SANI TARY DEVI CE The
present invention relates to a range sensor for neasuring tmm“lmﬂmmmmml

bet ween the sensor and an obj ect of neasurenent by triangul ng
a position sensitive photodetector, and to a flushing device foreasst oi | et
stool or a washing device for a washstand utilizing the range sensor. The
present invention relates to a sanitary device such as an 1mmmmmlmu"["mmcet
toilet stool flushing device, hot-water jetting toilet seat and
toil et stool equipped with a hot-air fan, and nore particul arl ¥gopdp a
sanitary device which incorporates a range sensor for neasuring the

di stance between the sensor and an object of neasurenent by triangul ation
utilizing a positigingensindde Rhotedel ROk SAGTWRLENo#sRS: the data on the
di stance for a human body detector or the |like. Range sensors such as that
shown in Fig. 2 are conventionally utilized in various fields such as an
automatic focusing canera and an autonmation line in a factory. In the range
sensor 5 showfhien Presen; dipegitiioon sebat¢s vaphet odeteget orer(de8D) fori s
utilized as a light receiving elenent, and the position of the spot on the
PSD 1 at ™AFEKR1bfe GHeghfliprdfett SGLFEBM &18 gIRNANH t BRAg 281 ePRigCR 2Ad

refl-ected bg the object 3 of ne surenent.&s detected. The distance 4
bet ween {"fi& P5ﬁ6§n5e2§brt§l%ﬂﬁu Pt Ybj BEL 32019 mEasBr 8hehtt i SeREASEVEd by

uti| i zi ngpbheaRELOELP! S df IANGUALLAN s Thee PER 1y USeA din s Lypg of
conventional ™ - range sensor 5 1S g recei ving ‘el enent "stich™as a
Strip of wakhi R9NaPPOLOUEOHE ddbHdHaBid %@Q@i§§ﬂ%0iihé1r$£§e pasidd,on of the
focus, i e a .”, the spot on the plane of the PSD 1 at which the Iight
reflected by the pbiesit JofedEBasireNaibsCOOVEr g5 tdrS, GrRivGleakadnf som t he
phot oel ectric current val ues obtained fromboth end termnals 6,7 of the
PSD 1. Feomaultempsadict ifemasist,ai heid et hetalblst Eheshiingpetieednet hbotargeesensor
5 and the object 3 of measurenent is calculated. To state this concretely,
the currgfFtvBgUE’L1at | 2odbt drardl I A F8th toRd efe ARl §981ipPef WAERPSD 1
are converted into. voltage values V1, VZ_.the difference (V1 - Vz) between
the vol t aga°5at tes 3hd A He™Shfh P EEWAT WheF8of ?réﬂrr‘éa%étd&ivﬁga, 2"}éh‘aht he
di stance.4 ] e f di.yl.si h ' rence
byt ho. stiroERERREt 3 obeid® Moo B imcaul o g el e T ¢

flushi ngedeviga dor angoi hgt shpds @3F dgseshbagbit) IRPaResanfaigfion
Lai d- Open No. 256807/1992. In the conventional range sensor, however, since

oper at i opsiBUEin@Sa Qodiaiiiony elehade i conyrsSbdet et raaet wbAcandsaddikdé on are
execut ed by anal og processi ng which use the respective operational

anpl i fi edsta nemytlznplidtagree dice refunpadbody detresidnt on Hdiedildkance
obt ai ned contains the errors produced by the operational anplifiers

t hensel ves. PFHI%r §eUETEeSUSHcRSaLhaY iVt it Fadcet? 67 | €P0EEB0I

flushing, devi£e, QY Waket ) &t NG FoLY 8L SR8l aeA0d il 13 Eocusing
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



- 3 toilet stool equipped with a hot-air fan which adopts a range sensor
so as to detect a human body or the like and control the driving operation
of an el ectromagnetic valve, a hot-air fan or the |like which are known
conventionally. In the range sensor 5 shown in Fig. ?-, a position
sensitive photodetector (PSD) Zis utilized as a light receiving el enent,
and the position of the spot on the PSD¥ 1" at which the | i ght projected from
alight emtting element 2 and reflected by the object 3 of neasurenent is
received is detected. The di stance 4 between the range sensor 5 and the

obj ect 3 i | ; t.he LSO e.yvolt : es
whi ch ar ep%%ﬁﬁég{ y%oln%e%ﬁl%fﬁgggﬁgfggl Sgtgﬂe%tc%}l%lgn?yvgél %%gl%ﬁt%yput
fromtwo &ernadalshfodiBaeposit i Sensihki ¥enpbptodatipctesilibn decaidance
with the principle of triangulation. Fig. 3 is a circuit diagramof the
range sens@tu, uses. f otha gpowveohi ohal ptanét aty tdevirse. 1CWT et tiage
converters 11, 12 are used so as to convert the photoelectric current

val ues obtiaimedréfbactaw ber fhaalobieftt Re qfosied Hrrammsi tdarergutgssodetect or
1 into voltage values V1, Vz as shown in Fig. 3 . The current/voltage
conver t ercaICHASShfdssy B ahbpelactsnsl Carperti erlem ebfRneesi=xor Ri,
-and the current/voltage conyverter 42 [§_.C sed of an operational

anpl i fi er?PT S tﬁrf"ggf’lgf’og’ f?ffr ,&h(‘?akg& fg&o i@‘%BﬁﬁéE%%Ia W3 et put
side of t ope ' I i £ OorR d it i ect to
R N G e R e L oL A

i s connegiaddeddi® GapaghtaiaEdqand an integrator 44 is connected to the
capacitor C2. The integrators 43,44 are provided so as to average the

vol t age val uegroVlstéz eotihpt cbnoretdey cwheniurrentagalaesverters 41, 42 .
The vol tage values V1, Vz averaged by the integrators 43,44 are input to a
m cr oconmitterirgBsl friom bpthoendpuexnings <&l Juldt 8bet A8D di stz crwenstadeen
the position sensitive photodetector 1 and the object 3 of neasurenent on
the basi st t¥R! WS afldsmdl ade VAP uddftarsscs n(hccorBandeticer (e
principle qf triangulation. The integrators, 43,44 _are_the sane th

sanpl i ng-fo15@3g ¥ g‘Pgﬁi ?HQGF}F?.S%eRgnT egﬁ)attg?geﬂg, %4a¥%tcébgtrae€tneeaqs’n5‘unt%

vol tages Qnl y;duning Lhespredat sl dded Sarpk! ggsaweofame helf dilemeguri ng
the holding tinme. Atransistor QL is connected to the m croconputer 45

t hrough apesiigtrer-R3e Wpensna tught projection pulse is output fromthe

m croconputer 45, the transistor QL is turned on in synchronismwth the

| i ght projectisamhpubsecanfeenstheotr arsi staliggd s far nedasplea cinremt i s
supplied froma supply voltage VB to the light emtting elenent 2. In other
wor ds, | iagitomas iientfdusibinendey ipeojfest &d thriantt Is&oolghesediesciraged! dment 2.
The light intermttently projected fromthe |ight emtting elenent 2 and

refl ect e ¥BFIERE EBFERE bRFe3RER é?%-nt251558°i7r{t1§gﬁi-t tently received by the

position sensitive photodetectaor_1. As a result. the voltage val V1, V2
ot put 1 om e RePESH R RN phagttadhd B bk f, 18Rt Bng

proj ect ed, dinf Ler o f £ LM R MAUJRBBnYaLYESH ViR AN Jhi 9B d & iQlorPhekect ed.

