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(57) ABSTRACT

A state determination apparatus that does not need an
increase in number of inputs of a calculation element for
duplicated sensors even in a case where a sensor is dupli-
cated, and can detect a malfunction of a plurality of dupli-
cated sensors is provided. The object is resolved by a state
determination apparatus including a plurality of sensors that
detect a state of the same determination target in a duplicated
manner, a selector element that receives an input of the
detection signal of each sensor of the plurality of sensors and
sequentially outputs the detection signal of one sensor
among the detection signals of the sensors in synchroniza-
tion with a first clock signal having a first frequency, and a
storage unit that receives an input of an output signal of the
selector element and sequentially stores a logical level of the
output signal of the selector element in a bit width greater
than or equal to the number of the plurality of sensors in
synchronization with a second clock signal having a second
frequency higher than or equal to the first frequency.
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STATE DETERMINATION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a Continuation of PCT
International Application No. PCT/JP2017/047158 filed on
Dec. 28, 2017 claiming priority under 35 U.S.C. § 119(a) to
Japanese Patent Application No. 2017-003472 filed on Jan.
12, 2017. Each of the above applications is hereby expressly
incorporated by reference, in their entirety, into the present
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a state determina-
tion apparatus and particularly, to a state determination
apparatus including a plurality of redundant sensors.

2. Description of the Related Art

[0003] In an ink jet recording device, maintaining the
quality of an ink jet head is an important object for main-
taining image quality. Thus, the quality of the ink jet head is
maintained by performing periodic maintenance such as
moisturizing by capping the ink jet head and wiping using a
web.

[0004] In order to perform such maintenance, various
sensors are disposed for mechanical driving of an ink jet
head unit and a maintenance unit, and detect the presence of
the ink jet head unit at an appropriate position, correct
mounting of the web on the maintenance unit, and the like.
[0005] In a case where the sensor fails, the maintenance
operation cannot be performed, and the ink jet head is left for
a period until the sensor is replaced. A risk of being unable
to maintain the quality of the ink jet head occurs.

[0006] Thus, as a measure, it is considered that robustness
of a system is improved by securing redundancy by dupli-
cating the sensors.

[0007] In order to secure the reliability of detection,
JP2016-190701 A discloses a technology for installing two
sensors for each type of sensor and determining a failure of
the sensor in a case where a state where detection signals of
two sensors having the same role do not match occurs.

SUMMARY OF THE INVENTION

[0008] However, in a case where the sensors are dupli-
cated, a necessary number of input and output terminals of
a calculation device such as a field programmable gate array
(FPGA) calculating detection results of the sensors is
increased depending on the number of duplicated sensors.
Consequently, a large-scale calculation device is needed,
and a problem of an increase in cost arises.

[0009] The present invention is conceived in view of such
a matter. An object of the present invention is to provide a
state determination apparatus that does not need an increase
in number of inputs of a calculation element for duplicated
sensors even in a case where a sensor is duplicated, and can
detect a malfunction of a plurality of duplicated sensors.
[0010] In order to achieve the object, an aspect of a state
determination apparatus comprises a plurality of sensors that
detect a state of the same determination target in a duplicated
manner, each sensor outputting a high level detection signal
in a case where the determination target is in a first state and

Oct. 3,2019

outputting a low level detection signal in a case where the
determination target is in a second state different from the
first state, a selector element that receives an input of the
detection signal of each sensor of the plurality of sensors and
sequentially outputs the detection signal of one sensor
among the detection signals of the sensors in synchroniza-
tion with a first clock signal having a first frequency, and a
calculation element that receives an input of an output signal
of the selector element. The calculation element includes a
storage unit that sequentially stores a logical level of the
output signal of the selector element in a bit width greater
than or equal to the number of the plurality of sensors in
synchronization with a second clock signal having a second
frequency higher than or equal to the first frequency, a
determination unit that determines whether the determina-
tion target is in the first state or the second state based on the
stored logical levels, and a diagnosis unit that diagnoses a
malfunction in at least one sensor of the plurality of sensors
based on the stored logical levels.

[0011] According to the present aspect, the selector ele-
ment that receives the input of the detection signal of each
sensor of the plurality of sensors detecting the state of the
same determination target in a duplicated manner is used.
Thus, it is not necessary to increase the number of inputs of
the calculation element for the duplicated sensors even in a
case where the sensor is duplicated, and a malfunction of the
plurality of duplicated sensors can be detected.

[0012] Itis preferable that the determination unit performs
the determination using a logical sum or a non-conjunction
of the stored logical levels. Accordingly, the determination
as to whether the determination target is in the first state or
the second state can be appropriately performed.

[0013] It is preferable that the diagnosis unit performs the
diagnosis using non-matching between the stored logical
levels. Accordingly, a malfunction in at least one sensor of
the plurality of sensors can be appropriately diagnosed.

[0014] It is preferable that the storage unit is a calculation
unit that sequentially reads the logical levels of the output
signal of the selector element in synchronization with the
second clock signal and stores the read logical levels in a
memory. Accordingly, the logical levels of the output signal
of the selector element can be appropriately stored.

[0015] It is preferable that the storage unit is a shift
register in which a plurality of registers corresponding in
number to the bit width are connected in series. Accordingly,
the logical levels of the output signal of the selector element
can be appropriately stored.

[0016] It is preferable that the diagnosis unit includes a
gate element that receives an input of an output signal of the
plurality of registers, and a filter circuit that attenuates a
high-frequency component of an output signal of the gate
element, and a time constant of the filter circuit is greater
than or equal to a product of a multiplicative inverse of the
second frequency and the number of registers of the plurality
of registers. Accordingly, an erroneous diagnosis of the
diagnosis unit in a case where the determination target
changes to the second state from the first state or to the first
state from the second state can be prevented.

[0017] It is preferable that the second clock signal is a
signal obtained by multiplying the first clock signal and
shifting a phase. Accordingly, the logical levels of the output
signal of the selector element can be appropriately stored in
the storage unit.
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[0018] It is preferable that the number of the bit width is
the number of the plurality of sensors. Accordingly, the shift
register can be configured with the minimum number of
registers.

[0019] It is preferable that the state determination appa-
ratus further comprises an oscillation circuit, and the first
clock signal is supplied from the oscillation circuit. Accord-
ingly, the first clock signal can be appropriately supplied.
[0020] It is preferable that the first clock signal is supplied
from the calculation element. Accordingly, the first clock
signal can be appropriately supplied.

[0021] It is preferable that the state determination appa-
ratus further comprises a plurality of light emitting diodes
for which whether or not to emit light is individually
controlled depending on a logical level of the detection
signal of each sensor of the plurality of sensors. Accordingly,
a user can recognize a detection status of the sensors.
[0022] It is preferable that the selector element and the
calculation element are mounted on different substrates.
Accordingly, a substrate on which the calculation element is
mounted in the related art can be used without modification.
[0023] Itis preferable that the first state is a state where the
determination target is not present, and the second state is a
state where the determination target is present. A sensor
detecting the presence of the determination target can be
used as the plurality of sensors.

