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(57) ABSTRACT

A dial indicator display device according has a needle indi-
cator; a needle moving means for moving the needle indica-
tor; a display panel disposed behind the needle indicator and
capable of displaying an image; and a drive control means for
controlling the needle moving means and driving the display
panel. The drive control means includes a scale display con-
trol means for displaying a scale in a scale display area on the
display panel overlapping the range of needle movement in
plan view, a needle position detection means for detecting the
position of the needle indicator, and an information display
means. The scale display control means segments the scale
display area into a scale area and a no-scale area not including
the scale area based on the needle position detected by the
needle position detection means, and displays a scale for
reading values indicated by the needle indicator only in the
scale area, and the information display means displays infor-
mation in the no-scale area.
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DIAL INDICATOR DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Japanese Patent applications No.(s) 2006-344449
and 2007-226681 are hereby incorporated by reference in
their entirety.

BACKGROUND
[0002] 1. Field of Invention
[0003] The present invention relates generally to a dial

indicator display device for indicating information using ana-
log hands or needle indicators, and relates more particularly
to a dial indicator display device that is used, for example, in
timepieces for indicating the time and in meters for indicating
a measured value.

[0004] 2. Description of Related Art

[0005] Dial indicator display devices that use hands or
needles to indicate information, that is, analog display
devices, are commonly used in analog timepieces, thermom-
eters, pressure gauges, speedometers, and other types of
instrumentation and measuring devices. This type of analog
display device has one or more hands and a dial bearing the
graduations of the scale located behind the hand (like the dial
of a clock).

[0006] An example of this type of display device is the
information display device that renders the dial using a dis-
play device such as a liquid crystal display device as taught in
Japanese Unexamined Patent Appl. Pub. JP-A-2006-242717.
[0007] This information display device displays the time
using an hour hand and minute hand, and displays auxiliary
information using the display device. As the hour hand and
minute hand move with the time, this information display
device moves where the auxiliary information is displayed on
the display device so that the hour hand and minute hand and
the displayed information do not overlap, thereby improving
the readability of the displayed information.

[0008] A problem common to the timepiece taught in JP-A-
2006-242717 and conventional analog timepieces is that
while the numbers shown on the dial are used to read to value
indicated by the hour hand and minute hand, reading the
indicated value when a hand is positioned between two num-
bers is more difficult. This loss of readability is particularly a
problem with measuring instruments and meters that require
accurately reading the indicated value.

[0009] The timepiece taught in JP-A-2006-242717 only
has an hour hand and a minute hand. Ifa second hand is added
the display position of the auxiliary information must be
moved frequently, thus reducing readability and increasing
power consumption as a result of frequently changing the
display. If this information display device is used in a wrist-
watch or other battery-powered device, increased power con-
sumption creates the problem of a shorter battery life.

SUMMARY

[0010] A first object of the invention is therefore to provide
adial indicator display device that improves the readability of
values indicated by the hands.

[0011] A second object of the invention is to provide a dial
indicator display device that improves the readability of both
the values indicated by the hands and the information dis-
played on the display panel when information is displayed on
the display panel.
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[0012] A third object of the invention is to provide a dial
indicator display device that improves the readability of both
the values indicated by the hands and the information dis-
played on the display panel when the hands include an hour
hand, a minute hand, and a second hand.

[0013] A dial indicator display device according to a first
aspect of the invention has a needle indicator; a needle mov-
ing means for moving the needle indicator; a display panel
disposed behind the needle indicator and capable of display-
ing an image; and a drive control means for controlling the
needle moving means and driving the display panel. The drive
control means includes a scale display control means for
displaying a scale in a scale display area on the display panel
overlapping the range of needle movement in plan view, a
needle position detection means for detecting the position of
the needle indicator, and an information display means. The
scale display control means segments the scale display area
into a scale area and a no-scale area not including the scale
area based on the needle position detected by the needle
position detection means, and displays a scale for reading
values indicated by the needle indicator only in the scale area,
and the information display means displays information in
the no-scale area.

[0014] The needle moving means that moves the needle
indicator can use a drive means such as a stepping motor and
a wheel train that is driven rotationally by the drive means.
The needle moving means is not limited to moving the needle
indicator rotationally, and a device that causes the needle
indicator to slide linearly can be used.

[0015] Various types of display devices can be used for the
display panel, including liquid crystal displays, organic EL
(electroluminescent) displays, and EPD (electrophoretic dis-
play) devices. If the display panel displays only a scale and
numbers for the needle indicator, a segment drive display can
be used. However, if a matrix drive display panel is used,
numbers, letters, and other types of information can be freely
displayed in addition to a scale.

[0016] Ifthe area over which the needle indicator can move
is projected onto the surface of the display panel, the scale
display area that overlaps the part of the display panel over
which the needle indicator moves when seen in plan view
means that the scale display area is formed to include this
projection. The scale display area is normally set to the same
shape and size as the range of needle indicator movement.
[0017] A dial indicator display device having a needle indi-
cator and a display panel according to this aspect of the
invention sets a scale area according to the position of the
needle indicator in the scale display area, displays a scale for
reading the values indicated by the needle indicator in this
scale area, and can therefore display a scale appropriate to the
current position of the indicator. More particularly, because
scale areas are set according to the position of each needle
indicator, the scales can be set for each indicator according to
the length of the indicator when there are plural needle indi-
cators of different lengths, such as the hour hand and minute
hand of a timepiece. The scale can therefore be displayed at a
position that makes reading the value indicated by the needle
easy, such as at the distal end of the indicator or a position
overlapped by the indicator, can therefore improve the read-
ability of the needle indicator, and thus achieve the first object
of the invention.

[0018] Furthermore, becauseascaleisonly displayed inthe
scale area, a scaleis notdisplayed in the no-scale area, and the
information display means can use this no-scale area to dis-

IPR2024-00765

Garmin EX1010 Page 17



US 2008/0151700 Al

play information. Compared with a conventional timepiece
having a scale displayed encircling the dial, the scale display
area is smaller, an accordingly larger no-scale area can be
reserved, and other information can be easily displayed in the
no-scale area at a position over which the needle indicator
does not move when seen in plan view. The readability of the
values indicated by the hand or needle, and the readability of
information displayed on the display panel, can be improved,
and the second object of the invention can also be achieved.
[0019] If the indicator is driven rotationally, the scale area
can be set in a band that curves along the distal end part of the
hand, that is, in an arc, and the no-scale area can be set on the
inside of the scale area. Because part of the no-scale area will
overlap an area on the pivot pin side of the indicator in this
case, the information display means displays the information
in the part of the no-scale area that is not covered by the
indicator.

[0020] Preferably, the no-scale area is also disposed on the
outside circumference side of the scale display area on the
display panel, and the information display means also dis-
plays information in the no-scale area disposed on the outside
circumference side of the scale area.

[0021] Ifthe dial indicator display device is a timepiece, the
information preferably includes letters or pictures related to
the time. Examples of such information include schedule
information displayed as text, and scheduled time informa-
tion displayed as a time band.

[0022] The needle indicator is generally of the type that
moves in one direction around a rotary pin, such as the hour,
minute, and second hands of a timepiece, or the type that
pivots on a rotary pin such as the needle of a speedometer in
an automobile. The area of movement of such hands or needle
indicators, that is, the scale display area, can be a flat circle or
fan-shaped area.

[0023] The display panel, however, generally has a rectan-
gular display area. Such display panels also have a display
area outside of the scale display area. This aspect of the
invention also uses the area on the outside circumference side
of the scale display area as the no-scale area for displaying
information by means of the information display means, and
can therefore increase the area that can be used to display
information.

[0024] Furthermore, because a no-scale area is also set
outside the scale display area, the information display means
can also display information in the area in line with an exten-
sion of the indicator. Time-related information, such as the
schedule information, can therefore be displayed beside the
portion of the scale related to that time so that the information
is more readable and useful.

