DESCRIPTION

FIELD EQUIPMENT PHOTOELECTRIC SENSING SENSITIVITY ADJUSTMENT

Technical Field

The present invention relates to a setting operation portion
to be provided to a field device, and more particularly, to a
photoelectric sensing sensitivity adjusting device for a field
device, which adjusts photoelectric sensing {(optical switch)
detection sensitivity of an optical switch for switching a setting

content, and alsoc to a method therefor.

Background Art

The term "field device" collectively refers to such measuring
instruments as various flowmeters, temperature measuring
instruments, and pressure measuring instruments, and also refers .
to control instruments, valves, and the like, which are mainly used
in, for example, plant facilities or factory facilities, regardless
of indoors or outdoors.

As a typical field device, there exists a flowmeter for
measuring the flow rate of a £luid flowing through a pipe of a plant,
or a batch counter {(pre-set counter}) for controlling, with a
combination of a flowmeter and a valve, the operation cof the valve
based on a flow rate signal from the flowmeter.

Further, many of those instruments are provided with a display

porticon or an operation portion for making various settings through



a view of the display porticn.

Examplesof the flowmeter, whichisone kindofthefielddevice,
include a positive displacement flowmeter and a Coriolis flowmeter.
The positive displacement flowmeter generally includes a measuring
chamber having a rotor, which rotates in proportion to the volume
of a fluid to be measured flowing through a flow tube, provided
therein, and determines the flow rate based on the rotation of the
rotor rotating in proportion to the volume of the fluid to be measured
flowing intc the measuring chamber. The Coriclis flowmeter is a
mass flowmeter in which one end or both ends of a flow tube through
which a fluid to be measured is flowing are supported, and which
utilizes a fact that a mass flow rate is proportional to a Coriolis
force acting on the flow tube (which is a tube in which oscillation
is to be generated) when oscillation is generated in a direction
perpendiculartxJaflowdirecthm1oftheflowtubewiththesupported
points being fixed.

The positive displacement flowmeter is commonly known as in
the technology disclosed in, for example, JP 3529201 B2. Further,
the Coriolis flowmeter, which is a mass flowmeter, is commonly known
as in the technology disclosed in, for example, JP 2005-221251 A,

The positive displacement flowmeter disclosed in JP 3529201
B2 has a counter built in a casing structured by a casing main body
and a cover. The casing is separately structured from the counter.
The £low rate calculated by the counter is displayed as a numerical

value on an LCD indicator provided to the counter. The flow rate



displayed on the LCD indicator can be visually recognized through
a window of the cover.

When or after the positive displacement flowmeter is mounted
to a predetermined position of a pipe, the direction of the counter
is adjusted so that the front surface of the counter (specifically,
the front surface of the counter housing) can be viewed from the
upright direction of the front surface. When the positive
displacement flowmeter disclosed in JP 3529201 B2 is mounted, the
adjustment is performed as well so that the front surface of the
counter can be viewed from the upright direction thereof through
the window of the cover.

Further, as is widely known, the Coriolis flowmeter is a mass
flowmeter in which one end or both ends of a flow tube through which
a fluid to be measured is flowing are supported, and which utilizes
the fact that a mass flow rate is proportional to a Coriolis force
acting on the flow tube (which is a tube in which oscillation is
to be generated) when oscillation is generated in a direction
perpendicular to a flow direction of the flow tube with the supported
points being fixed. The shape of the flow tube in the Coriolis
flowmeter is classified into two major types of a straight tube
type and a U-shaped tube type.

As described above, the Coriolis flowmeter is amass flowmeter
in which a flow tube, through which a fluid to be measured flows,
is supported at both ends thereof, and when a central portion of

the supported flow tube is alternately driven in a direction



perpendicular to a support line, a phase difference signal
proportional to a mass flow rate is detected between the supported
portions positioned at symmetric positions of the flow tube at its
both ends with respect to the central portion.

Then, when the frequency for alternately driving the flow tube
is made equal to the eigen frequency of the flow tube, a constant
drive frequency can bé obtained according to the density of the
fluid to be measured, which enables driving the flow tube with small
drive energy. Accordingly, in recent years, it has been a common
practice to drive the flow tube at the eigen frequency. The phase
differencesignalisproportionaltdthen@ssflowrate,butassuming
that a drive frequency is constant, the phase difference signal
can be detected as a time difference signal between observation
positions of the flow tube.

In recent years, the field device has been provided with a
feature that the settings thereof can be changed on the spot through
touch operation.

With the provision of a non-contact switching device (SW)
employing photoelectric sensing, the setting operation for the field
device is performed on the spot through the touch operation on a
light-emitter-beam transmissive material (for example, glass).

The principle of an optical switch, which is a non-contact
switching device (SW) employing optical sensing, is as follows.
That is, the optical switch performs switching (SW operation) by

being turned on or off when light emitted from a light emitter such



as an LED has been received by a photodetector such as a commercially
available photo IC, or being turned off or on when light emitted
from the light emitter such as an LED has ceased to be received
by the photodetector such as a photo IC.

The non-contact switching device (SW} described above
generally has such a configuration as illustrated in FIG. 11.
Specifically, a non-contact switching device (SW) 500 includes a
lightemitter (for example, LED) 510 and aphotodetector (forexample,
commercially available photo IC) 520, and the light emitter (for
example, LED) 510 and the photodetector (for example, photo IC)
520areeachsurroundedbyealightblockingstructure530. The 1ight
emitter (for example, LED) 510 and the photodetector (for example,
photo IC} 520 are disposed in an isolatedmanner so that 1ight emitted
from the light emitter (for example, LED) 510 does not directly
enter the photodetector (for example, photo IC) 520.

Bbove the light emitter (for example, LED) 510 surrounded by
the light blocking structure 530, there is formed an opening 531
so that light emitted from the light emitter (for example, LED)
510 is emitted upward from inside the light blocking structure 530.
Further, above the photodetector (for example, photo IC) 520
surrounded by the light blocking structure 530, there is formed
an opening 532 so that the light emitted from the light emitter
(for example, LED) 510 enters the light blocking structure 530 from
apredetermineddirectionafterbeingreflectedbyalight reflector.

A top side of the light blocking structure 530 is covered with



a light-emitter-beam transmissive material (for example, glass)
540. Thus, the light-emitter-beam transmissive material (for
example, glass) 540 serves as a top cover of the light blocking
structure 530, and corresponds to a glass cover portion of a setting
device portion of a housing of the field device.

In the optical switch 500 having the above-mentioned
configuration, light is constantly emitted from the light emitter
(for example, LED) 510, and the light emitted from the light emitter
(for example, LED) 510 is emitted from the opening 531 formed above
the light blocking structure 530. Further, the photodetector (for
example, photo IC) 520 is capable of constantly receivingthe incident
light from the opening 532 formed above the 1light blocking structure
530.

In such a state, when a light reflector (detection object)
550, such asa finger, isput over the light-emitter-beamtransmissive
material (for example, glass) 540, the light emitted from the light
emitter (for example, LED) 510 and then from the opening 531 formed
above the light blocking structure 530 is reflected by the light
reflector {detection object) 550, such as a finger, which has been
put over the light-emitter-beam transmissive material (for example,
glass) 540, and is then caused to enter the opening 532 formed above
the light blocking structure 530, with the result that the light
is received by the photodetector (for example, photoreflector) 520.

With this, the switch is turned on. This switch on enables

the settings or the like of the field device to be changed.



Specifically, the light emitter (for example, LED) 510 is
installed with an emitting angle thereof set so that, when the light
reflector (detection object) 550, such as a finger, is put over
the light-emitter-beam transmissive material (for example, glass)
540, the light emitted from the light emitter (for example, LED)
510 and then from the opening 531 formed above the light blocking
structure 530 is reflected by the light reflector {detection object}
550, such as a finger, and is then caused to enter through the opening
532 formed above the light blocking structure 530.

Further, the photodetector {(for example, photo IC) 520 is
installedwith a receiving angle thereof set sothat the light emitted
from the light emitter (for example, LED) 510 is received after
entering through the opening 532 formed above the light blocking
structure 530.

Regarding such a non-contact switching device (SW) employing
the photoelectric sensing, a general optical signal switchingdevice
is described in JP 2006-234526 A. JP 2006-234526 A describes an
optical signal switching device which can easily set a detection
distance of reflection of a 1ight receiving element, and can prevent
amalfunction. Further, with regardto the optical signal switching
device of Patent Document 3, thereisadescriptionaboutasensitivity
adjusting circuit 22 which adjusts the detection sensitivity for

a reflected wave from the light recelving element 16.

Disclosure of the Invention



Such an optical~sensing non-contact switchingdevice (SW) 500
does not suffer impairment of its operational function even if the
entire device is covered with a light transmissive material (for
example, glass, transparent plastic, etc.) because the detection
target of the photodetector (for example, photo IC) 520 is light.
The optical-sensing non-contact switching device (SW) 500 has an
advantage that the SW operation can be performed under a condition
of hermetically sealed structure without any direct touch to the
device from a human being by changing the direction (directivity)
or the amount of 1light emitted from the light emitter (for example,
LED) 510.

The optical-sensing non-contact switching device (SW) 500
configured as described above performs the SW operation by receiving
and detecting light. Light exists everywhere in the natural world,
but, on the other hand, 1ight is a detectionmediumwhich isdifficult
for a human being to grasp quantitatively in a direct manner. Thus,
there is a problem of malfunction or operation failure, and, in
general, various ways have been devised.

Specifically, the following ways have been devised for the

optical-sensing non—-contact switching device (SW) 500:
(1) the photodetector (for example, photo IC) 520 is configured
to detect only a wavelength identical to the wavelength of light
emitted from the light emitter (for example, LED) 510 {optical BP
filter);

(2) emission light emitted from the light emitter (for example,



LED) 510 is flickeredat apredetermined timing, and the photodetector
(for example, photo 1IC) 520 detects only such 1light that 1is
synchronized with thét timing:;

(3) the level (light amount) of light to be detected by the
photodetector (for example, photo IC) 520 is determined, and also,
hysteresis is provided to the detection level; and

(4) surroundings of the light emitter (for example, LED) 510 and
the photodetector (for example, photo IC) 520 are partially or
entirely covered with the light blocking material 530 so that only
the 1ight of the detection target is emitted to the photodetector
(for example, photo IC) 520.

For the adjustment of the sensitivity (response position with
respect to a detectionmaterial) of the non-contact switching device
(SW), for example, there are a method of adjusting the amount of
light reaching the photodetector (for example, photo IC) by mainly
adjusting the light amount of the light emitter, and a method of
adjusting the amount of 1ight reaching the photodetector (forexample,
photo IC) by changing the dimensions of the light blocking structure.