[0024] According to the present invention, it is not nec-
essary to increase the number of inputs of the calculation
element for the duplicated sensors even in a case where the
sensor is duplicated, and a malfunction of the plurality of
duplicated sensors can be detected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a configuration diagram illustrating an
overall configuration of a state determination apparatus in
the related art.

[0026] FIG. 2 is a configuration diagram illustrating an
overall configuration of a state determination apparatus in
which state detection means is duplicated.

[0027] FIG. 3 is a configuration diagram illustrating an
overall configuration of a state determination apparatus
according to an embodiment.

[0028] FIG. 4 is a diagram for describing an operation
principle of the state determination apparatus.

[0029] FIG. 5 is a diagram for describing the operation
principle of the state determination apparatus.

[0030] FIG. 6 is a diagram for describing the operation
principle of the state determination apparatus.

[0031] FIG. 7 is a timing chart illustrating an input signal
and the like of a shift register.

[0032] FIG. 8 is a configuration diagram illustrating an
overall configuration of the state determination apparatus
according to the embodiment.

[0033] FIG. 9 is a configuration diagram illustrating an
overall configuration of the state determination apparatus
according to the embodiment.

[0034] FIG. 10 is a timing chart illustrating a selection
signal and the like.

[0035] FIG. 11 is a configuration diagram illustrating an
overall configuration of the state determination apparatus
according to the embodiment.

[0036] FIG. 12 is a configuration diagram illustrating an
overall configuration of the state determination apparatus
according to the embodiment.
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[0037] FIG. 13 is a timing chart illustrating the selection
signal and the like.

[0038] FIG. 14 is a configuration diagram illustrating an
overall configuration of the state determination apparatus
according to the embodiment.

[0039] FIG. 15 is a front view illustrating a schematic
configuration of a nozzle surface wiping apparatus to which
the state determination apparatus is applied.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] Hereinafter, preferred embodiments of the present
invention will be described in detail in accordance with the
appended drawings.

Form of State Determination Apparatus in Related
Art

[0041] FIG. 1 is a configuration diagram illustrating an
overall configuration of a state determination apparatus 200
in the related art.

[0042] The state determination apparatus 200 is a device
determining the state of a determination target object 10 and
is configured to include a sensor S; comprised in the
determination target object 10, a circuit substrate 20, and a
field programmable gate array (FPGA) 30.

[0043] The sensor S, is state detection means that includes
an analog digital conversion unit and outputs a logical high
level detection signal (power supply potential) in a case
where the determination target object 10 is in a first state,
and outputs a logical low level detection signal (ground
potential) in a case where the determination target object 10
is in a second state different from the first state.

[0044] For example, the first state and the second state are
such that the first state is a state where the determination
target object 10 is not present at an appropriate position, and
the second state is a state where the determination target
object 10 is present at the appropriate position. In addition,
the first state may be a state where the determination target
object 10 is not mounted, and the second state may be a state
where the determination target object 10 is mounted. The
first state may be a state where the determination target
object 10 is dry, and the second state may be a state where
the determination target object 10 is moist with respect to a
preset threshold.

[0045] The FPGA 30 is mounted on the circuit substrate
20 as a calculation device. The FPGA 30 includes an IN,
terminal as an input terminal and a register 40.

[0046] The register 40 is a calculation processing unit
comprising a central processing unit (CPU), a read-only
memory (ROM), and a random access memory (RAM), not
illustrated.

[0047] An output signal of the sensor S, is connected to
the IN, terminal of the FPGA 30 through a wire 12, and the
IN; terminal is connected to the register 40 inside the FPGA
30.

[0048] Inthe state determination apparatus 200 configured
in such a manner, the state of the determination target object
10 is detected by the sensor S,, and the high level or low
level detection signal corresponding to the state is output
from the sensor S;. The detection signal is input into the
FPGA 30 through the wire 12. The register 40 of the FPGA
30 determines whether the determination target object 10 is
in the first state or the second state by determining the
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logical level of the detection signal. In addition, the FPGA
30 performs an operation corresponding to the determination
result.

[0049] A case where the sensor S, fails, and the sensor S,
outputs the logical low level detection signal regardless of
the determination target object 10 in the first state is con-
sidered. In this case, the state determination apparatus 200
determines that the determination target object 10 is in the
second state.

[0050] In order to avoid such a risk, it is considered that
the state detection means is duplicated. FIG. 2 is a configu-
ration diagram illustrating an overall configuration of the
state determination apparatus 200 in which the state detec-
tion means is duplicated. A case where two state detection
means of sensors S; and S, detecting the state of the same
determination target object 10 in a duplicated manner are
disposed is illustrated. The sensor S, is state detection means
equivalent to the sensor S, and outputs the logical high level
detection signal in a case where the determination target
object 10 is in the first state, and outputs the logical low level
detection signal in a case where the determination target
object 10 is in the second state different from the first state.
[0051] The output signal of the sensor S, is connected to
the IN, terminal of the FPGA 30 through the wire 12, and an
output signal of the sensor S, is connected to an IN,, terminal
of the FPGA 30 through a wire 14. Each of the IN, terminal
and the IN, terminal of the FPGA 30 is connected to the
register 40 inside the FPGA 30.

[0052] In such a configuration of the state determination
apparatus 200, even in a case where the sensor S, fails, and
the sensor S, outputs the logical low level detection signal
regardless of the determination target object 10 in the first
state, the sensor S, outputs the logical high level detection
signal. Thus, the register 40 can determine that the deter-
mination target object 10 is in the first state.

[0053] However, the state determination apparatus 200
needs input terminals of the FPGA 30 corresponding in
number to the sensors. Accordingly, in a case where the
sensor is duplicated, a large-scale FPGA 30 is needed, and
cost is increased.

First Embodiment

Overall Configuration of State Determination
Apparatus

[0054] FIG. 3 is a configuration diagram illustrating an
overall configuration of a state determination apparatus 100
according to a first embodiment. Common parts in the
configuration diagram illustrated in FIG. 2 will be desig-
nated by the same reference signs, and detailed descriptions
of such parts will not be repeated.

[0055] The state determination apparatus 100 comprises
display light emitting diodes PD, and PD,, a selector 22, and
an oscillator 24 in the circuit substrate 20. In addition, a shift
register 32, a sensor detection circuit OR gate 34, a failure
detection circuit 36, and a low-pass filter 38 are comprised
inside the FPGA 30 (one example of a calculation element).
[0056] The selector 22 (one example of a selector element)
is a selection circuit element (multiplexer) comprising an A
terminal and a B terminal into which selected signals are
input, an S terminal into which a selection signal is input,
and a Z terminal from which a selection result is output. In
a case where the logical level of the input signal of the S
terminal is the high level, the selector 22 selects and outputs
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the logical level of the input signal of the A terminal from the
Z terminal. In a case where the logical level of the input
signal of the S terminal is the low level, the selector 22
selects and outputs the logical level of the input signal of the
B terminal from the Z terminal.

[0057] The detection signal of the sensor S, is input into
the A terminal of the selector 22 through the wire 12, and the
detection signal of the sensor S, is input into the B terminal
of the selector 22 through the wire 14.

