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HUMAN BCDY DETECTOR . The present invention relates th"ﬁ ¥ %%%EN
‘type hunman body detector of an intermttent | i ght project.
nore particularly, to a human body detector '

HUMAN BODY DETECTOR

The present invention relates to a reflection type

human body detector of an intermittent light projection

system and, more particularly, to a human body detector

which outputs a detection signal to, for example, a feed
water control system so as to control the valve opening

operation.

The conventional reflection type human body detector

for outputting a detection signal to a feed water control

system or the ligf which is disclosed in Japanese Patent
Laid-Open No. 294032/1986 compares the photoeleét:ic value
received with a threshold value, and outpuﬁs a human body
detection signal when the photoelectric value reaches the
threshold wvalue. |

In a generally used reflection type human body detec~-
tor, the photoelectric .value received is integrated, the
integrated value is compared with a threshold value, and
when the integrated wvalue reaches the threshold value, a
human body detection signal is output.

In the reflection type human body detector whlch is

disclosed in Japanese Patent Laid-Open No. 156686/1993, the
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whi ch-out put's a detection signal to, for exanple, a feed ma%éﬂ“@@ﬁFﬁNHASBEEN
systemso as to control the valve opening operation. The REPLACED

conventional reflection type human body detector - for outputtlng a
detection signal to a feed water control systemor the like which is

di scl osed i n Japanese Patent Laid-cp?n No. 294032/ 1986 conpares the
phot oel ectric value received with a threshold val ue, and outputs a human
body. detection signal when the photoelectric value reaches the threshold
val ue. In a generally used reflection type. human body detec-

photoelectric value received is integrated during the
projection of light, the integrated value is compared with a
threshold value, and when the integrated value reaches the
threshold value, a human body detection signal is output.

However, these conventional reflection.type human body
detectors have the following problems.

In the first human body dgtector, since a human body
detection signal is output when the'phgtoelectric value
reaches the threshold value, even if a man passes momentari-
ly by the appara;us, a human body detection signal is
output.

In the second human body detector, since a human body
aetection signal is output when the integrated photbélectric
value reaches the threshold value, even if the ;ntegrated
photoelectric value of disturbing light reaches the thresh-
old value, a false human body detection signal is output.

In the -third hﬁman body detéctor,_since the photoeiec-
tric value recei§ed is integrated during the prbjection-of
light, and when the integrated value reaches the threshold
value, a human body detection signal is output, even if
disturbing light is received during the projection of light
and the integrated photoelectric leue of disturbing light
reaches the threshold value, a false human body detection

signal is output.
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_ ot the photoelectric value received is integrated, the illnfHEG3E YA BEEN
I's conpared wth a threshold val ue, and when the integratéd_val PLaGERes

the threshold value, a human body detection signal is output. 'n the
reflection type human body detector which is - disclosed in Japanese Patent
Lai d- Open No. 156686/ 1993, the - 2-

. -3 -

Accor@ingly, it is an .aim of the present invention
to eliminate the above-described problems in the related aft
and to provide a reflection type human body detector of an
intermittent ligﬁt projection system which can exactly
detect a human body by taking out a variation of the photo-
electrié value during the projection of light and storing it
until the next light projection, updating the variation at
the next projection, comparing the wvariation of the photo-

- electric value integrated in a predetermined time wi;h a
threshold value, -and outputting a human body detection
signal when the integrated value reaches the threshold
value. |

To achieve this aim, the present invention provides a
reflection type Human body detector having a light emitting
element, a light receiving element ﬁnd a light projection
pulse generator for generating pulses for intermittently
projecting light from the light emiﬁting.eieﬁent onﬁo an
object of deteqtion so as to detect the object of detection
by processing a light reception signal output from the light
receiving element when the light reflected from the object
of detection is received by the light receiving element, the
human body detector comprising: an output converter for
outputting a variation of ?He light reception signal sup-
pPlied from the light receiving element when the light

projection is started by the light emitting element in
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. phot.oel ectric value received is integrated during the prOquHMDSHQETthmEEN
the integrated value is conpared with a threshold val ue, gnd whﬂmplheED

i ntegrated val ue reaches the threshold value, a human body=detectow

signal is output. However, these conventional reflection type human
body detectors have the foll ow ng problens. In the first human body
detector, since-a human body detecti#nsignal is output when the

photoel ectric value reaches the threshold value, even if a nman passes
nonentari- |y by the apparatus, a human body detection signal is output.

synchronism with the intermittegt light projection timing of
the light projection pulse generator; an integrator for
integrating the variation; and a judging means for ju@ging
whether or not the output value of the integrator is within
a predetermined threshold value so as to output a detection
signal of the object of detection when the output value
reaches the threshold value.

According to the human body detec;o; having the
above-described structure, light projection is started in
synchronism with the intermittent light projection timing,
and when the ligﬁt reflected from the object of detection is
received by the light receiving element, the outputting

~ converter outputs the variation of the light reception
signal, so that the variation is a value with the influence
of disturbing light or the like eliminated therefrom. In
addition, since the variatioﬁ is integrated by the integra-
tor, when the output value reaches éheppfedetermined'thrééh—'

old value, the judging means output a detection signal

indicating the detection of the object.

