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element to pulse voltage driving so that a reflectivity in a
mirror mode can be changed by means of a duty cycle of the
pulse voltage is provided. A mirror display apparatus
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MIRROR DISPLAY APPARATUS

[0001] The disclosure of Japanese Patent Application No.
2020-001986 filed on Jan. 9, 2020 including the specifica-
tion, drawings, claims and abstract is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] This invention relates to a mirror display apparatus
including a mirror optical element on the front side of a
monitor display device to enable switching between a moni-
tor mode and a mirror mode in use.

2. Description of the Related Art

[0003] As examples of mirror display apparatuses each
including a mirror optical element on the front side of a
monitor display device to enable switching between a moni-
tor mode and a mirror mode in use, there are ones described
in Japanese Patent No. 4348061, Japanese Patent Laid-Open
No. 2009-008881 and International Publication No. WO
2018/061676. Here, the mirror optical element is an element
having a reflectivity and a transmissivity that are changed in
respective directions opposite to each other by means of
electric driving so that the element can be changed, rela-
tively, into a transmissive state in which the reflectivity is
low and the transmissivity is high, a reflector state in which
the reflectivity is high and the transmissivity is low and a
reflectivity-reduced reflector state between these states, in a
stepwise manner or steplessly, and reversibly.

[0004] This invention provides a mirror display apparatus
that drives a mirror optical element using a pulse voltage to
enable changing a reflectivity in a mirror mode in a stepwise
manner or steplessly by means of a duty cycle of the pulse
voltage.

SUMMARY OF THE INVENTION

[0005] A mirror display apparatus according to this inven-
tion includes a monitor display device, a mirror optical
element disposed on a front side of a display surface of the
monitor display device, and a control circuit, and the mirror
optical element includes a liquid-crystal panel with a reflec-
tion-type polarizer disposed on a back side thereof, the
mirror optical element is an element having a reflectivity and
a transmissivity that are changed in respective directions
opposite to each other via electric driving using a voltage
applied to the liquid-crystal panel so that the element can be
changed into a transmissive state in which the reflectivity is
low and the transmissivity is high, relatively, a reflector state
in which the reflectivity is high and the transmissivity is low,
relatively, and a reflectivity-reduced reflector state between
these states, in a stepwise manner or steplessly, and revers-
ibly, the control circuit is configured to be capable of
performing operation mode switching control to set an
operation mode of the mirror display apparatus by perform-
ing switching between a monitor mode and a mirror mode,
the monitor mode is an operation mode including at least an
operating state in which the monitor display device is set in
a display state and the mirror optical element is set in the
transmissive state, the mirror mode is an operation mode
including at least an operating state in which the monitor
display device is set in a non-display state and the mirror
optical element is set in the reflector state or the reflectivity-
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reduced reflector state, and the control circuit is configured
to be capable of performing reflectivity and transmissivity
change control to use a pulse voltage as the voltage applied
to the liquid-crystal panel and change a duty cycle of the
pulse voltage to change the reflectivity and the transmissiv-
ity of the mirror optical element. Accordingly, a reflectivity
of the mirror display apparatus can be changed by means of
the duty cycle of the pulse voltage applied to the liquid-
crystal panel of the mirror optical element.

[0006] In this invention, it is possible that: the mirror
display apparatus includes a temperature sensor; and the
control circuit is configured to be capable of, in the mirror
mode in which the mirror optical element is set in the
reflectivity-reduced reflector state, performing temperature
compensation control to adjust the duty cycle of the pulse
voltage applied to the liquid-crystal panel according to a
temperature detected by the temperature sensor to curb
fluctuation in reflectivity of the mirror display apparatus due
to temperature. Accordingly, in the mirror mode in which the
mirror optical element is set in the reflectivity-reduced
reflector state, fluctuation in reflectivity of the mirror display
apparatus due to temperature can be curbed.

[0007] In this invention, it is possible that: the mirror
display apparatus includes a duty cycle characteristic
memory that with regard to a duty cycle-reflectivity or
transmissivity characteristic that is a characteristic of the
reflectivity or the transmissivity of the mirror optical ele-
ment relative to the duty cycle of the pulse voltage, stores
(that is, stores, in the form of, e.g., a lookup table or an
arithmetic expression; hereinafter, “lookup table” is referred
to as “table”) a plurality of the duty cycle-reflectivity or
transmissivity characteristics according to temperatures; and
the control circuit is configured to be capable of performing
temperature compensation control to, according to the tem-
perature detected by the temperature sensor, adjust the duty
cycle of the pulse voltage based on the duty cycle-reflec-
tivity or transmissivity characteristic at the relevant tem-
perature, as the temperature compensation control. Accord-
ingly, in the mirror mode in which the mirror optical element
is set in the reflectivity-reduced reflector state, fluctuation in
reflectivity of the mirror display apparatus due to tempera-
ture can be curbed by adjusting the duty cycle of the pulse
voltage with reference to the duty cycle-reflectivity or
transmissivity characteristic according to the detected tem-
perature.

[0008] In this invention, it is possible that: the mirror
display apparatus includes a duty cycle characteristic
memory that with regard to a duty cycle-reflectivity or
transmissivity characteristic that is a characteristic of the
reflectivity or the transmissivity of the mirror optical ele-
ment relative to the duty cycle of the pulse voltage, stores
(that is, stores, in the form of, e.g., a table or an arithmetic
expression) a reference characteristic that is the duty cycle-
reflectivity or transmissivity characteristic at a predeter-
mined reference temperature, and a duty cycle correction
amount characteristic memory that stores (that is, stores, in
the form of, e.g., a table or an arithmetic expression) a
temperature-duty cycle correction amount characteristic for
correcting an amount of shift of the duty cycle in the
reference characteristic due to a temperature change relative
to the reference characteristic, the temperature-duty cycle
correction amount characteristic being a characteristic of a
correction amount for the duty cycle relative to a tempera-
ture; and the control circuit is configured to be capable of
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performing temperature compensation control to obtain a
correction amount for the duty cycle from the temperature-
duty cycle correction amount characteristic according to the
temperature detected by the temperature sensor, and adjust
the duty cycle of the pulse voltage based on a characteristic
obtained by shifting the duty cycle in the reference charac-
teristic by the obtained correction amount, as the tempera-
ture compensation control. Accordingly, in the mirror mode
in which the mirror optical element is set in the reflectivity-
reduced reflector state, fluctuation in reflectivity of the
mirror display apparatus due to temperature can be curbed
by adjusting the duty cycle of the pulse voltage based on the
characteristic obtained by shifting the duty cycle in the
reference characteristic by the correction amount obtained
from the temperature-duty cycle correction amount charac-
teristic according to the detected temperature.

[0009] In this invention, it is possible that: the mirror
display apparatus includes a duty cycle characteristic
memory that with regard to a duty cycle-reflectivity or
transmissivity characteristic that is a characteristic of the
reflectivity or the transmissivity of the mirror optical ele-
ment relative to the duty cycle of the pulse voltage, stores
(that is, stores, in the form of, e.g., a table or an arithmetic
expression) a plurality of the duty cycle-reflectivity or
transmissivity characteristics according to temperatures, and
a duty cycle correction amount characteristic memory that
stores (that is, stores, in the form of, e.g., a table or an
arithmetic expression) a temperature-duty cycle correction
amount characteristic for, relative to a reference character-
istic of the duty cycle-reflectivity or transmissivity charac-
teristics, the reference characteristic being the duty cycle-
reflectivity or transmissivity characteristic at a
predetermined reference temperature, correcting an amount
of shift of the duty cycle in the reference characteristic due
to a temperature change, the temperature-duty cycle correc-
tion amount characteristic being a characteristic of a cor-
rection amount for the duty cycle relative to a temperature;
and the control circuit is configured to be capable of, if the
temperature detected by the temperature sensor is in a
predetermined first temperature range, performing first tem-
perature compensation control to, according to the tempera-
ture detected by the temperature sensor, adjust the duty cycle
of the pulse voltage based on the duty cycle-reflectivity or
transmissivity characteristic at the relevant temperature, and
if the temperature detected by the temperature sensor is in a
predetermined second temperature range that is lower than
the first temperature range, performing second temperature
compensation control to obtain a correction amount for the
duty cycle from the temperature-duty cycle correction
amount characteristic according to the temperature detected
by the temperature sensor and adjust the duty cycle of the
pulse voltage based on a characteristic obtained by shifting
the duty cycle in the reference characteristic by the obtained
correction amount, as the temperature compensation control.
Accordingly, in the mirror mode in which the mirror optical
element is set in the reflectivity-reduced reflector state,
fluctuation in reflectivity of the mirror display apparatus due
to temperature can be curbed by, if the detected temperature
is in the predetermined first temperature range, adjusting the
duty cycle of the pulse voltage by means of the first
temperature compensation control, and if the detected tem-
perature is in the second temperature range that is lower than
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the first temperature range, adjusting the duty cycle of the
pulse voltage by means of the second temperature compen-
sation control.

[0010] In this invention, it is possible that the control
circuit is configured to be capable of, if the temperature
detected by the temperature sensor is equal to or exceeds a
predetermined control switching temperature, performing
the first temperature compensation control, and if the tem-
perature detected by the temperature sensor is lower than the
control switching temperature, performing the second tem-
perature compensation control. Accordingly, in the first
temperature range, which is relatively high in temperature,
the first temperature compensation control can be per-
formed, and in the second temperature range, which is
relatively low in temperature, the second temperature com-
pensation control can be performed, with the control switch-
ing temperature as a boundary therebetween.

[0011] In this invention, it is possible that the control
switching temperature is set to be equal to the reference
temperature. Accordingly, switching between the first tem-
perature compensation control and the second temperature
compensation control can be performed with the reference
temperature as a boundary therebetween.

[0012] In this invention, it is possible that the duty cycle
characteristic memory stores (that is, stores, in the form of,
e.g., a table or an arithmetic expression) the duty cycle-
reflectivity or transmissivity characteristic with regard to a
temperature in the first temperature range and does not store
the duty cycle-reflectivity or transmissivity characteristic
with regard to a temperature in the second temperature
range. Accordingly, the duty cycle characteristic memory
does not store the duty cycle-reflectivity or transmissivity
characteristic with regard to a temperature in the second
temperature range, so that a data storage amount of the duty
cycle characteristic memory can be reduced in comparison
with a case where duty cycle-reflectivity or transmissivity
characteristics are stored with regard to temperatures in all
the temperature ranges.

[0013] In this invention, it is possible that the control
circuit is configured to be capable of performing the second
temperature compensation control only for a temperature
range in which the duty cycle-reflectivity or transmissivity
characteristics can be regarded as characteristics with the
respective duty cycles shifted from each other. Accordingly,
in a temperature range in which the duty cycle-reflectivity or
transmissivity characteristics can be regarded as character-
istics with respective duty cycles shifted from each other,
fluctuation in reflectivity of the mirror display apparatus due
to temperature can be curbed by means of the second
temperature compensation control.

[0014] In this invention, it is possible that the control
circuit is configured to be capable of, in the mirror mode in
which the mirror optical element is set in the reflector state,
performing control to set the duty cycle of the pulse voltage
applied to the liquid-crystal panel to a fixed duty cycle that
enables the mirror optical element to be maintained in the
reflector state irrespective of the temperature detected by the
temperature sensor. Accordingly, in the mirror mode in
which the mirror optical element is set in the reflector state,
the temperature compensation control to adjust the duty
cycle of the pulse voltage applied to the liquid-crystal panel
according to a temperature can be prevented from being
performed, enabling reduction of a processing load on the
control circuit.
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[0015] In this invention, it is possible that the control
circuit is configured to be capable of, in the monitor mode
in which the mirror optical element is set in the transmissive
state, performing control to set the duty cycle of the pulse
voltage applied to the liquid-crystal panel to a fixed duty
cycle that enables the mirror optical element to be main-
tained in the transmissive state irrespective of the tempera-
ture detected by the temperature sensor. Accordingly, in the
monitor mode in which the mirror optical element is set in
the transmissive state, the temperature compensation control
to adjust the duty cycle of the pulse voltage applied to the
liquid-crystal panel according to a temperature can be pre-
vented from being performed, enabling reduction of a pro-
cessing load on the control circuit.