For this reason, the mcrocomputer 45 cal culates the variations of the
vol t age wiled@seM , V& atardheg egieEeskenti Mesicand ushe dihst aneepéckCiracen

the position sensitive photodetector 1 and the object 3 of neasurenent is

cal cul at eppegattibeabasinplgff itthre , vardrat i amslifiers 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



In the ‘circuit of the range sensor 5, shown in Fig. 3 the voltage value Vi
output fromthe current/voltage converter 11 is based on the difference
froma reference voltage EIl (V1 = E1 I1.Rl), and the voltage val ue Vz
output fromthe current/voltage converter 12 is based on the difference
froma reference voltage (E1 + EZ) {V2 - (El1 + Ez) + (I1 +12) .Rz} . The
operational anplifiers OP1, OPz cannot Joutput a |ower voltage than a ground
voltage. In addition, the operational anplifiers OP1, OP2 cannot output a

hi gher voltage than the supply voltage VB. Therefore, if the light fromthe

light emtting elenment 2 .enters .the sition nsiti.v hot odet ector 1
V\/nigl e corﬁ?d‘rlgg‘l vséﬁo%ﬁsper%lﬁéjpﬁﬁstw&&& ﬁg O!tdﬁtlre%faélr swtk\lﬁ:gl %’6&3 i“orft SENE%i ve
phot odet ector,,15.a0d Lh §BEPOOL qalngﬁ) oGy CUE! ent Yé‘kgeagaat@aﬁtxfa]gh@eh%

term nal of the position sensitive ector 1 1s too |arge,

vol tage (EhivinEZbperbtiod bZ)an R1aMtrThagheteePeAUSt 05t e PhOL QgleEhy i C

current val ue exceeds the supply voltage VB, sv that the voltage Vz out put
from t he t¢ur neke/ wal thgere overd eford2nshienallight Is phejenied dogsmet vary
in proportion to the Iight which is - 6 projected fromthe |ight

em tting sélcemenn Figrefl eet pédsbyiohesedsetvamhottrtamtdyy (HS®)pdsiisi on
sensitive photodetector 1. As a result, it is inpossible to accurately

cal cul at &ttifé z88s Bgnée LB e ERCEHEI PDHSF B e rfid ithe pirftiddere&fothe and

t he object ~f nmeasure t. mel.y, ,a maxi out put vol tage Vout _max of an
oper at i ofEP il ?‘?Sl?eergglg Jert a‘ff}%%?haptgﬁeoxf%tel %)%'fﬁ‘é aQE?IIBpF‘y 1\}8>Ik<‘1’:age
supplied . N, i t I Ny t I n. max
(whi ch yieg\lqgrsC §%ﬁee%§?ﬁn$ O%F&lpuﬁe\gvi&tct% ggeyy/oa{lfé n%k?(y?ét a%a%ku?n f)a\uét% u&%&t% ggle Vout
vari es i RgpkapaLib@nikogihe-t&put vol tage Vm When the input voltage VIn is
hi gher than the voltage Vin.max~ the output voltage Vout does not vary in
proportion toThbediapahca ol tigevedinn theAsaage esethdor thearalityhd ocbgketage Vout
does not vary in proportion to the distance between the photodetector 1 and
the obj eft meapuresenn & redfculadegr esehie| paeis ioh the aldltiagst walhes
above-described problemin the related art and to provide a range_sensor
whi ch ha¥biR8 FHeaSntedgedcRY ey erEdar g FPCsorARGEY e ST L e areiltefar | y

for detectin human body at 1foil.et, stand, or _a washst and n ich can
e £ Rt B M e e A ] et (] Qo2 SN A0 U RGPS

reducing,t Eﬁ QUEBEsA Qf e thec Rald fd8hs iBecessar ¥ gt e ML cuit structure.

It is another aimof the present “invention to provide a
Fig. 3 is a circuit diagram of the range sensor 5 used for

a conventional sanitary device. Current/voltage converters 11,
12 are used so as to convert the photoelectric current wvalues
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 1is composed of an operational
amplifier OP, and a resistor R,, and the current/voltage
converter 42 is composed of an operational amplifier OP, and a
resistor R,.

A capacitor C, 1is connected to the output side of the

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



device utilizing this range sensor. It is still another aimof the present
invention to elimnate the above-descri bed problemin the related art and
to provide a sanitary device which can detect a human body or the |like and
accurately control the electromagnetic valve or the like by |owering the

Li ght projection level of the light emtting elenment 2 when the voltage

val ue Vz output fromthe current/vol tade ctonverter 42 exceeds a
predet erm ned val ue due to the disturbing |ight which enters the position
sensitive photodetector 1 so as to vary the voltage value VZ in proportion
to the rec ivgﬂ r. flegt%g Iight mﬁthqyt exceedi ng t he ground voltage VB.
Accor di ngCiL&pUi ST PSt “REpRREI B LTNE PRt S v Ent i o PHeTEF 3L %vi ded
a range sens I Sing: i i t1ipg el eme f. j.ecti l.ight to
' obj ect oot CRAgiPRat e che PaEldi Bf Ermn cRlrelhBhBl £ 47

posi ti on sepsiddewe photadet ggboki£OF RY OPOr rhanaldde QWL | 1Y Lhe 51
phot oel ectric currents obtained fromboth end termnals thereof in
correspopdendeaed b tahe tROHdraeat: hahivel thigghtragiiker &, f e Repiuti From
sensitive photodetector; and a signal processing circuit for processing the
signal s fudre photreesltecticegeucremestans chlf taw Theowghtageomabnesevpitnal and
one of both end termnals of the position sensitive photodetector; the