The preferréd embodiments of the present invention will
be ekplained hereinunder b& way of example only with reference

to the accompanying drawings, in whichj;-
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. I'n"the second human body detector, since a human body 'de ect og E
. out put when the integrated photoelectric value reaches the-threshol

val ue,

BFEN

even if the integrated photoelectric value of disturbing Ilght

-reaches the thresh- old value, a false human body detection signal is
In the third human body detector, since the photoelec- tric
val ue received is integrated during tHeprojection of |ight, and when the
i ntegrated val ue reaches the threshold value, a human body detection

out put .

si gnal -

is output, even if disturbing Iight is received during the

projection of light and the integrated photoel ectric value of disturbing

| i ght

reaches giip, tIr eshel oGk Ui agrdd! 68 HHEBRREPEYsELLEELLEoE

first embodiment of a human body detector according to the
present invention;

Fig. 2 is a timing chart of human body detection;

Fig. 3 is a block diagram of a modification of the first

embodiment shown in Fig. 1; and
Fig. 4 is a block diagram of the structure of the main
part of a second embodiment of a human body detector accord-

ing to the present invention.

Fig. 1 is a bléck diagram of the structure of a first
embodiment of a reflection type human body detector accord-
ing to the present invention for outputting a human body
detection signal to a feed water control system. Fig. 2 is
a timing chart of human body detectioﬁ.

As shown in Fig. 1, a light injection pulse generator 2
for controlling the ON/OFF of a.transistor Q in accordance
with the instruction of a miqrpcqmputer 1 is provided. When
the light injection pulse qenerétor 2 receives the instruc-
tion for 1igh£ emission from the microcomputer 1, as shown
in Fig. 2(a), the light injectidn pulse generator 2 outputs
a light injectioﬁ pulse for switching ON the transistor Q

at an interval of, for example, 2 seconds, so as to emit
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.signal is output. o THIS SHEET HAS BEEN
Accordingly, it is an aim of the present invention to i ni nREELAGED

above-descri bed problens in the related art and to provide a reflectron

type human body detector of an intermttent |ight projection system which
can exactly detect a human body by taking out a variation of the photo-
-6 -

light from a light emitting element D1 which is composed of
a light emittig diode or the like, as shown in Fig. 2(b).
Since the transistor Q is switched_ON every time the 1light
projection pulse is input to the base of the transistor Q, a
current is supplied from a power source VB to the light
emitting element D1, so that the light emitting element D1

intermittently emits light at intervals of 2 seconds.

When the light emitted from tﬁé-light emitting element
D1 is reflected by a human body fnq; shdwﬁ), the reflected
light is received by a light receiving element D2 which is
composed of a light receiving diode or the like. When thé
light receiving eiement D2 receives light, it outputs a
light reception voltage at the timing shown in Fig. 2{(c).
The light rec;ption voltage is applied to an amplifier A so
as to be amplified. The amplified voltage is applied to a
capacitor Cl which is connected to the output side of the
amplifier A, and differentiated when the capacitor Cl is
e#cited. In other words, the voltage corrésponding to the
variation of the light reception voltage received by the
light receiving element D2 is output from the capacitor C1
as a light feceptioﬁ voltage.

Switches S1 and S2 which are turned ON and OFF by the
light projection pulse generator 2 in synchronism with the
ON/OFF timing of the light projection pulse are connected to

the output side of the capacitor Cl. The switch S1 is
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el ectric val ue during the projection of |ight and storing
next |light projection, updating the variation at t he next

TS BHEET HAR BEEN
! tror . . Pro] ¢pi AdeD
conparing the variation of the photo- ‘electric value inte =

predetermned time with a threshold value, and outputting a human body
detection signal when the integrated val ue reaches the threshold val ue.
To achieve this aim the present invention provides a reflection type
human body detector having a light emtting el enent, a light receiving
.element and a light projection pul se generator for generating pul ses for
intermttently projecting light fromthe Iight emtting el enent onto an

turned OFF for a very short time in synchronism with the ON
of the light projection pulse, as shown in Fig. 2(d), while
the switch S2 is turned ON for a very short time in synchro-
nism w1th the ON of the light projection pulse, as shown in
Fig. 2(e).

Since the switch S2 is turned ON for a very short time
in synchronism with the ON of the light projection pulse,
the light reception voltage outputEf;om the capacitor Cl is
input to an integrator 3 which is composed of an operational
amplifier OP; and a capacitor C2 through a resistor R during
the very short ON time. The integrator 3 integrates each
light reception voltages input during the verf'short bN time
of the switch S2 four times, as shown in Fig. 2(f). |

The switch Sl is turned ON for a very short time in
synchronism with the OFF of the light projec£ion pulse from
the light projection generator 2,Iand discharges the charges
in the capacitor Cl in preparation -for the next light
reception.

A reset circuit 4 is connected to the output side of
the integrator 3, and the integrated value from the integra-
tor 3 is stored until the reset circuit 4 is operated. The
integrator 3 outputs the integrated value to a comparator 5
which is composed of the operational amplifier OP2 and a

threshold voltage source EI.
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. pbj ect of detection so as to detect the object of detecti:hﬂ‘”sgz1 TdtAS BEEY
a light reception signal output fromthe Tight recei vi nfl_el enBEPLABED t he

light reflected fromthe object of detection is received by the rTgm
receiving elenent, the  hunan body detector conprising: an out put
converter for outputting a variation of the light reception signal sup-
plied fromthe |ight receiving el enent when the |ight projection is
started by the light emtting elenent irg -

The comparator 5 outputs a detection signal indicating
the detection of a human body, as éhown in Fig. 2{(g), at the
moment the integrated value reaches the voltage preset by
the threshold voltage source El. fhe detection signal is
output to a feed water controller 2 so as to open a water
valve 7 for a predetermined time.

In this embodiment, when noise N1 caused by disturbing
light is output from the light receiving element D2, as
shown in Fig. 2(c), the noise N1 is not integrated, because
the switch S1 is ON: (switch S2 is OFF). When noise N2
caused by another disturbing light beam is Qutput, since the
noise N2 is caused during the resetting operation of the
reset circuit 4, the noise N2 is not integrated.

When noi;e N3 is caused, the noise N3 is not integrat-
ed, because the switch S1 is ON (switch S2 is OFF).