In the case of the method of adjusting the amount of light
reaching the photodetector (for example, photo IC) by adjusting
the light amount of the light emitter for the adjustment of the
sensitivity (responsepositionwith respect toadetectionmaterial)
of the non-contact switching device (SW), as means for adjusting
the 1light amount of the 1light emitter, electrical energy

(current/voltage) to be applied to the light emitter is adjusted



by using a volume resistor.

On the other hand, in the case of the method of adjusting the
amount of light reaching the photodetector (for example, photo IC)
by changing the dimensions of the 1ight blocking structure, as means
for adjusting the amount of light reaching the photodetector (for
example, photo IC) by means of the light blocking structure, there
is provided structure in which a hole is opened in the light blocking
structure and is arranged between the light emitter and the
photodetector so that light passes through the hole. Thus, by
enlarging or reducing the size of the hole, the amount of passing
light (directivity of light) is adjusted.

Specifically, as illustrated in FIG. 12, the light emitter
(for example, LED) 510 of the non-contact switching device (SW)
500 is connected to a volume resistor (variable resistor) R560,
and by adjusting the volume resistor (variable resistor) 560, a
given optical pulse signal is output from the light emitter (for
example, LED) 510. The optical pulse signal is detected by the
photodetector (for example, photo IC) 520, and is then output as
an ON/OFF output signal.

Such adjustment of the sensitivity (response position with
respecttx;adetectionmaterial)ofthenon—contactswitchingdevice
(SW) has the following problems in the case of themethod of adjusting
the amount of light reaching the photodetector (for example, photo
IC) by adjusting the light amount of the light emittex. Those

problems are: a relatively large-scale adjusting jig is required,
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and it is difficult to realize automatic adjustment because the
method is an adjusting method which depends on a sense of a person
who performs adjustment; the entire portion in question or part
thereof needs to be exposed out of the housing at the time of the
adjustment; and the adjustment is difficult to perform in the case
of such a field device that is covered with a sturdy housing.

Further, the same applies to the method of adjusting the amount
of light reaching the photodetector (for example, photo IC) by
changing the dimensions of the light blocking structure.

Further, regarding the optical signal switching device of JP
2006-234526 A, as details of the sensitivity adjusting circuit 22,
there is a description about performing the sensitivity adjustment
by a filter circuit 21 for removing noise. However, there is no
specific description about how the sensitivity adjustment is
performed.

An object of the present invention is to provide such stable
sensitivity adjustment for a non-contact switching device (SW)
employing optical sensing that enables the amount of light of a
light emitter (for example, LED) tobe adjustedautomaticallywithout
exposing an inside of an instrument to external air and depending
on a sense of an operator.

In order to solve the above-mentioned problems, according to
claim 1, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switchingdevice

(SW) for a field device, capable of performing optimum sensitivity
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adjustment, wherein
an operation portion (man-machine interface) of the field
device is configured so as not to be exposed to external air through
provision of a light-emitter-beam transmissive material (glass,
or the like) to a front surface thereof;
the operation portion including:

a switching operation portion for turning on/off
a photoelectric sensor by bringing a 1ight reflector closer to the
front surface formed of the light-emitter-beam transmissive
material;

a data display screen for displaying a screen
according to a switching mode designated by the switching operation
portion,aftaraswitchingoperation(ONoperation)oftheswitching
operationportionisperformedbybringingthe light reflectorcloser
to the front surface of the operation portion to thereby switch
modes of display data including a setting; and

a photoelectric sensing sensitivity adjusting
device for adjusting optical detection sensitivity of the
photoelectric sensor which is turned on/off by the switching
operation portion,

the photoelectric sensing sensitivity adjusting device
including:
a light emitter including an LED, for emitting light
by being supplied with energy (current or voltage};

a regulator for LED driving with an ocutput adjusting

12



function, for supplying tﬁe energy (current or voltage) to the LED
serving as the light emitter;

a light receiving device for receiving the light which
is emitted from the light emitter and reflected by bringing the
light reflector closer to the front surface formed of the
light-emitter—-beam transmissive material;

a digital potentiometer for controlling increase or
decrease of the energy (current or voltage) to be supplied to the
LED serving as the light emitter from the regulator for LED driving;

a CPU for digitally controlling the increase or the
decrease of the energy {(current or voltage) to be supplied to the
LED serving as the light emitter from the regulator for LED driving,
by controlling the digital potentiometer according to a control
program with a control signal;

a personal computer connected via a communication
terminal unit, for controlling the CPU; and

aphotodetectionportion for detectinganoptical signal
emitted from the LED, converting the optical signal to an electrical
signal, and outputting the electrical signal.

Note that, a commercially available photo IC or the like may
be used as the photodetection portion, and there may be provided
a photodetector which includes, as internal structure, a pulse
generator for outputting a given pulse signal, and an AND circuit
for cutputting an AND signal obtained between the electrical signal

output from the photodetection portion and the given pulse signal
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output from the pulse generator.

In order to solve the above-mentioned problems, according to
claim 2, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
(SW) fora fielddevice, inwhichthe fielddevice of the photoelectric
sensing sensitivity adjusting device of an optical-sensing
non-contact switching device (SW) for a field device according to
claim 1 is accommodated in a stuxdy housing intended for on-site
installation in consideration of durability.

In order to solve the above-mentioned problems, according to
claim 3, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
(SW) forafielddevice, whichhasanautomaticsensitivityadjustment
function for optical sensing including:

a first step of resetting a current adjustment level
of the commercially available digital potentiometer, which is used
in the photoelectric sensing sensitivity adjusting device of an
optical-sensing non-contact switchingdevice (SW) fora fielddevice
according to claim 1 or 2, to set an adjustment level of the digital
potentiometer to a maximum sensitivity level;

a second step of determining whether or not the light
of the LED which is emitting the light under a state of the first
step is detected by the photodetection portion provided inside a
photodetector;

a third step of outputting, when the light of the LED

14



is detected in the second step, a signal for changing (up-shifting
or down-shifting) a wiper terminal of the digital potentiometer
to the digital potentiometer from the CPU via a digital control
line connecting the digital potentiometer and the CPU, and setiing
the adjustment level of the digital potentiometer to be increased
or decreased by "1" (by 1 bit):

a fourth step of determining whether or not sensitivity
of the wiper terminal of the digital potentiometer can be adjusted
(up-shifted or down-shifted) to fall within an adjustment level
range; and

a fifth step of determining, when the sensitivity
adjustment can be performed on the adjustment level in the fourth
step, whether or not the adjustment level falls within the adjustment
level range (=27 to 5) of the wiper terminal of the digital
potentiometer,

in which the adjusted sensitivity of the photoelectric sensor
is increased in a stepwise manner, and the adjustment is ended at
a level at which an output from the photodetector is changed.

In order to solve the above-mentioned problems, according to
claim 4, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non—-contact switching device
(SW) for a field device,

in which the photoelectric sensing sensitivity adjusting
device of an optical-sensing non-contact switching device (SW) for

a field device according to any one of claims 1, 2, or 3 has an
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automatic correction function for an optical switch, including:

a first step of determining whether or not a long period
of time (for example, 60 minutes or longer) has successively elapsed
after a state of output from the photodetector became ON;

a second step of determining that there is amalfunction
when an ON state has been kept successively for the long period
of time (for example, 60 minutes oxr longer) after the state of the
output from the detector became ON in the first step, outputting
a signal for changing (down-shifting) the wiper terminal to the
digital potentiometer from the CPU, and setting the sensitivity
adjustment level of the photodetector to be decreased by "1" level;

a third step of determining whether or not the state
of the output from the photodetector is ON even after the sensitivity
adjustment level of the photodetector is set to be decreased by
the "1" level in the second step;

a fourth step of controlling the sensitivity adjustment
level of the photodetector until the state of the output from the
photodetector becomes OFF after determining in the third step that
the sensitivity adijustment level of the photodetector is
continuously high because the state of the output from the
photodetector is ON; and

a fifth step of determining, when the state of the output
from the photodetector becomes OFF in the fourth step, that the
sensitivity adjustment level of the photodetector has become

appropriate, andending controllingthe sensitivityadjustment level
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of the photodetector, and

in which the adjusted sensitivity of the optical switch is
decreased in a stepwise manner, and the adjustment is ended at the
level at which the output from the photodetector is changed, thereby
automatically correcting the sensitivity adjustment of the optical
switch.

In order to solve the above-mentioned problems, according to
claim 5, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
(SW) for a field device, capable of performing optimum sensitivity
adjustment through control of a digital potentiometer by a CPU,
in which:

a switching operation portion {man-machine interface) of the
field device is configured so as not to be exposed to external air
through provision of a light-emitter-beam transmissive material
(glass, or the like) to a front surface thereof;

the switching operation portion being configured so as

not to be exposed to external air with provision of a

light-emitter-beam transmissive material (glass, or the like) to
a front surface thereof,

| the switching operation portion comprising:

a switching operation portion for turning on/off

aphotoelectric sensor comprisinga light emitter and aphotodetector,

by bringing a light reflector closer to the light-emitter-beam

transmissive material;
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adatadisplay screen for displaying, on a screen,
according to a designated mode, a mode of display data through a
switching operation of the switching operation portion; and
a photoelectric sensing sensitivity adjusting

device adjusting optical detection sensitivity of the photoelectric
sensor,

the photoelectric sensing sensitivity adjusting device
comprising: an LED; a photo IC; a variable output regulator; adigital
potentiometer; and a CPU,

in which the LED emits 1light by being supplied with electrical
energy,

in which the photo IC receives the light which is emitted from
the LED and reflected by the light reflector, and outputs a signal,

in which the variable output regulator has one end connected
to the LED via a first resistor and another end connected to the
digital potentiometer via a second resistor, and increases or
decreases a forward current of the LED by changing an ocutput voltage,
to thereby adjust a light emission amount of the LED,

inwhich thedigital potentiometer controls the output voltage
of the variable output regulator, to thereby control energy (voltage
or current) to be supplied to the LED from the wvariable output
regulator, and

in which the CPU transmits a control signal to the digital
potentiometer to control the output voltage of the variable output

regulator, thereby adjusting the light emission amount of the LED
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by controlling the energy (voltage or current) to be supplied to
the LED from the variable output regulator.