[0025] Further preferably, the needle indicator is attached
to arotary pin that is driven rotationally by the needle moving
means, the scale display area is formed in a circle concentric
to the rotary pin of the needle indicator, and the scale area is
a fan-shaped portion of the scale display area connecting an
outside circumference arc of the scale display area and the
center of the circle.

[0026] This arrangement enables displaying the scale along
the path of the distal end of the indicator in a dial indicator
display device having a needle indicator that moves in circle,
such as the hour hand and minute hand of a timepiece, and the
readability of the rotary indicator can be improved.

[0027] Further preferably, the scale area has a center angle
set in the range from 30 degrees to 270 degrees.
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[0028] Ifthe center angle is less than 30 degrees, the num-
ber of graduations that can be displayed on the scale is limited
and the readability of the indicator is reduced compared with
a scale area having a center angle of more than 30 degrees. In
addition, if the center angle is greater than 270 degrees, the
size of the no-scale area is small, thus reducing the size of the
available display area when the no-scale area is used to dis-
play information, and the readability of the displayed infor-
mation is reduced compared with when the center angle is less
than or equal to 270 degrees.

[0029] However, by setting the center angle between 30
degrees and 270 degrees, a scale equal to the range covered by
the needle indicator moving 30 degrees can be displayed. The
readability of the indicator and scale can thus be assured, a
sufficiently large no-scale area can be assured, and the read-
ability of information displayed in the no-scale area can be
improved.

[0030] Further preferably, the needle indicator includes
two or three hands disposed to concentric rotary pins, and the
scale area has a center angle set in the range from 30 degrees
to 90 degrees.

[0031] Ifthe center angle is less than 30 degrees, the num-
ber of graduations that can be displayed on the scale is limited
and the readability of the indicator is reduced compared with
a scale area having a center angle of more than 30 degrees. In
addition, if the center angle is greater than 90 degrees, the size
of the available information display area is greatly reduced
because a scale area is displayed for each hand.

[0032] However, by setting the center angle between 30
degrees and 90 degrees, a scale equal to the range covered by
the needle indicator moving 30 degrees can be displayed. The
readability of the indicator and scale can thus be assured. A
sufficiently large no-scale area can also be assured, and the
readability of information displayed in the no-scale area can
be improved, even when there are two or three hands.

[0033] Further preferably, the display panel of the dial indi-
cator display device is a display device with image memory,
the drive control means runs a refresh display operation to
correct for image degradation on the display panel at a pre-
scribed refresh display interval, and the scale display control
means moves the scale area a prescribed amount that is set
according to the refresh display interval in the same direction
as the needle indicator moves at the same interval as the
refresh display interval.

[0034] A display device with image memory is a display
element that continues to display the same content for a
certain period of time even when power is not supplied, such
as an electrophoretic display (EPD) device, which is also
known as electronic paper.

[0035] A display device with image memory continues to
display the same content for a certain period of time when
power is not supplied, but the image contrast tends to gradu-
ally drop. Display contrast can be improved by supplying
power after a prescribed time has passed even if the displayed
content does not change. The drive operation supplying this
power to compensate for degradation of the displayed image
is called a refresh display operation. The refresh display inter-
val can therefore be set desirably according to the type of
display device and the drive method.

[0036] Using a display device with image memory for the
display panel greatly reduces the power consumption
required to maintain the display, extend the battery life and
operating time in a portable timekeeping device such as a
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wristwatch, reduce the need for battery replacement or
recharging, and thus improve convenience.

[0037] Furthermore, updating or refreshing the display of a
display device with image memory consumes power, and
power consumption can be reduced by increasing the refresh
display interval. Power consumption can therefore be
reduced accordingly by increasing the interval at which the
scale and information displays are refreshed or updated.
[0038] Furthermore, because the scale display control
means updates the scale area at the same interval as the refresh
display interval, the scale area can be updated and the refresh
display operation executed at the same time. The number of
times power is supplied can therefore be reduced compared
with executing these two operations at different times, and
power consumption can be reduced accordingly.

[0039] Furthermore, because the scale area is moved a pre-
scribed distance that is set according to the refresh display
interval, the scale area can be moved according to how far the
indicator has moved at the refresh display interval, and the
scale can therefore always be displayed at the position of the
indicator. If the refresh display interval is 15 minutes, for
example, the hand and the scale can always be displayed
together by moving the scale areas the amount the corre-
sponding hands move in 15 minutes.

[0040] Further preferably, the dial indicator display device
also has a timekeeping means for keeping time, the needle
indicator includes an hour hand and a minute hand, the drive
control means controls the needle moving means based on the
time information kept by the timekeeping means to move the
hour hand and the minute hand, the scale display control
means sets an hour hand scale area for the hour hand and a
minute hand scale area for the minute hand, and displays a
scale in each scale area, and the drive control means changes
the refresh display interval based on the time kept by the
timekeeping means.

[0041] This type of dial indicator display device (time-
piece) can improve the readability of the hour and minute
time information, can display other information, such as date
information, the weekday, or world time information, in the
no-scale area, and can improve the readability of the dis-
played information.

[0042] A timepiece according to the present invention thus
combines the benefit of an analog timepiece that uses hands
for intuitively reading the time with the benefit of a digital
timepiece that can display other information such as the date,
weekday, and world time while improving the readability of
the hands and the displayed information, thus affording an
extremely convenient timepiece.

[0043] Furthermore, because the display panel also func-
tions as the dial of the timepiece, the thickness of the time-
piece can be reduced and a thin timepiece can be achieved.
[0044] In addition, because the refresh display interval can
be changed based on the time kept by the timekeeping means,
the length of the refresh display interval can be controlled
according to how the user uses the timepiece, and power
consumption can be further reduced.

[0045] A wristwatch, for example, is typically removed
from the wrist and is not used at night (such as between 11:00
p-m. and 7:00 a.m.). A drop in contrast in the displayed scale
at night is therefore not a practical problem, and power con-
sumption can be reduced by using a longer refresh display
interval at night than during the day.

[0046] The scale area can be set to display a scale corre-
sponding to the movement of the hand during at least the

Jun. 26, 2008

refresh display interval. For example, if the refresh display
interval is 15 minutes during the day and 30 minutes at night,
the minute hand scale area during the day is large enough to
display a 15-minute scale (that s, a scale area with a 90 degree
center angle), and the minute hand scale area at night is large
enough to display at least a 30-minute scale (that is, a scale
area with a 180 degree center angle).

[0047] Further preferably, when the needle indicator moves
aprescribed number of graduations, the scale display control
means moves the scale area the prescribed number of gradu-
ations in the direction of needle indicator movement.

[0048] The prescribed number of graduations can be one
graduation or two or more graduations. If the dial indicator
display device is a timepiece, for example, the minute hand
scale preferably has from four to 30 graduations, and the
prescribed number of graduations is preferably the number of
graduations covered in the refresh display interval.

[0049] This aspect of the invention changes the scale in
conjunction with hand movement, and can therefore always
display the hand (indicator) in the middle of the displayed
scale. The value indicated by the hand can therefore be
approximated from the displayed scale, and it is therefore
easier to intuit the indicated value. When movement of the
needle indicator cannot be predicted, such as with an instru-
mentation meter, this aspect of the invention enables the user
to determine the position of the needle indicator from the
scale and thus makes it easier to read the indicated value.
[0050] Further preferably, when the needle indicator moves
to an end of the scale area, the scale display control means
moves the scale area a prescribed distance in the direction of
needle indicator movement.

[0051] When thus arranged the scale area moves whenever
the needle indicator moves to the end of the displayed scale
area, the same scale can therefore be displayed until the
indicator reaches the end of the scale area, and the scale area
setting can be changed, that is, the scale display can be
updated, less frequently.

[0052] Therefore, when a display device with memory,
such as an electrophoretic display, is used as the display
panel, the display can be updated less frequently and power
consumption can therefore be reduced.

