
- 1 - DESCRIPTION Title of Invention OBJECT DETECTION DEVICE 5 Technical
Field [0001]      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 a human body and perform an efficient operation for the
purpose of energy 15conservation. 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
25current 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 30inputted into a following
detection circuit (not shown). Besides, in the configuration  - 2 -
illustrated in FIG. 17, the voltage amplification unit 400 functions as a
bandpass filter having a passing band which is equivalent to a frequency
band (e.g., 0.1 Hz to 10 Hz) of a current signal generated in response to
human body detection. 5[0004]      For example, a change in an environment
temperature is likely to cause an undesired low-frequency component
unrelated to a detection target (e.g., a human body) in the current signal
outputted from the pyroelectric element 2. In view of this, there has been
proposed the infrared detection device 1P which further includes a DC
feedback circuit 200 connected 10 between an output terminal and an input
terminal of the I/V conversion unit 300 (see document 1: JP 3472906 B2,
paragraphs 0037 to 0044, FIG. 9). [0005] In the infrared detection device
1P disclosed in above document 1, the I/V conversion 15unit 300 includes a
first operational amplifier 31 having an inverting input terminal connected
to the pyroelectric element 2. Connected between an output terminal and the
inverting input terminal of the first operational amplifier 31 is a
capacitor Cl. The capacitor Cl 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 20source 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 25amplifier 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 30amplifier 201 has the output terminal connected to the
inverting input terminal of the first 



- 3 - operational amplifier 31 via an input resistor R201. [0007] The
infrared detection device 1P which has the configuration explained in the
above 5sends the undesired low-frequency component to the input resistor
R201 in accordance with the output from the operational amplifier 201.
Therefore, it is possible to suppress an effect, due to the undesired
low-frequency component, on the voltage signal outputted from the I/V
conversion unit 300. 10[0008]      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 I/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] 20In 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 25input 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] 



30In view of the above insufficiency, the present invention has aimed to
propose the  - 4 - object detection device capable of improving an SIN
ratio of the I/V conversion circuit as well as suppressing an undesired
effect of a low-frequency component on an output of the I/V conversion
circuit. 5[0011]       The object detection device of the first aspect in
accordance with the present invention is an object detection device for
detecting an object in a target space. The object detection device
includes: a pyroelectric element configured to output a current signal in
response to a change in an amount of infrared light received from the
target space; an I/V conversion 10circuit including an operational
amplifier connected to the pyroelectric element, a capacitive element
connected to the operational amplifier to serve as a feedback circuit, and
a discharging circuit for discharging the capacitive element, the I/V
conversion circuit being configured to convert the current signal to a
voltage signal and output the voltage signal; an A/D conversion circuit
configured to convert the voltage signal to a first digital signal and
15output the first digital signal; a digital filter configured to extract a
detection component 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 20judge, 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 25corresponding 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 30invention, in addition to the first aspect,
the control unit includes an oscillation circuit and  



- 5 - a reset circuit. The oscillation circuit is configured to create a
pulse signal each time the reset period elapses and output the pulse signal
to the reset circuit. The reset circuit is configured to create a reset
signal based on the pulse signal and output the reset signal to the
discharging circuit. The discharging circuit is configured to form a path
for 5discharging the electric charges stored in the capacitive element in
response to receipt of the reset signal. [0013] In the object detection
device of the third aspect in accordance with the present 10invention, in
addition to the second aspect, the control unit includes a zero crossing
detection circuit configured to judge whether or not a magnitude of the
waveform represented by the second digital signal is identical to a
predetermined value, and 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 15circuit. 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
25the 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 30invention, in
addition to any one of the second to fourth aspects, the control unit
includes an 



- 6 -  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 continuously exceeds the predetermined
5threshold for the prescribed time period, output an abnormality signal to
the reset circuit. The reset circuit is configured to output the reset
signal to the discharging circuit in response to receipt of the abnormality
signal. [0016] 10In the object detection device of the sixth aspect in
accordance with the present invention, in addition to any one of the second
to fifth aspects, the judgment circuit is configured to compare a magnitude
of the wavelength represented by the second digital signal with a judgment
value, and to, upon determining that the magnitude of the wavelength
represented by the second digital signal exceeds the judgment value,
conclude 15the object 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 20reset 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 AID conversion circuit can convert. The control
unit includes a protection circuit configured to judge whether or 30not the
magnitude of the voltage signal exceeds a border value not greater than the
upper  - 7 - 



limit, and to output an excess signal to the reset circuit upon determining
the magnitude 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 aspect in accordance with the present
invention, in addition to any one of the first to seventh aspects, the
pyroelectric element has a first end and a second end. The operational
amplifier includes a first operational amplifier having a first inverting
input terminal and a first output terminal, and a second 10operational
amplifier having a second inverting input terminal and a second output
terminal. The first inverting input terminal is connected to the first end.
The second inverting input terminal is connected to the second end. The
capacitive element includes a first capacitive element and a second
capacitive element. The first capacitive element is interposed between the
first inverting input terminal and the first output terminal. The 15second
capacitive element is interposed between the second inverting input
terminal and the second output terminal. The I/V conversion circuit
includes a differential circuit 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 [00191      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
25least 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 30response to receipt of the abnormality detection signal.  8 [0020] The
object detection device of the tenth aspect in accordance with the present
invention, in addition to any one of the first to ninth aspects, further
includes a correction 5circuit. The correction circuit includes: an
adjustment unit configured to create a 



correction digital signal indicative of a low-frequency component having a
frequency not greater than a predetermined frequency not greater than the
lower limit 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 analog signal and output the correction analog
10signal to the A/D conversion circuit. The A/D conversion circuit is
configured to subtract the correction analog signal from the voltage signal
and convert the resultant voltage signal to the first digital signal.
[0021] 15In the object detection device of the eleventh aspect in
accordance with the present invention, in addition to the tenth aspect, the
AID conversion circuit includes an integrator, a quantizer, and a D/A
converter. The integrator includes a third operational amplifier and a
third capacitive element. The third operational amplifier has a third
inverting input terminal connected to the I/V conversion circuit to receive
the voltage signal, a third 20non-inverting input terminal, and a third
output terminal. The third capacitive element is 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.  - 9 -
In the object detection device of the twelfth aspect in accordance with the
present invention, in addition to the eleventh aspect, the predetermined
resolution is one bit. The digital filter includes a first filter unit
configured to convert the first digital signal to a third digital signal
represented by multiple bits and output the third digital signal, and a
second  5 filter unit configured to create the second digital signal by
subjecting the third digital signal to an arithmetic process. The
adjustment unit is configured to create the correction digital signal by
subjecting the third digital signal to an arithmetic process. [0023] 10In
the object detection device of the thirteenth aspect in accordance with the
present invention, in addition to the tenth aspect, the correction circuit
includes a noise shaper 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. The correction D/A converter is configured to
convert the 15noise-shaped correction digital signal to the correction
analog signal. 