In order to solve the abovemmentionedxprobiems, according to
claim 6, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
(SW) for a field device,

in which the photo IC of the photoelectric sensing sensitivity
adjusting device of an optical-sensing nen-contact switching device
(SW) forafielddeviceaccordingtoclaimbincludes: aphotodetection
portion; a pulse generator; an AND circuit; and a transistor,

in which‘the photodetection portion detects the light which
is emitted from the LED and reflected by the light reflector, and
outputs a received optical signal to one terminal of the AND circuit
when the light has a given light amount or more,

in which the pulse generator outputs a given pulse signal to
cause the LED to emit the light in synchronization with the given
pulse signal by using the given pulse signal, and inputs the given
pulse signal to another terminal of the AND circuit,

in which the AND circuit performs an AND operation between
the received optical signal, which is output after the light emitted
from the LED is received, and the given pulse signal output from
the pulse generator, and outputs a resultant to the CPU, and

in which the transistor is turned on/off by the given pulse
signal output from the pulse generator so as to cause the LED to

emit the light in synchronization with the given pulse signal.
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In order to solve the above-mentioned problems, according to
claim 7, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
(SW) for a field device,

inwhichthedigital potentiometerof thephotoelectricsensing
sensitivity adjusting device of an optical-sensing non-contact
switching device (SW) for a field device according to claim 5 or
6 includes a wiper terminal provided with an adjustment level
corresponding to 32 bits, and

in which, by using a CS signal specifying a target device,
an UP/DOWN signal for determining whether the adjustment level of
the digital potentiometer is to be increased or decreased, and a
signal (countexr signal) for shifting the adjustment level of the
digital potentiometer every time a pulse edge is detected, which
are output via digital control lines from a PIO built in the CPU,

the digital potentiometer controls, according to the
adjustment level, a connecting location of a wiper terminal of the
variable output regulator to change a resistance value of the second
resistor connectedtothe another endof the variableoutput regulator,
and controls a resistance-divided voltage ratio between the second
resistor and the first resistor which is connected to the one end
of the variable output regulator, thereby controlling the output
voltage (or current) to be supplied to the LED from the variable
output regulator.

In order to solve the above-mentioned problems, according to
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claim 8, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
(SW) for a field device, in which the CPU of the photoelectric sensing
sensitivity adjusting device of an optical-sensing non-contact
switching device (SW) for a field device according to claim 7 is
configured to, according to a given program:

determine, based on an input of an output signal output from
the AND circuit of the photo IC, whether or not the light has been
emitted from the LED;

until the photodetection portion of the photo IC detects
reflection light obtained when the light emitted from the LED is
reflected by the light reflector, sequentially control, according
to the adjustment level corresponding to 32 bits, a connecting
location of the wiper terminal of the digital potentiometer by using
the CS signal specifying the target device, the UP/DOWN signal for
determining whether the adjustment level of the digital
potentiometer istobe increasedordecreased, andthe signal (counter
signal) for shifting the adjustment level of the digital
potentiometer every time the pulse edge is detected, which are output
via the digital control lines from the PIO built in the CPU; and

control the resistance-divided voltage ratiobetweenthe first
resistor connected to the one end of the variable output regulator
and the second resistor connected to the another end of the variable
output regulator, thereby controlling the output voltage (or

current) tobe supplied to the LED from the variable output regulator.
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In order to solve the above-mentioned problems, according to
claim 9, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
{SW) for a field device,

in which the photoelectric sensing sensitivity adjusting
device of an optical-sensing non-contact switching device (SW) for
a field device according to claim 5, 6, 7 or 8 has an automatic
sensitivity adjustment function for optical sensing including:

a first step of resetting a current adjustment level
of the commercially available digital potentiometer to set an
adjustment level of the digital potentiometer to a maximum
sensitivity level;

a second step of determining whether or not the light
of the LED which is emitting the light under a state of the first
step is detected by the photodetection portion provided inside the
photodetector;

a third step of outputting, when the light of the LED
is detected in the second step, a signal for changing (down-shifting)
the wiper terminal of the digital potentiometer to the digital
potentiometer from the CPU via the digital control line connecting
the digital potentiometer and the CPU, and setting the adjustment
level of the digital potentiometer to be decreased by "1" (by 1
bit}):

a fourth step of determining whether or not sensitivity

- of the wiper terminal of the digital potentiometer can be adjusted
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{(down-shifted) to fall within an adjustment level range; and

a fifth step of determining, when the sensitivity
adjustment can be performed on the adjustment level in the fourth
step, whether or not the adjustment level falls within the adjustment
level range (=27 to 5) of the wiper terminal of the digital
potentiometer, and

in which the adjusted sensitivity of the photoelectric sensor
is decreased or increased in a stepwise manner, and the adjustment
is ended at a level at which an output from the photodetector is
changed.

In order to solve the above-mentioned problems, according to
claim 10, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
(SW) for a field device,

in which the photoelectric sensing sensitivity adjusting
device of an optical-sensing non-contact switching device (SW) for
a field device according to any one of claims 5, 6, 7, 8, or 9 has
an automatic correction function for an optical switch, including:

a first step of determining whether or not a long period
of time (for example, 60 minutes or longer) has successively elapsed
after a state of output from the photodetector became ON;

a second step of determining that there is amalfunction
when an ON state has been kept successively for the long period
of time (for example, 60 minutes or longer) after the state of the

output from the detector became ON in the first step, outputting

23



a signal for changing (down-shifting) the wiper terminal to the
digital potentiometer from the CPU, and setting the sensitivity
adjustment level of the photodetector to be decreased by "1" level;

a third step of determining whether or not the state
of the output from the photodetector is ON even after the sensitivity
adjustment level of the photodetector is set to be decreased by
the "1" level in the second step;

a fourth step of controlling the sensitivity adjustment
level of the photodetector until the state of the output from the
photodetector becomes OFF after determining in the third step that
the sensitivity adjustment level of the photodetector is
continuously high because the state of the output from the
photodetector is ON; and

a fifth step of determining, when the state of the output
from the photodetector becomes OFF in the fourth step, that the
sensitivity adjustment level of the photodetector has become
appropriate,andendingcontrollingthesensitivityadjustmentlevel
of the photodetector, and

in which the adjusted sensitivity of the optical switch is
decreased in a stepwise manner, and the adjustment is ended at the
level at which the output from the photodetector is changed, thereby
automatically correcting the sensitivity adjustment of the optical
switch.

According to the present invention, it is possible to provide

such stable sensitivity adjustment without individual differences
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that enables the amount of light of the light emitter (for example,
LED) to be adjusted automatically without exposing the inside of
the instrument to external air and depending on the sense of the
operator.

Further, according to the present invention, digital
adjustment is performed by using the CPU, and hence the adjusted
value can be held as digital data, and automatic adjustment can
be performed by using a communication function.

Further, according to the present invention, it is determined
that there is an abnormality when the light receiving element has
continuously received light for a given period of time or longer,
and it is possible to perform automatic correction in which the
digital potentiometer is controlled so that the detection
sensitivity is decreased to such a level that the light receiving
element does not respond to the light at that time on the CPU side,
and the current to be supplied to the light emitter is changed

{decreased) .

Brief Description of the Drawings

FIG. 1 is a diagram illustrating an external appearance of
aCoriolis flowmeter, whichisa fielddevice towhichaphotoelectric
sensing sensitivity adjusting device of an optical-sensing
non-contact switching device (SW) for a field device according to
the present invention is applied.

FIG. 2 is an overview diagram of a remote measurement system
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of the Coriolis flowmeter illustrated in FIG. 1.

FIG. 3 is a diagram illustrating a photoelectric-sensing
display portion of the optical-sensing non-contact switching device
(SW) for a field device according to the present invention.

FIG. 4 is a block diagram of a sensitivity adjustment function
portion, fﬁr describing a photoelectric sensing sensitivity
adjustment function of the optical-sensing non-contact switching
device (SW) for a field device according to the present invention.

FIG. 5 is a detailed circuit diagram of the sensitivity
adjustment function portion for photoelectric sensing of the
optical-sensing non-contact switchingdevice (SW) fora fielddevice,
which is illustrated in FIG. 4.

FIG. 6 is a control flow chart in which automatic sensitivity
adjustment of the photoelectric sensingsensitivityadjustingdevice
of the optical-sensing non-contact switching device (SW) for a field
device, which is illustrated in FIG. 5, is performed.

FIG. 7 is a time chart illustrating synchronization between
light emission of an LED and a photodetector.

FIG. 8isatimechartillustratingcontrol signals foradigital
potentiometer, which are transmitted from a CPU.

FIG. 9 is a time chart illustrating ON/OFF determinations by
means of the photodetector.

FIG. 10isacontrol flowchartusedwhenanautomaticcorrection
function of the photoelectric sensing sensitivity adjusting device

of the optical-sensing non-contact switching device (SW) for a field
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device, which is illustrated in FIG. 5, is executed.

FIG. 11 is an explanatory diagram illustrating a principle
of a conventional optical switch.

FIG. 12 is a diagram for describing a sensitivity adjustment

function illustrated in FIG. 11.

Best Mode for carrying out the Invention

A switching operation portion of a field device is configured
so as not to be exposed to external air with the provision of a
light-emitter-beam transmissive material (for example, glass) to
a front surface thereof. The operation portion is realized by: a
light emitter configured by an LED; a regulator for LED driving
which has a variable output function and supplies energy (current
or voltage) to the LED; a light receiving device for receiving light
emitted from the light emitter; a commercially avéilable digital
potentiometer for controlling increase or decrease of the energy
(current or voltage) to be supplied to the LED; a CPU for digitally
controlling increase or decrease of the energy (current or voltage)
to be supplied to the LED in accordance with a contrcl program;
and a photodetection portion for detecting an optical signal emitted
from the LED, converting the optical signal to an electrical signal,
and outputting the electrical signal.

Note that, a commercially available photo IC may be used as
the photodetectionportion, and theremaybe provided a photodetector

which includes, as internal structure, a pulse generator for
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outputting a given pulse signal, and an AND circuit for cutputting
an AND signal obtained between the electrical signal output from
the photodetection portion and the given pulse signal output from

the pulse generator.

[First embodiment]

Hereinbelow, a first embodiment for carrying out the present
invention is described with reference to FIGS. 1 to 9.

FIG. 1 is a diagram illustrating an external appearance of
a Coriolis flowmeter to which a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
(SW) for a fielddevice according to the present invention is applied.
FIG. 2 is an overview diagram of a remote measurement system of
the Coriolis flowmeter serving as the field device, which is
illustrated in FIG. 1. FIG. 3 is a diagram illustrating a display
porticn of the photoelectric sensing sensitivity adjusting device
oftheoptical—sensingnon-contactswitchingdevice(SW)foraifield
device according to the present invention. FIG. 4 is ablock diagram
of a sensitivity adjustment function portion, for describing a
sensitivity adjustment function of the photoelectric sensing
sensitivity adjusting device of the optical-sensing non-contact
switching device (SW) for a field device according to the present
invention. FIG. 5 is a detailed circuit diagram of the sensitivity
adjustment functionportionof thephotoelectric sensingsensitivity

adjustingdeviceoftheoptical—sensingnon—contactswitchingdevice.
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(SW) for a field device, which is illustrated in FIG. 4. FIG. 6
is a control flow chart in which automatic sensitivity adjustment
of the photoelectric sensing sensitivity adjusting device of the
optical-sensing non-contact switchingdevice (SW) forafielddevice,
which is illustrated in FIG. 4, is performed. FIG. 7 is a time chart
illustrating control signals of a digital potentiometer, which are
transmitted from a CPU. FIG. 8 is a time chart illustrating
synchronization between light emission of an LED and a detector.
FIG. 9 is a time chart illustrating ON/OFF determinations by means
of the detector.

