- 1 - DESCRIPTION Title of Invention OBJECT DETECTI ON DEVI CE 5 Techni cal
Field [0001] The present invention relates to an object detection

devi ce enploying a pyroelectric elenent. 10 Background Art [0002] In
recent years, there have been proposed various electric appliances which
detect novenent of a human body and pérform an efficient operation for the
pur pose of energy 1l5conservation. For exanple, such an electrical appliance

includes an infrared detection g 'eﬁ{H@Pgqung a pyroelectric element as a
detector for infrared. A nornmal ?%?rared etection device focuses infrared

froma detection area onto the pyroelectric elenment by use of a lens, for
exanple. A current signal outputted fromthe pyroelectric elenent varies in
responsggilt 8f enveld@ogge in an anount of infrared received by the pyroelectric
el ement. 20 [0003] For exanple, there has been known an infrared

det ect IOBVRIEVDEFECPIQN BIEGMIE i n FIG 17. The infrared detection device 1P

i ncl udes a pyroelectric elenment 2, an |I/V conversion unit 300, and a

vol Page anplification unit 400. The I/V conversion unit 300 converts a
25current, si | . putputted fromthe pyroelectric elenment 2 to a
corresﬁ%ﬁﬁ?ﬁgpe%} age signal. The voltage anplification unit 400 anplifies
an out pgpf rom the 1/V conversion unit 300.

The present invention relates to an object detection device employing a pyroelectric
element.
10
Background Art
[0002]
In recent years, there have been proposed various electric appliances which detect
movement of 2 human body and perform an efficient operation for the purpose of energy
15  conservation. For example, such an electrical appliance includes an infrared detection
device employing a pyroelectric element as a detector for infrared. A normal infrared
detection device focuses infrared from a detection area onto the pyroelectric element by use
of a lens, for example. A current signal outputted from the pyroelectric element varies in
response to a change in an amount of infrared received by the pyroelectric element.
20
[0003]
For example, there has been known an infrared detection device 1P as shown in FIG.
17. The infrared detection device 1P includes a pyroelectric element 2, an I/V conversion
unit 300, and a voltage amplification unit 400. The I/V conversion unit 300 converts a
25 current signal outputted from the pyroelectric element 2 to a corresponding voltage signal.
The voltage amplification unit 400 amplifies an output from the I/V conversion unit 300.
In the infrared detection device 1P, the current signal outputted from the pyroelectric
element 2 is converted to the corresponding voltage signal by the I/V conversion unit 300
and subsequently is amplified by the voltage amplification unit 400 and thereafter is

30 inputted into a following detection circuit (not shown). Besides, in the configuration



In the infrared detection device 1P, the current signal outputted fromthe
pyroelectric elenent 2 is converted to the correspondi ng voltage signal by
the I/V conversion unit 300 and subsequently is anplified by the voltage
anplification unit 400 and thereafter is 30inputted into a foll ow ng
detection circuit (not shown). Beside-in the configuration - 2 -
illustrated in FIG 17, the voltage anplification unit 400 functions as a
bandpasBudtidtt®n NAYi1Ngtha vohsgd Aigplbfaconini M0 Suegvhyad £bindpasafifteequency
band (e.g., 0.1 Hz to 10 Hz) of a current signal generated in response to
human Bedipgdeteeing dand 5hod04 pquivalentFiora feocmpésehand (elafdets tp EhHemfiar onnent
tenperature is likely to cause an undesired Iom#frequency conponent
unrelaﬁéﬂfPbménﬂé*éﬁﬁﬁﬁﬂnﬁ%ﬁﬁéﬁ3Wémgmnj§dﬁé A1®dbdy) in the current signa
outputted fromthe pyroelectric elenment 2. In view of this, there has been
proposed the infrared detection device 1P which further includes a DC
fee@baq@mQQrcuit 200 connected 10 between an output term nal and an i nput
termnal of the 1/V conversion unit 300 (see docunent 1: JP 3472906 B2,

par agr aphsFeH&antpte, A0AdngdinGn G)irohBORSfempardthe: is hilelgree da wietadctridesiretevi ce
1P di scl osed in above docunent 1, the I/V conversion 15unit 300 includes a
first éwerfmuwalcman@em ierelged hav ietgetiom tapebfeg-ny hpm}@atbOdsérlmtheﬁure@rtnect ed

to the p electr ment 2. Connected bet wee ut ternlnal and t he
| nvert wé PRBE o EPEr poroe e ot e Pay 0, AP LariDIY g brapospd

capac db ?(dT @&e&%%'v{ﬁgrlP%m&efu\f&%r clt?deg? teal;!a‘%k% g{%}?%o e QnekRAM NY

an AC circuit rst operationa Ier has

nongi n\b@fv&deﬁgnl Japsls tb@RibNAld HORPEE PRt oﬁtHeqf\ee&lm@@i&p&ﬂlagm @@@our ce 202
configured to generate a reference voltage. [0006] Further, the DC

f eedbadkcuwmant Ui §P 30TRI0§ B2npamgegphadDFhtocdrid LFEG.i9% whi ch an operati on
anplifier 201 is connected to a capacitor C200 and a resistor R200. The
operational 25anplifier 201 has a non-inverting input term nal connected to
t he Ouiﬁﬂ% termnal of the first operational anplifier 31. The capacitor
C200 i hnected bet ween an output term nal and an inverting input

termnal of, {iGnARRGALRAG dATR] 18 18LoLAdn aBiR LPEhA! OB 1AL ILkieE 201

has the inverting i nput termnal connected via the resi'stor R200 to the

r efier enae 300t @@E:sSOMMSE 6pe2 o0 AfipUaEeS Lo/ igene it iddiaptefeemnande voI t age.
The operational 30anplifier 201 has the output term nal connected to the
i nvert compertepue thearympalediriotlenirat £i rGgnnected between an output terminal and the

inverting input terminal of the first operational amplifier 31 is a capacitor C1. The
capacitor C1 serves as a capacitive element for forming an AC feedback circuit. The first
operational amplifier 31 has a non-inverting input terminal connected to a reference voltage

20 source 202 configured to generate a reference voltage.

[0006]
Further, the DC feedback circuit 200 is an integration circuit in which an operation

amplifier 201 is connected to a capacitor C200 and a resistor R200. The operational

25  amplifier 201 has a non-inverting input terminal connected to the output terminal of the
first operational amplifier 31. The capacitor C200 is connected between an output
terminal and an inverting input terminal of the operational amplifier 201. The operational
amplifier 201 has the inverting input terminal connected via the resistor R200 to the
reference voltage source 202 configured to generate the reference voltage. The operational

30 amplifier 201 has the output terminal connected to the inverting input terminal of the first



- 3 - operational anplifier 31 via an input resistor R201. [0007] The
infrared detection device 1P which has the configuration explained in the
above 5sends the undesired | owfrequency conponent to the input resistor
R201 in accordance with the output fromthe operational anplifier 201.
Therefore, it is possible to suppress3an effect, due to the undesired

| ow-frequency conponent, on the voltage signal outputted fromthe I/V
conver sdpefhtivihl amdpifier BA[VROOBInput residtovREr, in the infrared detection
device 1P having the aforenentioned configuration, since the input resistor
R201 is connected to the input termnal of the I/V conversion unit 300, a
noi se ﬁoqﬁﬁnent whi ch occurs at the input resistor RR01 may be inputted
into t 'V conversion unit 300, and thus an S/N ratio of the I/V

conver si on,dni.t. 300 .i l.i k 5 educ spe rreduce a
cut - of f frgglﬁérhfé%/re éiet;ecﬁlo (gesvgce %W lﬁh% econ 8&‘85" rl%%lgx%tn §hne|bﬁ¥ﬁ noi se

of the dAPUthe rﬁﬁbﬁf’e‘arlom%ueﬁ&%oh@%nt Fc(?ﬁiesihﬁ)ﬁt 1831@‘901" Q@@q $n hQoPBYEe Rith

relatively high resistance, for exanple, a resistance in the range of

(t er a- ahas)tpuf 60BGhe 2PdmtivhdwngflifdoBOki Zihkgfatk, it hepdsabiatoedppeteat i on

device 1P, the input resistor R201 is normally constituted by a resistive

e|enenwﬂ%ﬁcémmﬁwa@@ad@ﬂwd1aﬁﬁmqu@wmp@@paﬁﬁﬁcmﬁheuﬁ%agwﬂmédp@@m@péﬁwglof

such a. EVStlve eIeWE% greatly depends on the tenperature. Therefore, a

vari at it8h/VFORHEsIPREPEfce caused by a change in the tenperature is

i ncreased mnth an increase in the resistance of such a resistive elenment. A

decrease in the resistance of the 25i nput resistor R201 nay cause an

i napeageodsh a thermal noise of the input resistor R01. Thus, the S/INratio

of the I/V conversion unit 300 may be reduced. Summary of Invention [0010]
However, in the infrared detection device 1P having the aforementioned configuration,

since the input resistor R201 is connected to the input terminal of the I/V conversion unit
300, a noise component which occurs at the input resistor R201 may be inputted into the I/'V
conversion unit 300, and thus an S/N ratio of the 1I/V conversion unit 300 is likely to be

15 reduced. Especially, to reduce a cut-off frequency (e.g., less than 0.1 Hz) and to suppress a
thermal noise of the input resistor R201, the input resistor R201 needs to have a relatively

high resistance, for example, a resistance in the range of T Q (tera-ohms).

[0009]
20 In view of downsizing of the infrared detection device 1P, the input resistor R201 is
normally constituted by a resistive element incorporated into an IC (integrated circuit).
The resistance of such a resistive element greatly depends on the temperature. Therefore,
a variation in the resistance caused by a change in the temperature is increased with an
increase in the resistance of such a resistive element. A decrease in the resistance of the
256 input resistor R201 may cause an increase in a thermal noise of the input resistor R201.

Thus, the S/N ratio of the I/V conversion unit 300 may be reduced.

Summary of Invention
[0010]

30 In view of the above insufficiency, the present invention has aimed to propose the



30l n view of the above insufficiency, the present invention has ainmed to
propose the - 4 - object detection device capable of inproving an SIN
ratio of the I/V conversion circuit as well as suppressing an undesired
effect of a | owfrequency conponent on an output of the I/V conversion
circuit. 5[0011] The obj ect detdction device of the first aspect in
accordance with the present invention is an object detection device for
det ect i dbgecateto@tjd@Cdevic ca@pdbdy gapsPatean IMEradidjotChe HE oGk Qin BRMiCes

i ncludes: a pyroelectric elenment configured to output a current signal in
r esponseeli @& |ippharige anrindpsiendoiett dfa lowfiregnentylcoghtnand oeianedtfutofithae
target space; an I/V conversion 10circuit including an operational
anpllfl¥¥°%ﬁﬁﬁ%€1%ﬂmﬂb the pyroelectric elenent, a capacitive el enent
connected to the operational anplifier to serve as a feedback circuit, and
a discharging circuit for discharging the capacitive elenent, the I/V
conver speyjci rcuit being configured to convert the current S|gnal to a

vol tage signal and out put the voltage signal; an A/ D conversion circuit
conf|guredTheob@aMﬁ%&mmheemaiMageﬁ&ng@ﬁkthowao%hh&iwdhghéﬁmmsmgﬂahmﬁﬂd
15out put the first digital signal; a digital filter configured to extract a
det ect ilpan ebrpolvtartion deviegyion d¢teeltpmrregbieatch adeuet spagef rldgudivey ddtasiebn
associ at ed mnﬁh the object, froma @ﬁveforn1represented by the first

di gi t alteSicg R dcpy? BYIBFleCEF Al eRE cHiiegteddp grintt agugieat Slf%aalam IESHOPRNEOE ¢
process QQ%e iand a%&%%%f%ﬁ%?& %Lt‘%' Le@leratl anal r%‘%‘B\B&%%& 193 Myt or m of

the dete on conponent the secon si'gnal ; a J udgnent

ci noui tm&@lmﬁmmwlﬁg ah @pé&ﬁhm %mpmﬁsre@bn%ctweo ﬁﬁwml&tﬁé 18hes, gr&abamﬁmet her
or not the object exists in the target space; and a control uni t configured

t 0 contetepherit henrdicdhiatigy sygrationabamplifiersuctrva aparfegibatiocieduityandbe a
Iom#frequency conmponent having a frequency not greater than a predeterm ned
f r equeniésehpsinegyfiecaitdpr dingharaing dhiesarpiipive clomephd ﬂ/&fe@v%ywbawew boinet he

| t Th trol t f the di
ot cut RSB o P iy SignsbBa FLSEERBT NG VG P B St
frequengy cBﬁ’ve‘i‘éﬁﬁ: Ql%xﬂ@cotnﬁgux%h%g Eéﬂv%rtctﬂé';fgl?égesstié?{a?go b ﬁrgtt?i?glﬁagg%hf RG

elenment. [O In the object detection device of the seco aspect in
acaer d@ﬂﬁp?ut\ﬁhé firsﬁ: Rl egemat o AQiAY ant: @nfighfdaddkirhi@n deediiog cbmpstendspect ,

the control unit includes an oscillation circuit and

having a frequency included in a frequency band associated with the object, from a
waveform represented by the first digital signal,‘ by subjecting the first digital signal to an
arithmetic processing, and create a second digital signal representing a waveform of the
detection component, and output the second digital signal; a judgment circuit configured to

20 judge, based on the second digital signal, whether or not the object exists in the target
space; and a control unit configured to control the discharging circuit in such a manner to
eliminate a low-frequency component having a frequency not greater than a predetermined
frequency not greater than a lower limit of the frequency band from the voltage signal.
The control unit is configured to control the discharging circuit based on a reset period

256 corresponding to the predetermined frequency to discharge the electric charges stored in

the capacitive element.

[0012]
In the object detection device of the second aspect in accordance with the present

30 invention, in addition to the first aspect, the control unit includes an oscillation circuit and



- 5 - areset circuit. The oscillation circuit is configured to create a
pul se signal each tinme the reset period el apses and out put the pul se signal
to the reset circuit. The reset circuit is configured to create a reset
signal based on the pul se signal and output the reset signal to the

di scharging circuit. The discharging-6ircuit is configured to forma path
for 5discharging the electric charges stored in the capacitive elenent in
r esponsgrdset direel prhebscibgionesedit s @adbkurel 09dBhtel plilbesighhlecth dateasti on
device of the third aspect in accordance with the present 10i nvention, in
addi t i orsttperind ekpemrddaspmdtthe phige signtlrtoltheirdset dirplituddbe acseeiocuitriossi ng
detection _circuit configured to judge whether or not a nmagnitude of the
wavef oritrfigyed derreatd ipseirasnedbaied odithe palse sisgpland aitpyeheirest signalto
predete%nin al ue on._deter.m nin h nitu of the waveform

ed v nd,.f O,. ) t
repr esenf &§° %/rgfrf‘cf”em%é@Onrgﬁeol‘lhﬁlc abUgicghar 9 nlg%luerﬁ it%n%?mtaop%ﬁéorpr edet er ni ned

val ue, (ﬂéﬁh@k%inétlgeeerl&tﬁé a&%‘g&&t%a%me%p%amleﬁ@n& feebREL to]égéi%f:é&i t. The
reset circuit 1s configured to, in response to first receipt of the zero

cr ossi nfpedeteecichgoln si gnal subsequent to the receipt of the pulse signal, to
output the reset signal to the discharging circuit. The predeterm ned val ue
is defined as a val ue corresponding to a magni tude of the voltage signal
obtainqg ﬂﬁen el ectric charges are not stored in the capacitive elenment. 20
[ 0014] 0 In the object detection device of the fourth aspect in

accor dance vait}tlehobsgz? d?{eg‘cz(?lg%e\)écg\{)?m | Rfed aisgec%gxg iaéc%?c{lﬁltcg Wgtﬂ%hg hi"ers nta;peCt , the

reset circurt 1s'con unl ess receil vi ng e Zero crossin

det@ct iigPergiogNal ada@id 8 the bPS®aGlech HIRARLBHLNMINE thdd IR al Ry Rbiigngd ecei pt  of
25t he pul se signal, output the reset signal to the discharging circuit

af t er alekapse cofuit frafignedead gudye wdatlidrive nof HOkShithde dfhibe olayefotmdet ect i on
device of the fifth aspect in accordance with the present 30invention, in
addi t i gaPiescpd by sseondrbigisdsimg! isddeisat to arijsdetesmined@akisnendio, upn

i ncl Udedseteamqnning the magnitude of the waveform represented by the second digital signal is

identical to the predetermined value, output a zero crossing detection signal to the reset

15 circuit. The reset circuit is configured to, in response to first receipt of the zero crossing
detection signal subsequent to the receipt of the pulse signal, to output the reset signal to
the discharging circuit. The predetermined value is defined as a value corresponding to a
magnitude of the voltage signal obtained when electric charges are not stored in the
capacitive element.

20
[0014]

In the object detection device of the fourth aspect in accordance with the present
invention, in addition to the third aspect, the reset circuit is configured to, unless receiving
the zero crossing detection signal before a lapse of predetermined time from the receipt of

26 the pulse signal, output the reset signal to the discharging circuit after a lapse of the

predetermined time.

[0015]
In the object detection device of the fifth aspect in accordance with the present

30  invention, in addition to any one of the second to fourth aspects, the control unit includes an



- 6 - abnormality judgnent circuit configured to judge whether or not a
magni t ude of the waveformrepresented by the second digital signal
continuously exceeds a predeterm ned threshold for a prescribed tine
period, and to, upon determ ning the magnitude of the waveform represented
by the second digital signal continueasly exceeds the predeterm ned
S5threshold for the prescribed tine period, output an abnornmality signal to

the reshofhilayijlidgmdhe clresetonGighfadith judge GEHEhGWE @6t 4 ha@HitPEd oftthe T eset
signal to the discharging circuit in response to receipt of the abnormality
si gnal .w{ @16 repGhentet by o ecinddbtiddtsionl dewingeudy ekdvedsi rtdilersmantd i n
accordance with the present invention, in addition to any one of the second
to fiftthresbpddesa prepgiheddygneprriad pedife wpen edprmigiedemeripdngareths nagnit ude

f th | th ted th d.digital si | with a. t
Val ue, MRATYS PepshBb bR P e ke T Ry PhagsPei deatbd afybrt O
r epresentad ool A8 p&EAP GhgibbAbd, SubNAlanShae8sith R nh HAARE RLseY Bk UBH.

concl ude 15the object exists. The control unit includes an inhibition

Ci r cui tTHeQREdt gLt @l id Pnfitdge tovhehietheesa@ignbhe thadnichadengadircultiénwavel engt h
represented by the second digital signal exceeds an inhibition value |ess

t han t hresjoneywemteintadl tlee alypdmebtyougydit an i nhibition signal to the reset
circuit upon determ ning that the nagnitude of the wavel ength represented
by the second digital signal exceeds the inhibition value, and to output a
cancel[é' ]al to the 20reset circuit upon determ ning that the magnitude of
the wavelength represented by the second digital signal does not exceed the

i nhighi ti onty 8leUbiect B eEteRe evick bEHelsitth a6ORt IDMCEMIasHCRith IRE preRfie the reset
circuit receives the inhibition signal, the reset circuit does not out put

t he r edstensiognialadditionss angosd vfi thg s¢doed cafiftklasgicgn dhe jud&pOfXiciicuitis 1 n t he
obj ect detection device of the seventh aspect in accordance with the
pr esentcopfigreed torempiape agwiepitede efdhampvdaesthrepgeendedt bhthersscaiddigitdspect s,

the A/D.conversioon circuit has an u r limt,_ of .the magnjt gg%of t he
Vol t ag@ SRGHIT MATERETHE S DR aingBy SR OR BTN i RBHUBEC he cont r ol
unit | Qv%]v'éféﬁ&thﬁreﬂfe@%&‘é& b9 @hecéelé(fﬂ'ﬂ &igﬁ&’%ﬁérﬂﬂ' bEde dOthle Y MSLNE! cRbra@not the
magni t ude of "t he voltage signal exceeds a border value not greater than the
up@aer the dbject exists. The control unit includes an inhibition circuit configured to judge

whether or not the magnitude of the wavelength represented by the second digital signal

exceeds an inhibition value less than the judgment value, and to output an inhibition signal

to the reset circuit upon determining that the magnitude of the wavelength represented by

the second digital signal exceeds the inhibition value, and to output a cancel signal to the

20 reset circuit upon determining that the magnitude of the wavelength represented by the
second digital signal does not exceed the inhibition value. The reset circuit is configured

such that, once the reset circuit receives the inhibition signal, the reset circuit does not

output the reset signal unless receiving the cancel signal.

25 [0017]

In the object detection device of the seventh aspect in accordance with the present
invention, in addition to any one of the second to sixth aspects, the A/D conversion circuit
has an upper limit of the magnitude of the voltage signal which the A/D conversion circuit
can convert. The control unit includes a protection circuit configured to judge whether or

30 not the magnitude of the voltage signal exceeds a border value not greater than the upper



limt, and to output an excess signal to the reset circuit upon determ ning
t he magni tude of the voltage signal exceeds the border value. The reset
circuit is configured to output the reset signal to the discharging circuit
in response to receipt of the excess signal. 5[00181 In the object
detection device of the eighth aspect7i-n accordance with the present
invention, in addition to any one of the first to seventh aspects, the
pyroel aghikdeb et ahagceds fikhfAlto eNdredfttiRui 8GONdeRBEinidH thedpLFatideRAl
anplifier includes a first operational anplifier having a first inverting

i nput ttee moltek sandl excbédsshe batlputalter Milvakset airduibis@obgdred Oopepat thenal
anplifier having a second inverting input term nal and a second out put

t er mi nakset vigaaktorthe disphasginig iyciih utespasaito sceips otdgireessedisrdl t he first end.
The second inverting input terminal is connected to the second end. The
capacitive elenment includes a first capacitive elenent and a second
capgci tjhyg el enent. The first capacitive element is interposed between the
first inverting input termnal and the first output termnal. The 15second
capaci ti velefierpit d&edtithelepRs et eirRR Asfdieirsaeoadnidwveh thdgrebdput

term nal and the second output termnal. The I/V conversion circuit

i ncl udesveatidnfiheddittonab aoy peudfithe findtitgsevedtht aspectspilre paraidefrer dementdstsween a
voltage of the first output termnal and a voltage of the second out put

t er mi ndl firstrpnst andl & spgendershalhp speyatiprdydifisr giegrise afuph WeEHIaY a wavef orm
of the di fliff"erﬁnce' %0 [rqoji"%% i tt(lerrxki%&ean%{):i El%tt 09 tu%%ringrrl]aldev- Cgecgfl the

ni nt h ég%éclrlﬁ”% Cordance WP tH 't he present i1nvention, 1n addi £ron %o t he
ei gbt h 3sRechal anlfiflel Na GREURE SN Bnertifd trdput BGhHASS: Ah KB smbid y detection
circuit. The abnormality detection circuit is configured to obtain at

25| eastterofigalof Thééirstahtcatfg Ofput banfinalss coukbpied té drenfimadéndandheBecovdl t age of
the second output termnal as a detection voltage, and judge whether or not
t he detieveriinghinpgl teagendlds ¢omabdedtr the sacopfendt eFhd ¢iedcitisnglemeghinchidepat an
abnormal ity detection signal to the reset circuit on det.erm ni ng. that the
et oGt 6T GBS ALfer 8o HG e b EPRHUT b 6 B Blot i RE PP e TRE Fesot
circuit i i ed t : t. r.ese I i k Qi circuit
in 30ré§% ﬁ%% (%gg%bef5?m%$k%ﬁ%géﬂﬁg?%§ﬁ%?§é%ﬂ?%é%ggﬁﬂgygﬁgﬁQELS 0020] The
objigct sel@he et Lnivd¥dntet 8f intd1Bode@be v ASRBE bedoRd AGCR LM Eat WrinindlRadpr esent
invention, in addition to any one of the first to ninth aspects, further

i ncl udeke secast sweptt termbed.r Althetl/V dduyesonr @ciitonclodescaudifferem¢ialiciestit an

adjustnent unit configured to create a )
configured to output a difference between a voltage of the first output terminal and a

voltage of the second output terminal. The voltage signal is defined as a signal
representing a waveform of the difference.

20
[0019]

In the object detection device of the ninth aspect in accordance with the present
invention, in addition to the eighth aspect, the I/V conversion circuit includes an
abnormality detection circuit. The abnormality detection circuit is configured to obtain at

25 least one of the voltage of the first output terminal and the voltage of the second output
terminal as a detection voltage, and judge whether or not the detection voltage is included
in a predetermined range, and output an abnormality detection signal to the reset circuit
upon determining that the detection voltage is not included in the predetermined range.
The reset circuit is configured to output the reset signal to the discharging circuit in

30 response to receipt of the abnormality detection signal.



correction digital signal indicative of a | owfrequency conponent having a
frequency not greater than a predeterm ned frequency not greater than the
lower Iimt of the voltage signal based on the first digital signal; and a
correction D/A converter configured to convert the correction digital

signal to a correction anal og signal -gnd out put the correction anal og
10signal to the A/D conversion circuit. The A/D conversion circuit is
configured to subtract the correction analog signal fromthe voltage signal
and convert the resultant voltage signal to the first digital signal.

[ 0021] [06200 the object detection device of the eleventh aspect in
accordance with the present invention, in addition to the tenth aspect, the
Al D conver dhenbig¢trdetction devierdehe penth perpehinorccordapgsanith Hearpregand a D A
converter. . The integrator include third operat.ional, lifier and a
Chira dapner: ve e Ehaheny sheote fadapaiioShar Bviherin Bt areiny o

| nver ¢ igulnPile & BT ARl GANIAGIEA b Aah BB L GOMNAESIAR, BlRGULE tO receive

t he voltage signa r non-inverting input térmnal, and a third

out put chetidaaligitalRienhiddbagi@Pacd fowSefl@BRMmicReh kL4 RNOS BdgRelyasn the
third inverting input termnal and the third output term nal. The quanti zer
i s confgrepireihat@ etstemiined frelitage nof grehier tiwr the duvguimit ef thenaltago a
digital value at predeterm ned resolution and output the digital value. The
first digitbisedpghbg fifss digaipl pigaalaanda prrrediogd¥fcenyests cafisygedio Reerdi gi t al
val ue qutputted fromt.he quantizer. The D.A 25 converter is.configured to,
' 1 esgbhEarieBop gl uegn Y REOHPGI P ARE T BACEIRIT S TT U Ry a
volhage; LAl {A3P AN fetQod AFuieCGhY 8D db el @hn Ml YEs O AGed B fulltdapver ti ng
input termnal. The correction DA converter 1s configured to provide the
cor r ectth@tvradteibo gnslogBighall foorh lflge ¥dMazd siz@ AL Adiv@htédighd RPultadtaofag@signal- 9 -
In the object detection device of the twelfth aspect in accordance with the
pr esentto thmdenst iligiial $ignadddi ti on to the el eventh aspect, the predetermn ned
resolution is one bit. The digital filter includes a first filter unit
configured to convert the first digital signal to a third digital signal
represq&?q? by multiple bits and output the third digital signal, and a
second ilter unit configured to create the second digital signal by
subpect i ngrt he bRt gbtelit@htalics boiRleldven A hspbdttif ABlokfarkE QG@Sthe pFdient
adjustnent unit 1s configured to create the correction digi taIp si gnal by
subj ectinvegtibinentlditdndo ghet tahtisasgpnal titecA/Breoavdrsiometredit probeies an ih@e23¢r, 101 n
the obj ect detection device of the thirteenth aspect in accordance with the
pr esent® quaRBrRr Il a PA adhaerteon The iptrerateningludepe shird epreationed appilifer circui t

i ncl udes ,a poi.se shaper configur ddéo subj ect tg orrecti.an digital signal
Lo’ a narda BRASTEERsate ofht Bl obeiginalhuh R Pudinei Bk gt
si gnal a0, QUbRMcedaNS (ROT/FEFNAREH LAE BLLAVe Helloidbe Skdnal «fifa t he
correction YA converter. The correction DA converter I's configured to
conver ok eelbinoinpat thaped, 40rd a6td anpai @rhalal Si THBhiddQah A8t €Os16:86440 9N
anal og signal .
interposed between the third inverting input terminal and the third output terminal. The
quantizer is configured to convert a voltage of the third output terminal to a digital value at
predetermined resolution and output the digital value. The first digital signal is defined
as a bit sequence indicative of the digital value outputted from the quantizer. The D/A
25  converter is configured to, in response to receipt of the digital value from the quantizer,
apply a voltage corresponding to the received digital value to the third inverting input

terminal. The correction D/A converter is configured to provide the correction analog

signal to the third non-inverting input terminal.