[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 20a predetermined 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 25pyroelectric
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] 30In the object detection device
of the fifteenth aspect in accordance with the present  - 10 - invention,
in addition to the tenth aspect, the A/D conversion circuit includes an
integrator, a quantizer, and a D/A converter. The integrator includes a
third operational amplifier and a third capacitive element. The third
operational amplifier has a third inverting input terminal connected to the
I/V conversion circuit to receive the voltage signal, a third
5non-inverting input terminal receiving a reference voltage, and a third
output terminal. The third capacitive element is 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 10from 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 AID conversion circuit is configured to convert the voltage
signal to the first digital signal based on AI 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.  [0029]      FIG. 1 is a schematic block diagram
illustrating the configuration of the object detection device of the first
embodiment,          FIG. 2 is a schematic block diagram illustrating the
configuration of the object 5detection device of the above first
embodiment,       FIG. 3 is a time chart illustrating the operation of the
object detection device of the first embodiment,       FIG. 4 is a time
chart illustrating the operation of the object detection device of the
first embodiment, 10FIG. 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 15first 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, 



20FIG. 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
25detection 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, 30FIG. 15 is a schematic circuit
diagram illustrating the other configuration of the object  - 12 -
detection device of the above third embodiment,      FIG. 16 is a schematic
circuit diagram illustrating the configuration of the object detection
device of the fourth embodiment, and          FIG. 17 is a schematic
circuit diagram illustrating the configuration of the prior 5infrared
detection device. Description of Embodiments [0030] (FIRST EMBODIMENT)
10The infrared detection device 1 of the present embodiment is defined as
an object detection device for detecting an object in a target space
(detection area). In the present 



embodiment, 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 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] 25The I/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 AID conversion unit 4. The I/V conversion unit 3 includes an
operational amplifier 31 connected to the pyroelectric element 2, a
capacitive element (capacitor) Cl connected to the operational amplifier 31
to serve as a feedback circuit, and a discharging circuit 30(discharging
unit) 33 for discharging the capacitor Cl. The operational amplifier 31 has
an  - 13 - inverting input terminal, a non-inverting input terminal, and an
output terminal. The inverting input terminal of the operational amplifier
31 is connected to the pyroelectric element 2. The capacitor Cl is
interposed between the inverting input terminal and the output terminal of
the discharging circuit 33. The non-inverting input terminal of the
5operational amplifier 31 is connected to a reference power source 32.
Therefore, the reference power source 32 applies a reference voltage to the
non-inverting input terminal. [0034]         The discharging circuit 33 is
a reset switch, for example. The discharging circuit 33 10is configured to
form a path for discharging the electric charges stored in the capacitive
element Cl in response to receipt of a reset signal. [0035] 



The AID conversion unit 4 is configured to convert the voltage signal
outputted from 15the 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 20voltage signal to the first digital signal
based on AE conversion. [0036] The digital processing unit 5 includes a
digital filter 51 and a judgment circuit 52. 25[0037]     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 30component, and
output the second digital signal. In the present embodiment, the object is
- 14 - a human body. The detection frequency band is a range of 0.1 Hz to
10 Hz. Further, in the present embodiment, the digital filter 51 is
configured to output a digital value indicative of the second digital
signal in a serial method. The serial method is a BMC method. 5 [0038] The
judgment circuit 52 is configured to judge, based on the second digital
signal, whether or not the object exists in the target space. In the
present embodiment, the judgment circuit 52 is configured to compare a
magnitude of the wavelength represented by 



10 the second digital signal with a judgment value (first threshold) Vthl
(-Vthl), and to, upon determining that the magnitude of the wavelength
represented by the second digital signal exceeds the judgment value Vthl
(-Vthl), conclude the object exists. The judgment circuit 52 is configured
to output a detection signal having a high level, upon concluding that the
object exists. 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
20frequency. 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 Cl. 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]  - 15 - circuit 62, a zero crossing detection circuit 63, an
abnormality judgment circuit 64, an inhibition circuit 65, and a protection
circuit 66. [0041] 5The oscillation circuit 61 is configured to create a
pulse signal each time the reset period elapses and output the pulse signal
to the reset circuit 62. [0042] The zero crossing detection circuit 63 is
configured to judge whether or not a 10magnitude 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 



15the voltage signal obtained when electric charges are not stored in the
capacitive element Cl. [0043] The abnormality judgment circuit 64 is
configured to judge whether or not a 20magnitude 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 25circuit
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 30the judgment value.
The inhibition circuit 65 is configured to output an inhibition signal  -
16 - to the reset circuit 62 upon determining that the magnitude of the
wavelength represented by the second digital signal exceeds the inhibition
value. The inhibition circuit 65 is configured to output a 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 5inhibition
value. [0045]      The protection circuit 66 is configured to judge whether
or not the magnitude of the voltage signal exceeds a border value (Vth3)
not greater than the upper limit (Vth0). The 10protection 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 15output 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
20output 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.  -
17 - [0049]      The reset circuit 62 is configured such that, once the
reset circuit 62 receives the inhibition signal, the reset circuit 62 does
not output the reset signal unless receiving the cancel signal. 5 [0050]
The following is a detailed explanation of the present object detection
device. 



[0051] 10As 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 15limited 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 20space), and outputs the current signal in response
to a change in an amount of the received infrared light. [0053] The I/V
conversion unit 3 has a configuration similar to that of the I/V conversion
unit 25300 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 Cl is interposed between the
output terminal and the inverting input terminal of the operational
amplifier 31. The capacitor Cl serves as a capacitive element for forming
an AC feedback 30circuit. The reference power source 32 producing the
reference voltage is connected to the  - 18 - non-inverting input terminal
of the operational amplifier 31. [0054] 



According to the I/V conversion unit 3 which is constructed in the above
manner and 5performs conversion using a capacitive circuit, the current
signal (weak current signal) from the pyroelectric element 2 is converted
to the voltage signal by use of the impedance of the capacitor Cl.
Therefore, the voltage (voltage of the output terminal of the operational
amplifier 31) outputted from the operational amplifier 31 is identical to a
value obtained by subtracting a voltage across the capacitor Cl from the
reference voltage generated by the 10reference power source 32. In other
words, an output of the I/V conversion unit 3 has an operating point
defined by the reference voltage, and varies from the operating point in
response to a change in the current signal caused by receipt of infrared
light at the pyroelectric element 2. 15[0055]      As to the following
explanation, in order to simplify the explanation, the output 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. 20 [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 Cl. The reset switch 33 is turned on and off in accordance
with the reset signal from the control 25unit 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 Cl. In brief, when the reset
switch 33 is turned on, the voltage across the capacitor Cl is reset to
zero, and the output (output value) of the I/V conversion unit 3 is reset
to zero (operating point).  - 19 - [0057]       The AID conversion unit 4
is configured to convert the output value of the I/V conversion unit 3 to a
corresponding digital value. Specifically, the AID conversion unit 4
converts a voltage value (analog value) received from the I/V conversion
unit 3 to a 5corresponding digital value and outputs the digital value to
the digital processing unit 5. In other words, the A/D conversion unit 4
converts an instantaneous value of the analog signal to a digital serial
bit sequence and output the digital serial bit sequence. The AID 