[0053] This aspect of the invention can be effectively used
to reduce the display update frequency and reduce power
consumption in devices such as thermometers because the
indicator moves in small increments and timepieces because
the hands move at a constant rate.

[0054] In another aspect of the invention the scale display
control means moves the scale area a prescribed distance in
the direction of needle indicator movement at a constant time
interval.

[0055] If the indicator moves at a constant speed, such as
the hands of a timepiece, the scale area can reliably track
movement of the indicator by moving the scale area at a
constant time interval. The scale can also be updated less
frequently by appropriately setting the interval at which the
scale area is moved. As a result, the display can be updated
less frequently and power consumption can be reduced when
the display panel is a display device with image memory such
as an electrophoretic display.

[0056] The dial indicator display device according to
another aspect of the invention has a timekeeping means for
keeping time, the needle indicator includes an hour hand and
a minute hand, the drive control means controls the needle
moving means based on the time information kept by the
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timekeeping means to move the hour hand and the minute
hand, and the scale display control means sets an hour hand
scale area for the hour hand and a minute hand scale area for
the minute hand, and displays a scale in each scale area. More
specifically, the dial indicator display device of the invention
is preferably a timepiece.

[0057] This type of dial indicator display device (time-
piece) can improve the readability of the hour and minute
time information, can display other information, such as date
information, the weekday, or world time information, in the
no-scale area, and can improve the readability of the dis-
played information.

[0058] A timepiece according to the present invention thus
combines the benefit of an analog timepiece that uses hands
for intuitively reading the time with the benefit of a digital
timepiece that can display other information such as the date,
weekday, and world time while improving the readability of
the hands and the displayed information, thus affording an
extremely convenient timepiece.

[0059] Furthermore, because the display panel also func-
tions as the dial of the timepiece, the thickness of the time-
piece can be reduced and a thin timepiece can be achieved.
[0060] Further preferably, the scale display control means
displays the scale displayed in the hour hand scale area in the
area inside of the scale displayed in the minute hand scale
area.

[0061] Because the hour hand is shorter than the minute
hand, the distal end of the hour hand is typically relatively far
from the scale on the dial in a typical timepiece. By displaying
the hour hand scale inside of the minute hand scale, this aspect
of'the invention displays the hour hand scale close to the hour
hand and can improve the readability of the hour hand.

[0062] Further preferably, the scale display control means
sets the hour hand scale area and the minute hand scale area
contiguously to each other, and displays the scale in each
scale area equidistantly from the rotary pin of the needle
indicators when the angle formed by the hour hand and
minute hand and detected by the needle position detection
means is less than or equal to a prescribed angle, and sets the
scale displayed in the hour hand scale area in the area on the
inside of the scale displayed in the minute hand scale area
when the angle formed by the hour hand and minute hand and
detected by the needle position detection means is greater
than a prescribed angle.

[0063] If the hour hand and minute hand scale areas are
contiguous and the scales for the hands are contiguous when
the prescribed angle formed by the hour hand and minute
hand is less than or equal to 90 degrees, for example, the
scales can be updated less frequently and power consumption
can be further reduced.

[0064] Yet further preferably, the needle indicator includes
a second hand, the drive control means controls the needle
moving means based on time information kept by the time-
keeping means to move the hour hand, minute hand, and
second hand, and the scale display control means sets a sec-
ond hand scale area for the second hand, and displays the
scale displayed in the second hand scale area in the area on the
inside of the scale displayed in the hour hand scale area.

[0065] This arrangement enables indicating the hour,
minute, and second of the time by means of the hour hand,
minute hand, and second hand, and the user can therefore
intuit the current time to the second from the hands. Further-
more, because the second hand scale is displayed inside of the
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hour hand scale, the second hand scale can be prevented from
affecting displaying information in the no-scale area.

[0066] Furthermore, if the second hand is shorter than the
hour hand and the minute hand, the possibility of the second
hand overlapping information displayed in the no-scale area
is reduced and a drop in the readability of the displayed
information can be prevented.

[0067] Inanother aspect of the invention the needle indica-
tor includes a second hand, the drive control means controls
the needle moving means based on time information kept by
the timekeeping means to move the hour hand, minute hand,
and second hand, and the scale display control means sets a
circular second hand scale display area for displaying a scale
for the second hand, and displays the scale displayed in the
second hand scale display area in the area inside the scale
displayed in the hour hand scale area.

[0068] This arrangement enables indicating the hour,
minute, and second of the time by means of the hour hand,
minute hand, and second hand, and the user can therefore
intuit the current time to the second from the hands. Further-
more, because the second hand scale is displayed inside of the
hour hand scale, the second hand scale can be prevented from
affecting displaying information in the no-scale area.

[0069] Furthermore, because the second hand scale is dis-
played in a 360-degree range around the outside circumfer-
ence ofthe second hand scale display area, the display can be
updated less frequently and power consumption can be
reduced compared with an arrangement in which the second
hand scale display changes.

[0070] Furthermore, if the second hand is shorter than the
hour hand and the minute hand, the possibility of the second
hand overlapping information displayed in the no-scale area
is reduced and a drop in the readability of the displayed
information can be prevented.

[0071] Further preferably, the needle indicator includes a
second hand, the length of the second hand from the rotary pin
of the second hand to the distal end of the second hand is
greater than or equal to the length from the rotary pin of the
minute hand to the distal end of the minute hand, and the scale
display control means displays scales for the hour hand and
the minute hand but does not display a scale for the second
hand.

[0072] The second hand in a common timepiece is approxi-
mately the same length as the minute hand. The second hand
is also usually thinner than the hour hand and minute hand.
When such a second hand is used the range of second hand
movement includes the scale display area of the hour hand
and the minute hand, and if the second hand scale is dis-
played, the second hand scale could overlap the minute hand
and the hour hand scale display areas and the information
displayed in the no-scale area.

[0073] However, because this aspect of the invention does
not display a scale for the second hand, the second hand scale
does not overlap information displayed in the no-scale area,
and a drop in the readability of the displayed information can
be prevented.

[0074] The second hand may travel over the information
displayed in the no-scale area with this aspect of the inven-
tion, but because the second hand moves quickly relative to
the minute hand and moves away from the displayed infor-
mation if it does pass over the displayed information, and
there is no real drop in the readability of the information
displayed in the no-scale area.
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[0075] Yet further preferably, the display panel is a display
device with image memory.

[0076] A display device with image memory is a display
element that continues to display the same content for a
certain period of time even when power is not supplied, such
as an electrophoretic display (EPD) device, which is also
known as electronic paper.

[0077] Using a display device with image memory for the
display panel greatly reduces the power consumption
required to maintain the display, extend the battery life and
operating time in a portable timekeeping device such as a
wristwatch, reduce the need for battery replacement or
recharging, and thus improve convenience.

[0078] Furthermore, updating or refreshing the display of'a
display device with image memory consumes power, and
power consumption can be reduced by increasing the refresh
display interval. Power consumption can therefore be
reduced accordingly by increasing the interval at which the
scale and information displays are refreshed or updated.
[0079] Further preferably, the scale displayed in the scale
area includes graduations denoting the position of the needle
indicator, and a curved line connecting each of the gradua-
tions.

[0080] The readability of the graduations can be improved
by connecting the individuals graduations with a curved con-
necting line.

[0081] Further preferably, the scale display control means
displays a part of the scale using at least one of acolor and line
thickness that is different from other parts of the scale.
[0082] Further preferably, the part of the scale that is set
according to the position indicated by the needle indicator is
displayed using a different color or line thickness than the
other parts of the scale. For example, if the minute hand scale
is displayed for the range from 0 to 20 minutes and the minute
hand points to 12, the color or line width of the graduations in
the scale range from 10 to 15 minutes and the line connecting
those graduations is different from the other parts of the
displayed scale (that is, the parts for the ranges from O to 9
minutes and 16 to 20 minutes).

[0083] Note that a different color can be displayed by
changing any one of the hue, brightness, and saturation char-
acteristics to display a visually different color.

