
METHOD AND APPARATUS FOR SENSING A HUMAN BODY 2176599 The present invention
relates to a method and an appa- ratus for sensing a human body that in
available, for instance, in an automatic door or the like. 5
In an automatic door, approach of a human body to the door is sensed, and
in response to the sensing of a human body a door opening/closing signal is
generated to actuate the door to open and close, and to that end, as a
method and an apparatus for sensing a human body, various kinds of methods
and apparatus 10 have been known in the prior art. For example, a method
and an apparatus for sensing a human body, in which a projector for
projecting infra-red rays and a photo-sensor adapted to receive infra-red
rays reflected by a floor surface and a human body are provided and the
photo- 15 sensor generates a sense signal when it senses variation of the
amount of reflection of infra-red rays, have been known. However, these
heretofore known methods and apparatus had the following shortcomings 1) If
rays of sunlight should momentarily enter 20                the
photo-sensor as reflected by any moving body, then a sense signal would be
incorrectly generated, and hence sometimes, a door may make malfunction. 2)
If the infra-red rays prjected from the pro- jector should momentarily
enter the photo-sensor    -2- 



as reflected by falling snow, then a sense signal would be incorrectly
generated, and hence sometimes, a door may make malfunction. 3) Under the
condition where a human body stands 5                   still, it cannot be
sensed. More particularly, since the amount of reflection from a floor
surface of the irradiated infra-red rays would change according to
variation in time of a radiation efficiency of the projector and according
to variation of the floor surface condi- 10   tion, in the event that a
level of the amount of reflection of the infra-red rays is simply used for
determination of sensing of a human body, minute variation in time of the
level itself of the amount of reflection would be caused by the
above-mention- ed variation of the amount of reflection, hence it is
necessary 15  to inhibit sensing of that variation, consequently a level
differ- ence of a minute amount of reflection becomes hard to be sensed,
and so a sensing distance cannot be chosen long. In order to resolve this
problem, a method in which the amount of variation of the reflection amount
is sensed rather 20  than the reflection amount itself and a sense signal
is provided depending upon the amount of variation, that is, a method of
differential operation type, may be employed, but if such type of method is
employed, in the case where a human body stands still, the human body
cannot be sensed because the reflection 25  amount does not vary.    3 



According to the present invention, there is provided an apparatus for
sensing a human body, comprising a projector for projecting infra-red rays
towards a human body sensing region, a photo-sensor for receiving 5
infra-red rays reflected from the human body sensing region and outputting
an electric signal corresponding to an intensity of incident infra-red
rays, a first integrator circuit connected to the output side of the
photo-sensor and having a relatively small time 10   constant, a second
integrator circuit connected to the output side of the photo-sensor and
having a relatively large time constant, and a response circuit connected
to the outputs of the first integrator circuit and the second integrator
circuit for outputting a human body sense signal when the difference
between the respective outputs is held at a predetermined level or higher
consecutively for a predetermined period of time, wherein said second
integrator circuit includes means for shortening a time constant of the
circuit for a 20     predetermined period of time when a power source has
been switched ON or a push-button switch has been actuated, and means for
elongating the time constant of the circuit during the period when said
human body sense signal is output from said response circuit.    4
Preferably the second integrator circuit becomes to 



have a substantially infinite time constant when the time constant of the
circuit has been elongated. In a preferred embodiment of the present
invention, owing to the above-mentioned features, not only malfunction
would not be caused by change of the condition of the background and change
in time of a radiation efficiency of the projector, but also malfunction
would not be caused by incidence of 10   infra-red rays reflected by
falling snow or rays of sunlight reflected by any moving body, and
moreover, even a human body standing still can be sensed. In addition, even
under a transient operating condition such as when a power source has been
switched ON or when an orientation of a projector and/or a photo-sensor has
been changed, the second integrator circuit would have its time constant
shortened automatically or by actuating a push-button switch, and so, the
circuit can attain its stationary state within a short period of 20
time.    5 It is believed possible by means of the present invention for
the apparatus to attain its stationary state within a short period of time
under a transient operating condition such as when a power source has been
5        switched ON or when an orientation of a projector and/or a
photo-sensor has been changed. 