conversion unit 4 has an acceptable range (-Vth0 to Vht0, in this
embodiment) indicative of a range of an analog value which the A/D
conversion unit 4 can convert to a digital value. 10The acceptable range is
preliminarily determined based on a reference voltage applied from an
outside circuit. When the AID conversion unit 4 receives an analog signal
having an amplitude not included in the allowable range, an output of the
AID conversion 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 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 20comparing the output value of
the AID 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 AID 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 AID conversion 25unit 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 AID  - 20 - conversion
unit 4 to pass through. In the present embodiment, the digital processing
unit 5 serves as a digital bandpass filter (hereinafter referred to as
"BPF") having a passing band defined by a frequency range (0.1 Hz to 10 Hz,
in the present embodiment) of the current signal which is generated by the
pyroelectric element 2 in response to human body 5detection. [0060] Similar
to the prior infrared detection device 1P as illustrated in FIG. 17, when
an 



analog BPF is used, an element 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 element is connected to an IC (integrated
circuit) externally. With this configuration, it is impossible to provide a
circuit part of the infrared detection device 1 as a one-chip circuit. In
contrast, the infrared detection device 1 of the present embodiment employs
the digital BPF as mentioned in the above. Therefore, an external part can
be unnecessary and the 15circuit 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 25example. [0062]      In the infrared detection
device 1 of the present embodiment, the control unit 6 resets the capacitor
Cl by turning on the reset switch 33 at an appropriate timing, thereby
30eliminating an undesired low-frequency component (hereinafter referred to
as "undesired  - 21 - component") having a frequency not less than a
predetermined frequency from the output of the I/V conversion unit 3. For
example, the undesired component is a fluctuation component which occurs in
the current signal outputted from the pyroelectric element 2 due to changes
(e.g., a change in an environmental temperature) irrespective of the
detection 5target (human body). [0063]       In brief, the control unit 6
outputs the reset signal at such a timing that the undesired component is
eliminated from the output of the I/V conversion unit 3, and turns on the
reset 10switch 33 to reset the voltage across the capacitor Cl. In more
detail, the control unit 6 



includes an oscillator (not shown) designed to output a clock signal each
time a predetermined period 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 20which 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] 25In brief, when the frequency defining the upper limit of the
undesired component is 0.1 Hz, the time of 10 seconds 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 Cl 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. 30In other words, the control unit 6 and the I/V
conversion unit 3 constitute a high-pass filter  - 22 - having a cut-off
frequency equivalent to the frequency defining the upper limit of the
undesired component. [0066] 5Further, in the present embodiment, the output
of the digital processing unit 5 is inputted into the control unit 6 as a
feedback signal. As mentioned in the above, the digital processing unit 5
has a function of the digital BPF (filter unit) having the passing band of
0.1 Hz to 10 Hz. Therefore, the feedback signal is defined as a signal
obtained by removing the undesired component from the output of the I/V
conversion unit 3. 10 



[0067]       The infrared detection device 1 includes the filter unit
(digital filter) 51 configured to allow, to pass through, a signal
component which has a frequency included in a predetermined 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 feedback signal. When the feedback
signal shows the first zero crossing after the generation of the clock
signal, the control unit 6 creates the reset signal to reset the voltage
across the capacitive element Cl. [0068] 20In 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 Cl. 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 IN 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 (c) and the other figures explained 30below,
the output value of the digital processing unit 5 is shown as an analog
value.  - 23 - [0069]       For example, as shown in FIG. 3, the current
signal including only the undesired component which has the frequency equal
to or less than 0.1 Hz is inputted into the I/V  5 conversion unit 3. In
this situation, as shown in FIG. 3 (c), the digital processing unit 5
outputs the feedback signal devoid of the undesired component to the
control unit 6. The feedback signal may include a noise component.
Therefore, the feedback signal shows a fluctuation as shown in FIG. 3 (c).
The noise component included in the feedback signal mainly contains a
circuit noise which occurs in the I/V conversion unit 3 prior to the AID
10conversion, and a noise which occurs in the digital processing unit 5
subsequent to the A/D conversion, for example. 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 zero crossing of the
feedback signal (i.e., at the time at which the noise component becomes
zero) to reset the voltage across the capacitor Cl. 15 [0070] 



Consequently, when the output of the digital processing unit 5 becomes
zero, the control unit 6 resets the capacitor Cl. 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 20difference 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  25 clock signal, the
control unit 6 turns on the discharging circuit 33 to reset the capacitor
Cl at the timing of a lapse of the extension period. In FIG. 4, (a) shows
the output (feedback signal) 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 30creates the reset signal to reset the capacitor Cl at the timing of a
lapse of the extension  - 24 - period. [0072] The extension period is
shorter than the period defining the interval between the clock 5signals
generated by the oscillator. For example, when the period is 10 seconds,
the extension period is selected to be 3 seconds. Alternatively, the
extension period may be greater than the period defining the interval
between the clock signals. For example, the extension period may be 20
seconds. 10[0073] According to the above configuration, even in a situation
where the infrared detection device 1 has some troubles and thus the output
of the digital processing unit 5 does not become zero even when the
extension period elapses from the timing of generation of the clock signal,
the capacitor Cl 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 Cl. In FIG. 5, (a)
shows the 



20output (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 Cl when the
absolute value of the output value of the I/V conversion unit 3
continuously exceeds a first 30threshold for a predetermined allowable
period. In other words, in this infrared detection  - 25 - device 1, the
control unit 6 includes the abnormality protection unit (abnormality
judgment circuit 64 and the reset circuit 62). When the absolute value of
the output value of the I/V conversion unit 3 continuously exceeds the
predetermined threshold for the predetermined allowable period, the
abnormality protection unit (abnormality judgment circuit 64 and the 5reset
circuit 62) resets the capacitive element Cl. [0076]      In brief, when
the infrared detection device 1 operates normally, the absolute value of
the output value of the digital processing unit 5 exceeds the first
threshold Vthl 10periodically while 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
infrared detection device 1 operates abnormally, the detection signal is
likely to keep having the high level, as shown in FIG. 6 (c). In view of
this, when the state where the detection signal has the high level
continues for the allowable period as 15shown in FIG. 6 (c), the control
unit 6 outputs the reset signal to reset the capacitor Cl as shown in FIG.
6 (d). [0077]            According to this configuration, when the
abnormality that the detection signal has 



20the 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 Cl. After such reset, the human body detection can be
performed successfully. [0078] 25In addition, the control unit 6 includes
an AID conversion protection unit. When the absolute value of an input of
the AID conversion unit 4 exceeds a third threshold falling within the
acceptable range of the input which the AID conversion unit 4 can convert
to a corresponding digital value, the AJD conversion protection unit
outputs the reset signal to reset the capacitor Cl. In other words, the
control unit 6 includes the AID conversion 30protection unit (the
protection circuit 66 and the reset circuit 62). When the absolute  - 26 -
value of the input of the AID conversion unit 4 exceeds the third threshold
Vth3 which is selected to be not greater than the upper limit Vth0 of the
acceptable range of the input which the AID conversion unit 4 can convert
to a corresponding digital value, the A/D conversion protection unit resets
the capacitive element Cl. 5 [0079]      Especially, as shown in FIG. 7,
the third threshold Vth3 serving as an upper third threshold is slightly
less than the upper limit Vth0 of the acceptable range, and the third
threshold -Vth3 serving as a lower third threshold is slightly greater than
the lower limit 10-Vth0 of the acceptable range. In FIG. 7, (a) shows the
output value of the I/V conversion unit 3 and (b) shows the reset signal.
The control unit 6 monitors the output value of the I/V conversion unit 3
(the input value of the AID conversion unit 4). When the output value of
the I/V conversion unit 3 reaches the third threshold Vth3 (or -Vth3), the
control unit 6 determines the output value of the I/V conversion unit 3
exceeds the third threshold 15Vth3 (or -Vth3), and outputs the reset signal
to reset the capacitor Cl. 