[0084] Displaying a part of the scale with a different color
or thickness than other parts of the scale can be used to
express the change in time. For example, if one hour (60
minutes) is divided into 15-minute segments and each scale
segment is displayed using a different color or line width,
which segment the current time is in can be easily determined,
and this can be used to check on the progress of a meeting,
such as how much time has passed or how much time remains,
for example.

[0085] Furthermore, if the color or thickness of the scale is
set based on schedule information, the scheduled event (con-
tent) can also be determined from the color or thickness of the
scale.

[0086] Furthermore, if the color or thickness of the scale is
changed according to the current position of the hand (needle
indicator), the current time can be determined from the scale
alone.

[0087] Further preferably, the scale display control means
displays at least a part of the scale area using a different color
than the color of the no-scale area.

[0088] If scale areas are set for the hour and the minute, a
different color is preferably used for each scale area.
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[0089] By using different colors for the scale areas and
no-scale area, the scale areas can be readily determined and
the current positions of the needle indicators, such as the time
in the case of a timepiece, can be easily determined.

[0090] The colors of the scale areas can also be set so that
the indicators stand out to improve the readability of the
hands.

[0091] Furthermore, if different colors are used for the
scale areas of the hour and minute, the positions of the hour
hand and minute hand can be easily determined and the cur-
rent time can be more easily determined.

[0092] Other objects and attainments together with a fuller
understanding of the invention will become apparent and
appreciated by referring to the following description and
claims taken in conjunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0093] FIG. 1 is a front view of a combination timepiece
according to a first embodiment of the invention.

[0094] FIG. 2 is a section view of the combination time-
piece according to this embodiment of the invention.

[0095] FIG. 3 is a block diagram showing the arrangement
of the movement in this embodiment of the invention.

[0096] FIG. 4 shows the scale area in this embodiment of
the invention.
[0097] FIG. 5 shows information displayed in a different

area in this embodiment of the invention.

[0098] FIG. 6 is a front view of a combination timepiece
according to a second embodiment of the invention.

[0099] FIG. 7 is a front view of a combination timepiece
according to a third embodiment of the invention.

[0100] FIG. 8 is a front view of a combination timepiece
according to a fourth embodiment of the invention.

[0101] FIG. 9 is a front view showing the motor in a fifth
embodiment of the invention.

[0102] FIG. 10 is a front view of a combination timepiece
according to a sixth embodiment of the invention.

[0103] FIG. 11 is a block diagram showing the arrangement
of the movement in the sixth embodiment of the invention.
[0104] FIG. 12 is a front view of a combination timepiece
according to a seventh embodiment of the invention.

[0105] FIG. 13 is a front view of a combination timepiece
according to an eighth embodiment of the invention.

[0106] FIG. 14 is a front view of a combination timepiece
according to a ninth embodiment of the invention.

[0107] FIG. 15 is a front view of a combination timepiece
according to a tenth embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0108] Preferred embodiments of the present invention are
described below with reference to the accompanying figures.

Embodiment 1

[0109] Arrangement of a Combination Timepiece

[0110] FIG. 1 is a view from the front of a combination
timepiece 1 rendering using the dial indicator display device
according to the present invention.

[0111] This combination timepiece 1 has a timepiece body
10 and a 15, and is rendered as a wristwatch that is typically
worn by the user on the wrist.
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[0112] As shown in FIG. 2, the timepiece body 10 has a
case member 11 (body) that is a rectangular tube in shape, a
crystal 12 that covers the front side of the case member 11,
and aback cover 13 that is removably affixed to the back of the
case member 11.

[0113] The case member 11 is not limited to a rectangular
cylinder shape (that is, rectangular in plan view), and the
invention is not limited to the shapes shown in the figures and
the case member 11 may be a round cylinder (circular or
elliptical in plan view), for example.

[0114] A pair of lugs 11A for attaching a wristband is
disposed at each of the opposite ends of the case member 11,
and spring pins are removably installed between the lugs 11A.
A band 15 is attached to the lugs 11A using the spring pins.
[0115] A display panel 20 (display device), hands 30, and a
movement 40 are disposed inside the case member 11. In this
embodiment of the invention the movement 40 is located
inside of a spacer 14 inside the case member 11, and a com-
mon movement 40 can be used with case members 11 of
different shapes and sizes by using a spacer 14 that is shaped
and sized appropriately to the case member 11.

[0116] Thedisplay panel 20 is located behind the hands 30,
and is rendered using electronic paper manufactured to the
shape and size of the case member 11 using an electrophoretic
display (EPD) device, for example. The display panel 20 is
not so limited, however, and can use other types of display
devices with memory, including an electrochromic display
(ECD), a ferroelectric liquid crystal display, or a cholesteric
liquid crystal display, or a common liquid crystal display or
organic EL display can be used.

[0117] A separatedialis not disposed over the display panel
20 in this embodiment of the invention. More specifically, a
dial normal means a component that is linked to the move-
ment and has a scale or markings indicating time-related
information, and this embodiment of the invention does not
require a separate dial because a corresponding scale is dis-
played on the display panel 20. As a result, this embodiment
of the invention does not need to provide a dial such as
provided in a typical timepiece. In that the display panel 20
displays the scale, the display panel 20 also functions as the
dial.

[0118] Thehands 30 are located between the crystal 12 and
the display panel 20 and are visible through the crystal 12.
The hands 30 in this embodiment of the invention include an
hour hand 31 and a 32, and a second hand is not provided. The
spindle on which the hour hand 31 and the minute hand 32
rotate passes from the movement 40 through the display panel
20 into the space between the crystal 12 and the display panel
20.

[0119] Movement

[0120] The movement 40 controls driving the hands 30
(hour hand 31 and minute hand 32) and controls driving the
display panel 20.

[0121] More specifically, as shown in FIG. 3, the movement
40 includes a control circuit 41 (drive control means) ren-
dered using a semiconductor chip, a drive means 42 (hand
movement means) that drives the hands 30, an oscillation
circuit 43, a power supply means 44, and an external input
device 45.

[0122] The drive means 42 includes a stepping motor 46 for
driving the hands, and a wheel train 47 for transferring output
from the stepping motor 46 to the hour hand 31 and minute
hand 32. As in a conventional analog timepiece, this wheel
train 47 is a speed-reducing wheel train that reduces the speed
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of while transferring the output of the stepping motor 46 to
wheels attached to the hour hand 31 and minute hand 32. The
drive means 42 thus renders a hand-moving means in this
embodiment of the invention.

[0123] The oscillation circuit 43 is a crystal oscillator, for
example, and outputs a pulse signal of a prescribed frequency.
[0124] The power supply means 44 is a primary battery or
a secondary battery. If the power supply means 44 is a
rechargeable secondary battery, a power generating means
that uses a solar cell or rotary pendulum, for example, and can
charge the secondary battery is also provided.

[0125] The external input device 45 is the crown or a button
for setting or operating the timepiece, and recognizes the user
operation and outputs a corresponding signal to the control
circuit 41.

[0126] In this embodiment of the invention the external
input device 45 includes the crown 451 and buttons 452 and
453 as shown in FIG. 1. The crown 451 and buttons 452 and
453 are located on the side of the timepiece body 10 as shown
in FIG. 1. The location and number of the crown 451 and
buttons 452 and 453 are not limited to what is shown in FIG.
1, and they can be arranged as needed according to the shape
of'the timepiece body 10, for example, to enable operation by
the user.

[0127] Control Circuit Arrangement

[0128] The control circuit 41 includes a pulse signal gen-
erating circuit 411, a drive control circuit unit 412, an analog
display unit drive circuit 413 that controls moving the hands,
and a display panel drive circuit 414 that controls displaying
content on the display panel 20.

[0129] The pulse signal generating circuit 411 frequency
divides the pulse signal output from the oscillation circuit 43
and supplies a prescribed reference signal (typically a 1-Hz
pulse signal) to the drive control circuit unit 412.