[0058] In addition, a cathode of the display light emitting
diode PD, is connected to the wire 12, and a cathode of the
display light emitting diode PD, is connected to the wire 14.
Anodes of the display light emitting diodes PD, and PD, are
connected to the power supply potential. Accordingly, in a
case where the detection signal of the sensor S| is at the high
level, the display light emitting diode PD, emits light. In a
case where the detection signal of the sensor S, is at the high
level, the display light emitting diode PD, emits light.
[0059] The oscillator 24 (one example of a first signal
generation unit) includes a crystal oscillation circuit and a
buffer circuit, not illustrated, and outputs a selection signal
CLK, (one example of a first clock signal) that is a rectan-
gular signal having a frequency of 1 kHz (one example of a
first frequency) and a duty of 50%. The output of the
oscillator 24 is input into the S terminal of the selector 22.
[0060] The Z terminal of the selector 22 is connected to
the IN, terminal of the FPGA 30, and the IN, terminal is
connected to the input of the shift register 32 inside the
FPGA 30.

[0061] The shift register 32 (one example of a storage
unit) includes registers of a bit width greater than or equal
to the number of sensors and is configured such that three
registers including an initial stage register R, an interme-
diate stage register R,, and a last stage register R, are
connected in series for two sensors. That is, the IN, terminal
is connected to the input of the initial stage register R,. The
output of the initial stage register R, is connected to the input
of the intermediate stage register R,. The output of the
intermediate stage register R, is connected to the input of the
last stage register R;.

[0062] A sampling signal CLK, (one example of a second
clock signal) that is a rectangular signal having a frequency
of'3 kHz (one example of a second frequency higher than or
equal to the first frequency) and a duty of 50% is input into
the shift register 32. Each of the initial stage register R, the
intermediate stage register R,, and the last stage register R,
stores the input signal in synchronization with a falling edge
of the sampling signal CLK,. That is, the shift register 32
sequentially transfers the output signal of the selector 22 to
the initial stage register R, the intermediate stage register
R,, and the last stage register R; at a frequency of 3 kHz.
[0063] The sensor detection circuit OR gate 34 is a logical
sum element having three inputs. The output signal of the
initial stage register R, the output signal of the intermediate
stage register R,, and the output signal of the last stage
register R; are input into the sensor detection circuit OR gate
34. In a case where all of three input signals are at the low
level, the sensor detection circuit OR gate 34 outputs the low
level output signal. In a case where at least one of three input
signals is at the high level, the sensor detection circuit OR
gate 34 outputs the high level output signal. The output of
the sensor detection circuit OR gate 34 is input into the
register 40. The sensor detection circuit OR gate 34 and the
register 40 operate as a determination unit.
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[0064] While an OR gate is used because the sensors S;
and S, are handled using a positive logic, a NAND gate that
is a non-conjunction element may be used in a case where
the sensors S, and S, are handled using a negative logic.
[0065] In addition, three output signals of the initial stage
register R, the intermediate stage register R,, and the last
stage register R, are input into the failure detection circuit
36. In a case where both of the sensors S, and S, are normal,
the failure detection circuit 36 outputs the low level signal.
In a case where at least one of the sensors S; and S, has a
malfunction, the failure detection circuit 36 outputs the high
level signal. Details of the failure detection circuit 36 will be
described below.

[0066] The output of the failure detection circuit 36 is
input into the register 40 through the low-pass filter 38. The
failure detection circuit 36, the low-pass filter 38, and the
register 40 operate as a diagnosis unit that performs a
diagnosis using non-matching between the logical levels of
the storage contents of the shift register 32.

[0067] The low-pass filter 38 is a filter circuit that attenu-
ates a high-frequency component of the output signal of the
failure detection circuit 36. An analog type filter circuit
configured with a capacitor element, not illustrated, con-
nected in parallel between a resistor element, not illustrated,
connected in series to the output of the failure detection
circuit 36 and the ground potential is used.

[0068] In a case where the logical levels of the detection
signals of the sensors S, and S, are changed from the low
level to the high level or from the high level to the low level
due to a change in state of the determination target object 10,
the output of the failure detection circuit 36 is temporarily at
the high level in a transition state of the storage contents of
the shift register 32.

[0069] The low-pass filter 38 prevents erroneous detection
of a malfunction caused by an input of the temporary high
level into the register 40. Accordingly, a time constant of the
low-pass filter 38 needs to be set to be greater than or equal
to the product of the cycle of the sampling signal CLK, and
the bit width of the shift register 32 (one example of greater
than or equal to the product of the multiplicative inverse of
the second frequency and the number of registers of a
plurality of registers). The cycle of the sampling signal
CLK, is 1/(3 kHz)=0.333 ms, and the bit width of the shift
register 32 is 3 bits including the initial stage register R |, the
intermediate stage register R,, and the last stage register R;.
Thus, the time constant of the low-pass filter 38 is greater
than or equal to 0.333 msx3=~1 ms.

Operation of State Determination Apparatus

[0070] FIG. 4 to FIG. 6 are diagrams for describing an
operation principle of the state determination apparatus 100.
[0071] The failure detection circuit 36 comprises an AND
gate 50, a NOR gate 52, and a NOR gate 54.

[0072] The AND gate 50 is a logical product element
having three inputs. The output signal of the initial stage
register R, the output signal of the intermediate stage
register R,, and the output signal of the last stage register R,
are input into the AND gate 50. In a case where all of three
input signals are at the high level, the AND gate 50 outputs
the high level output signal. In a case where at least one of
three input signals is at the low level, the AND gate 50
outputs the low level output signal. The output of the AND
gate 50 is input into the NOR gate 54.
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[0073] The NOR gate 52 is a negated logical sum element
having three inputs. The output signal of the initial stage
register R, the output signal of the intermediate stage
register R,, and the output signal of the last stage register R,
are input into the NOR gate 52. In a case where all of three
input signals are at the low level, the NOR gate 52 outputs
the high level output signal. In a case where at least one of
three input signals is at the high level, the NOR gate 52
outputs the low level output signal. The output of the NOR
gate 52 is input into the NOR gate 54.

[0074] In addition, the NOR gate 54 is a negated logical
sum element having two inputs. The output signals of the
AND gate 50 and the NOR gate 52 are input into the NOR
gate 54. In a case where all of two input signals are at the
low level, the NOR gate 54 outputs the high level output
signal. In a case where at least one of two input signals is at
the high level, the NOR gate 54 outputs the low level output
signal. The output signal of the NOR gate 54 is input into the
low-pass filter 38 as the output signal of the failure detection
circuit 36.

[0075] FIG. 4 illustrates a case where the determination
target object 10 is in the first state, the sensors S, and S,
normally operate, and both of the logical levels of the
detection signals of the sensors S; and S, are the high level.
In this case, in the selector 22, both of the logical levels of
the signals input into the A terminal and the B terminal are
the high level. Thus, the logical level of the output signal of
the Z terminal is the high level regardless of the logical level
of the S terminal.

[0076] Accordingly, in the shift register 32, all of the
logical levels of the output signals of the initial stage register
R,, the intermediate stage register R,, and the last stage
register R, are the high level.