[0080]      According to this configuration, when the input of the AID
conversion unit 4 comes near to go beyond the acceptable range, the control
unit 6 resets the capacitor Cl 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 input of the AID conversion unit 4 is
kept falling within the acceptable range, and thus the saturation of the
output of the AID 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 25may be equal to the upper limit
Vth0 of the acceptable range, and the third threshold -Vth3 may be equal to
the lower limit -Vth0 of the acceptable range. [0081]           The
infrared detection device 1 includes the judgment unit 52. The judgment
circuit 3052 compares the absolute value of the value corresponding to the
output value of the I/V  - 27 - conversion unit with the first threshold
(judgment value). The judgment circuit 52  determines the presence or
absence of the detection target based on whether or not the absolute value
exceeds the first threshold. When the absolute value is less than the
second threshold (prohibition value) less than the first threshold, the
control unit 6 operates at a 5first operation mode in which the control
unit 6 is permitted to reset the capacitive element. When the absolute
value exceeds the second threshold, the control unit 6 operates at a second
operation mode in which the control unit 6 is not permitted to reset the
capacitive element. 10[0082] In brief, while the absolute value of the
output value of the I/V conversion unit 3 is less than the second threshold
which is less than the first threshold for the human body detection, the
control unit 6 operates at the first operation mode. While the absolute
value of the output value of the UV conversion unit 3 exceeds the second
threshold, the control 15unit 6 operates at the second operation mode. In
the first operation mode, the control unit 



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] 20In more 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 (d).  - 28 - [0084]       With regard to
FIG. 8, (a) shows the output of the digital processing unit 5 (the feedback
signal), and (b) shows the reset signal, and (c) shows the second mode
switching signal, and (d) shows the first mode switching signal, and (e)
shows the detection signal. 5 [0085]       In the first operation mode, as
mentioned in the above, after the generation of the clock signal generated
with the period 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 10reset the capacitor Cl. In contrast, in the second
operation mode, the control unit 6 terminates the generation of the clock
signal, and stops the operation for resetting the capacitor Cl. When the
switch from the second operation mode to the first operation mode is made
in response to the first mode switching signal, the control unit 6 outputs
the reset signal at the first zero crossing of the feedback signal after
the switch of the operation mode. 15Thus, the control unit 6 turns on the
reset switch 33 to reset the capacitor Cl. [0086] According to this
configuration, in the infrared detection device 1, while the absolute value
of the output value of the I/V conversion unit 3 exceeds the second
threshold, the 20capacitor Cl 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 I/V conversion
unit 3 prior to the completion of the operation of the human body
detection. 25Consequently, 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 30device 1
of the present embodiment includes the pyroelectric element 2, the I/V
conversion  - 29 - circuit (I/V conversion unit) 3, the A/D conversion
circuit (A/D conversion unit) 4, the digital filter 51, the judgment
circuit 52, and the control unit 6. The pyroelectric element 2 is
configured to output the current signal in response to the change in the
amount of infrared light received from the target space. The IN conversion
circuit 3 includes the operational 5amplifier 31 connected to the
pyroelectric element 2, the capacitive element Cl connected to the
operational amplifier 31 to serve as the feedback circuit, and the
discharging circuit 33 for discharging the capacitive element Cl. The I/V
conversion circuit 3 is configured to convert the current signal to the
voltage signal and output the voltage signal. The AID conversion circuit 4
is configured to convert the voltage signal to the first digital signal and
10output the first digital signal. The digital filter 51 is configured to
extract the detection component having the frequency included in the
frequency band (detection frequency band) associated with the object, from
the waveform represented by the first digital signal, by subjecting the
first digital signal to the arithmetic processing, and create the second
digital signal representing the waveform of the detection component, and
output the second digital 15signal. 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 20predetermined 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 Cl. 25[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
30circuit 62 is configured to create the reset signal based on the pulse
signal and output the  - 30 - reset signal to the discharging circuit 33.
The discharging circuit 33 is configured to form the path for discharging
the electric charges stored in the capacitive element Cl in response to
receipt of the reset signal. 5[0089]      Further, in the object detection
device 1 of the present embodiment, the control unit 6 includes the zero
crossing detection circuit 63. The zero crossing detection circuit 63 is
configured to judge whether or not the magnitude of the waveform
represented by the second digital signal is identical to the predetermined
value, and to, upon determining the 10magnitude of the waveform represented
by the second digital signal is identical to the predetermined value,
output the zero crossing detection signal to the reset circuit 62. 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
output the reset signal to the discharging circuit 33. The predetermined
value is defined as a value corresponding to a 15magnitude of the voltage
signal obtained when electric charges are not stored in the capacitive
element Cl. [0090] Further, in the object detection device 1 of the present
embodiment, the reset circuit 2062 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] 25Further, 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 Vthl) for the prescribed time
period (allowable period), and to, upon determining the 30magnitude of the
waveform represented by the second digital signal continuously exceeds  -
31 - the predetermined threshold for the prescribed time period, output the
abnormality signal to the reset circuit 62. The reset circuit 62 is
configured to output the reset signal to the discharging circuit 33 in
response to receipt of the abnormality signal. 5[0092] Further, in the
object detection device 1 of the present embodiment, the judgment circuit
52 is configured to compare the magnitude of the wavelength represented by
the second digital signal with the judgment value (first threshold Vthl),
and to, upon determining that the magnitude of the wavelength represented
by the second digital signal 10exceeds the judgment value, conclude the
object (human body, in the present embodiment) exists. The control unit 6
includes the inhibition circuit 65. The inhibition circuit 65 is
configured to judge whether or not the magnitude of the wavelength
represented by the second digital signal exceeds the inhibition value
(second threshold Vth2) less than the judgment value (first threshold
Vthl), and to output the inhibition signal to the reset circuit 1562 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 20circuit 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
AID conversion circuit 4 has the upper limit Vth0 of the magnitude of the
voltage signal which 25the AID 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 Vth0, 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 