[0130] The drive control circuit unit 412 includes a time
counter 415 and a hand position detection means 416.
[0131] The time counter 415 stores calendar information
such as the date and time information such as the current time.
These stored values can be adjusted using the external input
device 45 and are sequentially updated based on the reference
signal from the pulse signal generating circuit 411. More
specifically, the time counter 415 has, for example, an hour
counter, a minute counter, a second counter, a day counter, a
month counter, and a year counter. When a 1-Hz reference
signal is input from the pulse signal generating circuit 411,
the drive control circuit unit 412 updates the second counter
and the counts cascade such that when the second counter
reaches 60, the minute counter increments one minute, the
hour counter increments one hour when the minute counter
reaches 60, and the current time is thus continuously updated
and stored.

[0132] The drive control circuit unit 412 updates the day
counter one day when the hour counter reaches 24, updates
the month counter one month when the day counter is updated
from the last day of the month, and thus updates and stores the
current date.

[0133] The oscillation circuit 43, the pulse signal generat-
ing circuit 411, and the time counter 415 thus render a time-
keeping means that keeps the time.

[0134] The hand position detection means 416 detects the
positions of the hour hand 31 and the minute hand 32 based on
information from the hour counter and minute counter in the
time counter 415. More specifically, the hour hand 31 and the
minute hand 32 are moved according to the values of corre-
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sponding counters in the 415, and the hand position detection
means 416 can therefore indirectly detect the positions of the
hour hand 31 and the minute hand 32 based on the corre-
sponding counts kept by the time counter 415.

[0135] If the positions of the hour hand 31 and the minute
hand 32 are detected based on the time counter 415, the counts
stored by the time counter 415 are assumed to match the
values indicated by the hour hand 31 and the minute hand 32.
The time can therefore be adjusted after the user sets the hour
hand 31 and minute hand 32 to indicate 0:00 and then resets
the time counter 415 to 0:00 by performing a prescribed input
operation. Alternatively, a sensor that detects when the hour
hand 31 and minute hand 32 move to the 0:00 position can be
provided, and the counts of the time counter 415 can be reset
to 0:00 based on the output of this sensor to automatically set
the time kept by the time counter 415.

[0136] Based on the time counter 415 information, the
drive control circuit unit 412 outputs drive control signals
CS1,CS2, and CS3 to the analog display unit drive circuit 413
and the display panel drive circuit 414.

[0137] The drive control signal CS1 output to the analog
display unit drive circuit 413 is a pulse signal that is output at
aone-minute interval that corresponds to updating the minute
value of the time counter 415.

[0138] The drive control signal CS2 output to the display
panel drive circuit 414 is information for displaying the scales
21 and 22 for the hour hand 31 and minute hand 32 on the
display panel 20, and more specifically is information indi-
cating the positions of the hour hand 31 and minute hand 32
detected by the hand position detection means 416.

[0139] The drive control signal CS3 output to the display
panel drive circuit 414 is the time information displayed on
the display panel 20, and in this embodiment of the invention
is a signal denoting the numbers for the year, month, and date.
[0140] When the drive control signal CS1 is input from the
drive control circuit unit 412, the analog display unit drive
circuit 413 outputs a drive pulse to the stepping motor 46.
More specifically, the analog display unit drive circuit 413
applies the output drive pulse to drive the stepping motor 46
and move the minute hand 32. Movement of the hour hand 31
is linked to stepping motor 46 drive.

[0141] The display panel drive circuit 414 includes a scale
display control means 414A that controls displaying a scale
(indices) on the display panel 20, and an information display
control means 414B that controls displaying information on
the display panel 20.

[0142] Scale Display Control

[0143] When the current positions of the hour hand 31 and
minute hand 32 are detected from the drive control signal CS2
input from the drive control circuit unit 412, the scale display
control means 414 A sets the hour scale area 23 and the minute
scale area 24 according to the hand positions, and displays the
scales 21 and 22 for reading the values indicated by the hour
hand 31 and minute hand 32 in the hour scale area 23 and
minute scale area 24.

[0144] More specifically, as shown in FIG. 4, the scale
display control means 414A sets overlapping scale display
ranges 25 and 26 on the display panel 20 within the range of
hour hand 31 and minute hand 32 movement, and displays
appropriate scales 21 and 22 in these display ranges 25 and
26.

[0145] The scales 21 and 22 include graduations disposed
at equal intervals in a circumferential direction for indicating

Jun. 26, 2008

the positions of the hour hand 31 and minute hand 32, and a
line arc connecting the graduations.

[0146] The graduations of'the scale 21 for the hour hand 31
are disposed at a one-hour interval, that is, at a thirty-degree
interval in the circumferential direction, and the graduations
of the scale 22 for the minute hand 32 are disposed at a
one-minute interval, that is, every six degrees in the circum-
ferential direction.

[0147] In this embodiment of the invention the hour hand
scale display range 25 is a circular area slightly larger than the
area traced by the hour hand 31 when the hour hand 31 rotates
360 degrees (that is, the internal area of a circle of which the
circumference is described by the distal end of the hour hand
31 and the center is the rotary axis of the hour hand 31).

[0148] The minute hand scale display range 26 is likewise
a circular area slightly larger than the area of the circle
described by the distal end of the minute hand 32 when the
minute hand 32 rotates 360 degrees.

[0149] The scale display control means 414A sets the hour
scale area 23 in the hour hand scale display range 25 accord-
ing to the detected position of the hour hand 31, and sets the
minute scale area 24 in the minute hand scale display range 26
according to the detected position of the minute hand 32.

[0150] The hour scale area 23 is a fan-shaped area defined
by an arc of the circumference of the hour hand scale display
range 25 and line segments connecting this arc with the rotat-
ing center pin of the hour hand 31 (radii of the circular hour
hand scale display range 25). The center angle 61 of the hour
scale area 23 is greater than or equal to 30 degrees and less
than or equal to 270 degrees, and is preferably approximately
90 degrees as shown in FI1G. 4. The graduations indicating the
hours 1 to 12 on a timepiece are disposed at 30-degree inter-
vals (360°/12). In this embodiment of the invention the hour
scale area 23 is therefore set with the center angle 81 approxi-
mately 90 degrees so that the scale 21 shows four graduations.

[0151] The minute scale area 24 is a fan-shaped area
defined by an arc of the circumference of the minute hand
scale display range 26 and line segments connecting this arc
with the rotating center pin of the minute hand 32 (radii of the
circular minute hand scale display range 26). The center angle
02 of the minute scale area 24 is also greater than or equal to
30 degrees and less than or equal to 270 degrees, and in this
embodiment of the invention is approximately 120 degrees as
shown in FIG. 4. The graduations indicating the minutes 1 to
60 on a timepiece are disposed at 6-degree intervals (360°/
60). In this embodiment ofthe invention the minute scale area
24 is therefore set with the center angle 62 approximately 120
degrees so that the scale 22 shows 21 graduations.

[0152] When the hour hand 31 and minute hand 32 move
the scale display control means 414A sets the scale areas 23
and 24 according to the positions of the hour hand 31 and
minute hand 32. More specifically, when the hour hand 31 or
minute hand 32 reaches the border (end) of the scale area 23
or 24, the scale display control means 414A moves the scale
areas 23 and 24 a prescribed distance in the direction that the
hour hand 31 or minute hand 32 moves. This embodiment of
the invention rotates the hour scale area 23 90° in the direction
the hour hand moves, and rotates the minute scale area 24
120° in the direction the minute hand moves to set the new
scale areas 23 and 24.

[0153] As shown in FIG. 4, for example, when the hour
hand 31 reaches the scale 21 graduation at the 12:00 o’clock
position, the scale display control means 414 A sets the hour
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scale area 23 to the range from the scale 21 graduation at
12:00 to the scale 21 graduation at 3:00.