[0077] Consequently, the logical level of the output signal
of the sensor detection circuit OR gate 34 is the high level.
The register 40 (refer to FIG. 3) determines that the deter-
mination target object 10 is in the first state based on the high
level signal input from the sensor detection circuit OR gate
34.

[0078] In addition, the logical level of the output signal of
the AND gate 50 of the failure detection circuit 36 is the high
level. Thus, the logical level of the output signal of the NOR
gate 54 that is the output of the failure detection circuit 36
is the low level. This signal is input into the register 40
through the low-pass filter 38. The register 40 diagnoses the
sensors S; and S, as being normal based on the low level
signal.

[0079] FIG. 5 illustrates a case where the determination
target object 10 is in the second state, the sensors S, and S,
normally operate, and both of the logical levels of the
detection signals of the sensors S, and S, are the low level.
In this case, in the selector 22, both of the logical levels of
the signals input into the A terminal and the B terminal are
the low level. Thus, the logical level of the output signal of
the Z terminal is the low level.

[0080] Accordingly, in the shift register 32, all of the
logical levels of the output signals of the initial stage register
R,, the intermediate stage register R,, and the last stage
register R; are the low level.

[0081] Consequently, the logical level of the output signal
of the sensor detection circuit OR gate 34 is the low level.
The register 40 determines that the determination target
object 10 is in the second state based on the low level signal
input from the sensor detection circuit OR gate 34.
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[0082] In addition, the logical level of the output signal of
the NOR gate 52 is the high level. Thus, the logical level of
the output signal of the NOR gate 54 that is the output of the
failure detection circuit 36 is the low level. The register 40
diagnoses the sensors S, and S, as being normal based on the
low level signal.

[0083] Meanwhile, FIG. 6 illustrates a case where the
determination target object 10 is in the first state, the sensor
S, normally operates, and the logical level of the detection
signal of the sensor S, is the high level, but the sensor S,
fails and does not normally operate, and the logical level of
the detection signal of the sensor S, is fixed at the low level.
[0084] In this case, the logical level of the input signal of
the A terminal of the selector 22 is the high level, and the
logical level of the input signal of the B terminal is the low
level. Thus, while the logical level of the signal of the S
terminal is the high level, the logical level of the signal of
the Z terminal is output as the high level of the A terminal.
While the logical level of the signal of the S terminal is the
low level, the logical level of the signal of the Z terminal is
output as the low level of the B terminal. Consequently, the
logical high level signal and the logical low level signal are
sequentially output from the Z terminal in synchronization
with a rectangular signal of 1 kHz input into the S terminal.
[0085] The signal that repeats the logical levels of the high
level and the low level at 1 kHz is input into the shift register
32. The shift register 32 sequentially stores the input signal
in the initial stage register R, the intermediate stage register
R,, and the last stage register R; in synchronization with the
sampling signal CLK, of 3 kHz.

[0086] FIG. 7 is a timing chart of the input signal of the
shift register 32, the sampling signal CLK, of the shift
register 32, the output signal of the initial stage register R,
the output signal of the intermediate stage register R,, and
the output signal of the last stage register R,.

[0087] As illustrated in FIG. 7, at time t, that is the initial
fall timing of the sampling signal CLK,, the logical level of
the input signal of the shift register 32 is the low level.
Accordingly, the logical low level is stored in the initial
stage register R;.

[0088] At time t, that is the subsequent fall timing of the
sampling signal CLK,, the logical level of the input signal
of the shift register 32 is the high level. Accordingly, the
logical high level is stored in the initial stage register R . In
addition, the logical low level stored in the initial stage
register R, at time t, is shifted and stored in the intermediate
stage register R,.

[0089] At time t, that is the subsequent fall timing of the
sampling signal CLK,, the logical level of the input signal
of the shift register 32 is the high level. Accordingly, the
logical high level is stored in the initial stage register R . In
addition, the logical high level stored in the initial stage
register R, at time t, is shifted and stored in the intermediate
stage register R,, and the logical low level stored in the
intermediate stage register R, at time t, is shifted and stored
in the last stage register R;.

[0090] Accordingly, at a time after time t;, the logical
levels of the output signals of the initial stage register R, the
intermediate stage register R,, and the last stage register R,
are the high level, the high level, and the low level in this
order.

[0091] Consequently, the logical level of the output signal
of the sensor detection circuit OR gate 34 is the high level.
The register 40 determines that the determination target
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object 10 is in the first state based on the high level signal
input from the sensor detection circuit OR gate 34.

[0092] In addition, the logical levels of the output signals
of the AND gate 50 and the NOR gate 52 of the failure
detection circuit 36 are the low level. The logical level of the
output signal of the NOR gate 54 that is the output of the
failure detection circuit 36 is the high level. The register 40
diagnoses at least one of the sensors S, and S, as having a
malfunction based on the high level signal. A user is notified
of the diagnosis result by an interface, not illustrated.

[0093] By using the selector 22, it is not necessary to
increase the number of inputs of the FPGA 30 even in a case
where the sensor is doubled, and a failure of one of the
doubled sensors S; and S, can be detected.

[0094] In the storage contents of the shift register 32, it is
necessary that the logical level of the detection signal of the
sensor S, always coexists with the logical level of the
detection signal of the sensor S,. For example, in a case
where the frequency of the sampling signal CLK, is exces-
sively higher than the frequency of the selection signal
CLK,, the storage contents of the initial stage register R,
the intermediate stage register R,, and the last stage register
R; of the shift register 32 include only the logical level of the
detection signal of the sensor S; or S,. Failures of the
sensors S, and S, cannot be diagnosed by the output signal
of the failure detection circuit 36.

[0095] Accordingly, it is necessary to set the frequency of
the selection signal CLK,, the frequency of the sampling
signal CLK,, and the bit width of the shift register 32 such
that the logical levels of the detection signals of all sensors
always coexist in the storage contents of the shift register 32.

[0096] In the present embodiment, the logical level of the
detection signal of the sensor S, coexists with the logical
level of the detection signal of the sensor S, in the storage
contents of the shift register 32. Thus, the determination of
the state of the determination target object 10 based on the
output signal of the sensor detection circuit OR gate 34 and
the diagnosis of the failures of the sensors S, and S, based
on the output signal of the failure detection circuit 36 can be
appropriately performed.

[0097] While a case where the sensor S, or S, fails due to
the logical level of the detection signal fixed at the low level
is described, the determination of the state of the determi-
nation target object 10 based on the output signal of the
sensor detection circuit OR gate 34 cannot be correctly
performed in a case where the failure is caused by the logical
level of the detection signal fixed at the high level. Accord-
ingly, in order to deal with a case where the failure is caused
by the logical level of the detection signal fixed at the high
level, it is necessary to use a fail-safe design in a system that
uses the determination result of the state determination
apparatus 100.

[0098] In addition, while the diagnosis as to which one of
the sensors S, and S, fails cannot be performed in the
register 40 in the present embodiment, the user can visually
recognize which one of the sensors S, and S, fails from the
light emission of the display light emitting diodes PD, and
PD..