30 [0022]



[ 0024] The object detection device of the fourteenth aspect in accordance
with the present invention, in addition to the tenth aspect, further

i ncludes an internal power source having 20a predeterm ned voltage. The
correction DA converter is configured to create the correction anal og
signal by use of the predeterm ned valgt.age of the internal power source.
The operational anplifier has a non-inverting input termnal, an inverting
i nput ter mMpale obiiad ddBctA R ce LeEHY thalfth dPectGARAGIIAME Wl MredeSit

i nt erposed between the non-inverting input term nal and the out put

t er m nahventioe, innMditionrtg thageterte necaglthé sredetenenteddedodutidnas abpyitoelTiect ri ¢
el ement. The internal power source is electrically connected to the

non- i nvegitdl fidter mslides a dwptridfersumetrconfigiered te efrapertbe fiyw|digitd sissakippl thénd t o

of 1 ho B Gl BB bR BB iR b B N BB Sen I | RO | on.
of ¢ he i : &t eStit! Ssnifgind
|t Qgr sy ol ARt 0] B ARRRE bk o RO SRR A My W B8R

third apenatitonaic poRskf i Ble AfgstRdechhifigiLRRAGIIH & ciRhRMBBLorrd RNt
operational anplifier has a third inverting 1 nput term nal connected to the

| /' V comigmabbysubgictiopithe thord digdalvigrtahéo amhtictgeetgipgnadss. a t hird
5non-inverting input termnal receiving a reference voltage, and a third
output termnal. The third capacitive elenent is interposed between the
third i iting input termnal and the third output termnal. The quantizer
is configured to convert a voltage of the third output termnal to a

di gptal valjg.ahill GIELRHTIRE of @S Thittd-RPh ARAAHLRMWraLNE “ghge'hte?&es\éﬂt ue. The
first digital signal is defined as a bit sequence indicative of the digital

val ue ansteptibi,ad ad@itioand thetegtitddpe@ethe cbi@cli¥rcifRiviatlu@ss 4 SoicdsHaparr ed t o,
in response to receipt of the digital value fromthe quantizer, apply a
vol t ageodsrrekivonbiengthe sotrhetionatigitalesttndl tr 4 adise/gapeng mrotdse ta ¢vertd a nverti ng
input termnpal. The correction A converter is_configured to provide the
corr ecflpﬁﬁ'sg%ﬁﬁﬁaﬂgmﬁﬁ{@% state! th PUPHhiRertisghrRgsltoTES AR Aigital 9809026

In the ohlashA8kes M O ey C%Pgtzorg%lﬁ%ioﬁiB&A%QNeQ%e??&ﬁ%%%iigli#%{i%ﬁ gé’r{vlgfc'}%g w th

the present invention, in additron to any one o teenth
aspect sioist-BRapdl RoGOARN BN sSdrabt theicsrre@thl GldlRdidh1 convert the vol tage

signal to the first digital signal based on Al conversion. 20[0027]
[0024]
The object detection device of the fourteenth aspect in accordance with the present
invention, in addition to the tenth aspect, further includes an internal power source having
20 apredetermined voltage. The correction D/A converter is configured to create the
correction analog signal by use of the predetermined voltage of the internal power source.
The operational amplifier has a non-inverting input terminal, an inverting input terminal,
and an output terminal. The capacitive element is interposed between the non-inverting
input terminal and the output terminal. The inverting input terminal is connected to the
25  pyroelectric element. The internal power source is electrically connected to the
non-inverting input terminal such that a reference voltage is applied to the non-inverting

input terminal.

[0025]

30 In the object detection device of the fifteenth aspect in accordance with the present



In the object detection device of the seventeenth aspect in accordance with
the present invention, in addition to any one of the first to sixteenth
aspects, the digital filter is configured to output the digital value

i ndicative of the second digital signal in a serial nmethod. 25 [0028]

In the object detection device of theigi ghteenth aspect in accordance with
the present invention, in addition to the seventeenth aspect, the serial
met hod ihSerdioBMa LRado thd QB20hspect, thEAB cohvéiBiod BehRiBllhdeshhasiegritagr am
illustrating the configuration of t he obj ect detection device of the first
enbodi reqtantizer, and a D/Elc@ave2ter S Bhesiohemabr mchides i thiirdgrantivddl ustplifitr ng t he
configuration of the object Sdetection device of the above first

embodi reedta third capaqifig elgmpust. 5 Thi fheird prpratienal agphfiey by a erdopeeraingorpwf t he

obj ect detection deyjc the first enbodi ne atine
chart |Flffﬁ’§fi’£%?flflﬁ %83&%?%%“’&“%% dbjegiee ht?e‘foété‘?? Blﬁ“gfeé}lt}&lég of the

fi I’%t %EQQJ/JIE % é)JuQ't:érgn :?lrle§e1\%n% Fﬁfeg%}f%g 1i/olltelée Qh%l?(,go&tgﬁt %E@Fr%loge:’ 2‘t iaon

of the object tion device o rst enb

tine chafetthirl lchiSdeitatel MndMies OREHBEddARtOEnt thE tmbdl ﬁﬁatsrtﬁiegt @pli epmedevihee of the
first enmbodi nent, FIG 7 is atinme chart illustrating the

oper at itbatlofd ¢dteuiotereotal.dEblectuannizeey codiguied theod&irl a goltageiyd diharidutd,

FIG 8 is atinme chart illustrating the operation of the object detectlon

devi ce GIPRRE PRI aghipigrliviifat predeternppey regolpbion Angrpipah Qtedjrlsrlt%il
| ustr, ut th di b t
Idet gzt Ir@lﬁ fg‘gl"/(}l%l alos]a r{)llhjés %ES\E% ? ét segll;%ll(%g d?cr?tmf\)f F&S Sdlglgal va ue oufcputped obj ec

10 from the quantizer. The D/A converter is configured to, in response to receipt of the digital
value from the quantizer, apply a voltage corresponding to the received digital value to the
third inverting input terminal. The correction D/A converter is configured to provide the

correction analog signal to the third inverting input terminal.

15 [0026]
In the object detection device of the sixteenth aspect in accordance with the present
invention, in addition to any one of the first to fifteenth aspects, the A/D conversion circuit

is configured to convert the voltage signal to the first digital signal based on AX conversion.

20 [0027]

In the object detection device of the seventeenth aspect in accordance with the present
invention, in addition to any one of the first to sixteenth aspects, the digital filter is
configured to output the digital value indicative of the second digital signal in a serial
method.

25
[0028]
In the object detection device of the eighteenth aspect in accordance with the present

invention, in addition to the seventeenth aspect, the serial method is a BMC method.

30 Brief Description of Drawings



20FIG 10 is a schematic circuit diagramillustrating the configuration of

t he object detection device of the second enbodi nent, FIG 11 is a
schematic circuit diagramillustrating the configuration of the object
detection device of the third enbodi nent, FIG 12 is a
schematic circuit diagramillustratingit-he configuration of the object
25det ection device of the above third enbodi nent, FIG 13 is a
schemat[pezgii rcuit diagramillustrating the configuration of the object
detecti on device of the above third enbodi nent, FIG 14 is an

expl anat or ¥1di hgraaseheiohtisblogl dmgranhdlwpetiag toncoofigw¢ioobf detobitet ect i on
devi ce of the above third enbodi nent, 30FIG 15 is a schematic circuit
di agr arﬁquCFIB%Pl?‘éi?q ofghe ﬁéStﬁfT’r]Péiim%%‘ﬁfl guration of the object - 12 -

detection %‘?&I sfchte hgtlagl%ck ii]ﬁlgram 11fnpragmm%he éo Figltlrﬁttlonefthe obI $,a schematic

circuit diagfan’i Confi°glrati 6n“o LB L& St ect i on

devisce d%ﬁechbﬁ’d@ﬁ%&fﬁh@ﬁ%@'ﬂ?&r@mboﬁﬂgent FIG 17 is a schematic
circuit diagramillustrating the configuration of the prior 5infrared

detection deW TH.a DASchayptllwstradingEhb oghiramor of thO0Bj0¢t debdcRST d EENBCIAtNMENT)
10The infrared detection device 1 of the present enbodinent is defined as
an obj dust eebadanewn devi ce for detecting an object in a target space

det ection e ILn the esent
( F?é f is a time chart1 Eustratmg the operation of the object detection device of the

first embodiment,
10 FIG. 5 is a time chart illustrating the other operation of the object detection device of
the first embodiment,
FIG. 6 is a time chart illustrating the operation of the object detection device of the
first embodiment,
FIG. 7 is a time chart illustrating the operation of the object detection device of the
15 first embodiment,
FIG. 8 is a time chart illustrating the operation of the object detection device of the
first embodiment,
FIG. 9 is an explanatory diagram illustrating the output format of the digital
processing unit of the object detection device of the above first embodiment,
20 FIG. 10 is a schematic circuit diagram illustrating the configuration of the object
detection device of the second embodiment,
FIG. 11 is a schematic circuit diagram illustrating the configuration of the object
detection device of the third embodiment,
FIG. 12 is a schematic circuit diagram illustrating the configuration of the object
25 detection device of the above third embodiment,
FIG. 13 is a schematic circuit diagram illustrating the configuration of the object
detection device of the above third embodiment,
FIG. 14 is an explanatory diagram illustrating the operation of the object detection
device of the above third embodiment,

30 FIG. 15 is a schematic circuit diagram illustrating the other configuration of the object



enbodi nment, the object is a human body. In short, the infrared detection
device 1 is a human sensor. 15[ 0031] As shown in FIG 2, the infrared
detection device 1 of the present enbodi nent includes a pyroelectric

el ement 2, an I/V conversion unit (1/V conversion circuit) 3, an AD
conversion unit (A/D conversion circuile) 4, a digital processing unit 5,
and a control unit 6. 20[0032] The pyroelectric elenent 2 is

conf i guicedtib® dOutduftth@alsdde RERY embgNalent, N response to a change in an anount
of infrared |ight received fromthe target space. [0033] 25The I/V

conver si onFl@i 16 i8 aisshawaifd guredlidgyawohveratitgtbe confrgmnitiai grihé oijegm t he
pyroelectric elenent. 2 to_a voltage signal and output the voltage signal to
the Al DetsHORARiEPEGhs fougth eﬂ@d}mvtc%ﬁger sion unit 3 includes an

operati ona ifier 31.connected ta,the roelectric.el nt .2, a

chpact t 1 verlfehehe Chenilis P e el A Qe RS R FTREP Gt 11 er 31
to servgrasqdcfeesdback.Circuit, and a discharging circuit 30(discharging
unit) 33 for discharging the capacitor C. The operational anplifier 31 has
an - 13 - inverting input termnal, a non-inverting input termnal, and an
output termnal. The inverting input termnal of the operational anplifier
31 i s despeptienjof Bmbpdimenteel ectric el enent 2. The capacitor d is

i nterposed, between the inverting input termnal and the output term nal of
t he di @H@iging circuit 33. The non-inverting input term nal of the
50peragﬁ ]ﬁ%ﬁiiﬁhﬁﬁTﬁl is connected to a reference power source 32.

Ther ef ore, t%e reference power source 32 applies a reference voltage to the
nongi nver t TRidARM ddt8stiinRlice 1QP Y present embodibRnbisteRab@hdgn 6hje@uUit 33 i's
a reset switch, for exanple. The discharging circuit 33 10is configured to
f or m a dpizttiorf davidifechaeginggrt dbgecelres target sphar (deteciséroned). i fin thepeapaci tive

element C in response to receipt of a reset signal. [0035]
embodiment, the object is a human body. In short, the infrared detection device 1is a

human sensor.

15 [0031]
As shown in FIG. 2, the infrared detection device 1 of the present embodiment
includes a pyroelectric element 2, an I/V conversion unit (I/V conversion circuit) 3, an A/D

conversion unit (A/D conversion circuit) 4, a digital processing unit 5, and a control unit 6.

20 [0032]
The pyroelectric element 2 is configured to output a current signal in response to a

change in an amount of infrared light received from the target space.

[0033]

25 The 1/V conversion unit 3 is configured to convert the current signal from the
pyroelectric element 2 to a voltage signal and output the voltage signal to the A/D
conversion unit 4. The I/V conversion unit 3 includes an operational amplifier 31
connected to the pyroelectric element 2, a capacitive element (capacitor) C1 connected to the
operational amplifier 31 to serve as a feedback circuit, and a discharging circuit

30 (discharging unit) 33 for discharging the capacitor C1. The operational amplifier 31 has an



The AID conversion unit 4 is configured to convert the voltage signal
outputted from 15the 1/V conversion unit 3 to a correspondi ng digital

signal (first digital signal) and output the first digital signal to the
digital processing unit 5. The A/D conversion unit 4 has an upper limt
(VthO, in the present enbodinent) andi& lower Iimt (-VthO, in the present
enbodi nent) of the magnitude of the voltage signal which the A/ D conversion
uni t 4 igesttie® meit ternlifall hopiBsefits RFRO MR, adde AtPuCRAMBIaS] OMheunit 4 is
configured to convert the 20voltage signal to the first digital signa

based onveaEng owwéteinonal df GRB3@lerathmatiigptifdr rie cowsited tathapyFodladtindes a
digital filter 51 an judgnment circuit 52. 25[0037] The digital
filter elpmend2 coﬁ??6&PéﬂaﬁgﬂE&?Wﬁ%ﬁe%bﬁ@F%%ﬂFUﬁV%Bﬁﬁéﬁ@HﬁeﬁgvﬁhﬁﬁgIPrequency

|ncluded in [ and. dete fre uenc band ass.oc d with the
ob; ot o GiRB A PRT Vgt grOat S8 R iy SR R BRREL ARG

Si g9al b Ora@BnAdrl SIFRL B iPLARESS] Al re@agn&rp%%ﬁs&réé 8.t alhRrgRalye( second
digital signal) representing a waveform of the detection 30conponent, and

out put rtfaensepond duget32lapplignateferkicet oitaps £3RAMor DRI NE Rt tdigmind] ect i S
- 14 - a human body. The detection frequency band is a range of 0.1 Hz to
10 Hz. Further, in the present enbodinent, the digital filter 51 is
configwéeq:to output a digital value indicative of the second digital

si gnal 3 5 serial method. The serial nmethod is a BMC nethod. 5 [0038] The

j udgnent C’Tﬁeﬁ&'l'séhaéglng%lrgﬁ @%h gsug ?e%etg &Vll:()lljld B ’ex%’rﬁ;zl%d Pl @1@9131%%1%% r(]:qrcgllt %!Bt al

signal , whet ect exists 1n target spate

pr @sents @xhesica fornt i"ﬁalﬂiliﬂxgmaiaréihé EhH dle@Ac BargQNtb QUL Ghd &pﬁ@m@r e a
magni tude of the wavel ength represented by
element C1 in response to receipt of a reset signal.

[0035]
The A/D conversion unit 4 is configured to convert the voltage signal outputted from
15 the I/V conversion unit 3 to a corresponding digital signal (first digital signal) and output
the first digital signal to the digital processing unit 5. The A/D conversion unit 4 has an
upper limit (Vth0, in the present embodiment) and a lower limit (-Vth0, in the present
embodiment) of the magnitude of the voltage signal which the A/D conversion unit 4 can
convert. In the present embodiment, the A/D conversion unit 4 is configured to convert the

20 voltage signal to the first digital signal based on AX conversion.

[0036]

The digital processing unit 5 includes a digital filter 51 and a judgment circuit 52.

256 10037l
The digital filter 51 is configured to extract a detection component having a frequency
included in a frequency band (detection frequency band) associated with the object, from the
first digital signal, by subjecting the first digital signal to an arithmetic processing, and
create a digital signal (second digital signal) representing a waveform of the detection

30 component, and output the second digital signal. In the present embodiment, the object is



10 the second digital signal with a judgnent value (first threshold) Vthl
(-vthl), and to, upon determ ning that the nmagnitude of the wavel ength
represented by the second digital signal exceeds the judgnent val ue Vthl
(-vthl), conclude the object exists. The judgnment circuit 52 is configured
to output a detection signal having -a4hi gh | evel, upon concluding that the
obj ect exists. 15 [0039] The control unit 6 is configured to control
the di schahgi RalyCi TEsHdtedBnl ety RndaNARIndef 6]1i M pateHa |TwHdreguency
component fromthe voltage signal. The | ow frequency conponent is defined
as a ccohpopresent cmshodingerd, fhealgien djtendl isgretgwerd thertpat prmdet erlne ned
20frequency. The predeterm ned frequency is defined as a frequency not
gr eat erndipiye|ob ks second digitel sisngd jn pperig anctbrdec tlibe sepslaneibat i %%W The
control y “% 6 is configured to control the discharging circuit 33 based on
a periéﬁgg? set period) corresponding to the predeterm ned frequency to

di sgharge the electric charges stored in the capacitive element C. In the
present enbodi nent, the predeterm ned frequency is equivalent to the | ower
25 limloogs: 0.1 Hz). In brief, the | owfrequency conponent having the
frequency not higher than 0.1 Hz is elimnated. The reset period is 10
seconds whi'bhjudgmeot ciespofiiisnonfignrede jpdesdbeserd wnribel sqvend digitgtsignal, Hz) .
[0040] - 15 - circuit 62, a zero crossing de%ection circuit 63, an

abnor mahetReTof AghiRoPErt CHitte e tareRef Wi t IR BTER TSI MM the prot ecti on

Slu{ ggl téliu%gréﬁnl;c 919"{:1 ]il ?.‘? ;Iéhc%flﬁ &rie!i |th %()In? L& iaé&aé}n%tu@é“ ofi the gv%ggll[e%%ttﬁmer?%}egelﬁlﬁg gye a

gac me reset perio apses and ou e pul'se’ si gnal

t 0 1h he (ResRInLHiERHI digiPd wil DOAREMEREVARE GirSH PSSIhOR) YR LCVHON, Lidt6Uhfonb3 1S
configured to judge whet her or not a 10magni tude of the waveform

r epr esénteediiyg thwe tbeoopditaddegiftthd wavgaadth irsprbaemndd lyathe tsecoad pligthé tswnad ned
val ue. The zero crossing detection circuit 63 is configured to, upon
det er mieriends theeudempiitialie \Ghl{éhRaserbdmthepieos exsid %i}e tHemsat eI gi t al
et oot PO S ARAETE ot Rt paeBr T pEbT e et JnBhabeh B GalHE TR "
definegb@§m§kxglue corresponding to a nagnitude of
15
[0039]
The control unit 6 is configured to control the discharging circuit 33 in such a manner
to eliminate a low-frequency component from the voltage signal. The low-frequency
component is defined as a component having a frequency not greater than a predetermined
20 frequency. The predetermined frequency is defined as a frequency not greater than lower
limit (0.1 Hz) of the detection frequency band. The control unit 6 is configured to control
the discharging circuit 33 based on a period (reset period) corresponding to the
predetermined frequency to discharge the electric charges stored in the capacitive element
Cl1. In the present embodiment, the predetermined frequency is equivalent to the lower
25 limit (= 0.1 Hz). In brief, the low-frequency component having the frequency not higher

than 0.1 Hz is eliminated. The reset period is 10 seconds which is corresponding to the

predetermined period (= 0.1 Hz).

[0040]

30 In the present embodiment, the control unit 6 includes an oscillation circuit 61, a reset



15t he vol tage signal obtained when electric charges are not stored in the
capacitive elenent C. [0043] The abnormality judgnent circuit 64 is
configured to judge whether or not a 20magni tude of the waveform
represented by the second digital signal continuously exceeds a
predeterm ned threshold for a prescrifged tinme period. The abnormality
judgnent circuit 64 is configured to, upon determ ning the magnitude of the
wavef ordirciieB2es effodbsbingtda c6¢ tinEith P iah abn&ingiay judghiehhtiotst ¢4, @xceeds t he
predeterm ned threshold for the prescribed tinme period, output an

abnor mahhibytiai grrait Gabmda praitedtioncocuit 66nce signal) to the reset 25circuit
62. [0044] The inhibition circuit 65 is configured to judge

whet her or not the magnitude of the wavel ength represented by the second
digital @ ﬁnal exceeds an inhibition value |ess than 30t he judgnent val ue.
The i nhi ion circuit 65 is configured to output an inhibition signal -

16 5 to thenEes@hatd Ghiulc 64s LRAFuARL Rl qufspéignsh@acm&w {rddes et the
wavel ength represented by the second digital signal exceeds the 1 nhibition

val ue. pEh@diehipd dridotuteutribbiiptilsé Signsl ahé rgut @ctuitas20ut put a cancel signal to
the reset circuit 62 upon determ ning that the magni tude of the wavel ength
r epr esent ed by the second digital signal does not exceed the 5inhibition
val ue. [éﬁgﬁ The protection circuit 66 is configured to judge whet her
or not magni tude of the voltage signal exceeds a border value (Vth3)

not great efy,f Qé‘x% b {in g%%?erctll)ﬁ ”}réuléé/at{l Enﬁ%{%@d }EDOBH%)FE %ﬁ&ﬂhQP?Hé GUit 66 is

configured to output an excess signa cl rcul upon
10 magnitude of the waveform represented by the second digital signal is identical to a

predetermined value. The zero crossing detection circuit 63 is configured to, upon
determining the magnitude of the waveform represented by the second digital signal is
identical to the predetermined value, output a zero crossing detection signal to the reset
circuit 62. The predetermined value is defined as a value corresponding to a magnitude of
15 the voltage signal obtained when electric charges are not stored in the capacitive element

C1.

[0043]
The abnormality judgment circuit 64 is configured to judge whether or not a
20 magnitude of the waveform represented by the second digital signal continuously exceeds a
predetermined threshold for a prescribed time period. The abnormality judgment circuit
64 is configured to, upon determining the magnitude of the waveform represented by the
second digital signal continuously exceeds the predetermined threshold for the prescribed
time period, output an abnormality signal (abnormality occurrence signal) to the reset

25 circuit 62.

[0044]
The inhibition circuit 65 is configured to judge whether or not the magnitude of the
wavelength represented by the second digital signal exceeds an inhibition value less than

30 the judgment value. The inhibition circuit 65 is configured to output an inhibition signal



determ ning the magni tude of the voltage signal exceeds the border val ue.

[ 0046] The reset circuit 62 is configured to create a reset
signal based on the pul se signal and 15output the reset signal to the
di scharging circuit 33. [0047] In the present enbodinent, the reset

circuit 62 is configured to, in respotse to first receipt of the zero
crossing detection signal subsequent to the receipt of the pulse signal, to
200ut pub thheeseedefuitsi2gah de@rinheing tite e Giapgitede Ewhé wadeleddih actdieddnori t he
reset circuit 62 is configured to, unless receiving the zero crossing

det ect i lorthsisepeafl dizefabpignal dxegsde thesf inpibeldet wlnd. nddetinmbitiongimcnti &5riecei pt  of

t he pul se S|gnal out put the r?set signal to_the dlschargln circuit 33

af ter o£OPAFYED bt ottpat fbf-'aéﬁ@k%% Hedhet e g Clr%f Boupqn determipgne thakthe circuit 62
I's COI’lfIh nlﬁl%e Och%U&,g}l etn% ?esglgteﬁ Ib?nﬁ‘e secgnc\t olp gltgl na:aglsnrg)t%gcge%g Itltle 33 in

response to receip normal ity si [ occurrence
Slgma|hnh$hﬁn{@ﬁﬁg CIrCUIt 62 i's conflgured to output the reset signal to
the discharging circuit 33 in response to receipt of the excess signal. -
17 - [0049] The reset circuit 62 is configured such that, once the
reset CIrCUIt 62 receives the inhibition signal, the reset C|rcuit 62 does
not outﬁﬁﬁithe reset signal unless receiving the cancel S|gnal 5 [ 0050]

expl.anati on of resen def ection
gg\e“ ];gl | O\MI‘?)g prosce(%loglecgl%ut %g is Co%ﬁgured to Jnudge \J et%leEf) or not tthe algnltud } %
voltage signal exceeds a border value (Vth3) not greater than the upper limit (Vth0). The
10 protection circuit 66 is configured to output an excess signal to the reset circuit 62 upon

determining the magnitude of the voltage signal exceeds the border value.

[0046]
The reset circuit 62 is configured to create a reset signal based on the pulse signal and

15  output the reset signal to the discharging circuit 33.

[0047]
In the present embodiment, the reset circuit 62 is configured to, in response to first
receipt of the zero crossing detection signal subsequent to the receipt of the pulse signal, to
20 output the reset signal to the discharging circuit 33. In addition, the reset circuit 62 is
configured to, unless receiving the zero crossing detection signal before a lapse of
predetermined time from the receipt of the pulse signal, output the reset signal to the

discharging circuit 33 after a lapse of the predetermined time.

25 [0048]
The reset circuit 62 is configured to output the reset signal to the discharging circuit
33 in response to receipt of the abnormality signal (abnormality occurrence signal). The
reset circuit 62 is configured to output the reset signal to the discharging circuit 33 in

response to receipt of the excess signal.