[0154] More specifically, because there are four gradua-
tions on the scale 21 for the hour hand 31 in the hour scale area
23, the hour scale area 23 is set by redrawing each of the
graduations on the scale 21 referenced to the position of the
next closest graduation rotating clockwise around the scale
21 when resetting the display to the next hour scale area 23. In
other words, the hour scale area 23 is set to rotate 90° at a time
in conjunction with movement of the hour hand 31. Display of
the scale 21 is therefore updated in approximately three-hour
intervals (the “update-display interval” below).

[0155] When the minute hand 32 moves to the 20-minute
graduation on the scale 22, the scale display control means
414A sets the minute scale area 24 to the area from the
20-minute graduation to the 40-minute graduation on the
scale 22.

[0156] The scale 22 for the minute hand 32 is thus set to
move 120 degrees at a time in conjunction with movement of
the minute hand 32. The update-display interval of this scale
22 is thus twenty minutes.

[0157] The display panel drive circuit 414 runs a display
refresh operation to compensate for degradation of the dis-
play on the display panel 20 at a prescribed refresh display
interval. This embodiment of the invention uses twenty min-
utes as the refresh display interval, and sets the update-dis-
play interval of the scale 22 to the same interval. The scale 22
also moves a prescribed amount that is set according to the
refresh display interval, which in this embodiment is the 120°
angle range equal to a 20-minute scale.

[0158] The scale display control means 414A sets the area
of'the scale display ranges 25 and 26 outside of the scale areas
23 and 24 as no-scale areas, and does not display the scales 21
and 22 in these no-scale areas. The part of the rectangular
display area of the display panel 20 that is outside of the scale
display ranges 25 and 26 is also a no-scale area. More spe-
cifically, all parts of the display area of the display panel 20
other than the area occupied by the scale areas 23 and 24 are
part of the no-scale area.

[0159] The scaledisplay control means 414 A controls driv-
ing the display panel 20 according to the drive control signal
CS3 input from the drive control circuit unit 412 to display
specific information 200. In FIG. 1 and FIG. 4 the date infor-
mation including the year, month, and day of the current date
is displayed. The display panel drive circuit 414 updates the
date display on the display panel 20 once a day. The displayed
information can be adjusted using the crown 451 or buttons
452 and 453, for example. The buttons, for example, can be
operated to change the information displayed on the display
panel 20 to various other types of time information, including
the day of the week, the current time (hour, minute, second),
or world time information including the name of a city in a
different time zone and the current time in that city. Other
information, such as a schedule, a to-do list, or an address
book, can also be displayed if the combination timepiece 1
includes the functions of a PDA (personal digital assistant),
for example.

[0160] When displaying information the information dis-
play control means 414B of'the display panel drive circuit 414
prevents the displayed information 200 from overlapping the
hour hand 31 and minute hand 32 by displaying the informa-
tion in the area outside the scale areas 23 and 24.

[0161] As shown in FIG. 1 and FIG. 4, for example, when
the scale areas 23 and 24 are in the top half of the display panel

Jun. 26, 2008

20, the information display control means 414B displays the
information 200 in the bottom half of the display panel 20.
[0162] When the scale areas 23 and 24 are displayed in the
bottom half of the scale areas 23 and 24 as shown in FIG. 5,
however, the information display control means 414B dis-
plays the information 200 in the top half of the display panel
20.

[0163] The information display control means 414B thus
appropriately adjusts the size and where the information 200
is displayed on the display panel 20 according to the locations
of the scale areas 23 and 24.

[0164] This aspect of the invention affords the following
benefits.
[0165] (1) Because the 414a sets the scale areas 23 and 24

for the hour hand 31 and minute hand 32 and displays the
scales 21 and 22 in the scale areas 23 and 24, the scales 21 and
22 can be displayed according to the current positions of the
hour hand 31 and minute hand 32. The scales 21 and 22 can
therefore be displayed near the distal ends of the hour hand 31
and minute hand 32, and the readability of the values indi-
cated by the hands 31 and 32 can be improved. More particu-
larly, because the combination timepiece 1 according to this
embodiment of the invention displays a scale 22 near the
distal end of the hour hand 31, the readability of the hands 31
and 32 can be improved compared with a conventional time-
piece in which the scale is displayed farther away from the tip
of the hand.

[0166] (2) A large area for displaying information 200 by
means of the information display control means 414B can be
assured because the scale display control means 414A dis-
plays the scales 21 and 22 only in the scale areas 23 and 24.
More specifically, if the scales 21 and 22 are displayed around
the entire scale display ranges 25 and 26, there is substantially
no space left on the display panel 20 for displaying the infor-
mation 200. This embodiment of the invention therefore dis-
plays the scales 21 and 22 only in the scale areas 23 and 24,
and can therefore display the other information 200 in the
no-scale area of the scale display ranges 25 and 26 as shown
in FIG. 4. The information 200 can therefore be displayed
using a large area, the information 200 can be displayed large,
and the readability of the information can be improved.

[0167] Furthermore, displaying the information 200 in the
no-scale area reliably prevents the hour hand 31 and minute
hand 32 from overlapping the displayed information. This
also helps improve the readability of the information.

[0168] The display area of the display panel 20 can be used
effectively and different kinds of information can be pre-
sented to the user as a result of the scale display control means
414 A displaying the information 200 on the display panel 20.

[0169] (3) Thedisplay panel 20 is rendered using an EPD or
other type of display panel with image memory, and thereby
reduces power consumption and can increase battery life.
More particularly, this embodiment of the invention updates
the scale 22 for the minute hand 32 approximately every
twenty minutes, and updates displaying the scale 21 for the
hour hand 31 approximately every three hours.

[0170] Because the shortest update interval at which dis-
playing the scales needs to be controlled is every twenty
minutes, the information display control means 414B can
reduce how frequently the display is updated and can reduce
power consumption accordingly compared with when the
information display is updated every minute in conjunction
with movement of the minute hand 32.
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[0171] Furthermore, because the update interval of the
scale 22 is set to the same interval as the refresh display
interval of the display panel 20, the number of times power is
supplied can be reduced and power conservation can be
improved compared with refreshing the scale 22 at a different
time.

[0172] (4) By using the display panel 20 to render the dial,
the thickness of the timepiece 1 can also be reduced compared
with an arrangement having a dial stacked on the display
panel 20. The layout of the dial can also be designed as
desired by controlling the display on the display panel 20, and
the design of the combination timepiece 1 can thus be further
improved.

Embodiment 2

[0173] A second embodiment of the invention is described
next. Note that in the embodiments described below identical
or similar elements are identified by the same reference
numerals, and further description thereof is omitted or sim-
plified.

[0174] As shown in FIG. 6, a combination timepiece 1B
according to a second embodiment of the invention differs
from the combination timepiece 1 of the first embodiment in
that a second hand 33 is added and a scale 27 for the second
hand 33 is displayed on the display panel 20, but other aspects
of this embodiment are substantially the same as described
above. This combination timepiece 1B is thus a timepiece that
indicates the hour, minute, and second using corresponding
hands.

[0175] As in a conventional timepiece, the second hand 33
is attached to and driven by a specific wheel in the wheel train
47.

[0176] However, while the second hand is normally longer
than the hour hand and minute hand in a conventional time-
piece, the second hand 33 in this embodiment of the invention
is set to a length shorter than the hour hand 31 as shown in
FIG. 6.

[0177] The scale 27 is displayed inside the scale 21 for the
hour hand 31, and the graduations on this scale 27 are dis-
played at a 6° interval on a circle concentric to the rotary axis
of the hands. More specifically, the scale display control
means 414 A sets a circular second hand scale display range
28 for displaying the scale 27 of the second hand 33, and
displays the graduations of the scale 27 around the entire
circumference (360 degrees) of the second hand scale display
range 28. Every fifth graduation on the scale 27 is formed by
a straight line connecting the graduations scale 27 that are
point symmetrical to the axis of rotation of the hands for
improved readability. For example, the graduations at the O
and 30 second positions are joined by a straight line.