[0016] In this invention, it is possible that the control
circuit is configured to be capable of in the monitor mode,
performing temperature control of the monitor display
device by adjusting a luminance of the monitor display
device based on the temperature detected by the temperature
sensor or is configured to be capable of performing display
quality-related temperature compensation control of the
monitor display device by adjusting a driving state of the
monitor display device according to a display signal based
on the temperature detected by the temperature sensor, or is
configured to be capable of performing both the temperature
control and the display quality-related temperature compen-
sation control. Accordingly, in the monitor mode, the tem-
perature sensor can be used for either or both of the
temperature control of the monitor display device and the
display quality-related temperature compensation control of
the monitor display device, and in the mirror mode in which
the mirror optical element is set in the reflectivity-reduced
reflector state, the temperature sensor can be used for
temperature compensation control for the reflectivity or the
transmissivity of the mirror optical element. Note that
examples of related art configured to maintain display
quality of a display device by adjusting a driving state of the
display device according to an environmental temperature
include the techniques described in Japanese Patent Laid-
Open Nos. 2000-267629 and 2004-317908.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a block diagram illustrating an embodi-
ment of a control system configuration of the mirror display
apparatus in FIG. 2;

[0018] FIG. 2 is a schematic diagram illustrating the
embodiment of a physical system configuration of an inner
mirror for a vehicle where a mirror display apparatus of this
invention is applied to the inner mirror for a vehicle, and is
a vertical sectional view illustrating a schematic configura-
tion of the mirror display apparatus cut along a plane
orthogonal to a mirror surface and a display surface of the
mirror display apparatus;

[0019] FIG. 3 is an exploded perspective view of the
mirror optical element in FIG. 2;

[0020] FIG. 4 is a sectional view schematically illustrating
an example of a layer structure of an electronic mirror
element in FIG. 2;

[0021] FIG. 5is a waveform diagram illustrating examples
of a driving pulse voltage applied between opposed elec-
trodes of a liquid-crystal panel of the mirror optical element
in FIG. 4;

[0022] FIG. 6A is a graph indicating an example of an
applied voltage-reflectivity characteristic where a reflectiv-
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ity of the mirror optical element is changed by means of
voltage control of a driving voltage, and indicates the
characteristic at each of a plurality of temperatures;

[0023] FIG. 6B is a graph for describing an example of a
temperature compensation method where the reflectivity of
the mirror optical element is changed by means of voltage
control of a driving voltage;

[0024] FIG. 7 is a graph indicating an example of a
temperature-applied voltage correction amount characteris-
tic where the reflectivity of the mirror optical element is
changed by means of a voltage value of a driving alternat-
ing-current voltage, that is, a characteristic of a correction
amount (that is, a shift amount) for an applied voltage
relative to an applied voltage-reflectivity characteristic at a
predetermined reference temperature where a temperature
changes from the reference temperature;

[0025] FIG. 8Ais a graph indicating an example of a duty
cycle-reflectivity characteristic where the reflectivity of the
mirror optical element is changed by means of a duty cycle
of driving pulses, and indicates the characteristic at each of
a plurality of temperatures;

[0026] FIG. 8B is a graph for describing an example of a
temperature compensation method where the reflectivity of
the mirror optical element is changed by means of a duty
cycle of driving pulses;

[0027] FIG. 9 is a graph indicating a temperature-duty
cycle correction amount characteristic where the reflectivity
of the mirror optical element is changed by means of a duty
cycle of driving pulses, that is, an example of a characteristic
of a correction amount (that is, a shift amount) for a duty
cycle relative to a duty cycle-reflectivity characteristic at a
predetermined reference temperature where a temperature
changes from the reference temperature, and specifically
indicates a temperature-duty cycle correction amount char-
acteristic used in a shift method (described later) in pulse
voltage driving;

[0028] FIG. 10 is a graph indicating an example of a
temperature-duty cycle correction amount characteristic
where the reflectivity of the mirror optical element is
changed by means of a duty cycle of driving pulses, that is,
a characteristic of a correction amount (that is, a shift
amount) for a duty cycle relative to a duty cycle-reflectivity
characteristic at a predetermined reference temperature
where a temperature changes from the reference tempera-
ture, and specifically indicates a temperature-duty cycle
correction amount characteristic used in a composite method
(described later) in pulse voltage driving; and

[0029] FIG. 11 is a flowchart indicating the content of
control by the microcomputer (that is, the control circuit) in
FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0030] An embodiment of this invention where a mirror
display apparatus of this invention is applied to an inner
mirror for a vehicle will be described. The inner mirror for
a vehicle has a configuration in which a physical mirror (that
is, a mirror formed of a reflector) and an electronic mirror
(that is, a light emitting-type monitor display device made
of, e.g., liquid-crystal) behind the physical mirror are dis-
posed in a stack on a viewed surface (that is, a display
surface viewed by a viewer). The physical mirror is of a
reflectivity/transmissivity-variable type using a mirror opti-
cal element. Also, the electronic mirror, that is, the monitor



US 2021/0215961 Al

display device is one that functions as a camera monitor of
a rear camera. The inner mirror for a vehicle is one that
enables switching between functions of both mirrors (that is,
the physical mirror and the electronic mirror) in use by
changing a reflectivity and a transmissivity of the physical
mirror in respective directions opposite to each other. Here,
the inner mirror for a vehicle is referred to as “electronic
inner mirror”. An operation mode of the electronic inner
mirror can be switched between “mirror mode” and “moni-
tor mode” via a switching operation (e.g., a manual opera-
tion or a voice operation) by a driver or automatic switching.
The mirror mode is an operation mode for using the physical
mirror. The monitor mode is an operation mode for using the
electronic mirror, that is, the monitor display device.
[0031] The mirror mode can further be switched among
“automatic antiglare mode”, “manual antiglare mode” and
“antiglare-off mode” via a switching operation (e.g., a
manual operation or a voice operation) by a driver. Note that
in the below description, the automatic antiglare mode and
the manual antiglare mode may collectively be referred to as
“antiglare mode”. The automatic antiglare mode is an opera-
tion mode in which control for changing the reflectivity of
the physical mirror into a non-antiglare state (for example,
a state in which the reflectivity is maximum and the trans-
missivity is minimum) and an antiglare state (that is, a state
in which the reflectivity is lowered relative to the non-
antiglare state) is automatically performed in a stepwise
manner (that is, in two or more steps) or steplessly according
to a relationship between an ambient light amount (that is,
an amount of light around the vehicle) and a rear light
amount (that is, an amount of light behind the vehicle). The
automatic antiglare mode enables automatic adjustment of
the reflectivity of the physical mirror to a proper reflectivity
that prevents excessive hindrance of viewability of a rear-
side image and reduces glare of reflected light for a driver at
night-time. The manual antiglare mode is an operation mode
in which the reflectivity of the physical mirror is changed
into the non-antiglare state and the antiglare state in a
stepwise manner (that is, in two or more steps) or steplessly
via an arbitrary change operation (e.g., a manual operation
or a voice operation) by a driver. The manual antiglare mode
enables a driver to adjust the reflectivity of the physical
mirror to a reflectivity according to his/her preference. The
antiglare-off mode is an operation mode in which an auto-
matic antiglare function and a manual antiglare function are
turned off and the reflectivity of the physical mirror is fixed
in the non-antiglare state. Note that in each of a case where
an ignition key position of the vehicle is an off position and
a case where power to the inner mirror for a vehicle is lost,
no power is supplied to the inner mirror for a vehicle and the
inner mirror for a vehicle enters a state that is substantially
the same as the antiglare-off mode, ensuring a rear view
function by the physical mirror.

[0032] In the monitor mode, the monitor display device is
turned on (that is, is made to enter a light emitting state and
a display state) and the physical mirror is made to enter a
transmissive state in which the reflectivity is lowered rela-
tive to that of a reflectivity-reduced reflector state (for
example, a state in which the reflectivity is reduced to the
minimum and the transmissivity is raised to the maximum).
Consequently, an image picked up by the rear camera and
displayed on the monitor display device appears on the
viewed surface of the electronic inner mirror. On the other
hand, in the mirror mode, the monitor display device is
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turned off (that is, is made to enter a non-light emitting state
and a non-display state) and the physical mirror is made to
enter the non-antiglare state or the antiglare state. Conse-
quently, a reflected image in the non-antiglare state or the
antiglare state via the physical mirror appears on the viewed
surface of the electronic inner mirror.

[0033] FIG. 2 illustrates a schematic configuration of a
physical system configuration of an electronic inner mirror
10 (that is, a mirror display apparatus) according to this
invention. Like general inner mirrors, the electronic inner
mirror 10 is supported so as to hang from a ceiling or a
windshield via a non-illustrated stay at a center position in
a right-left direction of an upper front portion of a cabin of
a vehicle. In the electronic inner mirror 10, an electronic
mirror element 14 and a circuit board 16 are housed and
fixedly supported in an inner space 12a of a housing 12. The
electronic mirror element 14 is disposed at a position at
which the electronic mirror element 14 closes an opening
125 of the inner space 12a. In this state, a viewed surface
14a of the electronic mirror element 14 faces space outside
the housing 12 and is viewed from a viewpoint 18 of a
driver. On the viewed surface 144, a reflective surface of a
physical mirror (that is, a mirror optical element 22) in the
mirror mode and an image displayed on a monitor display
device 20 in the monitor mode appear selectively according
to the operation mode of the electronic inner mirror 10. The
circuit board 16 is disposed at a position behind the elec-
tronic mirror element 14 and cannot be viewed from the
space outside the housing 12. The electronic mirror element
14 and the circuit board 16 are fixedly supported by respec-
tive structure parts (not illustrated) formed at an inner wall
surface of the housing 12, the inner wall surface facing the
inner space 12a.

[0034] FIG. 3 illustrates components of the electronic
mirror element 14. The electronic mirror element 14
includes the monitor display device 20, and the mirror
optical element 22 disposed on the front side of a display
surface 20a of the monitor display device 20. The monitor
display device 20 and the mirror optical element 22 are
integrated by attaching respective peripheral edges of the
display device 20 and the mirror optical element 22, the
peripheral edges facing each other, to each other via a
double-sided tape 21, thereby forming the electronic mirror
element 14. Note that it is possible to integrate the monitor
display device 20 and the mirror optical element 22 without
using the double-sided tape 21, by attaching the mirror
optical element 22 directly to a surface of the monitor
display device 20 via, e.g., an adhesive.

[0035] A structure of the integrated electronic mirror ele-
ment 14 will be described with reference to FIG. 2. The
monitor display device 20 is formed of a full-color monitor
LCD capable of displaying a high-definition moving image.
In other words, the monitor display device 20 includes a
color liquid-crystal panel 24 made of, e.g., full-color TFT
liquid-crystal and backlight 26 stacked on the back side of
the color liquid-crystal panel 24. For a light source of the
backlight 26, for example, white light-emitting diodes are
used. The backlight 26 is on when the monitor display
device 20 is on (in an operating state, that is, a display state),
and is off when the monitor display device 20 is off (in a
non-operating state, that is, a non-display state). A frame
body 28 made of metal (for example, iron) is put and fitted
on a stack 25 of the color liquid-crystal panel 24 and the
backlight 26. The frame body 28 covers an entire back
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surface, entire side surfaces and entire front peripheral edges
of the stack 25 (see FIG. 3). A temperature sensor 30 is
housed and disposed at a proper position on the inner
peripheral side of the frame body 28. The temperature sensor
30 is formed of, for example, a variable resistance-type
temperature sensor (thermistor). In this embodiment, as
illustrated in FIGS. 2 and 3, the temperature sensor 30 is
received and fixedly disposed in a space 32 formed between
an inner peripheral surface of the frame body 28 and an
upper end surface of the stack 25 at a center portion in a
longitudinal direction of an upper edge of the frame body 28.
The mirror optical element 22 is formed of a TN (twisted
nematic)-type liquid-crystal panel including a reflection-
type polarizer disposed on the back side thereof. A reflec-
tivity and a transmissivity of the mirror optical element 22
change in respective directions opposite to each other
according to an effective driving voltage. Here, the effective
driving voltage is an alternating-current voltage value in the
case of voltage driving and is an alternating-current equiva-
lent value according to a duty cycle in the case of PWM
(pulse width modulation) driving. In other words, when the
effective driving voltage is zero (in a state in which a zero
voltage is applied, that is, no voltage is applied), the reflec-
tivity has a maximum value and the transmissivity has a
minimum value (that is, the reflector state). When the
effective driving voltage is raised, the reflectivity is gradu-
ally lowered and the transmissivity is gradually raised (that
is, the reflectivity-reduced reflector state). Then, when the
effective driving voltage reaches a predetermined value or
more, the reflectivity substantially reaches a minimum value
and the transmissivity substantially reaches a maximum
value, and thus, saturation (that is, a transmissive state) is
reached. The monitor display device 20 and the mirror
optical element 22 are integrated in a close-contact manner
by attaching the respective peripheral edges (that is, respec-
tive positions corresponding to a position of a bezel 28a
forming the front peripheral edges of the frame body 28) of
respective opposed surfaces of the monitor display device 20
and the mirror optical element 22 to each other via the
double-sided tape 21.