30



[ 0051] 10As shown in FIG 1, the infrared detection device 1 of the present
enbodi nent includes the pyroelectric elenent 2, the I/V conversion unit 3,
the A/D conversion unit 4, the digital processing unit 5 and the control
unit 6. In the present enbodinent, the infrared detection device 1 used for
detecting a human body in a detection7area i s explained as one exanpl e of
the present invention. The application of the infrared detection device 1
is not [0B49lm ted to hurman body detection, but the infrared detection device
1 may be used for the other application (e.g., gas detection), for exanple.
[ 0052] The Thyrerst eictuii €2 slcemeanre@sychdbity encei thé resebdirduigbid reeiven thee
detection_area (target ZOS,pace‘)éZ and outputs the current signal in response
to ac H&R]é’é“anﬁl%fﬁlégﬁ Gefet greuhRs dase aPLREP PP dp8h SIRPHInlesgosRYing Hee | / Vv

conversj_qn unit13 has a configuration simlar to that of the I/V conversion

uni t ZéaﬁﬁﬂFEPﬁStrated in FIG 17, basically. The I/V conversion unit 3

i nclsudes the operational anplifier (first operational anplifier) 31. The
first operational anplifier 31 has the inverting input term nal connected
to the [pgsadel ectric el ement 2. The capacitor O is interposed between the
output termnal and the inverting input term nal of the operational

anmpl i fi er 3he foplewingipacietailed @rploppiiasoidhe aresapabiact deteetiamdayicef or f or mi ng
an AC feedback 30circuit. The reference power source 32 producing the
reference voltage is connected to the - 18 - non-inverting input term nal
of the gpgiational anplifier 31. [0054]

10 As shown in FIG. 1, the infrared detection device 1 of the present embodiment
includes the pyroelectric element 2, the I/V conversion unit 3, the A/D conversion unit 4, the
digital processing unit 5, and the control unit 6. In the present embodiment, the infrared
detection device 1 used for detecting a human body in a detection area is explained as one
example of the present invention. The application of the infrared detection device 1 is not

15  limited to human body detection, but the infrared detection device 1 may be used for the

other application (e.g., gas detection), for example.

[0052]
The pyroelectric element 2 receives infrared light from the detection area (target
20 space), and outputs the current signal in response to a change in an amount of the received

infrared light.

[0053]
The 1/V conversion unit 3 has a configuration similar to that of the I/V conversion unit
20 300 illustrated in FIG. 17, basically. The I/V conversion unit 3 includes the operational
amplifier (first operational amplifier) 31. The first operational amplifier 31 has the
inverting input terminal connected to the pyroelectric element 2. The capacitor C1 is
interposed between the output terminal and the inverting input terminal of the operational
amplifier 31. The capacitor C1 serves as a capacitive element for forming an AC feedback

30 circuit. The reference power source 32 producing the reference voltage is connected to the
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and the output (output value) of the I/V conversion unit 3 is re
SeepEs Btd dgnpoinry currentggnal pagmdpy receipt of jdraxpdlighinaidhei on uni
figuie .tq coq¥?rt t he out put value of the I/V conversion unit 3
Pohdi Y i gPt™1“ val ue. Specifically, the AID conversion unit 4
ts a voltage value (anal og value) received fromthe 1/V convers
to a 5corresponding digital value and outputs the digital value
goassl processing unit 5. In other words, the A/D conversion unit
ts an instantaneous value of the analog signal to a digital ser
quende tard foltving exfenatiogi inadrdeetoisahplifytthe explemadon, Teeoutp D of the

I/V conversion unit 3 at the operating point (reference voltage) is deemed zero. According
to this definition, the output of the I/V conversion unit 3 represents an amount of a change

from the operating point of a voltage outputted from the operational amplifier 31.

[0056]

The reset switch 33 is interposed between the output terminal and the inverting input
terminal of the operational amplifier 31 and is connected in parallel with the capacitor C1.
The reset switch 33 is turned on and off in accordance with the reset signal from the control
unit 6. When the reset switch 33 is turned on, the reset switch 33 serves as the
discharging unit (discharging circuit) used for forming a discharging path for discharging
the electric charges stored in the capacitor C1. In brief, when the reset switch 83 is turned
on, the voltage across the capacitor C1 is reset to zero, and the output (output value) of the

I/V conversion unit 3 is reset to zero (operating point).
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conversion unit 4 has an acceptable range (-VthO to VhtO, in this

enbodi nent) indicative of a range of an anal og val ue which the A/ID
conversion unit 4 can convert to a digital value. 10The acceptable range is
prelimnarily determ ned based on a reference voltage applied from an
outside circuit. When the AID conversi®on unit 4 receives an anal og signal
havi ng an anplitude not included in the allowabl e range, an output of the
Al D congesdion unit 4 is saturated. 15[ 0058] The digital processing
unit 5 judges whether or not a human body exits in the detection area,
based on t AgedVicoralersirgnailt 4rieceifigeddfto omveliehdoDpcomekesit ore it 4. 1n
nore detail, the digital processing unit 5 includes the judgnent unit
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t he absednad tv avdigitel iiat hiésemtepcﬁt andadutputothe dimta\bdhad dntvenséron. 28D 4 fal l s
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unit 4 to pass through. In the present enbodi nent, the dlgltaF processi ng

unit 5 asenvede dscuit. dMQwhahebﬂhdpaeﬁmmjmmEAr@he@eanahabgsﬁﬁébﬁﬁed;mﬂ as
" BPF") haV|€%1a passi ng band defined by a frequency range (0.1 Hz to 10 Hz,

i n t he agmdigedernct prderledenthe slovabhée roaesr.emousp rpdhaibepnversgpaneibt éd by the

pyroelectrlcdelenent 2 in response to human body 5detection. [0060] Simlar
to the pM43¥% nfrared detection device 1P as illustrated in FIG 17, when
an

15 [0058]
The digital processing unit 5 judges whether or not a human body exits in the

detection area, based on the digital signal received from the A/D conversion unit 4. In
more detail, the digital processing unit 5 includes the judgment unit judgment circuit) 52
configured to judge whether or not a human body exists in the detection area, by means of

20 comparing the output value of the A/D conversion unit 4 (corresponding to the output of the
I/V conversion unit 3) with a predetermined first threshold. When an absolute value of the
output value of the A/D conversion unit 4 exceeds the first threshold, the judgment unit 52
determines the human body exists in the detection area, and outputs the detection signal
having a high level. When the absolute value of the output value of the A/D conversion

20 unit 4 falls below the first threshold, the judgment unit 52 determines no human body

exists in the detection area, and outputs the detection signal having a low level.

[0059]
The digital processing unit 5 (digital filter 51) is configured to allow a signal

30 component having a frequency in a predetermined frequency band of the output of the A/D



anal og BPF is used, an elenent such as a capacitor having a relatively high
circuit constant 10is necessary to allow a signal in a range of 0.1 Hz to
10 Hz to pass through. Such an elenent is connected to an IC (integrated
circuit) externally. Wth this configuration, it is inpossible to provide a
circuit part of the infrared detectiozodevice 1 as a one-chip circuit. In
contrast, the infrared detection device 1 of the present enbodi nent enpl oys
t he di gohadrsiBPinAst t3pakd MAQkh. N1 iR BBOME embbERRhOMBe dikitaBYioeslRlzy yaag t can
be unnecessary and the 15circuit part can be provided as a one-chip
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af orenenti oned configuration, the current signal outputted fromthe

pyr oel depfidefipgddivemirequeney eaage &1 & to dOttre I/ Glerpagsnt sbedigsal ohiha he 1/ Vv
conversion unit .3, .and subs ently is, converted Jo the digital value by
Che A BE3ab Bty S BN R R b O AT KIS-EhE P B
progessjpgtibnit 5. The digital processing unit 5 judges whether or not the
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m croconputer (not shown) connected to an output side of the digital
procesdP¥fi@lunit 5, for 25exanple. [0062] In the infrared detection
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detail, the control uni
15 circuit part can be provided as a one-chip circuit.

[0061]
According to the infrared detection device 1 having the aforementioned configuration,

the current signal outputted from the pyroelectric element 2 is converted to the voltage

20 signal by the I/V conversion unit 3, and subsequently is converted to the digital value by the
A/D conversion unit 4, and finally is inputted into the digital processing unit 5. The digital
processing unit 5 judges whether or not the human body exists in the detection area based
on the inputted digital value. The digital processing unit 5 outputs a judgment result to a
microcomputer (not shown) connected to an output side of the digital processing unit 5, for

25  example.

[0062]
In the infrared detection device 1 of the present embodiment, the control unit 6 resets
the capacitor C1 by turning on the reset switch 33 at an appropriate timing, thereby

30  eliminating an undesired low-frequency component (hereinafter referred to as "undesired



i ncludes an oscillator (not shown) designed to output a clock signal each
time a predeterm ned period el apses. The predeterm ned period is selected
such that the undesired conponent is renmoved. The control unit 6 creates
the reset signal based on the clock signal. 15 [0064] The period for
determning the timng of generating-2he clock signal is determ ned based
on a frequency corresponding to an upper limt of the undesired conponent.
As an exapphat")ihaviegnsirérieady @ 1ak thitea braquentyedran@iet 8 frorhizhd outpt biz) of
the current signal 20which is generated by the pyroelectric elenent 2 in

r esponsiée 1y cheerhiunanitdet Eot exomple,Hee hodesired guepoyent orgpindnttiod t h a
frequency not less than 0.1 Hz is assuned to be the undesired conponent.

[ 0065] PBPANGY vdrch qFes 1 Hlee e sisay! depiehgontle appelectticlemyrt 2 he

undesi red, co nent is 0.1 Hz, .the ti of 10 seconds corresppnding to this
eevenBoh R TRRNE N hee® il Bavifodfnehki e iR PR BN RELE ARERARHRE Lot M o

t he 5cl Qgkse (H3RRI boWen the control unit 6 resets the voltage across the
capacitor C each tinme the period selected in the aforenmenti oned nanner

el apses, the undesired conponent is elimnated fromthe output of the I/V
conversion unit 3. 30ln other words, the control unit 6 and the I/V
conver 30Blunit 3 constitute a high-pass filter - 22 - having a cut-off

f i.valent to the f defj ni th , imt of th
unagsi 1ot CORPGREm {08} 6 SEGRET e roish el T bAl TERBSER TR e EHE dout put
ndesi red CbHBENdIit o ['B08E] CSFUFHER, o1h “tie t

Feednack iy PORERRRIR M o AV APHYER e B bieD, FRTH LR it 5

hasipa fswiehiz8ho Rised ihe velit@dd RlroBife Edpakfér CUNITh mdravbig, ie.Rassingsband of
0.1 Hz to 10 Hz. Therefore, the feedback signal is defined as a signal

obt ai nedcldesraemoriilagr (i shodesiesigded tnpopent clbdkorizidieadutipata of the I/V
conver i)lrgdgteligi}ledsﬁeri]é?l elapses. The predetermined period is selected such that the
undesired component is removed. The control unit 6 creates the reset signal based on the
clock signal.
15
[0064]
The period for determining the timing of generating the clock signal is determined
based on a frequency corresponding to an upper limit of the undesired component. As an
example, in consideration of the frequency band (0.1 Hz to 10 Hz) of the current signal
20 which is generated by the pyroelectric element 2 in response to the human detection, the

low-frequency component with a frequency not less than 0.1 Hz is assumed to be the

undesired component.

[0065]

25 In brief, when the frequency defining the upper limit of the undesired component is
0.1 Hz, the time of 10 séconds corresponding to this frequency is adopted as the period for
determining the timing of generating the clock signal. When the control unit 6 resets the
voltage across the capacitor C1 each time the period selected in the aforementioned manner
elapses, the undesired component is eliminated from the output of the I/V conversion unit 3.

30 In other words, the control unit 6 and the 1/V conversion unit 3 constitute a high-pass filter



[ 0067] The infrared detection device 1 includes the filter unit
(digital filter) 51 configured to allow, to pass through, a signal
conmponent which has a frequency included in a predeterm ned frequency band
of the output of the I/V conversion unit 3. The control unit 156 receives
the output of the filter unit as the-R8edback signal. \Wen the feedback
signal shows the first zero crossing after the generation of the clock

si gnal ,havii £LantoFthequbhdy Quiia@al @S tidReduesat defingitadhe i@ péis@tt of fiee Vol t age
across the capacitive elenent . [0068] 20In the present enbodi ment, as
shown iunde$iad @mpah¢rer t he generation of the clock signal which is created
each tinme the period of 10 seconds el apses, the control unit 6 outputs the
reset signal at the first zero crossing of the feedback signal to turn on
the re g@ witch 33 so as to reset the voltage across the capacitor C. In
this og ‘gﬁion, the zero crossing of the feedback signal neans the tine at
whi gh the Quipul ifthd H8sdh AdbBlinRn@ GRS SLR%t oPohe Wiital BrREGHIESNiL §80L I cal to
zero (operating point). In FIG 3, (a) shows the current signal inputted

i Nnto t hephttdd i@eNshercsh @6l wind ¢ ada faabad)igmhowss hbetiseltage: siogaahe out put t ed
fromthe I N conversion unit 3, and (c) shows the output (feedback signal)
of t he ddgitpl padceprinresis bigs arfiunctdn oftek didialdHInkilten enrtebeting tlenizdssinghe

out put value of the digital processin nit 5.i ctually a digital val ue.
Howeverbandiot 1 iggfard Ho Fheyetoye(ioy f%#ﬁ&@h%%l&f? iietegar ésﬁlgés%b&&ﬁwg b%obel ow,
t he out put value of the digital.progessin [ [ : an anal og
value.IB@OﬁﬁgPH%ﬁﬁ%§¥MFunn o?ﬂg%gﬁ%?%@uagﬂg g@ﬁmpﬁméP@ﬁﬂ%€§the current
sigpal including only the undesired conponent which has the frequency equal
to or less than 0.1 Hz is inputted into the I/V 5 conversion unit 3. In

this sileaami on, as shown in FIG 3 (c), the digital processing unit 5
outputs the feedback signal devoid of the undesired conponent to the

control uniThe gfrarpé deteetavataricsilgnelndereihe fitier yai (Gisital Bléerd bhpovfignred to
Therefore, the feedback signal sho .fluctyation as .shown in FIG 3 (c).
The. notb8¥ s BRe eI RIUCTH PRE: FEEABASR TEry R TRAFAY bt ai ns a

ci v oul Akl G0 RGEE S & chOGubbtoHABYRT ShOMsiihits Pt Rod ottt ALD
10conversion, and a noi'se which occurs 1n the digital processing unit 5

subsequaiteitd® thlluphDoiBB \igles BN as it B feeXBtRIsnaAf tVeked the fgainedsadipan of the
cl ock signal which is created each tinme the period of 10 seconds el apses,

t he comhowd therfirst Broctopiits aftérethe gsetrasipgnbiheatock kignzk tlee @nowEimig 60f t he
feedback signal (i.e., at the tine at which the noi se conponent becones
zer0) (CEAtesdbe resibsigatlita geschtheowdtapnacresiiheicpracitéye elemertdply o)

[0068]

20 In the present embodiment, as shown in FIG. 3, after the generation of the clock
signal which is created each time the period of 10 seconds elapses, the control unit 6
outputs the reset signal at the first zero crossing of the feedback signal to turn on the reset
switch 33 so as to reset the voltage across the capacitor C1. In this operation, the zero
crossing of the feedback signal means the time at which the output of the digital processing

25  unit 5 becomes identical to zero (operating point). In FIG. 3, (a) shows the current signal
inputted into the I/V conversion unit 3, and (b) shows the voltage signal outputted from the
I/V conversion unit 3, and (c) shows the output (feedback signal) of the digital processing
unit 5, and (d) shows the reset signal. The output value of the digital processing unit 5 is
actually a digital value. However, with regard to FIG. 3 (¢) and the other figures explained

30 below, the output value of the digital processing unit 5 is shown as an analog value.



Consequently, when the output of the digital processing unit 5 becones
zero, the control unit 6 resets the capacitor C. Therefore, it is possible
to suppress a fluctuation which would otherwi se occur in the output of the
digital processing unit 5 due to a voltage 20difference at the tine of
reset. [0071] As shown in FIG -£23-when the zero crossing does not
occur in the feedback signal even when a predeterm ned extension period

el apses fromthe timng of the generation of the 25 clock signal, the
control unit 6 turns on the discharging circuit 33 to reset the capacitor

Cl at tl@eAining of a | apse of the extension period. In FIG 4 (a) shows

t he out put (feedback S|gnal of the digital processing unit 5, and (b)
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generated by the oscillator. For exanple, when the period is 10 seconds,
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ext ensi on perlod el apses fromthe timng of generation of the clock signal,

t he capaoieton, @r dxgsmpes eAfianthd dgeaesftonef thecloukdésial edhichorpentdteacls
elimnated. 15 [0074 Moreover, in another nodification of the

pr esentingnihe deriehel 10sgcanlswipises, Hragongrol whis 6 oghryte Fhaspet seEnghgt the zero
SRR T R D R YT R MR R
shows tfset the voltage across the capacitor C1.
15
[0070]
Consequently, when the output of the digital processing unit 5 becomes zero, the
control unit 6 resets the capacitor C1. Therefore, it is possible to suppress a fluctuation
which would otherwise occur in the output of the digital processing unit 5 due to a voltage

20 difference at the time of reset.

[0071]
As shown in FIG. 4, when the zero crossing does not occur in the feedback signal even

when a predetermined extension period elapses from the timing of the generation of the

20 clock signal, the control unit 6 turns on the discharging circuit 33 to reset the capacitor C1
at the timing of a lapse of the extension period. In FIG. 4, (a) shows the output (feedback
eignal) of the digital processing unit 5, and (b) shows the reset signal. In brief, when the
zero crossing is not observed in the feedback signal even when the predetermined extension
period elapses from the timing of the generation of the clock signal, the control circuit 6

30 creates the reset signal to reset the capacitor C1 at the timing of a lapse of the extension



20out put (feedback signal) of the digital processing unit 5 and (b) shows
the reset signal. In this nodification, it is sufficient that the control
unit 6 outputs the clock signal irrespective of the output of the digital
processing unit 5. Therefore, the feedback signal fromthe digital
processing unit 5 to the control unit2d4-is unnecessary, and it is possible
to sinplify the circuit configuration. 25 [0075] In addition, the
controlpewigdlt 6 includes an abnormality protection unit. The abnormality
protection unit outputs the reset signal to reset the capacitor C when the
absol ute val ue of the output value of the I/V conversion unit 3

contin ousHy exceeds a first 30threshold for a predeterm ned all owabl e
peri od.l0 other words, in this infrared detection - 25 - device 1, the

control unit 6 includes the abnormal]t roof ecti uni t bnor mal i
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circuit 62) resets the capacitive elenment . [0076] In brief, when

t he i nfereatedtbde tthepdron dbévningethe inperadbetsvenn thratldok sigriads. alfookxareploahbee of
the out put value of the digital processing unit 5 exceeds the first

t hr eshSFEPYPRPEHOHERY §82E&F9%0%hi | e the human body is detected, as shown in
FIG 6 (a). Consequently, as shown in FIG 6 (b), the detection signal has
the high level and the low level alternately. In contrast, when the

i nfipar ¢gh7det ecti on device 1 operates abnormally, the detection signal is
likely to keep having the high level, as shown in FIG 6 (c). In view of

t hi s, whenAtdoeldisg &t ihewtheveeconfiguehivecdvieonn gisgnatiothabertetBe hifghred datettion
continues for the allowable period as 15shown in FIG 6 (c), the control
uni t 6 devicplinas e reatdes aidgthas thooptayieef thp digitaparacessinenigzdedsawh in FI G
6 (d)

abnor h,&FGIOO?IZ?Qeﬁoa?Vf}PHvé&e&éc?g?%ﬁ%g%gj% Sgﬂ%(f el%}gsiseg fr%(r)nnghieqyr{lg%io?géne\ﬁgt?og gfh}ﬁe
clock signal, the capacitor C1 is reset and therefore the undesired component is eliminated.
15
[0074]

Moreover, in another modification of the present embodiment, as shown in FIG. 5, the
control unit 6 may be configured to output the reset signal at the timing at which the
oscillator outputs the clock signal, so as to reset the capacitor C1. In FIG. 5, (a) shows the

20 output (feedback signal) of the digital processing unit 5, and (b) shows the reset signal. In
this modification, it is sufficient that the control unit 6 outputs the clock signal irrespective
of the output of the digital processing unit 5. Therefore, the feedback signal from the
digital processing unit 5 to the control unit 6 is unnecessary, and it is possible to simplify
the circuit configuration.

25
[0075]

In addition, the control unit 6 includes an abnormality protection unit. The
abnormality protection unit outputs the reset signal to reset the capacitor C1 when the
absolute value of the output value of the I/V conversion unit 3 continuously exceeds a first

30 threshold for a predetermined allowable period. In other words, in this infrared detection



20t he high I evel over the allowable period occurs in the operation of the

infrared detection device 1, the control 6 identifies the abnormality and

resets the capacitor C. After such reset, the human body detection can be
performed successfully. [0078] 25In addition, the control unit 6 includes

an Al D conversion protection unit. Wa@a-the absol ute value of an input of

the AID conversion unit 4 exceeds a third threshold falling within the

accept alhRe N aihgRodfrollift 6 NMRULd MR LA o Ny D rERANET $ihi0 thibdBirhalfty Galkn@pver t
to a corresponding digital value, the AJD conversion protection unit

out put sirchié 6d eséthsigatadiraug 62¢s éVhemhehechpaoida wiludG.the putptherluwof e I/ he
control unit 6 includes the AID conversion 30protection unit (the

pr ot ectPBYFIEPR enitt3 @atipwshirxceedsdhe piedeigrningd threpheld feribe apdstaymaned 26 -
val ue of. the inpu f the AL.D conversio nit 4.exceeds the third.threshold
Ve hs wilele e Pl abrg L TGP Rt ER ik HESIRERF T Rr SRe B % ne
aCC%ptqg&ﬁcﬁéﬂQGZﬂLs&@?hé%@H&F&@b@ﬂﬁBPGLA|D conversion unit 4 can convert
to a corresponding digital value, the A/ID conversion protection unit resets
the capacitive element C. 5 [0079] Especially, as shown in FIG 7,
the third threshold Vth3 serving as an upper third threshold is slightly

| ess tHBOW6l he upper linmt VthO of the acceptable range, and the third
threshold -Vt h3 serving as a lower third threshold is slightly greater than

the |ower I hh vhenthongpradgetetion eyt & opdtis normaly. dhe gosoplds VANGRE t he

out put val ue of -the.l/V.conversion unit 3 and}% % sh reset signal.
The’ CotbeatBulatas e S BNV ELBLAN WL b o HBRb Hre Bl 20T ) 9Nl

(the i npkbdivalyughidf tHehRind b SIGRY 848408 MRhbwAln mea).h@o%@dwﬁt%aésue of
the I/V conversion unit 3 reaches the third threshold Vth3 (or -Vth3), the

cont r olshewmh in BI@e @F, thaégedthm dgrapbins val high bivelt drel ths ove bavierlgiroatelyni t 3

exceeds the third threshold 15Vt h3 (or -Vth3), and outputs the reset signal
to resdn Ctprﬁéaséapla(m‘ thgAnfrpred detection device 1 operates abnormally, the detection signal

is likely to keep having the high level, as shown in FIG. 6 (¢). In view of this, when the
state where the detection signal has the high level continues for the allowable period as
15 shown in FIG. 6 (¢), the control unit 6 outputs the reset signal to reset the capacitor C1 as

shown in FIG. 6 (d).

[0077]
According to this configuration, when the abnormality that the detection signal has
20 the high level over the allowable period occurs in the operation of the infrared detection
device 1, the control 6 identifies the abnormality and resets the capacitor C1. After such

reset, the human body detection can be performed successfully.