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 embodiment includes the
5pyroelectric element 2 and the I/V conversion unit 3. The I/V conversion
unit 3 is configured to convert the current signal to the voltage signal by
use of the operational amplifier 31 connected with the capacitive element
Cl for feedback. The I/V conversion unit 3 is provided with the discharging
unit 33 configured to create the discharging path for discharging the
electric charges stored in the capacitive element Cl. The infrared
10detection device 1 is provided with the control unit 6 configured to
control the discharging unit 33 to reset the capacitive element Cl at such
a timing that the low-frequency component having the frequency not greater
than the predetermined frequency is eliminated from the output of the I/V
conversion unit 3. 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 Cl. 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 Cl. Therefore, it is possible to eliminate the
25undesired 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 30as undesired components. Consequently, it is
possible to avoid occurrence of erroneous 



- 33 - detection which would otherwise occur due to such undesired
components, for example. [0097] Moreover, in the infrared detection device
1, only the pyroelectric element 2 is 5connected to the input terminal of
the I/V conversion unit 3. Therefore, in contrast to a situation where the
input resistor is connected to the input terminal of the I/V conversion
unit 3 as explained in the above background art, the S/N ratio of the I/V
conversion unit 3 can be improved. In brief, with regard to the situation
where the input resistor is connected to the input terminal of the I/V
conversion unit 3, when a noise component occurs 10in the input resistor,
such a noise component also is inputted into the I/V conversion unit 3.
This causes a decrease in the S/N ratio of the I/V conversion unit 3.
Especially, 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
15caused 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 Cl
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 25effect 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 



30an effect of the undesired low-frequency component on the output of the
I/V conversion unit  - 34 - 3 yet the infrared detection device 1 can
improve the S/N ratio of the I/V conversion unit 3. folool Additionally, in
contrast to a situation where the DC feedback circuit is interposed
5between the output terminal and the input terminal of the I/V conversion
unit 3 as explained in the background art, the infrared detection device 1
of the present embodiment does not need the DC feedback circuit. Therefore,
the circuit of the infrared detection device 1 of the present embodiment
can be downsized. 10[owl] In the present embodiment, the AID conversion
unit 4 is a AE (delta-sigma) A/D convertor. In other words, the A/D
conversion unit 4 performs a AE conversion process. Therefore, it is
possible to downsize the AID conversion unit 4 and improve the accuracy of
the AID conversion unit 4. 15 [0102]      The digital processing unit 5
outputs the digital signal in a serial manner. Especially, 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 20result 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 25judgment result 104 indicates
the operation mode. 



[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 transmission
clock signal (e.g., 1 MHz) shown in FIG. 9 (c) through  - 35 - one serial
communication process. Since the digital processing unit 5 superimposes
various data on the transmission clock signal, the digital processing unit
5 can send the various data via one signal line. Therefore, it is possible
to reduce the number of terminals of the digital processing unit 5 and to
downsize the infrared detection device 1. 5 [0104]       The digital
processing unit 5 employs a BMC encoding method as the serial manner. In
the BMC encoding method, the output level is inverted for each cell. In
brief, the digital processing unit 5 converts the output by use of the BMC
(Biphase Mark Code) encoding 10method in which the output level is inverted
for each cell. For example, as shown in FIG. 9 (b), the digital processing
unit 5 encodes data of "1" to "01" or "10" based on the BMC 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 15one 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 30operates in a differential
circuit manner.  - 36 - [0107] In the infrared detection device 1A of the
present embodiment, the pyroelectric element 2 has a first end and a second
end. 5 [0108]       The operational amplifier of the I/V conversion unit 3A
includes a first operational amplifier 311 having a first inverting input
terminal and a first output terminal, and a second operational amplifier
312 having a second inverting input terminal and a second 10output
terminal. The first inverting input terminal of the first operational
amplifier 311 is connected to the first end of the pyroelectric element 2.
The second inverting input terminal of the second operational amplifier 312
is connected to the second end of the pyroelectric element 2. 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 20terminal 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
25voltage 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. 



- 37 -      In more detail, as shown in FIG. 10, in the present embodiment,
the IN conversion unit 3A includes the first operational amplifier 311
connected to one end of the pyroelectric element 2, and the second
operational amplifier 312 connected to the other end of the pyroelectric
element 2. Interposed between the output terminal and the inverting input
5terminal of the first operational amplifier 311 is the first capacitive
element (first capacitor) C11 which serves as a capacitive element for
constituting an AC feedback circuit. Interposed between the output terminal
and the inverting input terminal of the second operational amplifier 312 is
the second capacitive element (second capacitor) C12 which serves as a
capacitive element for constituting an AC feedback circuit. The operational
10amplifiers 311 and 312 have the non-inverting input terminals connected
to the reference power source 32 which supplies the reference voltage.
[0112] Further, there is a first reset switch 331 which is interposed
between the output 15terminal and the inverting input terminal of the first
operational amplifier 311 so as to be connected in parallel with the
capacitor Cll. 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 20reset signal from the control unit 6.
[01131      Moreover, the I/V conversion unit 3A includes a differential
amplifier circuit employing the third operational amplifier 34. This
differential amplifier circuit outputs a 25voltage 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 



30the non-inverting input terminal of the third operational amplifier 34
via a resistor R12.  - 38 - Interposed between the output terminal and the
inverting input terminal of the third operational amplifier 34 is a
resistor R13. The third operational amplifier 34 has the non-inverting
input terminal connected via a resistor R14 to the reference voltage source
configured to provide the reference voltage. 5 [0114]       Besides, in
FIG. 10, the A/D conversion unit 4 and the digital processing unit 5 are
illustrated as one unit, and the digital processing unit 5 has an output
side connected to a serial interface 7 configured to serially output the
output of the digital processing unit 5. 10Further, in the instance shown
in FIG. 10, the I/V conversion unit 3, the A/D conversion unit 4, the
digital processing unit 5, the control unit 6A, and the serial interface 7
are provided as one-chip IC (Integrated Circuit) 10 and are housed in a
case 11. [01151 15As 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 20difference 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 25corresponding 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 



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
abnormality detection circuit 35. The abnormality detection circuit 35 is
configured to obtain at least one of the voltage of the 5first 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 (normal range as mentioned below), and output an
abnormality signal (abnormality detection signal) to the reset circuit 62
upon determining that the detection voltage is not included in the
predetermined range. In the present embodiment, the reset circuit 62 of
10the control unit 6A is configured to output the reset signal to the reset
switches 331 and 332 constituting the discharging circuit in response to
receipt of the abnormality detection signal. [01181 15In 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 20a
predetermined 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 25signal
(abnormality detection signal) to the control unit 6A. [01191 