FIG. 1 illustrates the external appearance of the Coriolis
flowmeter, which is a fielddevice towhich the photoelectric sensing
sensitivity adjusting device of the optical-sensing non-contact
switching device (SW) for a field device according to the present
invention is applied.

Referring to FIG. 1, a Coriolis flowmeter 1, which is equipped
with a high functionality transmitter (capable of a self-diagnosis
function, large-screen display, and setting change on the spot
through a touch operation), is a high performance Coriolis flowmeter
capable of directly measuring a mass flow rate with high precision.
The Coriolis flowmeter 1 includes a main body portion 2 including
a converter 3, and an indicator 4 provided to the converter 3 which
is mounted, at themidpoint of the main body portion, fromadirection
orthogonal to an axial direction of the main body portion 2. The

indicator 4 employs a liquid crystal display.
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The Coriolis flowmeter 1 is mounted to flange portions 5 and
6 formed at both sides of the axial direction of the main body portion
2 along a pipe 7 through which a fluid to be measured (not shown)
flows, and is capable of measuring the fluid to be measured, which
is flowing inside the pipe 7, and performing, at the converter 3,
a calculation regarding the flow rate. The Coriolis flowmeter 1
is capable of displaying the flow rate obtained through the
calculation on the indicator 4 of the converter 3.

FIG. 2illustrates anoverview of the remote measurement system
of the Coriolis flowmeter 1 illustrated in ¥IG. 1. Specifically,
the Coriolis flowmeter 1 has explosion-proof structure, which is
such structure that has no fear of explosion even if an inflammable
gas has leaked into an ambient atmosphere of the Coriolis flowmeter
1 when measuring the flow rate of an inflammable fluid to be measured
(inflammable gas, inflammable volatile liquid, etc.).

In the Coriolis flowmeter 1 having such structure, as
illustrated in FIG. 2, remote operation control is performed by
using external output. Specifically, the Coriolis flowmeter 1 is
connected, by means of the external output, to a distributed control
system (DCS) computer 10, a batch counter 11, an integrator 12,
a recorder 13, various controllers, and the like. Further, the
Coriolis flowmeter 1 is intercommunicably connected via a
communication terminal unit 15 to a personal computer 14, which
serves as a host of the field device, so that the setting, changing,

and adjustment of parameters, reading of a measured value, or the
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like can be performed on the spot or from a remote location.

The operation of the Coriolis flowmeter 1 connected via the
external output in this way is controlled remotely. The measured
values of the flow rate, the temperature, and the density measured
by the Coriolis flowmeter 1 are output via analog output to the
distributed contrecl system (DC3) computer 10, the recorder 13, the
various controllers, and the 1like. Further, digital communication
can be performed with respect to the personal computer 14 connected
via the communication terminal unit 15.

Further, a flow.rate pulse output signal, which is an output
regarding the flow rate measured by the Corioclis flowmeter 1, is
oufput to the distributed control system (DCS) computer 10, the
batch counter 11, the integrator 12, and the like.

FIG. 3 illustrates the display portion of the indicator 4
provided to the converter 3 of the Coriolis flowmeter 1 illustrated
in FIG. 1.

Referring to FIG. 3, a front surface 21 of the display portion
20 of the indicator 4 is attached with a light-emitter-beam
transmissive material (for example, glass).

In the figure, reference numeral 22 denotes a red LED, and
reference numeral 23 denotes a green LED. Further, reference
numerals 24 and 25 denote switching operation portions of optical
switches, which can be turned on or off through the touch operation.
Mode switching by the switching operation portion 24 or 25 of optical

switches is performed by an operation {(touch operation) of touching,
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with a finger tip, the front surface 21 of the display portion 20,
which is formed of a light-emitter—-beam transmissive material (for
example, glass).

The optical switch has the same structure as an optical switch
500 illustrated in FIG. 11. Specifically, the optical switch 500
includes a photosensor configured by a light emitter (for example,
LED} 510 and a photodetector (for example, photo IC) 520, and the
1 light emitter (for example, LED) 510 and the photodetector (for
example, photo IC) 520 are each surrounded by a light blocking'”'
structﬁre 530.

Above the light emitter (for example, LED) 510 surrounded by
the light blocking structure 530, there is formed an opening 531
so that light emitted from the light emitter (for example, LED}
510 is emitted upward from inside the light blocking structure 530.
Further, above the photodetector (for example, photo IC) 520
surrounded by the light Elocking structure 530, there is formed
an opening 532 so that the light emitted from the light emitter
(for example, LED) 510 enters the inside of the light blocking
structure 530 from a predetermined direction after being reflected
by a light reflector.

A top side of the light blocking structure 530 is covered with
a light-emitter-beam transmissive material (for example, glass)
540. Specifically, the light-emitter-beam transmissive material
(for example, glass) 540 serves as a top cover of the light blocking

structure 530, and corresponds to a glass cover portion of a housing

32



of a display device (corresponding to a setting device portion of
the field device) of a measuring instrument (converter).

In the optical switch 500 having the above-mentioned
configuration, light is constantly emitted from the light emitter
(for example, LED) 510, and the light emitted from the light emitter
(for example, LED) 510 is emitted from the opening 531 formed above
the light blocking structure 530. Further, the photodetector (for
example, photo IC) 520 is capableof constantlyreceiving the incident
ligﬁtfrmntheopening532fbrmedabovethe1ightblockingstructure
530.

In such a state, when a light reflector (detection object)
550, such as a finger, is put over a top surface (switching operation
portion 24 or 25 of FIG. 3) of the light-emitter-beam transmissive
material (for example, glass) 540, the light emitted from the light
emitter (for example, LED) 510 and then from the opening 531 formed
above the light blocking structure 530 is reflected by the light
reflector (detection object) 550, such as a finger, which has been
put over the light-emitter-beam transmissivematerial (for example,
glass) 540, and is then caused to enter the opening 532 formed above
the light blocking structure 530, with the result that the light
is received by the photodetector (for example, photo IC) 520 to
thereby perform the switching.

Further, in FIG. 3, reference numeral 26 denotes a data display
screen of the display portion 20 of the indicator 4 provided to

the converter 3 of the Coriclis flowmeter 1.
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The data display screen 26 is for selectively displaying, on
the screen, the measured values of the fiow rate, the temperature,
and the density, and the like. A switchingoperation (ON operation)
is performed through the operation (touch operation) of touching,
witha fingertip, thetopsurfacesof theswitchingoperationportions
24 and 25 of the front surface 21 of the display portion 20 formed
of a light-emitter-beam transmissive material (for example, glass),
thereby performing mode switching.

Examples of display modes, which are to be selectively
displayed on the data display screen 26, include an instantaneous
mass flow rate, an instantaneous volume flow rate, a density, a
temperature, an integrated value (mass or volume), maintenance
information display, status information display, andmode selection
(parameter setting). The switching of those display modes to be
displayed on the data display screen 26 is performed by means of
the optical switch provided to the indicator 4 of the converter
3 of the Coriolis flowmeter 1. 1In the optical switch, light emitted
from the light emitter {(for example, LED) 510 is reflected by a
finger put over the light-emitter-beam transmissive material (for
example, glass) 540 (switching operation portion 24 or 25 of FIG.
3), and the reflected light is received by the photodetector (for
example, photo IC) 520.

In this way, the switching is performed when the light emitted
from the light emitter (for example, LED) 510 is reflected by a

finger put over the switching operation portion 24 or 25, and is
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then received by the photodetector (for example, photo IC) 520.
Accordingly, in some cases, there occurs a malfunction in which
the switching is not performed despite a finger being put over the
switching operation portion 24 or 25, or the switching is performed
despite a finger not being put over the switching operation portion
240r25. Thus, itisrequiredthatthesensitivityasthephotosensor
be appropriately maintained.

For this reason, the indicator 4 of the converter 3 of the
Coriolis flowmeter 1 illustrated in FIG. 1 is provided with the
photoelectric sensing sensitivity adjusting device for adjusting
the detection sensitivity of the optical switch.

FIG. 4 is ablock diagram of a sensitivity adjustment function
portion of a photoelectric sensing sensitivity adjusting device
30 provided to the indicator 4 of the converter 3 of the Coriolis
flowmeter 1 illustrated in FIG. 1.

Referring to FIG. 4, a resistor R32 is connected to a light
emitter (for example, LED) 31 of the photoelectric sensing
sensitivity adjusting device 30, and a commercially available
digital potentiometer 33 is connected to the resistor R32. The
digital potentiometer 33, which performs adjustment and trimming
for an electronic circuit, has a function of increasing/decreasing
output voltage {or output current) to be output to the light emitter
(for example, LED) 31 by means of an output signal from a CPU 34.
The CPU 34 can also be controlled, via the communication terminal

unit 15 illustrated in FIG. 2, through digital communication from
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the personal computer 14 serving as a host of the field device.

Based on the above-mentioned output voltage {or the output
current) controlled by the digital potentiometer 33, light 36 is
emitted from the light emitter (for example, LED) 31 of the
photoelectric sensing sensitivity adjusting device 30. The light
36 emitted from the light emitter (for example, LED) 31 is a given
optical pulse signal 37 whose light amount is changed according
to increase or decrease in output voltage (or output current) by
the digital potentiometer 33. The given optical pulse signal 37
emitted from the light emitter (for example, LED) 31 is detected
by'a'photodeteétor (for example, photo IC) 35, and an ON/OFF output
signal is output from the photodetector (for example, photo IC)
35.

FIG. 5 is a detailed circuit diagram of the sensitivity
adjustment function portion of the non-contact switching device
(SW) including the photoelectric sensing sensitivity adjusting
device of the flowmeter, which is illustrated in FIG. 4.

Referring to FIG. 5, an anode of an LED 42 is connected to
a regulator 40 for LED driving (variable output regulator provided
with an output adjusting function) via a resistor R41l. Further,
the digital potentiometer 33 is connected to the regulator 40 for
LED driving (variable output regulator provided with an output
adjusting function) via a resistor R43. A wiper terminal 33A of
the digital potentiometer 33 is grounded via a resistor R44 through

the internal resistance of the digital potentiometer 33.

