SPECI FI CATI ON | NFRARED- RAYS DEFARIYIR 2357

BACKGROUND OF THE. | NVENTI ON “FI ELD"OF THE | NVENTI ON -

The present invention relates to an infrared-rays . det edPEST or
detecting infrared energy radiated froma human . body in order to
gdetect the existence or novenent of a hdman 10 body. DESCRI PT1.ON
OF PRI OR ART A pyroelectric elenent is used wdely to

det ect : i nfrared-rays radiated froma human body. The pyroelectric
el enent set for each of nonitor areas outputs a current in 15
correspondence to infrared radi at SBBCIFIRAAIONn an i nfrared- rays
detector, a current-to-voltage converter converts the current to a
voltage, and a voltage anplifier anplifies the vol tage. Wen the
out put vol tage exceeds a predeterm ned level, it is decided that a
human body is detected, and aINPRAREDERAYS iDETECTORI which neans that a
human body exists or noves in the nonitor area is outputted.

The infrared-rays detector is designed to have the _ frequency
characteristic for novenent of a human body, and it has a

char agt er i gitrcROURBNOFPREE TNVERTIOKRVI Ng a center 25  of transm ssion
band at about 1 Hz. Then, the sensitivity
FIELD OF THE INVENTION
- The present invention relates to an infrared-rays
detector for detecting infrared energy radiated from a human
body in order to detecf the existence or movement of a human
iO body. |
DESCRIPTION OF PRIOR ART
A pyroelectric element is used wide.ly to detect
infrared—rays radiated from a human body. The pyroelectric
-eleﬁent set for each of monitor areas outputs a current in
15 corréspondence to infrared radiation. Then, in an infrared-
rays detector, a current-to-voltage converter converts the
current to a voltage, and a voltage amplifiér amplifies the
voltage. When the output voltage exceeds a predetermined
level, it is décided that a human body is detected, and a
20 det-ection signal which means that a human body exists or
méves in the monitor area is outputted.
The infrared—rays'deteétor is designed to have the
frequency characteristic for movement of a human body, and
it has a .characteristic of band-pass filter having a center

25 of transmission band at about 1 Hz. Then, the sensitivity



2 to a human body is enhanced, and a nmal function is prevented

to be caused by signals at frequenC|es irrelevant to novenent of a
hunman body. However, the pyroelectric elenent outputs a
one- 5 shot noise called as popcorn noi se di sadvantageously. It is

t hought - that the popcorn noise is ascribe& to generation of

unnecessary electric charges in the pyroelectric elenent, and the
unnecessary el ectric charges are generated by conpression or tensile
stress centered at defects in 10 nmaterials of a pyroelectric plate
or el ectrodes achuman body igi ephanged,nepdo&r FeRSUmCtilon |4k PRRSIRNERS
by dicing or the |ike, due to differences in thernal

expansi on to beefdauseht by asignads el dqﬂm&;}cm%cwmv@%ud‘@rt
an adhesive agent, a circuit board or the like in the 15 pyroelectric
el enent . movement of a Prmmamusddy. in order to reduce the occurrence of
t he popcorn noi se as one-shot output noise, it is proposed to

optim ze the naterial sHéwevéhe shppoyiroelleeteiiceelensmdr doutputs eheone-

el ectrically conductive adhesive, or the like, or to 20 change the
structuse ofshdie nyisel €£lled 3 epopdorn Hmimkerdisadvantmgmoudlywuciit is

proposal s are adopted, the occurrence. of the popcorn noi se cannot be
suppressed cenphghe! ¥hat the popcorhnhossedisapscidbed wo gemkretion of :
mal function is I1able to be caused by the popcorn noise. 25

unnecessary electric charges in the pyroelectric element,
and the unnecessary electric charges are generated by
compression or tensile stress centered -at defects in
10 materials of a pyroelectric pléte or electrodes or at
pitchinés, microcracks or the like generated‘by dicing or
the ~1like, due to differences in thermal expansion
| coefficient in a pyroelectric plate, electrodes, a support,
‘an adhesive agenf, a circuit board or the 1like in the
15 pyroelectric element.

- Previously, in order to reduce the occurrence-of
the popcorn noise as one-shot output noise, it is proposed
to optimize the materials for the support, the circuit board,
the electiically conductive adhesive, or the 1like, or to

20 change the structure of-thé'pyroeléctric element. However,
even 1if such proposals ére adopted, the occurrence of the
popcorn noise .cannot be suppressed completely in the
infrared-rays detector, and a malfunction is 1liable to be
caused by the popcorn noise.

25



3 : SUMVARY OF THE | NVENTI ON The invention
.intends to solve the problens and its object is to provide an

i nfrared-rays detector which does not operate erroneously when a
popcorn noise occurs. 5 An infrared-rays detector
according to the invention coﬁprlses a pyroelectric elenent, a
current-to- vol t age converter which converts a current fronlthe
pyroel ectric elenent to a vol tage signal, and a signal processor
whi ch perfornms frequency spectra anaIyS|s on the voltage - 10 si gnal
recei ved froMMARY QF rEHE -INVENTIGNe converter and outputs a detection
signal only when a mavefornlgenerated , by a human body is detected
by the wavef orm anal yEte. inyagtion intesidgnalto psed¥ssdingrmproblensl iansd in
vari ous ways as expl ai ned bel ow. 15 For exanpl e,

t he signal irscebjectcdimprieeprovide an imfindrederraps cebaptoti edidhe
vol tage signal received from the current-to-vol tage converter, a
frequency aduds/zaemt operate wrircmeparsfigr mhehr aqpepcpranaby‘tsiesocnuaa.out put
si gnal of the anplifier, and a decision circuit which detects a
20 vhveform generard ihfraxredruanys bodytdaser accooddguiencyyo the
conponents obtained by the frequency anal yzer. For
exanpl e, t hinwdginbdn prompgisescarppyseelactric eldnarst, aaplcufrirentwiticch
anplifies the voltage signal received . fromthe current-to-voltage
converter ivoktdgequesnyertage, whichS5 convértsse@ndcanpénti efrohi clthe

anplifies the voltage signa
pyroelectric element to a voltage signal, and a signal
précessor’which performs waveform analysis on the voltage

10 signal received from the current—to-&oltage converter and
outputs a detection signal only when a waveform generated
by a human body is deteéted by the waveform analysis. The
signal processor may be realized 1in vafious ways as
explained below.

15 _ For example, the signal processor comprises an
amplifier which amplifies the voltage signai received from
the éurrent-to—voltage converter, a frequency analyzer’
which performs frequency analysis on an output signal of
the amplifier, and a decision circuit which detects a

20 wéveform generated by a ﬁuman body based on frequency
components ocbtained by the frequency analyzer.

For example, the signal processor comprises a
first amplifier which amplifies the voltage signal received
from the curfent—to-voltage cqnverter in a frequency rande,

25 and a second amplifier which amplifies the voltage signal
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4 received fromthe current-to-voltage converter in a

frequency range different fromthat of the first anplifier, and a
decision circuit which detects the waveform generated by a hunman body
according to a ratio of anplitude levels,of 5 output signals of the

first and second anplifiers. 4 For exanple, the signal
processor conprises a first anplifier which anplifies the voltage
signal received fromthe current-to-voltage converter in a frequency
range, a second anpllfler whi ch anmplifies the vol tagrt3|gnal 10

recei ved FreeRivede AT entheo- VRIHESHE~ Fﬂﬂﬂﬂ%ﬁ%ﬁe j fonyerter” tiMquBncy
range different fromthat of the first anpl

conpar at or fwecuencynpange i ffanant fxpmit hﬁt ot th?k@#???s?mBLﬁEF?FEr
with a first threshold level, a second conpar at or whi.ch conpares an
out put si gead of delrdsderosdraigt. Whﬁﬂhfd%ﬁeQﬁﬁrﬁ%ﬁ§%%W%§°¥%rﬁ§ﬂggﬂtﬁgve

a decision circuit whi ch detects the waveform generated by a hunan
body byceohtimag bodyomsmdrstingitgha sraffiq hef famrlitnde sleesﬁas of
conpar at ors For exanple, the signal processor conprises. an
20 5np||buepuwhﬁmgnmha|dﬁ<£hatﬁ;nﬂﬁtaﬁﬁa$ﬂqpmg amebl fbersr om t he
current-to-vol tage converter, and a frequency anal yzer whi ch perforns
frequency anal ysi s orFcam eaappﬂ.e5| gobé cfignal procesany f cOMPrif@sa 2
decision circuit which detects the wavef orm generated by a human
body accofdirisy amplitfiine wWEch depenidties Uie avokbage signhdd reegiiwedy

anal ysis by the
from the current-to-voltage converter in a frequency range,
-a second amplifier which amplifies the voltage signal
10 | received from the current-to-voltage converter in a
frequency range different from that of the first amplifier,
and a first comparator which cbmpares an output signal of
the first émplifier with a first threshold lgvel, a second
comparator which compares an output signél of the second
15 amplifier w1th a second threshold level, a decision circuit .
which detects the waveform generated by a human body
accdrding to comparison signals. of the first and second
comparators.
For example, the signal processor comprises an
20 amplifier which amplifies the voltage signal received from
the éurrent—to—voltage converter, and a frequency analyzer
which performs frequency analysis on an output signal of
the amplifier, and a decision circuit which detects the
waveform genérated by a human body according to time

25 dependence of a result of the frequency analysis by the



5. frequency anal yzer. For exanpl e, the signal

processor conprises an anpli-fier which anplifies the voltage signal
received from the current-to-voltage converter, a conparator
which. 5 ' conpares an output signal of_the first anplifier with a
threshold |l evel, and a decision circuit Yhi ch detects the wavef or m
generated by a human body according to a | ength of ti me when the
conpar ator detects that an output of the anplifier exceeds the
threshold [evel. 10 For exanple, the signal processor
conpri ses fgequencys ppadyz@gl-i fier which anplifies the voltage signal
recei ved fromthe current-to-voltage converter in a frequency range,

a second anplifier WHPEh e¥@MPlees thee §éORaAYe RHQFRFSOr compEdsieFedaRrom
the current-to-voltage converter in a 15 frequency range different from
‘that of thamplifdeznphicheramplifies thesvotbaper sionaihixaraigrgshr E50mn

out put signal of the first anplifier with a first threshold level, a
second thecorparzand— ool tatpar conyerserput 3i geamperatior secdbhch
anplifier with a second threshold |evel, a decision circuit 20 -which
measubes pobmpawest an obuspuputs sjnmmbl ofofthee fiimstt amplifhed swddnda

conparators and detects the waveform generated - by a human body
accordi ng threkbofldo jmveleg vandhs. decision circuit Fehichanjdimcltshetkegnal
processor conprises an anplifier which anplifies the voltage signa

recei yed f ware £2¥m geheraidrede bty t20-hanlamdedyoramedmriing drml @ Dewysh oof
cireutt time when the comparator detects that an output of the
‘amplifier exceeds the threshold level.

10 | For example, the signal processor 'compriSes a
first amplifier which.amplifies the voltage signal. received
from the current-to-voltage converter in a frequency range,
a second amplifier which amplifies the voltage signal
received from fhe current-to-voltage converter in a

15 frequency range different from that of the first amplifier,
a first-comparator which compares an output signal of the
first amplifier with a first threshold level, a second
comparator which compares an output sigmal of the second
amplifier with a second threshold level, a decision circuit

20 which measures pulse widfhs of output signals of the first
and second comparators and detects.the waveform generated

by a human body according to the two pulse widths.
For example, the signal processor comprises an
amplifier which amplifies the voltage signal received from

25 the current-to-voltage converter, and a decision circuit



6 whi ch .measures a rise tinme of an output signal of the

anplifier and detects the waveform generated by a human

body

according to the rise tine. For exanple, the signal
processor conprises a 5 first anplifier which anplifies the voltage
si gnal received fromthe current-to-&oltage converter with a first
band- - pass filter characteristic having a center of transm ssion

band at a first frequency, an output: circuit which conpares

an

output signal of the first anplifier with a 10 pr edet er m ned

threshol d t owhithutmadsumes eat | phsei drite @f an cutpwil &hgnali eofwnihth
anplifies the voltage signal received fromthe current-to-voltage
converter Wwalpdifier awrtoddteand- phss fiavedformhageneeateti djhaei riguman
center of transm ssion band at a second frequency higher than the
out put
signal of the second anplifier with a threshold value to output a
popcorn detection signgbr agtladple, theontgignaar plrockessort robmpaisksasd
one of the current-to- vol tage converter, the first anplifier,
out put gi rcugirst28mpllftegenbidhaampliiifdlesatthd R IRGFDO IS GIOA B eréled beddr
to prevent that the controller outputs the detection signal

- first frequepsiy acpopdong toi shedetiset ¢rimshi ch conpares an

sai d

15

when the popgghit G@feeCtiipPefitglal-vbithgeei osvdFrodrt keth a fAREOIHamd+ se

det ect or.

received fro

10

15

20

25

For exanple, when the popcorn detection signal is

: Bakhe FRARER RNMHareristidhLE1RG . at Bentert H | EFaiafi S8BOS a
gain of the current- : -

band at a first frequency, an 6utput circuit which compares
an output signal of the first amplifier with a
predetermined threshold to output the detection signal, a
second .amplifie: which amplifies the voltage. signal
received from the current-to-voltage converter with a
second band-pass filter characteristic having a center of
transmission band at a second frequency higher | than the
first frequency, a popcorn noise detector which compares an
output signal of the second amplifier with a threshold
value to output a popcorn .detection signal, and a
controller which controls at least one of the current-to-

voltage converter, the first amplifier, said output circuit,

- the second amplifier and the popcorn noise detector to

prevent that the controller outputs  the detection signal
when the popcorn detection signal is received from the
popcorn. noise détector. For examplé, when the popcorn
detection signal is received from the popcorn noise

detector, the controller decreases a gain of the current-



7 to-vol tage converter for a predeterm ned tine, decreases a

gain of the first anplifier for a predetermned tine, or t he
control |l er decreases an output signal of the out put circuit for a
predeterm ned tine, decreases a gain of the 5 . second anplifier for a
predeterm ned tine, or decreases a Zensitivity to detect a popcorn
signal by increasing a threshol d of the.popcorn detector for a
predeterm ned tine. When the controller controls at |east two of
them a conponent located in the upstreamside in the flow of 10
signal is cbarvelltages sonyenten Ferdet PEAfREArMiRedskdmeer decreagegnag
second predetermned tinme for a conponent |ocated in . the down stream
side with regepactoff othee figisteramphpbient for a predetermingdr tti®e, 0%
the infrared-rays detector, the : controller controls the output
circuit to Shepwonrbrahbengderfeasssgnah autifudr esignplomeft khe oowpput
signal of the first vol tage anplifier for a predetermned tine
when t he popdoconit for detpredebermipgedl time, rdecieasks faogainheof ptheorn
noi se ~detector.” For exanple, the different signal is a reference
voltagé geserehdd anplifierxi foni & prfeddtermindgd atime; aps ddrreatstscaor
the ground potential in the <circuit of the I nfrared-rays

det ector, aseesti¢indltysuppl ydetddtaga fpoprern signakt &ynalinesktsdagsoarce,
an oscillating signal supplied from an oscillator. :

Al ternati velkhireshrdd odntthel lpapcorn detmqidrs fom & \wwiede fermixgd! ging. t he
detection signal, and 25 an out put signal of the switch has high

i npedance f@heA the controller controls at least two of them, a
component located in the upstream side in thel flow of
10 signal is controlled for a first predetermined time shorter
thén a second predetermihed time for a component located in

the down stream side with respect to the former component.
Further, in the infrared-rays detector,  the
controller controis the output circuit to.output an analog
15 signal different from the 6utput signal. of the first
voltage amplifier for a predetermined time when the popcorn
detection signal is received from the popcorn noise
detedtor. For example; the different signal is a reference
voltage generated in a circuit of the infrared-rays
20 detector, the ground potential in the circuit of the
infrared-rays detector, an external supply voltage from an
external voltage source, an oscillating signal supplied
_from lan oscillator. Alternatively, . the controller
comprises a switch for supplying the detection signal, and

25  an output signal of the switch has high impedance for a



8 predeterm ned ti ne when the popcorn detection signal is

received fromthe popcorn noise detector. An advant age of
the present invention is that a mal functi on of an infrared-rays
detector due to a popcorn 5 noise is prevented. .  BRIEF
DESCRI PTI ON OF THE DRAW NGS 8 These and other objects and
features of the present invention will becone clear fromthe
following 10 description taken in conjunction with the preferred .
enbodi nents thereof with reference to the acconpanying draw ngs, and
in which: predetermined WHme when atheagepso¥n nsistagtinnasigprlants

I nfrared-rays detector; 15 Fig. 2 is a block diagramof an

i nfrared-rayeceived fromctbe popocdmpaise Idetientam. on;

Fig. 3is atinme chart of an exanple of frequency spectra due to a

human body in the nonAhordwagssage of the preserfii ginvemnkiant dse thiwt taof
an exanple of frequency 20 . spectra due to a popcorn noise;
Fig. 5 is amblfiokctiiegr @f cin ainifnbrededaysysietectorledeet o af popcosh
enbodi ment according to the invention; Fig. 6is a
fl owchart ofhossgndk preveatiedg in the infra-red rays detector; 25
Fig. 7 is a block diagramof an infrared-rays - :
BRIEF DESCRIPTION OF THE DRAWINGS
These and other .objects and features of the
présént invention will become clear from the following
10 description taken in conjunction with the _preferred
embodiments thereof with reference to the accompanying
drawings, and in which:
Fig. 1 is a diagrém. of monitor areas for an
infrared-rays detector;
15 Fig. 2 is a block diagram of an infrared-rays
detector'aécording to the invention;
Fig. 3 is a time chart of an example of frequency
' spectra due to a human body in the monitor area}
Fig. 4 is a time chart of an example of frequency
20 spectra due to a popcorn noise; |
Fig. 5 1is a block diagram of an infrared—réys
detector of a first.embodiment accordind to the invention;
Fig. 6 is a flowchart of signal processing in the

infra-red rays detector;

25 Fig. 7 is a block diagram of an infrared-rays



9 detector of a second enbodi nent according to the invention;

Fig. 8 is a block diagramof an exanple of a level - ~ratio calculator;
Fig. 9 is atine chart of representative waveforns 5 due to a human
body in the infrared-rays detector; 9 ' Fig. 10 is a time chart
of representative wavef ornms due to~a popcorn noise in the

I nfrared-rays -~ detector; o Fig. 11 is a bl ock diagram of
an infrared-rays 10 detector of a third enbodi ment according to the

i nventi on; resentative

maveforns’cﬂﬁFQQ¥9¥Iﬂﬁnﬁ1qﬁ§%ﬁal?ﬁaagi%%PFgPEEEgg}ggdgPeEPSr1nvegtl°n'

Fig. 13 is a tine chart of resentative waveforns . due
popcorn noise in tihg - |Q1f3r redRbegk dipgramgfe @y example of a cievel Fig.

14 is a flowhart in a fourth enbodi nment according to the invention;
Fig. 15 i s ®HodelfH@t®®i/of an infrared-rays detector of a flfth
enbodi nent according to the invention; - 20 Fig 16 is

time chart of reprEsknthtise time m&%mﬁﬂt@%ﬁ’mw t he

i nfrared-rays detector; Fig. 17 is a time chart of
repre§%ntat1n%et° a humémeﬁﬁKhE1@u¢hﬁol@f§ép§drﬁaﬁél§§t6ﬁtpﬁé i nfrared-rays

det ector; o Fig. 18 i's a block diagram of an infrared-rays
' Fig. 10 is a time chart of representative

waveforms due to a popcorn noise in the ihfrared—rays
detector; |
Fig. 11 is a block diagram of an infrared-rays
10 detector of a third embodiment‘according to the invention;
Fig. 12 is a. time chart of repfesentative
waveforms due to a human body in the infrared-rays detector;
Fig. 13 is a time <chart of representative
waveforms due to a popcorn noise in the .iﬁfrared—rays
15 detector; |
Fig. 14 is a flowéha:t in a fourth embodiment
according to the invention; :
Fig. 15 is a block diagram of an infrared-rays
detector of a fifth embodiment according to the invention;
20 : Fig. 16 is a time chart of representative
waveforms due to a human body in the infrared-rays detector;
Fig. 17 is a time chart of representative
waveforms due to a popcorn noise in the infrared-rays
detector;

25 Fig. 18 is a block diagram of an infrared-rays



10 detector of a sixth enbodi nent according to the invention;

Fig. 19 is a tinme chart of .representative wavefornms due to a human -
body in the infrared-rays detector; Fig. 20 is a tine
chart of representative 5 waveforns due  to a popcorn noise in the
I nfrared-rays detector; 10 Fig. 21 is a block diagram of
an infrared-rays detector of a seventh enbodi nent according to the
~invention; .and 10 Fig. 22 is a time chart of
Fepresentative wavefornms due to a human body in the infrared-rays :
detector; detector of a sixth @wodiment adoprdiginrto tife imsjenddemiative
wavefornms due to a popcorn noise in the infrared-rays

detector; 15 " Fig.Fi 39 24is s @ btim& dichgram off arrépfesenthtive
detector having a different type of signal processor; ~ Fig.
25 i s a bl ockavé figrmsn dde atro i anfliumaad-badss in the detfbramrd-ofayen detgiator;
enbodi nent according to the invention; Fig. 26 is a
time chart on signaF$g.in20thes 2Ga thhear etarays ofet ecépresentative
Fig. 27 is a block diagramof an infrared-rays detector of a ninth

enbodi ngnt aggestbags t adude tavent pdpcorn noise in thég.infBared-rays
time chart on signals in the I nfrared-rays detector; 25
Fi g. 29 I s adéteekod} agram of an infrared-rays :
Fig. 21 is a. block diagram of an infrared-rays
detector_ of a seventh embodiment according to the invention;
and
10 Fig. 22- is a time chart of representative
waveforms due to a human body in the infrared-rays detector;
Fig. 23 " is a time chart of representative
waveforms due to a popcorn noise in the infrared-rays
detector; |
15° 'Fig. 24 1is a block diagram of an infrared-fray's
detector having a different type of signal processor;
Fig. 25 is a block diagram of an infrared-rays
detector of an eighth embodiment according to the invention;
Fig. 26 is a time cha.rt on signals in the
20 infrared-rays detector;
Fig. 27 is a block diagram of an infrared-rays
detector of a ninth embodiment according to the invention;
Fig. 28 is a time chart on signals in the
infréred—rays detecf.or;

25 : Fig. 29 is a biock'diagram of an infrared-rays



detector of a tenth enbodi nent according to the fnvention;
Fig. 30 is a tine chart on signals in the I nfrared-rays detector
Fig. 31 is a block diagramof a nodified infrared- 5 rays detector in
the tenth enbodi nent according to the ~ invention;
Fig. 32.is a block diagramof an infraredl}ays detector of an
el event h enbodi nent according to the I nvention; 10 ' Fig.
33 is a time chart on signals in the i nfrared-rays detector
Fig. 34 is acircuit diagramof an I/V converter and a sw tch;
Fig. 35 is gebestRrrdpigraktbihagmbadinert-2egerding teckhetbnventioniel fth
enbodi ment according to the invention; Fig. 36 is a timng
chart for illustratindig. 30opdsat pontdmet hehpntr apad- fagBadst eéor the
Fig. 37 is a block diagramof an infrared-rays . detector of a
thirteenth dnffodrednrayscdeliesgore the 20 invention;
Fig. 38 is atimng chart for illustrating operation of the
infrared-rays detectorfig. 31 is a block Biggra® pf a podpfiiel infyarady
characteristic of a buffer circuit in the infrared-rays detector; 25
Fig. 46 i s aagisr cdetedtagr ain ofthee mientparémbdédiment according to the
invention; |
Fig. 32 'is a block diagrani of an infrared-rays-
detector of an eleventh embodiment according to the
invention;
10 ' Fig. 33 is a time chart on signals in the
infrared-rays detector;
‘Fig. 34 is a circuit diagram of an I/V converter
and a switch;
Fig. 35 is a block diagrani of an infrared-rays
15 detector of a twelfth embodiment according to the invention;
Fig. 36 is a timing chart for illustrating
operation of the infrared-rays detector;
Fig. 37 is a block diagram of an infrared-rays
deteétor of a thirteenth embodiment according to the
20 invention;
Fig. 38 is a timing chart for illustrating
operation of the infrared-rays detector;
Fig. 39 is a graph of frequency characteristic of

a buffer circuit in the infrared-rays detector;