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 30signal in response to receipt of the
abnormality signal from the abnormality detection unit  - 40 - 35 so as to
turn on the first and second reset switches 331 and 332 to reset the
capacitors C11 and C12. In other words, the control unit 6A includes the
abnormal voltage protection unit (reset circuit) 62 configured to reset the
capacitive element (capacitor) Cl in response to occurrence of an event
where at least one of the output voltages of the first operational
5amplifier 311 and the second operational amplifier 312 does not fall
within the normal range defined by the fourth threshold and the fifth
threshold. In brief, when at least one of the output voltages of the first
operational amplifier 311 and the second operational amplifier 312 does not
fall within the normal range defined by the fourth and fifth 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 15the
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 20current 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
25and C12. 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 30of the first embodiment.  - 41 - [0123]
(THIRD EMBODIMENT)         As shown in FIG. 11, the object detection device
(infrared detection device) 1B of the 5present embodiment includes the
pyroelectric element 2, the I/V conversion circuit 3, the AID conversion
circuit 4B, the digital filter 51B, and a correction circuit 8. [01241 The
correction unit 8 includes an adjustment unit 81 and a correction D/A
converter 1082. 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. 15In 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 AID conversion
circuit 4B. 20[01251      The AID 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] 25The AID 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 30element 411. The third operational amplifier 412 has a third
inverting input terminal, a  - 42 - third non-inverting input terminal, and
a third output terminal. The third inverting input terminal is connected to
the I/V conversion circuit via the resistor 45 to receive the voltage
signal. The third capacitive element 411 is interposed between the third
inverting input terminal and the third output terminal. The third
non-inverting input terminal is 5connected to the correction D/A converter
82 to receive the correction analog signal. In other words, the correction
D/A converter 82 is configured to provide the correction analog signal to
the third non-inverting input terminal [0128] 10The 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 43 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 25is
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 30configured to receive
the third digital signal from the first filter unit 510. The adjustment  -
43 - unit 81 is configured to create the correction digital signal by
subjecting the third digital signal to an arithmetic process. [0132] 5The
object detection device 1B further includes the judgment circuit 52 and the
control unit 6, but they are not shown in FIG. 11. Additionally, also the
discharging circuit 33 is not illustrated in FIG. 11. [0133] 10In the
following, the present embodiment is explained in detail. [0134]       As
shown in FIG. 12, the infrared detection device (object detection device)
1B of the present embodiment includes the pyroelectric element 2, the I/V
conversion circuit 3 15connected 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 AID conversion unit 4B, and the correction
circuit 8. 



[0135] 20The AID 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 25conversion circuit 3 and the integrator 41 is the
resistor 45. [01361         The integrator 41 includes the operational
amplifier (third operational amplifier) 412 in which the capacitor (third
capacitive element) 411 is interposed between the inverting 30input
terminal (third inverting input terminal) and the output terminal (third
output  - 44 - terminal) of the third operational amplifier 412. The third
operational amplifier 412 receives the input signal (the voltage signal)
from the I/V conversion circuit 3 at the inverting input terminal (third
inverting input terminal). The quantizer 42 compares the output voltage
(the voltage at the third output terminal) of the integrator 41 (that is,
an 5integrated value) with a predetermined threshold, and converts the
analog value indicative of the integrated value to the corresponding
digital value. In the present embodiment, the quantizer 42 uses one
threshold to convert the analog value to the corresponding digital value of
one bit. 10[0137]      The D/A converter 43 converts a delay value to a
corresponding analog value and 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 AID
conversion unit 154B, 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 AID
conversion unit 4B converts an analog value to a corresponding digital
value 



20at 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. [01391 25The 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.
- 45 - [0140]      As shown in FIG. 11, the digital filter 51B includes the
first filter unit 510 connected to the output terminal of the AID
conversion unit 4B and the second filter unit 520 connected to the output
terminal of the first filter unit 510. The first filter unit 510 serves 5as
a low-pass filter. The second filter unit 520 serves as a high-pass filter
and a low-pass filter. The first filter unit 510 and the second filter unit
520 constitute a BPF. [0141] As mentioned in the above, the A/D conversion
unit 4B is constituted by a AE AID  10 convertor. Such a AE AID convertor
performs oversampling to reduce a quantization error. The first filter unit
510 is configured to serve as a decimation filter designed to performs a
process of reducing a sampling frequency of the digital data (first digital
signal) outputted from the quantizer 42 (i.e., downsampling) to change the
resolution of the digital data from one bit to multiple bits. 15 [0142]
In a situation where an analog BPF is used as an alternative to the digital
filter 51B, 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 



20component 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 25one-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 30corresponding voltage signal by the I/V conversion
circuit 3, and thereafter is converted to  - 46 - the corresponding digital
value by the A/D conversion unit 4B, and subsequently is inputted into the
digital filter 51B. The digital filter 51B outputs the digital signal
(second digital signal) corresponding to a component included in the
frequency band (about 0.1 Hz to 10 Hz) of the current signal which the
pyroelectric element 2 generates in response to 5detection of a human body,
and the digital signal outputted from the digital filter 51B is inputted
into the judgment circuit 52 subsequent to the digital filter 51B. [0144]
When an input (the voltage signal from the I/V conversion circuit 3) to the
A/D 10 conversion unit 4B includes a low-frequency component with a
frequency not greater than the predetermined frequency, such an input
signal to the A/D conversion unit 4B easily deviates from the input
allowable range. In brief, when the current leakage occurs at the inverting
input terminal of the operational amplifier 31 of the I/V conversion
circuit 3 or a low-frequency fluctuation component is inputted into the I/V
conversion circuit 3 from the 15pyroelectric 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 20detection 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". 



25[01451      It is considered that a high-pass filter is interposed
between the I/V conversion circuit 3 and the AID 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 30having relatively high circuit constants. Therefore, it is
difficult to include the high-pass  - 47 - filter in the IC (integrated
circuit). Therefore, in a configuration where the I/V conversion circuit 3,
the AID conversion unit 4B, and the digital filter 51B are not constituted
by external parts but are included in the IC to form a one-chip circuit in
a similar manner as the present embodiment, it is impossible to interpose
the high-pass filter between the I/V 5conversion circuit 3 and the AID
conversion unit 4B. [01461 In view of the above, the infrared detection
device 1B of the present embodiment is provided with the correction circuit
8 designed to reduce the low-frequency component 10(undesired component)
included in the input to the quantizer 42. The low-frequency component
(undesired component) has a frequency not greater than the predetermined
frequency. For example, in consideration of the frequency band (about 0.1
Hz to 10 Hz) of the current signal which the pyroelectric element 2
generates in response to the human body detection, the undesired component
is defined as a low-frequency component having a 15frequency not greater
than 0.1 Hz. [01471      The correction unit 8 is connected to the digital
filter 51B and the AID conversion unit 4B. The correction unit 8 feeds back
the undesired component from the digital filter 51B to 20 the AID
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 



2541. [01481      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 30conversion unit) 82
connected to the output side of the adjustment unit 81. The  - 48 -
adjustment unit 81 is a digital low-pass filter having a cut-off frequency
identical to the upper limit frequency (e.g., 0.1 Hz) of the undesired
component. The adjustment unit 81 extracts only the digital signal
(correction digital signal) corresponding to the undesired component from
the output from the first filter unit 510 and outputs the extracted digital
5signal to the correction D/A converter 82. The correction D/A converter 82
converts the digital value (a value indicated by the correction digital
signal) corresponding to the undesired component received from the
adjustment unit 81 to the analog value (correction analog signal) and feeds
back the analog value to the operational amplifier 412. 10[0149]
According to this configuration, the analog signal (correction analog
signal) corresponding to the undesired component is fed back by the
correction circuit 8 to the operational amplifier 412 of the integrator 41
as the feed back signal. Since inputted into the inverting input terminal
(third inverting input terminal) of the operational amplifier 15412 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 AID
conversion unit 4B does not fall within the input allowable range due to
the undesired 20component. Consequently, the input allowable range of the
AID conversion unit 4B can be extended. [01501 Next, a detailed explanation
referring to FIG. 13 is made to the configuration of the 25correction 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 