36



Further, a wiper terminal of the regulator 40 for LED driving
{(variable output regulator provided with an output adjusting
function) is connected to the. wiper terminal 33A (provided with
a 32-bit adjustment level) of the digital potentiometer 33. The
wiper terminal 33A of the digital potentiometer 33 controls the
connecting location of the wiper terminal of the regulator 40 for
LED driving (variable output regulator provided with an output
adjusting function) to control a resistance-divided voltage ratio,
thereby controlling energy (voltage or current) to be supplied to
the light emitter (for example, LED) 42 from the regulator 40 for
LED driving {variable output regulator provided with an ocutput
adjusting function).

Note that, inthis embodiment, asthe lightemitter (for example,
LED) 31, an LED manufactured by Sanken Electric Co., Ltd.
(specifically, "SID1003BQ") is used.

Further, as the digital potentiometer 33, a 32-tap digital
potentiometer manufactured by NIDEC COPAL ELECTRONICS CORP.
(specifically, "DP7114ZI-10") 1is used.

Further, as the CPU 34, aCPUmanufacturedbyRenesas Technology
Corporation (specifically, "R5F21237JFP") is used.

Further, as the photodetector (for example, photo IC) 35, a
photo IC manufactured by Toshiba Corporation (specifically, digital
output photo IC "TPSBi6 (F)") is used.

Further, as the regulator 40 for LED driving (variable output

regulator provided with an output adjusting function), a regulator
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manufactured by Texas Instruments Incorporated ({specifically,
variable positive/negative voltage regulator "TPS73101DBVT") is
used.

Further, the CPU 34 is connected to the commercially available
digital potentiometer 33 of this embodiment with three digital
control lines 34A, 34B, and 34C.

The digital control line 34A connecting the digital
potentiometer 33 and the CPU 34 is used to output, from the CPU
34 to the digital potentiometer 33, a signal (counter signal) for
incrementing (or decrementing) a counter wvalue of the digital
potentiometer 33 every time the wiper terminal 33A of the digital
potentiometer 33 is changed (UP/DOWN) .

Further, the digital control line 34B connecting the digital
potentiometer 33 and the CPU 34 is used to output, from the CPU
34 to the digital potentiometer 33, a signal for changing (UP/DOWN})
the wiper terminal 33A of the digital potentiometer 33.

Further, the digital control line 34C connecting the digital
potentiometer 33 and the CPU 34 is used to output, from the CPU
34 to the digital potentiometer 33, a chip select {(CS) signal, which
is a selection signal for selecting a chip.

It is to be understood that the interface with respect to the
CPU varies depending on the specifications of the digital
potentiometer (for example, serial communication, I2C, UART, etc.).

Further, the photodetector (for example, photo IC) 35 of this

embodiment is a commercially available product, and includes a
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transistor Tr 50, a pulse generator 51, an BND circuit 52, and a
photodetection portion 53.

A collector of the transistor Tr 50 is connected to a cathode
of the LED 42, and an emitter of the transistor Tr 50 is grounded.
Further, a base of the transistor Tr 50 is connected to the pulse
generator 51, and a given pulse signal is supplied to the base of
the transistor Tr 50 from the pulse generator 51. Thus, the
transistor Tr 50 is repeatedly turned on/off in synchronization
with the given pulse signal output from the pulse generator 51,
and causes the LED 42 to be turned on/off in synchronization with
the given pulse signal output from the pulse generator 51, with
the result that the optical pulse signal synchronized with the given
pulse signal output from the pulse generator 51 is emitted from
the LED 42.

The pulse generator 51 is connected to the AND circuit 52,
and the given pulse signal output from the pulse generator 51 is
input to the AND circuit 52.

Further, the photodetection portion 53 of the photodetector
(for example, photo IC) 35 of this embodiment is connected to the
AND circuit 52, and a signal is input to the AND circuit 52 based
on. an optical signal detected by the photodetection portion 53.

The optical pulse signal emitted from the LED 42 and
synchronized with the given pulse signal output from the pulse
generator 51 is detected by the photodetection portion 53 of the

photodetector (for example, photo IC} 35, and the optical pulse
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signal emitted from the LED 42 is converted to an electrical pulse
signal and then output to the AND circuit 52.

The AND circuit 52 performs an AND coperation between a signal
based on an detected optical signal output from the photodetection
portion 53 of the photodetector (for example, photo IC) 35 and the
given pulse signal output from the pulse generator 51, to thereby
output an AND signal. The output from the AND circuit 52 is input
to the CPU 34.

Accordingly, an output is made from the AND circuit 52 only
when the optical signal output from the LED 42 is in synchronization
with the given pulse signal output from the pulse generator 51.

As describedabove, inthisembodiment, thereisgivenacircuit
configuration in which the ocutput voltage of the variable output
regulator 40 provided with the output adjusting function is changed
by using the commercially available digital potentiometexr 33, and
along with the change in output voltage (Vout) of the variable output
regulator 40, a forward current of the LED42 is increased or decreased,
thereby adjusting the amount of light to be emitted.

The digital potentiometer 33 is controlled by a PIO built in
the CPU 34, and the setting thereof is controlled via the three
control lines for: the CS signal specifying a target device via
the digital control line 34C; the UP/DOWN signal for determining
whether the adjustment level of the digital potentiometer 33 is
to be increased or decreased via the digital control line 34B; and

the signal (counter signal) for shifting, via the digital control
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line 34A, the adjustment level of the digital potentiometer 33 every
time a pulse edge is detected.

Note that, those set wvalues are stored in the digital -
potentiometer 33 after the setting.

In the configurationdescribed above, the setting of the output
voltage of the regulator 40 with the output adjusting function is
determined based on the voltage dividing ratio between an external
resistor Rl (R43=56 kQ of FIG. 5) and a resistor RZ2 (R44=20 kQ of
FIG. 5) resulting froman FB terminal of the variable output regulator
40 with the output adjusting function connected thereto.

The relational expression therefor is expressed as follows
based on a data sheet.

Vout=(R1+R2) /R2x1.2 ... (1)
In this embodiment, the digital potentiometer 33 having a resistance
of 10 kQ is inserted between Rl and R2} and hence when minimum and
maximum voltage-divided resistances in the adjustment range are
considered, the respective resistances are as follows.

R1l: 66 kQ R2: 20 kQ

R1l: 56 kQ R2: 30 kQ

Those values are substituted into Expression (1) for Vout,
and Vout can be set to any value in a range from 4.8 V to 3.5 V
{the adjustment step corresponds to a resolution (=32 bits, a change
of 0.04 V per step (=1 bit)) of the digital potentiometer).

Specifically, the voltage to be applied to the LED 42 is such

variable voltage as described above, and the LED 42 is connected
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tothetransistor Tr 50 provided inside the photodetector (forexample,
commercially available photo IC) 35, and causes the forward current

to be synchronized with a cycle generated by the pulse generator
51 provided inside the same photodetector (for example, photo IC)

35.

Here, assuming that a load resistor R3 (R41 of FIG. 5) has
‘a resistance of 39 Q, a simple calculation provides a value of from
123 mA to 90 mA for the forward current of the LED 42, but by taking
into account the voltage drop (=1.2 V) of the transistor Tr 50 and
a duty of 50% in the synchronization cycle, an actual variable range
is approximately from 46 mA to 30 mA (which corresponds to a change
of 0.4 mA per bit in the digital potentiometer 33).

Note that, the light of the LED 42 is received by the
photodetection portion 53 provided inside the photodetector (fox
example, photo IC) 35, and a comparison is made to determine whether
or not the light is an optical pulse synchronized with a timing
generated by the pulse generator 51 built therein as well. When
a match is confirmed, an output is made.

As described above, in this embodiment, in the circuit which
adjusts electrical energy (current/voltage) to be applied to the
light emitter (for example, LED) 31 as means for adjusting the light
amount of the 1ight emitter (for example, LED} 31 of the photoelectric
sensing sensitivity adjusting device 30, the digital potentiometer
33 is used for the adjustment portion, and the digital control lines

34A, 34B, and 34C are connected to the CPU 34, with the result that
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the amount of the electrical energy can be controlled from the CPU
34,

Further, the control instruction from the CPU 34 is executed
. from-an external by using communication means without exposing the
inside of the instrument to the external air (for example, as in
the HART protocol, the c¢ontrol instruction is realized by
superimposing data onto an output signal line).

Next, referring to a flow chart, description is given of the
automatic sensitivity adjustment of the photoelectric sensing
sensitivity adjusting device of the flowmeter, which is illustrated
in FIG. 5.

FIG. 6 is the control flow chart in which the automatic
sensitivity adjustment of the photoelectric sensing sensitivity
adjusting device of the flowmeter, which is illustrated in FIG.
4, is performed.

The automatic sensitivity adjustment of the photoelectric
sensing sensitivity adjusting device of the flowmeter is for
confirming the normality of the ON/OFF function of the optical switch
and performing appropriate sensitivity adjustment for the optical
switch. Thus, in the automatic sensitivity adjustment of the
photoelectricsensingsensitivityadjustingdeviceof the flownmeter,
the CPU 34 performs the following tasks:

a) determining whether or not the output state of the detector
is as expected by always setting the sensitivity level to the maximum

or minimum in consideration of a fact that the optical switch has
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hysteresis in sensitivity;

b) decreasing or increasing the adjusted sensitivity in a
stepwise manner, and ending the adjustment at a level at which the
output of the detector changes; and

c) setting the margin for adjustment based on the resolution
of the digital potentiometex, thereby optimizing the adjusting
function (for example, assuming that the margin for adjustment is
five steps from the upper and lower limits, when the adjustment
is ended outside the adjustment level of from 5 to 27, the adjustment
is considered to be "NG").

Referring to FIG. 6, after the flowmeter (converter} is powered
on to start the automatic adjusting function, first, the flow is
started in Step 100, in which the automatic sensitivity adjustment
of the photoelectric sensing sensitivity adjusting device 1is
started.

First, after the flow is started in Step 100, in Step 110,
the current adjustment level of the commercially available digital
potentiometer 33 is reset to thereby set the adjustment level of
the digital potentiometer 33 to a maximum sensitivity level ("32"
in the embodiment). Specifically, the light amount of the LED 42
is set toamaximumvalue bymaximizing the enexrgy (voltage or current)
to be supplied to the LED 42 via the resistor R41 from the regulator
40 for LEDdriving (commercially available variable output regulator
provided with an output adjusting function). When the energy

(voltage or current) to be supplied to the LED 42 is set to the
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maximum, the LED 42 emits light with a maximum light amount.