The invention will be described by way of examples with reference to the
accompanying drawings, in which like references refer to like parts unless
stated 10       otherwise, and in which:- Fig. 1 is a block diagram showing
one preferred embodiment of the present invention; Fig. 2 is a waveform
diagram showing signal waveforms appearing at the output of the respective
15       blocks in Fig. 1; Fig. 3 is a circuit diagram illustrating a
circuit construction of a second integrator circuit in Fig. 1. jointly with
its peripheral blocks; Fig. 4 is a schematic view showing a mode of 20
mounting a projector and photo-sensor as well as a human body sensing
region; and Fig. 5 is a circuit diagram illustrating a modification of the
second integrator circuit in Fig. 1, jointly with a cir- cuit construction
of a first integrator circuit and other periph- 5    eral blocks. Fig. 1
shows schematically a mode of mounting a pro- jector and a photo-sensor, in
which a projector 2 and a photo- sensor 3 are disposed on a ceiling 1,
infra-red rays are projected towards a floor 4 as indicated by irradiation
regions (single- 10   hatched regions  in Fig. 4) 5, and intersecting
portions between photo- sensing regions (inversely single-hatched regions)
6 and the 



irradiation regions 5 form human body sensing regions (double- hatched
regions) 7. The projector 2 projects infra-red rays modulated at 15    a
predetermined frequency, and the photo-sensor 3 receives infra- red rays
reflected by a background or a human body in the human body sensing region
7, converts them into an electric signal and outputs the signal. Fig. 1 is
a block diagram showing a method for sensing 20    a human body according
to the present invention, and signal wave- forms appearing at the outputs
of the respective blocks in this figure are illustrated in a waveform
diagram in Fig. 2.  The projector 2 projects infra-red rays modulated by a
pulsed projec- tor drive signal [err] (Fig. 2(a)) issued from a projector
drive 25    circuit 8, the output of the photo-sensor 3 forms a series of
pulses which are successively increased and decreased in   pulse    -7-
height as a result of entrance of a human body as shown in Fig. 2(b), the
output is amplified with respect to an A.C. component by an amplifier 9 so
as to have an output level as shown in Fig. 2(c), and the output level is
fed to a sample and hold circuit 5    10, where the output level is held by
a timing signal issued from a sample and hold timing signal generator 11.
The above-referred sample and hold timing signal generator outputs a timing
signal (pulse)[err] with a certain time delay with respect to the projector
drive signal [err] as shown in 10   Fig. 2(d), the sample and hold circuit
10 holds the output level 



of the amplifier 9 at the time point when the above-mentioned timing pulse
[err] has been input thereto until the time point when the next timing
signal [err] is input thereto, and so the output signal of this sample and
hold circuit 10 is a step-like signal 15   synchronized with the timing of
projection of infra-red rays as shown in Fig. 2(e). More particularly, in
response to the projector drive signal [err]  fed from the projector drive
circuit 8, the sample and hold timing signal generator 11 outputs to the
sample and hold 20    circuit 10 the timing signal [err] that is necessary
for a sample and hold operation synchronized with the timing of projection
of infra-red rays from the projector 2, and therefore, each time the
projector drive signal [err] is output, the sample and hold cir- cuit 10
holds and outputs the output level of the photo-sensor 3 25    which has
been amplified by the amplifier 9. The output level of the sample and hold
circuit 10 is integrated by a first integrator circuit 12 and a second
inte-    -8- grator circuit 13, respectively. A time constant ([resistance
of integrator circuit resistor] x (capacity of integrator circuit
capacitor]) of the first integrator circuit 12 is chosen at a relatively
small value, 5      hence the variation in time of the output of the first
integrator circuit 12 is large as shown in Fig. 2(f), so that the
reflection amount from both the background and the human body can be simul-
taneously sensed. 