si gnal peye&sgeAgbyi Feai tRFASFaEPHEY tUrfemys olnkife Torivaritaosomputer
converting t he ghotoelectric currggﬁf ﬁﬁich fLOM/throqgh t he conmon
terninal *and TRS BICTRASBHE Bndt Y EAHCHARERRL bRGoft aRee dhdPefwerti 48f for
cal cul at | t.he rati . I he ctrl urr S ich, flow through the
comon tgrg%lﬂﬁgﬁnangeﬁﬁgg%%% e‘ﬁtg&gée)cr%nﬁeer?teﬁdrgy(\lcalagﬁ att:@%g Pﬁéefﬁlti g o] 9t he
respecti yg ual-bAGRE OPt@ided Ny LherpUr seatiyah tage LRNVGRLELSy, khetgby
detecting the position at which the Iight projected fromthe |ight’ emtting
el enent amndotrahheet edchycidewihigeilecobfnmeasungaratient ers the position
sensitive photodetector so as to nmeasure the di stance between the range
sensor and t h8hebieté¢gdit ol didenatreonheheahasis wWie tsaeppdsgthohdihg a
second aspect of the present invention, there is provided an automatic
urinal fF&8AEAG deviée | Fedr poFITHP I ity erFESERitBe dPHAGEC3BAEDF Whi ch
detects the distance, between a user. and the range sensor. and whi.ch,
aut ommt | AV A1 s EEC O et Vi ERBPULER s 678 RrKUGCERANBRT ange.
In a thiEﬂeaﬁ§Fﬁl §ft£ ' present invention, there is provided an autonatic
toil et stool sh ng devi ce incorporating the above-descri bed range sensor
whi ch det ect satdenrt id33Ce, hel weRReat&48&o and hiersENEsLSaNYer t RRGuYRI ch
automatically flushes a toilet stool when the user enters a predeterm ned
range. |la peddutrdh mspeghemwfa tlhierhur exenect hoenphbee ihenepus promi e an
automatic toilet stool flushing device incorporating the above-descri bed
range sensorogwipiteietdct Shehdrdinstighos Betisednviznagseon andsyhehrampemsensor

and which automatically flushes a toilet stool when the user |eaves a
predeterﬁ+%%dtP§ndéﬁht projection pulse. When the transistor Q, 1is

turned on, a current is supplied from a supply voltage VB to the
light emitting 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



-9 In afifth aspect of the present invention, there is provided an
automati c washi ng device for a washstand incorporating the above-descri bed
range sensor which detects the di stance between a user and the range sensor
whi ch automatically -- turns on the water when the user enters a
predeterm ned range. In a sixth aspect of the present invention, there is
provi ded an automatic washi ng devi ce for -a washstand i ncorporating the
above-descri bed range sensor which detects the di stance between a user and
t he range sensor which automatically blows out hot air when the user enters
a predeterm ned range. In a seventh aspect of_the present.invention, there
P brovi G AR AUPORAPR COHRLRT T et ad. FBFSa L JEBRoE ST T HRH US| he
above- de i b r n d i C t t ist etween, a user
and the ?%%@é%ggngggﬁaégcﬁggﬁ?gn%$?%af?€ﬁd$% @tI?%J£%§§%§f% &3t hé “aser

enters acprgdetguphnedntangerobfmgic & 0 Neasnacicf die WheseAbniknyenti on,
there is provided a hot-water jetting toilet stool having a cover opening

mechani sehandvdNegporatliveg t g gbaue- dascrideshsange semser ah Waheh
detects the distance between a user and the range sensor which

aut ononmatiieabhye openrs weenctbs esogite.cposens wheve tdimtugieteenber s amd the
predeterm ned range. In a ninth aspect of the present invention, there is
provi dedoRieef| ¢ Sfodleasargiemsyéni Hy gevreéara@opor B¢ ngashes of the
above-descri bed range sensor which detects the di stance between - 10 a
user andV8R&2FANGR- sensor and which automatical ly opens or closes the seat

when the. user gnﬁﬁéz%%&ﬁge&@ﬁ%}en rqgégnggnsé_,.r@,ng%os osi%r E%CCOI:BQi gg?to t he

present 1 nvention a S a sig essing clircu r prOgéSSI n he

tsi gnal sI treméags value PROLQEHEE! F1dm Gl e0t-SeMh) 681 AW ddHuight he gomon
erm nal an

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, + E) (v, = (E, + E;) + (I, + 1I,).R,}. The operational
amplifiers OP,,0P, cannot output a lower voltage than a ground
voltage. In addition, the operational amplifiers OP,,0P, 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;) + (I, + 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



one end term nal of the position sensitive photodetector. The signal
processing circuit is constituted only by current/vol tage converters for
converting the photoelectric currents which flow t hrough the common
termnal and the one end termnal 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 theénunber of operational anplifiers in
t he range sensor, thereby reducing the influence of the errors of the
operational anplifiers thenselves and enhanci ng the neasuring accuracy. The
range sensor. i ti.lized in.a device for startin r st i ng_various
operat | onzosrehetlorref *Ergon 1ohty Fit st 26e° 5 RkeRE: AnaT-FhBch et the

i nventio Vi - api.t ' - t i.c faucet and a
o et sesoro) ol REERL0RA00L Sh¥ APTTT AT BIRIRLLECLAROT cansor
conprisifg: A hkkghtcemid i ng el gimdifiex (ot efddutteruly Sohectdngchight to
an object of neasurenent; a position sensitive photodétector as a |1 ght
recei vi ngieteneatbésowedn cthea palditdehesenis it Culs neddtdde tRRldred bRQPERROrti on
to the position at which light enters; - 11 current/voltage converters
for convebi¢ény thengdmtomiaadtric currents output fromthe position
sensitive photodetector into voltages; integrators for averaging the
respective voN¥BRES ot PAFiTEBnPERRUEUYPEFRIY ofage €BngBr PRREAtHodREt ance
conput er io#.calculating Ee di st ance beLmeﬁn$th obj ect of neasurenent
and the PBRT1TOM sdAsPERT a@ gt GRELEELBREGNY t HB b &S & of URRKY aVer 53es

VO'Fage.ss#)?ff&?rf!ﬁ@?gtéé"!thﬁh@% parrif“ﬁk te%léafﬁnﬁu! Ll an,,3ng | i ght
projection Tevel owering circuit for Towering 1he Plgﬁt projection Tevel
of the |ightagai¥ting gherBny;uhen dhe nolihdee coubavt vhiegyong of the
current/vol tage converters exceeds a preset value. According to tfie range
sensor hawisgpte wloveredasgr vhetdest gt rtSiotc & ot Rael Lgphit pro] €£dd on

| evel lowering circuit lowers the light projection |level to an appropriate
| evel invVgecordance with the output voltage of a current/voltage converter
when the output voltage exceeds a preset value due to the disturbing Iight
whi ch ent er s 1M 58§ £PBHESERSFRI® & pHct Sdetest bRant e vsllitdge Vakes a

val ue which is 0 ortionab to.the received reflected.lig so that the

| ht ,
di st ance KoM o T8t Var ot L Rl (o PACBPAREER bEP Wel 1HRHE

positionw§ﬁﬂfi§kye.photodetector and the object of neasurenent. An
enbodi nent a range sensor according to the present invention will be

expl ai ned hergi nhelyawunid, h £géerpirgRtt ovd N RCCONPaRKEeR] HAWAYS, i
which; Fig. lais a circuit diagramof a signhal processing circuit - 12
of an enoshawmnitoroftca ttenghl ssamter beawaenotHangkomwbddtddteopriesait the -
i nvention;

object.