[0078]

25 In addition, the control unit 6 includes an A/D conversion protection unit. When the
absolute value of an input of the A/D conversion unit 4 exceeds a third threshold falling
within the acceptable range of the input which the A/D conversion unit 4 can convert to a
corresponding digital value, the A/D conversion protection unit outputs the reset signal to
reset the capacitor C1. In other words, the control unit 6 includes the A/D conversion

30  protection unit (the protection circuit 66 and the reset circuit 62). When the absolute



[ 0080] According to this configuration, when the input of the AID
conversion unit 4 cones near to go beyond the acceptabl e range, the control
unit 6 resets the capacitor C so as to 20reset the output value of the I/V
conversion unit 3 serving as the input of the AID conversion unit 4 to zero
(operating point). Therefore, the inpa6-of the AID conversion unit 4 is
kept falling within the acceptable range, and thus the saturation of the
out put afuetdieheAnPuEOMUENID edhvdHidn dnit 3 caMQISIBME.thbanERINaANMEN3 whivd ik nf rar ed
detection device 1 can be successfully kept in a state capable of detecting
a hunmamelody to Fheottgneatdr thangdhobpkr\linhi3 V2B0refithb ecepisdle tangé hethapmert | i m t

Vt hO of the acceptable range, and the third threshold -Vth3 ngx/be equal to
t he | owdrch thei/Dcomyegsion uﬂ%é‘ aaceptesbioa oaregeondigoligital value, the A/Drpe
infrared det.ection device 1 igfludes.thqvéudeﬁﬁnt unit 52. The judgment

ci rcui COBGEIOLBIREAFER "PHE R BIUPRAVUY LEBF "t HE val ue corresponding to the
output value of the I/V - 27 - conversion unit with the first threshold
(judgnent value). The judgment circuit 52 determ nes the presence or
absencdom®] t he detection target based on whether or not the absolute val ue
exceeds the first threshold. When the absolute value is |l ess than the
second t hr Bsivoladly (gpy bhivbiin Fda. Vaheeird BysshokhYithBlterfing st an hpesghibird, t he

control unjt 6 gperates at a 5first operation node in which e control
uni t 6 thiesheld i theblY {45 thatptherypact ApatcY th0\vE the aspipirble yinss, i"l‘f{eﬂ‘ﬁﬁgﬁfiut e

val ue .‘%?ﬁ%%}‘iﬂ% Vg s\%ﬁzﬁrg%”gst%g%% ?}E{L Fhrtegh%tl&%“s}uéﬁt'rl]% gy%iaEerQh%?er b8 Rhid second

operati on nbde I n control uni perm to reset the

capaci tvid 2kieRolptadiBARR2] I rIdird ef),snvhi LR JulbsutaRsR 3t Re V&l BEveRbioh he
out put value of the I/V conversion unit 3 is |less than the second threshol d

whi ch iusitl3essl (bhanwshie fésesighdir eShotahtfod unitlbendmitrrntizodypdetabot dfdhe t he
control unit 6 operates at the first ogeratiqn node, VWil e the absolute
val ue &V cheersignpait 3dhempyt valve of reddRveereireian ypittd) 3 When theoutpiet second

e 11 Pati gpedTY Bir Rt STk gshEs B (G Ehres o VERBGE VA Fhe Shurce: 11

unit 6 determines the output value of the I/V conversion unit 3 exceeds the third threshold

15 Vth3 (or -Vth3), and outputs the reset signal to reset the capacitor C1.

[0080]
According to this configuration, when the input of the A/D conversion unit 4 comes
near to go beyond the acceptable range, the control unit 6 resets the capacitor C1 so as to
20 reset the output value of the I/V conversion unit 3 serving as the input of the A/D
conversion unit 4 to zero (operating point). Therefore, the input of the A/D conversion unit
4 is kept falling within the acceptable range, and thus the saturation of the output of the
A/D conversion unit 4 is avoided. Consequently, the infrared detection device 1 can be
successfully kept in a state capable of detecting a human body. The third threshold Vth3
25  may be equal to the upper limit VthO of the acceptable range, and the third threshold -Vth3

may be equal to the lower limit -VthO of the acceptable range.

l0081]
The infrared detection device 1 includes the judgment unit 52. The judgment circuit

30 52 compares the absolute value of the value corresponding to the output value of the I/'V



6 is allowed to output the reset signal. In contrast, in the second
operation node, the control unit 6 is not allowed to output the reset
signal. [0083] 20In nore detail, the control unit 6 conpares the out put
(feedback signal) of the digital processing unit 5 corresponding to the

out put value of the 1/V conversion une?-3 with the second threshol ds -Vth2
and Vth2, as shown in FIG 8 (a). Wen the output of the digital processing
unit 5 gRRSsiBEYANGvite el a808 résh¥id@udetneXt h2hie)efThaadigaent bigcsesmnd
thresholds -Vth2 and Vth2, the control unit 6 outputs a second node

swi t chidegersiigsahe borseswior @hsdncond th2 Bletehgorf targdt bapet @t whethepdendtdh¢ he second
operation node, as shown in FIG 8 en the output of the digital

proces 9bﬁ@ut@maﬂue5ﬁ%ﬁdﬁ $hefirshithreshdd r a‘%(b@n the\nbﬁ@uﬁeovaw%lz)le%éhwhw $5ondhe

i £ chit BT g B PO e SbaBRA b r et HBRY PoNHAT ror
oper at 'fﬂ%’t %E%g%mnalﬁo hﬂ%ﬂ:}pt}!é c trﬁl L(zg@ 6 is perl%%ted t[oqg§e4]the capamtl\% teﬂm{e?lgar dto

FI G 8 ows the output o I gital processing unit (the feedback

si gnal )wh@nthe ()0l 6120M8ud diRedd8 SRS sceb@NEHrestAN tRCJonBldDWSIL Bm@e@e@mm nmode
switching signal, and (d) shows the first node swi tching signal, and (e)
shows tshendepeeticomasle gmathichshp 0@88]L unit 6 is nphperratted fateseipde atpasitiveode, as
mentioned in the above, after the generation of the clock signal generated
with tB&%Eti od of 10 seconds, the control unit 6 outputs the reset signal
at the first zero crossing of the feedback signal to turn on the reset
switch 33 so as to 10Oreset the capacitor C. In contrast, in the second
opgpat ijggapode, the control unit 6 term nates the generation of the clock
signal, and stops the operation for resetting the capacitor C. Wen the
swi t ch from bhief, ghderck dpelad vadne nbide otitputt keluk iof te 6P ermakt<dom wwicl8 is s nmade
in response to the first node switching signal, the control unit 6 outputs

t he redess thayHwl seeanditheeshpldsthigleisdessrthan Fhﬁgﬁr@f thragholdfoy ﬁlatku@ﬁlg hedy after

t he switch of heo ratlon node. g contro ni pr.ns nthe
reset Safectirghe f‘B‘t élé*ft q(??éracfﬁi)%\tctijhfg} pem[qt?ﬁé%‘](fe &V u]8 th% a‘f%’ 1R V§

confi gue gt o%@put'dh&eho%th%/ﬁfacl!ﬂ;%r%ﬁ %ﬁh'aoé}c&%'t}?eeselon&'\éﬂr%sgmid‘?he%%%yt e val ue

of the output value of conversion unit excee t he second

t hrigsheingt 6 §28atR08RPRGELER opbratHnMdde!l EBEthe fitopotitMimMR, tie Rhtrbhenit/ V
conversion unit 3 is not reset to zero
6 is allowed to output the reset signal. In contrast, in the second operation mode, the

control unit 6 is not allowed to output the reset signal.

[0083]

20 In movre detail, the control unit 6 compares the output (feedback signal) of the digital
processing unit 5 corresponding to the output value of the I/V conversion unit 3 with the
second thresholds -Vth2 and Vth2, as shown in FIG. 8 (a). When the output of the digital
processing unit 5 goes beyond the range (-Vth2 to Vth2) defined by the second thresholds
“Vth2 and Vth2, the control unit 6 outputs a second mode switching signal for switch from

25  the first operation mode to the second operation mode, as shown in FIG. 8 (c). When the
output of the digital processing unit 5 falls within the range (-Vth2 to Vth2) defined by the
second thresholds “Vth2 and Vth2, the control unit 6 outputs a first mode switching signal
for switch from the second operation mode to the first operation mode, as shown in FIG. 8
().

30



(operating point) before conpletion of the operation of the human body
detection. Therefore, it is possible to prevent delay of the detection
signal and failure of the output of the detection signal which would

ot herwi se be caused by the reset of the output value of the I/V conversion
unit 3 prior to the conpletion of the2®peration of the human body
detection. 25Consequently, the sensitivity of the human body detection can
be enhgpe®g. [0087] As mentioned in the above, the object detection
device 1 of the present enbodinent is an object detection device for

det ecti ng Wi¢h olzpetto F1i6h. 8he@) slvgathe spaae of thhdinbil eciceshateatit 61ith80devi ce 1
of the present enbodi nent includes the pyroelectric elenent 2, the I/V
conver dpesthack siggal), agil :@Lﬁh@we Fhrareseiriianad e <§m’ﬂfwys the seprndARPYecIHlFdING on

circuit. D version unit) .4 the digital filter 51, the .jud nt

ci v cut it 2 YRSt Pt e et a Rl bt o0 e bp bSO REH
confsigured to output the current signal in response to the change in the
anount of infrared light received fromthe target space. The I N conversion
ci rcui tlo@slncl udes the operational 5anplifier 31 connected to the

pyroel ectric elenent 2, the capacitive element C connected to the

oper at i onaln drepliist preraddn meds ep weendisnedva the ebldyvackiteithe gereratiomlof the

di scharging. circuit 33 for discha&qbng the capacitive element C. The |I/V

conver $T5h Sgnpkginerated githdhe peioddf 105CeoHvdRe ot dattbttreisdhareseb t he
vol t age. si_gnal out put .t he l.t age . si.gnal .. Th | D._cony [ circuit 4
' conrigirBn e IR B b BP BBR R H R TR A G0 an

100yt pybsel; ige Sadphsitord 01 TRkorttARa0 thd BRofH G @Miord hbdEkhddont 1 GRMATI gured to
extract the detection conponent having the frequency included in the

f r equeneymibated thdgineedticmnffthedodkndynddand) stgssbe bpdretomidr lredehtignpthieect , from
the waveformrepresented by the first digital signal, by subjecting the
first d¢reacitar C4i gWaen the thechalrom phetacendoonsedas) mefe tarile éF%é’P@”aﬁlﬁé mde ond
digital signal represepti t he wayeform of the detectjgon co nent, and
out put 't RETS QLR 1 1 T 5EP G AT e F UG (e G U § CBo TS PEgRTE gur ed
Lo ] udghmaPASEY (L) LDEcSEEANG: b UeiBholcANR hae MIRINEL OF it bl forORbRET

exists In the target space.” The control Unit 6 is configured to control the

di sehargiusghe kéudltund3s tuns b€ thedreBRNKREICH 138 t&kdsBt thatcapddiwr loaw- f r equency
component fromthe voltage signal. The | ow frequency conponent is defined
as a conponent having a frequency not greater than the predeterm ned
frequeggy. The 20predeterm ned frequency is not greater than the | ower
limt &9086he frequency band (detection frequency band). The control unit 6

I's configuped o copLl %'ngt he disgharging glroult, 23,0as¢ ﬂ%’@%égbeof’u%” od
(reset peri‘6dj*'core espondrig s’ 'ne®predét er i ned Trequency to di schar ge

the el gehklo iNAABAS S8R e 1A ohfer6iBR Gt etk BREM o thrésoRD SR
20 capacitor C1 is not reset. The output value of the I/V conversion unit 3 is not reset to zero
(operating point) before completion of the operation of the human body detection.
Therefore, it is possible to prevent delay of the detection signal and failure of the output of
the detection signal which would otherwise be caused by the reset of the output value of the
[/V conversion unit 3 prior to the completion of the operation of the human body detection.

25  Consequently, the sensitivity of the human body detection can be enhanced.

[0087]
As mentioned in the above, the object detection device 1 of the present embodiment is
an object detection device for detecting the object in the target space. The object detection

30 device 1 of the present embodiment includes the pyroelectric element 2, the 1I/V conversion



Further, in the object detection device 1 of the present enbodi nent, the
control unit 6 includes the oscillation circuit 61 and the reset circuit
62. The oscillation circuit 61 is configured to create the pul se signal
each time the reset period elapses (create the pulse signal with the reset
period) and output the pul se signal {Z®@the reset circuit 62. The reset
30circuit 62 is configured to create the reset signal based on the pul se

si gnal @aRrdit@UV Redvelkd6n unit)3) the ABS&InvEls@halirch® (AMecod&ERANGIiNG, Ser dgtitdl 33.
The discharging circuit 33 is configured to formthe path for discharging

t he el €dteribd, dhandprsens tor@d 52,mntlibe capad uhitve &heppnele@ricialemagfoinse t o
recei pt of the reset signal. 5[0089] Further, in _the object detection
devi ce configuredho gtpaicihe carpbsiapHin respensednthothagss in Beiamaupgesinfisged er o

i tecti i it,63. T ir tecti i it 63 i
el AL ICTEN.  E SERE REESTERETNC
represent Qitegﬁl E&ﬁle&gﬁ Qn %eﬂ!ﬁbé}@:{tﬁg bl%gl%t $Sht %gltcfft%lele'ﬁ%ntt ke BhEYELLfM ned

val ue, an , upon determning magni tude of the waveformrepresented
by t he tseepdidtichagiatplifist SN seb®e dsdB B8 Fde@BdckicOrctiiCarfolr thd &l Rh Mighede: mal tLss,

out put the zero crossing detection signal to the reset circuit 62. The
reset dordisdhardng ity @onfiiigueledenoCl rllheddpomgersiap ditepgts iseeeligiredfo t he zero
crossing detection signal subsequent to the receipt. of the pulse signal, to
out put PRETT Besrriepgpgpalits thherligiee gl i uer ¥idhe volsage sygpalp Bifet/dr i ned

val ue .8, delined 25, 2 YakiG.qe8 LeSRAAL DYk %’sf“gn%rr’t%%gé‘!ﬁtrs‘%dcﬁ%i%’il ol G Yol t age
S|gnal O%tal ne&l en e ec%nc charges are r%ot stored Int capacitive

el apentoufdut thORRRLiJHA LBRAL  THe iGaPRItECE1 Db Otdih@Ntd&YIaeetht REeckidg Present
enbodi nent, the reset circuit 2062 is configured to, unless receiving the

zer o creomgomgt detiagthofre@iegpaincheboietta frapsecydfanfirédettenniramednty mnd)
(extension period) fromthe receipt of the pulse signal, output the reset
si gnal aseyciaihel With chaskjedigren thavevei@mrapassepted ydbe frstidigitad siaal by ni ned

falnbrrgm %g%g%dq%tggg%%{1dg%4tal&?ﬁnta?go t?xlgja%%}tlmgt% gr%ggs(s){;]lgfiaea/ . (gfgat]é tg(]:, sécgrexd B{g?t%'lent

signal representing the waveform of the detection component, and output the second digital

15  signal. The judgment circuit 52 is configured to judge, based on the second digital signal,
whether or not the object exists in the target space. The control unit 6 is configured to
control the discharging circuit 33 in such a manner to eliminate the low-frequency
component from the voltage signal. The low-frequency component is defined as a
component having a frequency not greater than the predetermined frequency. The

20 predetermined frequency is not greater than the lower limit of the frequency band
(detection frequency band). The control unit 6 is configured to control the discharging

circuit 33 based on the period (reset period) corresponding to the predetermined frequency

to discharge the electric charges stored in the capacitive element C1.

26 [0088]

Further, in the object detection device 1 of the present embodiment, the control unit 6
includes the oscillation circuit 61 and the reset circuit 62. The oscillation circuit 61 is
configured to create the pulse signal each time the reset period elapses (create the pulse
signal with the reset period) and output the pulse signal to the reset circuit 62. The reset

30 circuit 62 is configured to create the reset signal based on the pulse signal and output the



i ncl udes the abnormality judgnent circuit 64. The abnormality judgnent
circuit 64 is configured to judge whether or not the magnitude of the
wavef orm represented by the second digital signal continuously exceeds the
predeterm ned threshold (first threshold Vthl) for the prescribed tine
period (allowabl e period), and to, upgn- determ ning the 30nmagnitude of the
waveform represented by the second digital signal continuously exceeds -
31 - thesdakpael @rtht ARdhidieshelid 3Bor T @ siiaesias thadt 83 HeopBFired to Rukput the
abnormality signal to the reset circuit 62. The reset circuit 62 is

conf i guhedathdoodisgutrginb¢he es@ric shapged stbedtihéhadiapatitivglegent £ i resgBnsen
response to receipt of the abnormality signal. 5[0092] Further, in the

obj ect ta&teptcbthedesatsigntl of the present enmbodi nent, the judgnent circuit
52 is configured to conpare the nagnitude of the wavel ength represented by
the second digital signal with the judgnent value (first threshold Vthl),
andst o,[pgapn determ ning that the nmagnitude of the wavel ength represented
by the second digital signal 10exceeds the judgnent val ue, conclude the
obj ect (huRarthbgdy thd dbjdcheetpétmeitivice Myd chamatent @XibsdiSnent e cartislamitmi t 6
includes the inhibition circuit 65. The inhibition circuit 65 is

conf i gurdwdesdh¢ eetgeraspiosderecioen ponitéde Fheatrogdessol detrstiaviet s s

represented by the second digital sign ceeds .t he inhibition, val ue
(secon&o?ffeﬁ”é% %R W%tﬂﬁre%rsnoé ﬁ%enmﬁ%h}a%dﬁ%Wavéfrrabre@r?wedméﬁ%% hol d

vthl), .sé&gd%?%%?gi%ﬁﬁl ik Ii]cgeniti?%licfgit%% ;S’ﬂt%ﬁéﬂe%ﬂl'eiiwlu%hg?nd g onC&thHz%ign e upon

det er mi ni ng e magni e wavel ength represente the second

di git almSngaad ohe 8REs ot MGep B dIbd hyPthe\atdi@ didfd sledaDistipattichh® thancel
signal to the reset circuit 62 upon determ ning that the magnitude of the

wavel epgédetarepnaisenttedutput thezese cosdngligettain Sgrghéd tldoesetrotuig$@ecthd he
i nhibition value. The reset circuit 62 is confi?ured such that, once the
reset EpTebeireuibd2 eerbigmred than resppnsete st spagivdiof thavere egernodetpetian t 62

does not output the reset si | unless receiving the cancel signal. [0093]
Fur t e FDRRSE] BB FereBett B Tt Bed (§Pu i Ut BShieWieMiont . t he
AlD CoRYLh Sk GichtWsl #h08s dbREmHRASAIe iTHL VIR Ofalld & FRESM AR T The
vol tage signal” which 25the AI'D conversion circuit 4 can convert. The

cont r olmagRitlid®of the hbldes difiv] porairdtwien oldctéidiarfs.ard het goRUdesthon circuit

66 is configured to judge whether or not the nagnitude of the voltage

si gnal caectdslanmtidr der value (third threshold) Vth3 not greater than the
upper limt VthO, and to output the excess signal to the reset circuit 62

upon determ ning the magni tude of the voltage signal exceeds the border
val ue Kﬁﬁél The reset circuit 62 is

Further, in the object detection device 1 of the present embodiment, the reset circuit
20 62 is configured to, unless receiving the zero crossing detection signal before a lapse of
predetermined time (extension period) from the receipt of the pulse signal, output the reset

signal to the discharging circuit 33 after a lapse of the predetermined time.

[0091]

25 Further, in the object detection device 1 of the present embodiment, the control unit 6
includes the abnormality judgment circuit 64. The abnormality judgment circuit 64 is
configured to judge whether or not the magnitude of the waveform represented by the
second digital signal continuously exceeds the predetermined threshold (first threshold
Vth1) for the prescribed time period (allowable period), and to, upon determining the

30 magnitude of the waveform represented by the second digital signal continuously exceeds



30configured to output the reset signal to the discharging circuit 33 in
response to receipt of - 32 - the excess signal. [0094] In other words,
the infrared detection device 1 of the present enbodi ment includes the
5pyroel ectric element 2 and the I/V conversion unit 3. The |I/V conversion
unit 3 is configured to convert the cawrrent signal to the voltage signal by
use of the operational anplifier 31 connected with the capacitive el enent

G for theesh@edtmidda@hldsHoldTWVEBE HrQRribEl $imd pbSodloay il ele Whidimb ey disahar gi ng
unit 33 configured to create the discharging path for discharging the

el ect r ito tehmsgasrcatt@®e dThardshiecizajpdliis cudigetene puitpt thd teset sifndrtethe
10detection device 1 is provided with the control unit 6 configured to
cont r ol ditgcharginasebaigidig rasmionsal reepipted dhe PHerpabigcigiale el ement O at such
a timng that the | owfrequency conponent having the frequency not greater
than the predeterm ned frequency is elimnated fromthe output of the I/V
conver ghggpyuni t 3. 15[ 0095] In addition, the control unit 6 includes the
oscillatiron circuit 61 designed to generate the clock signal with such a

pr edet er m maekhpeih Gk dbhiat dédesidnowvice aqencyrecRRAMOMEM NS, the fie@ehnt The
control unit 6 is configured to create the reset signal in response to the
cl ock simgnalb2anchnligeretilie coragat thd gaahitide of tlkewatedenstls edpredeataidpaidiet | ve

element d. 20 [0096% , Accordin? t@ithe infrared detection device 1

with tHeceRdsigiplsignpbwith Kpa Arpwant Flindirgdgresholdgbibapd & WBARt 6 control s
the res SW.tc serving,a he di.schargin njt so as t.o.reset the
vor ¢ agd el e Tt ted Blabh PRI R O Galh BRI e PR B8 BRoa AubERRl e ¢ e

25updesiieds GRTRAARNM: ValRMddiRd0 ¥k P e R h dhen hddY, GOMEGHSdcANeMBbdimdnt)! N
brief, a change in an environnent tenperature is |likely to cause an

undesi reethtd. 0ht ce@gudnay Conpdeetie inhibtinhaeuit@5r el'lad indiibition sirelét €tsi on
target (e.g., a human body) in the output current outputted fromthe
pyr oel eenfigugedtogimer whethfiner nog Ahpagnifydecd fire watelenghle rempseatesidoydideect i on

device 1 TR ying L shoe Egnllgucatl on can el ke auch g
possi b lj&dgtxﬁ)en%\(rgjug Bt 't'ﬁrre%(fc?Vﬂh),ea{r{d%%ﬂﬂﬁlt the inhibition signal to the reset circuit
15 62 upon determining that the magnitude of the wavelength represented by the second
digital signal exceeds the inhibition value, and to output the cancel signal to the reset
circuit 62 upon determining that the magnitude of the wavelength represented by the
second digital signal does not exceed the inhibition value. The reset circuit 62 is
configured such that, once the reset circuit 62 receives the inhibition signal, the reset

20 circuit 62 does not output the reset signal unless receiving the cancel signal.

[0093]
Further, in the object detection device 1 of the present embodiment, the A/D

conversion circuit 4 has the upper limit VthO of the magnitude of the voltage signal which
25  the A/D conversion circuit 4 can convert. The control unit 6 includes the protection circuit

66. The protection circuit 66 is configured to judge whether or not the magnitude of the

voltage signal exceeds the border value (third threshold) Vth3 not greater than the upper

limit VthO, and to output the excess signal to the reset circuit 62 upon determining the

magnitude of the voltage signal exceeds the border value Vth3. The reset circuit 62 is

30 configured to output the reset signal to the discharging circuit 33 in response to receipt of



- 33 - detection which would otherwi se occur due to such undesired
conponents, for exanple. [0097] Mreover, in the infrared detection device
1, only the pyroelectric element 2 is 5connected to the input termnal of
the I/V conversion unit 3. Therefore, in contrast to a situation where the
i nput resistor is connected to the i-82ut term nal of the I/V conversion
unit 3 as explained in the above background art, the S/INratio of the I/V
conver $h@Bxddi digshican be inproved. In brief, with regard to the situation
where the input resistor is connected to the input termnal of the I/V
conversion unit 3, when a noi se conponent occurs 10in the input resistor,
such a noi se conponent also is inputted into the 1/V conversion unit 3.
This cd®@¥d a decrease in the S/Nratio of the I1/V conversion unit 3.
Especially, in orde 0 .downsi .he infrar detection device .1, normally,
e Fes ot i iPeits HEJPRERaER-FAT dr el (e RSBt bt UBe s

t hesi n%‘;‘zi«oeﬁe‘%ﬁ‘ié&%ent@&nd GRIIRk ?o'ﬁ@%rs%fn GHEE AHERY SIiviRifl GITBRLs O eatly

depends on the tenperature. Therefore, a variation in the resistance

15causeniduréd thanget ke dutfnt SIFRET RItHE Qoltgeis@bERS 6k dthdo@Ratifit ease in

t he resistance of such a resistive elenent. A decrease in the resistance of
t he i nputplifies Bt tomeray wedudbe cammcitneredasenti(l far fehdbavhl 'Hod ¥ cofiverfieni nput
resistor. Thus, the S/INratio of the I/V conversion upit, 3 nay be

decr ead®f 3 Baprondss) with the dipghaggpg i3 caplagred inrredfethedisphargingdatiefact i on

device ;1 with the abpve,configuration, to.elimnateth nq$sired
corrponéihstcwarighnég %lgr?%rc% ¢ cl]jlﬁlr%esg%é%n nrtgl é:aﬁf%émteienﬁr?legntgql’vﬁlhgﬁn ar‘ﬁ‘aadcapaci tor d

of 1hhe bl MiGORMEEST RPréidd With $hd 98! udib 86t 8ed N @nEG! {iREERAGIGIRE r CUI t
including the input resistor is unnecessary. nsequently, it is possible

t o el i miniad3eo asseR Bef fapatitiod elamant € ataudedibingtthet (e loedcHgaekeyci r cui t
including the input resistor, and the S/Nratio of the I/V conversion unit
3 can lsempersnbhadng plpo@ejuency not greater thapdhelpyegpiprmined fresuengydd det ecti on

devi ce e 1rr1(1)r];atteCY| g‘oglrt?lg %Qgpu% r(;rPt%gIIRP &tnvgr%%nsu%gp é‘eSS

15 [0095]

In addition, the control unit 6 includes the oscillation circuit 61 designed to generate
the clock signal with such a predetermined period that the low-frequency component is
removed. The control unit 6 is configured to create the reset signal in response to the clock
signal and use the reset signal in order to reset the capacitive element C1.

20
[0096]

According to the infrared detection device 1 with the configuration explained in the
above, the control unit 6 controls the reset switch 33 serving as the discharging unit so as to
reset the voltage across the capacitor C1. Therefore, it is possible to eliminate the

26 undesired component from the output of the I/V conversion unit 3. In brief, a change in an
environment temperature is likely to cause an undesired low-frequency component which
has no relation to a detection target (e.g., a human body) in the output current outputted
from the pyroelectric element 2, for example. In contrast, the infrared detection device 1
employing the above configuration can eliminate such undesired low-frequency components

30 as undesired components. Consequently, it is possible to avoid occurrence of erroneous



30an effect of the undesired | owfrequency conponent on the output of the

I /V conversion unit - 34 - 3 yet the infrared detection device 1 can
inmprove the SINratio of the I/V conversion unit 3. folool Additionally, in
contrast to a situation where the DC feedback circuit is interposed
S5between the output term nal and the3snput termnal of the I/V conversion
unit 3 as explained in the background art, the infrared detection device 1

of the RELEHENHERAAIDBINEr RS SccOPHudRRGch NBddAzeh %@ﬂﬁ&@ﬁt&, ifdrGathtapleTher ef or e,
the circuit of the infrared detection device 1 of the present enbodi nent

can be downsi zed. 10[owW ] In the present enbodi nent, the Al D conversion
unit 4 is a AE (delta-sigma) A/ D convertor. In other words, the A/D
conver P¢lunit 4 performs a AE conversion process. Therefore, it is

possi bl e tg downsize the AlD conversi.on unit _4 and inpraove the accuracy of
the AlD colererbin the iaredrsiiegrpgrvice 1 o e aygiefost oy GBERET g unit 5

out B i1yl Bk Al A0l AD: SR Ll AN 8 ESRRGLAL o cfBsfioun 1n FIG

9 (a), igital processing unit uses a signal format including a start

bi t 10Litudtib@ivRereithd Sipu ud by i$Q&nnedted@d e inpht SrANR oSS dRJFersth
operation node judgnent 20result 104, and a stop bit 105. The main filter
out put ub@23 asnekiptatelsinghe hhet datloreousaryahe &/Mfratio f thadlV avhivekionsingi ai ned
by elimnating the undesired conponent fromthe output of the I/V

conver $pBRe iptoval. pyn hpigh &itdsreparsidp fbe tiationrpiere bie inpet 1eptEdhver si on uni t

3 through tP digital,K BPF, in ixm | ar _manner,as the f.eedback signal. The
det ect RS RrE B! R EeonTewBata i Luar SRCBRM 08 of
t hgodetgetd APuticdiith; sulh RRL BhbOLnTANS i?RpUHIITRRL thEF W cbndkddoh RHitGAL S
t he operation node.
This causes a decrease in the S/N ratio of the I/V conversion unit 3. Kspecially, in order to
downsize the infrared detection device 1, normally, a resistive element incorporated in an
IC (integrated circuit) serves as the input resistor. The resistance of such a resistive
element greatly depends on the temperature. Therefore, a variation in the resistance
15  caused by a change in the temperature is increased with an increase in the resistance of
such a resistive element. A decrease in the resistance of the input resistor may cause an

increase in a thermal noise of the input resistor. Thus, the S/N ratio of the I/V conversion

unit 3 may be decreased.

20 [0098]

In contrast, according to the infrared detection device 1 with the above configuration,
to eliminate the undesired component, the control unit 6 controls the timing at which the
capacitor C1 of the I/V conversion unit 3 is reset. Therefore, the DC feedback circuit
including the input resistor is unnecessary. Consequently, it is possible to eliminate an

25 effect of a noise caused by the DC feedback circuit including the input resistor, and the S/N

ratio of the I/V conversion unit 3 can be improved.