A time constant of the second integrator circuit 13 is 10     chosen at a
far larger value than that of the first integrator circuit 12, hence the
variation in time of the output of the second integrator circuit 13 is far
smaller than that of the first integrator circuit 12 as shown in Fig. 2(g),
so that even if the output level of the sample and hold circuit 10 becomes
15     large abruptly, the output of the second integrator circuit 13
cannot quickly follow the level variation, and therefore, even in the event
that a human body enters the human body sensing region 7, the output of the
second integrator circuit 13 would not become large quickly but would hold
the background level 20     before the human body enters for a certain
period of time. Therefore, the second integrator circuit can be deemed to
selec- tively hold the amount of reflection from the background. The output
levels of the first and second integrator circuits 12 and 13 are fed to a
differential amplifier 14, in 25     which a difference a between the
respective output levels as shown in Fig. 2(f) is amplified to produce an
amplified output level difference as shown in Fig. 2(h).    Thereby, a
difference between the level of the reflec- tion amount from the background
and the level of the reflection amount from the human body, that is, a
variation of the output level of the photo-sensor 3 when a human body has
entered the 5     human body sensing region 7 can be derived and amplified.
There- fore, even in the case where the level of the reflection amount from
the background has varied as a result of change of the back- 



ground condition, only the amount of variation of the output level of the
photo-sensor 3 can be derived, and the amount of variation 10    can be
amplified.  That is, since the amount of the original variation of the
output level of the photo-sensor 3 is as small as about 0.01 V, it is
necessary to amplify the original varia- tion. The output level of the
differential amplifier 14 is 15    applied to a comparator 15, in which the
applied output level is compared with a set level value A applied from a
level setter 16 as shown in Fig. 2(h), and when the output level is equal
to or higher than the set level value A, the comparator 15 outputs a signal
[err] having a predetermined voltage level as shown in Fig. 20    2(i).
This signal [err] is output to a pulse width discriminator circuit 17, in
which the time period when the signal [err] is output is observed, and if
the signal [err] is output for a predetermined period [err] or more, then a
human body sense signal [err] at a pre- 25    determined voltage level is
output until the signal [err] ceases (that is, until the output of the
comparator 15 is turned OFF) as shown in Fig. 2(j).    -10- Here, the
predetermined period [err] when the signal [err] is output implies a time
period of the order that output of the photo-sensor 3 when infra-red rays
reflected  by falling snow or rays of sunlight reflected by any moving body
have enters the 5     photo-sensor 3 and output of the photo-sensor 3 when
infra-red 



rays reflected by a human body have entered the photo-sensor 3 can be
discriminated, and thereby malfunction of the apparatus caused by falling
snow or sunlight can be prevented. More particularly, since the period when
infra-red rays 10    reflected by falling snow or rays of sunlight
reflected by any moving body enter the photo-sensor 3 is a very short
period, the period when the signal [err] is output from the comparator 15
in that case is shorter than the predetermined period [err], and so, the
pulse width discriminator circuit 17 does not output the 15    human body
sense signal [err] in that case. The human body sense signal [err] issued
from the pulse width discriminator circuit 17 is input to a timer 18, which
starts operation of a relay 19 in response to input of the signal [err],
and also which stops operation of the relay 19 after a pre- 20
determined period of time has elapsed since disappearance of the signal
[err], and the relay 19 continues to output a control signal to a
controller not shown during its operation. More particularly, as shown in
Fig. 2(k), if the human body sense signal [err] is input to the timer 18
from the pulse 25   width discriminator circuit 17, then the timer 18
actuates the relay 19, and even after disappearance of the signal [err] the
timer 18 is held ON for a preset time [err] to keep the relay 19
actuated. As described above, since a difference between a reflec- tion
amount from a background and a reflection amount from a human body or the
like is detected and a human body sense signal is out- 