[0099] While a case where the sensor is doubled is
described in the present embodiment, the present embodi-
ment can also be applied to a case where redundancy is
achieved by duplication as three or more sensors.
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Second Embodiment

[0100] FIG. 8 is a configuration diagram illustrating an
overall configuration of a state determination apparatus 110
according to a second embodiment. Common parts in the
configuration diagram illustrated in FIG. 3 will be desig-
nated by the same reference signs, and detailed descriptions
of such parts will not be repeated.

[0101] The state determination apparatus 110 comprises a
selector substrate 60 separated from the circuit substrate 20.
[0102] The display light emitting diodes PD, and PD,, the
selector 22, and the oscillator 24 are mounted on the selector
substrate 60. In addition, the output of the selector 22 is
connected to the IN; terminal of the FPGA 30 mounted on
the circuit substrate 20 through a wire 16.

[0103] The operation of the state determination apparatus
110 is the same as the state determination apparatus 100.
[0104] In the state determination apparatus 110, the circuit
substrate 20 in the existing state determination apparatus
200 can be used without modification. Sensor duplication
and the failure diagnosis can be performed by simply
installing the selector substrate 60 that is a small external
substrate, and changing the internal circuit of the FPGA 30.

Third Embodiment

[0105] FIG. 9 is a configuration diagram illustrating an
overall configuration of a state determination apparatus 120
according to a third embodiment. Common parts in the
configuration diagram illustrated in FIG. 3 will be desig-
nated by the same reference signs, and detailed descriptions
of such parts will not be repeated.

[0106] The FPGA 30 outputs a selection signal CLK; that
is a rectangular signal having a frequency of 1 kHz and a
duty of 50% from an OUT, terminal. The selection signal
CLK,; is input into the S terminal of the selector 22 mounted
on the circuit substrate 20.

[0107] In addition, the FPGA 30 comprises a shift register
62, a sensor detection circuit OR gate 64, and a failure
detection circuit exclusive OR gate (XOR gate) 66.

[0108] The shift register 62 is configured such that an
initial stage register R, and a last stage register R, are
connected in series. That is, the IN, terminal is connected to
the input of the initial stage register R,,. The output of the
initial stage register R,, is connected to the input of the last
stage register R ,.

[0109] The FPGA 30 (one example of a second signal
generation unit) generates a sampling signal CLK, that is a
rectangular signal having a frequency of 2 kHz and a duty
of 50% by multiplying the selection signal CLK; by 2 and
delaying the phase of the selection signal CLK; by 7/2. The
sampling signal CLK, is input into the shift register 62. The
shift register 62 sequentially transfer the output signal of the
selector 22 to the initial stage register R, and the last stage
register R, with the initial stage register R,; and the last
stage register R, , in synchronization with a falling edge of
the sampling signal CLK,.

[0110] The sensor detection circuit OR gate 64 is a logical
sum element having two inputs. The output signal of the
initial stage register R, and the output signal of the last
stage register R, , are input into the sensor detection circuit
OR gate 64. In a case where both of the logical levels of two
input signals are the low level, the sensor detection circuit
OR gate 64 outputs the logical low level output signal. In a
case where one of the logical levels of two input signals is
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the high level, the sensor detection circuit OR gate 64
outputs the logical high level output signal. The output of the
sensor detection circuit OR gate 64 is input into the register
40.

[0111] The failure detection circuit exclusive OR gate 66
constituting the failure detection circuit 36 is an exclusive
logical sum element having two inputs. The output signals of
the initial stage register R, and the last stage register R, are
input into the failure detection circuit exclusive OR gate 66.
In a case where both of the logical levels of two input signals
are the low level or the high level, the failure detection
circuit exclusive OR gate 66 outputs the logical low level
output signal. In a case where the logical levels of two input
signals are different, the failure detection circuit exclusive
OR gate 66 outputs the logical high level output signal. The
output of the failure detection circuit exclusive OR gate 66
is input into the register 40 through the low-pass filter 38.
[0112] FIG. 10 is a timing chart illustrating the selection
signal CLK;, the output signal of the selector 22, and the
sampling signal CLK,,.

[0113] As illustrated in FIG. 10, the logical level of the A
terminal into which the detection signal of the sensor S, is
input, and the logical level of the B terminal into which the
detection signal of the sensor S, is input are alternately
output from the Z terminal of the selector 22 depending on
the logical level of the selection signal CLK ;. This signal is
input into the shift register 62.

[0114] At time t,, that is the initial fall timing of the
sampling signal CLK,, the logical level of the input signal
of the shift register 62 is the logical level of the A terminal.
Accordingly, in the shift register 62, the logical level of the
A terminal is stored in the initial stage register R,;.

[0115] At time t,, that is the subsequent fall timing of the
sampling signal CLK,, the logical level of the input signal
of the shift register 62 is the logical level of the B terminal.
Accordingly, in the shift register 62, the logical level of the
B terminal is stored in the initial stage register R,;. In
addition, the logical level of the A terminal stored in the
initial stage register R, at time tit is shifted and stored in the
last stage register R, ,.

[0116] Accordingly, at a time after time t,,, the logical
levels of the output signals of the initial stage register R,
and the last stage register R, , are the logical level of the B
terminal and the logical level of the A terminal, respectively.
[0117] Based on the logical levels of both terminals, the
logical level of the output signal of the sensor detection
circuit OR gate 64 and the logical level of the output signal
of the failure detection circuit exclusive OR gate 66 are
decided. The register 40 determines whether the determina-
tion target object 10 is in the first state or the second state
based on the logical level of the signal input from the sensor
detection circuit OR gate 64, and performs the diagnosis as
to whether or not the sensors S, and S, have a malfunction
based on the logical level of the output signal of the failure
detection circuit exclusive OR gate 66.

[0118] In the shift register 62, the logical level of the
detection signal of the sensor S; always coexists with the
logical level of the detection signal of the sensor S, in the
storage contents of the initial stage register R,; and the last
stage register R ,.

[0119] Accordingly, even in a case where one of the
sensors S; and S, has a malfunction, neither the determina-
tion of the state of the determination target object 10 based
on the output signal of the sensor detection circuit OR gate
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64 is erroneously performed, nor the diagnosis of the failures
of the sensors S, and S, based on the output signal of the
failure detection circuit exclusive OR gate 66 is erroneously
performed.

[0120] In the present embodiment, the FPGA 30 manages
switching of the selector 22, and the sampling signal CLK,
of the shift register 62 is generated by multiplying the
selection signal CLK; of the selector 22 by 2 in the FPGA
30. Thus, the detection results of all sensors can coexist in
the shift register 62 in a case where the bit width of the shift
register 62 corresponding to the number of sensors (two) is
prepared.

[0121] In addition, by minimizing the bit width of the shift
register 62, the failure detection circuit 36 can be simplified.
[0122] While the selection signal CLK; is supplied from
the FPGA 30 in the present embodiment, the selection signal
CLK; may be supplied from the oscillator 24. FIG. 11 is a
configuration diagram illustrating an overall configuration
of a state determination apparatus 130.