[0036] In this embodiment, PWM driving of the mirror
optical element 22 is performed and the reflectivity and the
transmissivity of the mirror optical element 22 are changed
in respective directions opposite to each other by means of
a duty cycle of a PWM voltage for the PWM driving (that
is, a PWM-method pulse voltage applied to the mirror
optical element 22 for driving). The PWM voltage is a pulse
voltage that alternately changes to opposite, positive and
negative, polarities at a predetermined cycle so as to prevent
generation of a direct-current component that deteriorates
liquid-crystal (see FIG. 5). With regard to both positive and
negative polarity waveforms (that is, a positive-side wave-
form and a negative-side waveform) of the pulse voltage, an
amplitude and a pulse width are the same between both
waveforms. The amplitude is fixed and the pulse width
changes. A duty cycle of the pulse voltage can change in a
range from 0% to 50%. If the duty cycle is lowered, the
reflectivity of the mirror optical element 22 is raised, and if
the duty cycle is raised, the reflectivity of the mirror optical
element 22 is lowered. If the duty cycle is 0% (that is, a state
in which a zero-voltage is applied), the mirror optical
element 22 is in a reflector state with a maximum reflectivity
(for example, a reflectivity of 42%) and a minimum trans-
missivity (that is, a state in the antiglare-off mode). When
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the duty cycle is 50%, the mirror optical element 22 is in a
transmissive state with a minimum reflectivity (for example,
a reflectivity of 10%) and a maximum transmissivity (that is,
a state in the monitor mode). When the duty cycle is a duty
cycle between 0% and 50%, the mirror optical element 22
has a reflectivity between the maximum reflectivity and the
minimum reflectivity (for example, a reflectivity of less than
42% but more than 10%). The duty cycle in the antiglare
mode can change, for example, in a range from 0% to 50%
(or a range that is narrower than the range). Consequently,
the reflectivity of the mirror optical element 22 in the
antiglare mode can change in a range from the maximum
reflectivity (for example, a reflectivity of 42%) to the
minimum reflectivity (for example, a reflectivity of 10%) (or
a range that is narrower than the range). In this embodiment,
the amplitude of the PWM voltage is fixed irrespective of the
duty cycle (however, if the duty cycle is 0%, there is no
amplitude, that is, a zero voltage is maintained). In other
words, the amplitude of the PWM voltage is set to an
amplitude sufficient (same amplitude in both positive and
negative directions) for maintaining the minimum reflectiv-
ity (maximum transmissivity) when the duty cycle is 50%,
irrespective of temperature change within a guaranteed
operating temperature range (for example, from -30 to 80
degrees centigrade).

[0037] In FIG. 2, operating states of the monitor display
device 20 and the mirror optical element 22 of the electronic
mirror element 14 are changed as follows, according to the
operation mode of the electronic inner mirror 10.

<<Monitor Mode>>

[0038] The monitor display device 20 is turned on (at this
time, the backlight 26 is turned on). A pulse voltage with a
duty cycle fixed at 50% is applied to the mirror optical
element 22. Consequently, the monitor display device 20
provides luminescent display of an image and the mirror
optical element 22 enters a transmissive state. As a result, the
image on the monitor display device 20 is viewed from the
viewpoint 18 of the driver through the mirror optical ele-
ment 22. In the monitor mode, the monitor display device 20
generates heat by the backlight 26 being turned on. At this
time, a temperature of the monitor display device 20 is
detected by the temperature sensor 30. Based on the tem-
perature detection, display quality-related temperature com-
pensation control is performed with regard to driving of the
color liquid-crystal panel 24 of the monitor display device
20. Also, upon the detected temperature reaching a prede-
termined value or more, a luminance of the backlight 26 is
automatically reduced, and as a result, an excessive tem-
perature increase is curbed. In the monitor mode, a pulse
voltage with a duty cycle fixed at 50% only needs to be
applied to the mirror optical element 22, and temperature
compensation control of the mirror optical element 22 is
unnecessary.

<<Mirror Mode>>

[0039] The monitor display device 20 is turned off (at this
time, the backlight 26 is turned off). In the antiglare-off
mode, a pulse voltage with a duty cycle fixed at 0% is
applied to the mirror optical element 22, and in the antiglare
mode, a pulse voltage with a duty cycle that changes in a
range from 0% to 50% (or a range that is narrower than the
range) is applied to the mirror optical element 22. Conse-
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quently, the monitor display device 20 provides no display.
Also, in the antiglare-off mode, the reflectivity of the mirror
optical element 22 is fixed in the reflector state (that is, the
maximum reflectivity), and in the antiglare mode, the reflec-
tivity of the mirror optical element 22 changes in a range
from the reflector state (that is, the maximum reflectivity) to
the transmissive state (that is, the minimum reflectivity) (or
a range that is narrower than the range). As a result, in the
antiglare-off mode, a non-antiglare reflected image is
viewed from the viewpoint 18 of the driver. Also, in the
antiglare mode, where the reflectivity of the mirror optical
element 22 is set to be lower than the maximum reflectivity,
an antiglare reflected image is viewed from the viewpoint 18
of the driver. At this time, since the monitor display device
20 is off and the backlight 26 thus generates no heat, the
temperature detected by the temperature sensor 30 is an
environmental temperature of an area around the monitor
display device 20. Therefore, the detected temperature can
be regarded as a temperature of the mirror optical element
22. In the antiglare mode, temperature compensation control
is performed by performing control to change the duty cycle
of the pulse voltage applied to the mirror optical element 22
according to the temperature of the mirror optical element
22 detected by the temperature sensor 30 so that a designated
reflectivity is maintained irrespective of the environmental
temperature. Here, the designated reflectivity is an arbitrary
reflectivity variably designated via a change operation by the
driver or a reflectivity automatically variably designated
according to a relationship between an ambient light amount
and a rear-side light amount. In other words, if the duty cycle
is fixed to an intermediate duty cycle between 0% and 50%,
when the temperature is low, the reflectivity of the mirror
optical element 22 becomes high, and when the temperature
is high, the reflectivity of the mirror optical element 22
becomes low (see FIG. 8A). Therefore, in the antiglare
mode, when the temperature detected by the temperature
sensor 30 is low, the duty cycle of the pulse voltage is raised,
and as the detected temperature becomes higher, the duty
cycle of the pulse voltage is made to be lower. By the
temperature compensation control of the duty cycle being
performed in real time, in the antiglare mode, the reflectivity
designated automatically or via a manual operation is main-
tained irrespective of the temperature of the mirror optical
element 22. In the antiglare-off mode, a pulse voltage with
a duty cycle fixed at 0% is applied (that is, no voltage is
applied) to the mirror optical element 22, and thus, the
temperature compensation control of the mirror optical
element 22 is unnecessary. Also, in the mirror mode, in each
of the antiglare-off mode and the antiglare mode, the moni-
tor display device 20 is off, and thus, the temperature
compensation control of the monitor display device 20 is
unnecessary.

[0040] According to the above operation, the temperature
sensor 30 is not used for control of the mirror optical
element 22 during a period in which the temperature sensor
30 is used for control of the monitor display device 20, and
is not used for control of the monitor display device 20
during a period in which the temperature sensor 30 is used
for control of the mirror optical element 22. In other words,
there is no period in which the temperature sensor 30 is used
simultaneously for control of the monitor display device 20
and control of the mirror optical element 22. Therefore, no
problem arises resulting from the temperature sensor 30
being shared between control of the monitor display device
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20 and control of the mirror optical element 22. Also, a
control circuit (microcomputer 92 in FIG. 1) does not need
to simultaneously perform both controls using the tempera-
ture sensor 30 in parallel and thus, a processing load on the
control circuit is small.

[0041] Here, a detailed example of a layer structure of the
electronic mirror element 14 will be described with refer-
ence to FIG. 4. Note that in FIG. 4, illustration of the frame
body 28 and the temperature sensor 30 is omitted. In FIG. 4,
the left side of the electronic mirror element 14 is the front
side of the electronic mirror element 14 and the right side of
the electronic mirror element 14 is the back side of the same.
The viewpoint 18 of the driver is positioned on the front side
of the electronic mirror element 14. The mirror optical
element 22 has a structure in which two glass substrates 46,
48 are made to face each other across spacers 49 to form a
gap (liquid-crystal enclosing section) 52 between the glass
substrates 46, 48. TN-type liquid-crystal 54 is enclosed in
the liquid-crystal enclosing section 52. An entire outer
periphery of the liquid-crystal enclosing section 52 is sealed
by a sealing material 55 (adhesive). ITO transparent elec-
trode films 56, 58 are formed on respective inner surfaces
(that is, opposed surfaces) of the glass substrates 46, 48.
Oriented films 57, 59 are formed on respective surfaces of
the ITO transparent electrode films 56, 58. An absorption-
type polarizer P1 is attached to a surface on the front side of
the front-side glass substrate 46. The absorption-type polar-
izer P1 is configured and respective directions of an absorp-
tion polarization axis and a transmission polarization axis
thereof are set, to absorb horizontally polarized light (which
refers to light polarized in a horizontal direction, that is, a
transverse direction) and transmit vertically polarized light
(which refers to light polarized in a vertical direction, that is,
a direction perpendicular to the transverse direction). A
reflection-type polarizer P2 is attached to a surface on the
back side of the back-side glass substrate 48. The reflection-
type polarizer P2 is configured and respective directions of
a reflection polarization axis and a transmission polarization
axis thereof are set, to reflect horizontally polarized light and
transmit vertically polarized light. For the reflection-type
polarizer P2, for example, a DBEF (registered trademark)
manufactured by 3M Company can be used.

[0042] A high-retardation film 34 is attached to a front
surface of the mirror optical element 22 via, e.g., an adhe-
sive. By the high-retardation film 34 being disposed, where
the driver wears polarized glasses, favorable viewability can
be ensured with regard to an image in the monitor mode and
areflected image in the mirror mode, irrespective of an angle
of observation by the driver. In other words, the high-
retardation film 34 converts an image or a reflected image of
vertically polarized light emitted from the electronic mirror
element 14 toward the viewpoint 18 of the driver into
non-polarized light. Consequently, the driver wearing polar-
ized glasses can view the image or the reflected image well
irrespective of the angle of observation by the driver. A
retardation R(0) in vertical incidence on the high-retardation
film 34 can be set to, for example, around 3000 nm.

[0043] A protection layer 36 that protects the high-retar-
dation film 34 from damage, breakage, etc., is formed on a
front surface of the high-retardation film 34. The protection
layer 36 is formed of, e.g., a hard coating layer or a glass
plate. The protection layer 36 formed of a hard coating layer
can be formed by, for example, applying a hard coating
material (e.g., an acrylic-based hard coating resin) to the
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front surface of the high-retardation film 34 to form the hard
coating layer. The protection layer 36 formed of a glass plate
can be formed by, for example, attaching a glass plate to the
front surface of the high-retardation film 34 via, e.g., an
adhesive.

[0044] On the other hand, the monitor display device 20 is
formed of a color monitor LCD. In other words, the monitor
display device 20 includes the color liquid-crystal panel 24,
and the backlight 26 disposed on the back side of the color
liquid-crystal panel 24. The color liquid-crystal panel 24 has
a structure in which a gap (liquid-crystal enclosing section)
70 is formed between two glass substrates 64, 66 by dis-
posing the glass substrates 64, 66 so as to face each other
across a spacer 68. IPS (in-plane switching)-type liquid-
crystal 72 is enclosed in the liquid-crystal enclosing section
70. An entire outer periphery of the liquid-crystal enclosing
section 70 is sealed by a sealing material 74. An absorption-
type polarizer P3 is attached to a surface on the front side of
the front-side glass substrate 64 (color filter substrate). The
absorption-type polarizer P3 is configured and respective
directions of an absorption polarization axis and a transmis-
sion polarization axis thereof are set, to absorb horizontally
polarized light and transmit vertically polarized light. A
color filter 76 and an oriented film 80 are sequentially
stacked on a surface on the back side (that is, a surface
facing the glass substrate 66) of the glass substrate 64. An
array film 82 including a TFT circuit and an ITO transparent
electrode film (pixel electrodes), and an oriented film 84 are
sequentially stacked on a surface on the front side (that is,
a surface facing the glass substrate 64) of the back-side glass
substrate 66 (array substrate). An absorption-type polarizer
P4 is attached to a surface on the back side of the glass
substrate 66. The absorption-type polarizer P4 is configured
and respective directions of a transmission polarization axis
and an absorption polarization axis thereof are set, to trans-
mit horizontally polarized light and absorb vertically polar-
ized light. Transmission, absorption or reflection of horizon-
tally polarized light and vertically polarized light by the
polarizers P1 to P4 are summarized in the following table.
Note that in the table, “or absorb” and “or transmit” in
parentheses with regard to the polarizer P4 mean that the
polarizer P4 disposed on the back side of the glass substrate
66 on the back side of the monitor display device 20 may be
one having a cross Nicol arrangement in which the respec-
tive directions of the polarization axes are disposed orthogo-
nal to those of the polarizer P3 disposed on the front surface
side of the glass substrate 66 or one having a parallel Nicol
arrangement in which the respective directions of the polar-
ization axes are disposed in parallel with those of the
polarizer P3.