5     put only when this difference in a reflection amount has a pre-
determined value or a higher value and such value continues for a
predetermined period or more, in the event that the sustaining period of
the difference in the reflection amount having such value is relatively
short as in the case where rays of sunlight 10    reflected by any moving
body or projected infra-red rays reflected by falling snow enter the
photo-sensor, the human body sense signal would not be output, and also in
the event that the differ- ence in the reflection amount is small as in the
case where variation of a radiation efficiency of a projector or variation
15    of a reflection amount from a floor has occurred, the human body
sense signal would not be output. Therefore, the malfunctions as occurred
in the heretofore known apparatus would not arise. In addition, even a
human body standing still can be sensed. 20              However, since the
above-described second integrator circuit 13 has a relatively large time
constant for the purpose of deriving only a reflection amount from a
background, the apparatus involves the following problems. That is, due to
the large time constant, in the event 25    that a reflection amount from a
background has changed in the case of switching ON a power source or in the
case where an orientationof a projector and/or a photo-sensor has been
changed,    -12- then it takes too much time until an inherent integrated
value is recovered in the second integrator circuit. 



In the case where a human body continues to stay in the human body sensing
region, the integrated value rises gradually, 5       hence the difference
between the outputs of the first and second integrator circuit becomes
small, and a sensitivity of sensing a human body is lowered. In the event
that a human body which continued to stay has disappeared, it takes much
time until the integrated value 10     which rose in the above-described
manner returns to the inherent integrated value. Therefore, in the second
integrator circuit 13, as shown in Fig. 3, a parallel connection of first,
second and third resistors 21, 22 and 23 is connected between an input
terminal 15      and an ungrounded terminal of a capacitor 20, a first
switch 24 is connected in series in the branch of the first resistor 21, a
second switch 25 is connected in series in the branch of the second
resistor 22, an actuation circuit of the first switch 24 is connected to a
push-button switch 26 via a NOT gate 27 and is 20      also connected to a
power source via a timer 28, and an actuation circuit of the second switch
25 is connected to an output of the pulse width discriminator circuit 17
via a NOT gate 29.  By making the above-described provision, the first
switch 24 is switched ON for a certain period of time (as set by the timer
28) when the 25     powersource is switched ON or the push-button switch 26
is de- pressed, and the second switch 25 is normally ON but is turned OFF
when the human body sense signal [err] is output from the pulse    -13- 



width discriminator circuit 17. Since the second integrator circuit is
constructed as described above, during a normal period when the power
source is kept switched ON and the push-button switch 26 is held OFF, 5
the first switch is kept OFF because an actuation signal is not input
thereto, and the second switch 25 is kept ON because an actuation signal is
input thereto due to the fact that the pulse width discriminator circuit 17
does not output the human body sense signal [err]. 10
Accordingly, a parallel connection of the second resistor 22 and the third
resistor 23 is connected in series with the capacitor 20, and a time
constant [err] of the integrator circuit at this moment is chosen to have a
sufficiently large value for carrying out the above-described integrating
operation as the 15   second integrator circuit. Whereas, when the power
source has been switched ON or when the push-button switch 26 has been
switched ON, since the first switch is kept ON during a certain period set
by the timer 28, a parallel connection of the first, second and third
resis- 20   tors 21, 22 and 23 is connected in series with the capacitor
20, and the composite resistance value of these resistors becomes smaller
than the resistance of the above-described parallel con- nection of the
second and third resistors 22 and 23. Therefore, a time constant [err] of
the second integrator circuit during this 25   period becomes smaller than
the time constant [err] during the normal period ([err] > [err]).
Therefore, when the power source has been switched ON   



-14- or when an orientation of the projector 2 and/or the photo- sensor 3
has been changed, it is possible to make the second integrator circuit take
the inherent integrated value within a short period of time by reducing the
time constant of the second 5     integrator circuit 13. In addition, when
the human body sense signal R2 is output from the pulse width discriminator
circuit 17, since the second switch 25  is turned OFF, only the third
resistor 23' is connected in series with the capacitor 20, and at that time
the 10    resistance of the resistor in series with  the capacitor 20 be-
comes largest.  Accordingly, a time constant [err] at this moment is
largest ([err] > [err] > [err]). Accordingly, when a human body has entered
the human body sensing region 7, the time constant of the second integrator
15    circuit 13 becomes larger than that during a normal period, so that
in the event that a human body continues to stay in the human body sensing
region 7, the integrated value is prevented from rising so high, and
thereby lowering of a sensitivity can be prevented.  Also, if the human
body that has continued to stay 20   in the human body sensing region 7
disappears, then the human body sense signal [err] becomes not to be output
from the pulse width discriminator circuit 17, hence the second switch 25
is turned ON. Thus, since the time constant is reduced from [err] to [err],
the integrated value of the second integrator circuit 13 can 25   return to
an inherent integrated value within a short period of time. Therefore, by
making use of the second integrator 