[0123] InFIG. 11, the selection signal CLK is supplied to
the selector 22 and the FPGA 30 from the oscillator 24. The
FPGA 30 generates the sampling signal CLK, that is a
rectangular signal by multiplying the supplied selection
signal CLK; and delaying the phase of the selection signal
CLK,.

[0124] Even in the case of such a configuration, the
switching of the selector 22 can be managed in the FPGA 30.
Thus, the same state detection operation as the state deter-
mination apparatus 120 can be performed.

Fourth Embodiment

[0125] FIG. 12 is a configuration diagram illustrating an
overall configuration of a state determination apparatus 140
according to a fourth embodiment. Common parts in the
configuration diagram illustrated in FIG. 9 will be desig-
nated by the same reference signs, and detailed descriptions
of such parts will not be repeated.

[0126] The state determination apparatus 140 comprises
four sensors S,, S,, S;, and S, in the determination target
object 10. In addition, the circuit substrate 20 comprises a
selector 70 and the FPGA 30, and the FPGA 30 comprises
a shift register 72 and a sensor detection circuit OR gate 74.
[0127] The sensors S; and S, are state detection means
equivalent to the sensors S, and S,. In a case where the
determination target object 10 is in the first state, the sensors
S; and S, output the logical high level detection signal. In a
case where the determination target object 10 is in the
second state different from the first state, the sensors S; and
S, output the logical low level detection signal.

[0128] The selector 70 is a selection circuit element com-
prising the A terminal, the B terminal, a C terminal, and a D
terminal into which selected signals are input, an S, terminal
and an S, terminal into which selection signals are input, and
the Z terminal from which a selection result is output.
[0129] In a case where both of the logical levels of the
input signals of the S, terminal and the S, terminal are the
high level, the selector 70 selects and outputs the logical
level of the input signal of the A terminal from the Z
terminal. In a case where the logical levels of the input
signals of the S, terminal and the S, terminal are the high
level and the low level, the selector 70 selects and outputs
the logical level of the input signal of the B terminal from
the Z terminal. In a case where the logical levels of the input
signals of the S, terminal and the S, terminal are the low
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level and the high level, the selector 70 selects and outputs
the logical level of the input signal of the C terminal from
the Z terminal. In a case where both of the logical levels of
the input signals of the S, terminal and the S, terminal are
the low level, the selector 70 selects and outputs the logical
level of the input signal of the D terminal from the Z
terminal.

[0130] The detection signal of the sensor S, is input into
the A terminal of the selector 70 through the wire 12, and the
detection signal of the sensor S, is input into the B terminal
of the selector 70 through the wire 14. In addition, the
detection signal of the sensor S; is input into the C terminal
of' the selector 70 through a wire 18, and the detection signal
of the sensor S, is input into the D terminal of the selector
70 through a wire 19.

[0131] The FPGA 30 outputs a selection signal CLK that
is a rectangular signal having a frequency of 1 kHz and a
duty of 50% from the OUT terminal. In addition, a selection
signal CLK, obtained by shifting the phase of the selection
signal CLK; by 7/2 is output from an OUT, terminal.
[0132] The OUT, terminal and the OUT, terminal of the
FPGA 30 are connected to the S, terminal and the S,
terminal of the selector 70, respectively. Accordingly, the
selection signals CLK, and CLKj are input into the selector
70.

[0133] In addition, the FPGA 30 generates a sampling
signal CLK, that is a rectangular signal having a frequency
of 4 kHz and a duty of 50% by multiplying the selection
signal CLK; by 4 and delaying the phase of the selection
signal CLK; by m/2.

[0134] The shift register 72 is configured such that an
initial stage register R,,, a second stage register R,,, a third
stage register R,,, and a last stage register R, are connected
in series. That is, the IN, terminal connected to the Z
terminal of the selector 70 is connected to the input of the
initial stage register R,;. The output of the initial stage
register R,; is connected to the input of the second stage
register R,,. The output of the second stage register R, is
connected to the input of the third stage register R,;. The
output of the third stage register R, is connected to the input
of the last stage register R,,.

[0135] In the shift register 72, the sampling signal CLK,
is input, and the output signal of the selector 70 is sequen-
tially transferred to the initial stage register R,,, the second
stage register R,,, the third stage register R,;, and the last
stage register R,,.

[0136] The sensor detection circuit OR gate 74 is a logical
sum element having four inputs. The output signal of the
initial stage register R,;, the output signal of the second
stage register R,,, the output signal of the third stage register
R,;, and the output signal of the last stage register R,, are
input into the sensor detection circuit OR gate 74. In a case
where all of four input signals are at the low level, the sensor
detection circuit OR gate 74 outputs the low level output
signal. In a case where at least one of four input signals is
at the high level, the sensor detection circuit OR gate 74
outputs the high level output signal. The output of the sensor
detection circuit OR gate 74 is input into the register 40.
[0137] In addition, four output signals of the initial stage
register R,,, the second stage register R,,, the third stage
register R, 3, and the last stage register R,, are input into the
failure detection circuit 36. In a case where all of the sensors
S, to S, are normal, the failure detection circuit 36 outputs
the low level signal. In a case where at least one of the



US 2019/0299591 Al

sensors S; to S, has a malfunction, the failure detection
circuit 36 outputs the high level signal.

[0138] While details of the failure detection circuit 36 will
not be described, for example, each of the AND gate 50 and
the NOR gate 52 of the failure detection circuit 36 illustrated
in FIG. 4 may be replaced with a gate element having four
inputs and be applied.

[0139] FIG. 13 is a timing chart illustrating the selection
signal CLKj, the selection signal CLK, the output signal of
the selector 70, and the sampling signal CLK,.

[0140] As illustrated in FIG. 13, the output of the selector
70 is such that the logical level of the B terminal into which
the detection signal of the sensor S, is input, the logical level
of the A terminal into which the detection signal of the
sensor S, is input, the logical level of the C terminal into
which the detection signal of the sensor S; is input, and the
logical level of the D terminal into which the detection
signal of the sensor S, is input are output in this order
depending on the logical levels of the selection signals
CLK, and CLK. This signal is input into the shift register
72.

[0141] In the same manner as described thus far, at times
1515 t5s, 153, and t,, that are fall timings of the sampling signal
CLK,, the logical level of the B terminal, the logical level
of'the A terminal, the logical level of the C terminal, and the
logical level of the D terminal that are input signals of the
shift register 72 are stored and transferred in this order,
respectively.

[0142] Consequently, at a time after time t,,, the logical
levels of the output signals of the initial stage register R,,,
the second stage register R,,, the third stage register R,;,
and the last stage register R,, are the logical level of the D
terminal, the logical level of the C terminal, the logical level
of the A terminal, and the logical level of the B terminal,
respectively.

[0143] Based on the logical level of each terminal, the
logical level of the output signal of the sensor detection
circuit OR gate 74 and the logical level of the output signal
of'the failure detection circuit 36 are decided. The register 40
determines whether the determination target object 10 is in
the first state or the second state based on the logical level
of the signal input from the sensor detection circuit OR gate
74, and performs the diagnosis as to whether or not at least
one of the sensors S, to S, has a malfunction based on the
logical level of the output signal of the failure detection
circuit 36.