[0099]
Accordingly, the infrared detection device 1 of the present embodiment can suppress

30 an effect of the undesired low-frequency component on the output of the I/V conversion unit



[01031 The digital processing unit 5 outputs the digital signal with
16 bits (the main filter output 102 has 10 bits, and the stop bit 105 has 3
bits, and the others have 1 bit) in 30synchronization with a transni ssion
clock signal (e.g., 1 MHz) shown in FIG 9 (c) through - 35 - one serial
comuni cati on process. Since the digidgal processing unit 5 superinposes
various data on the transm ssion clock signal, the digital processing unit

S can sepd thhsvabd QUSctARIRvIEE @ QR EnSilogf ke $/NNBtio DREHEIVEveldiod $niP@ssi bl e
to reduce the nunber of termnals of the digital processing unit 5 and to

downsi ze the infrared detection device 1. 5 [0104] The digital
processigg&unit 5 enpl oys a BMC encodi ng nethod as the serial manner. In
t he BM3O odi ng nmethod, the output level is inverted for each cell. In

brief, the di.git rocessing unit.5 converts the output .by.use of the BMC

CBi phase vadutiasaly R ATERTL AT bt e et gp D PR il ¥ aaPRt | e ort e
: % , . i tal X

uni £ 5 ReEEl, tho FOREEATRYR 0B SRR rdrlhifii B o PLonve ol 3k BT eSS NG

met hod ,exﬁﬁﬁleﬂﬂﬁ @E’@Sacﬂ@-ﬁo&n@fart': Me h6ardd0dct@tion Hévicdasethereddne e BhEdigREOdI NG
met hod. Further, the digital processing unit 5 inverts the output |evel for
each celoks nBepkdés; DCHedbadK cirmeansTherefome thé arcuasedhé orfrareddstettisn ng

pre- encoded data corresponding to 15one bit. [0105] As nentioned in the
above, derie diofthediressnewbedingntisan bexiog@eizéine t he BMC encodi ng met hod.
Therefore, the output level is always inverted for each cell. Thus, a
signal 20 hardly includes a | owfrequency conponent, and an effect of the
Iowmfrggugmcy conponent on the input of the I/V conversion unit 3 is
reduced. Consequently, even when the infrared detection device 1 is
downsi zed, Ti thd fre@@$ sinbbdinicat, ShiP AITE s veksadnt wiit hds ANE Cdelwaoiigda)od/er wi se
occur due to a voltage between the input of the I/V conversion unit 3 and
t he outcputerf. timeotb¢rgiards, the de swivaypiamintit § perfgrmoq gBjconversion process.

Therefore, it is possible to downsize the A/D conversion unit 4 and improve the accuracy of
the A/D conversion unit 4.

15
l0102]

The digital processing unit 5 outputs the digital signal in a serial manner. HKspecially,
as shown in FIG. 9 (a), the digital processing unit 5 uses a signal format including a start
bit 101, a main filter output 102, a detection signal state 103, an operation mode judgment

20 result 104, and a stop bit 105. The main filter output 102 indicates an instantaneous value
of a signal which is obtained by eliminating the undesired component from the output of the
I/V conversion unit 3 by means of passing the output of the I/V conversion unit 3 through
the digital BPF, in a similar manner as the feedback signal. The detection signal state 103
indicates a state (high level or low level) of the detection signal. The operation mode

25  judgment result 104 indicates the operation mode.

[0103]
The digital processing unit 5 outputs the digital signal with 16 bits (the main filter
output 102 has 10 bits, and the stop bit 105 has 3 bits, and the others have 1 bit) in

30 synchronization with a transmission clock signal (e.g., 1 MHz) shown in FIG. 9 (c) through



( SECOND EMBODI MENT) The infrared detection device 1A of the present
enbodinment is different fromthe infrared detection device 1 of the first
enbodi ment in that the I/V conversion unit 3A 30operates in a differential

circuit manner. - 36 - [0107] In the infrared detection device 1A of the
present enbodi nent, the pyroelectricasl-enent 2 has a first end and a second
end. 5 [0108] The operational anplifier of the I/V conversion unit 3A

i ncl udesedetihl ®nnORBERIh PResANBinkitBE di3kdl HavdsB@ganit § Sipekilip@Edsi Ng i nput
termnal and a first output termnal, and a second operational anplifier
312 hawangpuadstecarite tmvnentssiog claopsignaktind digltalggrdeeasise cortd h@oanptie
termnal. The first inverting input termnal of the first operational

anpl i f i'@riogy datayigepmastadingo Thraelpre &tis aphitde to wdugn/thg aluatber plteenimint 2.
The secqnd i.nverting .input termnal of the secand operati.onal anplifier 312
"o conrlebelitte hE bR Bl Al T rRe PR RRREHFTE T5 0100

In addition, the capacitive element of the I/V conversion unit 3A includes
a first capacitive elenment Cl1l and a second capacitive el enent Cl2. The
first depegitive elenent Cl1 is interposed between the first inverting
input termnal and the first output termnal. The second capacitive el enent
Cl2 is int éhpdszid! berewwsme uted sepbnea iBMe pnjoding meiod 20 tler seriphinaaner. t he

d t i nal . [0110 The |/V i it 3 inc|ud
G 11 or GRUDAIMEL PR Reiohe Bheras AL BHBITEA FEFTSoPlE ot Pyl B U8 Bt put

a_di fferrgc%‘é%n%’et%i‘@%%m?er%’s%% %?ﬁ)g% L2g, tl'hgz %ﬁw(‘?g’ﬁ‘f%&sg;hg!wrﬁ @%e% {ARaQut put

25vo|tébe 0 TSt opera nal anp I er a voltage o t he
seciond Rithpuin BNy th e AUtPUMOd FRGS 1L NeoS86ek e, QR]AGVH ANRIG. 9

anplifier 312). The voltage signal outputted fromthe |I/V conversion unit 3
i s def i(hetheadigialgirgrasing epitésentdendata ofdVefodd i @f' 10'hiersdd b erecBME.

encoding method, and encodes data of "0" to "00" or "11" based on the BMC encoding

method. Further, the digital processing unit 5 inverts the output level for each cell.

Besides, the cell means a time slot used for transmitting pre-encoded data corresponding to

15 one bit.

[0105]
As mentioned in the above, the digital processing unit 5 performs the BMC encoding
method. Therefore, the output level is always inverted for each cell. Thus, a signal
20 hardly includes a low-frequency component, and an effect of the low-frequency component
on the input of the I/V conversion unit 3 is reduced. Consequently, even when the infrared
detection device 1 is downsized, it is possible to suppress chattering which would otherwise
occur due to a voltage between the input of the I/V conversion unit 3 and the output of the
digital processing unit 5.
25
[0106]
(SECOND EMBODIMENT)
The infrared detection device 1A of the present embodiment is different from the
infrared detection device 1 of the first embodiment in that the I/V conversion unit 3A

30 operates in a differential circuit manner.



- 37 - In nore detail, as shown in FIG 10, in the present enbodi nent,
the IN conversion unit 3A includes the first operational anplifier 311
connected to one end of the pyroelectric elenent 2, and the second
operational anplifier 312 connected to the other end of the pyroelectric

el ement 2. Interposed between the outgguit termnal and the inverting input
Stermnal of the first operational anplifier 311 is the first capacitive

el enent (first capacitor) Cl1 which serves as a capacitive elenent for
constituting an AC feedback circuit. Interposed between the output term nal
and t hdolowerting i nput term nal of the second operational anplifier 312 is
t he second capacitive el ement (second capacitor) Cl2 which serves as a
capaci t i velethenpharddgletectiag dptics 16l e racepbedblirert. thapsroelyraicoper at i onal
10anplifier 11 d 312 have th on-inverting input term nals connected
to the‘*%?%igﬁﬁéagﬁﬁ%$&E%$h%%m ﬁﬂ%ch suppl i es the reference vol tage.
[0132] Further, there is a first reset switch 331 which is interposed

bet ween the output 15term nal and the inverting input termnal of the first
operatijorg] anplifier 311 so as to be connected in parallel with the
capacitor CIl. There is a second reset switch 332 which is interposed

bet ween t h&heopqratiottadpmiphéibr efitte {/Necohvareioh ung dAnpyludees firstapewtionile second
oper at i onal an?lifier 312 so as to be caonnected_ in parallel with the

capaci glifien3lithaing ¢ Spstipvprine gwat fasdpalagdiachiss ospyt gindoand 2 ¢ ur ned
on and off .in a%pordanqﬁgr';i%ihe 20r eset signal fomthe control .unit 6.

f
second operational am aving a second Inverting input terminal an ond .
[01131 KBFeovEr, COn%arsieon "UNI t sAP e Udes fat it erent i al

ambi fioGEpu@itdithdl, ©TRE BYdROvebfis Ilpiuk CrARELIRY LIRSt BPMRh b8 b mPfifier] B Sis
differential amplifier circuit outputs a 25voltage signal which is

cor r espormdhicted tb theafist ghdf thadyealectre dddmentd. f Tae esroad heteweeninphe out put
voltage of the first operational anplifier 311 and the output voltage of
t he sedeomundydithe seoerd orengdidnp] ampfior 31248 casanipfl do thetpecandrepd obpher at i onal
anplifier fll,h?s the output term nal connected to the inverting input

t er m n&VTSETHE SRS oper ati onal anplifier 34 via a resistor RlL1. The
second operational anplifier 312 has the output term nal connected to

15 [0109]
In addition, the capacitive element of the I/V conversion unit 3A includes a first
capacitive element C11 and a second capacitive element C12. The first capacitive element
C11 is interposed between the first inverting input terminal and the first output terminal.
The second capacitive element C12 is interposed between the second inverting input

20 terminal and the second output terminal.

[0110]
The I/V conversion unit 3 includes a differential circuit (third operational amplifier) 34
configured to output a difference between a voltage of the first output terminal (an output
25 voltage of the first operational amplifier 311) and a voltage of the second output terminal
(an output voltage of the second operational amplifier 312). The voltage signal outputted
from the I/V conversion unit 3 is defined as a signal representing a waveform of the

difference.

30 [o111]



30t he non-inverting input termnal of the third operational anplifier 34
via a resistor Rl12. - 38 - Interposed between the output termnal and the
inverting input termnal of the third operational anplifier 34 is a
resistor R13. The third operational anplifier 34 has the non-inverting

i nput term nal connected via a resistgr-R14 to the reference voltage source
configured to provide the reference voltage. 5 [0114] Besi des, in
FIG 10, thendtdiaenversben infid. ¥, anthetgiesedt ginbalinRhQeRSFVREn AN 5 are
illustrated as one unit, and the digital processing unit 5 has an out put

si de conﬁb&%édhtbsdxs@@takwhmmmManéﬁar&thhguﬁ@hmumegedbéﬂkywuw&pﬂﬂcthe
out put of the digital processing unit 5. 10Further, in the instance shown

i n Fl GelepgentZnand fhy S@W@pgia@wn@rﬁm@er@ﬂ%CW@C@éﬁ%?resqtbﬁ Wi the the
digital ssi.n ontrol, unit 6A seri i.nterface 7
re or GoRGTICBRetichi Jne ErhBOTRT B etiFry Mo b Rk BBy o e
casg Lierd@hlorbnd 568 o gaﬁ%m%ﬂlmew@l ABRY GrstlBfadifide &&ﬁyﬁr@mr&aﬁ&%ﬂ?’/* of
t he present enbodi ment includes, as the operational amplifier first
oper at i@nalhispdrivéd Bra 3bicicion Blealeatfol aoamieuemnta ACrisédbaciddiraifit. t he

pyroel ectric elenment 2 and the second operational anplifier 312 connected
to t he lotaemse@hetvese tionditewidieroinal hed pyrioetisioe iirtdbement ofzhe Fivend / v

conver si on un|t 3A outputs_ the voltage. si naI |ch is corresponding to the
si gnal OPREteatapepl B'Irer?ﬁ%lszféaﬁ?% SRS %ﬁaﬁa'flt%ﬁﬂgagmf t he

first OQR}I‘ ?Las Q n?pafci%mgl gef Ie(?lrt (81 fg%ncit%grga%% ﬁg&batcﬁlc}rggﬂ? Olf'heto g]f I o%glnd

operatlona I er ing to s configuration, the I/V

convyer singyhfdiy 31 13Ad0EIMLS tite@nviak 288 ﬁpﬁrtallml%ﬁrs%ﬁﬁe%mmdltﬁgréfé)feh&e
di fference between the output voltages of the first and second operational

anpl i f ipewsr @hitceadwBiER supfiies eficoredsrende votapossi bl e to cancel an in-phase
conponent which nmay be caused by a |leak current fromthe termnal of the
pyroel ectric elenent 2 to the substrate and a di sturbance noise. In
addithg Lhe above configuration can suppress chattering which would

ot her %9 ccur due to a voltage between the input of

Further, there is a first reset switch 331 which is interposed between the output
15 terminal and the inverting input terminal of the first operational amplifier 311 so as to be
connected in parallel with the capacitor C11. There is a second reset switch 332 which is
interposed between the output terminal and the inverting input terminal of the second
operational amplifier 312 so as to be connected in parallel with the capacitor C12. The
first and second reset switches 331 and 332 are turned on and off in accordance with the

20 reset signal from the control unit 6.

[0113]
Moreover, the I/V conversion unit 3A includes a differential amplifier circuit

employing the third operational amplifier 34. This differential amplifier circuit outputs a
26 voltage signal which is corresponding to a signal indicative of a difference between the

output voltage of the first operational amplifier 311 and the output voltage of the second

operational amplifier 312. For example, the first operational amplifier 311 has the output

terminal connected to the inverting input terminal of the third operational amplifier 34 via

a resistor R11. The second operational amplifier 312 has the output terminal connected to

30 the non-inverting input terminal of the third operational amplifier 34 via a resistor R12.



30the I/V conversion unit 3A and the output of the digital processing unit
5. - 39 - [01171 Further, the IN conversion circuit 3A includes an
abnornmality detection circuit 35. The abnornality detection circuit 35 is
configured to obtain at |east one of the voltage of the 5first output
term nal and the voltage of the secomBoutput termnal as a detection

vol tage, and judge whether or not the detection voltage is included in a

pr edet ehpdrpedd batkgen tROSWRBLL fean@fl asd MRNhveREE iReLtaw)mindNek tabtpul  an
abnormality signal (abnormality detection signal) to the reset circuit 62
upon detperationalgmplifar 3thea detigot Rbh Vidletthye operationaliangllifided4 has thee
predeterm ned range. In the present enbodinent, the reset circuit 62 of

10t he CUWR{IPHITHIGA TP AemEnglgnpnesiedda eaedsiop B4 thiherafaince valiage 08r€he reset

switches 331 d 33 nstituting the discharging circuit in response to
SR

recei pt*°of C1a8T%eCt 7B signal . [01181 15In other words, the

| /Vsconversion unit 3A includes the abnormality detection unit (abnormality
detection circuit) 35 configured to detect an abnornmal val ue of at | east
one of [bhetjout put voltages of the first operational anplifier 311 and the
second operational anplifier 312. The abnornmality detection unit 35

conpar es aBepidessin BHe 16f thel¥Dognpursioy einttadpesl e didiel bracstsimperibd ponal
anplifier 311 and the second operational anpljfier 312 wﬁth 20a

pr edet éﬁ?ﬁthaéﬁd PO B ﬁﬁé§ﬂ%ﬂ’§1‘3§ ogesHEdet et PATRCHP T Hd¢ prasHet & 2 gr eat er

than the. . r %ﬂﬁl n edqi : t val t age of
t he opg§%%ﬁ§%%F”%26$| é%?%T%%%?yg%%ugggggﬁ%Qg#%?$éﬁ#Fﬁ¥%&?%§%Hggﬁ%l range
defiipnedrdbhet Ng thostdhca@BRovi frl IId. el ahdSonve RBnARMOS, WRE AITY cAIRERSIH ON uni t
35 determ nes that the output voltage of the operational anplifier 311 or
312 hasmiithe thddigitaid rovabine unériyl tieutoptitod ubih € AalmbthesskeribyinPSficg fTalre

(abnormality detection signal) to the control unit 6A. [01191
' providéd as one-chip IC (Integrated Circuit) 10 and are housed in a case 11.

[0115]

15 As described in the above, the I/V conversion unit 3A of the present embodiment
includes, as the operational amplifier, the first operational amplifier 311 connected to one
end (first end) of the pyroelectric element 2 and the second operational amplifier 312
connected to the other end (second end) of the pyroelectric element 2. The I/V conversion
unit 3A outputs the voltage signal which is corresponding to the signal indicative of the

20 difference between the output voltage of the first operational amplifier 311 and the output

voltage of the second operational amplifier 312.

[0116]
According to this configuration, the I/V conversion unit 3A outputs the voltage signal
25  corresponding to the difference between the output voltages of the first and second
operational amplifiers 311 and 312. Therefore, it is possible to cancel an in-phase
component which may be caused by a leak current from the terminal of the pyroelectric
element 2 to the substrate and a disturbance noise. In addition, the above configuration
can suppress chattering which would otherwise occur due to a voltage between the input of

30 the I/V conversion unit 3A and the output of the digital processing unit 5.



The control unit 6A includes the abnormal voltage protection unit (reset
circuit) 62. The abnornmal voltage protection unit (reset circuit) 62 is
configured to output the reset 30signal in response to receipt of the
abnormality signal fromthe abnormality detection unit - 40 - 35 so as to
turn on the first and second reset swggches 331 and 332 to reset the
capacitors Cl1 and C12. In other words, the control unit 6A includes the
abnormal voltage protection unit (reset circuit) 62 configured to reset the
capacitive elenent (capacitor) C in response to occurrence of an event
where d0117ast one of the output voltages of the first operationa
Sanplifier 311 and the second operational anplifier 312 does not fal

wi t hi n t he"Hehaalthe HY genteasiph @60%934 H@l‘f(’@ﬁ apbpermedip lefeetind ¢reaittdss t h

t hresh In brief ut, vol es of t first
oper at OaPhaY et e it 8 CulRinet 5l rbRar st A B %8 5 ses o
fal |5 \Mffrg'ﬂ dﬁt}gtﬂeceﬂgfngﬁgn({ ﬁl@%ltgger 6fncﬁg sog%ngl B@tptlf)wrﬁl%aﬁ@g fdetetcﬂoﬁ b&l@%@m ds,

t he abnornmal voltage protection unit resets the capacitors Cl1 and Cl12. 10
[ 0120] and judgeBasitiesr nbotHeal¥p@Een hi€ageut pletudédlit ageedterbligedsRagnd
operational anplifier 312 with the fourth and fifth thresholds, the
abnornémmmwldeﬁﬁc®nmmwmnedb@@Wbﬁndh@mptesehnmen%@ﬁwgeﬁﬁahmmm@bbs an

el ectrical potent& at a connection point of the resistor RL2 and 15t he
resi st (iAo sippyip i the reset pagyt B Heen tﬂ%l%hﬁﬁaﬁrdécheﬂn VW?e%ﬁ BR%tabnor mal

| ner easx?clgc%ii tﬁ‘é’nor maldegrease rn the out B%Inoo i et?g%e 9ese€ QfeudP aft  onal
anpl i fier occurs ‘dlie to such as a current Trom

terngi Nghe aa‘nutob@ni@mqg k&b Rl RPRAthe rdsft §iBea138 DR Feadi@waitHe S3 I aﬁidtﬁdzance
noi se, the infrared detection device 1A can detect such abnormality at a

first penstittitgethe/Nscharpies Sraix inrespodpe @freeeigt afche dbrionanBofddtentiedi ately. I n
the infrared detection unit 1A, when an abnormal increase or an abnor nal
decr eas®"®h the output voltage of the operational anplifier 311 or 312
occurs, the abnormal voltage protection unit resets the capacitors Cl1
25and Cl2. Therefore, it is possible to avoid saturation of the output of
the 1/ :ﬁgpversion unit 3A which woul d otherw se occur due to an effect of
t he i n-phase conponent.

15 In other words, the I/V conversion unit 3A includes the abnormality detection unit

(abnormality detection circuit) 35 configured to detect an abnormal value of at least one of
the output voltages of the first operational amplifier 311 and the second operational
amplifier 312. The abnormality detection unit 35 compares at least one of the output
voltages of the first operational amplifier 311 and the second operational amplifier 312 with
20 apredetermined fourth threshold and a predetermined fifth threshold (greater than the
fourth threshold). Upon acknowledging that the output voltage of the operational
amplifier 311 or 312 does not fall within the normal range defined by the fourth and fifth
thresholds, the abnormality detection unit 35 determines that the output voltage of the
operational amplifier 311 or 312 has the abnormal value, and outputs the abnormality

256 signal (abnormality detection signal) to the control unit 6A.

[0119]
The control unit 6A includes the abnormal voltage protection unit (reset circuit) 62.
The abnormal voltage protection unit (reset circuit) 62 is configured to output the reset

30 signal in response to receipt of the abnormality signal from the abnormality detection unit



[0122] The ot her configurations and functions of the present
enbodi nent are sane as those 30of the first enbodinent. - 41 - [0123]

(THI RD EMBODI MENT) As shown in FIG 11, the object detection device
(infrared detection device) 1B of the 5present enbodi nent includes the
pyroel ectric elenent 2, the I/V convefosion circuit 3, the Al D conversion
circuit 4B, the digital filter 51B, and a correction circuit 8. [01241 The

COr r ect3snd adtb tur® ontek @S ndkeatid UsdciBRitchbrizB1 8hd 3B2l tares & the GhpRiofd A
converter 1082. The adjustnment unit 81 is configured to create a correction
di gi t alCKli gnlal12. ndin cter werdsf the dootweof et Gia megudes porlewrmef vdltage voltedpe
signal based on th f| rst digital signal outputted fromthe A/ D conversion
ci rcui tunABrespheirfudiloL e t%ﬁﬁf&h@ﬁ%paﬁﬁsveame@al@ﬁw%@ Y €4P¥Set han a

pr edet rrglch%den]::rg ueencéﬂ g att PP oS rmtgg Jl’{ egeu Xfl &t ngxta ar ater
t han t hé Fower s fm"t e C0" T HE 4" n"Fhe preself empodihe S PREHRPECt i on

f requenﬁypmggu 415& &etéa&rﬂro%éﬁd%{ongﬂi}ﬁﬂhﬁ@%ﬁz dBé'benoQ&’eﬁﬂ@&ﬁ{rmh@%r&ﬁﬁquenCy i's
identical to the lower Iimt and is O. . The correction D/ A converter 82

i s confiaggtr @dinkd bg @Hib/ﬁhfthtthﬁesﬁ@]ﬁraﬁhdtth@ﬁftﬂIt@ietsﬁild Silgnatefiwheh A48 0hé 6N
anal og signal and output the correction analog signal to the Al D conversion
ci r cui tthdputpROF@tersd of the firgtmpepytpnebreliisrdd 1 and thy ﬁec@ml @I@rfetmﬂai gured to
nal. fromthe gol ta gq,l and convert
Hg: and fifth

the. r ottt 5%5@%&'@9 &1 koS PR e fget ay th
thresholds, the abnormal voltage protection unit resets the capacitors C11 and C12.
10
[0120]
Besides, to compare the output voltage of the second operational amplifier 312 with
the fourth and fifth thresholds, the abnormality detection unit 35 of the present

embodiment monitors an electrical potential at a connection point of the resistor R12 and

15 the resistor R14.

[0121]
According to this configuration, when an abnormal increase or an abnormal decrease
in the output voltage of the operational amplifier 311 or 312 occurs due to such as a leak
20 current from the terminal of the pyroelectric element 2 to the substrate and a disturbance
noise, the infrared detection device 1A can detect such abnormality at a first part (the I/V
conversion unit 3) of a circuit thereof immediately. In the infrared detection unit 1A, when
an abnormal increase or an abnormal decrease in the output voltage of the operational
amplifier 311 or 312 occurs, the abnormal voltage protection unit resets the capacitors C11
26 and Cl12. Therefore, it is possible to avoid saturation of the output of the I/V conversion

unit 3A which would otherwise occur due to an effect of the in-phase component.

[0122]
The other configurations and functions of the present embodiment are same as those

30 of the first embodiment.



[0126] 25The AID conversion circuit 4B includes an integrator 41, a

quanti zer 42, and a D/ A converter 43, and a resistor 45. [0127]

The integrator 41 includes a third operational anplifier 412 and a third
capacitive 30el enent 411. The third operational anplifier 412 has a third
inverting input termnal, a - 42 - third non-inverting input termnal, and
a third output termnal. The third inverting input termnal is connected to
the I/V conversion circuit via the resistor 45 to receive the voltage
signal. The third capacitive elenent 411 is interposed between the third

i nvertildgRdlnput termnal and the third output terminal. The third
non-inverting input termnal is 5connected to the correction D/ A converter
82 to r@@éﬁ@%hﬁﬁ DEYENRt i on anal og signal. In other words, the correction

DA t 82 i fi d igde th t. I i |t
the chira AatoRye g b M ebiPiir EesariorE R Rog Wdedt™ 1

ConfSi g_“HrQQn‘: QmQ&ﬂ}ﬁ%flg in@lu\ﬁgé E@%r@lec&ﬁ@el‘ameﬁp&cmé Wtcoﬁ&‘errm)ﬂ@irmﬁt 3}'[&1‘5@ t _hi rd
operational anplifier 412 to a'digital value at predeterm ned resolution

and outfpDtcohWesidh girt it 4Badhy @igitbh@ltbi 558, aGidGi doddectsdrgnaduiti & defined as a bit
sequence indicative of the digital value outputted fromthe quantizer 42.
In the present enbodi nent, the predeterm ned resolution of the quantizer 42
is one bit. 15 [0129] The D/ A converter 43 is configured to, in
respons[gl%‘% recei pt of the digital value fromthe quantizer 42, apply a

vol tage congesponding i HIRALEEehYEs:Alo\h~ls Wakue bR AAEDL I ety er ting
I nput term nal. %C
10 82. The adjustment unit 81 is configured to create a correction digital signal indicative of
a low-frequency component of the voltage signal based on the first digital signal outputted
from the A/D conversion circuit 4B. The low-frequency component has a frequency not
greater than a predetermined frequency, and the predetermined frequency is not greater
than the lower limit (0.1 Hz in the present embodiment) of the detection frequency band.
15 In the present embodiment, the predetermined frequency is identical to the lower limit and
is 0.1 Hz. The correction D/A converter 82 is configured to convert the correction digital

signal to a correction analog signal and output the correction analog signal to the A/D

conversion circuit 4B.

20 [o125]
The A/D conversion circuit 4B is configured to subtract the correction analog signal

from the voltage signal and convert the resultant voltage signal to the first digital signal.

[0126]
29 The A/D conversion circuit 4B includes an integrator 41, a quantizer 42, and a D/A

converter 43, and a resistor 45.