25 Fig. 40 is a circuit diagram of a main part of the



12 buffer circuit in the infrared-rays detector;

Fig. 41 is a block diagramof an infrared-rays detector of a
fourteent h enbodi nent according to the i nvention; 5 : Fi g.
42 is a timng chart for illustrating - operation of the

i nfrared-rays detector; Fi‘ e 43 is a block diagramof an

I nfrared-rays detector of a fifteenth enbodinent according to

t he i nvention; 10 Fig. 44 is a circuit diagramof a main
part of a popcorn noi se detector in the infrared-rays detector;

Fig. 45 is abdfferaciforit |insthetimfraned-navws detectasf? t he popcorn noi se
detector; Fig. 46 is atimng chart for illustrating 15
operation of the infraFid-rdis ilst ectibtock diagram of anFiipfreEred-zays ock
di agram of an infrared-rays detector of a sixteenth enbodinent
according tdetébetor of i|iavefibuateenth embodiment Fiagcolings a o mithe
chart for illustrating 20 operation of the infrared-rays detector;

Fig. 49 is aibvenkidnagram of an infrared-rays detector of a’

sevent eent h enbodi nent according to the i nventi on;

Fig. 505is a tining chgig.for2il ligst gat ivighings charﬁ%ﬂﬂdr1(ﬁllﬁutratlng
i nfrared-rays detector;
operation of the infrared-rays detector;

Fig. 43 is a block diagram of an infrared-rays
detector of a fifteenth embodiment according to the
invention;

10 ' Fig. 44 is a circuit diagram of a main_part of a
popcorn ndise detector in the infrared-rays detector;
| Fig. 45 is a diagram for illustrating operation
-of the popcorn noise detector;
Fig. 46 1is a timihg chart for illustrating
15 operation of the infrared-rays detector;'

Fig. 47 is a block diagram of an infrared-rays
detector of a sixteenth embodiment according to the
invention; |

Fig. 48 is -a timing chart for illustrating

20  operation of the infrared-rays detector;

Fig. 49 is a _b._'Lock diagram of an infrared-rays
detector of a seventeenth embodiment according to the
invention; |

Fig. 50 is a timing chart for illustrating

25 operation of the infraredArays detector;



13 o Fig. 51 is a block diagramof an infrared-rays
detector of an eighteenth enbodi nent according to the I nventi on;

Fig. 52 is a timng chart for illustrating 5 operation of the

i nfrared-rays detector; Fig. 53 is a block diagramof an

i nfrared-rays detector of a ninete h enmbodi ment according to the

I nventi on; _ Fig. 54 is a timng chart for illustrating- 10
operation of the infrared-rays detector; Fig. 55 is a block
di agram of an infrared-ray det§%% r Qf an exappl e of: i eth

. t went
embodi ment accordi ng ¥19- %51]0 thed offiagram oI an mgﬁ"@?g"%%ysis
a timng chart for _illustrating 15 operation of the_ infrared-rays
detector; detector of anjjeighteenth ) erpodingntam 3FCAFAIRT 1 fd-th§ s
detector of another exanple of the twentieth enbodi nent according to
t he inventidavention; Fig. 58 is atimng chart for illustrating
20  operation of the infrared-rays detector; ... Fig. 59 is a
bl ock di agram of an i Blgare82rajs a tigipgct sthart a &9y f ek bliasexalpdne of
the twentieth enbodi nent . _according to the invention;
Fig. B0 iepenatiomiof theainfraxed-gaysigdetadtar:; 25 operation of the
I nfrared-rays detector; _

Fig. 53 is a block diagram of an infrared-rays
detector of @ nineteenth embodiment according to the
invention;

Fig. 54 1is a timing chart for 1illustrating

10 - operation of the infrared-rays detector;

Fig. 55 1is a Dblock diagram of an infrared-rays
detector of an example of a twentieth embodiment according
to the invention;

Fig. 56 is a timing chart 'for illustrating

15 operation of the infrared—rays detector;

Fig. .57 is a block diagram of an infrared-rays
detector of another example of the twentieth embodiment
according to the invention;

Fig. 58 is a timing chart for illustrating

20 operation of the infrared-rays detector;

Fig. 59 is a block diagram of an infrared-—rays
detector of a different example of the twentieth embodiment
according to the invention;

"Fig. 60 1is a timing chart for illustrating

- 25 operation of the infrared-rays detector;



14 Fig. 61 is a block diagramof an infrared-rays .
detector. of a still different exanple of the twentieth enbodi nent
according to the invention; Fig. 62 is a timng chart
for illustrating 5 operation of the infrared-rays detector;

Fig. 63 is a block diagram of an infrared-¥ays detector of a.
twenty-first enbodi nent according to the - I nvention; and _

Fig. 64 is atimng chart for illustrating 10 operation of the
infrared-rays detector. DETAI LED DESCRI PTI ON OF THE PREFERRED _
EMBODI MENTS Fig. @lef ésriangbhoekt diigragy aof ngsy wWhEraredt+rxyes
reference characters designate |ike or corresponding parts 15 t hr oughout
the views, Fdgtedtehowst am es&iplle diffierentr examplar efs itheantwentieth
system for an infrared-rays detector for detecting a human body in

t he nonitor smsadimedbeaccordimynts orheiraaserstriory ranged in two di nensi ons.
The opti cal system condenses infrared rays from an object ‘existing or
20 noving in a nonit@igares2 add aapyriiadiany richattenefdri nillestrating

i nfrared-rays detector receives the condensed infrared rays froma

human bgdy. opéRatidn of,the hitiBrabedlyrdys sdetdctor; sSchematically with a
circle with hatching. An out put : current of the pyroelectric

el ement is converted tgig. 248 ngolat ageowk! [ iagiam eot- fa@rvﬁhfﬁﬂﬁedi-l-fé&s
converter. \Wien a
detector of a twenty-first embodiment accordlng to the
invention; and

Fig. 64 is a timing chart for illustrating

10 operation of the infrared-rays detector.

DETAILED DE#CRI?TION_OF THE PREFERRED EMBODIMENTS
Referring now to - the drawings, wherein like
reference characters designate like of corresponding.parts
15 throughout the views, Fig. 1 shows an example of monitor
areas in an optical system for an iﬁfrared—rayé detectof
for detecting a human body in the monitor area. The
monitor areas are arranged in two dimensions. Thg optical
system condenses infrared rays from an object existing or
20 moving in a monitor area, and a pyroelectric element in the
infrared-rays detector receives the condensed infrared rays
from a human body. In Fig. 1, a human body is shown
schematically with a circle with hatching. - An output
current of the pyroelectric element is converted to a

25 voltage with a current-to-voltage (I/V) converter. When a



15 signal due to infrared rays of a human body is detected, a
detection signal is outputted to informthat a human body _ I s detected
in the nonitor .area. In order to prevent erroneous
detection of a 5 human body due to a popcorn noise liable to occur in

t he pyroel ectric ‘el enent, the infrared-rays detector of the

i nvention anal yzes waveform of the signal obtained by the

pyroelectric element. As shown.in Fig. 2, the infrared- rays

det ect or nErlses a pyroelectric elenent

current-to-veigagd dpe/ ¥p indranadkrrays oy hﬁma§|§ﬁ§N is detpgiedso? 3.
The pyroelectric elenent 1 set for a nonitor - area outputs a current
in correspondehestioni siiamedd is outpabtedi e, infPumethaly gohumarcrbody

converts the detected ] current to a voltage signal. The 'signa
processor 3isigeteghaty insthieemagai&bar mreR .t he vol t age signal and out puts
. detection signal only when a waveform generated by a hunman
body i s detected by th&nvwevedermtmalprsvent Eheongousal detectiopst ef far
condensing infrared rays to the pyroelectric element 1 is not shown
in Fig.52 andumandimdyngiud otbe a 3bpceaxpl nonsd |ldtedrle to occur in theVth
reference to the anal ysis of waveforns, Figs. 3 and 4 show frequency
spectra of epgrgglectiie oelemént, theurimfirareld-tdeeyspydedleetion cofl coeat 1
due to a hurman body. and on a popcorn noi se of the pyroelectric
el ement 1,7 2hventéspecnalsizes wWaeeforqueficthepesignel odbbthénedgint the to
pyroelectric element. As shown in Fig. 2, the infrared-
rays detector comprises a pyroelectric element "1, a
10 current-to-voltage (I/V) converter 2, and a siénal
processor 3. The pyroelectric element 1 set for a monitor
area outputs a current in correspondence to ‘infrared
radiation, and the I/V converter 2 converts the detected
current to a voltage signal. The signal processor 3
15 analyzes the waveform of the voltage signal and outputs a
detection signal only when a waveform generated by a human
body is detected by the waveform analysis. The optical
system for condensing infrared rays to the pyroelectric
element 1 is not shown in Fig. 2 and in drawings to be
20 explained later.
With reference to the analysis of waveforms, Figs.
3 and 4 show frequency spectra of energy on the output
current of the pyroelectric element 1 due to a human body

and on a popcorn noise of the pyroelectric element 1,

25 respectively. The frequency spectrum of the signal due to



16 a human body has | ow frequency conponents mainly, while

that due to a popcorn noi se extends to higher frequencies. Furt her
an external electrical noise also has high frequency
conponents. It is also to be noted that a_signal 5 due to the human
body is outputted continuously for a 16 relatively long tinme when a
human body noves in the nonitor . area, while a popcorn noise or an
external electrical noise exists only for a short tine. The signal

processor 3

anal yzes the waveform of the input signal and

~di scrim nat @& human bodyynBasdukow o fxepusREYooeRPoTeRES Madndi¥ynabhdde to
' human body is detected surely, and erroneous detection of |
thady tel.2 Pepeasy nhdseetexdiansis sigrdigher frequenepgsted

a
human body i
after checking characteristics of waveforns, a mal f uncti on due to
noi se such @irihsapcoran noéstersaliseleptaicaled nohise a dhsmn hagdy high
detected with good precision. The signal processor 3 is fabricated in
vari ous for firespiency compdndrtexpl ki nksl dbsovwto be noted that aFsggnsl
shows a bl ock diagram of an infrared-rays. detector according to a
first érbodiduent tof the imuer i body 2@s dineputfedr exbrrdysnaiglert dlor a
conprises a pyroelectric elenent . 1, a current-to-voltage (I1/V)

converter 2redatiidelharcng timenghernd i ®rhuramisbdyvwaceésr inabhéymenitdr The
| /V converter 2 converts an output current of the pyroelectric

el ement 1

25

10

15

20

25

t he

a

area,t aovlai dold agpcomatoiddeonnh i dxeeridl agpectrisalhnodseput
voltage of the 1/V converter 2 in a sufficiently w de

exists only for a short time.. The signal processor 3
analyzes the waveform of the input signal -and discriminates
a signal due to a human body. Then, the signal due to a
human body is detected surely, and erroneous detection of
the human body is prevented. Because the detection signal
is outputted'after checking characteristics of waveforms, a
malfunction due to a noise such as a popcorn noise is
prevented, and a human body is detected with good precision.
The signal processor 3 is fabricated in various forms as
will be explained below.

Fig. 5 shows a block diagram of an infrared-rays
detector according to a first embodiment of the invention.

The infrared-rays detector comprises a pyroelectric element

1, a current-to-voltage (I/V) converter 2, a wide band

amplifier 11 and a waveform analyzer 12. The I/V converter
2 converts an output current of the pyrbelectric element 1

to a voltage signal. The amplifier 11 amplifies the output

~voltage of the I/V converter 2 in a sufficiently wide



17 frequency band. The wavef orm anal yzer 12 anal yzes the

wavef orm of the output voltage of the anplifier 11. The wavef orm
anal yzer 12 includes an anal og-to-digital (A/ D) converter 13 which
converts an input signal fromthe 5 anplifier 3 to a digital data, for
exanpl e, at a constant time intervdl!, a menory- devi ce 14 which stores
the digital data, and a central processing unit .(CPU) 15 for

anal yzi ng ‘the waveform based on the digital data received fromthe

A/ D converter 13 and the data stored in the nmenory device 10  14.

The di gi t al freqaencyerbar. A DThenwaveiormr @nalyzen d2e ARALYRRS etk v
device 14 for a few seconds, and the CPU 15 cal cul ates frequency

di stributi onavéfote sifgrizies outputbasddage tof thgi rmplddfier 1is sifwl s
of |ow frequency 15 conponents exist with a power |larger than a

pr edet er m nggveform lamadlyzen fRosincudeésihafr cguaheg-tongbadhed e@AP) to
or hi gher than a few tens Hz exist wwth a power smaller than a
predet er m ngénex¥eer alBetwhkithn séoyvetrtsoramunimpbbdysignal fraut pthe ed.
On the contrary, if signals of high frequency 20 conponents equal to or
hi gher st hanggpiewitens Ho exi digitah data, E£gwvexahpleer athan eonstant
predeterm ned | evel, they are decided to be noi ses and a detection
signal for hgmanibedyvhas,ne memory Cdéwidé ell4 which stores theidigbtahows

a flow of the signal processing by 25 the CPU 15. First, the digital
data storedghfal h@n@e@ldentral processing unit (CPU) 15 for analyzing
the waveform based on the digital data féceived from the
A/D converter 13 and the data stored in the memory device
10 14.

The digitél data after. the A/D conversion are
stored in the memory devicé 14 for a few seconds, and the
CPU.15 calculates frequency distribution of the signals
based on the digital data. If signals of low fredquency
15 components exist.with a power larger than a predetermined
level and those of high frequency components equal to or
higher than a few tens Hz exist with a power smaller than a
predetermined level, a detection signal.for human body is
outputted. On the contrary, if signals of high frequency
20.- components equal to or higher than a few tens Hz exist with
a power larger than a predetermined level, they are dgcided
to be noises and a detéction signal for human body is hot

outputted.
Fig. 6 shows a flow-bf the signal processing by

- 25 the CPU 15. ‘First, the digital data stored in the memory



18 device 14 on the waveformis received for a predeternined
time (S10), and frequency conponents are anal yzed on the digital
data (S12). Then, it 1is - checked whether the wavef or m data

i ncl ude | ow frequency conponents or not (S14). 5 If it is.decided that
t he waveform data i nclude no | ow frb8uency conponents, the flow
returns to S10. On the other hand, if it is decided that the
wavef orm data i ncl ude | ow frequency conponents, it is decided next
whet her the wavef orm data i nclude high frequency conponents or not
10 (S16) deviitei t14 ooniethdewavieformhd svaveteivedaferi iclpedeterminegh
frequency conponents, it is decided that a noise is detected, and the
flow returngime SISLO)Gn &hd didexmudmoyl, componentsi tanes dbalﬁeddthﬂ the
wavef orm data i nclude no high frequency conponents, a human body
detecti on stgpdlals daba o¢81Putted THeB) ,” ignd ishechkbokedet whathéep StiBe
Fig. 7 shows an infrared-rays detector of a second enbodi nent

accordi ng t wave€ornyeattiaoinclinie Nicww Greaflignyit ,componerithe dx eypiencyld) .
distribution on the signal of the pyroelectric el enment is analyzed

and a Bumanigodit i 4sdi Secidedaiteht 26he aRpasfbmg data riicludé ke dognal
|l evel s at two different frequency ranges. The infrared-rays detector

conpri ses afrequeny’ O€bWSdHeRts) erey Iloan tédMiensvaid e518. a Do Sthe
anplifier 21, a second amplifier 22, a level ratio cal cul at or

23 and a di g¢hel¥ hahal, 34 itThe fderc&tdeﬁi’f’lﬂhafﬂ &he dvave £dr@atd i Bacrugeal s
in a frequency band haV|ng a center at
low frequency components, it is decided next whether the
waﬁeform data include high frequency componéhts or not
10 (sie6). If it is decided that the waveform data include
high frequencj componénts, it is decided that a noise is
detected, and the flow returns to.SIO. On the other hand,
if it is decided that the waveform data include no high
frequency components, a human body detection signal is
15 oufputted (si18), énd the flow returns to SiO._

Fig. 7 shows . an ihf;ared—rays detéctor of a second
embodiment according to the inventién. In this embodiment,
the frequency distribution on the signal of the pyroelectric
element is analyzed and a human body is discriminated

20 accofding to a ratio of the signal levels at two different
frequency ranges. The infrared-rays detector comprises a
pyroelectric eiement 1, an 1I/V converter 2, a first
amplifier 21, a second amplifier 22, a level ratio

calculator 23 and a discriminator 24. The first amplifier

25 21 amplifies signals in a frequency band having a center at



19 around 1 Hz, and the second anplifier 22 anplifies signals

I n anot her frequency band between a few tens Hz to a few hundr eds Hz.
The level ratio calculator 23 determnes a ratio of the output |evels
of the first and second 5 amplifiers gé and 22. Then, the discrimnator
24 conpares the ratio with a predetérm ned val ue and out puts a human
body detection signal when the ratio is |arger than the : pr edet er m ned
val ue. Fig. 8 shows an exanple of the Ilevel ratio
10 cal cul ator 23,

3. . Inthe . level ratio _calculafor 3.. the,
signal s an@Gonel byHEneandr &hey e rﬂ“%’;ﬁa:’rqlfe QE‘P'ZL2§1eS signadssent
to first and second conparators 231, 232 for conparing themw_th
threshol d i@y earothes pEeeayengy banthdetween spqfgws heRs afiLo tne 8% i r st
and second absolute value 15 = circuits 233, 234 to obtain absolute
val ues t hedwgfdredsa Hz.  The skevgbndadder caboulabaer #3esdetermines a
signal when it receives signals fromthe conparators 231, 232 for a
predet er mi matia mofnitdie | PukRut asleests cofpakhsonfdssti oand secomdd t he
pul se signal is supplied to first and second peak- 20 hold circuits 236
and 2%/. EBEwpY¥ifimranl seedndZpealhen,d the discriminabgs, 223zopparest ed
to the first and second absol ute value circuits 233, 234 hold the
maxi num si giied ratibewlidhela predetempdniesorvalbrei end owtpufis/i dehumary cui t
238 divides the absol ute val ue signals received fromthe first and
second 25 bodyealiehettionr miignm123shei3the | fathe gimt ilemgers thamerthehan
predetermined value.

Fig. 8 shows an. example of -the 1level "ratio

10 - calculator 23. In the level ratio calculator 23, the
signals amplified by the first and second amplifiers 21, 22
are sent to first and second comparators 231, 232 for
comparing them with threshold levels respectively. The
signals are also sent to first and second absolute wvalue

15 circuits 233, 234 to obtain absolute values thereof. A
pulse generator 235 generates a pulse signal when it
receives signals from the comparators 231, 232 for a
predetermined time which is used as level comparison section,
and the pulse signal is supplied to first and second peak-

20 hold circuits 236 and 237. The first and second peak-hold
circuit 236, 237 connected to the first and second absolute
value circuits 233, 234 hold the maximum signal in the level
comparison section. A divider circuit 238 divides the

absolute value signals received from the first and second

25 -peak-hold circuits 236, 237. If the quotient is larger than



20 a predeterm ned | evel, the discrimnator 24 out puts a human

body detection signal. That is, a signal due to a human - body is

di scri m nat ed. Figs. 9 and 10 show representative wavef orns
due 5 to a human body and due to a popcorn noise in the infrared-

rays detector. In Fig. 9, because signal4’due to a human body have
frequency conponents equal to or |ower than a few tens Hz, a | arge
signal is provided by the first anplifier + 21, while a snmall signal is

provi ded by the second anmplifier 10 22. On the other hand, i-n Fig. 10,
because si gaapsedeternined levepgepdien disiardmimadozofformuipntis a chwnam.
frequencies, .both anplifiers 21, 22 supply large signals. Wen the
out put of body tdeteidtion osigmecond Jimalti fisr 21 sizhadxcdurista tahrkwhaihd

| evel , the pul se generator 235 outputs a pulse signal to the 15

peak- hol d cbodyi is @38crnimli®?8Fed. Then, each of the peak hold circuits
236 and 237 holds a peak of the voltage inputted - thereto in a | evel
conpari son peri od wheFigbe [fulaedsignahow represeandatived wdisfdims sdgea
due to a human body as shown in Fig. 9, the output of the first
peak- hgl d ctecui huhdh bsdy2@nd Iduegeo whigapddmi mdiddeisedoadinfra?ed-is
smal | . On the ot her hand; for the waveform due to a popcorn noi se,

bot h pagk- RitdctoirCui t5n286g. 237 MHdAlisd asdgnalignahe. tolTherktmar,
a waveform due to a human body is discrimnated fromthat -due to a
popcorn noi pedRyhele diregiehcy! icompbnéasarquiale tolor Xiwed | thamtar faw.
| tens Hz, a large signal is provided by the first'amplifier

21, while a small signal is provided by the second amplifier

10 22. - On the other hand, in Fig. 10, because signals due to a
popcorn noise have components up to high frequencies,.bdth

amplifiers 21, 22 supply large signals. When the output of

the first or second amplifier 21, 22 exceeds a threshold

level, the puise generéfor 235 outputs a pulse signal to the

15 peak-~hold circuits 235 and 236. Then, each of the peak hold
circuits 235 and 236 holds a peak of the voltage inputted

thereﬁo in a level comparison period when the pulse signal

"is received. For tﬁe signal due to a human body as shown in

Fig. 9, the output of the first peak-hold circuit 236 is

20 largé, while that of the second one 237 is small. On the
other hand, for the waveform due to a popcorn noise, both

peak-hold circuits 236, 237 output lafge signals. Therefore,

a. waveform due to a human body 1is discriminated from that

due to a popcorn noise by the divider circuit 238 and the

25 discriminator 24.