30821 is the constant DC voltage (internal power source voltage) Vcc. The
plural resistance  - 49 -  elements divide the reference voltage (internal
power source voltage) Vcc such that different voltages are developed at the
respective connection points. The control circuit 823 selects the
connection point to be connected to the integrator 41 in accordance with
the digital value outputted from the adjustment unit 81 such that the
voltage having magnitude 5corresponding to the digital value (value
indicated by the correction digital signal) outputted from the adjustment
unit 81 is applied to the non-inverting input terminal (third non-inverting
input terminal) of the operational amplifier 412. [0151] 10In brief, the
correction D/A converter 82 divides the DC voltage Vcc by use of the
resistor array 821. When no fluctuation occurs in the input signal to the
A/D conversion unit 4B, the correction D/A converter 82 selects the
connection point to be connected to the integrator 41 by use of the control
circuit 823 such that a predetermined voltage Vr is outputted to the
integrator 41. When the fluctuation to the high voltage side occurs in the
15input signal 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 is fed back to the operational amplifier 412. 20 [01521      The
object detection device 1B of the present embodiment includes the internal
power source having the predetermined voltage (DC voltage) Vcc. The
correction D/A converter 82 is configured to create the correction analog
signal by use of the predetermined voltage 25Vcc 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 I/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.  



- 50 -      In other words, in the object detection device 1B, the I/V
conversion circuit 3 includes the operational amplifier 31. The operational
amplifier 31 has the inverting input terminal connected to the pyroelectric
element 2. Interposed between the inverting input terminal and the output
terminal of the operational amplifier 31 is the feedback element
5(capacitive element) Cl. The reference voltage is applied to the
non-inverting input terminal of the operational amplifier 31. The
correction circuit 8 includes the D/A conversion unit (correction D/A
converter) 82 configured to convert the digital value (value indicated by
the correction digital signal) corresponding to the low-frequency component
to the analog value (value indicated by the correction analog signal). A
power supply unit for 10the correction D/A converter 82 is also used as a
power supply unit for a reference power unit generating the reference
voltage. [0154] In brief, a power source unit which applies the DC voltage
Vcc to the resistor array 15821 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 20input 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] 25According 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 Vcc
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
IN conversion circuit 3 and the correction D/A converter 82, 30and thus the
effects are canceled at the integrator 41. Consequently, it is possible to
avoid  - 51 - 



a situation where the noise component which occurs in the output of the
reference voltage source unit 33 causes an effect on the input to the
quantizer 42. As a result, the reliability of the output of the AID
conversion unit 4B is improved. 5[0156] The correction circuit 8 reduces
the undesired component having the frequency not greater than the
predetermined frequency included in the output of the AID conversion unit
4. Therefore, with regard to a relation between the input and the output of
the AID conversion unit 4B, the correction circuit 8 is considered to be a
high-pass filter. In the 10correction circuit 8, the cut-off frequency of
the adjustment unit 81 may be adjusted such that with regard to the output
from the AID conversion unit 4B the low-frequency 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 AID
conversion unit 4B, which has the frequency not greater than the cut-off
frequency of the high-pass filter. In other words, the 20correction 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] 30Next, an explanation
referring to FIG. 14 is made to an operation of the object  - 52 -
detection device (infrared detection device) 1B. FIG. 14 shows inputs to
the quantizer 42 in a situation where a fluctuation component (undesired
component) having the frequency 



not greater than the predetermined frequency occurs in the input from the
pyroelectric element 2 to the I/V conversion circuit 3 due to a change in
the environment temperature of 5the pyroelectric element 2. [0160] First,
an explanation is made to an instance where the correction circuit 8 is not
provided. In this instance, as shown in FIG. 14 (a), the undesired
component is included in 10the input to the quantizer 42 in addition to the
detection target component (e.g., a component outputted from the
pyroelectric element 2 in response to movement of a human body). Therefore,
the input to the quantizer 42 is greatly fluctuated due to the undesired
component. Not to saturate the output from the quantizer 42, the input
allowable range R1 of the A/D conversion unit 4B is required to be a
relatively wide range. 15 [0161] 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
20the 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 AID conversion
unit 4B is selected to be a relatively narrow range, the output of the
quantizer 42 is hardly saturated. 25[01621      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 30based on the first digital
signal. The low-frequency component is defined as a component  



- 53 - having the frequency not greater than the predetermined frequency.
The predetermined frequency is not greater than the lower limit. The
correction D/A converter 82 is configured to convert the correction digital
signal to the correction analog signal and output the correction analog
signal to the AID conversion circuit 4B. The A/D conversion circuit 54B is
configured to subtract the correction analog signal from the voltage signal
and convert the resultant voltage signal to the first digital signal.
[0163] In other words, the object detection device 1B of the present
embodiment includes the  10 pyroelectric element 2, the I/V conversion
circuit 3, the A/D conversion unit 4B, the digital filter 51B, and the
correction unit 8. The I/V conversion circuit 3 is configured to convert
the current signal outputted from the pyroelectric element 2 to the
corresponding voltage signal. The AID conversion unit 4B is configured to
convert the analog value outputted from the I/V conversion circuit 3 to the
corresponding digital value and output the resultant 15digital value in a
serial manner. The digital filter 51B is configured to transmit the signal
component in the output from the A/D conversion unit 4B which has the
frequency included 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 2551B 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,
30the object detection device (infrared detection device) 1B of the present
embodiment can  - 54 - regard the undesired low-frequency component as the
undesired component and eliminate the same. 



[0165] 5Therefore, 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 low-frequency component. Consequently, with narrowing
the input allowable range R2 of the A/D conversion unit 4B (i.e., with
selecting a relatively narrow range as the dynamic range of the input of
the quantizer 42), the quantizer 42 can convert with high accuracy a weak
10input signal such as the voltage signal based on the output of the
pyroelectric element 2. Alternatively, when the quantizer 42 of the present
embodiment has the substantially same accuracy as that of an instance
devoid of the correction unit 8, the circuit scale of the object detection
device 1B can be reduced in comparison with the above instance, and then
the object detection device 1B can be downsized. 15 [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 20circuit 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. 25[01671      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 AID conversion unit 4B.
In the present embodiment, the correction unit 8 extracts the 30undesired
component from the output from the first filter unit 510 which functions as
the  - 55 - decimation filter and constitutes the low-pass filter of the
digital filter 51B. Further, the correction unit 8 feeds back the extracted
undesired component to the AID conversion unit 4B. Therefore, the first
filter unit 510 is used as a filter for extracting the undesired component
in the correction unit 8. With using the same circuit for different
purposes, the 5configuration of the object detection device 1B can be
simplified. 