In this way, since almost no noise caused by unexpected
disturbing light is integrated, the exact humaﬁ body detec-
tion which is not influenced by disturbing light is enabled.

Fig. 3 is a block diagram of a modification of the
embodiment shown iﬁ Fig. 1. In this modification, the
integrator 3 apq_the comparéfor 5 are constituted by a
microcomputer. Although the integrator 3 and the comparator
5 executes analog processing, this microcomputer is provided
therewithin with an addition subtraction logic circuit 8 for

digitally adding and subtrécting the light reception voltage
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rd- . synchronismwith the intermttent |ight projecti . T%SBE!:—N
the Ilght projéection pul se generator; an integrator for |nr )

the variation; and a judgi ng nmeans for judging whet her “or not the
out put val ue of the integrator is within a predeterm ned threshol d
value so as to output a detection signal of the object of detection
when t he out put val ue reaches the,threshol d value. According to the
human body detector having the abdve- descri bed structure, light
_projection is started in

output from the switeh S2, and a comparison logic circuit
for outputting a human body detection signal when the sum or
difference in a predetermined time t reaches a predetermined
value. The other structure and operation are the same as in
the embodiment shown in Fig. 1.

A second embodiment of the present invention will now
be explained with reference to Fig. 4. A light emission
system (not shown) which is similar® to that in the first
embodiment is provided in the second embodiment.‘ A light
injection pulse generator 2 for controiling_the ON/OFF of a
transistor Q in accordance with the instruction of a micro-
computer, 1 is provided. When the light injection pulse
generator 2 receives the instruction for light emission from
the microcompﬁter 1, the light injection pulse generator 2
outputs a light injection pulse for switching ON the tran-
sistor Q at an interval of, for example, 2 seconds. Slnce
the transistor Q is switched ON every tlme the llght projec—-
tion pulse is input to the base of the transistor Q, a light
emitting element D1 intermittently emits light at intervals
of 2 seconds.

A semiconductor position detector PSD (Position Sensi-
tive Photodector) is used as a light receiving element for
receiving the light intermittently emitted from the light
emitting element D1 and reflected frem a human body. The

semiconductor, position detector PSD is a sensor for
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MR




-synéhronisn1mﬁth the intermttent |light projection timng, j} THIS S EEN
the light reflected fromthe object of detection is ecei VREPLACEDE

light receiving elenment, the outputting converter outpors=thHe

variation of the |light reception signal, so that the variation is a
value with the influence of disturbing light or the |ike elimnated
therefrom In addition, since theqeactiation is integrated by the
i nt egr a- tor, when the output value reaches the predeterm ned thresh-
. old value, the judging neans out put a detection signal : i ndicating the
detection of the object. The preferred enbodi nents of the
present inventiqgn w |l be expl ai ned herei nunder by way of exanple
.onIy Wi t hMeafBrdnge the distance between the PSD and a human body in
accordance with the principle of triangulation.
To state this concretely, when light is received, the
two voltages V1, V2, output from both terminals or the
common terminal of the semiconductor position detector PSD
are amplified by the respective amplifiers to the same
amplification degree. The amplified light reception voltag-
es are applied to capacitors Cl which are connected to the
output sides of the respective amplifiers A, and differenti-
ated when the capacitors Cl are excited. In other words,
the voltage corresponding to the variation of the light

received by the semiconductor position detector PSD is

output from each capacitor Cl as the light reception volt-

LY

age.

Switches S1 and S2 which are turned ON and OFF by the
light projection pulse generator 2 in synchronism with the
ON/OFF timing of the light projection pulse are connected to
the output side of each capacitor Cl. The switches Sl are
turned OFF for a very short time in synchronism with the ON
of the light projection pulse, -while the switches S2 are
turned ON for a very short time in synchronism with the ON
of the light projection pulse.

Since the twc switches S2 are turned on for a very
short time in synchronism with the ON of the light projec-

tion pulse, the light reception voltage output from each
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-5- Fig. 1 is a block diagramof the whole structu
enbodi ment of a human body detector according to the pres _ wilatal
Fig. 2is atimng chart of human body detecti on; Fig. 3 is a block
di agram of a nodification of the first

- 11 -

. to the acconpanyi ng draw ngs, in which; - ' ' ' = el
ja%-%s e 4p BEEN |

capacitor Cl is input to the corresponding integrator 3
which is composed of an operational amplifier OPl and a
capacitor C2 through a resistor R during the very short ON
time. Each integrator 3 integratés each light reception

voltages input during the very short ON time of the
switch S2.

A sample hold circuit S/H is connected to the output
side of each integrator 3. Each sample hold circuit
samples and holds the integrated value output from the
corresponding integrator 3 and outputs the value to a
comparison logic circuit 10 at the same time. The compari-
son logic ¢ircuit 10 may be replaced by a comparator consti-
tuted by an operational amplifier.

The comgérison logic circuit 10 calculates the values
(integrated values) output from the two sample hold circuits
S/H so as to calculate the distance between the humap body
and the semiconductor position detéctor PSD. If the dis-
tance is not more than a predetermined value, a detection
signal indicating the detection of a human body is output.
The detection signél is output to a feed water controller 6
so as to open a water valve 7 for a predetermined time in
the same way as in the first embodiment.