1 THIS. SHEETH AS BEEN This Sheet Has Been Replaced
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21 Though an exanple of the level ratio cal culator 23

I s expl ai ned above, the level ratio nay be obtained in a ~different
way. It is also possible to use a difference bet ween the maxi num
signals instead of the quotient for 5 discrimnating a signal due to a
human body fromthat due to a popcor%1 noi se. ' Fig. 11
shows an . infrared-rays detector of a third enbodi nent according to
the invention. |In this enbodi nent, the frequency distribution on the
signal of the pyroelectric 10 elenent is analyzed and a human body
is discrimnated Theoughr anngxemplecofi ghel 1eved| sabiotoplentaorm3
frequency ranges. The I nfrared-rays det ect or conpri ses a

pyroel ectri ciel expdeinedarahqwe cobber tl@vel, matiormay be ohhpinededn3la a
second anplifier 32, a first conmparator 33, 15 a second conparator 34,
and a di scridififévenB5waySi m [dr s also tpossibier o anse seacohiif fempdnde ers

21 and 22, the first anplifier 31 anplifies signals in a frequency
band with a betweenerther maxamomndsilgrtdr] s addsteadsecbndsphubteéen82 for
anplifies signals in another frequency band between a fewtens Hz to
a 20 s5few dusdrbdinating Thesbimnbl dupaissi achiren fhody Luwh sedtoinddue to
anplifiers 31, 32 are supplied to the first and second conparators
33, 34 for canpapcogntheigay th threshold |evels respectively. Then
the discrimnator 35 discrimnates a signal due to a human body -

according to the conparigonll2fhowseshl i6fpirédierspepdetd Ot Sr 3B B4third
embodiment according to the invention. In this embodiment,
the frequency distribution oﬁ the signal of the pyroelectric
10 element is analyzed and a humaﬁ body is discriminated
according to the signal levels at two different frequency
ranges. - The infrared-rays detector comprises a
pyroeledtric element 1, an I/V converter 2, a first
amplifier 31, a sécond amplifier 32, a first combarator 33,
15 a second comparator 34, and a discriminator 35. Similarly
to the first and second amplifiers 21 and 22, the first
amplifier 31 amplifies signals in a frequency band with a
center at around 1 Hz, and the second amplifier 32 amplifies
signals in another frequency band between a'few téns Hz to a -
20 few hundteds Hz. The signals passing the first and second
amplifiers 31, 32 are supplied to the first and second
comparators 33, 34 for coﬁparing them with threshold levels
respectively. Then, the discriminétor 35 discriminates .a
signal due to a human body according to the comparison

25 results of the comparators 33, 34.



22 : Figs. 12 and 13 show waveforns of output signals

due to a human body and due to a popcorn noi se respectively. Because
a signal due to a human body have frequency conponents equal to or

| ower than a fewtens Hz, a:large 5 signal is provided by the first
anplifier 31, while a snmall signal i 2provided by the second
anplifier-32. Because signals due to a popcorn noise have
conmponents up to high frequencies, both anplifiers 31, 32 provide

| arge signals. . Therefore, - when the first and second conparators_ 33,
34 10 conpare the olfigs. stgnand 3B sheowaravefayms 3f gutppthsignals
appropriate threshold levels, for a signal for a human body, t he
first conparasuer t83 af dumane boidys mnghgluef iter a3 popgopmt noise respecipaelyen
signal, while the second conparator 34 for the ~ second anplifier 32
does not out Becaaseomaar isigmadi gasle. ©0 & humhe obdy hhage f dregugnhalys
due to a popcorn noise or due to el ectrical noise, the two _
conpar at or s Zompdheniyzplequmit ptid or lowexnahan Ehefel stensi #,orasédatrgen
35 out puts a hurman body detection signal when the first conparator 33
out puts &= signaliar imovikighay bthe t fibrsecanpl toHigear 3l prwiildoas small 20
out put a conparison signal. Next, an infrared-rays detector
according tosignal ifopridvidwthodynae 6&cohle anpMicfildron32i.s Bephaiseed.
For signals due to a human body, the frequency conponents show

no change pr adignedld ydd®rte aelgdposahy hehget have Wompdnkdits Afp toi prighs
due to a noi se such as a popcorn noise, they vanish _
frequencies, both amplifiers 31, 32 provide large signals.
Therefore, when the first and second comparators 33, .34
10  compare the output signals of the amplifiers 31, 32-witb
appfopriate threshold levels, for a signal for a human body,
the first comparator 33 for the first amplifier 31 outputs a
comparison signal, while the second comparator 34 for the
second amplifier 32 does not output a comparison signal. On
15 the other hand, for signals due to a popcorn noise or due to
electrical noise, the two comparators 33, 34 supply output
signals. The discriminator section 35 outputs é human body
dgtection signal when the first comparator. 33 outputs a
comparison signal but the secoﬁd comparator 34 does nof
20 output a comparison signal.'
- Next, an infrared-rays detector according to a.
fourth embodiment of the invention is explained. = For
signals due to a human body, the frequency components show

no change practically for a relatively long time, while for

25 signals due to a noise such as a popcorn noise, they vanish



23 in a short time. In this enbodinent, the signal is

subj ected to frequency analysis and a human body is di scri m nat ed
according to time dependence of the signal. For exanple, a human body
detection signal is outputted 5 when |like frequency conponents exist in
the signal for a certain continuous %3 ne. The bl ock
di agram of the infrared-rays detector is- simlar to that of the first
enbodi mrent shown in Fig. 3, and it is not displayed here. A

wide band anplifier 11 10 anplifies an output voltage froman_ I/V
converter 2 in aa shorguffimeent| ynn gbisanembaddmensd si §hal sigpalediso
the - waveform analyzer 12 has t he frequency spectrum

di stri buti onsshjected Ftgs. fTequenty BEralysist orandina yZzwiman body hés an
A/ D converter 13 which converts an input waveform 15 to a digital value,
a nenory deviddésctimihiatkedstawasrding to tisiegidepenidence anfl £hePUsignébr
analysis. The data stored in the menory device 14 is updated each
time a signaFoirs example eca Viedménohdde débecthonrtsigris8l iSheowBbilitited
anal yzes frequency conponents thereof and checks tine dependence of
20 the freghencyliecfrequencyheompdnEntaut guista inungre bedgnal for a
detection signal when |ike frequency conponents exist for a certain

continuous tceRtaihn coheinvgnd timecessi ng of the CPU 15, data in a
time period is subjected to frequency anal ysis, and a human body

detection signal is outrpet bedckli didgramaolferbhinfrhreg-vhgs dbtettvr is
frequency conponents have a

similar to that of the first embodiment shown in Fig. 3, and

. it is not displayed here. A wide band amplifier 11

10 amplifies an output voltage fromlan I/V converter 2 1n a

sufficiently wide band, and the signal supplied to the

waveform analyzer 12 has the frequency spectrum

distribution shoﬁn ianigs. 3 and 4. The waveform analyzer

12 has an A/D converter 13 which converts an input waveform

15 .to a digital value, a memory device 14 which stores - the

digital data, and a CPU 15 for analysis. The data stored

in the memory device 14 is updated each time a signal is

received from.the A/D converter 13. The CPU 15 analyzes

frequency components thereof and checks time dependence of

-20 the frequency spectrum. The CPU 15 outpﬁts a human body

detection sigﬁal when like frequency components exist for a

certain continuous time. In the signal processing of the

CPU 15, data in a time period is subjected to frequency

analysis, and a human body detection signal is outputted if

25 a length of time when the low frequency components have a



24 | power. | arger than a predeterm ned val ue exceeds a threshol d.

Al ternatively, a change in frequency conponents can be detected, for
exanpl e, by neasuring a length of tine when t he signal exceeds a
threshold within a predeternmined long 5_. tine. Fig. 14
shows an exanple of a flow of the signal processing by the CPU 15.

. First, the digital data stored . in the menory device 14 on the
wavef orm are received for a predeterm ned tine (S30), and frequency

conponents are 10 anal yzed on the digital data (S32) Then, it i
checked  Poweckakgen %;bmrao?m%wt?maneﬂcyaéaﬁp%sﬁ?gsl A tthéeespi%t
smal l er than a predeterm ned power Pt (S34). If it is deci ded t hat
the power iAltemnativelinn @ changeredBt freguency ¢omBInenfd tFan f K&y
returns to S30. On the other hand, if 15 it is decided that the power is
not smal | erdettected, for example,mby MmeaswciRgent deengthoref (E3Bp, vheah i t
i s deci ded next whether t [err] Tn or not (S40). |If it.is decided
that t < Trthe signaheekteadsewurbhyrashaddD witltntaepsedetemiaed ilorig s
decided that t 2 Tn, a length of time when the low 20 frequency
conpon®gnt s timwe a power | ar ger t han a predeterm ned val ue
exceeds the threshold Tn, and a human’ body detection signal is
out putted (S42). Theﬁagthb4fshmws an exemples ¢ H30low of the signal F|g
15 shows an infrared-rays detector of a fifth 25 enbodi ment according to
t he inventimrocedsing nbyheéher @RIErcy. First, the digital data stored’
in the memory device 14 on the waveform are received for a
predetermined time (S30), and frequency components are
10 ° analyzed on the digital data (S32). Then, it is checked
whether a power of low frequency components in the data not
smaller than a predetermined power Pt (S34). If it is
decided that the power is smaller than Pt, t is reset to O
(836), and the flow returns to S30. -On the other hand, if
15 it is decided that the power is not smaller than Pt, the
time t is incremented by one (838), and it is decided next
whether £t 2 Tn or not (S40).  If it is decided that t < Tn,
the flow returns to S30. On the other hand, if it is
decided that t 2 Tn, a length of time when the low
20 frequency components have a power larger than a
predetermined value exceeds the threshold Tn, and a human
body detection signal is outputted (S42). Then, the flow
returns to S30.

Fig. 15 shows an infrared-rays detector of a fifth

25 embodiment according to the invention, wherein the frequency



25 distribution on the signal of the pyroelectric elenent is

anal yzed and a human body is discrimnated according to the | engt h of
time of a.signal in a frequency range -ascribable .  to a human body.

The infrared-rays detector conprises a pyroel ectric elenent 1, an I/V
converter 2, an anplifier 41, a con%%}ator 42 and a pulse wdth
detector 43. The anplifier 41 has a characteristic of band-pass
filter which transmits and anplifies signals in a frequency band with
a center at ,around 1 Hz in order_to_acquire a sjgnal,due_to a, 10

human body. GHHer HINPERMBR Ao oPighat 9fsitdifal PHERPLEERILC elemspt, s
anplifier 41 wwth a_predeterm ned threshold and |, out puts ,a detection
si gnal whi | e2R&kyZEednaid ek cbuBant hedy is digcedmdngtedTRecorddedntd Hhe
detector 43 outputs a signal _ . _only when the pulse width exceeds a
certai n val ukengtlyj @f timg ofi@ awignEl shdwar EFEENERCHt iTPRIRaATTTRARIR to
a human body and due to a popcorn noise in the infrared-rays _
detector. A to a humamal bedy. t o ThehubnArpseg-rayseldatiaclior | epBPrh&ASt HHat
due to a noi se such as popcorn noi se. In the infrared-rays
det ect 09, theyooplettrictedemantsla sngddV convesteredueady anpdifiegndd . in
correspondence to exi stence of a human body, and when the pul se width
detector 43 alectompardbort H2 pdrsk a pulwedtwidtht hdetéghatr odd put t Sthepy
the anplifier 41 is relatively long, a human body detection signal is
outputted. amplifier 41 hasna thiagacteaipkéc otffhdandetestsi diltegndiich s
25 generated according to the length of a one-shot output
transmits and amplifies signals in a frequency band with a
center at around 1 Hz in order to acquire a signal due to a
10 human body. The comparator 42 compares a .signal outputted
by the amplifier 41 with a predetermined threshold and
outputs a detection signal while the signal exceeds the
threshold. The pulse width detector 43 outputs a signal
only when the pulse width exceeds a certain wvalue. Figs.
15 16 and 17 show representative waveforms due to a human body
and due to a popcorn noise in the infrared-rays detector. A
signal due to a human body is relatively long than that due
to a noise such as popcorn noise. In the infrared-rays
detector, the amplifier transmits a signal in the frequency
20 range in correspondence to existence of a human body, and
when the pulse width detector 43 decides that the pulse
width of the signal outputted by the amplifier 41 is
relatively long, a human body detection signal is outputted.

In this example, the detection signal is

25 geﬁerated..according to the length of a one-shot output



26 signal from the conparator 41. . Alternatively, t he
detection signal is generated by neasuring a pul se w dth of a signal
fromthe conparator 42 after the pulse width - detector 43 receives
the signal fromthe conparator 42. 5 Fig. 18 shows an '

i nfrared-rays detector of a sixth -~ end®di nent according to the

i nvention. In this enbodi nent, the frequency distribution on the
signal of the pyroelectric el enent is analyzed, and a human body is
di scrimnated . according to the lengths of tinme of -signals in two
frequency 16ignmdngeirom thghe comparedioad- réle  d&ldexmativedipri skke a
pyroelectric elenent 1, an I/V converter 2, a first anplifier 41, a
second anpl i letectipnasfignstl dengensratetB by measuriswg oncbebseawibdon 4ff, a
first pulse width detector 45, a second pulse wdth det ect or

46, and aa sdbgeadbrnirdd thedi scompamator 42Z. aftdihe thid rpulsenpiidtier
41 anplifies a signal in a frequency band with a center at around 1
Hz and dehectecodd aegpleifesy thd aipgndl efrcm dited scomparetderd2.
frequency band between a fewtens Hz to a few hundreds Hz. The first
and sec@nd conparator sF4g. 44 chowsr ant hafraged-say20detéebort 8€ &i sskthnd
second anplifiers 41, 42 with threshold | evel s respectively. Figs.

19 and 20 shembbdliRefibattsoftiing to AHedUinverdids. Of Ih hehisr eibedimestpnd
conparators 43, 44. The first conparator 43 outputs a pulse

signal with the frequéﬁbytaystriaati@mlwhdthefgigﬁamcefntn@ipyr@éléberitke.
When 25 a tenperature difference between the background and a human
: element is analyzed, and a human body is discriminated
according to the lengths of time of signals in two frequency
10 _rénges. : The infrared-rays detector comprises a
pyroelectric élement 1, an I/V converter 2, a first
amplifier 41, a second amplifier 42, a first comparator 43,
a_sécond comparator 44, a,firSt_pulse width détector 45, a
second pulse width detector 46, and a waveform
15 discriminator 47. The first amplifier 41 amplifies a
signal in a frequency band with a center at around 1 Hz and
the second amplifier 42 amplifies signals in another
frequency band between a féw tens Hz to a few hundreds Hz.
The first and second comparators 43, 44 compare the signals
20 from the first and second ampiifiers 41, 42 with threshold
levels respectively. Figs. 19 and 20 show time charts of
output signals of the first and second comparatoré 43, 44,
The. first comparatqr 43 outputs a pulsé signél with a
relatively narrow width for popcorn noise or the like. When

25 a temperature difference between the backgroﬁnd and a human



27 body is large and an output signal fromthe pyroelectric

elenment 1 is large, the first conparator 43 outputs a pul se - of a long
pul se width.- On the other hand, it outputs a pul se with a narrow

wi dt h. when the tenperature difference 5 bet ween t he background and a
human body is small. In this case, £1 is difficult to di scri m nat e,
the signal due to a human body fromthat due to popcorn noise.
However, the second conparator 44 outputs a signal surely for a
popcorn noise or the like, but it does not_output a signal gue to a

§ Q
10 human bb@f¥bekhudargfe At o AWHAUL eFignRbufpels the ePyroelectyjig |
signal for a human body. Thus, a signal due to a human body can be
det ect ed sur elgment dxpisailpgsbdihe fiest compayralar ;h3 QaEBWES pail BB1®LIt h
detectors 45 and 46 detect . gulse widths of the signals supplied by
t he conparat ofs a31long pudise 4didthespln i they otherd haedwnadés Aufputs a
di scrim nator 47 discrimnates a signal due to a human body
accordi ng topuise with dat eatmapvwpourbdtivi whan dhesi temperature f Hdfdarence
frequency ranges. Fig. 21 shows an infrared-rays
detect o5 of bedwe2@t thee\bavtkyrvinelianshta abewadi hgdyo ishesnahdant | Bm. thisn
this enbodi nent, a human body is discrimnated by neasuring a
rise time afasea idi ghsl diffithét itef rdisckimpymtaletiret signal dusonpoi ses
a pyroelectric elenment 1, an I/V converter 2, an anplifier 51, a rise
time detectohumdn dadyrpfiramortha?, dunel t35 poprom snoise nat dlowewst, otthe54.
The anplifier 51 has a
second comparator 44 outputs a signal surely for a popcorn
noise or the like, but it does not output'a signal due to a
10 human body because the second amplifier 44 outputs a very
small signal for a human body. Thus, a signal due to a
human body can be detected surely. As explained above, the
first and second pulse width detectors 45 and 46 detect
pulse widths of the signals supplied by the comparators 43
15 and 44, respectively, and the waveform discriminator 47
discriminates a signal due to a human body according to the
detected pulse widths on signals at different frequency
ranges.
Fig. 21 shows an infrared-rays detector of a
20 seventh embodiment according to the invention. In this
" embodiment, a human body is discriminated by measuring a
rise time of a 'signal. The infrared-rays detector
comprises a pyroelectric element 1, an I/V converter 2[ an

amplifier 51, a rise time detector 52, a comparator 53, and

25 'a discriminator section 54. The .amplifier 51 has a



-

28 : characteristic of band-pass filter in order to acquire a

signal due to a human body. The rise tine detector 52 out puts a

rise tinme by neasuring a length of tine of the out put S|gnal of the

anplifier 51 passing between two 5 different |evels.

Figs. 22 and 23 show output signals of t-h&8 anplifier 51 due to a

human body and due to popcorn noise and rise tine detection signals
~of the rise tine detector 52 respectively. A popcorn noise or the

like rises rapidly and 10-. has a short pulse w dth, while a signal due to
human body charaqtiesdstis hef geadirplass bEthter arhumebo@ eAC@¥Lre ndo

each nonitor area at a | ow speed. The rise tinme becones | onger

for a signalsidal odpepdury nandismarr body .| | k&hehi tEsehdvimer detecténr 2
signal due to human body. If the signal due toa 15 human body becones
| ar ge, the rowmputistea bedseesisieorbyer melastiring a t hength sefi ttinke 06 £t Hthe
conparison result of the conparator 53 becones |longer. Then, the

di scri m nat autiput ecdigned t o€ the ampkifier fB3bmpdesinge betweealet doicor
52 and the pul se width fromthe conparator 53 and detects a human
body vm5r1rndﬂffé£bnt[meyyrs on by taking the rise tinme and the pulse width
into account . An infrared-rays detector according of
the present Invemi% N heyi nghdh A3 f et oupu  Signallspr eres e
wil | be explained beloww th reference to Fig. 24. The infrared- 25

rays detectgfpl PTeY | SESdud tRyrHchesdhi Bodgl eiRNtdud, toapopcorn noise

and rise time detection signals of the rise time detector 52

respectively. A popcorn noise or the like rises rapidly and

10 | has a short pulse width, while a signal due to human body

‘rises rathér gradually becaﬁse a human body enters into each

monitor area at a low speed. The rise time becomes longer

for a signal due to popcorn noisé or the like while shorter

for a signal due to human body. If the signal due to a

15 human body becomeé large, the rise time becomes shorter, but

the pulse width of the.comparison result of the comparator

53 becomes longer. Then, the discriminator’54 receives the

rise time from the rise time detector 52 and the pulse width

from the comparator 53 and detects a human body with high

20 precision by taking the rise time and the pulse width into
account.

An infrared-rays detector according of the present

invention having a different type-of signal processor will

be explained below with reference to Fig. 24. The infrared-

25 rays detector comprises a pyroelectric element 1, a



29 current-to-voltage (I/V) «converter 2, and a signal

processor including a first voltage anplifier 61, a second vol t age
anplifier 62, a signal detector section 63, a : popcorn noi se detector
64, an output circuit 65 and a - contr I 1 er The out put vol tage of
the 1/V converter 2 is anpllfled by he flrst vol tage anplifier 61
and by the second voltage anplifier 62. The first voltage anplifier
61 "has a characteristic of a band-pass filter ‘passing

conponents around 1 Hz in correspondence to the speed of 10 nnvenent of
a human bodyCUL#fH e tveleadRl vdiYdde aﬁ%'PY‘FFE?r 2, 63ngnpI3fi &
signal received fromthe |/V converter -~ sel ecting frequenC|es
hi gher thaPragRssqey rinclygingge flrSt a‘fﬁﬂtﬁg%raml}#%’?déi’wté &
popcorn noi se. The signal detector 63 conpares the signal out utted
fromthe firsmltag amplifderanlifiar sbInait HHetepkek et inn |l uéd
wth a conparator, and it outputs a detection signal to the output
circuit 65 igopdarrsi gwwdiser edetectorr ofd 4 harlf | pytpudl t ggocuit 63nm@Andi @ 61
has an anplitude exceeding the predeterm ned val ue. 20 _
The sedtond caitteaglderarfd.i f iThe dttpudnmidlftiage otthdhe I/V iognverdiegnal ist
frequenci es higher than the first voltage anplifier 61 because a
popcor n noi senplifiesd pbyoetket fiirst volthgeeramplifies Michahdstley tihen a
signal due to novenent of a human body or the Iike. Then, the
second Vol tsgmn®@oltaygd idmpdd figd 6@s a Thieafdatsdr istlitage mplianiiqlaﬁ.
filter
has a characteristic of a band-pass filter passing
components around 1 Hz in correspondence to the speed of

10 movement of a human body, while the second voltage amplifier
62 amplifies the signal received from the I/V converter 2 by
selecting frequencies higher than the first voltage
amplifier 61 in order to detect a popcorn noise. The signal
detector 63 compares the siénal outputted from the first

15 voltage amplifier 61 with a predetermined wvalue with a
comparator, and it outputs a detection signal to the output
circuit 65 if the signal received from the first voltage
amplifier 61 has an amplitude exceeding the predetermined
value.

20 The second voltage amplifier 62 amplifies the
input signal at frequencies higher than the first'voltage
amplifier 61 because a popcorn noise in the pyroelectric'
element 1 rises much faster than a signal due to movement of

a human body or the 1like. Then, the second wvoltage

25 amplifier 62 has a characteristic of a band-pass filter



30 whi ch transmts conponents of frequencies equal to or higher
than a fewtens Hz in order to discrimnate the popcorn . noi se from
t he out put signal due to novenent of hunman body. However, if a
signal at unnecessarily high frequencies_is 5 ' transmtted, S/Nratio
beconmes worse, and the popcorn noise 30 subnerges i n noi ses. Then, the
second voltage anplifier 62 has a characteristic of band-pass filter
which transmts frequency conponents in a transm ssion band froma
few tens to g few hundreds Hz. The popcorn noi se detector 64
10  out put@%}bm somponentiso @ Ls ifgieguensiase egmadr 310 @r higher 66
when the output of the second voltage anplifier 62 has an anpl i tude
equal to or thargher fevantansr éifet tRniarsier atee discrimingten the popoomm
noise is detected, the controller 66 - outputs a control signal to a
conponent iNPisee ﬁl’rﬁm dihel-oulput 15ignalkt dee otosmovementhefl humaonedyer 2,
the first voltage anplifier 61 or the output circuit 65 to prevent
an dlowewesus Het ectsignal gatl winecessarpdycdiigmofsequencies is
In a nodified exanple, one anplifier anplifies an out put signal of
the |/ corbxansmitz:,edan@/tbhera;nﬁtqomemeagmréé), anfl the popkbirhehdise
supplied to two filters having different - frequency characteristics
from each cubmerdhse ifn meiidfedt erThen, ths aeband- paisabkl applpEieirng?2
conponents around 1 Hz in correspondence to the speed of novenent of
a human bodyas a charddienistisecofid Bard-@sasss £ibaed- passcH i trahswiitgh 25
transmts conponents froma fewtens to a few hundreds Hz.

frequency components in a transmission band from a few tens

Hz to a few hundreds Hz. The popcorn noise detector 64
10 .outputs a popcorn noise detecfion signal to the controller
66 when the output of the second voltage amplifier 62 has an
amplitude equal to or higher than a predetermined wvalue.
When the popcorn noisé is detected, the controller 66
outputs a control signal to a component in the infrar_ed;rays
15 detector such as the I/V converter 2, the fi_rst voltage
- amplifier 61 or the output circuit 65 to prevent an
erroneous detectién signal due to a popcorn noise.
In a modified example, one amplifier amplifies an
output signal of the I/V converter 2, and the output voltage
20 of the amplifier is supplied to two filters having different
'frequency characteristics from each other. The first filtef
is a band;pass filter passing components around 1 Hz in
correspondence to the speed of movement of a "human body,
while the second filter is a band-pass filter which

25  transmits components from a few tens to a few hundreds Hz. .