[0144] By increasing the number of selection signals of
the selector 70 depending on the number of sensors, the state
determination based on the output signals of three or more
sensors and the diagnosis of three or more sensors can be
performed. In addition, by generating the sampling signal by
multiplying the selection signal depending on the number of
sensors, the detection results of all sensors can coexist in the
shift register 72 by configuring the number of registers of the
shift register 72 to be equal to the number of sensors.

Fifth Embodiment

[0145] FIG. 14 is a configuration diagram illustrating an
overall configuration of a state determination apparatus 150
according to a fifth embodiment. Common parts in the
configuration diagram illustrated in FIG. 9 will be desig-
nated by the same reference signs, and detailed descriptions
of such parts will not be repeated.
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[0146] In the state determination apparatus 150, the Z
terminal of the selector 22 is connected to the IN, terminal
of the FPGA 30, and the IN, terminal is connected to the
register 40 inside the FPGA 30. Accordingly, the output
signal of the Z terminal of the selector 22 is directly input
into the register 40.

[0147] The FPGA 30 outputs the selection signal CLK,
that is a rectangular signal having a frequency of 1 kHz and
a duty of 50% from the OUT), terminal. The selection signal
CLK,; is input into the S terminal that is a selection input
terminal of the selector 22 mounted on the circuit substrate
20.

[0148] In addition, the FPGA 30 generates the sampling
signal CLK, that is a rectangular signal having a frequency
of 2 kHz and a duty of 50% by multiplying the selection
signal CLK; by 2 and delaying the phase of the selection
signal CLK; by m/2.

[0149] The register 40 (one example of a calculation unit)
sequentially reads the logical level of the IN, terminal and
the logical level of the selection signal CLK; in synchroni-
zation with at least the falling edges of the sampling signal
CLK, corresponding in number to the sensors, and stores the
read logical levels in a memory 42. Since two sensors
including the sensors S, and S, are used, the logical level of
the IN, terminal is read at least twice.

[0150] Based on the reading result, the register 40 can
determine the state of the determination target object 10.
[0151] In addition, from the logical level of the selection
signal CLK;, the register 40 can determine any of the
sensors S; and S, of which the logical level of the detection
signal is the read logical level of the IN, terminal. Accord-
ingly, any sensor having a malfunction in a case where the
logical levels of the sensors S, and S, do not match can be
found.

Application Example of State Determination
Apparatus

Configuration of State Determination Apparatus

[0152] FIG. 15 is a front view illustrating a schematic
configuration of a nozzle surface wiping apparatus 160 to
which the state determination apparatus 100 is applied.
[0153] The nozzle surface wiping apparatus 160 wipes a
nozzle surface 172 while moving an abutting position
between a wiping web 180 and the nozzle surface 172 by
pressing the wiping web 180 to abut the nozzle surface 172
of an ink jet head 170 that moves in the leftward direction
in the drawing.

[0154] The nozzle surface wiping apparatus 160 com-
prises a supply shaft 182 unwinding the wiping web 180, a
winding shaft 184 winding the wiping web 180, a pressing
roller 186 pressing the wiping web 180 to abut the nozzle
surface 172, and a winding shaft rotation drive motor 188
rotationally driving the winding shaft 184.

[0155] The wiping web 180 is formed of a long-shaped
absorbent sheet material that includes knit or fabric formed
using microfiber such as polyethylene terephthalate, poly-
ethylene, nylon, or acrylic. The width of the wiping web 180
corresponds to the width in a short direction of the nozzle
surface 172 of the ink jet head 170 as a wiping target, that
is, the width in a direction orthogonal to the movement
direction of the ink jet head 170, and is equal to or approxi-
mately equal to the width in the short direction of the nozzle
surface 172.
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[0156] In addition, the wiping web 180 is in a state where
the wiping web 180 is moisturized in advance by absorbing
a cleaning liquid for cleaning the nozzle surface 172. The
nozzle surface 172 is wiped by the moisturized wiping web
180. The wiping web 180 in a dry state may be set to be in
the moisturized state by applying the cleaning liquid to the
wiping web 180 on a traveling path of the wiping web 180.
Alternatively, the cleaning liquid may be applied to the
nozzle surface 172, and the nozzle surface 172 on which the
cleaning liquid is applied may be wiped by the wiping web
180 in the dry state.

[0157] The supply shaft 182 is arranged horizontally and
orthogonally with respect to the movement direction of the
ink jet head 170 and is rotatably supported by a bearing, not
illustrated. A reel, not illustrated, is attachably and detach-
ably mounted on the supply shaft 182. The wiping web 180
is wound in a roll shape on the reel and is mounted on the
supply shaft 182.

[0158] The winding shaft 184 is arranged horizontally and
orthogonally with respect to the movement direction of the
ink jet head 170 and is rotatably supported by a bearing, not
illustrated. A reel, not illustrated, is attachably and detach-
ably mounted on the winding shaft 184. The wiping web 180
is wound in a roll shape on the reel mounted on the winding
shaft 184.

[0159] The pressing roller 186 that is an abutting member
has a roller shape (cylindrical shape) and is arranged hori-
zontally and orthogonally with respect to the movement
direction of the ink jet head 170. The length of the pressing
roller 186 orthogonal to a diameter direction of the pressing
roller 186 is a length corresponding to the width of the
wiping web 180. The size in the diameter direction of the
pressing roller 186 can be appropriately decided. The press-
ing roller 186 is rotatably and upward and downward
movably supported in a state where the pressing roller 186
is biased in the upward direction of a Z direction (vertical
direction).

[0160] The winding shaft rotation drive motor 188 as a
rotation drive source of the winding shaft 184 rotationally
drives the winding shaft 184.

[0161] The wiping web 180 is wound on the upper side
circumferential surface of the pressing roller 186 and travels
between the supply shaft 182 and the pressing roller 186.
Accordingly, the wiping web 180 is pressed to abut the
nozzle surface 172 of the ink jet head 170 through the
pressing roller 186. In addition, the ink jet head 170 moves
in the leftward direction in the drawing. Accordingly, the
nozzle surface 172 is wiped by the wiping web 180.
[0162] The state determination apparatus 100 is arranged
between the supply shaft 182 and the pressing roller 186 on
the traveling path of the wiping web 180.

[0163] The sensors S; and S, are sensors detecting the
state of the wiping web 180. In a case where the wiping web
180 is present, the sensors S, and S, output the logical high
level detection signals. In a case where the wiping web 180
is not present, the sensors S; and S, output the logical low
level detection signals. For example, a light projection and
reception sensor that detects the presence of the wiping web
180 based on whether or not light projected from a light
projection unit is received by a light reception unit can be
used as the sensors S; and S,.

[0164] A remaining amount decrease detection hole and a
no remaining amount detection hole different from the
remaining amount decrease detection hole, not illustrated,
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are formed near the end of the wiping web 180. The state
determination apparatus 100 detects those holes by the
sensors S, and S, and controls the nozzle surface wiping
apparatus 160 depending on the number of detected holes.
That is, in a case where the remaining amount decrease
detection hole as the first hole is detected, the user is
instructed to replace the wiping web 180. In a case where the
no remaining amount detection hole as the second hole is
detected, the wiping operation of the nozzle surface wiping
apparatus 160 is stopped.