[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 analog value. 10The quantizer 42 is configured
to quantize the 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 inverting input terminal
(third inverting 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] 20In 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 AID 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 25component
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 AID conversion unit
4B can be improved. [0170]  - 56 -  brief, a AE AID converter is adopted as
the A/D conversion unit 4B including the integrator 41 configured to
integrate the analog value. Therefore, the AID conversion unit 4B can have
the relatively high accuracy yet the circuit part of the object detection
device 1B can be provided as an IC (integrated circuit). Further, the
undesired component fed back to the 5input to the quantizer 42 by the
correction unit 8 is reduced by the integrator 41 of the A/D conversion
unit 4B. Thus, it is unnecessary to provide, in addition to the AJD
conversion unit 4B, a component configured to reduce the undesired
component which is fed back. [0171] 



10FIG. 15 illustrates the object detection device 1C of a modification of
the present embodiment. The correction unit 8 shown in FIG. 15 includes a
noise shaper 83 interposed between the adjustment unit 81 and the
correction D/A converter 82. The noise shaper 83 is configured to subject
the output of the adjustment unit 81 to a noise shaping process. In this
configuration, the correction D/A converter 82 converts the digital value
corresponding 15to the undesired component which is subjected to the noise
shaping process by the noise shaper 83, to the corresponding analog value.
Subsequently, the correction D/A converter 82 feeds back the analog value
to the operational amplifier 412. [0172] 20In 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 25D/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 30transmit the low-frequency component, the noise shaper 83
configured to subject the output  - 57 - (correction digital signal) of the
adjustment unit 81 to the noise shaping process, and the D/A conversion
unit (correction D/A converter) 82 configured to convert the output of the
noise shaper 83 to the corresponding analog value. 5[0174]       Besides,
in the present embodiment, the AE AID converter exemplifies the A/D
conversion unit 4B. However, the A/D conversion unit 4B may be an A/D
converter different from the AE A/D converter. 10[0175] (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. 25[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 I/V conversion circuit 3 via
the resistor 45 to receive the 30voltage signal. The third capacitive
element 411 is interposed between the third inverting
- 58 - input terminal and the third output terminal [0178] In contrast to
the third embodiment, the third inverting input terminal in the objet  5
detection device 1D of the present embodiment is connected to the
correction D/A converter 82 to receive the correction analog signal. In
other words, the correction D/A converter 82 is configured to provide the
correction analog signal to the third inverting input terminal. [0179] 10In
other words, in the object detection device 1D of the present embodiment,
the AID conversion unit 4D includes the integrator 41 and the quantizer 42.
The integrator 41 is configured to integrate the analog value. The
quantizer 42 is configured to quantize the 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
15inverting 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 20412. [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 25reference 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 30correction unit 8. Besides, the reference voltage
source unit 413 may serve as the  - 59 - reference voltage source 32 of the
I/V conversion circuit 3. [0181] According to the object detection device
(infrared detection device) 1D of the present 5embodiment as explained in
the above, it is sufficient that the output from the correction unit 8 is
provided to the input terminal (i.e., the inverting input terminal of the
operational amplifier 412) of the integrator 41 which is provided as a
first component of the AID conversion unit 4D. Therefore, there is no need
to directly connect the output terminal of the correction unit 8 to the
non-inverting input terminal of the operational amplifier 412.
10Consequently, although the correction circuit 8 is added, a
general-purpose AID converter provided as an IC (integrated circuit) can be
adopted as the A/D conversion unit 4D. [0182]            The other
configurations and functions of the present embodiment are the same as
15those of the third embodiment.  - 60 - CLAIMS 



1. An object detection device for detecting an object in a target space,
said object detection device comprising: 5a pyroelectric element configured
to output a current signal in response to a change in an amount of infrared
light received from the target space;      an I/V conversion circuit
including an operational amplifier connected to said pyroelectric element,
a capacitive element connected to said operational amplifier to serve as a
feedback circuit, and a discharging circuit for discharging said capacitive
element, said 10I/V conversion circuit being configured to convert the
current signal to a voltage signal and output the voltage signal;       an
AID conversion circuit configured to convert the voltage signal to a first
digital signal and output the first digital signal; a digital filter
configured to extract a detection component having a frequency 15included
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 20not 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,
25wherein 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 30said control unit includes an oscillation circuit and a reset
circuit, and  



- 61 -      said oscillation circuit is configured to create a pulse signal
each time the reset period elapses and output the pulse signal to said
reset circuit, and      said reset circuit is configured to create a reset
signal based on the pulse signal and output the reset signal to said
discharging circuit, and 5said discharging circuit is configured to form a
path for discharging the electric charges stored in said capacitive element
in response to receipt of the reset signal. 3. An object detection device
as set forth in claim 2, 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
predetermined value, and 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 said reset circuit, and
said reset circuit is configured to, in response to first receipt of the
zero crossing 15detection 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. 204. 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. 255. 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 30continuously exceeds the predetermined
threshold for the prescribed time period, output an 



- 62 - abnormality signal to said reset circuit, and      said 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 claim 2, wherein      said judgment
circuit is configured to compare a magnitude of the wavelength represented
by the second digital signal with a judgment value, and to, upon
determining that the magnitude of the wavelength represented by the second
digital signal exceeds the judgment value, conclude the object exists, and
10said 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 15determining 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. 207. An object
detection device as set forth in claim 2, wherein      said AID conversion
circuit has an upper limit of the magnitude of the voltage signal which
said AID 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, 25and 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.  - 63
- 



said pyroelectric element has a first end and a second end, and       said
operational amplifier includes a first operational amplifier having a first
inverting input terminal and a first output terminal, and a second
operational amplifier having a second inverting input terminal and a second
output terminal, and 5said first inverting input terminal is connected to
said first end, and said second inverting input terminal is connected to
said second end, and       said capacitive element includes a first
capacitive element and a second capacitive element, and            said
first capacitive element is interposed between said first inverting input
terminal 10and said first output terminal, and       said second capacitive
element is interposed 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 15output
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, 20said 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 25said 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: 



30an adjustment unit configured to create a correction digital signal
indicative of a  - 64 - low-frequency component having a frequency not
greater than a predetermined frequency not greater than the lower limit 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 analog signal and output the correction analog signal to said
AID conversion 5circuit, and       said A/D conversion circuit is
configured to subtract the correction analog signal from the voltage signal
and convert the resultant voltage signal to the first digital signal. 11.
An object detection device as set forth in claim 10, wherein 10said AID
conversion circuit includes an integrator, a quantizer, 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 15I/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 20digital 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 25input terminal, and      said correction
D/A converter is configured to provide the correction analog signal to said
third non-inverting input terminal. 12. An object detection device as set
forth in claim 11, wherein  - 65 -       said digital filter includes a
first filter unit configured to convert the first digital 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
5said 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
10digital 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. 1514. 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 20terminal, 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 25terminal 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 AID conversion
circuit includes an integrator, a quantizer, and a D/A converter, and  - 66
- 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 5said 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
10outputted 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 



15said third inverting input terminal. 16. An object detection device as
set forth in claim 1, 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 is configured to output the digital
value indicative of the second digital signal in a serial method. 2518. An
object detection device as set forth in claim 17, wherein the serial method
is a BMC method. 