31 The outputs of the first and second filters are supplied to

the signal detector and to the popcorn noi se detector, respectively.
That is, the filters are used instead of the voltage anplifiers to
anal yze the waveform of the signal 5 detected by the pyroelectric

el enent . As expl ai ned abov¥ the out put signal of the
pyroelectric sensor is detected at two different frequency ranges,
and a human body can be detected according anal ysis on the signals
at the two frequency ranges. Then,. an 10 erroneous report of the -
exi stence orThevewbtputsfof kbhgafirst anfo@pcondyfhidiansd areheFuRied 1k

I nfrared-rays detector is very reliable and does not output a false "
out put si gnathehesignal detegtosr nandi sko odder s Poporsusneidedi dekrctaex,
this type of signal processing are expl ained below. 15

An infrared-regsedeieelys oThah ésghtheefiiddemsntare usedacigwttiady ab the
present invention will be explained bel ow with reference to Figs. 25
and 26. As stolvage RigpliFiertsheto analiyzer arlesl- wayefdeecdDr thenpsignaly a
pyroel ectric elenent 1, - an |/V converter 2, a first voltage amplifier

71, a ssconddeffcted @y afice pyrdelectricd Blementsi gnal detector section
73, a popcorn noi se detector 74, and an output controller 77

including a control | erag6 &ayiatnedtidfive, r tid autpak signadut@fit the
circuit 75. The out put voltage signal of the I/V converter 2 is

supplied to pieoéléestri®l sagsoanils fdetfedtled 25t tadd didf fdrersecorequeandyge
anplifier 72. The first voltage
ranges, and a human body can be detected according analysis
on the signals at the two frequency ranges. | Then,. an

10 erroneous report of the existence or movement of a human
body is prevented. Therefore, the infrared-rays detector is
very reliable and does not output a false output signal when
a popcorn noise occurs. Various embodiments of this type of
signal processing are explained beiow.

15 An infrared-rays detector of an eighth embodiment
according to the present invention will be explained below
with reference to Figs. 25.and 26. As shown in Fig. 25, the
infrared-rays detector éomprising a pyroelectric element 1,
an I/V converter 2, a first voltage amplifier 71, a second

20 voltage amplifier 72, a sighal detector section 73, a
popcorn noise detector 74, and an output controller 77
including a controller 76. haéing a timer circuit and an
output circuit 75. The output voltage signal of the I/V

converter 2 is supplied to the first voltage amplifier 71

25 and to the second voltage amplifier 72. The first voltage



32 anplifier 71 anplifies the signal received fromthe 1/V

converter 2 and sends the output voltage to the signal detector 73.
The first voltage anplifier 71 has a characteristic of a
band- pass filter passing conponents 5 srdund 1 Hz in correspondence to
t he speed of novenent of a human bo %. The signal detector 73
conpares the signal outputted fromthe first voltage anplifier 71
with a - predetermned value wth a conparator. It outputs a

detection signal to the output circuit 75 jf a signal, 10 _ received_ from
the first applifder afpl impdifies the signal regedvecudEreRcdd® nd/Vhe
predet er mi ned val ue. The second vol t age anplifier 72
has a conylaitest e2| ANt sehds phhel- padputy | vpdtagenhteh the r gagnels
conponents in a transmi ssion band froma fewtens to a few 15 hundr eds
Hz. The pdetectomoi §8. det dher fimst owwpiitage a amplifiepcorh nbase a-
detection signal to the controller 76 when the out put of the second
vol t age anplchiiracte? is&dcanofinpai thald-pass dhildien o passiinghe companeats
predet erm ned val ue. The controller 76 has a tiner and
out put § an az@dundodt H# imhidartesporrigred tw the spéedtofi movenedd 66r aa
predeterm ned tinme when the popcorn noise is received. \Wen " a popcorn
noi se happemmmant bedpys qbheklgigmali t desector 7TBnpempasesntthe Tiségehdre
the tinme for the tiner in the controller 76 for outputting the output
i nhi bition suppaitted Zrom Sthet 0fdrkew settade. amplifier 71 with a
predetermined value with a comparator. It outputs a
detection signal to the output circuit 75 if a signal
10 received from the first voltage amplifier 71 has an
amplitude exceeding the predetermined value..

The second voltage amplifier 72 has a
characteristic of = band-pass filter which transmits
components in a transmission band from a few tens to a few

15 hundreds Hz. The popcorn noise detector 74 outputs a
popcorn noise detection signal to the controller 76 when the
output of the second voltage amplifier 72 has an amplitude
equal to or higher than a predetermined wvalue.

The controller 76 has a timer and outputs an

20 output inhibition signal to the output circuit 75 for a
predetermined time when the popcorn noise is received. When
a popcorn noise happens, it decays quickly or it is

~ nonpersistent. Therefore, the time for the fimer in the

controller 76 for outputting the output inhibition signal is

_25 set to a few seconds.



33 As far as the output inhibition signal is not .
received from the controller, the output circuit 75 transmts
the detection signal therethrough when it receives t he detection
signal fromthe signal detector 73. However, 5 while the output
inhibition signal is outputted by the 33 controller 76, it inhibits -
to output the signal to the external or it does not output the
detection signal even if the detection signal is received fromthe
signal detector 73. Next, operation of the infrared-rays
detector is 10 expl®s ndarwias rtdfeer entputo imhjibition weignadhol® aoh ne
chart of output signals of (a) the I/V converter 2, (b) the second"
vol t age anpluddediverl, fxomt h€hpopcontrediles,dettdet oroutput 7gircudl t WS
first voltage anplifier 71, (e) the signal detector 73, and (f)

t he control teran&itslThe detection Higramlt fuheretiiiughawhehn tilte deceives
converter 2 is sent to the first and second voltage anplifiers 71 and
72. Wihe tdetentiing sigmal fromothéhsifhadt detkthge dspl i Hosrevek,
exceeds the. predeterm ned val ue, the signal detector 73 ~deci des t hat

a hunmars bodyieiXiest £her suypati ninltbipivh orsigial dseaputpubbéputbin the
detection signal (e). On the other hand, the popcorn noise

det ector 74 controldipulis, ait popfEBitsIoLse owiebeEt ithie  signal &) theo
t he controller 76 because it decides that a popcorn noise is

outputted freaddimipyswelecddeés fbEMBAtpht\WiRE HBeeetlipH! sidhal Svenalif (C)
of the second voltage anplifier 72 exceeds the
the detection signal is received from the signal detector 73.
Next, operation of the infrared-rays detector is
10 "explained with reference to Fig. 26, which shows a time
chart of outﬁut signals of (a) the 1I/V cdnverter 2, (b) the
second voltage amplifier 72, (c) the popcorn noiseldetector
74, (d) the first voltage amplifier 71, (e) the signal
detector 73, and (f) the controller 76.
15 The output signal (a) of the I/V converter 2 is
| sent to the first and second voltage amplifiers 71 and 72.
When thé output signal (d) of the first voltage amplifier 71
exceeds the predetermined wvalue, the signal detectbr 73
decides that a human body exists or moves in the monitor
20 area, to output a detection signal (e).
On the other hand, the popcorn noise detector 74
outputs a popcorn noise_'detection' signal (b) to the
controller 76 because it decides that a popcorn noise is

outputted from the pyroelectric element 1 when the output

25 signal (c) of the second voltage amplifier 72 exceeds the



34 _ predeterm ned val ue. When the popcorn noise detection
signal is received, the controller 76 outputs an out put I nhibition
signal (f) to the output circuit 75 for a few seconds. The out put
circuit 75 inhibits to output the 5 detection signal received fromthe
signal detector 73 to the external i#%a tinme when the out put '
I nhibition signal is out put (hereinafter referred to as output

i nhibition tine). " That is, until the output inhibition tinme el apses,
t he - detection signal is not outputted fromthe infrared-rays 10
detector, angedgtganined:ivalueue tWhem pdicoPopssirye npdse detection
prevented. Therefore, because the rise tinme of the output signal
from the seceignadl tige receivieder thei santmaddethadé outputmit aty oauthut
first one 71, an erroneous detection report due to popcorn noise is
not out putt ednhébatéonheigmadut (£)15to ithe boutputsiajraiuiits out fort el. fews
expl ai ned above, when a popcorn noi se occurs, the output controller
77 is controkkednds. IThte t outiptiputcireuimal?Suninhibipsedst eoutped t the
el apses. Then, a false report due to popcorn noise can be prevented
conpl et 6l y bdesettiiog shenpledetelwedefrbmmehéosighalsdghatto2073 tonthel .
An infrared-rays detector of a ninth enbodi nent according to the

present inveaktegnall |ibeaexpimée nathedel te outputi t inhébitbone sigriailgsis27
and 28. As shown in Fig. 27, the i nfrared-rays detector conprises a

pyroel ectri cogkpi@nt(hbreildaftedn de/féreedvald &s 2outpilt r shhibitbge ampeltier
81, a second
That is, until the output inhibition time elapses, the
detection signal is not outputted from the 'infrared—réys
10 detector, and a malfunction dﬁe to a popcorn noise is
preventéd. Therefore, because the rise time of the output
signal from the second voltage amplifier 72 is faster than
that from the first one 7i, an.erroneous detection report
due tq popcorn noise is not outputted before the output
15_ inhibition signal is outputted. As expiained above, when a
popcorn noise occurs,'the output controller 77 is controlled
not to output a signal until a predetermined time elapses.
Then, a false report due to popcorn noise can be prevented
completely by setting the predetermined time for the signal
20 ' control.
An infrared—r_ays detector of a ninth embodiment
according to the present invention will be.explained below
with reference to Figs. 27 and 28. As shown in Fig. 27, the

" infrared-rays detector comprises a pyroelectric element 1,

25 an I/V converter 2, a first voltage amplifier 81, 2 second



35 vol tage anplifier 82, a signal detector 83, a popcorn noise
detector 84, and an output controller 87 including an out put circuit
86 and an output |evel detector 85, and a controller 88 having a
timer. The basic structure of the infrared-rays 5 detector of this
embodinent is simlar to that of the 33 sevent h enbodi ment shown in
Fig. 25. When a signal is received fromthe first voltage
anplifier 81, the output |evel detector 85 conpares the i nput si gnal
with a predeterm ned value with a conmparator. 10 | f the input signal

| evel is higheltage amplifieni §8,| avslignal degecéori $3, & grRcorn meise
predeterm ned values wused for conpari son by the signal detector 83
and by the odepectorv@4, and aneoetpot Enbtrellex Sécinckuding tare eafputeach
ot her, and they can be set appropriately for desired detection 15
sensitivity.circuit 86 and an\Wetpubelewthudetavidr 085 popudra cuiiseolser

hi gh, the detector 83 may output a detection signal even if the
signal |evel 88ehavirg &rbiméhe fThstbasitagerariphréief @e infradedoress

| ower tenporarily than the predeterm ned value in 20 t he out put |evel
detect op 85 Qeeéetoto coff griAlis ( @mbaddménr is simil&dry. t28) thatheof drioe

the high level detection signal is out putted, the output |evel
detector 85 gewéhbthesmbodimdptitshown in lEidy @b evel detection signal until
t he signal |evel received fromthe first voltage anplifier 81 becones

lower 25 than thewhefr edeiigfiilneis reééied €ebhi theustirst fesltade
anplifier 81, the output level detector 85 cdmpares'.the
input signal with a predetermined value with a comparator.
10 If the input signal level is higher, it sends a high level
detection siénal. The predetermined ‘values used for
comparison by the signal detector 83 and by the output level
detector 85 are not.necessafily the same each other, and
they can be set appropriately for desired detection
15 sensitivity.

When the output level of popcorn noise is high,
the detector 83 may output a detection signal even if the
signal 1level réceived from the first voltage amplifier 81
becomes lower temporarily than the predetermined value in

20 the output level detector 85 (refer to signals (d) and (e)
in Fig. 28). Then, once the high level detection signal is-
outputted; the output levei detector 85 continues to output

- the high 1level detection signal until the signal. levei
received from the first voltage amplifier 81 becomes iower,

25  than the predetermined value continuously  for a-



36 "predeterm ned tinme. Therefore,, even when the signal |evel
received fromthe first voltage anplifier 81 becones | ower than the
predet ermi ned val ue, the output of the high I evel detection signal
will not be stopped quickly. 5 As far as t he out put inhibition
signal is not recei ved fromthe cont3%ller 8 the as-received
detection signal is transmtted to the external when the detection
signal is received fromthe signal detector 83. Fbwever - after the
popcorn noi se detection signal is qQutputted by the popcorn

detector 84, PFﬁéeH%F@%¥¢@n%§W§nal?Q?FQﬁHQﬁﬂeﬁWen WhePo the FiMA %eiFY%;the
external even if the detection sjgnal IS received fronlthe det ect or
83 or the dereeeivpdsifgam the first n‘é@l%g%uﬁmpélfﬁéreﬁtlerk?ﬁﬂomﬁﬁ|l°‘t’%

| evel detection S|gnal is stopped to be outputted. 15

Next, oper at thanotheheredeteradnesdy vadatectidhe j gutput ofxihg rkyegm level

reference to Fig. 28, which shows an out put signal (a) of the I/V
converter 2,dehectiputsiggahblwibl ndt be stapped agwivkisd t age anplifier 82,
an output signal (c) of the popcorn noi se detector 84, an output
signal bd) of the firsRAs 2far waslttiye ayliput einBibibhonutpignal gisl nge)
of the signal detector 83, and an output -signal (f) of the output

| evel deteived &Fom the controller TAE, otheutasirprdived détedkionV
converter 2 1is " sent to the first and second voltage anplifiers 81
and 82. 25 sidheloudisputrangmattedd)toof thée ekittestnalol whep dhd | detecBion

| signal is received from the signal detector 83. However,

“after the popcorn noise detection signal is outputted by the

i0 popcorn noise detector 84, the detection signal is inhibited
to be outputted to the external even if the detection signal
is received from the detector 83 or the detection signal is
not output to the external until the level detection signal
is stopped to be outputted.

15 Next, operation of the infrared-rays detector is
explained with reference to Fig. 28, which shows an output
signal (a) of the I/V converter 2, an output signal (b) of
the second voltage amplifier 82, an output signal (c) of the
popcorn noise detector 84, an output signal (d) of the first

20 voltage amplifier 81, an output signal (e) of the signal
detector 83, and  an output signal (f) of the output level
detector 85.

The output signal (a) of the I/V converter -2 is

sent to the first and second voltage amplifiers 81 and 82.

25 The output signal (d) of the first voltage amplifier 81



37 exceeds the predeterm ned value, the signal detector 83

deci des that a human body exists or noves in the detection area and
outputs a detection signal (e). ~On the other hand, the
popcorn noi se detector 84 5 outputs a corn noi se detection signal (b)
to the output : circuit 86 because a gﬁgcorn noi se i s decided to be
outputted fromthe pyroelectric element 1 when the out put signal (c)
of the second voltage anplifier 82 exceeds the . predeterm ned val ue.

The output |evel detector 85 outputs a 10 hi gh level detection signal
(f) to the RKGRRAZ| the tpgedeterminpdn Yakiout sE&aRpl( yetesker hd3
first voltage anplifier 81 exceeds the predeterm ned value. The
out put circulleciBtes thatija humap hedwt exkatRtor hBodesedni dhesidafgction
received from t-he signal detector 83 to the external at the sane tine

when 15 taeesiamdloutputw a detdatdon Isdgs@dcdel -noi se det ect or 84,
and it continues to be in the inhibition state until the signal
out put from the out putOhethe dthest dramgh ithetpppedrn noise fededtor £
output inhibition time is after the signal is - outputted fromthe
popcor N5 noi seutpietecé opop8drnntmidiset izteFiomowpynalki ¢nhl tor dimet romxtgauttput
| evel detector 85 is stopped. Therefore, it is inportant to adjust
t he referenceis@iites 86 bedausd hea cymrator naiFe oprs atddgidesb tdmt kehe
hi gh | evel detection signal wll be outputted while the popcorn noise
detection sigmaputisedutpomnt athe RProelectric elédmenex{l awlen thkowmitput
after a popcorn noise _
signal (c) of the second voltage amplifier 82 exceeds the
predetermined value. The output level detector 85 outputs a
10 high level detection signal (f) to the output circuit 86
when the output signal (d) from the first voltage amplifier
81 exceeds the predetermined value. The output circuit 86
is inhibited to output the . detection signal received from
the signal detector 83 to the external at the same time when
15 the signal is received from the popcorn noise detector 84,
and it continues to be in the inhibition state until the
signal output from the output level detector 85 is stopped.f
That is, an output inhibition time is after the signal is
outputted from the popcorn noise detector 84 until the
20 output signal from the output level'detector 85 is stopped.
Therefore, it is important to adjust the reference values
for the comparators appropriately, so that the high level
detection signal will be outputted while the popcorn noise
detection signal is outputted.

25 _ As explained above, after a ©popcorn noise



38 detection signal is received, the output circuit does not

output- a signal until a predetermned tine el apses until the out put
of the first voltage anplifier does not exceed a predet erm ned | evel
for a predetermned tine. Because'the 5__signal control tine by the

out put controller is determ ned acco?@ing to the output |evel of the
popcorn noi se, when the out.put | evel of popcorn noise is small, the
signal control is cancelled quickly, and a possibility of false
report can be decreased. 10 ) An infrared-rays detector  of
a tenth enbodlehaation sigrabrdsngraceitvad prebenoutPidnt¢brcudt | dges not
expl ai ned bel ow with reference to Figs. 29 to 31. As shown in Fig.

29, the outirytarae dignad amtddt @ rredetiesemdnedise edepisesena®ddt the
an I/V converter 2, a first voltage anplifier 91, a second 15 vol t age
anplifier 92outmitgnaf ddtecfdrse3, valtagzoanpidifder does doodctexced and
a controller 95 having a tinmer as an out put controller 96. The
basi ¢ struct preddtarimened rbeeel r figs a prediédiconmtiovedoftine s eBbodusentthies
simlar to that shown in Fig. - 25. 20 ' Next, operation of
t he i nfrared-giagmldet@ctol | sime by echd avuwigshi tbntedkiencdst ddliegmided
whi ch shows an out put - signal (a) of the I/V converter 2, an out put

signal (b) ofaccordirdecsatmobutpitadevaiploff ittle Pdpowrrouicisie,siwieal the)

of the popcorn noi se detector 94, an output signal (d) of the 25

control | er 9%utaiit atewel pof popaakn( dpicle tie $haBl, vohéagégnal control
is cancelled quickly, and a possibility of false report can
be decreased.

10 An infrared-rays detector of a tenth embodiment
according to the present invention will be explained below
with reference to Figs. 29 to 31. As shown in Fig. 29, the
infrared-rays detector comprises a pyroelectric element 1,
an I/V converter 2, é first voltage amplifier 91, a second

15 voltage amplifier 92, a signal detector 93, a popcorn noiée
detector 94, and a éontroller 95 having a timer as an output
controller 96. The basic structure of the infrared-rays
détector of this embodiment is similar té that shown in Fig.
25. |

20  Next, operation of the infrared-rays detector is
explained with reference to Fig. 30, which shows an output
signal (a) of the I/V converte: 2, an output signal (b) of
the second volﬁage amplifier 92, an output signal (c) of the
popcorn noise detecﬁor 94, an output signal (d) of the

25  controller 95, and an output signal (e) of the first voltage



39 amplifier 91. The output signal (a) of the I/V converter 2

is sent to the first and second vol tage anplifiers 91 and 92. : When
the output signal (b) of the second voltage anplifier 92 exceeds
the predeterm ned val ue, -~ the popcorn noise 5 detector 94 deci des
that a popcorn noise is outputted by the 39 pyroel ectric elenent 1 and
out puts a popcorn noi se detection signal (c) to the controller 95.
The controller 95 outputs an output inhibition signal (d) for a
predeterm ned tine of a few seconds when the popcorn noise detection
signal is 18mplifier vel. f rBhet butpopceignadi 48) deifedther YV converter 2
Wiile the controller 95 outputs an output : I nhi bition signal,
the first- volisagentnpd i fherfixstlemdasmrond voltagee ag@ilriftihmse&l_la@da%.
degree such that the signal detector 93 does not output the

det ecti on sigheth . thédhentpatesiignalhe(b)l5of thgnakcdatieatodrtade ramgel MEier he
out put signal (e) fromthe first voltage anplifier 91, the signal
does not excezd eéxceeds ptlesletpredeissinviate ivalueengthe ofpdpeormheamise
popcorn noi se is considered to occur, and the detection signal is not

sent 5 t@etdetoxt®s ndécidEecehvste 4 h@o;g@fn fiyiddeisi@ngutrakiveche0
by the first voltage anplifier is decreased in a very short ti me when

a popcorn nopgeodPePEREc ¢ em@ssi hind tougutflfepopcorn MepiHd diteediich
popcorn n0|se I s decreased. Alternatively, as shown in

Fig. 31, §Mbichc) to ther eontr81 188y 98¢ PN deshthelnean Sieoutphts
converter 2 and 25 the first voltage anplifier 91. Wile an out put
inhibition an output inhibition signal (d) for a predetermined time of
a few Seéonds when the popcorn noise detection signal is
10 received from the popcorn noise detector 94.

While the controller 95 outputs an output
inhibition signal, the first voltage amplifier 91 decreases
the gain thereof to a degree such that the signai detector
93 does not output the detection signal. Then, even if the

15 signal detector 93 receives the output signal (e) from the
‘first voltage amplifier 91, the signal does not exceed a
predetermined value in a length of time when a popcorn noise
is considered to occur, and the detection signal is not sent
to the external. .Because the gain for the signal received

20 by the first voltage amplifier is decreased in a very short
time when a popcorh noise ﬁappens, the possibility of false .
feport due to a popcorn noise.is decreased.

Alternatively, as' shown ip Fig. 31, a switch
circuit 97 may be provided between the I/V converter 2 and

25 the first voltage amplifier 91. While an output inhibition -



40 signal is outputted by the controller 95, the signal from
the 1/V converter 2 1is not sent to the first voltage

anplifier 91. An i nfrared-rays detector of an :
el eventh 5 enbodinment according to the present invention wll be
expl ai ned bel ow with reference to Figs. 324@&nd 33. As shown ~in Fig.
32, the infrared-rays detector conprises a pyroel ectric el enent
1, an I/V converter 2, a first voltage anplifier 101, a second

vol tage anplifier 102, a detector 10 103, a popcorn noi se detector 104,
and an out pusignalr dlsl eputputted OByi thleudtont ot r 86) etthet istegnal r foom)
105 and a switch circuit 106. The basic structure of the

i nfrared-rayshe I/Vdetectexrter t2hi 4senhotli neerit i Ssi rdhlear fiiosthavobtagde
enbodi mrent shown in Fig. 25. 15 Wiile the controller 105
outputs an amplp@fier 91. inhibition signal, the switch 106 decreases the
conver si on | npedance of the 1/V converter 2 to decrease signal |evel
for a signal due to popgorninfraeedeeaiyyed Hevartbe fiost an  ¥hévegeh
anplifier 101. Then, the output signal of the first 20 vol tage anplifier

101 dosgs nOémb@&Qﬁéﬂtth&c@é@dﬁhérntaedthe pr¥séhe | InvEet sbgnakitet egé or

103, and a nmal function due to popcorn noi se can be prevented.
Next, operategﬁlainéaebenéwawﬁdhreéﬁeﬂ@ﬁ@étﬂa Ffgs. 32 &xdl33nedayi shown
reference to 1g. 33, which shows an output 25 " S|gnal (a) of the I/V

converter 2, jan quigut $29naleHedd)  Phfrared-rays detector comprises a
pyroelectric element 1, an I/V converter 2, a first voltage
amplifier 101, a second voltage amplifier 102, a.detectof

10 103, a popcorn noise detector 104, and an output controller
107 including a controller (timer circuit) 105 and a switch
circuit 106. The basic structure of the infrared-rays
detector of this embodimént is similar to that of the
embodiment shown in Fig. 25.