P1 P2 P3 P4

(absorption  (reflection (absorption  (absorption

type) type) type) type)
Horizontally absorb reflect absorb transmit
polarized light: (or absorb)
Vertically transmit transmit  transmit absorb
polarized light: (or transmit)
[0045] Operation in each of the operation modes of the

electronic mirror element 14 having the layer structure in
FIG. 4 will be described.
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<<Monitor Mode>>

[0046] A pulse voltage having a duty cycle of 50% is
applied to the mirror optical element 22. In other words, a
PWM signal that makes liquid-crystal molecules in the
TN-type liquid-crystal 54 fully rise is applied to the mirror
optical element 22. Also, the monitor display device 20 is
turned on. In other words, the backlight 26 is turned on and
a driving signal is applied to the IPS-type liquid-crystal 72
on a pixel-by-pixel basis according to pixels of an image. At
this time, image light that is vertically polarized light is
emitted from the absorption-type polarizer P3 at the outer-
most surface of the monitor display device 20. The image
light penetrates the mirror optical element 22 as it is, and is
guided to the viewpoint 18 of the driver and viewed by the
driver. At this time, outside light incident on the mirror
optical element 22 enters the absorption-type polarizer P1. A
horizontally polarized light component of the entered out-
side light is absorbed by the absorption-type polarizer P1.
Also, a vertically polarized light component of the outside
light penetrates the mirror optical element 22, enters the
monitor display device 20, penetrates the absorption-type
polarizer P3 and is absorbed by the absorption-type polarizer
P4. Therefore, the vertically polarized light component is
not returned to the viewpoint 18 of the driver.

<<Antiglare-Off Mode of Mirror Mode>>

[0047] A pulse voltage having a duty cycle of 0% is
applied to the mirror optical element 22. In other words, no
voltage is applied (that is, a zero voltage is applied) to the
TN-type liquid-crystal 54. Also, the monitor display device
20 is turned off. In other words, the backlight 26 is turned
off, and no driving signal is applied to the IPS-type liquid-
crystal 72. At this time, outside light incident on the mirror
optical element 22 enters the absorption-type polarizer P1. A
vertically polarized light component of the entered outside
light penetrates the absorption-type polarizer P1. A polar-
ization direction of the penetrated vertically polarized light
is rotated by 90 degrees by the TN-type liquid-crystal 54 and
thereby becomes horizontally polarized light. The horizon-
tally polarized light is reflected by the reflection-type polar-
izer P2 having the reflection polarization axis set in the
horizontal direction. A polarization direction of the reflected
horizontally polarized light is rotated by 90 degrees by the
TN-type liquid-crystal 54 and thereby becomes vertically
polarized light. The vertically polarized light penetrates the
absorption-type polarizer P1 having the transmission polar-
ization axis set in the vertical direction and is guided to the
viewpoint 18 of the driver. Consequently, a high-reflectivity
reflector state can be obtained.

<<Antiglare Mode of Mirror Mode>>

[0048] A PWM pulse voltage having a duty cycle that
changes in a range from 0% to 50% (or a range that is
narrower than the range) is applied to the mirror optical
element 22. A PWM signal having an intermediate duty
cycle between 0% and 50%, which corresponds to an
effective driving voltage that makes the liquid-crystal mol-
ecules of the TN-type liquid-crystal 54 not fully rise, is
applied to the mirror optical element 22. Consequently, a
reflectivity-reduced reflector state in which the reflectivity is
reduced in comparison with that in the antiglare-off mode
can be obtained. Also, the monitor display device 20 is
turned off. In other words, the backlight 26 is turned off and
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no driving signal is applied to the IPS-type liquid-crystal 72.
At this time, outside light incident on the mirror optical
element 22 enters the absorption-type polarizer P1. A ver-
tically polarized light component of the entered outside light
penetrates the absorption-type polarizer P1. The penetrated
vertically polarized light enters the TN-type liquid-crystal
54. At this time, where a pulse voltage having an interme-
diate duty cycle between 0% and 50%, which makes the
liquid-crystal molecules of the TN-type liquid-crystal 54 not
fully rise, is applied to the TN-type liquid-crystal 54, the
entered vertically polarized light does not become perfectly
horizontally polarized light. In other words, a part of the
vertically polarized light penetrates the reflection-type polar-
izer P2 and a remaining part of the vertically polarized light
is reflected by the reflection-type polarizer P2. The reflected
polarized light penetrates the TN-type liquid-crystal 54, and
a part of the polarized light penetrates the absorption-type
polarizer P1 and is guided to the viewpoint 18 of the driver.
Consequently, a reflectivity-reduced reflector state in which
the reflectivity is reduced in comparison with that in the
antiglare-off mode is obtained. Temperature compensation
control is performed by correcting the duty cycle of the pulse
voltage in real time according to the temperature of the
mirror optical element 22 detected by the temperature sensor
30, allowing the reflectivity designated automatically or a
manual operation to be maintained even if there is a change
in temperature.

[0049] Examples of the pulse voltage applied to the mirror
optical element 22 will be described with reference to FIG.
5. FIG. 5 indicates respective cases where the duty cycle of
the pulse voltage applied to the mirror optical element 22 is
(1) 15%, (2) 30% and (3) 50%. In each of the cases of the
duty cycles, the “segment A electrode driving waveform” is
a waveform of a driving voltage applied to the ITO trans-
parent electrode film 56 forming one of opposed electrodes
in the mirror optical element 22 in FIG. 4. The “segment B
electrode driving waveform” is a waveform of a driving
voltage applied to the ITO transparent electrode film 58
forming the other of the opposed electrodes. The “mirror
optical element applied voltage” is a waveform of a driving
pulse voltage for the mirror optical element 22, the driving
pulse voltage being applied between the ITO transparent
electrode films 56, 58 by both of these driving voltages. The
driving pulse voltage for the mirror optical element 22 is a
voltage that is a difference between the segment A electrode
driving waveform and the segment B electrode driving
waveform. In other words, the driving pulse voltage for the
mirror optical element 22 is a pulse voltage that swings in
both the positive and negative directions with a voltage of 0
V as a center and with an amplitude fixed at +6 V. A pulse
width is maintained to be the same between positive and
negative pulses and a duty cycle changes in a range from 0%
to 50%. Therefore, no direct-current component that dete-
riorates the liquid-crystal enclosed in the mirror optical
element 22 (that is, the TN-type liquid-crystal 54 enclosed in
the liquid-crystal enclosing section 52 in FIG. 4) is gener-
ated. A frequency of the driving pulse voltage for the mirror
optical element 22 is in a range, for example, from 60 Hz to
1 kHz. A frequency in such range enables driving of the
liquid-crystal of the mirror optical element 22 to follow the
driving voltage. In other words, during each of respective
periods in which the driving voltage is maintained at +6 V
or -6 V, the mirror optical element 22 has the minimum
reflectivity and the maximum transmissivity. Also, during

Jul. 15, 2021

each of periods in which the driving voltage is 0 V, the
mirror optical element 22 has the maximum reflectivity and
the minimum transmissivity. For the frequency of the driv-
ing pulse voltage for the mirror optical element 22, for
example, a frequency within the range from 60 Hz to 1 kHz,
the frequency not interfering with, e.g., a driving frequency
for the monitor display device 20 and causing, e.g., no
flicker, can be selected. As a result, a reflectivity and a
transmissivity according to a ratio between a length of a
period in which the driving voltage is +6 V or -6 V and a
length of a period in which the driving voltage is 0 V are
provided for human eyes. FIG. 5 indicates a case where the
frequency of the driving pulse voltage for the mirror optical
element 22 is 100 Hz (that is, a cycle is 10 milliseconds).
[0050] Where the duty cycle of the driving pulse voltage
for the mirror optical element 22 is 0% not indicated in FIG.
5 (at this time, each of the segment A electrode driving
waveform, the segment B electrode driving waveform and
the mirror optical element applied voltage exhibits 0 V and
is constant and generates no pulses), the mirror optical
element 22 is in a reflector state with the maximum reflec-
tivity and the minimum transmissivity. This state is a state in
the antiglare-off mode of the mirror mode. Each of cases
where an ignition key position of the vehicle is an off
position and where the power to the inner mirror for a
vehicle is lost, also, the mirror optical element 22 is in a state
that is the same as this state.

[0051] Where the duty cycle of the driving pulse voltage
for the mirror optical element 22 is 15% in FIG. 5(1), the
reflectivity of the mirror optical element 22 is lowered a little
and the transmissivity of the mirror optical element 22 is
raised a little in comparison with the case where the duty
cycle is 0%.

[0052] Where the duty cycle of the driving pulse voltage
for the mirror optical element 22 is 30% in FIG. 5(2), the
reflectivity of the mirror optical element 22 is further
lowered and the transmissivity of the mirror optical element
22 is further raised in comparison with the case where the
duty cycle is 15%.

[0053] Where the duty cycle of the driving pulse voltage
for the mirror optical element 22 is 50% in FIG. 5(3), the
mirror optical element 22 has the minimum reflectivity and
the maximum transmissivity. This is a state in the monitor
mode.

[0054] In the antiglare mode of the mirror mode, the duty
cycle of the driving pulse voltage for the mirror optical
element 22 changes, automatically or via a manual opera-
tion, in a range from 0% to 50% (or a range that is narrower
than the range from 0% to 50%) in a stepwise manner (that
is, in two or more steps) or steplessly, and the reflectivity of
the mirror optical element 22 changes accordingly. In other
words, where the duty cycle is 0%, the mirror optical
element 22 is in a state that is the same as that in the
antiglare-off mode of the mirror mode, that is, has the
maximum reflectivity. Where the duty cycle is 50%, the
mirror optical element 22 is in a state that is the same as that
in the monitor mode, that is, has the minimum reflectivity.
Where the duty cycle is larger than 0% but smaller than
50%, the reflectivity of the mirror optical element 22
changes according to the duty cycle, and as the duty cycle
is higher, the reflectivity is lower.

[0055] A characteristic of the reflectivity of the mirror
optical element 22 relative to the driving signal (driving
signal-reflectivity characteristic) and change of the charac-
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teristic by a temperature will be described. First, a charac-
teristic where the mirror optical element 22 is subjected to
voltage driving will be described. FIG. 6A indicates an
applied voltage-reflectivity characteristic (in this embodi-
ment, “reflectivity” refers to total light reflectivity) where
the reflectivity of the mirror optical element 22 is changed
by means of voltage control of a driving alternating-current
voltage and indicates the characteristic at each of a plurality
of temperatures. RV(-30), RV(25) and RV(80) indicate the
respective characteristics at —30 degrees centigrade, 25
degrees centigrade and 80 degrees centigrade. If the tem-
perature of the mirror optical element 22 is 25 degrees
centigrade, the reflectivity of the mirror optical element 22
changes as indicated by the characteristic RV(25). In other
words, if the applied voltage is around 0 V to 2 V, the
maximum reflectivity is maintained. If the applied voltage is
around 2 V to 4V, the reflectivity is lowered along with the
rising of the voltage. If the applied voltage is around 4 V to
6 V, the minimum reflectivity is maintained. The character-
istic RV(25) shifts in the applied voltage direction according
to change in temperature of the mirror optical element 22. In
other words, an applied voltage for maintaining a predeter-
mined intermediate reflectivity (that is, a reflectivity
between the maximum reflectivity and the minimum reflec-
tivity) is lowered if the temperature of the mirror optical
element 22 increases (for example, the characteristic
RV(80)), and is raised if the temperature decreases (for
example, the characteristic RV(-30)).

[0056] In response to the characteristic that changes
according to the temperature in this way, for example, the
following temperature control method can be performed. An
applied voltage-reflectivity characteristic for each predeter-
mined unit temperature is obtained based on tests with
regard to a guaranteed operating temperature range (for
example, from -30 to 80 degrees centigrade) and stored in
the table in advance. Then, in the antiglare mode, according
to the detected temperature of the mirror optical element 22,
an applied voltage value corresponding to a reflectivity
instruction value designated automatically or via a manual
operation is read from the applied voltage-reflectivity char-
acteristic at the relevant temperature. Next, an applied
voltage value of the mirror optical element 22 is controlled
to the read value. Hereinafter, this method is referred to as
“table method in voltage driving”. Consequently, in the
antiglare mode, the reflectivity designated by the reflectivity
instruction value can be maintained irrespective of tempera-
ture change.