[0178] The center angle 681 of the hour scale area 23 is
approximately 60 degrees and three graduations are dis-
played on the scale 21. The center angle 02 of the minute scale
area 24 is approximately 48 degrees, and nine graduations are
displayed on the scale 22. Note that the scales 21 and 22 can
be rendered as described in the first embodiment.

[0179] The number representing the hour is also displayed
beside the scale 21 for indicating the current hour in this
embodiment of the invention. As shown in FIG. 6, the number
“10” is displayed beside the scale 21 that is also indicating
10:00.

[0180] The information 200 displayed in the no-scale area
also shows “Year 2006 indicating the year and “Day 11/12”
indicating the current date.
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[0181] This embodiment of the invention affords the same
benefits as the first embodiment described above.

[0182] In addition, this embodiment of the invention also
has a second hand 33 and can therefore indicate the time in
hours, minutes, and seconds using the hour hand 31, minute
hand 32, and second hand 33.

[0183] Furthermore, because the second hand 33 is shorter
in length than the hour hand 31, the second hand 33 is pre-
vented from overlapping information displayed on the dis-
play panel 20, and the readability of the information 200 can
be improved while also providing a second hand 33. More
specifically, when the second hand 33 is longer than the
minute hand 32 as in a common timepiece, it is extremely
difficult to display other information 200 so that it is not
overlapped by the second hand 33 because the second hand 33
travels one revolution per minute. As a result, the second hand
33 always passes over the displayed information. By using a
short second hand 33, however, the second hand 33 will not
overlap other displayed information and this embodiment of
the invention can improve the readability of other information
while also using a second hand 33 to indicate the second.

Embodiment 3

[0184] A third embodiment of the invention is described
next.
[0185] The combination timepiece 1C according to this

third embodiment of the invention disposes the rotating axes
of'the hour hand 31 and minute hand 32 at different positions
separated on the plane of the display panel 20 instead of
coaxially as in the embodiments described above.

[0186] More specifically, the hour hand 31 is located in the
top left part and the minute hand 32 is located in the bottom
right part of the display panel 20.

[0187] The scale display control means 414A therefore sets
the center angle 61 of the hour scale area 23 to 90 degrees and
displays a scale 21 with four graduations, and sets the center
angle 02 of the minute scale area 24 to 90 degrees and dis-
plays a scale 22 with 16 graduations.

[0188] The information display control means 414B dis-
plays the information 200 in areas at the top right and bottom
left parts of the display panel 20. This embodiment of the
invention displays the weekday and world time information
including the name of another city and the time at that loca-
tion.

[0189] The displayed information is not so limited, how-
ever, and as described above can include the year, month, and
day or other information.

[0190] Note that thereis substantially no display area above
and to the left of the hour hand 31 and below and to the right
ofthe minute hand 32. As aresult, if the hour hand 31 is in the
right half of the hour hand scale display range 25, that is, the
hour hand 31 points to a graduation from 0:00 to 6:00, the
information display control means 414B sets the information
display area so that it does not overlap the scale 21 displayed
in the hour scale area 23. For example, the information dis-
play control means 414B reduces the information display
area by reducing the text size of the displayed information.
[0191] Likewise when the minute hand 32 points to a
graduation in the left half of the minute hand scale display
range 26, that is, the minute hand 32 points to a graduation
between the 30-minute graduation and the 60-minute gradu-
ation, the information display control means 414B sets the
information display area so that it does not overlap the scale
22 displayed in the minute scale area 24.
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[0192] This embodiment of the invention affords the same
benefits as the first embodiment described above.

[0193] In addition, the information display control means
414B displays information 200 in two areas, at the top right
and bottom left, ofthe display panel 20. However, because the
information displayed in these areas can be controlled sepa-
rately according to the movement of the separately located
hour hand 31 and minute hand 32, the display can be easily
controlled by determining only whether the hour hand 31 and
minute hand 32 are located in the left or right half of the
respective scale display ranges 25 and 26.

Embodiment 4

[0194] A fourth embodiment of the invention is described
next.
[0195] As shown in FIG. 8, the combination timepiece 1D

according to this fourth embodiment of the invention displays
the scales 21 and 22 for the hour hand 31 and minute hand 32
contiguously.

[0196] More specifically, in this embodiment of the inven-
tion the scale display control means 414A sets the hour scale
area 23 and the minute scale area 24 contiguously to each
other if the angle (angle of intersection) 63 formed by the hour
hand 31 and the minute hand 32 and detected by the drive
control circuit unit 412 (hand position detection means) is
less than or equal to a prescribed angle (such as 90 degrees),
and displays the scales 21 and 22 of the scale areas 23 and 24
at equidistant positions from the rotational axis of the hands.

[0197] Ifthe angle formed by the hour hand 31 and minute
hand 32 is greater than this prescribed angle, the scale 21
displayed in the hour scale area 23 is displayed inside the
scale 22 displayed in the minute scale area 24.

[0198] This embodiment of the invention affords the same
benefits as the first embodiment described above.

[0199] Inaddition, displaying the scales 21 and 22 contigu-
ously enables updating the scales 21 and 22 less frequently
than when the scales 21 and 22 are displayed separately as in
the first embodiment, and can therefore further reduce power
consumption. Referring to FIG. 8, for example, if the time is
approximately 9:50, the angle of intersection 63 of the hour
hand 31 and minute hand 32 is substantially 0°. In this case, if
the center angle 01 of the hour scale area 23 for the hour hand
31 is set to approximately 30 degrees and the radius is set to
the same length as the radius of the minute scale area 24, and
the center angle 02 of the minute scale area 24 for the minute
hand 32 is set to approximately 120 degrees, the scales 21 and
22 will be displayed contiguously over a range of approxi-
mately 120 degrees as shown in FIG. 8.

[0200] This enables reading the time indicated by the hour
hand 31 and minute hand 32 from the continuously displayed
scales 21 and 22 until the minute hand 32 advances approxi-
mately 20 minutes, that is, moves a 120 degree angle of
rotation. It is therefore not necessary to update the display of
the 2122 for 20 minutes, displaying the scales can be updated
less frequently, and power consumption can be further
reduced.

[0201] Furthermore, because the scales 21 and 22 are dis-
played contiguously, the scales can be displayed more closely
resembling the dial presented on a typical timepiece than
when the scales 21 and 22 are displayed at different radial
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positions in the scale display ranges 25 and 26 as in the first
embodiment, and a design that is more familiar to the user and
easily read can be achieved.

Embodiment 5

[0202] A fifth embodiment of the invention is described
next.
[0203] This fifth embodiment of the invention applies the

dial indicator display device of the invention to an instrumen-
tation meter 100 as shown in FIG. 9, and more specifically to
a meter 100 that is used in the instrumentation panel of an
automobile and contains a speedometer and a thermometer.
[0204] This meter 100 includes a thermometer needle 101
for indicating the temperature and a speedometer needle 102
for indicating the speed, and a display panel 103 covering the
entire surface of the meter 100.

[0205] Scaledisplay ranges (not shown in the figure) are set
on the display panel 103 according to the positions of the
needles 101 and 102, and scales 104, 105, and 106 are dis-
played in these scale ranges. In this example scales 104 and
105 are displayed black and scale 106 is displayed gray.
Complementing the indications of the needles 101 and 102,
speed information 201 and temperature information 202 are
also digitally displayed on the display panel 103.

[0206] As in the foregoing embodiments, this embodiment
of the invention also displays the scales 104 and 105 accord-
ing to the positions of the needles 101 and 102, and thus
makes it easier to read the values indicated by the needles 101
and 102.

[0207] Furthermore, because the scales 104 and 105 are
only displayed in the set scale display ranges, other parts of
the display panel 103 can be used to display other informa-
tion, such as the digital readings of the analog meters. Fur-
thermore, because the display areas for this other information
are set outside the scale display ranges for the needles, the
needles 101 and 102 will not overlap the displayed informa-
tion and the readability of the displayed information can
therefore also be improved.