15 While fhe controller 105 outputs an' output
inhibition signal, the switch 106 decreases the convérsion
impeqance of the I/V converter 2 to decrease signal level
for a signal due to popcorn noise received from the first
voltage amplifier 101. Then, the output signal of the first

. 20 voltage amplifief 101 does not exceed the predetermined
value in the signal detector 103, and a malfunction due to
popcorn noise.can be prevented.

Next, operation of the infrared-rays detector is
explained with reference to Fig. 33, which shows aﬁ output

25 signal (a) of the I/V converter 2, an output signal (b) of



e

41 the second voltage anplifier 102, an output signal (c) of

t he popcorn noi se detector 104, an output signal (d) of the

controller 105, and an output signal (e) of the first vol t age
anplifier 101. The output signal (a) of the l/V 5 converter 2 is
sent to the. first and second voltage?! - anplifier 101 and 102.
When the out put signal (b) of the second voltage anplifier 102
exceeds the predeterm ned val ue, : t he popcorn noi se detector 104 _
deci.des that a popcorn _ noi se is outputted by the pyroe|lectric el enent
1 and out put $hen seeond pypbrgencimpd ifdeacti®Gh sagnutryd) signale (c) of
controller 105. . - The controller 105 outputs an output inhibition
signal (d) the papcarn gwiig dirikecton K04 arhoutBubhshgnad gdpcefnthei se
detection signal is received fromthe popcorn noi se detector 104. 15
Wiile the ocomtmiller 105, oangutan tchdpudut pignal (e) nhobi thhen Sigsdl
the switch 106 decreases the conversion | npedance of the I/V
converter 2. volbzye awplifiepopbdrn The oudpné ocsbanal dedndf the Ji/nal
detector 103 receives the out put signal (e) fromthe first voltage
ramplified 10korverter0 2 ouisputsesitgnado ofthiehe flimstt \aoldt agecomd i fviodritagel
does not exceed the predeterm ned value, and the detection signal is
not sent to tadwplextigmalO0l and 102. When Ashexphiiputd sikmed, (e géi thef
the I/V converter 2 is decreased only when a popcorn noise is

iggputted i N seond NYltageaagilidiler 10ZheRceedst the pbedetbemtnadir vhlee,
the popcorn noise detector 104 decides that é popcorn noise
is outputted by the pyroelectric element 1 and outputs 'a

10 popcorn noise detection signal (¢) to the controller 105.
The controller 105 outputs an output inhibition signal (d)
for a few seconds to the switch 106 when the popcorn noise
detection signal is received from the popcorn noise detector
104.

15 _ While the controller 105 outputs the output
_inhibition signal, the switch 106 decreases the conversion
impedance of the I/V converter 2. Then, while a popcorn
noise occurs, even if the siénal détector 103 receives the
output signal (e} from the first voltage amplifier 101, the

20 output signal of the first voltage amplifier 101 does not
exceed the predetermined value,‘and the detection signal is
not sent to the external.

As explaiﬁed above, the gain of ‘the I/V converter
2 is decreased only.whén'a.popcorn noise is outputted in

25 this embodiment. Then, a time when the controller 105



42 out puts the output inhibition signal becones very short.

The infrared-rays detector shown in Fig. 32 is. affected by a
swi t chi ng noi se when the switch 96 is turned off, as will be
expl ai ned below. Fig. 34 shows an exanple 5 of the I/V converter 2 and
the switch 96. The I/V converter 2 %nprises an operati onal
anplifier 2a, a feedback circuit 2b and a capacitor 2b. The -
switch. 127 is a MOS-FET connected in parallel to the I/V converter
2. Because the | /V converter 2 has a very high i npedance, when the
switch 10 o@gputsopke avetput Inhikitiop wigwlahezanes weExh shoa’ctuencu es
due to a stray capacitance 2d in the MOS-FET. Then, it is ' desirabl e

to prevent an erroneoufheepmfiraradsathysy detéactor showsi iohiFig noBge. is
An infrared-rays detector of a twelfth enbodinent 15 according to the
present inveaffeotedli by solswastdiiirgy maitdemhen thei kivibehe¥8 dsetutmédw
‘Wth reference to Figs. 35 and 36. As shown in Fig. 35, the infrared
detection appfifat 6s will beongxpleined [lyeleyect Fig.elB3dmahiowk, a&an éxample -
converter 2, a - first voltage anplifier 111, a second voltage

anmplifisr 118f tRO I/% convetteseRt and tﬁés’swu@cmo@eornrmmﬁv deteetsr
114, a . controller 115, and a switch circuit 116. The pyroelectric

el ement 1 ouppibmpaisesl @it opera@ibaspoRaRIiFike 23, af efeedback ¢Bysuit
radi ated froma nonitor area, ‘and the |/V converter 2 converts the

detected CPbreimd DUldaalcddor frBN t hrhe 255w1tR)H oakgct riBC gl emesHFHTt O
a vol tage signal. The vol t age
connected in parallel to the I/V. converter 2. Because the
I/V converter 2 has a very high impedance, when the switch
10 96 is operated, a switching noise arises at high frequencies
due to a stray capacitance 2d in the MOS-FET. Then, it is
desirable to prevent an erfoneous report caused by such a
switching noise.
An infrared-rays detector of a twelfth embodiment
15 according to the present invention thch solves this problem
will be explained below with reference to Figs. 35 and 36.
As showﬁ in Figqg. 35; the infrared detection apparatus
comprises a pyroelectric element 1, an I/V converter 2, a
first voltage amplifier 111, a second voltage amplifier 112,
20 a report section 113, a popcorn noise detector 114, a
controller 115, and a switch circuit 116.: The pyroelectric
element 1 outputs a current in cofrespondence to infrafed—
rays radiated from a.monitor area, and the I/V converter 2

converts the detected current outéutted from the

25 pyroelectric element 1 to a voltage signal. The voltage



43 signal is supplied to the first and second voltage
anplifiers 111 and 112. The first voltage anplifier 111
anplifies the vol tage signal received fromthe I/V converter 2 and.
sends 5 the result to the report sectign 113.. The first voltage
anplifier 111 has a.characteristic of a baﬂé-pass filter passi-ng
conponents around 1 Hz in correspondence to the - speed of novenent of
a human body. The report section 113 conpares the signal outputted
fromthe first voltage 10 anplifier 111 with a predeterm ned value with
a conparat or signal i i subblpeds Korefphe Sfigisl i andhesergrdl Veddiaged
from the first voltage anplifier 111 has an anplitude exceedi hg

t he predet er ampdd Signge 111 and 112.- The second voltage anplifier
112 has a 15 characteristic of band- pass filter whi ch
transmits conponéihtes ifiirstt r ndiiagei oamphifiérom bl f ewplaifiasy Ahleew
hundreds Hz. Wen the output of the second voltage anmplifier
112 has anpl ivcldmgxumignal ocrebeijhed fham &he I/V prawetrten n2dawndl sendshe
popcorn noi se detector 114 outputs 20 a popcorn noi se detection signal
to the ®ntrdheerrdddlt The the repontr adotriohl5l bt putBhenfbus putvoddiaigeol
signal (e) to the switch circuit 116 for a predetermned tine Tl when
t he porampli firsellet éds oa whgn@lcteldstiics ofca Vieand-ftase £ilter
popcorn noise is outputted, even if a signal is received 25 from the
popcorn noi Fasgigieceomnpoiéidts aarcirghall H% A0t correspondence to the

speed of movement of a human body. The report section 113
compares the signal outputted from the first voltage
10 amplifier 111 with a predetermined value with a comparator,
and it outputs a report signal if the signal received from
the first voltage amplifier 111 has an amplitude exceeding

the predetermined value.
The second voltage amplifier 112 has a
15 characteristic of band-pass filter which transmits
components in a tranémission band from a few tens to a few
hundreds Hz. When the output of the second ﬁoltage
amplifier 112 hés amplitude equal to or higher than a
predetermined value, the popcorn noise detector 114 outputs
20 a popcorn nqise detection signal to the controller 115. The
controller 115 outputs an output control signal (e} to the
switch circuit 116 for a predetermined time T1 when the
popcorn noise detection signal (d) is received. Once a
popcorn noise -. is outputted, even if a signal is received

25 from the popcorn noise detector 114, a signal is not



44 outputted for a predetermned tine T2 froman end A of the
signal to B as shown in Fig. 36. Therefore, evenif a swi tching
noi se i s propagated to the popcorn noi se detector 114 when the swtch
circuit 116 is turned off,. the switch 5 circuit 116 is not turned on
again (refer to signal (c) in - Fig. 38%. As explained above, an
erroneous report that a ‘human body. is detected is prevented to be
out putted when a popcorn noi se occurs in the pyroelectric el enent.
Furt her, even if. a swtching noi se happens, m ssing of report can be
10  prevent odtbptiedr £agi iy picedetemrinahstine | T2 fopmaaperanyd A of the
tinme. An infrared-rays detector of a thirteenth
embodi ment asdgndilngco t 8 tae phewentin n¥égtli @6 whi (thettesfiore, evenl vies ahe
probl em of switching noise will be explained 15 bel ow with reference to
Figs. 37 - 48wit&hismbowoiise Fisy.pbagated tdetheif popedrnapsisget detector
conprises a pyroelectric el enent 1, an I/V converter 2, a first

vol tage anpl iifinerwhietil, thhe switcheedindwid tHge aspltiufned WX, athepswitch
section 123, a popcorn noi se detector 124, and a controller 125, a

buffer 520 ceireauitt 1126 iaNth@t StitsEd ConClighih2 {refethecdysm£Lt (£F in
el enment 1 outputs a current in correspondence to infrared- rays

radi ated fromig.Mm@E)tor ageaxplaliid /abswdyesheerzoneous AMPSHY Sthdtea
detect ed current outputted from the pyroel ectric elenent 1 to

a vol tage anﬁu&ﬁhplﬁowfhﬁsvezé&é@estiSs pravbieeli 1ot Bl dwgsuered i fhen 321
and to the second vol tage
_popcorn noise occurs in the pyroelectric element. Further,
even if a switching noise happens, missing of report can be
10 prevented by.decreasing detection sensitivity for a certain
time. |
An infrared-rays detector of a thirteenth
embodiment according to the present invention which also’
solves the problem of switching' noise will be explained
15 below with reference to Figs. 37 -~ 40. As shown in Fig. 37,
the infrared—rays detector comprises a pyroelectric element
1, an I/V converter 2, a first voltage amplifier 121, a
second voltage amplifier 122, é réport section 123,. a
popcorn noise detector 124, and a controllerl125, a buffer
20 circuit 126 and a switch circuit 127. The pyroelectric
element 1 outputs a current in correspondence to infrared-
rays radiated from a monitor area. The I/V converter 2
conVerts the detected current outputted from the

pyroelectric element 1 to a voltage and outputs the voltage

25 to the first voltage amplifier 121 and to the second voltage



45 , anplifier 122. The first voltage anplifier
121- anplifies the signal received fromthe 1/V converter 2 and
sends the result to the report section 123. The first
voltage 5 amplifier 121 has a characteristic of band-pass filter
passi ng conponents around 1 Hz in correspdddence to the speed of
novenent of a human body. The report section 123 conpares the signal
outputted fromthe first voltage anplifier 121 with a predeterm ned
value with a conparator, 10 and it outputs a detection signal if a
signal receiamgsh Ifioew 122. the first voltage anplifier 121 has an anplitude
exceedi ng - t he predeterm ned val ue. On the other hand, the second

voltage anplifier 122 Tigs ofiohsy aciodtiaglel camplhindrpasdl amplifidsr ty ch
transmts conponents froma fewtens to a few 15 hundreds Hz, and it

anplifies theigidhalreceiviededfis@mite I/V cdnveeéverd eand. sends the
Fig. 38 is atimng chart for illustrating operation of the

i nfrared-raygeglettectiqyy . thEhe rappe®r NnsBetsén 123. det eior fiddstoutypilitage
popcorn noi se detection signal (d) to 20 the controller 125 when the

out put §0) CimdNErs@cond1vohbddea chardfPbtiseicl23s Nasard-puB | tride gqual
to or higher than a predeterm ned val ue Vhl, VI1. The controller 125

outputs an passify Ryt BtpbRBhRL! | Do @dgnal 3 tﬁatl&%rl@%{o%hd@heewﬁolﬂc@lef or
predetermmned tine Tl when the popcorn noise is received.

W" l'e the ouwlguiy COPt hBYeRbAPAbECh HmlaC BHRF. t NFRNIRepBRt section 123
compares the signal outputted from the first voltage
amplifier 121 with a predetermined value with a comparator,

10 and it outputs a detection signal if a signal received from
the first voltage amplifier 121 has an amplitude exceeding
the predetermined value. On the other hand, the second
voltage amplifier 122 has a characteristic of band-pass
filter which transmits components from a few tens to a few

15 hundreds Hz, and it amplifies the signal received from the
1/V converter 2.

Fig. 38 is a 'timing chart for illustrating
operation of the infrared-rays detector. The popcorn noise
detector 124 outputs a popcorn noise detection signal (d) to

20 the controller 125 when the output (b) of the second voltage
amplifier 122 has an amplitude equal to or higher than a
predetermined value vhl, V1l. The controiler 125 6utputs an
output inhibition signal Q1 to the buffer circﬁit 126 for a
predetermined time T1 when the pqpcorn.noise is received.

25 While the output control signal Q1 is received through the



46 buffer circuit 126, the switch 127 decreases conversion

i npedance of the 1/V converter 2 so as to decrease the 1evel of the
signal generated by a popcorn noi se. Then, the out put signal (c) of
the first anplifier does not exceed the 5 predeterm ned val ues VhQ, . V10
in the report section 123, and a pébcorn noise is prevented to be
.output as a report signal. As expl ai ned above, by providing the
buffer circuit 126, the swi t ching noise i s suppressed.

As shown in Fig. 40, an exanple of the buffer 10 circuit 126 is
construct ed iwffer Rcanduihe 13&e, thed switch 127%djdesireases deoayetrisionof
the output control signal QL from t he output controller 125 to the
switch circlumpetiznce dlfethe I/V tonwertest Ansoohst te Hetkensei thei levdd i s
determned by C and R 15 As shown in Fig. 39 on
frequency clofr ather issitgralof generatedihdibubf egopcdeni holde.i n tTeen, the

I nfrared-rays detector, the time constant is set for a frequency

FO which i utesit signal i)t alfl ehberieen ahpll fiekz doBsr fothexgaed ehet he
first vol tage anplifier 121 becones maxi num and about 100 Hz where

20 the gaipredetidiniinedondlvekt #80, avpbi fhethd2Z2epeeeMBecERShMEB, and
That is, the gain is set so that the switching noise (a) shown as Nsl

in Fig. 38 iaspafRidrh adiky E.bepf:éfréﬁtéalt@gse outpufn®$idi fepded HL¢naDES

not exceed the predeterm ned val ue VhO, VI10. This prevents a false
report by U&l%eexliﬁ.l&(ihbd Above§ Bl 9Bo%zalngTEﬁeQBh$fé§ ahigeuset196,t hak the

swi tching
switching noise is suppressed.
As shown ifx Figf 40, an example of the buffer
10 _circ_:uit 126 is constructed by C, R and the 1like, and it
adjusts the decay time of the output control signal Q1 from
the output controller 125. to the switch circuit 127. The
time cbnstant of the buffer circuit 126 is deter.rﬁined by C
and R. |
15 As shown in Fig. 39 on frequency characteristic of.
the_buffer pircuit 126 in thé infrared-rays detector, the
time constant is set for a frequency FO0 which is most
suitable between about 1 Hz where the gain of the first
voltage Amplifier 121 becomes maximum andl about 100 Hz whe_.re
éo the gain of the second voltage amplifier 122 becomes maximum.
That is, the gain is set s.o that the switching noise (a)
shown as Nsl in Fig. 38 is amplified by the first voltage
amplifier 121 but does not exceed the-predetermined value
Vho, V10. This prevents a false _repor-t by the report

25  section 123. The gain is also set so that the switching
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47 noise is also anplified by the second voltage anplifier 122
but - does not exceed the predeterm ned value Vhl, VI1l. This prevents
a popcorn noi se detection signal to be supplied by t'he popcorn noise
detector 124. In an experinment, the nost 5 suitable frequency FO for
suppl ying a stabl e output signal is 48t to about 10 Hz.

Therefore, by using a small circuit made of R C ' and the |ike, an
erroneous report that an object is detected due to a popcorn noise

fromthe pyroelectric element 1 can 10 be prevented to be caused by a

Swi tching nomgd s idhealsy tanplified 7. tiweseddnd soltagengmpdistebappens,
the infrared-rays detector is very reliable and does not output a

fal se output but dodd Givtl efeied 0P OEFEAEd TR Ik Walue VI J heLl.m Fhisg
of report that the existence or novement of a human body can . 15

not detect ed grewvint® R PEPicth g detestiic) SRpFL | o the supplh.éd by

decreased for a certain tine. An 1nfrared-rays detector

of a fourtegp bhopcorn HEINE MEteATOIHNY thihs Ekﬁéﬁﬂﬁehﬂyeﬂhéoﬂlo‘éﬂt”
be. . expl ai ned be|OM/MAth reference to Figs. 41 and

swi tchi NQhS3& abl® f%é&dﬂhcgr?@UEBEYSu%bQQ?%g a éﬁhbié“butput 51gna1

I nfrared-rays etector ‘shown i.n Fi sw tching  noiseis

anplified by 1@%&%“%&5@6 ggmﬁanpl ifier, and a popcorn noi se

detection signal 1s outputte i ch controls the I/V converter.

Then, the output contr [ oyt d .4 R t apd
the  output  of  the Berd iy, By d9ing O4' BHRAET cir ¥l Tild RNy R, AL

and the like, an erroneous report that an object is detected
due to é popcorn noise from the pyroelectric element 1 can

10 be prevented to be caused by a switching noise at the switch
127. Even if a switching noise happens, the infrared-rays
detector is very reliable and does not output a false output
signal when a popcorn noise occurs. Further, missing of
report that the existencé or movement of a human body can

15 not detected is also prevented though detectibn sensitivity
is decreased for a certain time.

An infrared-rays detector of a fourteenth
embodiment according to the .present invention will be
explained below . with reference to Figs. 41 and 42. A

- 20 switching noise is a high frequency signal. In the
infrared-rays detector shown in Fig.' 32, the switching

" noise is amplified by the second voltage amplifier, and a
popcorn noise detection signal is outputted which controls

the I/V converter. Then, the output control signal is

25 outputted intermittently, and the output of - the I/V
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48 converter renain to be low, and the sensitivity to detect
infrared rays is decreased. This enbodi nent solves this problenlby
using two tiners. As shown in Fig. 41, the I nf r ahie Shee1Yss BEA RS

conprises a pyroelectric elenment 1, 5 an 1/V converte

vol tage anplifier 131, a second vol t48e anplifier Iﬂj"l‘gﬂ" ",
section 133, the popcorn noi se detector 134, a contro

swtch circuit 136 and another switch circuit 137. Fig. 42 is a
timng chart for illustrating operation of the infrared-rays
detector. 1l@onverter reméﬁﬁi@UFBQ|Q@MU(hﬁﬂeﬂBétsbm@ﬂﬂmﬁxtyitbwdeﬂéctn
correspondence to infrared rays radiated froma nonitor area. The

| /'V convert efnZrageReltsys he st ssbsd rethis embdiRBhteddIvs t BRis
pyroel ectric elenent 1 to a voltage, and the voltage is supplied to

the first VOb%%qeﬁﬂ%yfh%&nﬂéltw&tm@i% to ke spepnd ivpl tage anp! i ther
132. The first voltage amplifier 131 anplifies a signal received

fromthe 1/Vingra é#EE S€ {88srasy rdélédﬁ%féﬂéﬁéméﬁ@tl n
133. g First vol tage a fier 5 33 a characterlstlc of y

band-pags filteyy (?rcoémo‘{‘eﬂtfsta& %Ylfié‘r 291, a second

correspondence to the speed of ‘movenent  of The report

section 133 g@ﬂﬂgﬁﬁi pred§¥EQ§|1 L%tEQpBE@msecﬁ%oﬁh§3E'r%ﬁu¥ob8ﬁ88rn

anplifier 131 erm ne a conpar at or
outputs a ! e éaﬁgﬁgér a cofit#Bihereigiyed fd reeﬁl ctEdirvebbage
anplifier tude exceedrng thé prede ternlned val ue.
' and another sw1tch circuit 137. TFig. 42 is a timing chart
for illustrating operation of the infrared-rays detector.
i0 ‘The pyroelectric element 1 outputs a current in

correepondence to infrared rays radiated from a monitor
area. The I/V converter 2 converts the detected current
outputted from the pyroelectric element 1 to a voitage,-and
the.voltage is supplied to the-fifst voltage amplifier 131

15 and to the second voltage amplifier 132. The first voltage
amplifier 131 amplifies a signal received from the I/V
converter 2 and sends the result to the report section 133.

The first voltage amplifie: 132 has a characteristic of a
band-pass filter ©passing components around 1 Hz in

20 correspondence to the speed of movement of a human body.
lThe report section 133 compares the signal outputted from

" the first voltage amplifier 131 with a predetermined value
Qith a comparator, and it outputs a report signal if the
signal received from the first voltage amplifier 131 has en

25 amplitude exceeding the predetermined value.
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49 On the other hand, the second voltage anplifier

132 anplifies the signal received fromthe |I/V converter 2. The
second voltage anplifier 132 has a characteristic of band- pass filter
which transmts conponents froma few tens 5 to a few hundreds Hz.