Specifically, in this embodiment, the resistance-divided
voltage ratio determined by the digital potentiometer 33 is set
to 10 kQ/0 @, thereby maximizing the energy {(voltage or current)
to be supplied to the LED 42 from the regulator 40 for LED driving
(variable output regulator provided with an output adjusting
function). When the energy {(voltage or current) to be supplied to
the LED 42 from the regulator 40 for LED driving (variable output
regulator provided with an output adjusting function) is maximized,
if a light reflecting jig is provided in the next step, the state
of the photodetector (for example, photo IC) 35 on this occasion
is in a switch—oﬁ state (Vout=4.8 V).

After settingtheadjustment levelofthedigital potentiometer
33 to the maximum sensitivity level ("32" in the embodiment) in
Step 110, it is determined in Step 120 whether or not the light
of the LED 42 which is emitting the light with the maximum light
amount is detected by the photodetection portion 53 provided inside
the photodetector (for example, commercially available photo IC)
35. Specifically, inthisembodiment, if the photodetectionportion
53 provided inside the photodetector (for example, commercially
available photo IC) 35 detects the light of the LED 42, the AND
operation is performed between the detected optical signal and the
given pulse signal output from the pulse generator 51, and the AND
signal is output to the CPU 34. Based on the presence/absence of

the detected optical signal input to the CPU 34, it can be determined
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whether ornot the light of the LED 42 is detectedby the photodetection
portion 53 provided inside the photodetector (for example,
commercially available photo IC) 35.

In the above-mentioned detection of the light of the LED 42
by the photodetection portion 53 provided inside the photodetector
(for example, commercially available photo IC)} 35, according to
this embodiment, the light is detected when the optical pulse signal
which is emitted from the LED 42 and detected by the photodetection
portion 53 of the photodetector (for example, photo IC) 35 coincides
{(is synchronized) with the given pulse signal output from the pulse
generator 51.

FIG. 7 is the time chart illustrating the synchronization
between the 1light emission of the LED and the photodetector. FIG.
7 illustrates a case in which the adjustment level of the digital
potentiometer 33 is set to be increased by "1" (specifically, by
1 bit) and a case in which the adjustment level of the digital
potentiometer 33 is set to be decreased by "1" (specifically, by
1 bit).

In Step 120, the optical sensitivity of the optical switch
is set to the maximum sensitivity, and hence the LED 42 is emitting
the light with the maximum light amount. Thus, under this state,
there shouldbe light detection (the switchisON) by the photodetector
{for example, photo IC) 35.

Accordingly, if the light of the LED 42 is detected by the

photodetector (for example, photo IC) 35, this means that the
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photodetector (for example, photo IC) 35 is normally operating
(operation as the optical switch is good).

On the other hand, if there is no output from the photodetector
(for example, photo IC) 35 (state in which the optical switch is
OFF) even though the LED 42 is emitting the light with the maximum
light amount, this means that the optical switch has an operation
failure.

When it is determined in Step 120 that the photodetector {for
example, photo IC) 35 is normally operating (the operation of the
optical switch is good) because the photodetection portion 53
provided inside the photodetector (for example, commercially
available photo IC) 35 has detected the light of the LED 42 which
isemitting the light with the maximum 1ight amount, it is determined
again in Step 130 whether or not the light of the LED 42 is detected
by the photodetection portion 53 provided inside the photodetector
(for example, photo IC) 35. Inother words, it is determined whether
or not the state of the output from the photodetector (for example,
photo IC) 35 is ON.

The determination made in Step 120 regarding whether or not
the photodetector (for example, photo IC) 35 has detected the light
of the LED 42 is such a determination that is made regarding whether
or not the photodetector (for example, photo IC) 35 has detected
the light of the LED 42 under the state in which the LED 42 is emitting
the light with the maximum light amount by maximizing the energy

(voltage or current) to be supplied to the LED 42 from the regulator
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40 for LEDdriving {commerciallyavailable variable output regulator
provided with an output adjusting function) immediately after the
automatic adjustment is started.

The determination made in Step 130 regarding whether or not
the photodetector (for example, photo IC) 35 has detected the light
of the LED 42 is such a determination that is simply made regarding
whether or not the photodetector (for example, photo IC} 35 has
detected the light emitted from the LED 42.

When it is determined in Step 130 that the light of the LED
42 is detected by the photodetection portion 53 provided inside
the photodetector (for example, commercially available photo IC)
35, in Step 140, a signal for changing (down-shifting) the wiper
terminal 33A of the digital potentiometer 33 is output to the digital
potentiometer 33 from the CPU 34 via the digital control line 34B
connecting the commercially available digital potentiometer 33 and
the CPU 34, and the adjustment level of the digital potentiometer
33 is set to be decreased by "1" (specifically, by 1 bit}.

Specifically, the resistance~divided voltage ratio
determined by the digital potentiometer 33 is changed to decrease,
by one level, the energy (voltage or current) to be supplied to
the LED 42 from the regulator 40 for LED driving (variable output
regulator provided with an output adjusting function). In other
words, the setting of the wiper terminal 33A of the digital
potentiometer 33 is shifted by 1 bit (shift of Vout=0.04 V).

In Step 130, when the light of the LED 42 is detected by the
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photodetection portion 53 provided inside the photodetector (for
example, photo IC) 35, the signal for changing (down-shifting) the
wiper terminal 33A of the commercially available digital
potentiometer 33 is output to the digital potentiometer 33, and
the adjustment level of the digital potentiometer 33 is set to be
decreased by "1" (specifically, by 1 bit).

However, the following may be performed. That is, after the
flow is started in Step 100, in Step 110, the current adjustment
level of the digital potentiometer 33 is reset to thereby set the
adjustment level of the digital potentiometer 33 to "1" (minimum
sensitivity level). Then, in Step 130, when the light of the LED
42 is not detected by the photodetection portion 53 provided inside
the photodetector {(for example, photo IC) 35, a signal for changing
(up-shifting) the wiper terminal 33A of the digital potentiometer
33 is output to the digital potentiometer 33, and the adjustment
level of the digital potentiometer 33 is set to be increased by
"1" (specifically, by 1 bit).

FIG. 8 is the time chart illustrating the control signals for
the digital potentiometer 33, which are transmitted from the CPU
34.

FIG. 8 illustrates the case in which the adjustment level of
the digital potentiometer 33 is set to be increased by "1"
{(specifically, by 1 bit) and the case in which the adjustment level
of the digital potentiometer 33 is set to be decreased by "1"

{specifically, by 1 bit).
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When the wiper terminal 33A of the digital potentiometer 33
is changed (down-shifted} in Step 140 after it is determined in
Step 120 that the photodetector (forexample, photo IC) 35hasdetected
the light of the LED 42 which is emitting the light with the maximum
light amount, and it is determined in Step 130 that the photodetection
portion 53 provided inside the photodetector (for example, photo
IC) 35 has detected the light of the LED 42, the signal for changing
{down-shifting) the wiper terminal 33A of the digital potentiometer
33 is output to the digital potentiometer 33 from the CPU 34, and
the adjustment level of the digital potentiometer 33 is set to "31",
which is one level down from the maximum sensitivity level of "32".

After outputting the signal for changing (down-shifting) the
wiper terminal 33A of the digital potentiometer 33 to the digital
potentiometer 33, and setting the adjustment level of the digital
potentiometer 33 to be decreased by "1" (specifically, by 1 bit)
inStep 140, it isdetermined in Step 150 whetheror not thesensitivity
adjustment (down-shift adjustment) can be performed to set the wiper
terminal 33A of the digital potentiometer 33 to the adjustment level
adjusted in Step 140.

Step 150 is performed for confirmation of the adjustment range.
In Step 150, with the resolution set as a maximum adjustable range,
the margin for adjustment is determined by confirming the number
thereof.

When it is determined in Step 150 that the sensitivity

adjustment (down-shift adjustment) can be performed to set the wiper
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terminal 33A of the digital potentiometer 33 £o the adjustment level
adjusted in Step 140, the processing returns to Step 130, and it
is determined whether or not the light of the LED 42 is detected
by the photodetection portion 53 provided inside the photodetector
(for example, photo IC) 35, Inotherwords, it is determined whether
or not the state of the output from the photodetector (for example,
photo IC) 35 is ON,

Then, until it is determined in Step 150 that the sensitivity
adjustment (down-shift adjustment) cannot be performed to set the
wiper terminal 33A of the digital potentiometer 33 to the adjustment
level adjusted in Step 140, the processing of from Step 130 to Step
150 is executed repeatedly.

Further, when it is determined in Step 130 that the light of
the LED 42 is not detected by the photodetection portion 53 provided
inside the photodetector (for example, photo IC) 35, it is determined
in Step 160 whether or not the adjustment level falls within the
adjustment level range (=27 to 5) of the wiper terminal 33A of the
digital potentiometer 33.

Specifically, the sensitivity adjustment (down-shift
adjustment) is repeated to set the wiper terminal 33A of the digital
potentiocmeter 33 to the adjustment level adjusted in Step 140, and
when the adjustment level has reached an adjustment level at which
the 1light of the LED 42 is not detected by the photodetection portion
53 provided inside the photodetector (for example, photo IC) 35,

the processing proceeds to Step 160.
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In Step 160, it is determined ﬁhether or not a range of from
the adjustment level of the wiper terminal 33A of the digital
potentiometer 33, which is obtained when the light of the LED 42
has been detected by the photodetector (for example, photo IC) 35
for the first time, to the adjustment level of the wiper terminal
33A of the digital potentiometer 33, which is obtained when the
adjustment level has reached a level at which the light of the LED
42 is not detected by the photodetection portion 53 provided inside
the photodetector (for example, photo IC) 35 (when the light amount
of the LED 42 has become such a light amount that is too small for
the photodetection portion 53 to detect the light), falls within
the preset adjustment level range (=27 to 5) of the wiper terminal
33A of the digital potentiometer 33.

When it is determined in Step 160 that the range of from the
adjustment level of the wiper terminal 33A of the digital
potentiometer 33, which is obtained when the light of the LED 42
has been detected by the photodetector {(for example, photo IC) 35
for the first time, to the adjustment level of the wiper terminal
33A of the digital potentiometer 33, which is obtained when the
adjustment level has reached the level at which the light of the
LED 42 is not detected by the photodetection portion 53 provided .
inside the photodetector (for example, photo IC) 35 (when the light
amount of the LED 42 has become such a light amount that is too
small for the photodetection portion 53 to detect the light), falls

within the preset adjustment level range (=27 to 5) of the wiper
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terminal 33A of the digital potentiometer 33, the flow is ended.