[0057] As another temperature compensation control
method, the following method can be performed. From
among applied voltage-reflectivity characteristics obtained
for respective predetermined unit temperatures based on
tests with regard to a guaranteed operating temperature
range (for example, from -30 to 80 degrees centigrade), an
applied voltage-reflectivity characteristic at a predetermined
temperature (reference temperature) is stored (that is, stored
in the form of a table or an arithmetic expression) in a
memory in advance as a reference characteristic. In addition
to this, a characteristic for correcting a shift amount of an
applied voltage relative to a temperature is also stored (that
is, stored in the form of a table or an arithmetic expression)
in a memory in advance as a temperature-applied voltage
correction amount characteristic. Then, in the antiglare
mode, a correction amount for an applied voltage is read or
calculated from the temperature-applied voltage correction
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amount characteristic according to the detected temperature
of the mirror optical element 22. Subsequently, according to
the characteristic obtained by shifting the reference charac-
teristic in the applied voltage direction by the correction
amount, the applied voltage is controlled, and thereby the
reflectivity of the mirror optical element 22 is controlled.
Hereinafter, this method is referred to as “shift method in
voltage driving”.

[0058] As a specific example of the shift method in
voltage driving, examples of the reference characteristic and
the temperature-applied voltage correction amount charac-
teristic based on the applied voltage-reflectivity character-
istic in FIG. 6A and an example of reflectivity control of the
mirror optical element 22 in the antiglare mode based on
these characteristics will be described. As a reference char-
acteristic for the applied voltage-reflectivity characteristic,
the characteristic at 25 degrees centigrade in FIG. 6A is
stored in advance in the relevant memory (that is, stored in
the form of a table or an arithmetic expression). On the other
hand, as an temperature-applied voltage correction amount
characteristic relative to the reference characteristic, for
example, the temperature-applied voltage correction amount
characteristic indicated in FIG. 7, which has been obtained
based on results of the above tests, is stored in advance in the
relevant memory (that is, stored in the form of a table or an
arithmetic expression).

[0059] FIG. 6B schematically indicates examples of tem-
perature compensation operation for the applied voltage-
reflectivity characteristic in the antiglare mode. According to
the detected temperature of the mirror optical element 22, a
correction amount for an applied voltage at the relevant
temperature is obtained from the temperature-applied volt-
age correction amount characteristic in FIG. 7. Subse-
quently, an applied voltage value is obtained for achieving
a reflectivity instruction value based on a characteristic
obtained by shifting the reference characteristic RV(25) of
the applied voltage-reflectivity characteristic in the applied
voltage direction by the correction amount. For example, if
the detected temperature is —30 degrees centigrade, a cor-
rection amount AV(-30) for an applied voltage at -30
degrees centigrade is obtained from the temperature-applied
voltage correction amount characteristic in FIG. 7. Next,
using the characteristic RV(-30)' in FIG. 6B obtained by
shifting the reference characteristic RV(25) in FIG. 6B in the
positive direction by AV(-30) with regard to the applied
voltage, an applied voltage value for achieving the reflec-
tivity instruction value is obtained from the characteristic
RV(-30)". Also, if the detected temperature is 80 degrees
centigrade, a correction amount AV(80) for an applied
voltage at 80 degrees centigrade is obtained from the tem-
perature-applied voltage correction amount characteristic in
FIG. 7. Subsequently, using the characteristic RV(80)' in
FIG. 6B obtained by shifting the reference characteristic
RV(25) in FIG. 6B in the negative direction by AV(80) with
regard to the applied voltage, an applied voltage value for
achieving the reflectivity instruction value is obtained from
the characteristic RV(80)'. Likewise, if the detected tem-
perature is a temperature t between -30 degrees centigrade
and 80 degrees centigrade, a correction amount AV(t) for an
applied voltage at the temperature t is obtained from the
temperature-applied voltage correction amount characteris-
tic in FIG. 7. Subsequently, using a characteristic RV(t)'
obtained by shifting the reference characteristic RV(25) in
FIG. 6B by AV(t) with regard to the applied voltage, an
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applied voltage value for achieving the reflectivity instruc-
tion value is obtained from the characteristic RV(t)'. Con-
sequently, the reflectivity designated by the reflectivity
instruction value is substantially achieved with regard to the
mirror optical element 22 irrespective of temperature
change.

[0060] Next, a characteristic where the mirror optical
element 22 is subjected to pulse voltage driving (PWM
driving) will be described. FIG. 8A indicates a duty cycle-
reflectivity characteristic where the reflectivity of the mirror
optical element 22 is changed by means of duty cycle control
of a driving pulse voltage and indicates the characteristic at
each of a plurality of temperatures. RD(-30), RD(25) and
RD(80) denote respective characteristics at -30 degrees
centigrade, 25 degrees centigrade and 80 degrees centigrade.
A waveform of the pulse voltage is as indicated in FIG. 5 and
is a waveform having a fixed amplitude of £6 V and a duty
cycle that changes. In FIG. 8A, if the temperature of the
mirror optical element 22 is 25 degrees centigrade, the
reflectivity of the mirror optical element 22 changes as
indicated in the characteristic RD(25). In other words, if the
duty cycle is substantially 0% to 3%, the maximum reflec-
tivity is maintained. If the duty cycle is substantially 3% to
20%, the reflectivity is lowered along with rising of the duty
cycle. If the duty cycle is substantially 20% to 50%, the
minimum reflectivity is maintained. This characteristic
changes according to the temperature of the mirror optical
element 22. In other words, a duty cycle for maintaining a
predetermined intermediate reflectivity is lowered when the
temperature of the mirror optical element 22 increases (for
example, the characteristic RD(80)), and is raised when the
temperature decreases (for example, the characteristic RD(-
30)). However, unlike the case of voltage driving, the
characteristic is not one obtained by simply shifting the
characteristic in the duty cycle direction according to the
temperature. More specifically, a characteristic when the
temperature is -30 degrees centigrade is a characteristic
obtained by shifting the characteristic where the temperature
is 25 degrees centigrade in the positive direction with regard
to the duty cycle. On the other hand, a characteristic when
the temperature is 80 degrees centigrade is not a character-
istic obtained by simply shifting the characteristic where the
temperature is 25 degrees centigrade in the negative direc-
tion with regard to the duty cycle, but is a characteristic that
is different in characteristic shape itself from the character-
istic where the temperature is 25 degrees centigrade. In other
words, the characteristic when the temperature is 80 degrees
centigrade is a characteristic in which change in reflectivity
relative to change in duty cycle is small (that is, the gradient
of the characteristic graph is small) in comparison with the
characteristic at 25 degrees centigrade in a range in which
the reflectivity is substantially lower than 25%.

[0061] In response to the characteristic that changes
according to the temperature in this way, for example, the
following temperature control method can be performed. A
duty cycle-reflectivity characteristic for each predetermined
unit temperature is obtained based on tests with regard to a
guaranteed operating temperature range (for example, from
-30 to 80 degrees centigrade) is obtained and stored in a
table in advance. Then, in the antiglare mode, according to
the detected temperature of the mirror optical element 22, a
duty cycle according to a reflectivity instruction value
designated automatically or via a manual operation is read
from the duty cycle-reflectivity characteristic at the relevant
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temperature. Subsequently, the duty cycle of the driving
pulse voltage for the mirror optical element 22 is controlled
to the read value. Hereinafter, this method is referred to as
“table method in pulse voltage driving”. Consequently, in
the antiglare mode, the reflectivity designated by the reflec-
tivity instruction value can be maintained irrespective of
temperature change.

[0062] As another temperature compensation control
method, the following method can be performed. From
among duty cycle-reflectivity characteristics obtained in
advance based on tests for respective predetermined unit
temperatures with regard to a guaranteed operating tempera-
ture range (for example, from —-30 to 80 degrees centigrade),
a duty cycle-reflectivity characteristic at a predetermined
temperature (reference temperature) is stored (that is, stored
in the form of a table or an arithmetic expression) in a
memory in advance as a reference characteristic. In addition
to this, a characteristic for correcting a shift amount of a duty
cycle relative to a temperature is also stored (that is, stored
in the form of a table or an arithmetic expression) in a
memory in advance as a temperature-duty cycle correction
amount characteristic. Then, in the antiglare mode, a cor-
rection amount for a duty cycle is read or calculated from the
temperature-duty cycle correction amount characteristic
according to the detected temperature of the mirror optical
element 22. Subsequently, according to a characteristic
obtained by shifting the reference characteristic in the duty
cycle direction by the correction amount, the duty cycle is
controlled, and thereby the reflectivity of the mirror optical
element 22 is controlled. Hereinafter, this method is referred
to as “shift method in pulse voltage driving”. FIG. 9 indi-
cates an example of the temperature-duty cycle correction
amount characteristic used in the shift method in pulse
voltage driving. Examples of a method for setting the
temperature-duty cycle correction amount characteristic can
include the following two methods.

[0063] Setting method 1: storing duty cycle correction
amounts for respective temperatures in the form of a
table in the memory.

[0064] Setting method 2: storing a temperature-duty
cycle correction amount characteristic in the form of an
arithmetic expression (for example, a set of arithmetic
expressions for respective predetermined temperature
sections) in the memory. For example, it is possible to
set one arithmetic expression for a range from -30
degrees centigrade to a degree centigrade just short of
40 degrees centigrade and set a plurality of arithmetic
expressions for respective units of 10 degrees centi-
grade in a range from 40 to 80 degrees centigrade.

[0065] However, in the case of pulse voltage driving, as
stated above, a duty cycle-reflectivity characteristic in a high
temperature range is not a characteristic obtained by simply
shifting a duty cycle-reflectivity characteristic when the
temperature is low with regard to the duty cycle. Rather, a
shape of the characteristic itself is different from that of the
characteristic when the temperature is low. In other words,
the duty cycle-reflectivity characteristic when the tempera-
ture is high is a characteristic in which change in reflectivity
relative to change in duty cycle is small (that is, the gradient
of the characteristic graph is small) in a range in which the
reflectivity is low in comparison with the characteristic
when the temperature is low. Therefore, according the shift
method in pulse voltage driving, if a reflectivity instruction
value is low, the reflectivity of the mirror optical element 22
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is somewhat changed by a temperature change (that is, a
change from a low temperature to a high temperature or vice
versa) even though the reflectivity instruction value is
unchanged.

[0066] Therefore, in order to curb fluctuation of the reflec-
tivity due to temperature change, switching temperature
compensation control methods between a range in which the
temperature is high and a range in which the temperature is
low is conceivable. Hereinafter, this method is referred to as
“composite method in pulse voltage driving”. In other
words, duty cycle-reflectivity characteristics for respective
predetermined unit temperatures are obtained in advance
based on tests with regard to a guaranteed operating tem-
perature range (for example, from -30 to 80 degrees centi-
grade). Then, the following procedure is performed with
regard to a range in which the temperature is high (first
temperature range), the range having a duty cycle-reflectiv-
ity characteristic that is not a characteristic obtained by
simply shifting in the duty cycle direction according to the
temperature. The duty cycle-reflectivity characteristics for
the respective unit temperatures are stored in advance in the
form of a table. According to the detected temperature of the
mirror optical element 22, a duty cycle corresponding to a
reflectivity instruction value is read from the duty cycle-
reflectivity characteristic at the relevant temperature. The
duty cycle of the driving pulse voltage for the mirror optical
element 22 is controlled to the read value (first temperature
compensation control). On the other hand, the following
procedure is performed with regard to a range in which the
temperature is low (second temperature range), the range
having duty cycle-reflectivity characteristics substantially
shifted from each other in the duty cycle direction according
to the temperature. A duty cycle-reflectivity characteristic at
a predetermined temperature (reference temperature) within
the temperature range is stored as a reference characteristic
in the memory (that is, stored in the form of a table or an
arithmetic expression) in advance. In addition to this, a
characteristic for correcting a shift amount of a duty cycle
relative to a temperature is also stored (that is, stored in the
form of a table or an arithmetic expression) in a memory in
advance as a temperature-duty cycle correction amount
characteristic. Then, according to the detected temperature
of the mirror optical element 22, a correction amount for a
duty cycle is read or calculated from the temperature-duty
cycle correction amount characteristic. According to a char-
acteristic obtained by shifting the reference characteristic in
the duty cycle direction by the correction amount, the duty
cycle is controlled, and thereby the reflectivity of the mirror
optical element 22 is controlled (second temperature com-
pensation control). In this way, according to the composite
method in pulse voltage driving, fluctuation of the reflec-
tivity due to temperature change can be curbed in compari-
son with the shift method in pulse voltage driving, by
switching temperature compensation control methods
between the range in which the temperature is high and the
range in which the temperature is low (temperature at which
control methods are switched is referred to as “control
switching temperature”).