As described above, according to the present invention,
light projection is started in synchronism with the inter-
mittent light projection timing by the light projection

generator, and when the light reflected from a human body is
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. énbadi ment shown in Fig. 1, and Fig. 4 is a block dia gﬁ$%§H HAS BEEN

structure of the main part of a second enbodi nent of a hu et
accord- ing to the present invention. Fig. 1is a bl ock di agram
of the structure of a first enbodinent of a reflection type human body
detector accord- 1ing to the present invention for outputting a human body

detection signal to a feed water contrcqzsysten1 Fig. 2is atimng chart
of human body detecti on.

received by the light receiving element, the output convert-
er outputs a variation of the light receiving signal. The
variation is a value with influence of disturbing light or
the like removed therefrom and the variation is integrated
by the integrator. When the output value of the integrator
reaches a preset threshold value, the judging means outputs
a human body detection signal. In this way, the deteétion

of a human body is ensured.
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'As. éhéwn in Fig. 1, a light injection pul se g'enerat or fo ARG A BEEN
the ONVOFF of a transistor Qin accordance wth the |nstru t1 0N REpEACED
m croconputer 1 is provided. Wen the light injection pul s

recelves*fﬁe—+ﬁ5+++m%—_i¢cm_for i ght em ssion fromthe mcroconputer 1, as

shown in |ght I njection pulse generator 2 outputs a |ight
I nj ectlon M""M ing ON the §gansistor Q at an interval of, for .
66@0

exanpl e, o em t
. REPLACEMENT SHEET
CLAIMS:

1. A reflection type human body detector having a
light emitting element, a light receiving element and a
light projection pulse generator for generating pulses for
intermittently projecting light frbm said light emitting
element onto an object of detection so as to detect said
object of detection by processing a light reception signal
output from said light receiving element when the light
reflected from said object of detection is received by said
.light receiving element, said human body detector compris-
ing:

an output converter for outputting a variation of the
light reception signal supplied from said receiving element
when the ligﬁt projection is started by said light emitting
element in synchronism with the intermittent light projec-
tion timing of said light projection pulse geﬁerator;

an integrator for integrating said wvariation; and

a judging means for judging whether or not the output
value of said integrator is within a predetermined threshold
value so as to outéut a detection signal of said object of
detection when said output value reaches said threshold
value.

2, A reflection type human body detector accord-

ing to claim 1, wherein
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,:6-1‘. light froma light emtting elenment DL which is co
“enittig diode or the like, as shownin Fig. 2(b). Since thhe trRERACED Q

IS sw the light projection pulse is
of the tp urrent is supplied froma power source VB to the
| i ght rmm“ (]“I m " so that the light emtting el enent D1

I ntermttentd y tenwt ss| |ght at intervajps of 2 seconds. Wen the |ight
emtted fromthe light emtting element D1 is reflected by a human body
~(not shown), the reflected light is received by a light receiving el enent

D2 which is

said light receiving element is a semiconductor posi-
tion detector;

variations of the two light reception signals from said
semiconductor position detector are integrated; |

the distance between said object of detection_and said
semiconductor position detector is calculated on £he basis
of the two integrated values; and

a detection signal indicating the detection of said
object is output when said differeﬁée is not more than a

predetermined value.

3. A reflection type human body detector substantially
as hereinbefore described with reference to Figures 1 to

3 and Figure 4 of the drawings.

-
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‘composed of a light receiving diode or the Iike. Wen the | g
[

-

el ement D2 receives light, it outputs a |ight reception vol
timng shown in Fig. 2(c). The |ightigeception voltage is dpplie

e s |

| Se————

anplifier Aso as to be anplified. The anplified voltage is applied to a
capacitor Cl which is connected,pbQ %Q% out put side of the anplifier A and
differenti ated when the capacitor 8 excited. In other words, the

vol tage corresponding to thevavasowti pgreéréde |ight reception voltage
.received by the light receiving elenent D2 is output fromthe capacitor Cl

as a light reception voltage. Switches S1 and S2 which are turned ON
and OFF by the .

A reflection type human body deﬁeptor which is capable
of exadtly detecting a human body by reducing the influence
of disturbing light. The human body detector cbmprises a
light emitting element; a light receivihg element; a light
projection pulse generator for intermittently projecting
light from the light emitting element; an output converter
composed of a capacitor and switches .so as to output a
variation of the light reception signal supplied from the
light receiving element when the light projection is started
by the light emitting element in synchronism with the
intermittent light projection timing of the light projection
pulse gene?ator; an integrator for integrating the varia-
tion; and a jadging means for outputting a d#tection signal
indicating the'detection-of a human body when the output

. value of the integrator reaches a predetermined threshold

value.

Figure 1
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. light projection pulse generator 2 in synchronismwith the OVOFF timng
of the Iight projection pulse are connected to the output side of the
capacitor Cl. The switch Sl is ' 7
turned OFF for a very short tinme in synchronismwith the ON of the |ight
projection pulse, as shown in Fig.,2¢d), while the switch S2 is turned ON
for a very short tinme in synchro- '
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.nismwith the ON of the light projection pulse, as shown in Fig. 2(e).
Since the switch S2 is turned ON for a very short tine in syhchronismwth
the ON of the light projection pulse, the |light reception voltage output
fromthe capacitor Cl is input to an integrator 3 which is conposed of an
operational anplifier OP1 and a capacitor C2 through a resistor R during
the very short ON tine. The intedr/dtor 3 I ntegrates each |ight reception
vol tages input during the very short ONtinme of the switch S2 four tines,
as shown in Fig. 2(f). The switch SEis turned ON for a very short
time in synchronismwth the OFF of the Twght projection pulse from
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. the light projection generator 2, and di scharges the charges in the
capacitor Cl in preparation for the next |light reception. A reset
circuit 4 is connected to the output side of the integrator 3, and the
integrated value fromthe integra- tor 3 is stored until the reset circuit
4 is operated. The integrator 3 ogtﬁuts the integrated value to a
conparator 5 which is conposed of { e operational anplifier OP2 and a

t hreshol d vol tage source E1.