On the other hand,; the processing proceeds to Step 170 when
it is determined in Step 120 that the light of the LED 42 which
is emitting the light with the maximum light amount is not detected
by the photodetection portion 53 provided inside the photodetector
(for example, photo IC) 35, when it is determined in Step 150 that
the sensitivity adjustment (down-shift adjustment) cannot be
performed to set the wiper terminal 33A of the digital potentiometer
33 to the adjustment level adjusted in Step 140, or when it is
determined in Step 160 that the range of from the adjustment level
of the wiper terminal 33A of the digital potentiometer 33, which
is obtained when the light of the LED 42 has been detected by the
photodetector (for example, photo IC) 35 for the first time, to
the adjustment level of the wiper terminal 33A of the digital
potentiometer 33, which is obtained when the adjustment level has
reached the level at which the light of the LED 42 is not detected
by the photodetection portion 53 provided inside the photodetector
(for example, photo IC) 35 (when the light amount of the iED 42
has become such a light amount that is too small for the photodetection
portion 53 to detect the light), does not fall within the preset
adjustment level range (=27 to 5) of the wiper terminal 33A of the
digital potentiometer 33.

In Step 170, the CPU 34 determines that there is a trouble
in adjusting the level of the wiper terminal 33A of the digital

potentiometer 33, and causes the personal computer 14 connected
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thereto via the communication terminal unit 15 to display the result
(fact that there is a trouble in adjustment).

After making an output to the effect that there is a trouble
in adjusting the level of the wiper terminal 33A of the digital
potentiometer 33 in Step 170, in Step 180, the adjustment level
of the wiper terminal 332 of the digital potentiometer 33 is returned
to the level before the start of the automatic adjustment, and the
flow is then ended.

The thus set optical switch, which is provided to the indicator
4 of the converter 3 of the Coriolis flowmeter 1, performs the
switching operation (ON/QFF operation) when the operation (touch
operation) of touching, with a finger tip, the switching operation
portion 24 or 25 of the front surface 21 of the display portion
20 is performed. With this switching operation (ON/OFF operation),
the mode switching is performed.

FIG. 9 is the time chart illustrating ON/OFF determinations
by means of the optical switch (photodetector).

FIG. 9 illustrates the case in which the adjustment level of
the digital potentiometer 33 is set to be increased by "1"
(specifically, by 1 bit) and the case in which the adjustment level
of the digital potentiometer 33 is set to be decreased by "1"
(specifically, by 1 bit).

[Second embodiment]

Next, referring to a flow chart, description is given of an

_ automatic correction function of @ the photoelectric sensing
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sensitivity adjusting device of the flowmeter, which is illustrated
in FIG. 5.

FIG. 10 is a control flow chart used when the automatic
correction function of the photoelectric sensing sensitivity
adjusting device of the flowmeter, which is illustrated in FIG.
5, is executed.

Examples of the operation which requires correction by the
photoelectric sensing sensitivity adjusting device of the flowmeter
include a case 1n which the non-contact switching device (SW)
continues to be in the ON state.

Referringto FIG. 10, afterthe flowocf the automaticcorrection
function is started in Step 200, first, it is determined in Step
210 whether or not a given time period (for example, 60 minutes
or longer) has successively elapsed after the state of the output
from the photodetector (for example, photo IC) 35 became ON. 1In
other words, in Step 210, it is determined whether or not the state
of the output from the photodetector (for example, photo IC) 35
is a prolonged switch on.

Whenthe state of the output fromthe photodetector (for example,
photo IC) 35 is not the prolonged switchon in Step 210, the processing
does not proceed until the ON state 1s kept successively for 60
minutes or longer after the state of the output fromthe photodetector
(for example, photo IC} 35 becomes ON.

When it is determined in Step 210 that the state of the ocutput

from the photodetector (for example, photo IC} 35 has become the -
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state of the prolonged switch on, in Step 220, in the case of changing
(down-shifting) the wiper terminal 33A of the digital potentiometer
33, a signal for changing (down-shifting) the wiper terminal 33A
of thedigital potentiometer 33 isoutput tothedigital potentiometer
33 from the CPU 34, and the adjustment level of the digital
potentiometer 33 is set to be decreased by "1" level.

Specifically, when the state of the output from the
photodetector (for example, photo IC) 35 has become the state of
the prolonged switch on, in Step 220, the signal for changing
(down-shifting) the wiper terminal 33A of the digital potentiometer
33 is output to the digital potentiometer 33 from the CPU 34 via
the digital control line 34B connecting the digital potentiometer
33 and the CPU 34, and the adjustment level of the digital
potentiometer 33 is set to be decreased by "1" (specifically, by
1 bit).

As described above, in this embodiment, when it is determined
that the output of the photodetector (for example, photo IC) 35
is the prolonged switch on, the signal for changing {(down-shifting)
the wiper terminal 33A of the digital potentiometer 33 is output
to the digital potentiometer 33 from the CPU 34 via the digital
control line 34B, to thereby adjust the level of the digital
potentiometer 33 {(decrease the level by "1" bit). Thus, the energy
(voltage or current) to be supplied to the light emitter 31 from
the regulator 40 for LED driving (variable output regulator provided

with an output adjusting function) is controlled to adjust the light
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amount of the LED 42 serving as the iight emitter 31.

However, instead of adjusting the light amount of the LED 42
serving as the light emitter 31 as in this embodiment, a method
of adjusting the sensitivity of the photodetector (for example,
photo IC) 35 may be employed. Specifically, the following control-
method may be employed. That is, when it is determined that the
output of the photodetector (forexample, photoIC) 3bistheprolonged
switch on, the sensitivity of the photodetector (for example, photo
IC) 35 is set to be decreased until the output of the photodetector
(for example, photo IC) 35 becomes OFF.

After outputting the signal for changing {down-shifting) the
wiper terminal 33A of the digital potentiometer 33 to the digital
potentiometer 33 from the CPU 34, and setting the adjustment level
of the digital potentiometer 33 to be decreased by "1" level in
Step 220, it is determined in Step 230 whether or not the state
of the output from the photodetector (for example, photo IC) 35
is ON.

In Step 230, instead of determining whether or not the state
of the output from the photodetector (for example, photo IC) 35
has been ON successively for 60 minutes or longer, it is determined
whether or not the state of the output from the photodetector (for
example, photo IC) 35 is ON even after the adjustment level of the
digital potentiometer 33 is set to be decreased by "1" level in
Step 220. 1In other words, it is determined whether oxr not the level

adjustment performed for the digital potentiometer 33 in Step 220
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is sufficient.

Accordingly, when it is determined in Step 230 that the state
of the output from the photodetector (for example, photo IC) 35
is ON, the processing returns to Step 220, and the processing of
Step 220 and Step 230 is repeated until the state of the output
from the photodetector (for example, photo IC) 335 becomes OFF.

In other words, in Step 220 and Step 230, when the detection
sensitivity of the optical switch is too high, the level adjustment
is performed for the digital potentiometer 33, and this processing
isrepeateduntiltheleveladjustmentforthecﬁgitalpotentiometer
33 becomes sufficient.

When it is determined in Step 230 that the state of the output
from the photodetector (for example, photo IC) 35 is not ON, that
is, when it is determined that the output state is OFF, this means
that the level adjustment for the digital potentiometer 33 has become
sufficient, and hence this flow is ended.

With the above-mentioned configuration, according to this
embodiment, the following effects are provided:
(1)digitaladjustmentwhichcorrespondstx>thesettableresolution
of the digital potentiometer 33 can be performed, which facilitates
simplifying the adjusting method;

(2) in contrast to conventional volume adjustment which requires
a housing (jig) dedicated to adjustment, which is made by removal
ofpartofthehousing,andanactualreferenceofthelightreflector,

a large-scale adjusting jig does not need to be provided for
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adjustment; and

(3) the optical sensitivity adjustment is controlled by the CPU
34, and hence automatic trimming can be achieved by detecting ON/QFF
of the photodetection portion 34, with the result that the automatic

adjustment is realized.
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CLAIMS

1. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device, the field device including a switching operation portion
(man—machineinterface)configuredsoasnottobeexposedtoexternal
airthroughprovisionof;&light—emitter—beamtransmissivenmterial
(glass, or the like) to a front surface thereof,

the operation portion comprising:

a switching operation portion for turning on/off
aphotoelectricsensorcomprisingaalightemitterforemittinglight
and a photodetector for detecting incident light, by bringing a
light reflector closer to the front surface formed of the
light-emitter-beam transmissive material;

a data display screen for displaying a screen
according to a switching mode designated by the switching operation
portion,aftaraswitchingoperation(ONoperatian)oftheswitching
operationportionisperformedbybringingthelightreflectorcloser
to the front surface of the operation portion to thereby switch
modes of display data including a setting; and

a photoelectric sensing sensitivity adjusting
device for adjusting optical detection sensitivity of the
photoelectric sensor which is turned on/off by the switching
operation portion,

the photoelectric sensing sensitivity adjusting device

comprising:
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a light emitter including an LED, for emitting light by being
supplied with energy (current or voltage);

a regulator for LED driving with an output adjusting function,
for supplying the energy (current or voltage) to the LED serving
as the light emitter;

a light receiving device for receiving the light which is
emitted from the light emitter and reflected by bringing the light
reflector closer to the front surface formed of the
light-emitter-beam transmissive material;

a digital potentiometer for'controlling increase or decrease
of the energy (current or voltage) to be supplied to the LED serving
as the light emitter from the regulator for LED driving;

a CPU for digitally controlling the increase or the decrease
of the enexrgy (current or voltage) to be supplied to the LED serving
asthelightemitter fromthe regulator for LEDdriving, bycontrolling
the digital potentiometer according to a control program with a
control signal;

a personal computer connected via a communication terminal
unit, for controlling the CPU; and

a photodetection portion for detecting an optical signal
emitted from the LED, converting the optical signal to an electrical
signal, and outputting the electrical signal,

wherein the photoelectric sensing sensitivity adjusting
device has an automatic sensitivity adjustment function for optical

sensing including:
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a first step of resetting a current adjustment level
of the digital potentiometer to set anadjustment level of thedigital
potentiometer to a maximum sensitivity level;

a second step of determining whether or not the light
of the LED which is emitting the light under a state of the first
step is detected by the photodetection portion provided inside the
photodetector;

a third step of outputting, when the light of the LED
is detected in the second step, a signal for changing (up-~shifting
or down-shifting) a wiper terminal of the digital potentiometer
to the digital potentiometer from the CPU via a digital control
line connecting the digital potentiometer and the CPU, and setting
the adjustment level of the digital potentiometer to be increased
or decreased by "1" (by 1 bit);

a fourth step of determining whether or not sensitivity
of the wiper terminal of the digital potentiometer can be adjusted
(up-shifted or down-shifted) to fall within an adjustment level
range; and

a fifth step of determining, when the sensitivity
adjustment can be performed on the adjustment level in the fourth
step, whether or not the adjustment level fallswithin the adjustment
level range of the wiper terminal of the digital potentiometer,
and

wherein the adjusted sensitivity of the photoelectric sensor

is decreased in a stepwise manner, and the adjustment is ended at
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a level at which an output from the photodetector is changed.

2. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according toclaim 1, wherein the field device is accommodated
in a sturdy housing intended for on-site installation in

consideration of durability.

3. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device,

the fielddevice including a switchingoperationportion
(man-machine interface) configured soasnot tobe exposedtoexternal
air through provision of a light-emitter~beam transmissive material
{glass, or the like) to a front surface thereof,
the operation portion comprising:
a switching operation portion for turning on/off
a photoelectric sensor comprising a light emitter for emitting light
and a photodetector for detecting incident light, by bringing a
light reflector closer to the front surface formed of the
light-emitter-beam transmissive material;
a data display screen for displaying a screen
according to a switching mode designated by the switching operation
portion, after a switching operation (ON operation) of the switching

operationportionisperformedbybringingthe 1ight reflector closer
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to the front surface of the operation portion to thereby switch
modes of display data including a setting; and

a photoelectric sensing sensitivity adjusting
device for adjusting optical detection sensitivity of the
photoelectric sensor which is turned on/off by the switching
operation portion,

the photoelectric sensing sensitivity adjusting device
comprising:

a light emitter including an LED, for emitting light by being
supplied with energy (current or voltage);

a regulator for LED driving with an output adjusting function,
for supplying the energy (current or voltage) to the LED serving
as the light emitter;

a light receiving device for receiving the light which is
emitted from the 1ight emitter and reflected by bringing the light
reflector «closer to the front surface formed of the
light-emitter-beam transmissive material;

a digital potentiometer for controlling increase or decrease
of the energy (current or voltage) to be supplied to the LED serving
as the light emitter from the regulator for LED driving;

a CPU for digitally controlling the increase or the decrease
of the energy (current or voltage) to be supplied to the LED serving
asthelightemitter fromthe regulator for LEDdriving, bycontrolling
the digital potentiometer according to a control program with a

control signal;
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a personal computer connected via a communication terminal
unit, for controlling the CPU; and

a photodetection portion for detecting an optical signal
emitted from the LED, converting the optical signal to an electrical
signal, and outputting the electrical signal,

wherein the photoelectric sensing sensitivity adjusting
device has an autcomatic correction function for optical sensing,
including:

a first step of determining whether or not a long period
of time has successively elapsed after a state of output from the
photodetector became ON;

a second step of determining that there is amalfunction
when an ON state has been kept successively for the long period
of time after the state of the output from the detector became ON
in the first step, outputting a signal for changing (down-shifting)
a wiper terminal to the digital potentiometer from the CPU, and
setting a sensitivity adjustment level of the photodetector to be
decreased by "1" level;

a third step of determining whether or not the state
of the output from the photodetector is ON even after the sensitivity
adjustment level of the photodetector is set to be decreased by
the "1" level 1n the second step:

a fourth step of controlling the sensitivity adjustment
level of the photodetector until the state of the output from the

photodetector becomes OFF after determining in the third step that
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the sensitivity adjustment level of the photodetector is
continuously high because the state of the output from the
photodetector is ON; and
a fifth step of determining, when the state of the output
from the photodetector becomes OFF in the fourth step, that the
sensitivity adjustment level of the photodetector has become
appropriate, andending controllingthesensitivityadjustment level
of the photodetector, and
wherein the photoelectric sensing sensitivity adjusting
device decreases an adjusted sensitivity of an optical switch in
a stepwise manner, and ends the adjustment at a level at which the
output from the photodetector is changed, thereby automatically

correcting the sensitivity adjustment of the optical switch.

4. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to claim 3, wherein the fielddevice is accommodated
in a sturdy housing intended for on-site installation in

consideration of durability.

5. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to claim 3 or 4,

wherein the optical switch sensitivity adjusting device has,

inadditiontothe automatic correction function for optical sensing,
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an automatic sensitivity adjustment function for optical sensing
including:

a first step of resetting a current adjustment level
of the digital potentiometer to set an adjustment level of thedigital
potentiometer to a maximum sensitivity level;

a second step of determining whether or not the light
of the LED which is emitting the light under a state of the first
step is detected by the photodetection portion provided inside the
rphotodetector;

a third step of outputting, when the light of the LED
is detected in the second step, a signal for changing {up-shifting
or down-shifting) the wiper terminal of the digital potentiometer
to the digital potentiometer from the CPU via a digital control
line connecting the digital potentiometer and the CPU, and setting
the adjustment level of the digital potentiometer to be increased
or decreased by "1" (by 1 bit):

a fourth step of determining whether or not sensitivity
of the wiper terminal of the digital potentiometer can be adjusted
(up~-shifted or down-shifted) to fall within an adjustment level
range; and

a fifth step of determining, when the-sensitivity
adjustment can be performed on the adjustment level in the fourth
step, whether or not the adjustment level fallswithin the adjustment
level range of the wiper terminal of the digital potentiometer,

wherein the adjusted sensitivity of the optical switch is
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decreased in the stepwise manner, and the adjustment is ended at
the level at which the output from the photodetector is changed,
thereby automatically correcting the sensitivity adjustment of the
optical switch, and

wherein the adjusted se‘nsitivity of the photoelectric sensor
is decreased in a stepwise manner, and the adjustment is ended at

a level at which an output from the photodetector is changed.

6. A photeoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device, capableofperformingoptimumsensitivityadjustment through
control of a digital potentiometer by a CPU,

the fielddevice including a switchingoperationportion
(man-machine interface) configuredsoasnot tobeexposedtoexternal
air through provision of a 1ight-emitter-beam transmissive material
(glass, or the like) to a front surface thereof,

the switching operation portion comprising:

a switching operation portion for turning on/off
aphotoelectric sensor comprisinga light emitter andaphotodetector,
by bringing a light reflector closer to the light-emitter-beam
transmissive material;

adatadisplay screen for displaying, on a screen,
according to a designated mode, a mode of display data through a
switching operation of the switching operation portion; and

a photoelectric sensing sensitivity adjusting
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device for adjusting optical detection sensitivity of the
photoelectric sensor,

the photoelectric sensing sensitivity adjusting device
comprising: an LED; a photo IC; a variable output regulator; the
digital potentiometer; and the CPU,

wherein the LED emits 1light by being supplied with electrical
energy,

wherein the photo IC receives the light which is emitted from
the LED and reflected by the 1ight reflector, and outputs a signal,

wherein the variable output regulator has one end connected
to the LED via a first resistor and another end connected to the
digital potentiometer via a second resistor, and increases or
decreases a forward current of the LED by changing an output voltage,
to thereby adjust a light emission amount of the LED,

wherein the digital potentiometer comprises a wiper terminal
provided with an adjustment level corresponding to 32 bits,

wherein, by using a CS signal specifying a target device, an
UP/DOWN signal for determining whether the adjustment level of the
digital potentiometer is to be increased or decreased, and a signal
{counter signal)} for shifting the adjustment level of the digital
potentiometer every time a pulse edge is detected, which are output
via digital control lines from a PIO built in the CPU, the digital
potentiometer controls, according to the adjustment level, a
connecting location of a wiper terminal of the variable output

regulator to change a resistance value of the second resistor

69



connected to the another end of the variable output regulator, and
controls a resistance-divided voltage ratio between the second
resistor and the first resistor which is connected to the one end
of the variable output regulator, thereby controlling the output
voltage (or current) to be supplied to the LED from the variable
output regulator, and

wherein the CPU transmits a control signal to the digital
potentiometer to control the output voltage of the variable output
regulator, thereby adjusting the light emission amount of the LED
by controlling the energy (voltage or current) to be supplied to

the LED from the variable output regulator.

7. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to claim 6,

wherein the optical sﬁitch sensitivity adjusting device has
an automatic sensitivity adjustment function for optical sensing
including:

a first step of resetting a current adjustment level
of the digital potentiometer to set an adjustment level of thedigital
potentiometer to a maximum sensitivity level;

a second step of determining whether or not the light
of the LED which is emitting the light under a state of the first

step is detected by a photodetection portion provided inside the

photodetector;
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a third step of outputting, when the light of the LED
isdetectedinthesecondstep,asignalforchanging(down—shifting)
the wiper terminal of the digital potentiometer to the digital
potentiometer from the CPU via the digital control line connecting
the digital potentiometer and the CPU, and setting the adjustment
level of the digital potentiometer to be decreased by "1" (by 1
bit);

a fourth step of determining whether or not sensitivity
of the wiper terminal of the digital potentiometer can be adjusted
(down-shifted) to fall within an adjustment level range; and

a fifth step of determining, when the sensitivity
adjustment can be performed on the adjustment level in the fourth
step, whether or not the adjustment level fallswithin the adjustment
level range of the wiper terminal of the digital potentiometer,
and

wherein the adjusted sensitivity of the photoelectric sensor
is decreased in a stepwise manner, and the adjustment is ended at

a level at which an output from the photodetector is changed.

8. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to claim € or 7,

wherein the optical switch sensitivity adjusting device has
an automatic correction function for an optical switch, including:

a first step of determining whether or not a long period
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of time has successively elapsed after a state of output from the

photodetector became ON;

a second step of determining that there is amalfunction
when an ON state has been kept successively for the long period
of time after the state of the output from the detector became ON
in the first step, outputting a signal for changing {(down-shifting)
the wiper terminal to the digital potentiometer from the CPU, and
setting a sensitivity adjustment level of the photodetector to be
decreased by "1" level;

a third step of determining whether or not the state
of the output from the photodetector is ON even after the sensitivity
adjustment level of the photodetector is set to be decreased by
the "1" level in the second step:;

a fourth step of controlling the sensitivity adjustment
level of the photodetector until the state of the output from the
photodetector becomes OFF after determining in the third step that
the sensitivity adjustment 1level of the photodetector is
gontinuously high because the state of the output from the
photodetector is ON; and

a fifth step of determining, when the state of the output
from the photodetector becomes OFF in the fourth step, that the
sensitivity adjustment level of the photodetector has become
appropriate, andending controllingthesensitivityadjustment level
of the photodetector, and

wherein the optical switch sensitivity adjusting device
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decreases an adjusted sensitivity of the optical switch in a stepwise
manner, and ends the adjustment at a level at which the cutput from
the photodetector is changed, thereby automatically correcting the

sensitivity adjustment of the optical switch.
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