[0067] As a specific example of the composite method in
pulse voltage driving, examples of the reference character-
istic and the temperature-duty cycle correction amount char-
acteristic each obtained based on the duty cycle-reflectivity
characteristic in FIG. 8A and an example of reflectivity
control of the mirror optical element 22 performed based on
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the obtained characteristics will be described. Duty cycle-
reflectivity characteristics for respective predetermined unit
temperatures are obtained in advance based on tests with
regard to a guaranteed operating temperature range (for
example, from -30 to 80 degrees centigrade). As a result, for
example, if characteristics in a range less than 25 degrees
centigrade are substantially characteristics each obtained by
shifting a characteristic at 25 degrees centigrade in the duty
cycle direction, it is possible to set 25 degrees centigrade as
the reference temperature. Where 25 degrees centigrade is
set as the reference temperature, duty cycle-reflectivity
characteristics for respective unit temperatures are stored in
advance in the form of a table with regard to a temperature
range of no less than 25 degrees centigrade (first temperature
range) in the entire guaranteed operating temperature range.
From among the stored characteristics, the characteristic
RD(25) at 25 degrees centigrade in FIG. 8A is the reference
characteristic. On the other hand, as a temperature-duty
cycle correction amount characteristic relative to the refer-
ence characteristic RD(25), a characteristic obtained based
on results of the aforementioned tests (for example, the
temperature-duty cycle correction amount characteristic
indicated in FIG. 10) is set in advance in the memory with
regard to a temperature range less than 25 degrees centi-
grade (second temperature range) in the entire guaranteed
operating temperature range. Examples of a method for
setting the temperature-duty cycle correction amount char-
acteristic can include setting methods 1 and 2 described
above.

[0068] FIG. 8B schematically indicates examples of tem-
perature compensation operation for the duty cycle-reflec-
tivity characteristic. If the detected temperature of the mirror
optical element 22 is 25 degrees centigrade or more, accord-
ing to the detected temperature of the mirror optical element
22, a duty cycle corresponding to a reflectivity instruction
value is read from the duty cycle-reflectivity characteristic at
the relevant temperature and the duty cycle of the driving
pulse voltage for the mirror optical element 22 is controlled
to the read value. For example, if the detected temperature
of the mirror optical element 22 is 80 degrees centigrade, a
duty cycle for achieving the reflectivity instruction value is
obtained from the duty cycle-reflectivity characteristic
RD(80) at 80 degrees centigrade in FIG. 8B and the duty
cycle of the driving pulse voltage for the mirror optical
element 22 is controlled to the obtained value (first tem-
perature compensation control). Likewise, if the detected
temperature of the mirror optical element 22 is a temperature
t between 25 degrees centigrade and 80 degrees centigrade,
a duty cycle for achieving the reflectivity instruction value
is obtained from a duty cycle-reflectivity characteristic
RD(t) at the detected temperature of the mirror optical
element 22 and the duty cycle of the driving pulse voltage
for the mirror optical element 22 is controlled to the obtained
value.

[0069] On the other hand, if the detected temperature of
the mirror optical element 22 is less than 25 degrees centi-
grade, the following procedure is performed. According to
the detected temperature of the mirror optical element 22, a
duty cycle correction amount for the relevant temperature is
obtained from the temperature-duty cycle correction amount
characteristic (that is, obtained by being read from the table
or calculation of the arithmetic expression). A duty cycle for
achieving the reflectivity instruction value is obtained based
on a characteristic obtained by shifting the reference char-
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acteristic for the duty cycle-reflectivity characteristic in the
duty cycle direction by the correction amount. The duty
cycle of the driving pulse voltage for the mirror optical
element 22 is controlled to the obtained value. For example,
if the detected temperature of the mirror optical element 22
is =30 degrees centigrade, the following procedure is per-
formed. A duty cycle correction amount AD(-30) at -30
degrees centigrade is obtained from the temperature-duty
cycle correction amount characteristic in FIG. 10. Using the
characteristic RD(-30)' in FIG. 8B obtained by shifting the
reference characteristic RD(25) in FIG. 8B in the positive
direction by AD(-30) with regard to the duty cycle, a duty
cycle for achieving the reflectivity instruction value is
obtained from the characteristic RD(-30)". The duty cycle of
the driving pulse voltage for the mirror optical element 22 is
controlled to the obtained value (second temperature com-
pensation control). Likewise, if the detected temperature of
the mirror optical element 22 is a temperature t between -30
degrees centigrade and 25 degrees centigrade, the following
procedure is performed. A duty cycle correction amount
AD(t) at the temperature t is obtained from the temperature-
duty cycle correction amount characteristic in FIG. 10.
Using a characteristic RD(t)' obtained by shifting the refer-
ence characteristic RD(25) in FIG. 8B in the negative
direction by AD(t) with regard to the duty cycle, a duty cycle
for achieving the reflectivity instruction value is obtained
from the characteristic RD(t)". The duty cycle of the driving
pulse voltage for the mirror optical element 22 is controlled
to the obtained value.

[0070] With the above duty cycle control using the com-
posite method in pulse voltage driving, the reflectivity
designated by the reflectivity instruction value is substan-
tially achieved with regard to the mirror optical element 22
irrespective of temperature change in the entire guaranteed
operating temperature range.

[0071] A control system configuration of the electronic
inner mirror 10 will be described with reference to FIG. 1.
In this embodiment, a case where the composite method in
pulse voltage driving is used will be described. In other
words, based on the characteristics in FIGS. 8A, 8B and 10,
the duty cycle of the driving pulse voltage for the mirror
optical element 22 is controlled with 25 degrees centigrade
set as the reference temperature. In this embodiment, the
control switching temperature is set to be equal to the
reference temperature. A rear camera 86 is a color video
camera installed at a center position in the right-left direc-
tion of an outer rear portion of the vehicle with an optical
axis horizontally set toward the vehicle rear side. An image
of the vehicle rear side, the image being picked up by the
rear camera 86 in the monitor mode, is subjected to neces-
sary signal processing by a drawing circuit 88 and then
supplied to the monitor display device 20 and displayed on
the monitor display device 20 in real time. Here, the tem-
perature sensor 30 is formed of a thermistor. A temperature
detection circuit 90 converts a resistance value of the
temperature sensor 30 into a voltage of a value correspond-
ing to the resistance value (that is, a value corresponding to
a detected temperature). The microcomputer 92 performs
switching control of the operation mode (automatic anti-
glare/manual antiglare/antiglare off) based on an arbitrary
operation mode switching operation by the driver. In other
words, the microcomputer 92 (control circuit) receives vari-
ous signals and performs, e.g., on/off control and luminance
control of the monitor display device 20 and duty cycle
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control of the driving pulse voltage for the mirror optical
element 22. An output voltage of the temperature detection
circuit 90 is input to an analog port of the microcomputer 92
and subjected to A/D conversion. In the monitor mode, a
signal resulting from the A/D conversion is used for tem-
perature control of the monitor display device 20 and display
quality-related temperature compensation control. Also, in
the antiglare mode of the mirror mode, the signal resulting
from the A/D conversion is used for temperature compen-
sation control for the reflectivity of the mirror optical
element 22. An ambient light sensor 94 detects an amount of
light around the vehicle. A rear light sensor 96 detects an
amount of light behind the vehicle. The ambient light sensor
94 and the rear light sensor 96 are mounted, for example, in
the housing 12 (FIG. 2) of the electronic inner mirror 10. In
other words, the ambient light sensor 94 is mounted in the
housing 12 so as to face toward the vehicle front side and the
rear light sensor 96 is mounted in the housing 12 so as to
face toward the vehicle rear side. Based on the detected
ambient light amount and the detected rear light amount, a
signal processing circuit 98 performs antiglare necessity
determination processing and processing for outputting
reflectivity instruction value information if it is determined
in the processing that “antiglare is necessary”. In other
words, if the ambient light amount is equal to or exceeds a
predetermined value (if it can be regarded as daytime),
antiglare is unnecessary, and thus, the signal processing
circuit 98 outputs a signal of determination that “antiglare is
unnecessary”, irrespective of whether the rear light amount
is large or small. If the ambient light amount is smaller than
the predetermined value (it can be regarded as night-time),
the determination changes according to the rear light
amount. In other words, if the rear light amount is smaller
than a predetermined value, antiglare is unnecessary, and
thus, the signal processing circuit 98 outputs a signal of
determination that “antiglare is unnecessary”. If the rear
light amount is equal to or exceeds the predetermined value
(for example, if intense light of headlamps of a vehicle
behind the relevant vehicle is received), antiglare is neces-
sary, and thus, the signal processing circuit 98 outputs a
signal of determination that “antiglare is necessary”. Fur-
thermore, if it is determined that “antiglare is necessary”,
based on the detected ambient light amount and the detected
rear light amount, the signal processing circuit 98 obtains
information indicating an instruction value of a reflectivity
enabling achievement of a proper antiglare state (adjustment
target reflectivity value) (reflectivity instruction value infor-
mation) according to a combination of these light amounts
via a predetermined arithmetic operation or with reference to
atable provided in advance and outputs the information. The
proper antiglare state according to a combination of these
light amounts is a state in which if the ambient light amount
is constant, as the rear light amount is larger, the reflectivity
is lowered more by raising the duty cycle of the driving
pulse voltage for the mirror optical element 22 more, and if
the rear light amount is constant, as the ambient light amount
is smaller, the reflectivity is lowered more by raising the
duty cycle more. Consequently, an antiglare state in which
excessive hindrance of viewability of a rear-side image is
prevented and glare of reflected light can be reduced can be
provided to the driver. The antiglare necessity determination
signal is input to the microcomputer 92, and in the automatic
antiglare mode of the mirror mode, is used for control of
automatic switching between a non-antiglare state (state in



US 2021/0215961 Al

which the duty cycle of the pulse voltage is fixed at 0%) and
an antiglare state (state in which the duty cycle of the pulse
voltage changes in a range from 0% to 50% (or a range that
is narrower than the range)). Also, the reflectivity instruction
value information is input to the microcomputer 92, and in
the automatic antiglare mode of the mirror mode, is used as
information of a reflectivity instruction value for control for
changing the reflectivity.

[0072] A duty cycle characteristic memory 100 stores duty
cycle-reflectivity characteristics at respective unit tempera-
tures in the form of a table with regard to a temperature
range of no less than 25 degrees centigrade in the entire
guaranteed operating temperature range (for example, from
-30 to 80 degrees centigrade). The duty cycle characteristic
memory 100 stores no duty cycle-reflectivity characteristics
with regard to a temperature range less than 25 degrees
centigrade. Consequently, in the antiglare mode (the auto-
matic antiglare mode or the manual antiglare mode), a
reflectivity of the mirror optical element 22, the reflectivity
being designated by reflectivity instruction value informa-
tion, can be achieved with regard to the temperature range
of no less than 25 degrees centigrade irrespective of the
temperature of the mirror optical element 22. Note that in
this embodiment, the duty cycle-reflectivity characteristic at
25 degrees centigrade is used as the reference characteristic
for the duty cycle-reflectivity characteristic.

[0073] A duty cycle correction amount characteristic
memory 101 stores (that is, stores, in the form of a table or
an arithmetic expression) the temperature-duty cycle cor-
rection amount characteristic relative to the duty cycle-
reflectivity characteristic at the reference temperature (25
degrees centigrade) (that is, the duty cycle correction
amount at the reference temperature set to 0%) with regard
to the temperature range less than 25 degrees centigrade in
the entire guaranteed operating temperature range. The duty
cycle correction amount characteristic memory 101 stores
no temperature-duty cycle correction amount characteristic
with regard to the temperature range of no less than 25
degrees centigrade.

[0074] The reflectivity control of the mirror optical ele-
ment 22 by the microcomputer 92 in the antiglare mode will
be described.

(Control for Output of Reflectivity Instruction Value)

[0075] In the automatic antiglare mode: a reflectivity
instruction value according to a combination of the
ambient light amount and the rear light amount is
output from the signal processing circuit 98.

[0076] In the manual antiglare mode: a reflectivity
instruction value according to a change operation (e.g.,
a manual operation or a voice operation) is input.

(Reflectivity Control)

[0077] If the temperature detected by the temperature
sensor 30 is equal to or exceeds the reference tempera-
ture (25 degrees centigrade): the following is per-
formed as first temperature compensation control.
According to the temperature detected by the tempera-
ture sensor 30, information of a duty cycle according to
the reflectivity instruction value is read in real time
from the duty cycle-reflectivity characteristic at the
relevant temperature, which is stored in the duty cycle
characteristic memory 100. The duty cycle of the pulse
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voltage applied to the mirror optical element 22 is set
in real time to the duty cycle according to the read
information. The mirror optical element 22 is driven by
the pulse voltage. As a result, the reflectivity of the
mirror optical element 22 is controlled to the instruc-
tion value irrespective of temperature change.