The popcorn noi se detector 134 out pd® s a popcorn noi se detection
signal P3, shown in (b) as Noutl in Fig. 42, to the controller 135 -
when t he out put of the second voltage anplifier 132 has an anplitude
equal to or higher than a predeterm ned value Vvhl, VI1l. Fig. 43 10
shows an exanpl e of tba pgdproobtheni bandet ditteorsé@dand voltage amplifjer
shown in Fig. 43, the popcorn noi se detector 134 is a w ndow

conpar at or 132 mgplidiesmrheatsdghalareéddived fraiedilesI /hetdreventei glal
SWN received fromthe second - voltage anplifier 132 exceeds the

positive angheegsddored #6ltayefl emgylde it t B82S hdd , a VEhaefadtier ictiniparafor .
That is, the signal received fromthe second voltage anplifier 132

i s conpar edpandrpalie Fietereviiieed trehendiee corgaigasts/Nrom a fewl tens |
SWN > Vhl or SWIN < VI1, the popcorn noise detector 134 decides

that agpopcepn aonmmuﬂaﬁre%eohﬁnd ?He PUPEBES AcIKOHetBeitDe 134
detection signal. - The controller 135 outputs an output

control . outpudaala go;ﬂééjﬁnlﬁofbé détectliont el ria\/ﬂ.CPByersWrQ idr gpgh
the switch CII‘CUI'[ 136 for a predetermned tine T1 when the popcorn

noi se is reqql ¥RAit1Aid B SaNE2 |1 68, the eshB¥bIldr 435 vaRd SREP6RESLEN
signal @B ((e) in Fig. 42) to the second
of the second voltage amplifier 132 has an amplitude equal
to or higher than a predetermined valﬁe Vvhl, V11. Fig. 43
10 shows an example of the popcorn noise detector 134.
As shown in Fig. 43, the popcorn noise detector
134 is a window comparator having two comparators, and it
decides whether a sigﬂal SWIN received from the second
voltage amplifier 132 exceeds the positive and negative
15 reference voltages Vhl, V11 of the comparator. That is,
the signal received from the second voltage amplifier 132
is compared with the predetermined reference voltages Vhil,
V1l. If SWIN > Vhl or SWIN < V1l, the popcorn noise
detector 134 decides that a popcornlnoise is detected and
20 outputs a popcorn noise detection signal. |
The controller 135 outputs an output control
signal Q1 ((d) in Fig. 42), to the I/V converter 2 through
the switch circuit 136 for a predetermined time Tl when the

popcorn noise is received. At the same time, it outputs a

25 gain suppression signal Q3 ((e) in Fig. 42) to the second
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50 vol tage anplifier 132 throUgh the switch circuit 137 for a

predeterm ned tine T2. It is to be noted that when a popcorn noi se
happens, it decays quickly or it ‘is nonpersi stent. \Wen a
popcorn noise is neasured, it is 5 found-that the pul se width thereof
Is equal to or shorter - than a few m30iseconds though the peak |evels
t hereof are vari ous. Then, in order to decrease the _
conver si on - inpedance of the I/V converter 2 and the gain of the
second voltage anplifier 132, it is desirable that the tines T1, 10
T2 for outpuybleggkhampltifilerc @32 ahrowgtnl tkd swiltthecdaicoit 137 for a
suppression signal B are set to a few seconds and that T1 < T2.

Further, thepaggktbeignetl tHmewrchi ngoise 46 be notdQuithhtVwhenThen,
the switch circuit 137 decreases the 15 gain of the second voltage

anplifier 13dpcWhkhl eéndil® happ&odfrokter db3ayait pisckDe 98kn it is
suppressi.on signal. Then, when the switch circuit- 137 is turned off,

signal level nghpersistkl® . sW {HRBhNG NBLELOYRNGI £4 1B theaddregoNyertes 2
1S decreased, as shown in Nout2 in the output (b) of the 20 second

voltagesanplkégﬁa Bt ﬁq%_pulse width TSl e. i Hegquse EBed¥ﬂ§%%fE€rthe

second tage anp I'er 132 does not exceed thé predeterm ne

values Vhl, Ml,in tdg, m%ﬁ&%ﬁoﬁ?ﬁ%ﬂo%ﬁéea@ level PUHH L N0ASE

detection signaP I's not outputt e popcorn noi se detector
134, and the gy bl Circehknl363hS orger ‘to decrease the conversion

impedance of the I/V converfer 2.and the gain of the sécond
vo;tage amplifier 132, it is desirable that the times 'T1,

10 T2 for outputting the output control signal Q1 and the gain
Suppression signal Q3 are.set to a few seconds and that T1
< T2.

Further, the amplitude of the switching noise is
about 1 mV. Then, thé switch circuit 137 - decreases the

15 gain of the second voltage amplifier 132 while the .
controller 135 qutputs the gain suppression signal. Then,
when the switch circuit 137 is turned off, signal level of
the switching noise generatgd in the I/V converter 2 is
decreased, as shown in Nout2. in the output (b) of the

20 second voltage amplifier 132.

Therefore, because the output of the second
voltage amplifier 132 does not exceed'the predetermined
values Vhl, V11 in the popcorn noise detector 134, a
popcorn noise detection signal.is not outputted from the

25 popcorn noise detector 134, and the switch circuit 136 is



51 not turned on again. However, the gain of the second

vol tage anplifier 132 is not set to zero, but it is decreased to a
-degree such that a popcorn.noise detection signal due to sw tching
noi se is not outputted. Therefore, 5 evenin the time T2 where the gain
suppression signal P4 is out putted, S&s shown in (c) in Fig. 42, the
popcorn noi se detector 134 can detect a popcorn noi se Nout 2 haV|ng a
| arge anplitude, as shown in (b) in Fig.- 42, generated by t he

pyroel ectric elenent 1. That is, while the output of 10 the I/V
converter 2not cburnetll esh agadpcor n Hoieeehavitig again of atde aspcondde
can be deleted. Then, an erroneous report signal that an object is
detected isvoldage edmplilfiigh' - 132 psecnstonsed O outena,t etbutecddseia
popcorn noise fromthe pyroel ectric elenent 1 having a |arge
anpl i tude caledreaskd telandegtred wumh thet  autpppicoref ndmseldetecbmnnrter
2 1s controll ed. As expl ai ned above, an erroneous

report signalignal duedrto epmirich Engreyiesd eik thet cwtpbieed.i sTHere€bed, when
a popcorn noise occurs in the pyroelectric elenment. Further, 20

t hough sdet e@iviedn igend itiney 15 wiesreases doin as@eptéssion sighaleP4niigsi ng
of report that the existence or novenent of a human body is detected

i s prevent edutpubitiéd,ana£xeBbkantin (c) HAf rEIEd-42ys taet qsd&mohs pbe¥kded.
An infrared-rays detector of a fifteenth 25 enbodi nment
according idetddt®r £38ntcan NER¥ec®N aWhddped¥ noise Nout2 having a
| large amplitude, as shown in (p) in Fig. 42, generated by
the pyroelectric eleﬁent 1. That 1is, while the output of
10 the I/V converter 2 is controlled, a popcorn noise having a
large amplitude can be deleted. Then, an erroneous report
signal that an object is detected is prevented at high
- precision to be eutputted because a popcorn noise from the
pyroelectric element 1 having a large amplitude can be
15 eliminated when .the oﬁtput of the I/V converter 2 is
controlled. | |
As explained above, an erroneous report signal
for report ie preveﬁted that an object is detected when a-
popcorn noise occurs in the pyroelectric element. Further,
20 though detection sensitivity is decreased for a certain
time, missing of report that the existence or movement of a
human body is detected is prevented. 'Thus an excellent
infrared-rays detector is provided.
An infrared—rays detector of a fifteenth

25 embodiment according to the present invention will be



52 expl ai ned below with reference to Fig. 44. The infrared-
rays detector conprises a pyroelectric elenent 1, an I/V converter.
2, afirst voltage anplifier 141, a second vo il et AR ded Réplaceid 2, a

report section 143, a popcorn 5 noi se det ector cuit
146 and anot her switch circuit 147. 52The ba5|c t he
I nfrared-rays detector of this enbodinent is si f the

fourteent h enbodi nent, but the switch 147 is provided for t he
popcorn noi se detector 144 instead of the switch circuit 137. 10

Fig. 46 s emplainedgbetbar witflorrefétresteatonFig. 44 opefhei dmiarndde-

I nfrared-rays detector. \When the popcorn -noi se detection signal

Pl is receivegs dethetoauteohprises @onpyrdérsctidbcoelementant pubputI/v
control signal QL through the switch 146 to the 1/V converter 2 for a
predet er m nedcodPertétme2,l'l, a ast 5ASYN vdlf&ge andhpp I fiewr Fiul A6.a Aleddird
sane time, as shown in (e), the output controller 145 outputs an

out put controyobtggel dplifierigh4ie aw tepodd7 dertifth 143, PEPTYPLo¥ai se
detector 144 for a predetermned tine T3. Wil e the detection |evel

suppresson sh@psé §¥té6to201449ubPEliedh ciReURPAAD ahei SRIAC tddd
decreases the popcorn nol se detection | evel to suppress a popcorn

noi se def £edien i pnal . TheN KAIKE elsdructurOvR 'tEhé;l dnfiarddi®ays
reference voltage Vhl is shifted higher towards Vh2, or the ' reference

vol tage VI igeg8ttbed 6PV‘@h1t50V‘@an§in'n%nt Then simblar | td hEnAEPCEN il se
detector 144, the output (b) of

fourteenth embodlment, but the timer 147 is provided for

the popcorn noise detector 144 instead ef the timer 137.

10 Fig. 46 1is a timing chart for illustrating
operation of the infrared-rays detector. When the popcorn
noise detection signal Pl is received, the output
controller 145 outputs an output control signal Q1 through
the switch 146 to the I/V. converter 2 for a predetermined

15 time T1l, as shown.in (c} and (d) in Fig. 46. At the same
time, as shown in (e), the output controller 145 outputs an
output control signal Q4 through the switch 147 to the
popcorn noise detector 144 for a predetermined time T3.
While the detection <1lewvel suppression signal Q4 |is

20 outputted, the popcorn noise detector 144 decreases the
popcorn noise detection level to suppress a popcorn noise
detection signal. In concrete, as shown in Fig. 45, the
reference voltage Vhl is shifted higher towards Vh2, or the

- reference voltage V11 is shifted lower towards V12. Then,

25 in the popcorn noise detector 144, the output (b) of the

"THIS SHEET FiRg, BEEN
. ReRLacEp .




53 second voltage anplifier 142 does not exceed t he

predeterm ned val ue Vh2 or V12, and the popcorn noise detection
signal is not ommgumaﬁﬁmh%m{ laf@PCOr n noi se ' detector 144. 5
As mentioned abov i se has a pulse wi dth equal to or
shorter than a fe Then, in order to decrease the
conversi on i npeda converter 2 and the detection

| evel of the popcorn norse detector 144, it is desirable that the
times T1, T2 for outputting the output control signal QL and the
det ecti on Smmidsuwpﬂ.MGon smphafiey arkl3et dogsa fBAtsecw#rrRedind the
that T1 < T2. In the I/V converter, an N-type MOS-FET is
used predeteérmindd ivalue VH2 comveViay. apBwethe , popstarmvi Nodise a

15 case where a P-type MOS-FET is used, where the swtch
circuit is detectioif sipal hdscomdt olowtimriaied s byhabiyed popcorn niorige | ow

to high level or the direction of the switching noi ses becones
negative. dJdédwsetorerd4he direction of the swi tching noise in the
|/V converter 2 is deternined 20 uniquely when the structure of
the sgitch circuit assSmentioneddeliyve nedl. popketn WeEsd Heapopcpulswi se
detection | evel I s decreased, it is not needed to shift both of
reference yidth eY@hlages M IsEeEL o 1thand ai trdw mulfiséeshdsbhat Torm,of

t hem is shifted. Wen the detection |evel is decreased, the 25

popcor n noi gg Beae@&&vascﬁeaéecme tQoRPe FO1 6K @dpedaRde of the I/V
REPLACEMENT SHEET
converter 2 and the detection level of the popcorn noise
detector 144, it is desirable that the times Tl, T2 for
10 outputting the output control signal Q1 and the detection
level suppression signal Q4 are set to a few seconds and
that Tl < T2.
In the I/V converter, an N-type MOS-FET is used
as‘the FET in the I/V converter. However, there will be al
15 case where a P-type MOS-FET. is used, where the switdh
circuit is turned of when the control signal is changed
from low to high level or the direction of the switching
noises becomes negative. Therefore, the direction of the
switching noise in the 1I/V converter 2 1is determined
20 uniquely when the structure of the switch circuit 1is
determined. Then, when the popcorn noise detection level
is decreased, it is not needed to shift bothlof refereoce
voltages Vhl and V11, and it is sufficient that one of them
is shifted. When the detection level is decreased, the

25 popcorn noise becomes more difficult to be detected, and

THIS SHEET HAS BEEN.
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54 - this is not desirable inherently. However, one of the
standard references is not needed to be shifted, and this means t hat
the sensitivity to the direction to the standard reference is not
decreased, and the sensitivity for the 5 ~ popcorn noise detection is not
decreased in the direction advant a§dously. Furt her,
If the detection | evel suppression signal 4 affects a path of a

"~ signal such as the output of - t he second voltage anplifier 142, the
influence is treated 10 at the same degree as the signal due to popcorn -
noi se. thikhehs inot sdesdewddrey inheakntiygre ofHoweweanpl dnaedef the
frequency and the |ike of the signal. However, because the ' detection
| evel supprsgsidardi geferédceés senthoto néeded ndowbe shifitedfdyr eamé@ thlisage
term nal of the conparator, and the 15 terminal is different fromthe

i nput  terrmigaals tholt titee sensi®id Pty ©b the dtreotlisnl tegthanpkahderdl4?2.
Then, the I nterference between the two signals can be negl ected.

That is, rdAdmrai®ctign ndtevdecreareds desdeaird Behbotivity fof f ehki ng
the path of the popcorn noise signal directly. 20 As expl ai ned

above,s t he (icentd Offol §¥elletadthion is néecHpazedswdt Houttleéf agkreagibhe
path of theé popcorn noise detection directly. Further, the

sen5|t|V|t£d§éHtadgghsly popcorn noi se detection is not decreased in one
direction, and a nmal function can be prevented-at high precision. 25

In the infrared- rays glpt@aed®f agrshews | dtdbtidh level suppression
signal Q4 affects a path of a signal such as the output of
the second voltage amplifier 142, the influence is treated

10 at the same -degree as the signal due to popcorn noise.

| Then, it 1is necessary to take care of the amplitude,
frequency and the like of the signal.. However, because the
detection level suppression signal Q4 is sent to the window
reference voltage terminal of the comparator, and the

15 terminal is different from the input terminal for the
output of the second voltage amplifier 142. Then, the
interference between the two Signals can be neglected.
That 1is, the detection level can be. decreased without
affecting the path of the popcorn noise signal directly.

20 _ As explained_above, the detection level can be
decreased without affecting the patﬁ of the popcorn noise
detection directly. Furthef, the sensitivity for the
popcorn noise detection is not décreased in one direction,
and a malfunction can be preVehted at high precision.

25 In the infrared-rays detector as shown in Fig. 32,



the I/V converter 2 and the first voltage anplifier 91 I nclude a

plurality of operational anplifiers. Wen a gain of the circuit is
changed, the bias voltages of the anplifiers and the dc autput
signals thereof are affected by 5 the bias voltages or bias currents.
Then, the input at the first voltad® anplifier 91 is changed like a
step signal, and if such a signal is anplified, an erroneous report
signal is generated. Therefore, even if bias voltages appear in

anplifiers and the like in the I/V converter 2 or 10 the first voltage
anplifier @heorI/¥ zopoeuder ndi sandaphensfirst wektage t lappdidisr i 81
stabilized, it is desirable that a fal se report that an object is

det ect ed i $npilledenteglurality of operatimmednampibiddier=nt s WExen ad ngalibel ow,
when a popcorn noi se detection signal is received, the controller 15
controls b®fio the obreuitonpsneshanged, tbke ibliaaredeltyges of dehector.
The <controller wuses a tinmer to generate a * plurality of tines

to be sent ginpliiliteesnpndenhe. dEheutpiessignalsathesebcard adféboédibyt he
flow of signals, a conponent at t he downstream side is not affected

by angt her thenpaaentvolitagd® ort N agpduredhits.de.Then, the input atnthe
I nfrared-rays detector of a sixteenth . enbodi nent according to

the presenhraﬁeriidltvag@ |ém}bfif1er gexplsai rechded ovi ket b refes esegnap, Fi gs.
47 and 48. As shown Fig. 47, the 1infrared-rays detector

ng);'gzes afd 2bf sﬁi@lpelaecsigﬁaﬂ Q@nhméliﬁﬂed/vﬁim‘é&&*oﬁleo&s arépbst
signal is generated. - Therefore, even if Dbias voltages
appear in amplifiers and the like in the I/V converter 2 or
10 the first voltage amplifier 91 or if a popcorn noise happens
before the signal is stabilized, it is desirable that a.

false report that an'object is detectedlis prevented.
In some embodiments explained below, when a
popcorn noise detection signal is received, the controller
15 controls two or more components in thel infrared-rays
detector. The controller uses a timer to generate a
plurality of times to be sent to the components. The times
are selected solthat in the flow of signals, a component at
the downstream side is not affected by another component in

20 the upstream side.

An infrared-rays detector of a sixteenth
embodiment according to - the preseﬁt invention will be
explained below with reference to Figs. 47 and 48. As shown

in Fig. 47, the infrared-rays detector comprises a

25 pyroelectric element 1, an I/V converter 2, a first voltage
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- 56. anplifier 151, a second voltage anplifier 152, a report
section 153, a popcorn noise detector 154, and a controller 155
having a tinmer circuit, a switch circuit 156 and anot her switch
circuit 157. Fig. 48 is a timng chart for 5 illustrating
operation of the infrared-rays detector. 56 The pyroelectric
elenment 1 outputs a current in correspondence.to infrared rays -
radi ated froma nonitor area. The 1/V converter 2 converts the
detected current outputted fromthe pyroelectric elenment 1 to a

voltage. Thawypltsge 18, §i Hidord 98Ntabet had®lifred i 1502, VoLt a@port
anplifier 151 "and {0 the second vol tage anplifier 152. "The report

section 153 gsectiof P €8 bBEcSLANAL1iQk! %‘t&%@!ofrr Qf5'4t herld ra“cd&?&ﬁc’ﬂ%r
anplifier 151 Mﬂt% a predetern1ned vaﬁue wth a conparator : and it

outputs a reji@:?}théﬁ la 'Elnt.u SLE0# ¢ egedwadky ré’ﬂcdrzté 15é%dd ra%IoﬁHéxt age

anplifier as an e exceedl ng he predeterm ned val ue.

On the ot her vzlg‘gl ¥ <15{5:ec1§l&".fconfls-7 Jf#t agfy ar‘rpé [ f%]erffljréﬁl@ HddES f&e

si gnal by sef requenci es hi gher than t I'rst” voltage

fhe output  Zbsrating SRt ot BE LRSS ﬁi?%%tc;*ﬁmﬂl??udl““igua|
to or higher than a prgget %g,ggeggtcvcgl%e SN (bl d N curreftd i

t he popcorn noi se dete popc Fon
signal, as shown in

detection si cé%ﬁtq%orgé%réqg/e%o g’igfrazﬁdorﬁatlf?e r&ﬂ}c?oq'eﬁi %oge %e %glg"t% oIriL g%gge

the.contréllfheléﬁv converter 2 converts the detected current outputted

from the pyroelectric element 1 to a voltage. The voltage
10 signal is sent both to the first voltage amplifier 151 and
to the second voltage amplifier 152. The report section 153
compares the signal outputted from the £first voltage
'ahplifier 151 with a predetermined value with a_comparator,
and it outputs a report signal if the signal received from
15 -+ the first voltage amplifier 151 has an amplitude exceeding
lthe predetermined wvalue. On the other hand, the second
voltage amplifier 152 amplifies the signal by selecting
frequencies higher than the first voltage amplifier 151 and
sends it to the popcorn noise detector 154. When the 6ut§ut
20 of the second voltage amplifier 152 has an amplitude equal
-to or higher than a predetermined value, as shown in (b) in
Fig. 48, the popcorn noise detector 154 outputs a popcofn
noise detéction'signal,'as shown in (c) in Fig. 48.
When a popcorn noise detection signal ié received

25 from the popcorn noise detector- 154, the controller 155



" switch

57 supplies two different tinmer outputs T11l and T12. The ti ner
~output T1ll is a pulse signal with atime wwdth T1 to the switch 156,
and the tinmer output T12 is a pulse signal with atime wwdth T2 to
the switch 157. The tinmer output T11l 5 having a pulse with Ti, as
shown in (d) in Fig. 48, is . recei veB7by the switch 156 to decrease a
gain of the I/V converter 2 over the tine T1l. Then, as shown in (f)
in Fig. 48, even if the signal outputted by the first voltage '
anplifier 151 is received by the report section 153, it does 10 not

exceed the Px gl e WalfFerentThReMeraotiep@ts Flgnahd T12. i Th8Otimer

out put t ed. The time width Tl is set |onger than sever al
mlliseconds g ;ﬁa Insnanlguelptﬁultsémsp(}n@lpamgarra time @wi@eRl T1 THenthkhe
output of the IV converter 2is not affected by the signal |evel of

the popcorn it b Y9t 3888201 wi bR
anplifiers a%gh%%h QIS% aﬂ@éﬂé&lﬁ%eﬁ%iﬁg%@hr&a%dby? haéa?lllrrgir! ?pat 1’I"'

havi ng the a it B 7125 410¥fei fl%);ﬁe&sﬁ' 9. 48e 'ﬁm%ezntoﬁepa@eT 11

ecrease the gain o first voltage anplifier 151

over the ti mﬁa@];ngt%q ulse wi I(}i -e'fliz t%é”esﬂgw S £t ¢ gpngﬁ{ FSG” Tdg, 7TRus,

the gain he first I frer 51 i s 'decreased”for severa

seconds when 4 stichd e tﬁgutsﬁ't%a' §§f€§t SRS gain ¥ !

the I/V convérter and rst vo age

EEPL%LL?rthe%ﬁgag%#%g?%t qg%f%%%ﬂaglonQQ 2§henieggr5h8$ﬁtiﬁn(%§31n Fig.
48, even if the signal outputted by the first voltage
amplifier 151 is received by the'report section 153, it does

10 not exceed the predetermined value. Then, a report signal
is not outputted. The time width Tl is set longer than
several milliseconds which 1s an output time of a popcorn
signal. Then, fhe output of the I/V'. converter 2 is not
affected by the signal level of the popcorn noise, and it is

15 affected only by bias voltages of the amplif;ers and the
like. On the other hand, the timer output T12 having the
width T2, as shown in (e) in Fig. 48, is sent to the switch
157 to decrease the gain of the first voltage amplifier 151
over the time T2.

20 The time T2 is set longer than T1. _Thus, the gain
of the first voltage amplifier 151 is decreased for several
seconds. when a step-like input signal affected by bias
voltages in the I/V converter and the like is amplified by
the first voltage amplifier 151 and is not detected by the

25 report section 153. Further, the effect of the fluctuations



58 of the bias voltage in the first voltage anplifier 151-is
reduced to becone smaller than the predeterm ned val ue set in the
report section 153. By setting. the  tine T2 appropriately, the
time of so-called mssing report is 5 shortened, and false report by
decreasing the sensitivity can be prsgented surely

Fig. 49 is a block diagramof an infrared-rays detector of a

sevent eent h embodi nent . The infrared-rays detector conprises -a
pyroel ectric element 1, an 1/V 10 converter 2, a first voltage

anplifier 16lgfratheCyihs/OvéRBEge in tHE|£fit&H &62tager nirseet il@1 168,
a popcorn noise detector 164, and . an output circuit 165, a switch

circuit rd8fcedNebhYectitld Cénsl &M £ndR7 tAR prlditierlingd XRA Jwvviel
atimer circuit. The-basic structure of the infrared-rays 15 det ect or

of the e”boﬁh”EEBe '§ep§£€‘|§écti8n tfgﬁ of B§hesett1n? Stid eePide T2

enbodi nment . timng chart  for lustrating
operation of ray. et r —call § | ap
Fig. 48, ﬁﬁrbﬁi’iéﬁ%ﬁ h %%?se@ﬁ{lé) c’fdetseoctcaonesc,ll gIr%F 'S rec% Or{é from

the popcgrn nghaftgﬁag Und 2qy5dOtuckle IRt KOLLERIRR WP USLYCLYLLy

different tinmer outfpu he " si se w

Tl is S'”1|arc58tﬁe 8re€g§¥gﬁﬁ f%gﬁconln t he S|xteenth enbodlnent |t

decr eases arn o verter 2 for the tinme T1, and the

-output fromthe I/V conﬁg ter4§s gffecﬁiggﬁm&&a?ﬁa%eop 3%, f!?frai[&hlwg

of the anplifiers and t Flke Frrespective
detector of a seventéenth embodiment . The infrared-rays -

detector comprises a pyroelectric element 1, an I/V

10 converter 2, a first voltage amplifier 161, a second voltage

amplifier 162, a report section 163, a popcorn noise
detector 164, and an output ciréuit 165, a switch circuit

_166, another switch circuit 167 and a controller 168 having

a timer circuit. The basic struéture'of the infrared-rays

15 detector of the embodiment is similar to that of the

sixteenth embodiment. =~ Fig. 50 is a2 timing chart for

illustrating operation of the infrared-rays detector.