It is an aim of the present invention to eliminate the
above-described problem in the related art and to provide a range
sensor which has the measuring 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



Fig. Ibis acircuit diagramof a PSD; Fig. Ic is a circuit diagramof a
sanpling-holding 'circuit; Fig. 2 is a schematic view of the basic
structure of a range sensor; Fig. 3 is a circuit block diagramof a
conventional range sensor; and Fig. 4 is a circuit block diagramof a range
sensor of an enbodi nent of a sanitary device in accordance with the present
invention. The basic structure of a rangée sensor is the sane 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
fromthe RPL A313B9WR LAiEl gande dd1esdd ght projected fromthe |ight
emtting elenent 2 to the object of nmeasurenent is reflected by the
surface of thecobjeckc3llowabdhthe aianger SeRSOr dreddre: refinehedohi gt
forns a spot on a specific position of the PSD 1. The PSD 1 produces

char ges wiliichnate phepabtvendéstnildie driopiemenar gieotel heed pott akite tehar ges
are output fromboth end termnals 6,7 of the PSD 1 as photoel ectric
current sprovide3a gandfiewll PAVEF§sWhich @arl j9-edhed hwiarhdiddverrst ttdeni nal s
6,7 is grqinded (the value of the currenpt flowwng fromthe termnal 7 is
assumed tg Se’Fi)a}c%tteﬁéf FarGECt ST SLRECEUTRSNE S WhivE i BstRhirdigh t he
other termnal 6 .and the value 13 of the current ich fl.0 t hr. h a
comon téﬁﬁ%ﬂﬁeﬁﬁf%ﬂ%yiw%%%%%e@?oq?F%%%br éﬁ%@ ﬁf?ﬁ%Fhé1€ﬁ§r§?P%r%§€

the PSD 1 hbgePhot o8lGt ri eneur {60ESqd |, {21 3ki cly ar euégétri bubed ihe

reverse proportion to the distances between the spot and the réspective

t er m nal guérénayectakes euhveftdptin enthdIdNiaa SedhtermiitE &a3pet @k |ight
is closest to the end termnal 7, the value of the photoelectric current 1Z
t aken outooftHehedeadutking ndlightowhicaqualters t hige cppiséntioh3,semzd ttikre val ue
of the photoelectric current 11 taken out of the end terminal 6 is 0. Wen

t he spot Photpderedtar h $oiaft t@ gravttie oAltrge rdural. 6lrbprepdirsiance

"XZ", the current values 11 and |3 are represented bg the foll ow ng
equationFo the received reflected light without excéeding the ground

cs of

voltage VB.

Accordingly, in a first aspect of the present invention,
there 1is provided a range sensor comprising: a light emitting
element for projecting 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 sigmal processing circuit
including current/voltage converters for converting the

photoelectric currents which flow through the common terminal and



11 =23 XL . . . . (1) Werein "L" is an interva

bet ween the ternlnal 6 and 7 (mhlch corresponds to the Iength of the PSD
1). The value 13 of the current which flows into the conmon termnal 11 is
represented by the followng equation: 13 =1i f Ii The photoel ectric
current values 11,13, respectively, are first converted into voltage val ues
V1, V3 by current/vol tage converters 14, 85-constituted by operational
anplifiers 12,13 and resistances Rl14, R's . - 14 The operati onal
anplifier 12 has a non-inversion input term nal which is connected to the

t 11 d | t
battery ELASHIUR M OPFADR b CHeh PR %%"a?a o8 i Be BT Gadhat podas
anpl i fier gﬁ 58 99%@@&3&9@1& ﬂé??c' Wi 3491 d'fi?he%{%%h%g Lo.the

term nal an inversron term na IS grounde outp t&Fni nal

of the opepahbAngd @M1 bher i drie féaan@@mﬂaép pyN8aMbGI QEORPUHRY 4B ¥ a a
capacitor Cl4 and a sanpling-holding circuit 16. The output term nal of the

oper at i onak atips f irep3dtisecorvlatiged t obtiened Cbgcotpat efurk®nti/@ocdtage
capacitor Cl4 and a sanpling-holding circuit 17. Each one of the

non-i nver scoverhpus, ahlevetpudetestirml shof posiet bperat | ehathanpei Light
12,13 is connected to each other via the resistances Rl4 ~ Rs . The
capaci t or Breiactef stxem ?Qﬁﬁ%&iﬂ%ﬂﬁ@9QﬁFQQu?hﬁmﬁﬂér?nélr€ﬁ1§§ﬁ9ﬁlh@ BBEdi ng

circuit 16,17 as described |ater. nent, the ht emttin
el ement oPPPREL O&ﬁﬁ‘ga%ﬁ%‘%n? §nlt1e§ﬁt %lae pr?sa}tﬁﬁps%e%%ﬁ’e‘fenpLBgPFiﬁE;efE%r )

period while Lhe | ghl recayi r%%riatet' heEalvi g "QEES fhe gurgnts
13, I'1 do no ?OM/ an%rghe voltage C argg% In ?he ca8a0| ors C?ﬁ C#
becomes eQHiécéoof hee ¥l tAE8 0Tt RBbBEEEEYoEle n&Easds af 1 dihe operati onal
anplifiers 12,13 is a nodel #S 3272 of Hamamat su otonics Corporation in
Japan. The resist ar ssddbhndlSabpy€t aofestlsd apeeseoht 4 invdnbionTheeapacigors
Cl4, ds have a capacitance of 0.047,F.

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 the user enters a predetermined range.

In a third 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.



- 15 Since the voltage of the inversion input termnal and the voltage of
the non-inversion input termnal of the operational anplifiers are the sane
because of an imaginary short-circuit, the voltage of the inversion input
term nal of the operational anplifier 12 is E and the voltage of the
inversion input termnal . of the operational amplifier 13 is 0. (The value
Eis the voltage of the battery E14. ) °The currents 13, 11 flowin the
resistors Rl4, Ris in the direction of arrows shown in Fig. |a.