[0078] If the temperature detected by the temperature
sensor 30 is lower than the reference temperature: the
following is performed as second temperature compen-
sation control. Information of a duty cycle according to
the reflectivity instruction value is read from the duty
cycle-reflectivity characteristic at the reference tem-
perature (25 degrees centigrade), which is stored in the
duty cycle characteristic memory 100. Concurrently,
information of a duty cycle correction amount accord-
ing to the temperature detected by the temperature
sensor 30 is read or calculated from the temperature-
duty cycle correction amount characteristic stored in
the duty cycle correction amount characteristic
memory 101. Information of a corrected duty cycle
obtained by shifting (increasing/decreasing) the infor-
mation of the duty cycle read from the duty cycle
characteristic memory 100 by the information of the
duty cycle correction amount read or calculated from
the temperature-duty cycle correction amount charac-
teristic stored in the duty cycle correction amount
characteristic memory 101 is obtained. The duty cycle
of the pulse voltage applied to the mirror optical
element 22 is set to a duty cycle according to the
information of the corrected duty cycle. The mirror
optical element 22 is driven by the pulse voltage. As a
result, the reflectivity of the mirror optical element 22
is controlled to the instruction value irrespective of
temperature change.

[0079] A display quality-related temperature compensa-
tion characteristic memory 102 stores (that is, stores, in the
form of a table or an arithmetic expression) a characteristic
for obtaining predetermined display quality (that is, a chro-
maticity or the like) in the monitor mode irrespective of the
temperature of the monitor display device 20. This charac-
teristic is a characteristic for adjusting a driving voltage for
the color liquid-crystal panel according to a display signal
(that is, a level of a driving signal according to a display
signal) according to the temperature. In the monitor mode,
based on a temperature detection signal obtained from the
temperature detection circuit 90, a relevant adjustment
amount is read or calculated by the microcomputer 92 from
characteristic stored in the display quality-related tempera-
ture compensation characteristic memory 102. In addition,
e.g., an operation mode switching signal, an antiglare mode
switching signal and a light turn-on signal are input to the
microcomputer 92. The operation mode switching signal is
a signal for switching between the monitor mode and the
mirror mode and is a signal according to an operation mode
switching operation by the driver. The antiglare mode
switching signal is a signal for switching operation modes to
any of the automatic antiglare mode, the manual antiglare
mode and the antiglare-off mode and is a signal according to
an antiglare mode switching operation by the driver. The
light turn-on signal is a signal indicating that clearance
lamps or headlamps are on. A monitor display control
section 104 performs the on/off control and the luminance
control (that is, temperature control) of the monitor display
device 20 and display quality-related temperature compen-
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sation control based on control signals for the monitor
display device 20, which are output from the microcomputer
92. A mirror optical element driving circuit 106 performs
duty cycle control of the driving pulse voltage for the mirror
optical element 22 based on a control signal for the mirror
optical element 22, which is output from the microcomputer
92. Note that the duty cycle characteristic memory 100, the
duty cycle correction amount characteristic memory 101 and
the display quality-related temperature compensation char-
acteristic memory 102 can be provided within a same
memory element.

[0080] A backlight driving circuit 105 performs on/off
control of the backlight 26 (FIG. 2) of the monitor display
device 20 and luminance control during the backlight 26
being on, by means of PWM control of a driving current for
the backlight 26 (here, the white light-emitting diodes). In
other words, in the mirror mode, a duty cycle of the driving
current is set at 0% to turn the backlight 26 off. In the
monitor mode, the duty cycle of the driving current is raised
to be equal to or exceed a predetermined value to turn the
backlight 26 on. Also, in the monitor mode, according to
switching between night-time and daytime and the tempera-
ture detected by the temperature sensor 30, switching of the
duty cycle of the driving current is performed. In other
words, at night-time, the duty cycle is lowered to reduce
glare of a monitor image, and at daytime, the duty cycle is
raised to enhance viewability of a monitor image. Here,
switching between night-time and daytime is performed
based on whether or not the lamps (the clearance lamps and
the headlamps) are on. Also, if the temperature detected by
the temperature sensor 30 exceeds a predetermined value,
the duty cycle is lowered to, for example, a duty cycle for
night-time to curb a further temperature increase.

[0081] The contents of control of the electronic inner
mirror 10 during respective operations by the microcom-
puter 92 in the control system configuration in FIG. 1 will
be described with reference to FIG. 11. Upon an ignition
power supply of the vehicle being turned on (S1), a currently
set operation mode is determined (S2). As a result of the
determination, if the monitor mode is set (“YES” in S2), the
monitor display device 20 is turned on (the backlight 26 is
turned on) (S3). Also, the mirror optical element 22 is driven
with the duty cycle fixed at 50% to enter a transmissive state
(S4). At this time, since the mirror optical element 22 only
needs to be driven with the duty cycle fixed at 50%,
temperature compensation control for the reflectivity is
unnecessary and is not performed with regard to the mirror
optical element 22. An image of an area behind the vehicle,
the image being picked up by the rear camera 86, is
displayed on the monitor display device 20, and the image
penetrates the mirror optical element 22 and reaches the
viewpoint 18 of the driver. Consequently, the driver can
drive the vehicle while checking the image. In the monitor
mode, temperature detection by the temperature sensor 30 is
repeatedly performed (S5). Then, known display quality-
related temperature compensation control is performed
according to the detected temperature (S6). Examples of this
temperature compensation control include, e.g., transmis-
sivity correction control by adjusting a level of the driving
signal for the monitor display device 20, the driving signal
corresponding to a display signal, and chromaticity correc-
tion control described in Japanese Patent Laid-Open No.
2000-267629. Furthermore, if the detected temperature is
equal to or below a temperature that is a criterion for
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determining that the monitor display device 20 is in an
overheated state (“NO” in S7) and the lamps (the clearance
lamps and the headlamps) are off (“NO” in S8), the lumi-
nance of the backlight 26 is set to “high” (S9). On the other
hand, if the detected temperature is equal to or below the
temperature that is the criterion for determining that the
monitor display device 20 is in an overheated state (“NO” in
S7) and the lamps (the clearance lamps or the headlamps)
are on (“YES” in S8), the luminance of the backlight 26 is
set to “low” (night-time mode) (S10) to reduce glare of
monitor display. Also, if the detected temperature exceeds
the temperature that is the criterion for determining that the
monitor display device 20 is in an overheated state (“YES”
in S7), the luminance of the backlight 26 is set to “low”
(luminance that is the same as or different from that in the
night-time mode) (S11) to curb a further temperature
increase. Note that with regard to steps S8 to S10, instead of
monitor luminance control according to whether or not the
lamps are on, control in which the monitor luminance is
changed in a stepwise manner or continuously according to
an ambient light amount detected by an ambient light sensor
(for example, the ambient light sensor 94 in FIG. 1) (as the
ambient light amount is larger, the luminance is made to be
higher).

[0082] If the operation mode is switched to the mirror
mode via a mode switching operation by the driver (“NO”
in S2), the monitor display device 20 is turned off (backlight
26 is turned off) (S12). Then, whether or not an antiglare
condition (condition for providing the antiglare state) is met
is determined (S13).

[0083] In other words, a state meeting any of (a), (b) and
(c) below should be the “non-antiglare” state:

(a) The antiglare-off mode is set;

(b) The automatic antiglare mode is set and the ambient light
amount is equal to or exceeds a predetermined value; and

(c) The automatic antiglare mode is set, the ambient light
amount is smaller than a predetermined value and the rear
light amount is smaller than a predetermined value.

[0084] On the other hand, a state meeting either of (d) and
(e) below should be the “antiglare™ state:

(d) The manual antiglare mode is set; and

(e) The automatic antiglare mode is set, the ambient light
amount is smaller than a predetermined value and the rear
light amount is equal to or exceeds a predetermined value.
[0085] Therefore, if the antiglare-off mode is set (“YES”
in S13, which corresponds to (a) above), the mirror optical
element 22 is driven with the duty cycle fixed at 0% (S16).
At this time, since the mirror optical element 22 only needs
to be driven with the duty cycle fixed at 0%, the temperature
compensation control for the reflectivity is unnecessary and
is not performed with regard to the mirror optical element
22.

[0086] On the other hand, where the automatic antiglare
mode is set (“NO” in S13 and “automatic” in S14), if the
relevant antiglare condition is met (“YES” in S15, which
corresponds to (e) above), a reflectivity instruction value is
automatically calculated based on the ambient light amount
and the rear light amount (S17). At this time, the temperature
is repeatedly detected by the temperature sensor 30 (S18). If
the detected temperature is equal to or exceeds the control
switching temperature (“YES” in S19), information of a
duty cycle corresponding to the reflectivity instruction value
is read in real time from the duty cycle-reflectivity charac-
teristic at the detected temperature, which is stored in the
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duty cycle characteristic memory 100, to drive the mirror
optical element 22 with the relevant duty cycle (S20). On the
other hand, if the detected temperature is lower than the
control switching temperature (“NO” in S19), information
of a duty cycle corresponding to the reflectivity instruction
value is read from the reference characteristic (duty cycle-
reflectivity characteristic at 25 degrees centigrade) stored in
the duty cycle characteristic memory 100. Also, a duty cycle
correction amount according to the detected temperature is
read or calculated in real time from the temperature-duty
cycle correction amount characteristic stored in the duty
cycle correction amount characteristic memory 101. Then, a
corrected duty cycle obtained by correcting the read duty
cycle using the read or calculated duty cycle correction
amount is calculated in real time, and the mirror optical
element 22 is driven with the corrected duty cycle (S21). The
above control provides a reflectivity of the mirror optical
element 22, the reflectivity substantially meeting the calcu-
lated reflectivity instruction value, in the automatic antiglare
mode irrespective of temperature change.

[0087] Also, if the manual antiglare mode is set (“manual”
in S14), a reflectivity instruction value designated via a
change operation by the driver is input (S22). At this time,
the temperature is repeatedly detected by the temperature
sensor 30 (S18). If the detected temperature is equal to or
exceeds the control switching temperature (“YES” in S19),
information of a duty cycle corresponding to the reflectivity
instruction value is read in real time from the duty cycle-
reflectivity characteristic at the detected temperature, which
is stored in the duty cycle characteristic memory 100. Then,
the mirror optical element 22 is driven with the relevant duty
cycle (S20). On the other hand, if the detected temperature
is lower than the control switching temperature (“NO” in
S19), information of a duty cycle corresponding to the
reflectivity instruction value is read from the reference
characteristic stored in the duty cycle characteristic memory
100. Also, a duty cycle correction amount according to the
detected temperature is read or calculated in real time from
the temperature-duty cycle correction amount characteristic
stored in the duty cycle correction amount characteristic
memory 101. Then, a corrected duty cycle obtained by
correcting the read duty cycle using the read or calculated
duty cycle correction amount is calculated in real time and
the mirror optical element 22 is driven with the corrected
duty cycle (S21). The above control provides a reflectivity of
the mirror optical element 22, the reflectivity substantially
meeting the designated reflectivity instruction value, in the
manual antiglare mode irrespective of temperature change.
Note that FIG. 11 indicates the content of control according
to the composite method in pulse voltage driving. On the
other hand, in the case of the table method in pulse voltage
driving, instead of steps S19 to S21, according to the
temperature of the mirror optical element 22, the tempera-
ture being detected in step S18, a duty cycle is read, the duty
cycle corresponding to a reflectivity instruction value des-
ignated automatically or via a manual operation from the
duty cycle-reflectivity characteristic at the relevant tempera-
ture. Then, the duty cycle of the driving pulse voltage for the
mirror optical element 22 is controlled to the read value.
Also, in the case of the shift method in pulse voltage driving,
instead of steps S19 to S21, according to the temperature of
the mirror optical element 22, the temperature being
detected in step S18, a duty cycle correction amount is read
or calculated from the temperature-duty cycle correction
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amount characteristic. Then, according to a characteristic
obtained by shifting the reference characteristic in the duty
cycle direction by the correction amount, the duty cycle is
controlled, and thereby the reflectivity of the mirror optical
element 22 is controlled.

[0088] The above control is continued during the ignition
power supply of the vehicle being on (“NO” in S23). If the
ignition power supply of the vehicle is turned off (“YES” in
S23), the control ends (S24). In a state in which the ignition
power supply of the vehicle is off, the monitor display
device 20 is off and the mirror optical element 22 is in a state
that is substantially the same as the antiglare-off mode, and
thus, a rear view function by the physical mirror is ensured.
Also, in case that the electronic inner mirror 10 fails and no
power is supplied even though the ignition power supply of
the vehicle is on, also, the monitor display device 20 is
turned off, and the mirror optical element 22 enters a state
that is substantially the same as the antiglare-off mode, and
thus, the rear view function by the physical mirror is
ensured.

[0089] Although in the above embodiment, the duty cycle
in the antiglare mode is changed in a range from 0% to 50%,
the duty cycle can be changed in a narrower range (for
example, from 10% to 40%) within the range from 0% to
50%.