[0127]
The integrator 41 includes a third operational amplifier 412 and a third capacitive

30 element 411. The third operational amplifier 412 has a third inverting input terminal, a



[ 0130] The digital filter 51B includes a first filter unit 510 and a
second filter unit 520. The first filter unit 510 is configured to convert
the first digital signal to a third digital signal represented by nmultiple
bits and output the third digital signal. The second filter unit 520 25is
configured to create the second digit{42-signal by subjecting the third
digital signal to an arithnetic process. [0131] In the present enbodi nent,
the adjtust MBRinkRiihg Sbudtertdi@alCoHd £atii DSt terBinas 30@aRfridgeveetnt tmpugcei ve
the third digital signal fromthe first filter unit 510. The adjustnment -
43 - unpetmigdl is sorgenfed o tledl/V oomreatrecitdie \otheaptistom 4@itgirdcalve shgnatagby
subjecting the third digital nal to an arithnetic rocess [0132] 5The
obj ect sitdebctlibgihigd garast meﬂwwgﬁérllilqum% dPpgveend td @veidiietingst and t he
cont roI unit. 6 e not Addi.t.i onal al so the
i s har g CRr g SYoRh et o PPEA fohTereting P9 3L % P

f ol bowicfhighcoliGo PEERERLGIBALLARBL ! 82 EXRLANE cbiedfhldaioe Ad] 1n As
shown in FIG 12, the infrared detection device (object detection device)
1B of thierpreessnlie @tbfBm ciiveud8sistchefigiyedel @otide chetrrrtibn 2nalbhe [ /V
conversion circuit 3 15connected to the pyroelectric elenent 2, the AAD
conver sigonl orthe tliBl somwettenk nput tsemiyall conversion circuit 3, the digital
filter 51B connected to the AID conversion unit 4B, and the correction
circuit 8.

[0128]

10 The quantizer 42 is configured to convert a voltage of the third output terminal of the
third operational amplifier 412 to a digital value at predetermined resolution and output
the digital value. The first digital signal is defined as a bit sequence indicative of the
digital value outputted from the quantizer 42. In the present embodiment, the

predetermined resolution of the quantizer 42 is one bit.

15
[0129]

The D/A converter 48 is configured to, in response to receipt of the digital value from
the quantizer 42, apply a voltage corresponding to the received digital value to the third
inverting input terminal.

20

[0130]
The digital filter 51B includes a first filter unit 510 and a second filter unit 520. The

first filter unit 510 is configured to convert the first digital signal to a third digital signal
represented by multiple bits and output the third digital signal. The second filter unit 520
25 1is configured to create the second digital signal by subjecting the third digital signal to an

arithmetic process.

[0131]
In the present embodiment, the adjustment unit 81 of the correction unit 8 is

30 configured to receive the third digital signal from the first filter unit 510. The adjustment



[ 0135] 20The AID conversion unit 4B includes the integrator 41, the

quanti zer 42, and the D/ A converter 43. The integrator 41 is configured to
integrate the input signal (the voltage signal of the I/V conversion
circuit 3). The quantizer 42 is configured to quantize the output of the
integrator 41. The D/ A converter 43 i43configured to convert the output of
the quantizer 42 to the correspondi ng anal og val ue. Besides, interposed
bet weennttd ik LA IO PheCdob@biidn SigRAkiE bl Bl BIcQhe 4ird Sigida®
resistor 45. [01361 The integrator 41 includes the operational

anpl i f isemal tohinr dtithpetiaprans. anplifier) 412 in which the capacitor (third
capacitive elenent) 411 is interposed between the inverting 30i nput
terminal (third inverting input termnal) and the output termnal (third
output[ - f4 termnal) of the third operational anplifier 412. The third
operati%ﬁ% anplifier 412 receives the input signal (the voltage signal)
from the |4y, GOONALRIQM GVIGUE fduiRt il dhick BNER LRGN AR doold dakoddtdll F d
inverting 1nput termnal). The quantizer 42 conpares the output voltage

(t he vahttayduathel e hétishdwaud Put. 11er Kdadlohaldf, aldoeht alseigirain@rciddit BBhat i s,
an Sintegrated value) with a predeterm ned threshold, and converts the
anal og nvialllyetrhediic &LGvEL.of the integrated value to the correspondi ng
digital value. In the present enbodi nent, the quantizer 42 uses one
threshold to convert the anal og value to the corresponding digital value of
one bit[O]_3 p[0137] The D/ A converter 43 converts a delay value to a
correspondi ng anal og val ue and provi des the anal og value to the inverting
i npyt ter Mm@k (1idWiLE thO¥RLAtNGHARMntiSEPINAD intfetdile operational
anplifier 412. The delay value is a val ue obtained by delaying a digital
val ue converted at the quantizer 42 by one clock period. Thus, in the AID
conversion unit 154B, a val ue obtained by integrating a change
(diffeﬂ@ﬁﬂlal value) in the input signal varying with time is outputted

fromthe quanti zer ﬁ? 4ﬁe di gi tal val ue. g}B % : . he Al D
Comver o omkanie s (6 T8 e Sufdh it e Gt Giee BIET hater e devire B AT 14t o
val ue present embodiment includes the pyroelectric element 2, the I/V conversion circuit 3

15  connected to the pyroelectric element 2, the A/D conversion unit 4B connected to the I/V

conversion circuit 3, the digital filter 51B connected to the A/D conversion unit 4B, and the

correction circuit 8.

[0135]

20 The A/D conversion unit 4B includes the integrator 41, the quantizer 42, and the D/A
converter 43. The integrator 41 is configured to integrate the input signal (the voltage
signal of the I/V conversion circuit 3). The quantizer 42 is configured to quantize the
output of the integrator 41. The D/A converter 43 is configured to convert the output of the
quantizer 42 to the corresponding analog value. Besides, interposed between the I/V

25 conversion circuit 3 and the integrator 41 is the resistor 45.

[0136]
The integrator 41 includes the operational amplifier (third operational amplifier) 412
in which the capacitor (third capacitive element) 411 is interposed between the inverting

30 input terminal (third inverting input terminal) and the output terminal (third output



20at the quantizer 42 unless anplitude of the inputted anal og val ue does
not fall within an input allowable range. Wien the anal og signal having the
anplitude which does not fall within the input allowable range is inputted,
t he out put of the quantizer 42 is saturated. [01391 25The digital filter
51B functions as a digital bandpass f44ter having a passing band defi ned by
a predeterm ned frequency band. In the present enbodi nent, the digital
filter HLBiRBSEHRASDERGiIRANGnSlafcrnesl byheahfrh egueneyaansdife 492, about
0.1 Hz to 10 Hz) including a frequency of a current signal which the

pyr oel eetdaives tht amentigRalyeinevdtaes signal) spohs &Vt @ndeseotcironit 8fat ahdhunman body.

- 45 - [0140] As shown in FIG 11, the digital filter 51B includes the
first fipyersing ignut tengnaldhined warting inpet tsmpad- t Eperilwitizer 42 penpgres the

conversi on unjt 4B and the second filter uni 0 .connect o .t he out put
Cor m na ot Plaed \p ST e b P st SR pCES T RBR T (P81 Ber veo Sas
a |l qw A ] ] it Melg . filter
S [RERdtd btk i o JERR T hid el P B O Apudk DUACRRRRL LT

520 congtid tt@ratcBRRlue[t0 WbldorAspdiaitd Oped valuel hen Bg)esent bRbAiRDeaORYEr Si ON
unit 4B is constituted by a AE AID 10 convertor. Such a AE Al D convertor

per f or nplaotigars@mpks np thoeshelduto eomvequthintainz bt ivakwe do flor corfFheorfdirgsdigital t er uni t
510 is configured to serve as a decimation filter designed to perforns a
proces<abe ¢@aubitng a sanpling frequency of the digital data (first digital
signal) outputted fromthe quantizer 42 (i.e., downsanpling) to change the
resolution of the digital data fromone bit to nmultiple bits. 15 [0142]
In g sijppati on where an analog BPF is used as an alternative to the digital
filter 51B, an electric conponent (e.g., a capacitor) having a relatively
hi gh ci r cuiThe DA séraitet 43 BETERS ald¢layFapass aaomkgivaling dofalog viahegueincy in a
range of 0.1 Hz to 10 Hz. Such an electric

provides the analog value to the inverting input terminal (third inverting input terminal) of

the operational amplifier 412. The delay value is a value obtained by delaying a digital

value converted at the quantizer 42 by one clock period. Thus, in the A/D conversion unit

15 4B, a value obtained by integrating a change (differential value) in the input signal varying

with time is outputted from the quantizer 42 as the digital value.

[0138]
The A/D conversion unit 4B converts an analog value to a corresponding digital value
20 at the quantizer 42 unless amplitude of the inputted analog value does not fall within an
input allowable range. When the analog signal having the amplitude which does not fall

within the input allowable range is inputted, the output of the quantizer 42 is saturated.

[0139]

25 The digital filter 51B functions as a digital bandpass filter having a passing band
defined by a predetermined frequency band. In the present embodiment, the digital filter
51B has the passing band defined by a frequency band (e.g., about 0.1 Hz to 10 Hz)
including a frequency of a current signal which the pyroelectric element 2 generates in

response to detection of a human body.

30



20conmponent is externally attached to an IC (integrated circuit).
Therefore, according to this configuration, it is unable to provide a
circuit part of the infrared detection device as a one-chip circuit. In
contrast, since the infrared detection device 1B of the present enbodi nent
enpl oys the digital BPF as nentioned 4thbove, external electric conponents
are unnecessary, and it is possible to formthe circuit part of the

i nfrardgiagt ecti on device as a 25one-chip circuit. [0143] Accordi ng
to the infrared detection device 1B having the configuration explained in

t he above, Atkhkovwowir Bltt. 18] g aligitad fipat b Hdlirfcholes thvefipy fibet ecit Hil€ ceineeredt 2 is
converted to the 30correspondi ng voltage signal by the |I/V conversion

ci rcui to ghe aiput tnEpat pldhe D soivgrsierednit 4B and ke secontbfibey yik phdi ng di gi t al
val ue by the A/ D conversion uni B d su quent L.y .i.s inpytted into the
ot alte it SyESTHRERRTY Bl the e RS BUGRBETES by e optio G gt
(segond.dighlals kanaike ¢RHELARANGNING20 8% CAMPARERL-] AELULR foR-JRe
frequency band (about 0.1 Hz to 10 Hz) of the current signal ich the

pyr oel egdet.i CTiRl faRefifter2ugEREY aleheisBeoh@ FPRASRILHA0 26lateli0BPBf a human body,
and the digital signal outputted fromthe digital filter 51B is inputted
into the judgnent circuit 52 subsequent to the digital filter 51B. [0144]

When aT inﬁut (the voltage signal fromthe I/V conversion circuit 3) to the
A D 10 %t ersion unit 4B includes a | ow-frequency conponent with a

frequency {igténe%ieaetdeﬂl thO 8Pk NE &{/ﬁ%@&%&&‘&%&éf@%%gn%%%futeé%{‘}% Bajput

signal to conver sion’ uni easi eviates fromthe 1nput

al lipwalh g eFBRISuch A ABS conVhi@8t $R Y bTE@MmpIBAKRIEIREGU  indizatiliferrblver ting
i nput term nal of the operational anplifier 31 of the I/V conversion

Ci r cui t'h8 fiost fetedr amvitf F10¢s emdigufdduo tserak iasn decinpoie filter desipmdt to@drfonhoat he 1/V
conversion circuit 3 fromthe 15pyroelectric elenment 2, the input to the

A D convespssi dpednsing R mrling frraneey of thodisfrledpie eyt digitpbriarl) ogpetted

12 Fol BB G ER A bty TEIEREGO! P IR LR T O R EBIOALHE ROt P48 P o t he.

I /V COBM@B&%@Hu&ﬁﬂQgRE 3 fromthe pyroelectric elenment 2 is a conponent
which is generate& ue to a change in the environnent tenperature

irngspective of the presence or absence of the 20detection target (e.g., a
human body) and is included in the output of the pyroelectric element 2. In
t he folQld@ ng expl anation, the | owfrequency conponent which has a

frequency not greater than the %redeternined frequency and has no_rel ation

to the detldct sifptionrhere g anples BPEe ppedpsay alternifieresithe disdishBlpetts. .

an electric component (e.g., a capacitor) having a relatively high circuit constant is
necessary to pass a signal with a frequency in a range of 0.1 Hz to 10 Hz. Such an electric
20 component is externally attached to an IC (integrated circuit). Therefore, according to this
configuration, it is unable to provide a circuit part of the infrared detection device as a
one-chip circuit. In contrast, since the infrared detection device 1B of the present
embodiment employs the digital BPF as mentioned above, external electric components are
unnecessary, and it is possible to form the circuit part of the infrared detection device as a

25 one-chip circuit.

[0143]
According to the infrared detection device 1B having the configuration explained in
the above, the current signal outputted from the pyroelectric element 2 is converted to the

30 corresponding voltage signal by the I/V conversion circuit 3, and thereafter is converted to



25[ 01451 It is considered that a high-pass filter is interposed
between the |/V conversion circuit 3 and the AID conversion unit 4B to
reduce the undesired conponent included in the input to the quantizer 42.
However, to decrease a cut-off frequency of the high-pass filter to
elimnate the undesired conponent, thashigh-pass filter needs resistors and
capacitors 30having relatively high circuit constants. Therefore, it is

di ffi cuht cé:9edpbedivgeigitaevdlu@by Bass/D condeksion fuinktt 48, ahd st qh&atly iIvtiaartaided
circuit). Therefore, in a configuration where the I/V conversion circuit 3,
t he Al Dntpathv digsiabfiltem$ 1B.4Bhealngital figerp fp vatipufs the digitd Bigank(serond densd i t ut ed
by external parts but are included in the ICto forma one-chip circuit in
a si m |sgnafgarresroadingie agpeaernt seiisd A Hhe frequepey handdabewiOe! Ha 19 h¢ er pose

t he hi pass filter. bet n.the 1/V 5conversion circuit 3 and the AID
conver g?%r??%‘ﬁi PAB Slﬁﬁ%ﬁ%@% Hleﬁyé‘\)/\‘?leé’f "t ?18m5‘_6§%%?nef HE® ThEFRYE q%le_t ection
devisce LB Qbn LAChRLES B0y, GHPOLH ABAAI dighaPbRABLASE WL (heldiSt L RidEE1BRN Circuit

8 designed to reduce the | owfrequency conponent 10(undesired conponent)

i ncl udadpittedine thepudgniant tireuiqBARilisz@iend 20 ththikgitOdHfer 84Bency conponent
(undesired conmponent) has a frequency not greater than the predeterm ned
frequency. For exanple, in consideration of the frequency band (about 0.1
Hz to 10 ) of the current signal which the pyroelectric elenent 2
generat8%4'n response to the human body detection, the undesired conponent

I's defi nedﬂ%rgfkgé\ﬁg (El?eq\yo%%gg 81%8% @ﬁe W%%ﬂ%rs@o&é@gu%q{%ecggl){% ARy greater

than 0.1 Hz. rrection uni I'S connecte o the digital

filper 5dRrafduhfaBALBEQW RS QMeHA donfhBnenkRitc R HFeqGéncd MotiBichtd thegds back
t he undesired conmponent fromthe digital filter 51B to 20 the AID

conver shepredaietméBdffeyutig, puhposepdf sigred tethrg)/Dhvenwardies ungditBEemgpnent i n
the output fromthe A/D conversion unit 4B. As shown in FIG 11, the
cor r ectdewatesifranythe igpyicdiprableainehe lnhees vhed thorpsiEdealags arugpatoiie put

HOCHETLN L IS LR TR Rt M R
Pﬁ?'elgp\a{‘(%g?ﬂeagedcg @lﬂktutaﬁgﬂrb&%&neﬂt istiﬁ'ﬁu&éai i'hg) &qu\ﬁwnqgl%konaémhltfé ©5m4i& in the
15 pyroelectric element 2, the input to the A/D conversion unit 4B may include a low-frequency
component. Such a low-frequency component may cause saturation of the output of the
quantizer 42. For example, the low-frequency fluctuation component inputted into the I/V
conversion circuit 3 from the pyroelectric element 2 is a component which is generated due
to a change in the environment temperature irrespective of the presence or absence of the
20 detection target (e.g., a human body) and is included in the output of the pyroelectric
element 2. In the following explanation, the low-frequency component which has a

frequency not greater than the predetermined frequency and has no relation to the

detection target is also referred to as "undesired component".

256 [0145]
It is considered that a high-pass filter is interposed between the 1/V conversion circuit
3 and the A/D conversion unit 4B to reduce the undesired component included in the input
to the quantizer 42. However, to decrease a cut-off frequency of the high-pass filter to
eliminate the undesired component, the high-pass filter needs resistors and capacitors

30 having relatively high circuit constants. Therefore, it is difficult to include the high-pass



2541. [01481 As explained in detail, the correction unit 8 includes
the adjustnent unit 81 connected to the output side of the first filter
unit 510 and the correction D/ A converter (D/A 30conversion unit) 82
connected to the output side of the adjustnment unit 81. The - 48 -
adjustnment unit 81 is a digital lowpéss filter having a cut-off frequency
identical to the upper limt frequency (e.g., 0.1 Hz) of the undesired
conponemter id big: BOfimkSE AL cikbit). 8the@atbiealtl Hcodfikyradtioa vilicgé tiad I/% k@i@ksion
(correction digital signal) corresponding to the undesired conponent from

t he outqumetitfd; g A/Peofivarsibn funittddy, andihe EglalditbrSUBput sot dvasetutedlot ed di git al
5signal to the carrection D/ A converter 82. The correction DA converter 82
conver te&terRRl Rift kt%@f%@@@éefé H thg1ldo iforan %a%fé@}llwlrflﬁénb%ﬁlﬁlékatr%%{lfﬁr g t al
signal ), corres 0 ding to.the und |re rec h

adj ust HBRPTERAT dF%“F %lsﬁﬁfﬁ dce’(pot%rrec glﬁaaﬁg r% g‘ﬁﬁ&h?%ghd f eeds
back th%n@ﬂébﬂQwMﬁ{y@n&9u£&@h%ﬂ%&§%hQ&ﬁ%ﬂﬁ”p|'f'er 412. 10[0149]

According to this configuration, the analog signal (correction anal og
signal) corresponding to the undesired conponent is fed back by the
correction circuit 8 to the operational anplifier 412 of the integrator 41
as the [P back signal . Since inputted into the inverting input term nal

third t t ot I f th I lifi 15412 th
mput i gngt VEPGIEE PP VDG SRt e 1B (e Heo FOT GRS of t e
.I IV co g‘h& do‘?lttﬁ tlgecc%l ecégn cﬁ“&'&t #Qéjs?g{eﬂl%g re}«%w%eln&f ﬂ*es uegépjco%l%onérjoﬁm the

i nput gna e vol age si gha conversi on circurt and t he

resyl t aphdesirsadm d;soslehﬁ)m&&ed ih R OinpRet A Rub AR er 4. TREIRFREGuenky 1S
possible to avoid the situation where the input signal to the AID

conver sboponemit (urdBsidae® mpohedtahhs srelriancy het gvaptet thdd dwabbdteanged due to
t he undesired 20conponent. Consequently, the input allomable rang& of the
Al D conteerer@n Lio example ahcareidesationdibdhe om0y (abentdet Hiited0 Bebplanat i on

f th f t f ot tion DA
conver (BT euseriaaLEpBAET Bt PuEHTEPY S B R e e PIEPROER Ly oy

821, a b@w aétQAt%efheagl%emMOﬂlp%H&{t 19 lieﬂ:ﬂerdccllé' tlo@%ﬁequlﬂ% Joﬁﬁ)loﬁérgzrha@{rf 821

is constituted by connecting plural resistance el ements in series. e

mulibi plfexesncdadt gehegsttbar@ogannecti on point to be connected to the
integrator 41 from plural connection points of the resistor array 821. The
control circuit 823 controls the nultiplexer 822. Applied to the resistor

AT 0147
The correction unit 8 is connected to the digital filter 51B and the A/D conversion unit
4B. The correction unit 8 feeds back the undesired component from the digital filter 51B to
20 the A/D conversion unit 4B for the purpose of reducing the undesired component in the
output from the A/D conversion unit 4B. As shown in FIG. 11, the correction circuit 8
feeds back the undesired component from the output (third digital signal) from the first
filter unit 510 serving as a part of the digital filter 51B to the non-inverting input terminal
(third non-inverting input terminal) of the third operational amplifier 412 in the integrator

26 4L

[0148]
As explained in detail, the correction unit 8 includes the adjustment unit 81 connected
to the output side of the first filter unit 510 and the correction D/A converter (D/A

30 conversion unit) 82 connected to the output side of the adjustment unit 81. The



30821 is the constant DC voltage (internal power source voltage) Vcc. The
plural resistance - 49 - elenents divide the reference voltage (interna
power source voltage) Vcc such that different voltages are devel oped at the
respective connection points. The control circuit 823 selects the
connection point to be connected to t#&-integrator 41 in accordance with
the digital value outputted fromthe adjustnent unit 81 such that the

vol t agendiavinbigt R8I fsUdecRLabW SSROMEd Vi £ A -0l @éduahcyviakiigeal vathee

i ndi cated by the correction digital signal) outputted fromthe adjustnent
uni t 8lupipsr bpplfredetqy (lge Onioiz)iof vier tndegiredgumpanentyi Akl afiustmentnont 8hverti ng
i nput terninal? of the operational amplifier 412. [0151] 10In brief, the
cor r ecteBReEPAEEAdigitad pisgal (@ryscgien digiel penyld rerage ontias b thysmdgsirgdhe

i st 821.. Wh f i in.the.i t signal th
A D cortvaPera i e Py e e TR RS W v theer S b Bl €0l ©
Con@epts'i 1 R)Oulhgtcoxtr ctgﬁ Iﬁgr}gﬁﬁtrf‘eg 820 T}tfkecolrpetcﬁgﬁ Ao Eon%%rt@y 83l %V@Its rtlbee control

circuit 823 such that a predetermned voltage VWr is outputted to the

i nt egr atigital4dluec \(heslut heliddtelChpaiel cofrettivrt digitdli Gdhavabot@genslirdetoateur s in the
15i nput signal due to the undesired conponent, the correction D/ A converter
82 sel eutdssitddeonpnmed treivep diont theqdhest monineadt 8Hte thetamalogrvebgrlearorction | n
accordance with the fluctuation such that the output voltage to the

i nt egr d8losaenal cad deds hack beragles value Ag by eherf 8 e mPETgpEat i on, the
anal og signal (correction anal og signal) corresponding to the undesired
conponent is fed back to the operational anplifier 412. 20 [01521 The
objjgct [gefepction device 1B of the present enbodi nent includes the internal
power source having the predeterm ned voltage (DC voltage) Vcc. The
correcti onARoAdiagveii¢ @mfigrait®ncorfinglogetntb(corredia dradogodgmadct i on anal og
signal by use of the predeterm ned voltage 25Vcc of the internal power

sour ce.corFpgondima o e prlgeiredemmoaentsis édgdack by &he goreesineeiratt 8 & thee non
inverting i.nput term 3% t{ht e operatignal |.ifier 31.of .the I/V
conver SPOUERTTIE" STeA bR R B B VP BEEM s SHEBITRRE M e
non-1 nygr HVQIQII{gQB?ﬁt B HaD @chir@fin\;elgﬁng Hﬁ)’ﬁ@%érgﬁﬂl) B HRk 'ofaér%'éiol?fé'l a%pﬂd%@ A%
conver st on Cilrcul 3.
15 412 is the input signal from the I/V conversion circuit 3 (the voltage signal of the I/'V
conversion circuit 3), the undesired component is removed from the input signal (the
voltage signal of the I/V conversion circuit 3) and the resultant signal is inputted into the
quantizer 42. Therefore, it is possible to avoid the situation where the input signal to the
A/D conversion unit 4B does not fall within the input allowable range due to the undesired

20 component. Consequently, the input allowable range of the A/D conversion unit 4B can be

extended.

[0150]
Next, a detailed explanation referring to FIG. 13 is made to the configuration of the
25  correction D/A converter 82. The correction D/A converter 82 includes a resistor array 821,
a multiplexer 822, and a control circuit 823. The resistor array 821 is constituted by
connecting plural resistance elements in series. The multiplexer 822 selects a connection
point to be connected to the integrator 41 from plural connection points of the resistor array
821. The control circuit 823 controls the multiplexer 822. Applied to the resistor array

30 821 is the constant DC voltage (internal power source voltage) Vee. The plural resistance



- 50 - In other words, in the object detection device 1B, the I/V
conversion circuit 3 includes the operational anplifier 31. The operati onal
anplifier 31 has the inverting input term nal connected to the pyroelectric
el enent 2. Interposed between the inverting input termnal and the out put
term nal of the operational anplifier481 is the feedback el ement
5(capacitive elenent) C. The reference voltage is applied to the

non- i Nv@shéntg dividaihe trefe Fand@k ol fze (inee ra pES Btelr Qhidtce fsTRdef Ve sudhk thathBfferent
correction circuit 8 includes the DA conversion unit (correction DA
conver teitpg@2re dafdlaped ad theoregpastize tonnketiai myiintal Viad eomtiol alrwet $3idietratsed by
the correction digital signal%ﬁcorrespondin% to the | owfrequency conponent
to the RASPHGCYR BRNY pdesenpastrddathebsere g Ad op peetdaghe ik the deighal ). A

pover syl WIS, for (DLOC cort ection. Of A conventer 82,1 s, al so used as a
power sUppl ¥ umt for ‘a feterence poner tnit “genherating the PErer ence

Vol trageorl-Qting!th 1B digftal BIROWRTucSRUESE YPkie ML RARIESIhNIE DC vol tage
Vcc to the resistor array 15821 is used as the power supply unit for the

r ef er eneepyroieiors o aldudheqs egit Bll & aplplied apHeyrongintheingaheutaparindDithiage to
the operational anplifier 31 of the I/V conversion circuit 3. In other

wor ds, nomanpaties itpwsperyniosl of therpetasiondranadifitod 1Y A converter 82 serves as
t he power supply unit for the reference power source 32 generating the
reference voltage applied to the operational anplifier 31. For exanple,
wth cqﬁﬂﬁgting t he non-inverting 20i nput term nal of the operational
anplifier 31 to any one of the plural connection points of the resistor

arriay 821, I bReflthd dedctis] DAgSNOErté 82 dieRleS tHRID@KbRYzeBPk bySusdBPiteed to the
operational anplifier 31 as the reference voltage. [0155] 25According to

t hi s confistguaety 88]. tWker ef Bu@neonvakt@ge thisaguf signadabithe AP tdreesyper at | ng
point of the output fromthe I/V conversion unit 3 and the DC vol tage Vcc

appl i edtitot ke pasrqekion P/d eonyrign 2 splecty Biteonpdioppottide Bapnnseine fo &gppl y

unit. Therefore  when noi se. conmponent is, included in the, output of the

power SUBBIOUR B CEHE Ko eB oL OrmEr i ueh e e fder el HE o but's of the
I N convepsitRn 6 ELitkderatoRRE tWGe £ M REtHLQDNRL A ERUGLTEEe e o3RANM thhus the
effects are canceled at the integrator 41. Consequently, It Is possible to

avdbd inpdikignal due to the undesired component, the correction D/A converter 82 selects the

connection point to be connected to the integrator 41 in accordance with the fluctuation
such that the output voltage to the integrator 41 exceeds the voltage Vr. According to this
operation, the analog signal (correction analog signal) corresponding to the undesired
component 1s fed back to the operational amplifier 412.