Accordi ngly, the output term nal voltages V3,V1l of the operational

anplifiers 12,43 ér%l@prbgggctnwecﬁgl I&@s@ateqyﬁxtfég%n VBEHeEe S

I3 Vi =Rs ~1 i Fromthe above equations, the currents are

cal cul at gsk-pyiddae fohl owurgmaguat i arshi¥g - &edike RE4r.. a . washstand -
(2) V1 11- Rs .. . . .. (3) As described above, the voltage

val ue V3 nrs:drip@r\aalmg Khe 2l -hid s rd dteglr mange oDaisobwitihed deasetercinf the
| ight spot and the intensity of the |ight irrespective of the position of
the spot .diSiteeeet RetvaeenzitseoRnchehe ecwidgedanisgnt wh chudgeendrismltlye
result of the addition, it is possible to automatically adjust the |ight
eni ssi on."UERS ERafpfeV2hAENVERR VAF S HhaHS %Iﬁ?edﬁ¥§ﬁ§FP?do¥a¢$%ht is
i ncreased. Th S|§nals |nd|caééng t-he volta e %|l%¥%éé \ﬂ.arghlqgut to a
di vider 18 of a nlcroconpu?e? a ter t ogfqu i Mngs er'eo are

adj ust ed py, SaEpl e-010! da((Somkh 161 T Qr‘é.'sh%n%G hevindi vided val g Hde dng

cal cul ated as foll ows.
incorporating the above-described range sensor which detects the

distance between a user and the range sensor 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 1is
provided a toilet stool seat opening device incorporating the

above-described range sensor which detects the distance between



X1 - .. .. .. .. .. .. ())LI3Vl__RsWVW-ER4V V3 -E("."
R14 - RI5 - 4.3 M52 ) In order to obtain the distance X of the spot from
the 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
di stance 4 between the range sensor 5 fnd t he object 3 by triangulation.
The construction of sanpling-holding c Qcuit 16 is expl ai ned now with
reference of Fig. Ic. The sanpling-holding circuit 17 has the sane
construction as of the circuit 16. The battery E1 is connected to one of

the terninals,of,the capachtor sE14ovi ana mgﬁhaﬁ\é\%ma@@ga@ifgagaﬁsi Byer sion

i nput termnal of an operational anplifier Ic 100 is connec to
term nal cobstbhergapagit oihdd 4 nd auserSWnlcehsSWlpaBdeBeF@8hSE Ofarfe 1 Kf 2. The
output term nal of the operational anplifier Ic 100 is - 17 connected to

a non-inver si Anrangetsdresan realcoafdinge topehat poesdntanlvdrtdon adbflsviaa a
capaci tor having a capacitance of 0.22,F. The output term nal of

oper at i opafnakpkirbressieg100 ricyisl forcamaased ndo thee sdsralonper eche8 and
the non-inversion ipput termnal of the operational anplifier Ic _101. The
nonzinvePEPBﬂe}%fEEl?eﬁqﬁﬁ%ﬂtsth%ﬁ%jHﬁ@?EgFBH%WﬁﬁﬁbFPFW%F fermigelj and
connected to t%etbattggy g%.tghe gggégnnténrﬂJyyveof tQ% Qper Eiona h
anplifie?n?ce? 1 ?Embrounded v A switen . a régfétgF 6F-Pb° KS2Ca

resi stor i Qf, L .an i i I 0.1.F.
The. porton ey e T st oe 6 10 R o Fherr barer or SBr IR TS
connect edoh e OSFYINE SRRV thing BOA- PRYEHS] &t # I WudrnFisnghieh Ehew

anplifier Ic 100.
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 range 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;



The anplifier Ic 100 is a nodel ~TLO82 of Texas Instrunents and the
anplifier 1c 101 is a nodel #~C PC4570 of NEC. The switches SW, SW and
SWB are controlled to be turned on and off by signals fromthe

m croconputer 18. The sanpling-holding circuit acts as follows: (1) Wen
all switches SW,, SW and SWB are turn on, an analog level of the circuit
is initialized and an output thereof beconmes El (the voltage of the battery
El). (2) Wen only the switch SW is turned on and the switches SWZ and SW
are turned off, the voltage V3 is sanpled. (3) Wen the switches SW and
SVB are turredcgiblangeontyntdiec s t €Br SWori e ddirmied cas, she: SagldNg
voltage is held. In this case, the capacitor Cl9, is charged by the battery
El. - arrkntsheuapovefdescthbedodivish osendlt ige usleot e tdrvaodi iindend.
Alternatively, it is possible to ground the termnal 6 and use the val ue Vz
obt ai ned visy tegaver t imteItRE Qs r éar \AyleregiAdoutiprt respRct heet eratitegles? into
a voltage val ue. This enbodi nent is applicable to, for exanple, an

aut omat | EUGFHRaFTPIUSRE NG EeRA e WidaI? SETURBEPERF | § F1ISHEE £UPUSEE when

a user stands _in redeterm.ned range.. I n thi.s case, .since the distance
Detween £RE FARGEIZEHEE: CRRATERETTRT nat SIS et G 295 T's TBCSBIE "o
accurate a i 1y f g i NS ecti v f calo f the
cIothes,EéF #%égﬁﬁéé?%ﬁ&%réf%%kﬁ%véﬁﬁééggﬁi§|ﬁ$§%iqﬁgfﬁé s%g §Sa§%|?8 to an
automat i gvkobbel strQltalfedshiing devie@iamech witdromatheal byihkughes artoil et
stool when a user enters or |eaves a predeterm ned range by detecting the
di st ancetbheétingebat henusetd andighe panjps-tsiensdeveActowdr hyg tcai isucht dodevi ce,
since the toilet stool is automatically flushed, there is no fear of the
toi |l et stowkrimkithe tliaghisproseckivedayse of thee lpobteeiiint Useelahentor gets
to flush the toilet. Wien this enbodinent is applied to an automatic
washi ng §B9RcetPdr YOIERIRt HHFEPUTL TEOP0serDI 2% 0 it e @usE LA VoL SREE

bet ween a user.  and the rgnqg sens rwa%ﬂg when the user enters a
pr edet er PREG FaRhGeS*F TR0t

et Al 'Y t8rns on the water, blows out hot

air, drops |igubg- 808P« OrcRGLERA WBhUoeXBEUI RS LIESEOPEIAddibeds
occasi on denmands. a toilet stool is providedwth a cover opening
mechani Structure, since the light projection level lowering circuit
lowers the light projection level to an appropriate level in
accordance with the output voltage of a current/voltage converter
when the output voltage exceeds a preset value due to the
disturbing light which  enters the position sengitive
photodetector, the voltage takes a value which is proportional
to the received reflected light, so that the distance computer
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