Similarly to Fig. 48, when a popcorn noise

detection signal is received from the popcorn noise detector

20 164, the controller 168 outputs two different timer outputs

T1l and T13. The signal of the pulse width Tl is similar to

‘the counterpart in the sixteenth embodiment. It decreaées

" the gain of the I/V converter 2 for.the time Tl, and the

output from the I/V convérter is affected only by the bias

25 voltages of the amplifiers and the like, irrespective of



59 popcorn noise. Therefore, the output of the first voltage
anplifier 161 exceeds the predeterm ned value in the report section
163 due to the output of the I/V converter 2, only for a determ ned
time as shown in (e) in Fig. 50. 5 - On the other hand, the
timer output T13 has the wi.dth T3, B8 shown in (g) in Fig. 50, and it
Is sent to the switch 167 to control the output circuit 165 over the
time T3 to inhibit a report signal. The pulse time of T3 is set

to be longer than T1l. Then, the tinme of so-called mssing 10 report is-

shor t ened, P@orhﬁb%&serepoTEeréﬁ@r@e fheveitpdt of tisirfiysbyvoitaget he
out put i nhi Fig. 51 is a block diagramof an

infrared- ra%ﬁpllflerdQ%QC%&ké@déﬂtﬁﬁEﬂﬁéﬂﬂﬁé&ﬁﬁﬁé&“ﬁ&iﬁe inTHRe report

i nfrared-rays detector conprises a pyroelectric element 1, an
17V 15 TSgees @HbE 193 ndd I ¥Rkt aaﬁpﬁm)bff ple WAY Goee&orek Vo) t agey
anplifier 1 a report section 173, a popcorn noise detector 174, an

OULPUL i CYl 17 BrAMhAn hecUnl shdfn in (o) 2081 Beg. SS0L oh circuit 177

and a contro ner CIFCUIt The basic structure of

the i nig ared-rays 200%31?;'518069{1;55:5 h%h K %otmﬁf Bltphie Sivd aeashtne

enbodi Fig I'm ng ustrating operation of

the | s %ﬂﬁ'\eq‘f avy %(.%r{o Loy (g), 1n %'Jh% popc YMgnif POPSehP BB 2Re

det ection si% i"'S'receive orn nol se detector 174,

the controllgh c b/ 67%0 SHAPHLE Eﬂ@ %ftya&e%ﬁaﬁ%r 14 Ry Sr TdeaRdnd15.

The tiner
T3 to inhibit a report signal. The pulse time of T3 is set

to be longer than Tl. Then, the time of so-called missing
10 report 1is shortened, aﬁd félse report can be p:evented
-sufely by using the outpﬁt inhibitor.

Fig. 51 is a block diagram of an infrared-rays
detector of an eighteenth embodiment. The infrared-rays
detector lcomprises a pyroelectric element 1, an I/V

15 converter 2, -a first voltage amplifier 171, a second voltage
amplifier 172, a report section 173, a popcorn noise
detector 174, an output circuit 175, a switch circuit 176,
another switch circuit 177 and a controller 178.having a
timer circuit. The basic structure of the infrared-rays

20 detector is similar to that of the sixteenth embodiment.
Fig. 52 is a timing chart for illustrating operation of the
infraredfrays'detector. '

When a popcorn néise detection signal ié received
from the popcorn noise detector 174, the controller 178

25 outputs two different timer outputs T14 and T15. The timer



60 mﬂpurﬁﬁﬁﬁf%aﬂunsangnm with atine wdth T4 to the
swtch 176, and t ner output T15 is a pulse signal with atine
width T5 to the sw eean (acadl rrer out put T14 havi ng a pul se
i
f

with T4, ‘as shown ” 2, received by the switch 176 to
decrease a gain o convert@ﬂ 2 over the time T4. The width

T4 is set to a few to a few tens seconds in order to deal a
sufficiently large popcorn.noi se signal. As shown in (a) in Fig. 52,
when t he out put of the 1/V converter 2 rises and decreases
gradual | y, odtputaTddcrisasa pnlsel tsigmalerwisidroad timd avixih a4t ke peipeorn
noi se is |arger. Then, if the gain of the first voltage anplifier
171 retur nsswbttchel®6; gandl thel témerheuttpate@ibngds a puldé migredlgna tiof
the I/V converter 2 nmay exceeds the threshold value if the popcorn
noi se is |asageimen wirdidr TH td5 thepre&weidh sueh, a STHelatiner oultpulti NEL4T4 IS
set sufficiently | onger, for exanple, a few tens seconds.

On the ot hehaviig, at hsulserewient prd, Tas hendwig Ghe (d) inWmRd. T52,asl§hown
in (f) inFig. 52, is sent to the switch 177 connected to the output

circuis 175reaéuev@<wtw Bhet REvitd® 9r &RPr HeSLEAEEN 2l 78akis. Idf.hl Bhked fpr
the time T5. The tine T5 is set longer alittle than T

the 1TV Comvart oy i e neade e Senccpac, THe! Wh?ﬁ%egéné?“ﬁeﬁﬁ%% e
gerUlt CanubeacﬁéﬁtEg?éfﬁ:&@hﬁ%'!ﬁ'ﬁrd@§ toCdd1Y a éﬂfﬁﬂgﬁénﬂyyf%ﬁidé‘the
popcorn noise signal. As shown in (a) in Fig. 52, when the
output of the I/V converter 2 rises and decreases gradually,
10 a decrease in voltage per second is larger as the'popcorn
noise is laréer.. Then, if the'gain'of the first voltage
amplifier 171 returns to the original value, the decreasing
'output signal of the I/V converter 2 may exceeds the
threshold value if the popcorn noise is'large. In order to
15 prevent such a situation, the time T4 is set sufficiently
longer, for example,.a few tens seconds.
On the other hand, the timer output T15 having.the
width TS5, as shown in (f) in Fig. 52, is sent to the switch:
177 connected to the output éircuit 175. The output of the
20 report section 173 is inhibited for the time T5. The time
T5 is set longer a little than T4. |
As explained above, because the switch circuit is
not connected to the I/V converter which neéds a very high

impedance, the switch circuit'can be constructed relatively

25 easily. Further, noises in the output as an effect of the

| TS SHEET HAS BEEN
{_ REPLACED




61 | eak current due to the unnecessary connection can be
decr eased. An infrared-rays detector of ~a nineteenth
enbodi ment according to the present invention will be 5 expl ai ned bel ow
with reference to Figs. 53 and 54. As shown in Fig. 53, the
infrared-rays detector conprises a 61 pyroelectric elenent 1, an I/V
converter 2, a first 'voltage ~anplifier 181, a second voltage
anplifier 182, a report section 183, a popcorn noise detector 184, -
an output circuit 10 185 having a timer circuit, a first switch 186, a
second "leadn taurrEBit, auehi to smhechumﬁ%@ceé'myasmmmmtmdmre:aﬁ lee

I nfrared-rays detector is simlar to that of the sixteenth

enbodi ment. dddwpeasddl is a timng chart f or ilI'Tustrating operation
of the infrared-rays detector. 15 In the nineteenth

embodi ment, the contrder ilfffared-ra@ét putietebeee didferent tHifRIteRutBULS
T11l, T12 and T16. The timer output Tll is a pulse signal with a tine

width T1 to embodindift SWdddrdi®hy tHee tHheer ?ﬂé@[élﬂt ThAvientdobul $a8131 9
W th atime wwdth T2 to the switch 18 and the tinmer output T16 20

IS a pudse siiaindd beldw MEtH ddFellnice ke E‘i‘gst Cfssla%d 54. AE@HWnSE

signal with atime width Tl is sent to the swtch 186 to decrease a

gain of the idV gegvertsy, 2.tHoe tl'n'f?aQEd—rays Tjdét%c%}:u'[ E6MSFPhes a
mlliseconds simlarly to the sixteenth and sevent eent h ‘enbodi nent s.

By decreasi rtqi]z%é!@dtﬂf c ldiemetit 1, /2h CEMNYCELRTePreR 8] €R- PR OV geS
supplled by tthe I/
amplifier 181, a second voltage amplifier 182, a report.
section 183, a popcorn noise detector 184, an output circuit
10 185 having a timer circuit, a first switch 186, a second
switch 187, a third switch 189. Thé basic structure of the
infrared—rays'detector is similar to that of the sixteenth
embodiment. Fig. 54 is a timing chart for illustrating
operation of the infrared-rays.detector.
15 In the nineteenth embodiment, the controller 189
outputs three different timer outputs T11l, T12 and T16. The
timer output T1ll is a pulse signal with a time width Tl to
the switch 186, the timer output T12 is a pulse signal with
a time_width T2 to the switch 187, and the timer output T16
20 is a pulse signal with a time width T6é to the switch 188.
The pulse signal with a time width Tl is sent to the switch
186 to decrease a gain of the I/V converter 2. The time of
Tl is about several millisecdnds similarly to the sixteenth
and seventeenth embodi@ents. By decreasing a gain of the

25 I/V converter 2, a step-like output is supplied by the I/V



62 converter 2, irrespective of popcorn noise. The T2 is a
pul se of about several mlliseconds simlarly to the si-xteenth
enbodi ment. The pulse is received by the switch 187 to decrease the
gain of the first voltage anplifier 181. 5 Then, the output of the
first voltage anplifier 181 is - affecéed only by fluctuations of bias
vol tages of anplifiers therein, and it is sent to the report section
183. The T6 . has a pulse width for a.tine until the signal of the
first . voltage anplifier 181 beconmes stable. Then, the output of 10
the report seenvertb®4 2,5 if\heb?é@ﬂii‘r@r ofhepdasiai ensiised The TRMEis a
according to the pulse signal of T.6. Simlarly, the time of mssing
report is shepfigeed of MdpEdtyy, Séferal alBfllisecod®POr$ikalaPBy Preyentrd
surely. ‘As expl ai ned above, by using a plurality of timer
15 out put s g 3 RMEAN RO JigiRANL. thmee%m&én@% YedBIMAE By Othé switch
human body is detected can be prevented to be caused by bias . _vol tages.
in the anplifigel $Plgeldtebid th¥ Gae e el f9¥s® voltagBORFBLDrAELSEYNI Ch
happens before the signal becones stable. Further, mssing of report
can be eve th Iq&ﬂfb 0 d Ctg SgRS by t YmbBi £ESE €3$qd. ;
Thus, ?}1 ex?g\%?lént'{?ﬂg |rﬁ1$ar°§d-?té§s fd]'.(e?"lt%(;:ct orB lgag be péoj\'/i ded. .ls
in_an i nfr s ond¢! 86! $hutilhtBond®heChias vo1thBEEb80aRBY: 21608
froma human body and output's an anal’og etection”signal,
fluctuation ipdRganale0 QUpUtsEHE 18 AR reBRREOWRctiUddsFa" TRE 6

reduced, but |
has a pulse width for a time until the signal of the first

voltage amplifier 181 becomes stable. Then, the output of
10 the report section 184 is inhibited for the predetermined
time according_to the pulse signal of T6. Similarly, the
time of missing report is shortened similarly, and a false
report can be prevented surely.
As explained.above, by using a plurality of timer
15 _outputs, an erroneous report that existence or movement of a
human body is detected can be prevented to be caused by bias
voltages in the amplifiers or in the I/V converter or by a
popcorn noise thch happens before the signal becomes stable.
Further, ﬁissing of report can be prevented though the
20 detection sensitivity is decreased. Thus, an excelleht
infrared-rays detector can be provided.
In an infrared-rays. detector which deteets
infrared radiatien from a human body and outputs an analog
detection signal, fluctuation in the analog output due. to

25 popeorn noise can be reduced, but it is difficult to



63 elimnate it conpletely. Just after a popcorn noise happens,

t he detector does not respond for a predetern ned tine. However, it
cannot be discrimnated fromthe output signal whet her the out put’
signal is controlled due to a popcorn 5 noi se or not. Then, it is
desirabl e that the occurrence of a pdbcorn noise can be discrimnated
fromthe anal og out put of the infrared-rays detector. Enbodi nents
descri bed bel ow solve this problem by outputting a predeterm ned

anal og output for the predetermned tinme. 10 An

I nfrared-rayslimihate ait cdmpletelywerlust lafter a qudpahnre mo issec draghpempst, 0
the present invention wll be expl ai ned below with reference to Figs.

55 and 56. Ashéhalgtector doesFinpt Tespohle fonf rar pdetiayerminbdctioime.
conprises a pyroel ectric elenent 1, an I/V converter 2, a first

vol tage 15 Howspétfi et t3hnot IRCOoiMkowinBgetalPErbinethdddutpiit Osignil
circuit 193 having an anal og output term nal, a popcorn noi se

detector 194yhétkent tak! esuthiifs aménaqufser@aﬁeroned Wil e aS PEor 96.
The infrared-rays detector is fabricated as an integrated circuit,

and thesref ex816€ 020notVol raagn, sar 68 HABirabROWHAd tHe StRidréhce of
reference voltage - generated in the integrated circuit. The reference

vol t age a POPESELn 186156 éanebaml%,c&flmanmean ﬁ*oaﬁadhé/wumcr@rblh?put
di scri m nat ed easily fromthe output signal based on the s1 gnal

detected- by {hecpyr9glreatelicrgl,§MaBtectotne ‘E‘:l&)%‘&lme%'is cfésré?fﬁ.ﬁedl%m a

swi tch-whi ch changes the anal og out put
' solve this problem by outputtlng a predetermlned analog

output for the predetermined time.

10 _ An infrared-rays ' detector of a twentiet_h
émbodiment according to the present invention will be
ekplained below with reference to Figs. 55 and 56. As shéwn
in Fig. 55, the infrared-rays detector comprises a
pyroelectric elemént 1, én I/V converter 2, a first voltage

15 amplifier 191, a second voltage amplifier 192, an output
circuit 193 having an analog output terminal, a popcorn
noise detector 194, a controller 195, and a reference
voltage source 196. The infrared-rays detector is
fabricated as an integrated circuit, and the reference

20 voltage source 196 is provided to supply a reference voltage
generated in .the integrated circuit. The reference voltage
source 196 is an example of a known signal which can be
discriminated easily from the output signal based on the
signal detected by the p&roelectric element. The output

25 circuit 193 has a switch which changes the analog output



64 between the reference voltage fromthe reference voltage

source 196 and an input signal .fromthe first voltage anplifier 191.
The pyroelectric elenent 1 outputs a current i n ThisSheetdasB plecgdnce to
infrared rays radiated froma nonitor area. o rter 2
converts the detected current outputted 64 fro tric el enent
1 to a vol tage. The out put voltage is supplied to the first voltage
anplifier 191 and to the second voltage anplifier 192. The first
voltage 10 anplifier 191 anplifiers the input signal from the

1/V cbeteeenr theangefappnres valtage héromt pehe cirefgrences. volkege
second voltage anplifier 192 has a characteristic as a high- pass :
filter whi chotraasm 6 farshuemcyivpuponeimakquitont otive firsthivybbtagéan a
fewtens Hz. It anplifies the output voltage 15. of the I/V converter 2
at higher fampldfiteesi®han the first voltage anplifier 191.

Then, the popcorn noise can be discrimnated froma signal due to
novenent of a human b@Hg. pyroelddtrdic oelqaménisi gnadutputtdeasermrentol imge
anplifier 192 has an anplitude higher than a predetermned | evel, the

popcor8 20corpespéndehectvs iRfrarédutsys maficoted nfrcre aadidtition aegnal
to the controller 195. Wen the controller 195 receives the popcorn

noi se det ecrhen IgVyd@nvelrt e@Up WohwirteUithe detddidd current gsatptiotéde
output circuit 193 for a predeterm ned tine. VWhile the output circuit

193 recei vegrbhe thiel Bifrseiddtdtic 2§1em§n1gn@l tbr an y6eragat r oltes daEputt
changes an anal og out put

voltage is supplied to the first voltage amplifier 191 and

to the second"voltage amplifier 192. The first voltage

10 amplifier 191 amplifiers the input signal from the I/V
converter 2 and supplies it to the output circuit 193._ The
second voltage amplifier 192 has a characteristic as a high-

pass filter which transmits frequency eomponents equal to or

“higher than a few tens Hz. It amplifies the output Qoltage

15 of the /v cohverter 2 at higher frequencies than the first
voltage amplifier 191. Then, the popcorn noise can be
discriminated from a signal due to movement of a human body.

If an output signal of the second'voltage.amplifier 191 has

an amplitude higher than a predefermined'level, the . popcorn

20 noise.detectOr 194 outputs a popcorn noise detection signal

| to the controller 195. When the controller 195 receives the
popcorn noise detection signal, it outputs an output control

signal to the output circuit 193 for a predetermined time.

.While the output circuit 193 receives the output control

25 signal from the controller 195, it changes an analog output

: Tms SHEET HAS BEEN |
. REPLAGED




65 signal so as to supply a predetermned signal different from
the output -signal fromthe first voltage anplifier 191.

Fig. 56 is a timng chart for illustrating operation of the

i nfrared-rays detector. In an exanple 5 shown in Fig. 56, an out put
signal (a) of the I/V converter 2 Bbs a first change (1) due to a.
human body and a second change (2) due to a popcorn noise. Fig. 56
al so shows wavef orms of an output signal (b) of the controller 195
and a voltage (c) at the anal og output of the output circuit 193. 10
Wil e the congral |ss d9%ouwympby tdepredetaimigiehasignahedifferenforfitan | er
195 changes the anal og output to an internal - reference vol tage VREF
suppl i ed bythdeolighet esiamabl frage the firsturved th@f ampd idliegutl Hi.gnal from
the pyroelectric elenment | 1 is very weak generally, and the gains at
the 1/V converter 15rig2 -aBg atist ha fitixtingol tadgartanpior i eilI@dtwatinde
set very . hi gh. Then, the output noi se cannot be neglected at the

anal og out pgbei St f6n Olod NEhY¥ SirdfEardd-Wieys Ndeteghdlr.is In anreseameke On
t he ot her hand, when the internal reference vol tage VREF is outputted

at theganal QH%@Ht PHt Fighesepi a8 ioutpd® silghal Signalf tise Q! conveeter f
conpared wt the above- nmentioned counterpart in the ordinary

state. Thepefgke ifirst chdrfige OYLPUbueS tEPMH { RS Wobdya apided Ssecorud gher
t han an anplitude of the output noise in the ordinary state, the

fﬂgnge at tEﬁaﬁ@?' 0@ )oubREt P ¥RESop@dybendigeri m maged. 56 2alsolhsiiows,
gener ation a popcorn noi se can be confirmed :

waveforms of an output signal (b) of the controller 195 and

a voltage (c) at the analog output of the output circuit 193.

10 While the controller 195 outputs the .control ‘'signal, the

confroller 195 changes the analog output to an internal

' referénce voltage VREF supplied by the reference voltage

source 196. The output signal froin the pyroelectric element

1 is very weak generally, and the .gains at the I/V converter

15 2 and at the first voltage amplifier 191 will be set very

high. Then, the output noise cannot be neglecﬁed at the

analog output in an ordinary state or when no signal is

received. On the other hand, when the internal reference

voltage VREF is outputted at the analog output, the noise in

26 the signal is negligible if compared with the above-

mentioned (:6unterpart in the ordinary state. Theréfor_e, if

the output is monitored with a precision higher than an

~amplitude of the output noise in the ordinary state, the

change at the analog output to VREF can be discriminated.

25 That is, the generation of a popcorn noise can be confirmed



66 _ based on the anal og output of the infrared detection

appar at us. Further, when the circuit of the infrared-rays
detector is fabricated as an integrated circuit, the 5 . internal
reference voltage VREF can be nonitored at the anal og out put term nal
when the integrated circuit is check@@ by inputting a signal sinmlar
to a popcorn noise. Then, it is not needed to provide a pad for VREF
term nal , and the integrated circuit is fabricated conpactly. 10

An infrared-rays detector of another exanple of the twentieth

enbodi ment wbbkkelle expl gheaedahalow wbtbput ofretheeninfravedFi detecb¥onand
58. The structure of the I nfrared-rays detector is simlar to

t hat shown i apbbgaths. except the reference voltage source 196. In
this exanple, 15 the ground potential (GND) is supplied to the output

- circuit 193. Wieruzthep¢orwhéwi shehappensitasoshaie i Ainfeared-rags
58, the output circuit 193 changes the anal og output from t he i nput

signal from yheetbitbst V@l t Fa®raMaltich elasl9%ard 0 iMeegrated gréﬂf'SuP@I enthal
while the controller 195 outputs the 20 control Signal. The ground

potenti g Islhheraait ﬁé@&l&ce voltahbaOPREF BRGAISBel Im&i B fediniater eRL! Y
in the circuit of the infrared-rays detector, the infrared-rays

?ﬁ;?g?g& LZ nglo re@htﬁ?é aEeﬁmiHBi"ﬁﬁéhe Ehécuhhte?rated circuit Afs
ys detéector of a different. exanpl e the twentieth
embodi ment WhbcRea®H 2 e PEAPWaWdilnal similar to a popcorn noise.
Then, it is not needed to.provide a pad for VREF terminal,
and the integrated circuit is fabricated compaétly.

10 ' An infrared-rays detector of another example of
the twentieth embodiment will be explained below with
reference to Figs. 57 and 58. The structure of the
infrared-rays detector is similar to that shown in Fig. 55
except the reference voltage source 196. In this example,

15 the ground potential (GND) is supplied to the output circuit
193. When a popcorn noise happens,.as'shown in (¢) in Fig.
58, the output circuit 193 changes the analog output from
the input signal from the first voltage amplifier.lSl to the
ground potential whilé the controllef 195 outputs the

20 control signal. The ground potential is the most stable
voltage. Because it exists universally in the circuit of
the infrared-rays detectbr} the infrérederayS' detector is
realized as a small-scale circuit. |

An infrared-rays detector of a different example-

25 of the twentieth embodiment will be explained below with



67 reference to Figs. 59 and 60. The structure of the

I nfrared-rays detector is simlar to that shown in Fig. 55, but an

. external supply voltage VDD is supplied to the output circuit 193
froman external power supply 197. Wen a 5 popcorn noi se happens,

as shown as (c) in Fig. 60, the &Mt put circuit 193 changes the
anal og output fromthe input ' signal fromthe first voltage anplifier
191 to the external supply voltage VDD while the controller 195

out puts the control signal. The external supply voltage VDD is
suppl i ed Ifefeimnadie rowdigsupplSP 18ndf 060t he i e arstructsreletaft dthe The
operation becones nore surely because the anal og output is changed
to the exteimfrtamsethptays adétagetoddl dusimbrannbboghat shownt fnt Rigualdsy, does
not exceed the internal supply voltage VCC (< VDD). 15

An i nfraredutyan eeteanial siipplytvdltayd Nrenis supplisdaty elnd dutput
twentieth enbodinent will be expl ai ned bel ow with reference to Figs.