REPLACENMENT SHEET
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. -8- - The conparator 5 outputs a detection signal indicating the
detecti on of a human body, as shown in Fig. 2(g), at the nonent the

i ntegrated val ue reaches the voltage preset by the threshold voltage
source E1. The detection signal is output to a feed water controller 2 so
as to open a water valve 7 for a predeterm ned tine. In this

enbodi ment, when noi se N1 caused b %isturbing light is output fromthe
i ght receiving el enent D2, as
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;sh%ﬁﬁﬁ$ﬁwﬁrgf’2(c)f“the'hdrsg:Nl'ié:hot i ntegrated, becau
is QN (gwitch S2-is OFF).. When noi se N2 caused by anot he
beamis output, since the noise N2 is caused during the

operation of the reset. circuit 4, the noise W2 is not integrated.
When noise N3 is caused, the noise N3 is not integrat- ed, because the
switch S1 is ON (switch S2 is OFF). In this way, since al nost no

noi se caused by unexpected disturbing light is integrated, the exact human
body detec- tion which is not influenced by disturbing light is enabled.
Fig. 37is a block diagramof a nodification of the enbodinment shown in
Fig. 1. In this nodification, the

HUMAN BODY DETECTOR

The present invention relates to a reflection type
human body detector of an intermittent light projection
System and, more particularly, to a human body detector

{1_ | which outputs a detection signal to, for.example, a feed
| water control system so as to control the valve opening

operation.

The conventional refléction type human body detector
i for outputting a detection signal to a feed water cbntrol
'system or the like which is disclosed in Japanese Pétent
Laid-Open No. 294032/1986 compares the photoeleétxic value
received with a threshold value, aﬁd'outputs a human body
detection signal when_the photoelectric value reaches the
¢ threshold value. |

In a generally used reflecﬁion type human body detec-
tor, the photoelectric.value received is_integrated, the
integrated value is compared with a threshold value, and
when the integrated value reaches the threshold value, a
human body detection signal is output.

In the reflection type human body detector which is

disclosed in Japanese Patent Laid-Open No. 156686/1993, the



Jntégragor 3 and the conparator 5 are constituted by a nmilc REPOAGEMENT SHEET

Al though the integrator 3.and the conparator 5 executes al og ngcmlm
this mcroconputer is provided therewithin with an additijpbawubté.det-i-on"""

| ogi-c circuit 8 for digitally adding and subtracting the recept T oM

vol t age REPLACENMENT

SHEET ' -3-2 - output fromthe switch S2, and
a conparison logic circuit

photoelectric value received is integrated during the
projection of light, the integrated value is compared with a
threshold value, and when the integrated value reaches the
threshold value, a human body detection signal is output.
However,.thése conventional reflection.type human body
detectors have the following problems.
In the first human body d#tector, since a human body
{ detection signal is output when the photgelectric value
reaches the threshold value, even if a man passes momentari-
ly by the apparaﬁus, a human body detection signal is
output.
| In the secohd human body detector, since a human body
éetection signal is output when the integrated'photbélectric
value reaches the threshold value, even if the ;ntegrated
photoelectric value of disturbing light reaches the thresh-
old value, a false human body detection signal is output.

In the -third hﬁman bpdy detéctor,.siﬁce the photoeiec-
tric value receiQed is integrated during the prbjection of
light, and when the integrated value reaches the threshold
value, a human body detection signal is ouﬁput, even if
disturbing light is received during the projection of light
and the integrated photoelectric value of disturbing light
reaches the threshold value, a false human body detection

signal is output.



\for outputtlng a human body detectlon S|gnal mhen the su
a prredetermined time t reaches a predetermined val ue.
and’ operation are the sane as in the enbodi nent shown in Fbéte :
second enbodi nent of the present invention will now be e
reference to Fig. 4. Alight em ssion system (not shown) which is sinmlar
to that in the first enbodinent is provided in the second enbodi nent. A
light injection pulse generator 2 for comtrollingthe ONV OFF of a
transistor Qin accordance with the instruction of a mcro- conputer 1 is

provi ded. When the light injection pulse generator 2 receives the
I nstruction for light em ssion from

Accordingly, it is an .aim of the present invention

------------------------------

to eliminate the above—desdribed problems in the related ait
and to provide a reflection type human body detector of.an
intermittent light projection system which can exactly
detect a hﬁman.body by taking out a variation of the phdto-
electric value during the projection of light and storing it
until the next light projection, updating the variation at
( the next projection, comparing the variation of the photo-~
- electric value integrated in a predetermined time with a
threshold value, -and outputting a human body detection
signal when the integrated value reaches the threshold
value. ‘

To achieve this aim, the présent invention provides a
reflection type human body detector having a ligpt emitting
element, a light receiving element and a light projection
pulse generator for generating pulses for intermittently
projecting light from the light emifting element 6n£6 an
object of detection so as to detect the object of detection
by processing a light reception signal output from the light
receiving element when the light reflected from the object
of detection is received by the light réceiving element, the
human body detector comprising: an output converter for
outputting a variation of the light reception signal sup-
plied from the light receiving element when the light

projection is started by the light emitting element in
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the nicroconputer 1, the Iigh; i njection pul se generator 2 || GEPHACEMENTSHRET
injection pulse for switching ONthe tran- sistor Qat an |interva M 8%
exanpl e, 2 seconds. Since the transistor Qis switched ON \R8t8/ - t-faet-frg

l'ight projec- tion pulse is input to the base of the transrstor Q a T1gnt
emtting element DL intermttently emts light at intervals of 2 seconds.
A sem conductor position detector PSD (Position Sensi- tive Photodector)
is used as a light receiving el ement for *receiving the |ight
intermttently emtted fromthe light emtting element D1 and refl ected
froma human body. The sem conductorposition detector PSD is a sensor for

synchronism with the intermittent light projection timing of
the light projection pulse gene;atdr; an integrator for
integrating the variation; and a judging means for ju@ging
whether or not the output value of the integrator is within
a predetermined threshold value so as to output a detection
signal of the object of detection when the output value
reaches the threshold value.