- 19 of a seat opening nechanism it is possible to detect the distance
bet ween a user and the range sensor, and when the user enters a
predeterm ned range, it automatically opens or closes the cover or the
seat. As described above, according to the present invention, it is not
necessary to provide- an operational anplifier exclusively for addition of
the outputs of both end termnals of the RSD or an operational anplifier
for subtraction of the outputs. It is therefore possible to reduce the
errors produced by the operational anplifiers thensel ves. An enbodi nent of
a sanitary device according to the present, invention will be explained with
r ef er encePt FIFRFPOZIMARE Hovin TRAIE %?n%ﬁr 37 3Rgerdance v i4d Fhecrporerted
into a sanitary, device such as automatic faucet, toilet stool flushing

devi ce, hb?Y?ﬁﬁlqnﬁetting toilet seat, hand drier and toilet stool equipped
wth a hot-air.fan,,s .di f.fer LT QrE r sor 5 shown in Fig. 3 in
that it includ%L a]ffd%{apgéﬁg%%%oﬁg%%ggT ?€3£H$ﬁ§ circuit 46. The |ight
projection |evely | awering elikeUit 48abeMRrsSe thesdrathgrieigghion | evel of
the light whichl1s emtted fromthe ITght emtting el énent 2 when the
vol t age valme: M2 out put fromthe current/voltage converter 42 exceeds a
predeterm ned val ue due to the conparatively strong disturbing Iight which
enters the posiig.or? sensi sichemphotodetectdrtily basier deructuvar yfthe vol t age
value VZ in proportion to the received reflected |ight, thereby enabling

t he accur@@E<HLWHEi on of the di stance between the position sensitive
phot odet ector 1 and t.he obj.ect .3 uman, body or the |ike) of asurenent .

- 20 The randé%ensdr &OcafFFlBeégﬁg?éFH¥H¥Wb eFeFﬁGHﬁgF?o sane
reference.n ral e_provided for the el enents which are the sane as

t hose in%¥ﬁgE$§%€%oggn?§§ 5 shown in Fig. 3 and explanation thereof wll be
omtted. In Figgg 4.4 4iRe0WLRBLi1¥ObLEBER YlaSfadk hor CHIFENd W dR0e Lonyert er
42 is input to the non-inversion termnal {+) of an operational anplifier
OP3 t hr ougtbhddimet@padi tokaG2tafyr abefeacen vatdagandd chitils ol aimedkny

di viding the supply voltage VB by resistances RS and R6 is applied to the

i nver si ontvemmigal. (-) of the operational anplifier OP,. An integrator 47
conposed of a resistor R" a capacitor C3 and a resistor R8 is connected to
the output termnal of the operational anplifier OP3. An output term nal of
a NPN transistor 2 is connected to the output side of the integrator 17.
As the output voltage of the integrator 17 increases the base voltage of

the Lransi stomQP,Lasceasencea Lhat Lheabal ernialok ol shangend e feshst ance

bet ween the collector an e emtter) of " the transistor I ncr eases.

col | ect orsrRfurt H@ trigNskst @heQhheac08RESE BH 4O de MO GRS ELF4RheThe
collector is also connected to a base of the transistor QL through the

resi st or pR®sehhie trmengiishorl{g@s i $nt ar reignal apwbaddsing actordiance otth t he
l'ight projection pulse output fromthe mcroconputer 45. A current is
appl i ed froweskénguppeysionzbgeowVputo fuem [thghPSBniltting el ement 2 when the

transistor QL is turned on,,K as explained in relation(io t he conventi onal
range sensor As shown in Fig. 2, the 1light projected from the 1light

emitting element 2 to the object 3 of measurement is reflected
by the surface 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.



- 21 In the conventional range sensor 5 shown in Fig. 3, since the current
applied to the light emtting elenent 2 is constant, it is inpossible to
adj ust the quantity of light emtted. In contrast, in the present
invention, the light projection level lowering circuit 46 can automatically
reduce the quantity of light emtted mhsn di sturbing light which enters the
position sensitive photodetector 1 is & ronger than a predeterm ned |evel.
In the circuit shown in Fig. 4, the elenent 1 is the sane as the el enent
shown in Fig. la. The resistance value of each resistor, the capacitance of
each capaci t onand, J.fe i%ywoﬂ%s vold age B areas; fob | ous, &l Fermarhrd VB2
R3. 2. 7 KS2 RQ. 1.3 S2 . 1. 5KS~-R6. 6. 8 K2 R-. : HESZ Re
10 Kf2 Q7 £2 grluBdéd. ~(theC3valik . o/ theVBurdenty Thewopgr atban «ofe the
i ght projection level lowering circuit 46 will now be explained. Wen the
out put valerageal”Z 70fist hesamed et /oI I, pgead nvier tver LR I, Sof nphe dur-rche
non-inversion termnal (+) of the operational anplifier OP'" the operational
anpl i fi ewhdRd Edppar ebrohehvihe ayfdier tezpingZ §iamd ttiee welluggé, apltihed to
the inversion term nal é-). |f the voltage Vz exceeds the voltage applied
to the i FHEFSPENWEEFR RAPYWE- FhERKIR & PETOR, SRgMANEL utbi MeF IRLRRESAsCeh
enters the po;ition s;nsitive odetecto he o anpl_ifier

h 1. i
OP3 outputs a pSSITETENS 4§ cly @5??%?58ﬁé§cfogsagkéfggbréncéhﬁetmeen
bot h | t | f t ; i f s j
oot put 1 6 LRSeLRcs op RrrtRren it & IDRPPRES KR iBlPal S e,

const ant (RbpbhRe iehr edi theoasstdntad Jey weba EBSI §HOE Safl, t1RB el ve
capaci tor Cg . \When the output voltage of the operational anplifier OP3 is

appl i ed terttheabase, of atbetdkemsist arf Qotht kadi heemhaklses) 3t ance (the
resi stance between the collector and the enitter% of the transistor  is
| oner ed, so tHaent hesbasecfolighfe ik ctllkeesiahsi Sherel iewticwded., Abea
result, the internal resistanceé&the resi stance between the col| ector and

the enit Y@t} eofok hERer AIQTQSILCE 1PN GEEEEE, Tohi T3-St BHAt ital P21 6R€rs the
i ght jection Level .of the Light enitti t Th | ¢ VZ
' 9 pr glegérl%qgg 6CLF Pladdll t![cgh:[l'ﬁgrQurxjePl% F‘.‘LJ emefl %he v l\éggﬁ??%%lﬁer eby

t heref or S i'nproportion evel of *the recerve

enabl i ng hta@o W CEQEOOPULPEAD 10 cGREAULAL 8o ACOM aled e dohe rdhiskange o4
bet ween fhe phot odet ector 1 and the object. Wien the intensity of

di sturbing |ightnberengsot oy afkddie arokt pgen¥2di st haverréharhd he vol t age

of the inverse termnal of the operational anplifier OP3, the base voltage
of the tramsishdre @y becdhesadow "#,t h ded agutaEd dadudsy It hend i ye epast ant
of the integrator 47. As a result, the base voltage of the transistor QL

i ncr easeseprsesenhed nby etle@ir Fehiowingve UaLaORhe | ight

I, = I, X/L .. .. v v 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 common terminal 11 is
represented by the following equation:

I, = I, + 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 Ry, R;s.