circuit 13 as described above, the human body sensing apparatus shown in
Fig. 1 can achieve satisfactory human body sensing oper- ations so long as
a human body does not continue to stay too long within a human body sensing
region. However, in the case where 5      the above-described second
integrator circuit 13 is used in the human body sensing apparatus in Fig.
1, since the largest value [err] of the time constant of the second
integrator circuit 13 is a value corresponding to the resistance of the
third resistor 23 and the resistance of the third resistor 23 is finite in
magni- 10     tude, the largest value T  of the time constant is also a
finite value, hence during a normal period if a reflection amount from a
human body is consecutively input to the second integrator circuit 13, then
the integrated value in the second integrator circuit 13 would continue to
rise gradually due to the increment 15    of the reflection amount caused
by the human body, and as a re- sult, a sensitivity of the human body
sensing apparatus is lower- ed. In other words, if a human body should
continue to stay in the human body sensing region 7 for an extremely long
period, then the integrated value in the second integrating circuit 13
would 20     be successively increased and the difference from the
integrated value in the first integrator circuit 12 would become small, so
that the sensitivity is lowered. A second preferred embodiment of the
second integrator circuit in the apparatus according to the present
invention, which 25     has been further improved so that even in the
above-mentioned case the lowering of the sensitivity can be minimized, is
illustrated 



in Fig. 5 jointly with its peripheral circuits.    As will be apparent by
comparing Fig. 5 with Fig. 3, a difference between the respective second
integrator circuits 13 exists only in that in Fig. 5, the third resistor 23
connected between the ungrounded terminal of the capacitor 20 and the input
5     of the integrator circuit in Fig. 3 is omitted, with respect to the
other points, the constructions of these two second integrator circuits 13
are identical, and so, corresponding component parts are given like
reference numerals. Hence, with respect to the circuit construction of the
second integrator circuit 13 shown 10     in Fig. 5, further explanation
thereof will be omitted here. With regard to operations, a difference
between these two second integrator circuits 13 resides in the following
points: 1) During a normal period when a power source has been continuously
switched ON and the push-button switch 26 15               is held OFF, in
contrast to the fact that in the circuit shown in Fig. 3, a parallel
connection of the second and third resistors 22 and 23 is connected in
series with the capacitor 20 to form an integrator circuit, and a time
constant [err] at that time is determined by the 20
resistances of the second and third resistors 22 and 23 and the capacity of
the capacitor 20, in the circuit shown in Fig. 5, during such a normal
period the second resistor 22 and the capacitor..20 are connected in series
to form an integrator circuit and a time constant T 25                at
that time is determined by the resistance of the 



second resistor 22 and the capacity of the capacitor 20. 2) During a
predetermined period set in the timer 28    - 17 - after a power source has
been switched ON or the push- button switch 26 has been switched ON, in the
second integrator circuit shown in Fig. 3 a composite resist- ance of a
parallel connection of the first, second and 5                 third
resistors 21, 22 and 23 and the capacity of the capacitor 20 determine a
time constant [err], whereas in the second integrator circuit shown in Fig.
5, a com-. posite resistance of a parallel connection of the first and
second resistors 21 and 22 and the capacity of the 10
capacitor 20 determine a time constant [err]. 3) During the period when a
human body has entered the human body sensing region 7 and the second
switch 25 is held OFF by the human body sense signal [err], since the first
switch 24 is also held OFF, in the second inte- 15   .            grator
circuit shown in Fig. 3 a large finite time con- stant [err] is determined
by the large but finite resist- ance of the third resistor 23 and the
capacity of the capacitor 20, whereas in the second integrator circuit
shown in Fig. 5, a substantially infinitely large time 20
constant [err] is determined by a substantially infinitely large resistance
corresponding to a leakage resistance between the input terminal of the
integrator circuit and the ungrounded terminal of the capacitor 20, and 