{ Aécording to the human body detectog having the
above-described structure, light projection is started in
synchropism with the intermittent light projection timing,
and when the ligﬁt reflected from the object of detection is
received by the light receiving element, the outputting

~ converter outputs the variation of the light reception
signal, so that the variation is a value with the influence
of disturbing light or the like eliminated theréfrom. In
addition, since the variatidﬁ is integrated by the integra-
¢ tor, when the output value reaches éhe_pfedetermined thresh-

old value, thé judging means output a detection signal

indicating the detection of the object.

Thg preferréd embodiments of the present invention will
be explained hereinunder b& way of example only with reference

to the accompanying drawings, in which;-
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di stance between the PSD and ‘a human body in accordance wi fh_the %znmlm
‘'of triangul ation. To state this concretely, when |ight] Patetedeily@al. .

the two voltages V1, V2, output fromboth term nals or the —conmon
term nal of the sem conductor position detector PSD are anplified by the
respective anplifiers to the sane -5 - ‘

Fig. 1 is a block diagram of the whole structure of a
first embodiment of a human body detector according to the
present invention;

Fig. 2 is a timing chart of human body detection;

Fig. 3 is a block diagram of a modification of the first
embodiment shown in Fig. 1; and

Fig. 4 is a block diagram of the structure of the main

ﬁﬂ part of a second embodiment of a human body detector accord-

ing to the present invention.

Fig. 1 is a block diagram of the structure of a first
embodiment of a reflection type human body detector accord-
ing to the present invention for outputting a human body
detection signal to a feed water control system. Fig. 2 is
a timing chart of human body detectioﬁ.

As shown in Fig. 1, a light injection pulse generator 2
for controlling the ON/OFF of a.transistor Q in accordance
with the instruction of a microcompﬁter 1 is provided. When
the light injection pulse generator 2 recéives the instruc-
tion for lighf emission from the microcomputer 1, as shown
in Fig. 2(a), the light injection pulse generator 2 outputs
a light injectioﬁ pulse for switching ON the transistor Q

at an interval of, for example, 2 seconds, so as to emit



anplification degree. The anplified |ight reception voltag-'neptncamappsueﬁT
fo capacitors Cl which are connected to the output sides g
amplifiers A and differenti- ated when the capacitors Cl

t he t]
oetcerdih AR 16 _
ot her words, the voltage corresponding to the variation oft= Rt

recei ved by the sem conductor position detector PSD is output from each
capacitor Cl as the light reception volt- age. Switches S1 and S2
whi ch are turned ON and OFF by the r16ht projection pul se generator 2 in
synchronismwith the OV OFF timng of the light projection pulse are
connected to the output side of each capacitor Cl., The switches Sl are

light from a 1ight emitting element D1 which is composed of
a light emittig diode or the like, as shown in Fig. 2(b).
Since the transistor Q is switched ON evéry time the 1light
projection pulse is input to the base df the transistor Q, a
current is'supplied from a power source VB to the light
emitting element D1, so that the light emitting element D1

intermittently emits light at intervals of 2 seconds.

When the light emitted from the.light emitting element
Dl is reflected bﬁ a'humén body }nop shd&ﬁ), the reflected
light is received by a light receiving element D2 which is
composed of a light receiving diode or the like. When thé
light receiving—eiement D2 receives light, it outpuﬁs a
light reception voltage at the timing shown in Fig. 2(c).
The light reception voltage is applied to an amplifier A so
as to be amplified. The amplified voltage is applied to a
capacitor Cl which is connected to the output side of the

C amplifier A, and differentiated when the capacitor C1 is

excited. In other words, the voltage corrésponding to the
variation of the light reception voltage received by the
light receiving element D2 is.output froﬁ the capacitor Cl
as a light feception voltage.

Switches S1 and S2 which are turned ON and OFF bylthe
light projection pulse generator 2 in synchronism with the
ON/OFF timing of the light projection pulse are connected to

the output side of the capacitor Cl. The switch Sl is



turned OFF for a very short time in synchronismwth the ON ==
proj ection pul se, while the switches S2 are turned ON for a FEPLAGEMENT SHEET
time in synchronismwith the ON of the light projection pullse. JARC

the two switches S2 are turned on for a very short tinme in"s%'éﬁ-r-'o;ri]sm---m

with the ON of the light projec- tion pulse, the light recepiion voltage
out put from each
REPLACEMENT SHEET =T - 11 -

turned OFF for a very short time in synchronism with the ON
of the light projection pulse, as shown in Fig. 2(d), while
the switch S2 is turned ON for a.very short time in synchro-
nism with the ON of the light projection pulse, as shown in
Fig. 2(e).

Since the switch S2 is turned ON for a very short time
in synchronism with the ON of the light projection pulse,
the light reception voltage output f;om the capacitor Cl is
input to an integrator 3 which is composed of an operational
ampliﬁier OP; and a capacifof C2 through a resistor R during
the very short ON time. The integrator 3 integrates each
light reception voltages input during the verﬁlshort bN time
of the switch Sz'four times, as shown in Fig. 2(€£)..