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

i ncreases. The range sensor 10 in accordance with the present invention can
be utilized to detect the user of a urinal, a toilet stool or -- the |like,
the user of a washing device for a washstand, the user of a hand drier,
etc. As described above, according to the present invention, a sanitary
devi ce such as an automatic faucet andl& foilet stool flushi ng device is
provided with a range sensor, and the range sensor conprises: a |light
emtting elenent for intermttently projecting light to an object of

nmeasur enment ; 0Siti ; it dete S | i.ght _receivin

el enent to V\h?g% aé%%%?colei ectr%iés%:ggg%algt El‘%s%fﬁ)l |§e i'n l%rvgﬁgrl?flon”’tpg‘ﬁ he
posi tion fatrmthiagh JHiGh eNtessnesld el / VoLt agemeANYeLheRs 1 f on canverting

t he photoelectric currents output fromthe position sensitive photodetector
into vol tiagegsibAt egratians Wi aAveragdathddied espest byet¥oyt agehLutfut
fromthe current/voltage converters; a distance conputer for cal culating

t he di st amdeaget wEeapplrexobpeelyof . freaslir e mrenThancp4 et poslt isoup lsiefigirt | ve
phot odetector on the basis of the averaged voltages in accordance with the
princi pl &é2ohagr raRglr BEYRRS LM Al PUE FierTprgilerhich LtevernneniEdd v dihecui t
for |oweri n%,th I igh%ngro' ection | evel of th?x.lil ight emtting el ement when
the vol t Z§&T6HEpuf FRPONTBNEBFTTHE G EREy § Sb‘eléoﬂy‘é‘ﬁ?%? - exceeds a
preset val ue. i her e . hossi bl 0 r. st i r.0j.ection | evel
of the Iight reﬂrhgt tclsur%: ugcl etffréé%ﬁlr\aﬂ'enb?hgh%ol%%\é%t&tﬁm%&t %{J%lrﬁpf{)lnég O#étﬁg
current/ vehhageeQO0MEN L Bd Sne¥e8E8LFpEr &F edet &1iA nsdc&ﬁhegtgye,ctlp and 84 the
conparatively strong disturbing light which enters the position sensitive
phot odet eapll indhRo V@i hqge: tariaf one.var iEs | puppAROr téeRiddl t e resei ved
reflected light, thereby enabling the accurate neasurenent of the distance
bet ween therposthabmmgensidanr U8 photonetettdtcattet hecobj@uiutefr m8asurenent .
Thus, it is possible to accurately control an el ectromagnetic valve of an
aut omat | @ Faneetton Foi RBE 3t éawp¥+%m?ﬂgila@§ridft%to_rl7t-heEapl@epnv\hpﬁe

t here has _been descri bed what is at esent considere o be a preferred
onoodi MoRPSOR O RE T RVBHTT G 2 PRE B EerSLobte (it FapPgag  tons]

ol ai s couBre T e b e a MR ottol r R o P i, 2R, g o g™
invention,, gr, . 25 CLA M
The capacitors C,,C,; 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 periocd while
the light-receiving element is receiving light, the currents I,,
I, do not flow, and the voltage charged in the capacitors C,,,Cys
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,; have a

capacitance of 0.047uF.



1. A range sensor conprising: a light emtting element for projecting |ight
to an object of nmeasurenent; a light receiving elenent constituted by a
position sensitive photodetector for proportionally outputting

photoel ectric currents obtained fromboth end termnals thereof in
correspondence with the position at which light enters said position
sensitive photodetector; and a signal” prPocessing circuit for processing the
signals of photoelectric currents which flow through a common term nal and
one of said both end termnals of said position sensitive photodetector;
said signal pr Si [ | §. 1 ncludi rrent/, a converters for
converting sai éd)lcrg%eot%gﬁ g‘%:c'glﬁg ecudrk(r:ézﬁlt%sq\?\}r\{%%ﬁlg O\Ilv}ligh;r:oggﬁméré?g %%% =
term nal angd-sal d, One,engh A ef il Jinbapve! E@gﬁﬁna@ngfatﬁg%psbé}gsnal
calculating the ratio of said photoelec?rlc currents which fTow through

sai d commafp1efidmalamnd i shieneeRdskeF aal ibpgtabeyl ahbhg-theciati o of
the respective vol tages obtained by said current/voltage converters,

t her eby detectolntgpgeheofpasid iiorveatsiwmi dmptihetkirghhapr of echedopenat saiall | i ght
emtting elenent and refl ected by said object of neasurenent enters said
posi ti on aemisifiare 1ghas dRiarst toe- ol tage efnehs ireve i ali snanteteetimseh said
range sensor and sai d object of, nmeasurepent on the basis of said position.

- 26 2. ¥ thGt BREFREIGRR haATRHSIHING 3 de¥ike (FREOYROYELE A ARF affe-aEhsor
di laimJ1, wh i dj st t d i

Sensor | Uit R TEab | ange s GHESEAGRd ' th S | B RS LTS

flushed when t h%éqﬁ% BBLEESoft PF SHBIRIITSABIN ARGR g 31 AN AU PR P J 01 | et

stool flushing vice I ncorporating a range sensor according to clarm1,
wher ei n te GutpARCe kel naenval tsfds andvsaifd thangpesaisohal Safist £ttt by
said range sensor and a toilet stool is automatically flushed when the user
enters a I ddeteeraridesd mibede indthdnfall omeatd eduaitiensst ool fl ushi ng devi ce
i ncorporating a range sensor according to claim1, wherein the distance
between a user andVsafdErange sehsor is detected by said range sensor and a
toilet is automatically flushed when the user |eaves a predeterm ned range.
5. An autonatic maé%iﬁgR@eviEe for a-washstand incorporating a range sensor
according to ai erein the dist edpe en.a user_and -saj.d.range
sensor is det(e;‘:J(::Ctog{Jlnt § %g?%Fr%ﬁﬁ§}ﬁ§§ﬁ$ogﬂgﬁ:]?%%ﬁﬁﬁgéfﬂﬁsaf%r?ﬁﬁf%%$95$9n t he
user ent gy s (8 Predelgiihneduhagfs: 6. An automatic washing device for a
washst and “i ncor porati ng”a range sensor according to claim1, wherein the

di stance between a uservand said range sensor is detected by said range
sensor and hotr,ai# is is automatically .bl own.out(2Wwhen the user enters a
predeterm ned range. 7. An automatic washing device for a washstand

incorporating a - 27 v,
I, = Rig  co v v e e .. (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. For 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



range sensor according to claimi1, wherein the distance between a user and

said range sensor is detected by said range sensor and liquid soap is
automati cal ly di spensed when the user enters a predeterm ned range. 8. A
hot-water jetting toilet stool provided with a cover opening nmechani sm

i ncorporating a range sensor according to claim1, wherein the
bet ween a user and said range sensor -i $édet ected by said range

di st ance
sensor and

the cover is automatically opened or closed when the user enters a

predetermned range. 9. A toilet stool seat opening device incorporating a

range sensor acgcording, to claim rej.n the di.stance_between_a user and
eﬁg égéﬁg?ﬁahgec§5ﬁ§6Fsaﬁé'gﬁe seatdigided

c
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autonaticggidéqwongﬂsQ%g%#ﬁéggdmggnfgffiwggr enters a predeterm ned range.