61 and 62. ciddeitst 196t ufromf dheexternal nfgowead- sapplget¥xt or i Bhenmd ar
to that shown in Fig. 55, . but an oscillator 198 is connected to the "

out putsci r gpbpcdid8 nddse tRapeRsy 3 OSBbwhatddd (cpi avdl Fig.\Wep, a grepcorn
noi se happens, as shown in (c) in Fig. 62, the output CIrCUIt 193

changes t heog#Rkto Oc DLk igsmthaﬁgé@puhevahhaag Bﬁ@gwthefrom thef lingut
voltage anplifier 191 to an output of the oscillator 198 whil e the

controller éi%?élﬂf&&ﬁ the EQEEEOboitSQé|ampZ@flegeiéqs%otW%é”%%ﬁé%ﬁ&i
oscil | at or Is used, the analog -
supply voltage VDD while the controller 195 outputs the
confrol signal. The external supply voltage VDD is supplied

10 by the power supply 197 for the infrared-rays detector. The
operation becomes more surely because the analog output is
changed to the external supply voltage VDD but the analog
output usually does not exceed the internal supply voltage
VCC (< VDD).

15 An infrared-rays detector of a still different
example of the twentieth embodiment ﬁill be explained below
with reference to Figs. 61 and 62. The sgructure of the
infrared—rays detector is similar to that shown in Fig. 55,
but an oscillator 198 is connected to-the output circuit 193

20 to suppiy an oscillating signal. When a popcorn noise
happens, as shown in ‘(¢) in Fig. 62, the output circuit 193
changes the analog output.from the input voltage from the
first voltage amplifier 191 to an output oflthe oscillator

198 while the controller 192 outputs the control signal.

25 Because the exclusive oscillator 198 is used, the analog



68 out put has a voltage not generated erroneously, and the
operation becones nore surely. It is also advantageous that t he
oscillation signal can be used in a circuit follow ng t he anal og -
output termnal of the infrared-rays detector. 5 ' An
infrared-rays detector of a twenty-firé8 enbodi nent will be
expl ai ned below with reference to Figs. ' 63 and 64. As shown in Fig.
63, the infrared-rays detector conprises a pyroelectric elenent 1, an
I/V converter 2, a . first voltage anplifier 201, a second voltage
anplifier 203utph® had® eutpoltagecuidt 2@@nexapedcoenromeces et ecnor £Hé,
and a controller 205 having an anal og output term nal. The out put
circuit 203 bperativht BBcomedhiogw kabely.optnedsf alsa advantpgedesethabed
ti me when the popcorn noi se detector 204 out puts a popcorn detection
signal and theeCUEFAlliot05sidPal eHhPWe W@sé@Nihola stpehit A6138@iAgi N
(c) in Fig. 61, when a popcorn noi se happens, the controller 205 _
supplies a the aﬁaﬂbEJObuﬁFQﬁateEﬁiﬁaﬁnofh%émﬁﬁbarwif@ygw@wcmf.cwt
193. Because thé switch is opened, the anal og output outputted

throughgthe switch is ghangsgetorddy s hiaét%&ﬁﬁa”‘&- Toe tR8ntyoReRERY

of the switch is one neans to reallize a hig | npedance state.

Wien the out pihoaih@nel widhl the Qfd%gé'inéd belbl’ WHith AR arcad fbIRigs.

| npedance, a user can set the ana output termnal to a desiréd

vol tage, for gaxany %4] Lo }%gléhcﬁ_vmanin? Y, 063PUthe URNERSr¥aL+ag8 aktkBeor

anal og out put termn na e  generation of popcorn noise is
d'scr'”1nate%ohb9q%es a pyroelectric element 1, an I/V converter 2, a

first voltage amplifier 201, a second VOltage amplifier 202,
10 an. output circuit 203, a popcorn noise detector 204, and a
controller 205 having an analog output terminal. The output
_circuiﬁ 203 has a switch. The switch is opehed for a
predetermined time when the popcorn noise detector 204
outputs a popcorn detection signal and the controller 205
15 outputs a control signal. As shown in (c} in Fig. 61, when
a popcorn noise happens, the controllér 205 supplies a
control signal to open the switch in the output circuit 193.
Because the swiﬁch is opened, the analog output outputted
through the sWitch is changed to have a high'impedance. The
20 : openingl of the switch is one means to realize. a ‘high
impedance state. When the oufput signal of the output
circuit .193 has a high impedance, a user can set the analog
output terminal to a desired voltage, for example, to pull
down or pull.up the voltage at the analog output terminal.

25 Then, the generation of popcorn noise is discriminated from



69 : t he out put signal. Al t hough the present

i nvention has been fully described in connection with the preferred
enbodi nment s thereof with reference to the acconpanying draw ngs, it
is 5 to be noted that various changes _and nodifications are

apparent to those skilled in the art. &%ch changes and

nodi fications are to be understood as included within the scope of
the present invention as defined by the appended cl ai ms unl ess they
depart therefrom 10 ' 70

WHAT | S CLAhEDRUtput signal. An infrared-rays detector conprising:
a pyroelectric el enent: a current-to-voltage converter

whi ch converts a 5 Althought thenpsesiséngyr beventivn dhaserieqrn £uldiyt age
si gnal ; and a signal processor which performs frequency
spectra desamntbedi siron dadmmeat ity e wilitdnalthee c pirede rivedm  embd dd memndst -
to-vol tage converter and outputs a detection signal only

' thereof with reference to the accompanying drawings, it is.

5 to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as inciuded within the
scope of the present invention as definéd by the appended
claims unless they depart therefrom.

10



10  when a waveform generated by a human body is detected by . the

wavef orm anal ysi s. 2. The infrared- rays detector according to
claim1l, wherein said signal processor conprises.

anplifier which anplifies the voltage signal = 15 recei ved fron1sa|d
current-to-vol tage converter; 70 a frequahs M& ﬁkwhm¢h
perfornms frequency anal ysis on an output signal o er;
and a decision circuit which detects a

generated by a human body based on frequency conponents ned by
sai d frequen®wyaAINdlSy CBAIMED IS:3. The infrared-rays det ector
according to claim1, wherein said signal processor conprises:

a first anplifi er whi clarmniplfraresitdeysy ddtagtor compt Pehgy ecei ved from
said current-to-voltage converter ina 25 frequency range;

71 a aS @R lH tifd &¥lemdrhy anplifies the vol tage
signal received fromsaid current-to-voltage converter in a - frequency

range different fromat&ﬁ&reﬂf-téabglté?éSkonvertéﬂﬂmmibﬁrCGHVErﬁ% a
a decision circuit which-detects the waveform generated by a human

body aceprdi perrerit rﬁfdnp safmarﬁyﬂdém:trlc elée{@:k@ 124 &ua;-@ytaéégg%ﬁapf
said first and second anplifiers. | he i nfrared-rays

detector accnpdi ng-to claimil,

a signal processor which performs waveform
analysis on the wvoltage signal received-froﬁ said current-
to~voltage converter and outputs a detection signal only

10 when a waveform generated.by a human body is detected by
the waveform analysis.
2. The infrared-rays detector according to claim 1, .
wherein séid signal processor comprises:

an amplifier which amplifies the voltage signal

15 received from said current~-to-voltage converter;

a frequency analyzer which performs frequency
analysis on an output signal of saidlamplifier; and

a decision circuit which détects a wavéform
generated by a humah body_based'on frequency components

20 - obtained by said frequency analyzer.
3. ' The infrared-rays detector according to claim 1,
wherein said signal processor comprises:

a first amplifier which amplifies the wvoltage
signal received from said current-to-voltage converter in a

25  frequency range;

{FHIS SHEET HAS BEEN |
- REPLACED
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10 wherein said signal processor conprises: a first
anplifier which anplifies the voltage signal received fromsaid
current-to-voltage converter in a frequency range; a
second anplifier which anplifies the voltage 15 signal received from
said current-to-voltage converter in a 71 frequency range different
from that of "~ said first anplifier; a first
conpar ator whi ch conpares an out put signal of said first anplifier
with a first threshold 20 | evel ; - a second conparator
which conpares an oat psécond ampldrifdlerfwhacH seguinid el theervoltage
second threshol d 1 evel ; and a decision circuit which
detects the wagakar mecaivedgamatsaddoycwrﬂmrtdambflwagmrcbmtber in a
conpari son signals : of
said first afgeg@enry corgeget odifferent 5. from tHae i ndfar edircnysflrst
detector according to claiml, wherein said signal processor
conprises: amplifier; and an anplifier which anplifies the voltage si gnal
5 received from said current-to-vol tage converter; : a

frequengy anal yzer whi gh BEE§SIER fELAMENEY which @WRAYYsS BReaNauéddim
signal of said amplifier; a decision circuit which detects

the wavef or Myenerat@@NhA e tuhrd HYSPRRRUBBERS ¥l dadid | 5B SAfperesase

of a
levels of output signals of said first and second

amplifiers.
4. The infrared-rays detector according to claim 1,
10 wherein said signal processor comprises:

a first amplifier which amplifies the wvoltage
signal received from said qurrent-to-voltage converter in a
frequency rénge; |

a ;econd: amplifier' whiéh amplifies the wvoltage

15 signal received froﬁ said current-to-voltage converter in a
frequency range different from that of said first
amplifier;

a first comparator which compares an output
signal of said. first amplifier with a £first threshold

20 - level;

a second comparator which compares an output
signal of said second amplifier with a second threshold
level; and

a decision circuit which detects the waveform

25 generated by a human body according to comparison signals

* [ L M s *




10 result of the frequency analysis by said frequency anal yzer. 6.
The infrared-rays detector according to claiml1, wherein said signal
processor conpri ses: an anplifier whi ch anplifies the
vol t age si gnal - received fromsaid.current-to-voltage converter; 15
a conparat or whi ch conpares an out put signa® of said first anplifier
with a threshold | evel; and ' a decision circuit which
detects the waveform generated by a human body according to a | ength
of time when said conparator detects that an output of said 20
anplifier exefegaidhd€irsteand ddoverl .comparatbrs. The infrared-rays
detector according to claim1, wherei n said signal processor

conprises: 5, The imfirardd-argyd fdetewboehazaplidings tecvalm agp _
signal received fromsaid current-to-voltage converter in a 25 frequency

range, _wherein said signal processor comprisés: o a
second anplifier which anplifies the voltage signal received from

said current-to- voltag%rp%wiﬁetnwﬁlch amﬂ][m@élcihermﬁtagfﬂféf?ﬁal
from that of said first anplifier firs

conpar asor  YRiceh vetO MU Sa i@ cuﬁ‘ﬂé?i»ﬁ-to—volt%g%‘aéo&&eﬁ?éﬂ first
anplifier wwth a first threshold | evel ; a second

conpar at or whi ch conpares raRqadhRyt analyzéh:gn@hlefl Sﬁéﬂféfﬁgndfﬁgahéﬁbﬁr |
with a second threshold
analysis on an output signal of said amplifier:;
a decision circuit. which detects the waveform
_generated by a human body according to time dependence of a
10 fesult of the frequency analysis by said frequency analyzer.
6. The infrared-rays detector according to claim.l,
wherein said signal processor comprises:
an amplifier which amplifies the voltage signai
received from said current-to-voltage converter:; ‘
15 _ a comparator which éompares an output signél of
said first amplifier with a threshold level; and
| a decision circuit which detects the. waveform
generated by a human body according to a length of time
when said comparatof detects that an-'output of said
20_ amplifier exceeds the threshold level.
7. Thé infrared—réys detector according to claim 1,
wherein said signal processor compriées:
a first amplifier which ampiifies the wvoltage
signal received_fromlsaid current-to-voltage converter in a

25 frequency range;

* [ L . n s *



/ :
10 | evel ; and ' a decision circuit which neasures pul se

w dt hs of out put signals of said first and second conparators and
detects the maveforn1generated by a human body according to the two
pul se wdths. 15 8. The infrared-rays detector according to claim
1, wherei n said signal processor conf¥ises: an
anpllfler which anplifies the voltage signal received fromsaid
current-to-vol tage converter; and a decision circuit which

nmeasures a rise time of 20 an output signal of said anplifier and :

detects the waveform a seqenkrampdiffijea hwinkch bedpldddesdi tiyet oralimge se

tinme. 9. The infrared-rays detector according. to claim1,

wher ei n sai dssgg83 recetesdofreanpaidesurrent-to-voltage adnvexrtteanyn fd er
“which anplifies the voltage 25 signal received fromsaid

current-to-vekégdenegnvaidrife W dbfferent from -that of said first

74 a first band-pass filter characteristic having a center of
transni ssi onaRgndsabra first frequency; an output circuit
whi ch conpares an out put signal of said first anplifier with a
predetegm ned threshol d t?lrs§ foi): Fa&htb&e e | Qdmpaddd ; an  output
a second anplifier which anplifies the voltage si gnal recelved from
sai d currentgigayol tage sfa&ra/erftﬁrsﬁ/v' faﬁpllflera ﬁ%ﬁndabaﬁjré@s%ﬂféélf‘dld
characterlstlc havi ng a center of transm ssion band at a second

frequency hi ghgeythan the

a second comparafor which compares an output
signal of said second amplifier with a second threshold
10 level; and
a decision circuit which measures pulse widths of
output signals of said first and second comparators and
detects the waveform generated by a human body according to
the two pulse widths.
15 8. The infrared-rays detector according to claim 1,
wherein said signal processor comprises:
an amplifier which amplifies the voltage signal
received from said current—to—voltage converter; and
a decision éiréuit which measures a rise time of
20 ‘an output signal of said amplifier and detects the waveform
generated by a human body according to the rise time. |
S. " The infrared-rays detector according to claim 1,
wherein said signal processor comprises:
a first amplifier which amplifies the voltage

25 signal received from said current—to—voltage converter with

* c L M s *




10 first frequency; a popcorn noi se detector which
conpares an out put signal of said second anplifier with a threshold
val ue to out put a popcorn detection signal; and e ' a
controller which controls at |east one of said 15 current-to-voltage
converter, said first anplifier, said 74 output circuit, said second
anplifier and said popcorn - noise detector to prevent that said

. controller outputs the detection signal when the popcorn detection

signal is recei ved from sai d popcorn noi se detector. 20 10.

The i nfrar eal- fhyst dbavdtpassc ddrldiery ahmmAciienistic havithgr ei wendied of
control |l er decreases a gain of said current- to-vol tage converter for
a first pretiedresmi seilonilb@ndndtaa firstgfirequensgi;d first anplifier for a
second predeterm ned time |longer than the first one when the popcorn
detection 25 signaanisutputi gpdchionwhicH pompatresnanseut@idcisiignal

75 11. The infrared-rays detector according to claim9,

wher ei n saigif ceaidolfigistdeansbbften gath of mfddetennbiéd threshbddvald age
converter for a first predetermned tinme and prevents for said out put

circuis to qutprhtetie Qatddtioh sighghpl for a second predetermined tine
| onger than the first one when the popcorn detection signal is

recei ved from sgi ¢aRREP BmPPi Eecdeti@fidt - amplifidd the vbl&age
i nfrared-rays detector according to claim?9, wherein said controller
decreases agOphdll OfeS&iFedi £86m said current-to-voltaqe converter with
a second band-pass filter characteristic having a center of
transmission band at a second frequency higher than the

10 first frequency;

a popcorn noise detector which compares an'output
signal of said second amplifier with a threshold value to
output a popcorn detection signal; and

a controller which controls at least one of said

15 éurrent—to—voltage converter, said first amplifier, said
output circuit, said second amplifier and said popcorn
'noise detector to prevent that said controller outputs the
detection signal when the popcorn détection signal is
received from said popcorn noise detéctor.

20 10. .The infrared-rays detector according to claim 9,
wherein said controller decreases.a gain of said current-
to-voltage converter for a fifst predetermined time and é
gain of _said first amplifier for a second predetermined

time longer than the first one when the popcorn -detection

25 signal is received from said popcorn noise detector.

I




100 anplifier for a first predetermned time and prevents for sai d
output circuit to provide an output signal for a second predeterm ned
time |onger than the first one when t he popcorn detection signal is
received fromsaid popcorn noi se detector. - 15 13. The

i nfrared-rays detector according to claim», wherein said controller
decreases a gain of said current- to-vol tage converter for a first
predetermned tine and a - gain of said first anplifier for a second

pr edet.er m ned tirme |l onger than.the first one and prevents for said
output 20 11¢ircuit The ipfedrdd-rays detmdtorsiavedrding te cflaiimd 9,
predetermned tine | onger than the second one when the '~ popcorn

~detection syHeatihsskheaeicqtisldesaddcpeasesna gain nof seadet entmrent-
14. The infrared-rays detector according to claim9, 25 wherein

sai d controtbepolieseasnvetiter Eorsaad fiygtenpredetermined time and
76 to-vol tage converter for a predeternined tine when the

popcorn detlgfé{',gﬁtgi O igaiECRiterhtf r eireali¢ pepcopfovide 4&wi sAitput
detector. 15. The infrared-rays detector according to claim?9,

5 V\,hgr'ei Ng$8h41 CoRd ¥ Olol esedBRAC TS SIS EPhinad Btk f LbAiger thaAnpihdier
for a prede?e§%1ne3ﬂ%ine when the popcorn detectionb signal 1is

recei ved f%?%gs%& RRBAOTthe NBoPRorn deggééﬁféﬂr-signal i6. receivéde®

i nfrared-rays tector according to claim?9,
" from said popcorn noise detector.

12. : The infrared-rays deﬁector ..according to claim 9,
Whefein said . controller decreases a gain of said first

10 amplifier for a first predetermined time and prevents for
said output circuit to provide an output Signal for a
second predetermined time longer than the first one when
the popcorn detection signal is received from said popcorn
noise detector.

15 13. - The infrared-rays detector according to claim 9,
whefein said controller decreases a gain of said current-
to-voltage converter for a first predetermined time and a
gain of said first amplifier- for a second predetermined
time longer than the first one and prevents for said output

20 circuit to provide an . output signal for a third
predetermined time lohger than the sec'ond. one when the
popcorn detection signal is received from said popcorn
noise detector. |
14, The infrared-rays detector according to claim 9,

25 wherein said controller decreases a gain of sald current-

* C L M S *




10 wherein said control | er decreases an out put signal of said

output circuit for a predeterm ned time when the popcorn - detection
signal is received fromsaid popcorn noise detector. 17.

The infrared-rays detector according to claim9, 15 wherein said
controller prevents for said first anplifi&® "~ to'receive an input
signal for a‘predeterm ned tine when : t he popcorn detection signal is
recei ved from said popcorn noi se detector. - 18. The

infrared-rays detector according to claim9, 20 wherein said controller
decreases a sersvoilitaigey tonderter afor a poedetersiiged ftdmea when the
predeterm ned time when the popcorn- detection signal is received from
sai d popcor npppceen detedetfiont osignal id9receivebhe frofwr asaildr agspcorn
detector according to claim9, 25 wherein said controller decreases a
gai n of sai dngeéeendetector. 77

anplifier for a predeterm ned tine when the popcorn det ecti on signal

i s received fisQm sai d mERCAMErNiIEH-rays déeé€edpr accordinglto claikbe9,
i nfrared-rays detector according to claim?9, 5 wherein said controller

decreasgs a gRBYlinVi X180 cEHELS1Per decrRAREY NaSiganh IF | Bai@asiigse
t hreshol d of said popcorn detector-for a predeterm ned tinme when the

gotmolr_n amPiF3lelrON fH AN | SréQELE¥RINEAOMSRd MPREOT EHWI SSopcorn
et ector. .

detection signal is received from said popcorn noise

detector.

16. - The infrared-rays detector according to claim 9,
10 wherein said controller decreases an output signal of said

output circuit for a predetermined time when the popcorn

detection signal 1is received from said popcorn noise

detector.
17. © The infrared-rays detector according to claim 9,
15 wherein said controller prevents .for said first amplifier

to receive an input signal for a predetermined time when

the pdpcorn detection signal is received from said popcorn

noise detector.

18. "The infrared-rays detector according to claim 9,
20 Wherein said controller decreases a sensitivity to detect a

popcorn signal for a predetermined time when the popcorn

detection signal is received from said popcorn noise

detector.
19. The infrared-rays detector according to claim 9,
25 wherein said controller decreases a gain of said second

AR



~
10 21. The infrared-rays detector according to claim?9,
wherein said controller controls said output circuit to out put a
signal different fromthe output signal of said first voltage
anplifier for a predeterm ned tine when the - popcorn detection signal
I's received fromsaid popcorn 15 noi se @détector. 22. The
I nfrared-rays detector according to claim?21, wherei n the
i nfrared-rays detector is fabricated as an integrated circuit, and
the signal different fromthe out put signal of said first voltage
anplifier isampldFier effiyrence epeelietermbphedti glime wher?3.the pdbeorn
I nfrared-rays detector according to claim?21, wherei n the signal

different frdetehtion pWigignaliof ssddived fidmstsadlt agepesphi fheises a
ground potential in a circuit of the infrared-rays detector. 25

24. Thgeitrictared- rays detector according to claim 21,
78 further conprising an external electric source for driving

the infraredopays deteq@y .in¥ied Ldd-£d\ps ShgPabtdtf BiRMding to fépMmmhe
out put signal of said first voltage anplifier is a potenti al suppfled

by the extergiler@ieClddi@ %Htcr%ﬂlcéxs%ébre%se§°£‘t§é}ﬁ$fflv1t toZdetect alhe
I nfrared- rays detector according to claim?2 further conpr|5|ng an

?2015131! gt g(r)nt ol er aﬁ%lwpubﬁlﬂg%%% in di f?er ent fﬁ%lt hﬁt g:retlgt?(a)ﬁeérgﬁal

i's the OUtpuhetector for a predetermined time when the popcorn
detection signal is regeived from said popcorn noise
detector.

10. 21. The infrared-rays detector.according to claim 9,
wherein .said control;er controls said output circuit to
output a signal different from the output signal of said
first voltage amplifier for a predetermined time when the
popcorn detection signal is received from said popcorn

15 noise detector.

22. The infrared-rays detector according to claim 21,
wherein the infrared-rays detector is fabricated as an
integrated circuit, and the signal ' different from the
output signal of said firét voltage amplifier is a .

20 reference electric potential.

23. The'infrared—rays detector.according to claim 21,
wherein the signal different.from the output signal of said
first voltage amplifier is a ground potential in a circuit

of the infrared-rays detector.

25 24. The infrared-rays detector according to claim 21,

QU




10 voltage of said oscillator. 26. The infrared-rays detector

according to claim 21, wherein said controller conprises a switch for
suppl yi ng the detection signal, and an output signal of said switch
has hi-gh i npedance for a predeternm ned tine when the 15 popcorn

detection signal is received fromsaid po@éorn noi se detector.

further comprisiﬁg an external electric source for drivihg
the' infrared~rays detector, wherein the signal different.
from the output signal of said first voltage amplifier is a
p;tential supplied by the external electric source to said
5 controller. |
25. The infrared-rays detector according to claim 21,
further comprising an oscillator, wherein an output signal
of said oscillator is supplied to said controller and the
signal diffefent from the detection signal is the output
10 voltage of said oscillator. |
| 26. The-infrared—rays_detector according to ciaim 21,
wherein said-contfoller.compriSes a switch for supplying
the detection signal, and an output signal of said switch
has high impedance for a predetermined time when the
15 popcorn detection siénal is received .from said popcorn

noise detector.
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