The switch S1 is turned ON for a very short time in
synchronism with the OFF of the light pfojecéion pulse from
the light projection generator 2, and discharges the charges

( in the capacitor Cl in preparation :for the next light
reception,

A resét circuit 4 is connected to the output side of
the integrator 3, and the integrated value from the integra-
tor 3 is stored until the reset circuit 4 is operated. The
integrator 3 outputs the integrated value to a comparator 5
which is composed of the operational amplifier OP2 and a

threshold voltage source El.



capacitor Cl is input to the corresponding integrator 3 'BﬁPL%03Mﬁ§B§§§ET
O0f dn operational anplifier OP1 and a capacitor C2 through a re3|$t MAR
during the very short ON tine. Each integrator 3 integrataisDalgch-itgfrt: e

reception voltages input durlng the very short ON tinme of ‘Tfe—SwWic

A sample hold circuit S/His connected to the output side of each
integrator 3. Each sanple hold circuit sanples and holds the integrated
val ue output fromthe corresponding integrator 3 and outputs the value to
a conparison logic circuit 10 at the sahe tine. The conpari -

The comparator 5 outputs a detection signal indicating
the detection of a human body, as shown in Fig. 2(g), at the
moment the integrated wvalue reaches the voltage preset by
the threshold voltage source El. The detection signal is
output to é feed water controller 2 so as to open a water
valve 7 for a predetermined time.

- _ In this embodiment, when noise N1 caused by disturbing
CT light is output from the light receiving element D2, as
shown in Fig. 2(c), the noise Nl ié not integrated, because
the switch S1 is ON:(switch S2 is OFF). When noise N2
caused by another disturbing light beam is output, since the
noise N2 is caused during the resetting'operation of the
'reéet circuit 4, the noise N2 is not integrated. |
When noise N3 is caused, the noise N3 is not integrat-
ed, because the switch S1 is ON (switch S2 is OFF).
In this way, since almost no noise caused by unexpected
¢ disturbing light is integrated, the exact humaﬁ.body detec~
tion which is not influenced by disturbing light is enabled.
Fig. 3 is a block diagram of a modification of the
embodiment shown iﬁ Fig. 1. 1In this modification, the
integrator 3 and the cémparator 5 are constituted by a
microcomputer. Although the integrator 3 and the comparator
.5 executes analog proceséing, this microcomputer is provided
therewithin with an addition subtraction logic circuit 8 for

digitally adding and subtrécting the light reception voltage




son logic circuit 10 may be replaced by a conparator constijr REpuAgéMENTQmEET

operational anplifier. The conparison logic circuit 1D calc itﬁ '{ﬁu&
values (integrated values) output fromthe two sanple hol gh@pu%: Eh ,,,,,,,,

so as to calculate the distance between the human body andhihe—————

sem conductor position detector PSD. If the dis- tance is not more than a
predeterm ned value, a detection signal indicating the detection of a
human body is output. The detection st¢hal is output to a feed water
controller 6 so as to open a water valve 7 for a predetermned tine in
the sanme way as in the first enbodi nent. As descri bed above,
according to the present invention,

output from the switch S2, and a comparison logic circuit

for outputting a human body detection signal when the sum or
difference in a predetermined time t reaches a predetermined
value. The other structure and operation are the same as in
the embodiﬁent shown in Fig. 1.

A secdnd embodiment of the present invention will now
be explained with reference to Fig. 4. A light emission
system (not‘showﬁ) which is similar to that in the first
embodiment is provided in the second embodiment. A light
injection pulse generator 2 for controiling_the ON/OFF of a
transistor Q in accordance with the instruction of a micro-
computer 1 is provided. When the light injection pulse
generator 2 receives the instruction for light emission from
the microcomputer 1, the light injection pulse generator 2
outputs a light injection pulse fof'Switching ON the tran-
sistor Q at an intervél of, for examp;e, 2 seconds. Since
¢ the transistor Q is switched ON every tiﬁe the li§ht proﬁec-

tion pulse is input to the base of the transistor Q, a light
emitting element D1 intermittently emits light at intervals_
of 2 seconds.

A semiconductor position detector PSD (Position Sensi-
tive Photodector) is used as a light receiving element for
receiving the light intermittently emitted from the light

emitting element D1 and reflected from a human body. The

semiconductor. position detector PSD is a sensor for



|ight: projection is started in.synchronismwth the inter- ﬁémtEMEm‘tSHEET
projection timng by the light projection generator, and whgn the B&

reflected froma human body is ~ H pate:.£.1. .08 R 1996
received by the light receiving el enent, the output convert-

variation of the |,ight receiving signal. The variation is a value with’
I nfl uence of disturbing |ight or - 10 -

measuring the distance between the PSD and a human body in
accordance with the principle of triangulation.

To state this concretely, when light is received, the
two voltages V1, V2, output from both terminals or the.
common terﬁinal of the semiconductbr position detector PSD
are -amplified by the respective amplifiers to the same
amplification degree. The amplified light reception voltag-
es are applied to capacitors Cl which are connected to the
output.sides of the respective amplifiers A, and differenti-
ated when the capacitors Cl are excited. 1In. other words,
the wvoltage correspoﬁding to the variation of the light
received by the semiconductor position detegtor PSD is
output from each'capacitor Cl as the light reception volt-
age. '

Switches S1 and S2 which are turned ON and OFF by the
light projéction pulse generator 2 in synchronism with the

( ON/OFF timing of the light projection pulse are.connected'to
the output side of each capacitor Cl. The switches Sl are
turned OFF for a very short time in synchronism with the ON
of the light projeétion pulse, -while the switches S2 are
turned ON for a very short time in synchronism with the ON
of the light projection pulse.

Since the two switches S2 are turned on for a very
short time in synchronism with the ON of the light projec-

tion pulse, the light reception voltage output from each
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i'ntegrator. When the output value of the integrator reachgs a prgépmg“gﬁms
t hreshol d val ue, the judging neans outputs a human body ddl &étsief. si-ghal= ..

'n this way, the detection of a human body is ensured.
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capacitor Cl is input to the corresponding integrator 3
which is composed of an operational amplifier OP1 and a
capacitor C2 through a resistor R during the very short ON
time. Each integrator 3 integrates each light reception

voltages input during the very short ON time of the
switch S§2.