[0090] Although in the above embodiment, the mirror
optical element is configured in such a manner that as the
duty cycle of the applied pulse voltage is higher, the reflec-
tivity is lower, conversely, the mirror optical element can be
configured in such a manner that as the duty cycle of the
applied pulse voltage is higher, the reflectivity is higher.
[0091] Although in the above embodiment, the amplitude
of the PWM voltage is fixed, the amplitude can be variable
(for example, can be varied in a plurality of steps such as two
steps).

[0092] Although in the above embodiment, the duty cycle
characteristic memory 100 stores the characteristic of the
reflectivity of the mirror optical element 22 relative to the
duty cycle of the pulse signal applied to the mirror optical
element 22, instead, the duty cycle characteristic memory
100 can store a characteristic of the transmissivity relative to
the duty cycle.

[0093] Although the above embodiment has been
described in terms of a case where the duty cycle charac-
teristic memory 100 stores the duty cycle-reflectivity char-
acteristics in the form of a table, the duty cycle characteristic
memory 100 can be configured to store the duty cycle-
reflectivity characteristics in the form of an arithmetic
expression.

[0094] Although in the above embodiment, as a tempera-
ture sensor, a variable resistance-type temperature sensor
(that is, a thermistor) is used, this invention is not limited to
this example. In other words, a semiconductor-type tem-
perature sensor or any of various other temperature sensors
can be used.

[0095] Although in the above embodiment, an installation
position of the temperature sensor is the inner side of the
frame body of the monitor display device, this invention is
not limited to this example. In other words, the temperature
sensor can be installed on the outer side of the frame body
of'the monitor display device or any of other places at which
a temperature of the monitor display device can be detected.
[0096] Although in the above embodiment, the installation
position of the temperature sensor is the upper edge of the
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frame body, this invention is not limited to this example, and
the temperature sensor can be installed at, e.g., a side edge
or a lower edge of the frame body. Installation of the
temperature sensor close to the light source of the backlight
that becomes hottest in the monitor display device enables
curbing a part of the monitor display device locally entering
an overheated state.

[0097] Although in the above embodiment, the mirror
optical element is formed of a TN-type liquid-crystal panel
with a reflection-type polarizer disposed on the back side
thereof, the mirror optical element used in this invention is
not limited to this example. In other words, any of other
mirror optical elements in which a reflectivity and a trans-
missivity are changed in respective directions opposite to
each other by electric driving can be used.

[0098] Although in the above embodiment, the luminance
of the backlight is switched between two levels, high and
low, according to the detected temperature of the monitor
display device, this invention is not limited to this example.
In other words, control for changing the luminance of the
backlight in multiple steps or steplessly can be performed
according to the detected temperature of the monitor display
device. Also, the backlight can be configured in such a
manner that the luminance of the backlight can be variably
adjusted via an operation by a user.

[0099] Although in the above embodiment, the control
circuit is formed of a microcomputer, this invention is not
limited to this example and the control circuit can be formed
by a combination of a plurality of circuit elements.

[0100] Although in the above embodiment, switching
between the monitor mode and the mirror mode is per-
formed with regard to the entire viewed surface of the inner
mirror, this invention is not limited to this example. For
example, like the inner mirror described in Japanese Patent
No. 4348061, it is possible to dispose a monitor display
device only at a partial area of a viewed surface and
performs switching between a monitor mode and a mirror
mode only with regard to the partial area.

[0101] Although in the above embodiment, the liquid-
crystal of the monitor display device is IPS-type liquid-
crystal, this invention is not limited to this example, and the
liquid-crystal of the monitor display device may be FSS
(fringe-field switching)-type liquid-crystal, VA (vertical
alignment)-type liquid-crystal or TN-type liquid-crystal.
[0102] Although the embodiment has been described in
terms of a case where this invention is applied to an inner
mirror for a vehicle, this invention is not limited to this case
and is applicable to mirror display apparatuses for various
purposes, the mirror display apparatuses having a monitor
mode and a mirror mode.

What is claimed is:

1. A mirror display apparatus comprising a monitor dis-
play device, a mirror optical element disposed on a front side
of a display surface of the monitor display device, and a
control circuit, wherein:

the mirror optical element includes a liquid-crystal panel

with a reflection-type polarizer disposed on a back side
thereof,

the mirror optical element is an element having a reflec-

tivity and a transmissivity that are changed in respec-
tive directions opposite to each other via electric driv-
ing using a voltage applied to the liquid-crystal panel so
that the element can be changed into a transmissive
state in which the reflectivity is low and the transmis-
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sivity is high, relatively, a reflector state in which the
reflectivity is high and the transmissivity is low, rela-
tively, and a reflectivity-reduced reflector state between
these states, in a stepwise manner or steplessly, and
reversibly,

the control circuit is configured to be capable of perform-
ing operation mode switching control to set an opera-
tion mode of the mirror display apparatus by perform-
ing switching between a monitor mode and a mirror
mode,

the monitor mode is an operation mode including at least
an operating state in which the monitor display device
is set in a display state and the mirror optical element
is set in the transmissive state,

the mirror mode is an operation mode including at least an
operating state in which the monitor display device is
set in a non-display state and the mirror optical element
is set in the reflector state or the reflectivity-reduced
reflector state, and

the control circuit is configured to be capable of perform-
ing reflectivity and transmissivity change control to use
a pulse voltage as the voltage applied to the liquid-
crystal panel and change a duty cycle of the pulse
voltage to change the reflectivity and the transmissivity
of the mirror optical element.

2. The mirror display apparatus according to claim 1,

wherein:

the mirror display apparatus includes a temperature sen-
sor; and

the control circuit is configured to be capable of, in the
mirror mode in which the mirror optical element is set
in the reflectivity-reduced reflector state, performing
temperature compensation control to adjust the duty
cycle of the pulse voltage applied to the liquid-crystal
panel according to a temperature detected by the tem-
perature sensor to curb fluctuation in reflectivity of the
mirror display apparatus due to temperature.

3. The mirror display apparatus according to claim 2,
comprising a duty cycle characteristic memory that with
regard to a duty cycle-reflectivity or transmissivity charac-
teristic that is a characteristic of the reflectivity or the
transmissivity of the mirror optical element relative to the
duty cycle of the pulse voltage, stores a plurality of the duty
cycle-reflectivity or transmissivity characteristics according
to temperatures,

wherein the control circuit is configured to be capable of
performing temperature compensation control to,
according to the temperature detected by the tempera-
ture sensor, adjust the duty cycle of the pulse voltage
based on the duty cycle-reflectivity or transmissivity
characteristic at the relevant temperature, as the tem-
perature compensation control.

4. The mirror display apparatus according to claim 2,

comprising:

a duty cycle characteristic memory that with regard to a
duty cycle-reflectivity or transmissivity characteristic
that is a characteristic of the reflectivity or the trans-
missivity of the mirror optical element relative to the
duty cycle of the pulse voltage, stores a reference
characteristic that is the duty cycle-reflectivity or trans-
missivity characteristic at a predetermined reference
temperature; and

a duty cycle correction amount characteristic memory that
stores a temperature-duty cycle correction amount
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characteristic for correcting an amount of shift of the
duty cycle in the reference characteristic due to a
temperature change relative to the reference character-
istic, the temperature-duty cycle correction amount
characteristic being a characteristic of a correction
amount for the duty cycle relative to a temperature,

wherein the control circuit is configured to be capable of
performing temperature compensation control to obtain
a correction amount for the duty cycle from the tem-
perature-duty cycle correction amount characteristic
according to the temperature detected by the tempera-
ture sensor, and adjust the duty cycle of the pulse
voltage based on a characteristic obtained by shifting
the duty cycle in the reference characteristic by the
obtained correction amount, as the temperature com-
pensation control.

5. The mirror display apparatus according to claim 2,
comprising:

a duty cycle characteristic memory that with regard to a
duty cycle-reflectivity or transmissivity characteristic
that is a characteristic of the reflectivity or the trans-
missivity of the mirror optical element relative to the
duty cycle of the pulse voltage, stores a plurality of the
duty cycle-reflectivity or transmissivity characteristics
according to temperatures; and

a duty cycle correction amount characteristic memory that
stores a temperature-duty cycle correction amount
characteristic for, relative to a reference characteristic
of the duty cycle-reflectivity or transmissivity charac-
teristics, the reference characteristic being the duty
cycle-reflectivity or transmissivity characteristic at a
predetermined reference temperature, correcting an
amount of shift of the duty cycle in the reference
characteristic due to a temperature change, the tem-
perature-duty cycle correction amount characteristic
being a characteristic of a correction amount for the
duty cycle relative to a temperature,

wherein the control circuit is configured to be capable of,
if the temperature detected by the temperature sensor is
in a predetermined first temperature range, performing
first temperature compensation control to, according to
the temperature detected by the temperature sensor,
adjust the duty cycle of the pulse voltage based on the
duty cycle-reflectivity or transmissivity characteristic
at the relevant temperature, and if the temperature
detected by the temperature sensor is in a predeter-
mined second temperature range that is lower than the
first temperature range, performing second temperature
compensation control to obtain a correction amount for
the duty cycle from the temperature-duty cycle correc-
tion amount characteristic according to the temperature
detected by the temperature sensor and adjust the duty
cycle of the pulse voltage based on a characteristic
obtained by shifting the duty cycle in the reference
characteristic by the obtained correction amount, as the
temperature compensation control.

6. The mirror display apparatus according to claim 5,
wherein the control circuit is configured to be capable of, if
the temperature detected by the temperature sensor is equal
to or exceeds a predetermined control switching tempera-
ture, performing the first temperature compensation control,
and if the temperature detected by the temperature sensor is
lower than the control switching temperature, performing
the second temperature compensation control.

17

Jul. 15, 2021

7. The mirror display apparatus according to claim 6,
wherein the control switching temperature is set to be equal
to the reference temperature.

8. The mirror display apparatus according to claim 5,
wherein the duty cycle characteristic memory stores the duty
cycle-reflectivity or transmissivity characteristic with regard
to a temperature in the first temperature range and does not
store the duty cycle-reflectivity or transmissivity character-
istic with regard to a temperature in the second temperature
range.

9. The mirror display apparatus according to claim 5,
wherein the control circuit is configured to be capable of
performing the second temperature compensation control
only for a temperature range in which the duty cycle-
reflectivity or transmissivity characteristics can be regarded
as characteristics with the respective duty cycles shifted
from each other.

10. The mirror display apparatus according to claim 2,
wherein the control circuit is configured to be capable of, in
the mirror mode in which the mirror optical element is set in
the reflector state, performing control to set the duty cycle of
the pulse voltage applied to the liquid-crystal panel to a fixed
duty cycle that enables the mirror optical element to be
maintained in the reflector state irrespective of the tempera-
ture detected by the temperature sensor.

11. The mirror display apparatus according to claim 2,
wherein the control circuit is configured to be capable of, in
the monitor mode in which the mirror optical element is set
in the transmissive state, performing control to set the duty
cycle of the pulse voltage applied to the liquid-crystal panel
to a fixed duty cycle that enables the mirror optical element
to be maintained in the transmissive state irrespective of the
temperature detected by the temperature sensor.

12. The mirror display apparatus according to claim 2,
wherein the control circuit is configured to be capable of in
the monitor mode, performing temperature control of the
monitor display device by adjusting a luminance of the
monitor display device based on the temperature detected by
the temperature sensor or is configured to be capable of
performing display quality-related temperature compensa-
tion control of the monitor display device by adjusting a
driving state of the monitor display device according to a
display signal based on the temperature detected by the
temperature sensor, or is configured to be capable of per-
forming both the temperature control and the display qual-
ity-related temperature compensation control.

13. The mirror display apparatus according to claim 5,
wherein the control circuit is configured to be capable of, in
the mirror mode in which the mirror optical element is set in
the reflector state, performing control to set the duty cycle of
the pulse voltage applied to the liquid-crystal panel to a fixed
duty cycle that enables the mirror optical element to be
maintained in the reflector state irrespective of the tempera-
ture detected by the temperature sensor.

14. The mirror display apparatus according to claim 5,
wherein the control circuit is configured to be capable of, in
the monitor mode in which the mirror optical element is set
in the transmissive state, performing control to set the duty
cycle of the pulse voltage applied to the liquid-crystal panel
to a fixed duty cycle that enables the mirror optical element
to be maintained in the transmissive state irrespective of the
temperature detected by the temperature sensor.

15. The mirror display apparatus according to claim 5,
wherein the control circuit is configured to be capable of in
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the monitor mode, performing temperature control of the
monitor display device by adjusting a luminance of the
monitor display device based on the temperature detected by
the temperature sensor or is configured to be capable of
performing display quality-related temperature compensa-
tion control of the monitor display device by adjusting a
driving state of the monitor display device according to a
display signal based on the temperature detected by the
temperature sensor, or is configured to be capable of per-
forming both the temperature control and the display qual-
ity-related temperature compensation control.
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