20
[0152]

The object detection device 1B of the present embodiment includes the internal power

source having the predetermined voltage (DC voltage) Vee. The correction D/A converter
82 is configured to create the correction analog signal by use of the predetermined voltage

25 Vece of the internal power source. The internal power source is electrically connected to the
non-inverting input terminal of the operational amplifier 31 of the 1/V conversion circuit 3
such that the reference voltage is applied to the non-inverting input terminal of the

operational amplifier 31 of the I/V conversion circuit 3.

30 [0153]



a situation where the noi se conponent which occurs in the output of the
reference voltage source unit 33 causes an effect on the input to the
gquanti zer 42. As a result, the reliability of the output of the AID
conversion unit 4B is inproved. 5[0156] The correction circuit 8 reduces

t he undesired conponent having the frgmuency not greater than the
predeterm ned frequency included in the output of the AID conversion unit
4. Ther ef ong pthair thrdL gathd ob2caddtedthidenicheBy@en/\ vt cirad 3iReluawd put of
the AID conversion unit 4B, the correction circuit 8 is considered to be a
hi gh- pads opériatieral amplifine 3 1.0 drerapetadtonalimplifier 33 has ke wertofefinputequency of
the adjustnent unit 81 nay be adjusted such that wth regard to the output
from t HE'ANB! eapReeErd Futhe miraelessic Hemee f FRGERITRY PRBITED HEmaveLifedaP tthe
frequency nq ater than th t-off..freque . the.hi.ghipass filter
conat 1 tarrig s ARSI G Bl ol FRUENRY LSRG S

ot her VL fSitivk Rienedbl ¢rAt AR WRENRe Lhe i @htHedfth b Ehop kBt HPES the

| ow- pass filter and the high-pass filter, the correction circuit 8 may be
conf i gueadinhboftted ugeatibieal heyifieegLuerity cooppbmeditcuitrs nhiedeouthpUud/Af rom t he Al D
conversion unit 4B, which has the frequency not greater than the cut-off

f r equerfeyvession haitheagtecor H/4A ponverter) |82 configsiredutsr epayertiike digital vedes (vehieci r cui t
8 may he used as a part of the high-pass fjlter 0158 In this

conf i gdfl%\lf?tsﬁ by Ehecregtiopdigdat sPvel e Eonaeidng @orhsglm Rty sepbotni ¢ s
functi e hi.gh- i Iy i in | Qi _kilter
515, o apneRPRnE bl N Dl ARARRAR. biyudol BRpRIHD, DA pbaF: Pt B b

congt i ttHé edifectids DIA Gbdvaktet BR id1sPURd ab@rpoRx B By ul et 4 Rgerbhdgduiekt ers are
necessary for human body detection, it is sufficient that the digital

filter witennacitingdhe tdferehguvolfagbt ers. [ 0159] 30Next, an expl anation
referring to FIG 14 is nade to an operation of the object - 52 -
detection device (infrared detection device) 1B. FIG 14 shows inputs to

t he qu28£4}er 42 in a situation where a fluctuation conmponent (undesired
conponen % havi ng the frequency

In brief, a power source unit which applies the DC voltage Vce to the resistor array

15 821 is used as the power supply unit for the reference power source 32 (see FIG. 11)
applying the reference voltage to the operational amplifier 31 of the I/V conversion circuit 3.
In other words, the power supply unit for the correction D/A converter 82 serves as the
power supply unit for the reference power source 32 generating the reference voltage
applied to the operational amplifier 31. For example, with connecting the non-inverting

20 input terminal of the operational amplifier 31 to any one of the plural connection points of
the resistor array 821, the divided voltage of the resistor array 821 is applied to the

operational amplifier 31 as the reference voltage.

[0155]

25 According to this configuration, the reference voltage used for defining the operating
point of the output from the I/V conversion unit 3 and the DC voltage Vce applied to the
resistor array 821 are generated by the same power supply unit. Therefore, when a noise
component is included in the output of the power supply unit, the noise component causes
effects on the outputs of the I/V conversion circuit 3 and the correction D/A converter 82,

30 and thus the effects are canceled at the integrator 41. Consequently, it is possible to avoid



not greater than the predeterm ned frequency occurs in the input fromthe
pyroelectric elenent 2 to the 1/V conversion circuit 3 due to a change in
the environnment tenperature of 5the pyroelectric elenent 2. [0160] First,
an explanation is nmade to an instance where the correction circuit 8 is not
provided. In this instance, as shown.gn-FIG 14 (a), the undesired
conponent is included in 10the input to the quantizer 42 in addition to the
det ect i 0Htadb 8 Sthe FOIMR HIRB Lo ForEnt whiGAFPRR N the Wil Pul JreBe FtQBhLNBItage

pyroel ectric elenent 2 in response to novenent of a human body). Therefore,
t he i nputrct onitldd cqusntanzéicctdd ths igreadd the dflancizeratZe d Adueretdt tthe reliaddsy r ed
conmponent. Not to saturate the output fromthe quantizer 42, the input

al | owalsif Eher i qRiheop/I} epavayspncony B &igwresidt 4B is required to be a
relatively wi de range. 15 [0161] In contrast, when the correction circuit 8
is provided in a simlar manner as the present enbodi nent, as shown in FIG
14 Ga).[oeih regard to the input to the quantizer 42, the undesired
conponent other than the detection target conmponent is greatly reduced by
20t he corr ggé b@rRectibh tir8uit ShelREONR, uddbar&l dobubhant Hakade thb Erel el nbd t he
quantizer 42 is greatly fluctuated due to the undesired conponent is

pr eventzechteithen thvhpredeteeminep dteqathaywadihdéedrianthe oRbubbf thhe\/Dlcthwosivensiton

unit 4B is selected to be a relatively narrow range, the outgut of the

quant i Zer Uzerplore, Fidy spearditgpgeledion Pspipeashe input apd thatpwiddhe AR he above,

the Ob]cc?r%tersggrg SI%LE |4gnth%.?c\é{'r%c io]leciI%]ilittSh i% cglgs?(fe%?& g)ebqebag) Pfgge rr!lts% Eﬂgxl u. r? et he .
correctron Circuit 8. e correctron CIrcul | NC S e adj ustnment unit

81 (@nd cbhect LA REH 8Ohe RuPof PRYBELS of B ad]lEmBAH Bisit BE RlayWaiddjBiled sich
configured to create the correction digital signal indicative of the
| ow f r ebptencly raparpndnbutput flven shel A/Bgensirgngund WBade dovotiretiencli rst digita
signal. The | ow frequency conponent is defined as a conponent

component having the frequency not greater than the cut-off frequency of the high-pass

filter constituting a part of the digital filter 51B is reduced.

15 [0157]

In other words, in a situation where the digital filter 51B includes the low-pass filter
and the high-pass filter, the correction circuit 8 may be configured to reduce the
low-frequency component in the output from the A/D conversion unit 4B, which has the
frequency not greater than the cut-off frequency of the high-pass filter. In other words, the

20 correction circuit 8 may be used as a part of the high-pass filter.

[0158]
In this configuration, the high-pass filter constituted by the correction unit 8 functions
as one of the high-pass filters constituting the digital filter 51B. Therefore, it is possible to
25 reduce the number of the filters constituting the digital filter 51B. For example, when the
five filters are necessary for human body detection, it is sufficient that the digital filter 51B

includes the four filters.

[0159]

30 Next, an explanation referring to FIG. 14 is made to an operation of the object



- 53 - having the frequency not greater than the predeterm ned frequency.
The predeterm ned frequency is not greater than the lower Iimt. The
correction DA converter 82 is configured to convert the correction digital
signal to the correction anal og signal and output the correction anal og
signal to the AID conversion circuit-8B: The A/D conversion circuit 54B is
configured to subtract the correction analog signal fromthe voltage signa
and consedctioh BBviELEMd 3006 PA8 1) UBal FI® 14RBokd mplitstoght ghargiAnad .

[0163] In other words, the object detection device 1B of the present

enbodi nentsitungbnidésret htuctlftiqymooposettrinsdeiredentpent)having\fhe Gryession
circuit 3, the A/D conversion unit 4B, the digital filter 51B, and the

cor r ectioparegirtthan therpredgternainad Sregnaney epquenin thg inrutdem thpurvaerledriconver t

the current signal. gutputted fro he r.oel ectric elenent, 2 to the

cor r 65 UG o OaoBiEGHER o e APDIEUHVRES Tt I DB TS RBRTEHLd t o
conver t,.{ anal.0g; e outputted fromthe I/V conversion circuit 3 to the
corresgong?ﬁg %%gif%@ﬁba[ue and output the resultant 15digital value in a

serial manner. The digital filter 51B is configured to transmt the signa
conponent in the output fromthe A/ D conversion unit 4B which has the
f requer@iptincl uded in the predeternined frequency band. The correction

circuit 8 is configured to feed back the | owfrequency conponent fromthe
digital fiFteb 28eEPlepatioeispeyedssParetppss White tharostscdan ¢iscileliifditt he

| owf requenc opponent which is.i u i the o t fromt.h 20
conver ?gﬁ&ﬁ%i?ngﬁs5#&%%%3%%@“??%gﬁ%hgggﬁgpe6?§§P§§Q§ﬁgﬁw glﬁgggé‘grnined

fr aquengy inph@ 18tk quantiz~AU2ah dh8gioh Qo telRbitRA tta et &mioaBndR\ Ge 1B of the
present enbodi nent as expl ained in the above, the correction circuit 8

f eeds hkatkoridne outpadesd fiwth themyosuddttrid slemehhRirtiegpdrab td imbtene2®5a Butmant he A/ D
conversion unit 4B. Therefore, it is possible to reduce the |owfrequency
conponéady)( uRbkesfore dhe byppb frethe)auantitert4Rds greagudivetpatrst dusrtedhernddsigad t he
predeterm ned frequency included in the input to_the.quantjizer 42. In

D1 i ef » CBUBT Ao Ha ARG be 8 UbRP A6 ERES 5 ARoE e T AE 878 [ on ¢ 0
the detiackidnalipldstisih LRCAN S hflod RO R PR hnfd Om e

pyroel ectric el enent ue o a ¢ ange 1 n the environnment tenperature,
30tjhe obj ect detection device (infrared detection device) 1B of the present
enbodi mrent can - 54 - regard the undesired | owfrequency conponent as the
undesi @Bltonponent and eliminate the sane.

In contrast, when the correction circuit 8 is provided in a similar manner as the
present embodiment, as shown in FIG. 14 (a), with regard to the input to the quantizer 42,
the undesired component other than the detection target component is greatly reduced by
20 the correction unit 8. Therefore, the situation that the input to the quantizer 42 is greatly
fluctuated due to the undesired component is prevented. Even when the input allowable
range R1 of the A/D conversion unit 4B is selected to be a relatively narrow range, the

output of the quantizer 42 is hardly saturated.

25  [o162]
As mentioned in the above, the object detection device 1B of the present embodiment
includes the correction circuit 8. The correction circuit 8 includes the adjustment unit 81
and the correction D/A converter 82. The adjustment unit 81 is configured to create the
correction digital signal indicative of the low-frequency component in the voltage signal

30 based on the first digital signal. The low-frequency component is defined as a component



[0165] S5Therefore, it is possible to avoid the situation where the input
signal to the A/D conversion unit 4B is out of the input allowable range
due to the undesired | ow frequency conponent. Consequently, w th narrow ng
the input allowable range R2 of the A/D conversion unit 4B (i.e., with
selecting a relatively narrow range a$3the dynam c range of the input of
the quantizer 42), the quantizer 42 can convert with high accuracy a weak
10i nputhasim@nat ABHedhcasiot HRaddlihageheJroatriiase e QntNe TutRbdet&fmihbhe
pyroel ectric elenent 2. Alternatively, when the quantizer 42 of the present
enbodi rfemueass nhiegrsatios tmtihalld>vyer§ame dbiouracytiasDithanverdfterad isnst ance
devoid of the correction unit 8, the circuit scale of the object detection
devi ce comigugpd B)é%%é}é&wwce@hﬁ@rtﬁk%ﬁn%t@ hh@t q?éfeaib@v%nqlwla@ﬁ@n éBHB’Ltthen
t he Obj ct det.ection devi

f BufShPEinaPs PREA LB LT B et oD Petiesteh “Edfihect ed

the con |gura
to the jRulnLLL t!&aslub&factttlﬂg CJ)!réétfa%\ﬁgro%ls%apfraﬁ%& Vétag% SUMESRS SRt
Therefore, in contrast to the prior infrared detection device, a situation
wher e tthereShPsbﬁtatoﬂtag@élghﬁ&o ltho/fiesoaweras kigRal20ci rcuit 3 is reduced by the
noi se conponent generated at the input resistor can be avoided. In brief,
the object detection device 1B of the present enbodi nent can suppress the
ef f ect éq he undesired | ow frequency conponent w thout reducing the S/'N
ratio é %Bhe 1/v conversion circuit 3. 25[01671 In the object

det ecti on ﬂﬁytlhgrewg‘ra t;h%%b (lietg(!tlol;aldlegn%g 1%10? tﬂ LPCrleyegx%%mtnoh(%mte%Wrﬁﬂfd%s ftlllel ter

and t he hi gh-pass 1ter. correction circ

| ot f r @QrRREH CARaREN thd W@bﬂd@@m&u&lmﬂm 3 el eodveri Resst il thelaiand feeds
back the extracted | owfrequency conponent to the AID conversion unit 4B.

I n t he fidees Bhtandrthe domettion ulite8. ¢ dhie a6 ¢ammensivintciBuidBtis aotfgutdietoI0uvradesi r ed
conponent fromthe output fromthe first filter unit 510 which functions as
the - tBscwrgpéeignal pwpuited fram téﬁ@Y%%W(’t%QIé%ntt%@ the aerpespandipg velfagst t he
digital Furt.her orrectijon un| 8 feeds back t extract ed
undes, FEIML oo ATt b Y 83 LRSS Trrhe® g OIgéVF Rt o
filter ﬁl&ﬁi EheéMcdn%eﬂéﬁ)%%n%ﬁltaJ tfoltilé gd’rrécsgﬁ (ﬁﬁé ﬁi%?ttal %ué g§ﬂfeergsﬁ%rmonent
in the correction unit 8. usi ng e sanme circult Ifferent

pun 5)|o_s ?_Sgl‘ﬁéll hﬁuéﬁoméxwr@n@ﬁ ofhet dgitaljieet18as &ﬁqtflgﬁfbdde\ti'aﬁ@mlt&h@ afgnle
sinplified.

component in the output from the A/D conversion unit 4B which has the frequency included

in

in the predetermined frequency band. The correction circuit 8 is configured to feed back
the low-frequency component from the digital filter 51B to the A/D conversion unit 4B so as
to reduce the low-frequency component which is included in the output from the A/D

20 conversion unit 4B and has the frequency not greater than the predetermined frequency.

[0164]
According to the object detection device 1B of the present embodiment as explained in

the above, the correction circuit 8 feeds back the undesired component from the digital filter
25 51B to the A/D conversion unit 4B. Therefore, it is possible to reduce the low-frequency

component (undesired component) with the frequency not greater than the predetermined

frequency included in the input to the quantizer 42. In brief, even when the undesired

low-frequency component with no relation to the detection target is included in the output

current from the pyroelectric element 2 due to a change in the environment temperature,

30 the object detection device (infrared detection device) 1B of the present embodiment can



[01681 In the object detection device 1B, the A/D conversion unit 4B
includes the integrator 41 and the quantizer 42. The integrator 41 is
configured to integrate the anal og val ue. 10The quantizer 42 is configured
to quantize the output of the integrator 41. The integrator 41 includes the
third operational anplifier 412 in whbsgh the capacitive elenent (third
capacitive elenent) 411 is connected between the inverting input term nal
(third jepuwarhé 08ddsiRElow-8eahdidl Lodpshehhgs QlatiRldbsit Rl hpaherithidrelnpitout
termnal). The output (voltage signal) fromthe I/V conversion circuit 3 is
i nputtetlesmha the inverting input termnal (third 15 inverting input
termnal) of the third operational anplifier 412. The output (correction
anal og signal) fromthe correction circuit 8 is fed back to the

non-i ny é'ng input termnal (third non-inverting input termnal) of the
third JgLigtional anplifier 412. [0169] 20In brief, in the present

_enb(gd| manj[ ThEIQ? rg,l‘ﬁ R oséim%ltg gg&d%h(gglﬂla)tiogfwﬁe?gt e/i p%ﬁé’ﬂl%& 9{% £ cul t 31s
inputted into the 1n erting input termnal of the operational anplifier 412
of the coiNegbRLAT 48lis 6aNSHHthE MPud @l1ewRIRE bardfe dubo MuRBVET Bivoffedi®héy 4B. The
out put (correction analog signal) of the correction unit 8 is fed back to

t he normeinpymmti nigprisppuently ewith makrogfing the ioperadlpiveblalramgrR? i the MD 2.
Therefore, the correction unit 8 can feed back the undesired 25conponent
via an @reetipn Bnis4Pri-eepihseleating paslatively 8REPY dapH 4t thh ABRYRICHARET Lt he

signal (volt Si naL%%i ipputted into the integratpr 41 fromthe 1/V
COﬂVGFgl%HH%?g§%${1§?U rﬁ%@ﬁﬂ%ﬂ??@?efﬁ%c%%%ﬂfggy”o E%ﬁgc%¥fpﬁ%%$g?sion uni t

4B jgan ipﬁutisfg?{apylﬁﬁl- as[tﬁé-zmage‘si 61 baseg roh%fu; oﬁpégoﬂ%hpp§%lé@{r{c?éieﬂlc§lt@dopt ed as
the A/D conversion unit 4B 1ncluding the integrator 41 configured to

i nt egr atlerhdtéveiinalheg tval wmtizéhe2 ef the @reseheeAbddiwomviersshe Buhsmiitiadly saar have
the relatively high accuracy yet the circuit part of the object detection

devi ce at®raarpsgdapeiow ideidnesdeynid « the erreasfian aditd theuditepit spye phidre objeae
undesi red conponent_ fed back tao the 5input. tq the quantizer 42 by the
cor r ectE BRI EvIs ﬁcar“gw@éuceﬂynf?f@pwoggﬁ% the abpvomspass e tg%‘h si on

uni t 4%Me5hﬂﬁam%§§£%g¥2§§%§ﬁ§35%n£%§9r°Vide’ in addition to the AJD

conversion unit onent configured to reduce the undesired
conponent which is fed back. [0171]

[0166]

Further, in the configuration of the present embodiment, the input resistor connected
to the input terminal of the I/V conversion circuit 3 is unnecessary. Therefore, in contrast
to the prior infrared detection device, a situation where the S/N ratio of the I/V conversion

20 circuit 3 is reduced by the noise component generated at the input resistor can be avoided.
In brief, the object detection device 1B of the present embodiment can suppress the effect of
the undesired low-frequency component without reducing the S/N ratio of the I/V conversion

circuit 3.

26 [0167]

In the object detection device 1B, the digital filter 51B includes the low-pass filter and
the high-pass filter. The correction circuit 8 extracts the low-frequency component from
the output from the low-pass filter and feeds back the extracted low-frequency component to
the A/D conversion unit 4B. In the present embodiment, the correction unit 8 extracts the

30 undesired component from the output from the first filter unit 510 which functions as the



10FIG 15 illustrates the object detection device 1C of a nodification of
t he present enbodi nent. The correction unit 8 showmn in FIG 15 includes a
noi se shaper 83 interposed between the adjustnment unit 81 and the
correction D/ A converter 82. The noise shaper 83 is configured to subject
t he output of the adjustnent unit 81-88-a noi se shaping process. In this
configuration, the correction D/A converter 82 converts the digital val ue
cor r es pRBEHAMBn Fale® ahfolitigeRh (R YIRONREL ofWhé GRith Bkt 18Xt driher tthe noi se
shapi ng process by the noise shaper 83, to the correspondi ng anal og val ue.
Subsequentttion Wdies Gerls badk tha ekirdcted nudgsired c@Bpdreeti® thacd¥iD cheveasian agitval ue
to the operational anplifier 412. [0172] 20In brief, the object detection
devi ce 4BC dhexefme ibdifirstediarowit Bl0dp ppeskasrt filberdm erieacHpp g wiglesided i on devi ce
1B in the correc%ion circuit. Ihe correction.chggit 8C includes. th

C. o
noi so SREBGTC"85" PATANEIGE S Apel B3 1% CorFrEarElt 1 WIpRa FpiES the
cor sect ol gl oL aPal 1ok, Rgko bARhNGLRIAEESS to oreate a

noi se-s correction digital signal and output the noi se-shaped
correction digital signal to the correction D/ A converter 82. The
correction 250D/ A converter 82 is configured to convert the noi se-shaped
correctlp8ldigital signal to the correction anal og signal. [0173]

In other words, the correction circuit 8C includes _the adjustnment unit 81

conf i gur ed!® Hreabischhpstion deaicr i theetllenayeregrpaietit i,nC]t“H%é Heilkeesraper 83

configyred . tp subject the,output - 57 - fcorrection digital, signal) of the
S sP iy fe RRUERE a3 herRth Rttt P h onb SREL BT et W2k B0E L O

unith ( a@k@ehHiRR 405 A PRURIA S ha Bi32e0R0 LGN BBt He QneQRMEF 41t Me QiePMko:Of the
noi se shaper 83 to the correspondi ng anal og val ue. 5[ 0174] Besi des,

i n the 4priededds thetiael opnttiortahempEfid Ll Aiartect eie capatifivd dle@sntt (fierdy D
conversion unit 4B. However, the A/D conversion unit 4B may be an A/D
conver tapacitivefedqreqnt) 4} loimcomrecikg hatwreadhe dpvesting QRO terSiingl FOURTIHVERBOD! VENT)

input terminal) and the output terminal (third output terminal). The output (voltage

signal) from the I/V conversion circuit 3 is inputted into the inverting input terminal (third
15 inverting input terminal) of the third operational amplifier 412. The output (correction

analog signal) from the correction circuit 8 is fed back to the non-inverting input terminal

(third non-inverting input terminal) of the third operational amplifier 412.

[0169]

20 In brief, in the present embodiment, the output (voltage signal) of the I/V conversion
circuit 3 is inputted into the inverting input terminal of the operational amplifier 412 of the
integrator 41 constituting a part of the A/D conversion unit 4B. The output (correction
analog signal) of the correction unit 8 is fed back to the non-inverting input terminal of the
operational amplifier 412, Therefore, the correction unit 8 can feed back the undesired

25  component via an electric path separated from an electric path through which the signal
(voltage signal) is inputted into the integrator 41 from the I/V conversion circuit 3.

Consequently, the accuracy of the A/D conversion unit 4B can be improved.

[0170]

30 In the present embodiment, the A/D conversion unit 4B operates in a AX manner. In



As shown in FIG 16, the object detection device (infrared detection
device) 1D is different fromthe object detection devices 1B and 1C of the
third enbodinent in that the output fromthe correction circuit 8 is fed
back to the inverting input termnal (third 15 inverting input term nal)

of the operational anplifier 412 in tB6é-integrator 41 constituting a part
of the A/D conversion unit 4D. In the follow ng, configurations common to
the prasemta &ragskdmBite ARG dbHRA bBikEOA BdadisRAtundy 48 JeRidgnadhednlyrdthe sanme
reference nunmeral s and no expl anations thereof are deemed necessary.

20[ 017641 configurkh thimtedratei the thelogpbjleet Hetrefotd, ore Aidviopeertionamitt Hbcgr esent
enbodinent, in a simlar manner as the third enbodi nent, the A/ D conversion

uni t 4Bavacharséadivelyehipheeyragyoiet dhe citcql rattadithe ehicddetoctien gyvacecdhergrhcer 43,

and the resistor . 25[0177] . The integrat.or, 41 i ncl e.third
oper at ongR- St 0 PRkl Rt Toither MegdoR P BraRGd R bt ¢ o
operat ;N 1o FPL L dtHEr 425y hf%scom@n&rﬂaﬁigs!ig%aﬁ&édrtgf thB Pitb g @M 1NRkhe Afi$ third
non-inverting input termnal, and the third output termnal. The third

i nvert icbgvdrBipaluntteBY Makis,iisiscomeestad tb prdvie, I/ Mdcsvertie arD eddvetdidn 3 Vi a
the resistor 45 to receive the 30voltage signal. The third capacitive

el ementundt]4B,iascompoeeyesefizired treed utdide tunidesdred ppmpenang which is fed back.

- 58 - input termnal and the third output termnal [0178] In contrast to
the third enbodinment, the third inverting input termnal in the objet 5
det ecti[gﬁﬁievi ce 1D of the present enbodiment is connected to the
correctron D/ A converter 82 to receive the correction analog signal. In

ot hgr wor dgiGt DEIGOkARS thodhjddt AecONEIdvile 18%flaSmERNEdt@HI@thd PreRin@Vi de the
correction analog signal to the third inverting input termnal. [0179] 10In

ot her watbddimdnn. tTie @bieedtn deit @chbon 181G .Clé ihBudds 4 haspstapensd3 andpdsedent ,
the AID conversion unit 4D includes the integrator 41 and the quantizer 42.
The i ntbetjresndhe adjuptanesd pitgtlrand the comedigpdld comerien 82 ogl eanaite shpper 83

ti 2 i fi dt ti th t t f the int 1 41. Th
iyt e RhE b R PRt P AL Rt b mesiben i, ™
capaci tj ve ek SIRAL, @L@wrgﬁca%%g&ﬁ%r@ 8BV rid Tle a@tgmm%céogggp&;d\mgen the

15i nverting 1thput termn Inverting input term na t he out put

t engi nab thd didedir@uUidpont & WhidRh9 subjdeedad tRdihoibd iapidpeprbéeVs B EruE 40N

circuit 3 is inputted into the inverting input termnal (third inverting

i nput tskaprriddl Yo th corespbhding aopleg ativenabuterpldntiy erhe4o rectidreD dutopudrter
(correction anal og signal) fromthe correctiogon circuit 8 is fed back to the
i nver t idddeqdnpatk theramp |Vaihterﬁ0rtbe privatienahamPHBet 44%r ni nal ) of the third
operational anplifier 20412. [0180]

l0172]

20 In brief, the object detection device 1C of the modification is different from the object
detection device 1B in the correction circuit 8C. The correction circuit 8C includes the
noise shaper 83. The noise shaper 83 is configured to subject the correction digital signal
to a noise shaping process to create a noise-shaped correction digital signal and output the
noise-shaped correction digital signal to the correction D/A converter 82. The correction

25  D/A converter 82 is configured to convert the noise-shaped correction digital signal to the

correction analog signal.