A sample hold circuit S/H is connected to the output
side of each integrator 3. Each sample hold circuit
samples and holds the integrated value output from the
corresponding integrator 3 and outputs the value to a
comparison logic circuit 10 at the same time. The compari-
son logic circuit 10 may be replaced by a comparator consti-
tuted by an operational amplifier.

The comparison logic circuit 10 calculates the wvalues
{integrated values) output from the two sample hold circuits
S/H so as to calculate the distance between the humag body

" and the semiconductor position detéctor PSD. If the dis~
| tance is not more than a predetermined value, a detection
signal indicating ﬁhe detection of a human body is output.
The detection sighél is output to a feed water controller 6
so as to open a water valve 7 for a predetermined time in
the same way as in the first embodiment.

As described above, according to the present invention,
light projection is started in synchronism with the inter-
mittent light projection timing by the light projection

generator, and when the light reflected from a human body is
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eémtting element, a light receiving element and a |ight pr@jectiagn %mhg
generator for generating pulses for intermttently projectingmggﬂhz __________ ﬁﬂgim
Lot

said light emtting elenent onto an object of detection soias—ta—det

said object of detection by processing a light reception signal output
fromsaid light receiving elenent when the light reflected fromsaid

obj ect of detection is received by sai-di2l4 ght receiving el enent, said
human body detector conpris- ing: an out put converter for outputting
a variation of the

received by the light receiving element, the output convert-
er outputs a variation of the light receiving signal. The
variation is a value with influencé of disturbing light or
the like removed therefrom and the variation is integrated
by the integrator. When the output value of the integrator
reaches a preset threshold value, the judging means outputs
a human body detection signal. 1In this way, the deteétion

{ of a human body is ensured.



| i'ght reception signal supplied fromsaid receiving el enent
projéction is started by said light enmitting elenment in sy
the intermttent light projec- tion timng of said light prigj e
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an integrator for integrating said variati oj

r _judgi ng whether or not the output value of said
is wthin a predetermned threshold value so as to output a

det ection si H!m wumlmmgﬂmct of ddBection when said output val ue
reaches said A 1. 2. Areflection type human body
accord- ing™o®clim1l, wherein
CLAIMS:

1. A reflection type human body detector having a
light emitting element, a light receiving element .and a
light projection pulse generator for generating pulses for
intermittently projecting light frbﬁ said light emitting
element onto an object of detection so as to detect said
object of detection by processing a light reception signal

output from said light receiving element when the light

reflected from said object of detection is received by said

light receiving element, said human body detecfor compris-

ing:

an output converter for outputting a variation of the
light reception signal supplied from said receiving elemént
when the light projection is started by said light emitting
element in synchronism with the intermittent light projec-
tion'timing of said light projection pulse geﬁerator;

an integrator for integrating said variation; and

a judging means for judging whether or not the output
value of said integrator is within a predetermined threshold
value so as to outéut a detection signal of said object of
detection when said output value réaches said threshold
value.

2. A reflection type human body detector accord-

ing to claim 1, wherein
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said 1ight receiving elenment is a sem conductor posi- tion| REIRRNOBMENT SHEET |
Vvariations of the two light reception signals fromsaid seV
position detector are integrated; t he di stance bet weel Cee
tetection and said sem conductor position detector is cal ctereg—or—te
\ . .

U mmwmmm

said light receiving element is a semiconductor posi-

tion detector;

variations of the two light reception signals from said
semiconductor position detector are integrated; |

the distance between said object of detection_and said
semiconductor position detector is calculated on the basis
of the two integrated values; and |

(3 a detection signal indicating the detection of said

object is output when said difference is not more than a

predetermined wvalue.

3. A reflection type human body detector substantlally
as herelnbefore described with reference to Flgures 1 to

3 and Flgure 4 of the drawings.



of the two integrated «al ues; and a detection signal
detection of said object is output when =T

predet er mi ned val ue. 3. Areflection t VB’@I% H %&%& ¢
substantially as hereinbefore describediwith_ t ce to

lL

and Figure 4 of the draw ngs. - 15 -

This Sheet Has Been Replaced
r HUMAN BODY DETECTOR

(WA

A reflection type human body deﬁeptor which is capable
of exaétly detecting.a human body by reducing the influence
of disturbing light. The human body detector comprises a
light emitting element; a light receiving element; a light
projection pulse generator for intermittentlj projecting
light from the light emitting element; an output converter
composed of a capacitor and switches .so as to output a
varlatlon of the light reception signal supplied from the
llght receiving element when the light projection is started
by the light emitting element in synchronism with the
intermittent light projection timing of the light projection
pulse genefator; an integrator for integrating the varia-
tion; and a judging means for gutputting a détection signal
indicatiné'the'detection of a ﬁum;n body when the output
value of the integrator reaches a predetermined threshold

value.

Figure 1
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ABSTRAGCT

HUMAN BODY DETECTOR

A reflection type human body detector which is capable of exactly detecting a human body by
reducing the influence of disturbing light. The human body detector comprises a light emitting
clement (D1); a light receiving element (D2); a light projection pulse generator (2) for
intermittently projecting light from the light emitting element (D1); an output converter
composed of a capacitor (C1) and switches (S1, S2), so as to output a variation of the light
reception signal supplied from the light receiving element (D2) when the light projection is
started by the light emitting element (D1) in synchronism with the intermittent light projection
timing of the light projection pulse generator (2); an integrator (3) for integrating the
variation; and a judging means (5) for outputting a detection signal indicating the detection of
a human body when the output value of the integrator (3) reaches a predetermined threshold
value.

Fig, 1 - | - |