Fail-Safe Design of State Determination Apparatus

[0165] The fail-safe design in a case where the sensor S,
or S, fails due to the logical level of the detection signal
fixed at the high level will be described.

[0166] For example, in a case where the sensor S, is fixed
at the high level and fails, the failed sensor S, is in a “wiping
web remaining amount present” state at all times.

[0167] In this case, the wiping operation can be per-
formed. Thus, the nozzle surface wiping apparatus 160
continues the wiping operation. Then, in a case where the
remaining amount decrease detection hole and the no
remaining amount detection hole of the wiping web 180 pass
through the position of the state determination apparatus
100, a state where the remaining amount of the wiping web
180 is not present is detected by the normally operating
sensor S,. Accordingly, since the high level detection signal
of'the sensor S, does not match the low level detection signal
of the sensor S,, the failure detection circuit 36 diagnoses
one of the sensors S, and S, as having a malfunction. Based
on the diagnosis result, a notification of the sensor failure is
provided by an interface, not illustrated.

[0168] The state determination apparatus 100 determines
“wiping web remaining amount present” based on the detec-
tion result of the sensor S,. Based on this result, the nozzle
surface wiping apparatus 160 continues the wiping operation
for the nozzle surface 172.

[0169] In a case where the remaining amount of the
wiping web 180 unwound from the supply shaft 182 is not
present, the wiping web 180 is not wound on the winding
shaft 184 by the winding shaft rotation drive motor 188, and
the nozzle surface wiping apparatus 160 detects an operation
malfunction error for the wiping web 180 and stops.
[0170] Then, the nozzle surface wiping apparatus 160 and
the state determination apparatus 100 can be recovered by
specifying and replacing the failed sensor S, for which the
notification of “wiping web remaining amount present” is
provided by the display light emitting diodes PD, and PD,.
[0171] While the state determination apparatus 100 is
applied to the state determination of the wiping web 180 of
the nozzle surface wiping apparatus 160 in the present
embodiment, the state determination apparatus 100 may be
applied to a determination as to whether or not the reel of the
wiping web 180 is mounted on the supply shaft 182, or a
determination as to whether or not the pressing roller 186
abuts the nozzle surface 172.

Others

[0172] The technical scope of the present invention is not
limited to the scope disclosed in the embodiments. The
configurations and the like in each embodiment can be
appropriately combined between embodiments without
departing from the gist of the present invention.



US 2019/0299591 Al

EXPLANATION OF REFERENCES

[0173] 10: determination target object

[0174] 12,14, 16, 18, 19: wire

[0175] 20: circuit substrate

[0176] 22: selector

[0177] 24: oscillator

[0178] 30: FPGA

[0179] 32: shift register

[0180] 34, 64, 74: sensor detection circuit OR gate
[0181] 36: failure detection circuit

[0182] 38: low-pass filter

[0183] 40: register

[0184] 42: memory

[0185] 50: AND gate

[0186] 52, 54: NOR gate

[0187] 60: selector substrate

[0188] 62: shift register

[0189] 66: failure detection circuit exclusive OR gate
[0190] 70: selector

[0191] 72: shift register

[0192] 100, 110, 120, 130, 140, 150, 200: state determi-
nation apparatus

[0193] 160: nozzle surface wiping apparatus
[0194] 170: ink jet head

[0195] 172: nozzle surface

[0196] 180: wiping web

[0197] 182: supply shaft

[0198] 184: winding shaft

[0199] 186: pressing roller

[0200] 188: winding shaft rotation drive motor
[0201] CLK,, CLK,, CLK,, CLK: selection signal
[0202] CLK,, CLK,, CLK,: sampling signal
[0203] PD,, PD,: display light emitting diode
[0204] R;: initial stage register

[0205] R,: intermediate stage register

[0206] R,: last stage register

[0207] R,;: initial stage register
[0208] R,,: last stage register
[0209] R,,: initial stage register
[0210] R,,: second stage register
[0211] R,;: third stage register
[0212] R,,: last stage register

[0213] S, to S,: sensor

What is claimed is:

1. A state determination apparatus comprising:

a plurality of sensors that detect a state of the same
determination target in a duplicated manner, each sen-
sor outputting a high level detection signal in a case
where the determination target is in a first state and
outputting a low level detection signal in a case where
the determination target is in a second state different
from the first state;

a selector element that receives an input of the detection
signal of each sensor of the plurality of sensors and
sequentially outputs the detection signal of one sensor
among the detection signals of the sensors in synchro-
nization with a first clock signal having a first fre-
quency; and

a calculation element that receives an input of an output
signal of the selector element,

wherein the calculation element includes
a storage unit that sequentially stores a logical level of

the output signal of the selector element in a bit
width greater than or equal to the number of the
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plurality of sensors in synchronization with a second
clock signal having a second frequency higher than
or equal to the first frequency,

a determination unit that determines whether the deter-
mination target is in the first state or the second state
based on the stored logical levels, and

a diagnosis unit that diagnoses a malfunction in at least
one sensor of the plurality of sensors based on the
stored logical levels.

2. The state determination apparatus according to claim 1,

wherein the determination unit performs the determina-
tion using a logical sum or a non-conjunction of the
stored logical levels.

3. The state determination apparatus according to claim 1,

wherein the diagnosis unit performs the diagnosis using
non-matching between the stored logical levels.

4. The state determination apparatus according to claim 1,

wherein the storage unit is a calculation unit that sequen-
tially reads the logical levels of the output signal of the
selector element in synchronization with the second

clock signal and stores the read logical levels in a

memory.

5. The state determination apparatus according to claim 1,

wherein the storage unit is a shift register in which a
plurality of registers corresponding in number to the bit
width are connected in series.

6. The state determination apparatus according to claim 5,

wherein the diagnosis unit includes

a gate element that receives an input of an output signal
of the plurality of registers, and

a filter circuit that attenuates a high-frequency compo-
nent of an output signal of the gate element, and

a time constant of the filter circuit is greater than or equal
to a product of a multiplicative inverse of the second
frequency and the number of registers of the plurality
of registers.

7. The state determination apparatus according to claim 5,

wherein the second clock signal is a signal obtained by
multiplying the first clock signal and shifting a phase.

8. The state determination apparatus according to claim 7,

wherein the number of the bit width is the number of the
plurality of sensors.

9. The state determination apparatus according to claim 1,

further comprising:

an oscillation circuit,

wherein the first clock signal is supplied from the oscil-
lation circuit.

10. The state determination apparatus according to claim

15

wherein the first clock signal is supplied from the calcu-
lation element.

11. The state determination apparatus according to claim

1, further comprising:

a plurality of light emitting diodes for which whether or
not to emit light is individually controlled depending on

a logical level of the detection signal of each sensor of

the plurality of sensors.

12. The state determination apparatus according to claim

15

wherein the selector element and the calculation element
are mounted on different substrates.

13. The state determination apparatus according to claim

15
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wherein the first state is a state where the determination
target is not present, and the second state is a state
where the determination target is present.

#* #* #* #* #*
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