the capacity of the capacitor 20. 25     And, it is obvious that a relation
of [err] is fulfilled similarly to the relation of [err], and by
appropriately selecting the resistances of the resistors 21 and 22 in Fig.
5    -18- it is possible to realize in the second integrator circuit in
Fig. 5, time constants [err] and [err] equal to the desirable values of
time constants [err] and [err] in the second integrator cir- cuit in Fig.
3, and yet the time constant [err] can be made infi- 5     nitely large
[err].  In other words, when a human body has entered the human body
sensing region 7 during a normal period, since the time constant of the
second integrator circuit 13 be- comes substantially infinitely large, even
if a reflection amount from a human body is input to the second integrator
circuit 13, 10    the integrated value is almost not increased, and hence
the sensitivity of the human body sensing apparatus would be scarcely
lowered. As will be apparent from the above description, accord- ing to the
present invention, since a human body sense signal is 15    output in
response to a difference between a reflection amount from a background and
a reflection amount from a human body, even if change in time of a
radiation efficiency of a projector or change of conditions of a background
should exist, a human body can be sensed accurately, malfunction would not
occur, and even 20    a human body standing still can be sensed. In
addition, since the human body sense signal is output 



when the above-mentioned difference in a reflection amount has a
predetermined value or larger consecutively for a predetermined period of
time, in the case where the projected infra-red rays 25    are reflected by
falling snow and enter the photo-sensor or the rays of sunlight are
reflected by any moving body and enter the photo-sensor, a human body sense
signal would not be output, and    -19- therefore, malfunctions would not
be caused by falling snow or the rays of sunlight. In other words, the
shortcomings of the method and apparatus for sensing a human body in the
prior art, have been obviated. (In Fig. 5 the first integrator circuit is
shown as comprising 5    capacitor 23a and resistor 23b, as is well known
in the art.) Reference is directed to our co-pending patent application NO.
8614273 (Serial No. 2178208 ) of the same date entitled:- "Controlling
device for an automatic door" (reference 230P52376).    20 CLAIMS:- 1.  An
apparatus for sensing a human body comprising a projector for projecting
infra-red rays towards a human body sensing region, a photo-sensor for
receiving infra-red rays reflected from said human body sensing 5
region and outputting an electrical signal corresponding to an intensity of
incident infra-red rays, a first 



integrator circuit connected to the output side of said photo-sensor and
having a relatively small time constant, a second integrator circuit
connected to the 10       output side of said photo-sensor and having a
relatively large time constant, and a response circuit connected to the
outputs of said first integrator circuit and said second integrator circuit
for outputting a human body sense signal when the difference between said
respective 15       outputs is held at a predetermined level or higher
consecutively for a predetermined period of time, wherein said second
integrator circuit includes means for shortening a time constant of the
circuit for a predetermined period of time when a power source has 20
been switched ON or a push-button switch has been actuated, and means for
elongating the time constant of the circuit during the period when said
human body sense signal is output from said response circuit.    21 2.  An
apparatus as claimed in Claim 1, wherein said second integrator circuit
becomes to have a substantially infinite time constant when said time
constant of the circuit has been elongated. 5       3.  An apparatus as
claimed in Claim 1 or 2, said response circuit comprising a differential
amplifier connected at its differential input side to output sides of said
first and second integrator circuits. 



respectively, a comparator connected at its input side 10      to a level
setter for setting output of said differential amplifier and a
predetermined level and developing its output when the output of said
differential amplifier is higher than said predetermined level, a pulse
width discriminator circuit connected at 15      its input side to an
output side of the comparator and developing its output when the output of
said comparator is continuously developed for said predetermined period of
time, and a timer connected at its input side to the output side of said
pulse width discriminator circuit 20      and applying an electric load
current to a load from a time of developing the output of said pulse width
discriminator circuit to a time of passing a second predetermined period of
time after the output of said pulse width discriminator circuit ceases to
exist.    