10. A range sensor ‘as I'nclarm wherein each of said

current/vol tage converters is equi pped w$h an operational anplifier whose

inversion terninal is connected to the Llight receiving el enent

and whose

non-inversion termnal is grounded via a battery or directly, and a

resi stor which connects the inversion termnal and the output term nal of
said operational anmplifier. -x¥. A range sensor as defined in claiml1l0, - -
wherein said output termnal of said opgrational anplifier of each

converter is connected to a sanpling-h ing circuit via a capacitor. 12.
range sensor as defined in claiml1l. = ein said output of said
sanpling-holding circuit is input to a"mifroconputer. - 28 13. A

sanitary device such as an automatic farget and a toil et stool

fl ushi ng

device incorporating a range sensor, said range sensor conprising: a |light
emtting elenent for intemttently projecting light to an object of
measurement; a position sensitive phqtodetector as a |light receiving

el ement to which a photoelectric currewt-£Hs applied in proportion to the

position at which |ight enters;

( * R, = Ry = 4.3 MQ )

In order to obtain the distance X of the gpot 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

A



current/vol tage converters for converting the photoelectric currents out put
fromsaid position sensitive photodetector into voltages; integrators for
averagi ng the respective voltages output fromsaid current/voltage
converters; a distance conputer for calculating the distance between said
obj ect of neasurenent and said position sensitive photodetector on the
basis of the averaged voltages in accbrﬁgnbe with the principle of
triangulation; and a |ight projection level lowering circuit for |owering
the light projection level of said light emtting el ement when the voltage

output from,gne-ehk 8l d GHLLEALLYO! LA08, VeI LIS exfeady, I E88L val ue.
d m 1 of saird

4 . A sanitary device as defined in clai 3 , wherein each

current/vahbageicoNyeri®y s idf @ eaphePest Walngna0pgpati ondte alWlbi bbgk Whose
inversion termnal is connected to the light receiving el ement and whose
non- i nver shenotiepat naérmsngl cuhdgrknatd onabattplyfand acresd sioraddyd ch
connects the inversion termnal and the output term nal of said operational
anpl i fi er connecped 8. thesadicracpndeveteldsaddf ithed non-cinyemsidn wherei n an
output term nal of said operational anplifiers is connected to said,

i nt egr at ofe¥anal capddia GPerebional MR Hriicfedrcélas dets med-itAVergimi 15,
wherein said cutput.of said.integrator is.input_fo m_croconputer. 17.
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| evel . | operi Cy if..has a e t I megns i

current fﬁgmfﬂgat%ggg%%ylﬁght gﬁ?{t?ﬁggg?e%g%%&agén a cﬁﬁgegge%ﬁggéﬁ%finto
said i ghhnpeceivinge el &rerd HecorRe WREeat BantanhpsredetLeridisngdoleyel 1018. A

range sensor substantially as hereinbefore described with reference to
Figures | B, |, tesiatb?2. 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 amplifier Ic 100 is a model *TLO82 of Texas Instruments
and the amplifier 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,.



19. 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 substantially as herei nbefore described with reference
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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 wurinal
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
the distance between the user and the range sensor. According
to such a device, since the toilet stool 1is automatically
flushed, there is no fear of the toilet stool making the user
sick Dbecause 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
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the cover or the seat.

As described above, according to the present 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 sanitary device according to the present
invention will be explained with 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 tolilet seat, 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 the object 3 (human body

or the like) of measurement.
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The range sensor 40 will be explained hereinunder. The same
reference numerals are provided for the elements which are the
same as those in the range sensor 5 shown in Fig. 3 and
explanation thereocf will be omitted.

In-EFEig. 4, the output voltage V, of the current/voltage
converter 42 1is 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 integrator 17 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, is
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.
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In the conventional range sensor 5 shown in Fig. 3, since
the current appiied to the light emitting element 2 is constant,
it is impossible to adjust the quantity of light emitted. In
contrast, in the present invention, the light projection level
lowering circuit 46 can automatically reduce the quantity of
light emitted when disturbing light which enters 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
R, : 1.5 KQ
R, : 6.8 KQ
R, : 4.7 KQ
R, : 10 KQ
C,, G : 0.047uF
C, : 0.1uF
VB : 12 v

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 operational

amplifier OP,, the operational amplifier OP, compares the voltage
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voltage V, exceeds the voltage applied to the inversion terminal
(-) due to the strong disturbing light which enters the position
sensitive photodetector 1, the operational amplifier OP, outputs

- a positive voltage which corresponds to the difference between
both voltages. The output voltage of the operational amplifier
0P, 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, 1s lowered, so that the base voltage of the
transistor Q, increases. As a result, the internal resistance
{({the resistance between the collector and the emitter) 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

Q, increases, so that more current flows into the light
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increases.

The range sensor 10 in accordance with the present invention
can be utilized to detect the user of a urinal, a toilet stool or
the like, the user of a washing device for a washstand, the user
of a hand driexr, etc.

As described above, according 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 currents output from the position sensitive
photodetector into voltages; integrators foxr 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
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position sensitive photodetector. The voltage therefore varieg
in proportion to the received reflected light, thereby enabling
the accurate measurement of the distance between the position
sensitive photodetector and the object of measurement. Thus, it
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 the 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.
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CLAIMS:

1. A range sensor comprising:

a light emitting element for projecting light to an object
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 enters 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 sald position sensitive photodetector so as to measure the

distance between said range sensor and said object of measurement

on the basis of said position.
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2. An automatic urinal 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
urinal is automatically flushed when the user enters a
predetermined range.

3. 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 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 range.

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 enters a

predetermined range.

7. An automatic washing device for a washstand incorporating a
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range sensor according to claim 1, wherein the distance between
a user and said range sensor is detected by said range sensor and
liquid soap is automatically dispensed when the user enters a
predetermined range.

8. A hot-water jetting 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 gensor is detected by said range sensor and the
seat 1s automatically opened or closed when the user enters a
predetermined range.

10. A range sensor as defined in claim 1, wherein each of said
current/voltage converters 1is equipped with an operational
amplifier whose inversion terminal is connected to the 1light
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 via a capacitor.

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

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

a light emitting element for intemittently 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
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
object of measurement and sald 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 preget 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.
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15. A sanitary device as defined in claim 14, wherein

an output terminal of said operational amplifiers is connected to
sald integrator via a capacitor.

16. A sanitary device as defined in claim 15, wherein said ocutput
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 la, 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 equipped with a hot-air fan substantially as

hereinbefore described with reference to Figure 4.