[0173]
In other words, the correction circuit 8C includes the adjustment unit 81 configured to

30 transmit the low-frequency component, the noise shaper 83 configured to subject the output



In brief, in the present enbodinent, the operational anplifier 412 has the
non-inverting input termnal (third non-inverting input term nal) connected
to the 25reference voltage source unit 413 configured to generate the
reference voltage. The correction circuit 8 provides the output (correction
anal og signal) to the inverting inputsyermnal (third inverting input
termnal) of the operational anplifier 412. Accordingly, inputted into the
i nvert !(E&récﬂ@h‘ﬂigﬁﬁ[ SbRa) of thBiaffist AU 8L foRRYboik@EREpRR Pro@fss MR the
operational anplifier 412 is the signal (correction anal og signal)

out put tlzd chnwersibhendlaordcaot Dok catviette 8.82Besfiglesd td dveveretler @rpet afaht age
source unit 413 may serve as the - 59 - reference voltage source 32 of the
|/ V corviseshaper&drie tihq coresp@uigng agdevadihg to t he obj ect detection device
(infrared detection device) 1D of the present 5enbodi nent as explained in
the above, it is sufficient that the output fromthe correction unit 8 is
progidqgrﬂq the input termnal (i.e., the inverting input termnal of the
operational anplifier 412) of the integrator 41 which is provided as a
first conpgegnts, of tHeliB e APemBiYBI 8, @Re NDAID 4B veliBesfhqifies thes® i s no need
to directly connect the output termnal of the correction unit 8 to the
non- i neentersign unjy4B. t Eloweenal thef A/Dhenvpeipatinorddl mayrpé hh AGD cdv2rter

10Consequent |y, although the correction circuit 8 is added, a
gener aldiiye @nﬁ@fﬁ%éﬁQéWF@ﬁEbrovided as an IC (integrated circuit) can be
adopted as the A/D conversion unit 4D. [0182] The ot her
configurations and functions of the present enbodi nent are the sane as
15tjposgppfsjt he third enbodinent. - 60 - CLAIMS

(FOURTH EMBODIMENT)

As shown in FIG. 16, the object detection device (infrared detection device) 1D is
different from the object detection devices 1B and 1C of the third embodiment in that the
output from the correction circuit 8 is fed back to the inverting input terminal (third

15 inverting input terminal) of the operational amplifier 412 in the integrator 41 constituting a
part of the A/D conversion unit 4D. In the following, configurations common to the present
embodiment and the third embodiment are designated by the same reference numerals and

no explanations thereof are deemed necessary.

20 [0176]
In brief, in the object detection device 1D of the present embodiment, in a similar
manner as the third embodiment, the A/D conversion unit 4B includes the integrator 41,

the quantizer 42, the D/A converter 43, and the resistor 45.

26 [0177]

The integrator 41 includes the third operational amplifier 412 and the third capacitive
element 411. The third operational amplifier 412 has the third inverting input terminal,
the third non-inverting input terminal, and the third output terminal. The third inverting
input terminal is connected to the 1/V conversion circuit 3 via the resistor 45 to receive the

30 voltage signal. The third capacitive element 411 is interposed between the third inverting



1. An object detection device for detecting an object in a target space,
sai d object detection device conprising: 5a pyroelectric elenment configured
to output a current signal in response to a change in an anmount of infrared
light received fromthe target space; an I/V conversion circuit

i ncluding an operational anplifier cosaected to said pyroelectric elenent,
a capacitive elenent connected to said operational anplifier to serve as a
f eedbagkp @ theHinkl adthedh Bl SaHAK éMangl rcui t for discharging said capacitive
el ement, said 101/V conversion circuit being configured to convert the
current signal to a voltage signal and output the voltage signal; an
Al D conversion circuit configured to convert the voltage signal to a first
dlgltaﬂogﬁﬁnal and output the first digital signal; a dlgltal filter

T4 ?‘#233 ThShi e JbT sPRtiiteh TPRAVE bRt e SRS PO oPiEh: esent ed
by tShe de tercagn gé\g&t ﬂﬂ oist!hg %%senpgmﬁ(}&l?ﬁlg&ttlg Q%ﬂ%%dtﬁb 1t Qogllegtlllérgb/ﬁ&og@@llte} 0 an

ari thmetic processi ng, d create a secon |g|ta signal representing a

wavef orgntetredelie tHEEREdCtiION a A AP SIREAL , Tidbihe Pb AT tHeRBr8&eMMO/Adiogldddr 82 gnal ;

a judgnment circuit configured to judge, based on the second digital signal,
whet heris gmfi2@redtto pheyidsbihe correctiomtamalog sigwal tosthgébird paeetingmgut termina. cont r ol
unit configured to control said discharging circuit in such a nanner to
elimnate a | owfrequency conponent having a frequency not greater than a
predetg&p%@ed frequency fromthe voltage signal, the predeterm ned
frequency "being not greater than a lower Iimt of the frequency band,

25whper ei N 5@l £ B0 thPbbjektSctQBbh ALNiEI1D B GRPERKt SAbSHifE IR AITHY
circuit based on a reset period corresponding to the predeterm ned

f r equenreyvelr o isie BB igautihethe ettt 4ihardghs qsimizd 42N Blad dtaap@e il s/ e
el ement . 2. An object detection device as set forth in claiml,
wher ei sogomaedtodorrgrae thninalpgicdlugeslharmuesirdr|4gtis emfighradutauanidzeatheeset

circuit, and : . .
output of the integrator 41. The integrator 41 includes the third operational amplifier 412

in which the capacitive element (third capacitive element) 411 is connected between the

15  inverting input terminal (third inverting input terminal) and the output terminal (third
output terminal). The output from the I/V conversion circuit 3 is inputted into the
inverting input terminal (third inverting input terminal) of the third operational amplifier
412. The output (correction analog signal) from the correction circuit 8 is fed back to the
inverting input terminal (third inverting input terminal) of the third operational amplifier

20 412

[0180]
In brief, in the present embodiment, the operational amplifier 412 has the

non-inverting input terminal (third non-inverting input terminal) connected to the

25  reference voltage source unit 413 configured to generate the reference voltage. The
correction circuit 8 provides the output (correction analog signal) to the inverting input
terminal (third inverting input terminal) of the operational amplifier 412. Accordingly,
inputted into the inverting input terminal (third inverting input terminal) of the
operational amplifier 412 is the signal (correction analog signal) outputted from the

30 correction unit 8. Besides, the reference voltage source unit 413 may serve as the



- 61 - said oscillation circuit is configured to create a pul se signa
each tinme the reset period el apses and output the pulse signal to said
reset circuit, and said reset circuit is configured to create a reset
signal based on the pul se signal and output the reset signal to said

di scharging circuit, and 5said dischasging circuit is configured to forma
path for discharging the electric charges stored in said capacitive el enent
i N respeRsenck FolaGaioRkce R of iR TMesaivesi@N@tuity. An obj ect detection device
as set forth in claim2, wherein said control unit includes a zero crossing
detection circuit configured to judge whether 10or not a magnitude of the
waveform represented by the second digital signal is identical to a
predeteph§ﬁed val ue, and to, upon deternining t he magni tude of the waveform

t b t al tical.t h det d
ol e out utorahi gy BRERREL T adi Biher S AP g AL BB b RERRE Mo
sai d res8lodfhdiG Uk Exf)lﬁm%ﬁ"f‘ﬁ Hgaua[b%de 0 slifhiclcBf PR SEe &Pcpfli Frsin t@@%&’rﬁ% gf the

zero crossing 15detection signal subsequent to the recei pt of pul se

si gnal ,unlits Buylrputled Rethe egRlt tainghal (.t Ottsdhehréing elpan gémdngl fehd bperaticha he
predeterm ned value is defined as a value corresponding to a magnitude of
t he volanagdiesdgRalf tirbingdsnetdr Whemicdlieptavided el arfgescoarenawtofshoAdd in sai d
capacitive elenent. 204. An object detection device as set forth in clalm
3, wher@pyfrsion unitdl). b@@&recﬁhﬁwﬁ o mge Gty expneet tharrasd traisrliing t he

Zero Crpssl, &%1955%%% ’%hes'n%‘mve %‘gﬁa’{ngﬁﬁe{xﬁpna?o& e era‘%‘mﬁﬁ A elch 48 from

the receip he “pul’se si gnal, e rese |gna

di sohar@in8g@wehtig ilthoatl e c@rﬂead@&enﬂ:ﬁmtdﬁe aRa&d %tg@ﬁéFapﬁgrﬂobéTR/D &ﬁéert&n obj ect
detection device as set forth in claim1, wherein said control unit

i ncl udesovadedadnor iali i teyrajtedde raitd cai becadopteclonfthg A dotvordiudgeit wbet her or not
a magni tude of the waveformrepresented by the second digital signal
continuously exceeds a predeterm ned threshold for a prescribed tine
period[ g@% upon determ ning the magni tude of the waveformrepresented
by the ¢ nd dlgltal si gnal 30continuously exceeds the predeterm ned

threshold fI‘Hé otthta? cchffgﬁPa[tioQQQn& lﬁm%tlgﬁg j)focﬁ:le pp&EﬁUetml?o'aiment are the same as

15 those of the third embodiment.



- 62 - abnormality signal to said reset circuit, and sai d reset
circuit is configured to output the reset signal to said discharging
circuit in response to receipt of the abnormality signal. 56. An object
detection device as set forth in claim2, wherein sai d j udgnent
circuit is configured to conpare a nagmi tude of the wavel ength represented
by the second digital signal with a judgnent value, and to, upon

determ ning that the magnitude of pﬁﬁér@gglength represented by the second
digital signal exceeds the judgnen ; conclude the object exists, and
10said control unit includes an inhibition circuit configured to judge
whet her or not the magnitude of the wavel ength represented by the second
di gitaly si knhi.hi .t - I t ' -yal ue,
and o oot B B B B R B g
t hat t heviagmhfides:of the wavel ength represented by the second digital
signal exceeds the inhibition value, and to output a cancel signal to said
resét circaipyraspotriddeetsramniigurgd thattp tthecuragriisiardéirofespdnse way eheregtih
represented by the second digital signal does not exceed the inhibition
val ue, aarignount of @itaged laghdreqeived drom the taesef FRAfPed such that, once said reset
Cireuit ress II/\(7e S()ngtzeq'eioinrclzgfic%it Ezic?ur:'iig i %29 le’ratslc?i{a? a{neﬁﬁg c%inr & Ieci ds%? not out put
the reset §ignai” Unless Feceivin cance ngndi. 2077 A% j ect

det ect i,QhhetRUliC8eontS §laf RIth elldindlt Rb AN eRtedWh @&i@loﬁeramonalsaamifﬁh:@o capyersion
circuit has an upper limt of the nmagnitude of the voltage signal which
sai d AlabadesbeclstiodunitC hhid bidischaginpameatttior dstharging ssdicap itivtereddmaeit] faid
includes a protection circuit configured to judge whether or not the

magfi t dbVeconiernsiva ojrshit hgaesprfmirediocenryt thayrtiaf sigaplie anmitage sigpakandnan t he
upper limt, 25?nd to output an excess signal to said reset circuit upon
deternPHHHﬁt¥%gjﬁ§6ﬁﬁPﬁge of the voltage signal exceeds the border val ue,

q e O : . Canal 1
an Sah A/ 8Kk G {iﬂ:lugt c‘oﬁﬁ%%@iﬁ kMGGt kR g(%ﬂa%g %}[gkxgﬁtoraeﬁl%tc dﬁojﬁ%ﬁ‘al 0

said discharging circuirt 1 n response to recei e excess signal.
- signal and output the first digital signal;

- 63

a digital filter configured to extract a detection component having a frequency
15  included in a frequency band associated with the object, from a waveform represented by
the first digital signal, by subjecting the first digital signal to an arithmetic processing, and
create a second digital signal representing a waveform of the detection component, and
output the second digital signal;
a judgment circuit configured to judge, based on the second digital signal, whether or
20 not the object exists in the target space; and
a control unit configured to control said discharging circuit in such a manner to
eliminate a low-frequency component having a frequency not greater than a predetermined
frequency from the voltage signal, the predetermined frequency being not greater than a
lower limit of the frequency band,
29 wherein said control unit is configured to control said discharging circuit based on a
reset period corresponding to the predetermined frequency to discharge the electric charges

stored in said capacitive element.

2. An object detection device as set forth in claim 1, wherein

30 said control unit includes an oscillation circuit and a reset circuit, and



said pyroelectric elenent has a first end and a second end, and said
operational anplifier includes a first operational anplifier having a first
inverting input termnal and a first output termnal, and a second
operational anplifier having a second inverting input termnal and a second
output termnal, and 5said first invegting input termnal is connected to
said first end, and said second inverting input termnal is connected to

sai d secondai@ndeilldh circuit is SHBuEARCHatY € p&ls6 BBAL] dRE lidelethededdt hStiod

capacitive el enent and a second capacitive elenent, and sai d
first cépses tudentehiethentuldesignat Ers;aoisedetlmftcm;aamdsal d first inverti ng i nput
termnal 10and said first output termnal, and sai d second capaC|t|ve

el enent i s siidtreseporett w@pmfé@we@ég geals agHePt stepat basag op pupveepgndandand sai d
secondéwg‘g%h t erm.nal g [/ V. co&ver ion circuit includes a

di f f er sNtR&I"ETT5E ?FD%B%F?'SFQ mﬁg@ﬁﬁFﬁ t2'Y di fference between a

vol bage of g 'd@sch%f oote QHLRYL c&n%fgmgaad éa?&ia Ba MO agalaqgmg%ge]%@&gnd 150ut put
termnal, and sal tage si gnal Ined as a signal” representing a

wav ef Orclﬁhfges tideedinf £ 6Y @pe&tife el@ﬂleﬂbﬂn&@&pdﬂ&i eclktapt delé esetsgsat forth in
claim8, wherein said I/V conversion circuit includes an abnormality

detection circuit, 20said abnormality detection circuit is configured to
obtain at |east one of the voltage of said first output term nal and the
voItagé‘éP‘@&?H‘%%éﬁﬁﬁeﬁﬁ?ﬁﬂﬁﬁﬁ hithdpingg, whegginect i on voltage and j udge

whet her or a18 troelu &L ecltultign \z/ec%' cro%sm ﬁel ntcl: nu(gle’cgut on lpregg u rgnWr}]l%gl range
and out put an “abhor'ma det ection"'s F Cf + l%lt upon

detigr mPindda LB@hltaereonE& %(réf@ﬂn v@er;@g@edl B t'B@TsedoHQ mgdﬁqi sﬂgﬂalt B @depl&l%ghe&) r m ned
range, and 25said reset circuit is configured to output the reset signal to

sai d dipredwaigiingl eilug uintl tb,upbe dpenmitOticaaeiritudefof threw alwfiornnedpidsynted
detection signal. 10. An object detection device as set forth in claiml
furt herbyébwrcpgd Aigital enalecidenticad ity theirredakpraniaptvalap i WERiktraater BIRSENE cui t

i ncl udes
detectlon signal to said reset circuit, and

said reset circuit is configured to, in response to first receipt of the zero crossing
15 detection signal subsequent to the receipt of the pulse signal, to output the reset signal to
said discharging circuit, and
the predetermined value is defined as a value corresponding to a magnitude of the

voltage signal obtained when electric charges are not stored in said capacitive element.

20 4. An object detection device as set forth in claim 3, wherein
said reset circuit is configured to, unless receiving the zero crossing detection signal
before a lapse of predetermined time from the receipt of the pulse signal, output the reset

signal to said discharging circuit after a lapse of the predetermined time.

25 5. An object detection device as set forth in claim 1, wherein
said control unit includes an abnormality judgment circuit configured to judge
whether or not a magnitude of the waveform represented by the second digital signal
continuously exceeds a predetermined threshold for a prescribed time period, and to, upon
determining the magnitude of the waveform represented by the second digital signal

30 continuously exceeds the predetermined threshold for the prescribed time period, output an



30an adjustnent unit configured to create a correction digital signal
indicative of a - 64 - |owfrequency conponent having a frequency not
greater than a predeterm ned frequency not greater than the lower limt of
the vol tage signal based on the first digital signal; and a correction DA
converter configured to convert the -@%+ection digital signal to a
correction anal og signal and output the correction analog signal to said

Al D conpabshQity 3nhCidishid @B circuit, ardliai d A/ D conversion circuit is
configured to subtract the correction analog signal fromthe voltage signa

and conver saitliveset eiselit mrpnfipiredgeowp gk rest sigealftosgid didiatahg sirgnain, 11

An object detection device as set forth in claim 10, wherein 10said A D
conver SPE9RE] todasairt Héhueormaliyyiiggl-at or, a quantizer, and a D/ A
converter, and said integrator includes a third operational anplifier and a
third capacitive el ement, and said third operational anplifier has

a_thi 1 d WAVBLL] OG- LeLILAThF ANNSEL 8 kAeBai d 151/V conversion cir cui t

to recelve the voltage signal, a third non-inverting input termnal, and a

t hi rd out puiidtjeddidm@lirc@nd configured & @nipaird 8 no@paadd bitde elaetlAgthi S

i nterposed between said third inverting input termnal and said third

out put reerepdmed by thedsecond digital signabwitt aqudgménterlies apdif nger dderminginvert a
't . ) . o .

HEFEEECR R IO R AR R SRR L S

judgment value, conclude the object exists, and
10 said control unit includes an inhibition circuit configured to judge whether or not the
magnitude of the wavelength represented by the second digital signal exceeds an inhibition
value less than the judgment value, and to output an inhibition signal to said reset circuit
upon determining that the magnitude of the wavelength represented by the second digital
signal exceeds the inhibition value, and to output a cancel signal to said reset circuit upon
15 determining that the magnitude of the wavelength represented by the second digital signal
does not exceed the inhibition value, and
said reset circuit is configured such that, once said reset circuit receives the inhibition

signal, said reset circuit does not output the reset signal unless receiving the cancel signal.

20 7. An object detection device as set forth in claim 2, wherein
said A/D conversion circuit has an upper limit of the magnitude of the voltage signal
which said A/D conversion circuit can convert, and
said control unit includes a protection circuit configured to judge whether or not the
magnitude of the voltage signal exceeds a border value not greater than the upper limit,
25 and to output an excess signal to said reset circuit upon determining the magnitude of the
voltage signal exceeds the border value, and
said reset circuit is configured to output the reset signal to said discharging circuit in

response to receipt of the excess signal.

30 8. An object detection device as set forth in claim 1, wherein



the first digital signal is defined as a bit sequence indicative of the
digital value outputted fromsaid quantizer, and said DA
converter is configured to, in response to receipt of the digital value
fromsaid quanti zer, apply a voltage corresponding to the received digital
value to said third inverting 25i nputederm nal, and said correction
DY A converter is configured to provide the correction analog signal to said

third non- ispMsytdeN@trid@bthe f e a@st edPan P s2bhEEHd, datiect i on device as set
forth in claim21l, wherein - 65 - said digital filter includes a

first filteaidwpbtatiooalfanglifed itdudeeavest ogeheidnat smplifigi taxvingsd greél to a third
digital signal represented by multiple bits and output the third digital
si gnal ,ingaTéng ingad berepipg)l andra st pulpy fqlgw?écﬁrtdoa%efc ererpfdonsdamRtitiel gi t al

I t he .t hi,rd di t hnet d
2002t SOnLeCL ne A Ak ], SR BRGRALITEL | Br0oeeS: (o0
by gubj ecting fﬁ@ﬁgb&‘n&@ @it @hinsl 19’86’1511&{%(13&5' s&0ifBEld gu@rocess. 13. An

obj ect detection device as set forth in claim 10, wherein said correction
circuit inghiddesHnad ineirSRs BHaPernGdlfis gmected & Subp@ohd thE agar recti on
10digital signal to a noise shaping process to create a noi se-shaped

corr ect i onsgidghpaitiwiedgra¢ntandudastapist tdracioe skeuphipad asoondctpastivi git a
signal to said correction D/A converter, and said correction DA
conver t&M§: ¥¥hfi gured to convert the noise-shaped correction digital

signal to tsgll((':i FSC}JC:T-?%:_% 1€ene1?‘1%g‘r|1t01 mte%)r(])g‘eled be:ltv5v%‘é1n 8 & ﬁ?gllgx(;ertlg %tt té)r%uﬁglvi C€ as

set forth inc I'ST’ng ‘anI nt er nal ource aving a
prq@et@&g@gﬁﬁﬁ&p&k@g@mrmngﬂQﬁﬁ‘sald correction DA converter is configured

to create the correction anal og signal by use of the predeternined voltage
of sai d i ntaifradonpomeicitbewlaegntanthterposed between said second inverting input
terminal and said second output terminal, and
said I/V conversion circuit includes a differential circuit configured to output a
difference between a voltage of said first output terminal and a voltage of said second

156 output terminal, and

said voltage signal is defined as a signal representing a waveform of the difference.

9. An object detection device as set forth in claim 8, wherein
said I/V conversion circuit includes an abnormality detection circuit,

20 said abnormality detection circuit is configured to obtain at least one of the voltage of
said first output terminal and the voltage of said second output terminal as a detection
voltage, and judge whether or not the detection voltage is included in a predetermined
range, and output an abnormality detection signal to said reset circuit upon determining
that the detection voltage is not included in the predetermined range, and

29 said reset circuit is configured to output the reset signal to said discharging circuit in

response to receipt of the abnormality detection signal.

10. An object detection device as set forth in claim 1 further comprising a correction circuit,
wherein said correction circuit includes:

30 an adjustment unit configured to create a correction digital signal indicative of a



sai d operational anplifier has a non-inverting input termnal, an inverting
i nput 20term nal, and an output termnal, and sai d capacitive el enent
is interposed between said non-inverting input term nal and said out put
termnal, and said inverting input termnal is connected to said

pyroel ectric elenent, and said interng4-power source is electrically
connected to said non-inverting input 25term nal such that a reference

vol t agQow Fred i dy @8mboh 5@ helvine At dywehdyi 1d ghdapditthh @b FirstRtermibed ABq@AEECt
detection device as set forth in claim 10, wherein said Al D conversion

Ci r cui tnok podatiteBamthe Invegliiattof theavodiagabigrarbhaseheh theDirAt digrivkeyigmrl, ammind - 66
- and said third operational anplifier has a third inverting input
term nal cosmaeton V/4 conyater configamediosioprere theciprtection figital Yenalieavol t age
signal, a third non-inyerti | nput _term nal receivin ef erence vol t age,
and & CRTPEBBIE TR RSP Pah esamed T Pl LRI P N R

i ntgrposedihgiween said third inverting input termnal and said third
output terninal, and said quantizer is configured to convert a

vol t age of ssaiAdD tehivedsiontipditit ks ebmfigi@éd tosudtidiigihe @brrealduennalogpigateiemr ned
resol ution and output the digital value, and the first digita

si gnal the velefee semhabsndacdpivert sequeenitenti oifiagasignd tofthe frest diggliad silnadal ue

10out putted from said quantizer, and said DA converter is configured
to, in response to receipt of the digital value fromsaid quantizer, apply

.a vol t.alqEA%OoE%etSL{%?e%%ng \tzige et\sheet I"fo%ghe{nvc%%mdi(g!v&él%lrei}{al ue. to said third .
I nverti ng 1 np]uf erm naF, ands sai correction DA converter is

conpi gur edg4i@ APH QYA WEsibNE &N eIeHELS ARG Sd gitizkP and a D/A converter,
and
said integrator includes a third operational amplifier and a third capacitive element,
and
said third operational amplifier has a third inverting input terminal connected to said
15  I/V conversion circuit to receive the voltage signal, a third non-inverting input terminal,
and a third output terminal, and
said third capacitive element is interposed between said third inverting input
terminal and said third output terminal, and
said quantizer is configured to convert a voltage of said third output terminal to a
20 digital value at predetermined resolution and output the digital value, and
the first digital signal is defined as a bit sequence indicative of the digital value
outputted from said quantizer, and
said D/A converter is configured to, in response to receipt of the digital value from said
quantizer, apply a voltage corresponding to the received digital value to said third inverting
25  input terminal, and
said correction D/A converter is configured to provide the correction analog signal to

sald third non-inverting input terminal.

12. An object detection device as set forth in claim 11, wherein

30 the predetermined resolution is one bit, and



15said third inverting input termnal. 16. An object detection device as
set forth in claim1l1, wherein said AID conversion circuit is
configured to convert the voltage signal to the first digital signal based
on AE conversion. 20 17. An object detection device as set forth in claim
1, wherein said digital filter igsconfigured to output the digital

val ue indicative of the second digital signal in a serial nmethod. 2518. An

obj ect det egilidadt-deVtet trcfles RlfirbiORItdY unit @hakwed To cotbereha fithidigeani al et hod
s a BMC net hod.

signal to a third digital signal represented by multiple bits and output the third digital

signal, and a second filter unit configured to create the second digital signal by subjecting

the third digital signal to an arithmetic process, and

b said adjustment unit is configured to create the correction digital signal by subjecting

the third digital signal to an arithmetic process.

13. An object detection device as set forth in claim 10, wherein
said correction circuit includes a noise shaper configured to subject the correction
10 digital signal to a noise shaping process to create a noise-shaped correction digital signal
and output the noise-shaped correction digital signal to said correction D/A converter, and
said correction D/A converter is configured to convert the noise-shaped correction

digital signal to the correction analog signal.

15 14. An object detection device as set forth in claim 10 further comprising an internal power
source having a predetermined voltage,
wherein said correction D/A converter is configured to create the correction analog
signal by use of the predetermined voltage of said internal power source, and
said operational amplifier has a non-inverting input terminal, an inverting input
20 terminal, and an output terminal, and
said capacitive element is interposed between said non-inverting input terminal and
said output terminal, and
said inverting input terminal is connected to said pyroelectric element, and
said internal power source is electrically connected to said non-inverting input

25  terminal such that a reference voltage is applied to said non-inverting input terminal.

15. An object detection device as set forth in claim 10, wherein
said A/D conversion circuit includes an integrator, a quantizer, and a D/A converter,

and

30 said integrator includes a third operational amplifier and a third capacitive element,
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and

said third operational amplifier has a third inverting input terminal connected to said
I/V conversion circuit to receive the voltage signal, a third non-inverting input terminal
receiving a reference voltage, and a third output terminal, and

said third capacitive element is interposed between said third inverting input
terminal and said third output terminal, and

said quantizer is configured to convert a voltage of said third output terminal to a
digital value at predetermined resolution and output the digital value, and |

the first digital signal is defined as a bit sequence indicative of the digital value
outputted from said quantizer, and

said D/A converter is configured to, in response to receipt of the digital value from said
quantizer, apply a voltage corresponding to the received digital value to said third inverting
input terminal, and

said correction D/A converter is configured to provide the correction analog signal to

said third inverting input terminal.

16. An object detection device as set forth in claim 1, wherein
said A/D conversion circuit is configured to convert the voltage signal to the first

digital signal based on AX conversion.

17. An object detection device as set forth in claim 1, wherein

said digital filter is configured to output the digital value indicative of the second

digital signal in a serial method.

18. An object detection device as set forth in claim 17, wherein

the serial method is a BMC method.