[0208] Furthermore, by displaying some of the graduations
105 black and other graduations 106 gray, the black gradua-
tions 105 can be displayed to follow the movement of the
needle 102 even if the needle 102 moves greatly when the
display panel 103 is an electrofluorescent display. More spe-
cifically, when the display panel 103 is an electrofluorescent
display, a certain amount of time (delay) is required to change
the display from white to black. This means that redrawing
the scale 105 according to the position of the needle 102 may
be delayed if the needle 102 suddenly swings out of the range
of'the scale 105. However, because the display can be redrawn
from gray to black more quickly than from white to black,
gray graduations 106 can be changed to black graduations
105 as the needle 102 moves and the scale 105 can be quickly
displayed if a scale 106 having gray graduations is displayed
on both sides of the scale 105 with black graduations.

Embodiment 6

[0209] A sixth embodiment of the invention is described
next.
[0210] The timepiece 1E according to this sixth embodi-

ment of the invention differs from the foregoing embodiments
in that information is also displayed outside of the scale
display range, that is, in the no-scale area set outside an
extension of the hour hand 31 and minute hand 32.
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[0211] Note that while FIG. 10 shows a table clock, the
timepiece could be a wristwatch or a wall clock.

[0212] This timepiece 1E has a display panel 20 with a
rectangular display area, and a plurality of operating buttons
455 to 459 as external input devices 45.

[0213] Inadditionto the parts described in the first embodi-
ment, the control circuit 41 of this timepiece 1E also includes
a schedule information storage unit 417 for storing schedule
information as shown in FIG. 11, and enables inputting
schedule information using the buttons 455 to 459. The
schedule information includes scheduled content information
describing the scheduled event, and scheduled time informa-
tion indicating the time of the scheduled event.

[0214] The scale display control means 414A sets a hour
scale area 23 and a minute scale area 24 on the display panel
20, and displays arc-shaped scales 21 and 22 in the scale areas
23 and 24.

[0215] The parts of the display area of the display panel 20
outside the scale areas 23 and 24 are set as the no-scale area.
This no-scale area therefore also includes parts of the display
panel 20 on the outside of the scale areas 23 and 24 as shown
in FIG. 10.

[0216] The information display control means 414B dis-
plays other information in the no-scale area. More specifi-
cally, information related to the time, including calendar
information denoting the year, month, day, and weekday, and
scale information that indicates the hour and is displayed
outside the scale 21 (the numbers “10” and “11” representing
10:00 and 11:00 in FIG. 10), is displayed in the no-scale area
by the information display control means 414B.

[0217] This embodiment of the invention displays schedule
information as the time-related information. The schedule
information includes scheduled content information describ-
ing the scheduled event and scheduled time information indi-
cating the time of the scheduled event. As shown in FIG. 10,
the scheduled event information 501 is text indicating the
scheduled event, such as “MEETING.” The scheduled time
information 502 is pictorial information that is displayed
along the outside circumference of the scale 21 as a band that
extends from the graduation indicating the scheduled starting
time (the 10:00 graduation in this example) to the graduation
indicating the scheduled ending time (the 11:00 graduation in
this example). The scheduled time information can also be
displayed using numbers indicating the scheduled starting
and ending times.

[0218] Schedule-related information 503 is displayed as
the time-related schedule information outside of the scale 22
for the minute hand 32, that is, in the area extended from the
minute hand 32. The schedule-related information 503 is text
information that in this example indicates that the current
time is 30 minutes passed the scheduled 10:00 starting time of
the meeting. The schedule-related information 503 can also
be displayed using a graphic instead of text.

[0219] In this embodiment of the invention the user appro-
priately operates the buttons 455 to 459 to enter the schedule
registration mode. This causes the information display con-
trol means 414B to display a schedule registration screen in
the no-scale area of the display panel 20.

[0220] The user then operates the buttons 455 to 459 to
input and store the scheduled event and time information
(starting time and ending time) in the schedule information
storage unit 417, and then exit the schedule registration mode.
[0221] The timepiece 1E can also be provided with a wired
or wireless data communication function so that schedule
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information entered in an external personal computer or cell
phone, for example, can be transferred to the timepiece 1E
and stored in the schedule information storage unit 417.
[0222] When the hour hand 31 and minute hand 32 of the
timepiece 1E are moved by the movement, the display of the
hour scale 21 moves in conjunction with movement of the
hour hand 31 and the display of the minute scale 22 moves in
conjunction with movement of the minute hand 32.

[0223] If schedule information is stored in the schedule
information storage unit 417 and the time range covered by
the scale 21 includes the time saved in the scheduled time
information 502, the information display control means 414B
displays a band representing the scheduled time information
502 along the outside circumference of the scale 21 and
displays the scheduled event information 501.

[0224] The schedule-related information 503 is also dis-
played outside the scale 22.

[0225] If the current time is within the scheduled event
time, the information display control means 414B can also
display “ALLARM ON?” as auxiliary information 504 on the
display panel 20, for example.

[0226] This embodiment of the invention affords the same
benefits as the first embodiment described above.

[0227] More specifically, the timepiece 1E also displays
information in the no-scale areas on the outside circumfer-
ence side of the scales 21 and 22, including in the area on an
extension of the hands 31 and 32. Time-related schedule
information can therefore be displayed on the outside of the
scale 21 indicating the scheduled time, and the user can thus
be easily and reliably reminded of schedule information
related to the current time.

[0228] Furthermore, because the scheduled time informa-
tion 502 is displayed as a band, the user can also easily
visually grasp the scheduled time.

[0229] The user can also be more accurately informed of
the current status because the information display control
means 414B also displays the schedule-related information
503 on the display panel 20. The user can also be more
accurately informed of the current status because the infor-
mation display control means 414B also displays auxiliary
information 504 on the display panel 20.

[0230] Furthermore, space that is not part of the scale dis-
play ranges 25 and 26, that is, the scale areas, set in circles
around the rotational axes of the hour hand 31 and minute
hand 32 occurs in the four corners of the rectangular display
panel 20.

[0231] Furthermore, by displaying information in the no-
scale areas disposed outside the scale display ranges 25 and
26, this embodiment of the invention can also effectively use
the display area of the display panel 20 to efficiently display
additional information.

Embodiment 7

[0232] A seventh embodiment of the invention is described
next. This embodiment differs from the first embodiment by
displaying a part of the scales 21 and 22 differently from the
other part of the scale, but is otherwise identical.

[0233] More specifically, as shown in FIG. 12, the scale
display control means 414 A in this embodiment displays the
portion 21A and 22 A ofthe scales 21 and 22 corresponding to
the current positions pointed to by the hands 31 and 32 using
athicker line width than the other parts of the scales 21 and 22
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displayed on the display panel 20. More specifically, the
thickness of the arc connecting the graduations 21A, 22A is
changed.

[0234] The portion 21A, 22A or the scales 21 and 22 that is
displayed using a thicker line width is preferably the portion
of the arc within a specific range on either side of the time
indicated by the hands 31 and 32. When the minute hand 32
moves one minute on the minute hand 32 scale 22 in this case,
the scale display control means 414A also preferably moves
the portion 22A of the scale 22 displayed with an increased
line width one minute.

[0235] As the hands 31 and 32 move, the scale display
control means 414A can also change the scale portion 21A,
22A that is displayed with a thicker line width. For example,
as shown in FIG. 12, when the minute hand 32 points to the
range from 8 to 12 minutes, the scale display control means
414A increases the thickness of the scale 22 in the range from
8 to 12 minutes. When the minute hand 32 then moves into the
range from 12 to 17 minutes, the scale display control means
414A increases the thickness of the scale 22 in the range from
12 to 17 minutes. The portion of the scale 22 that is displayed
with a thicker line width is therefore shifted in five-minute
increments every five minutes.

[0236] This embodiment of the invention enables the user
to easily determine the positions of the hands 31 and 32 and
determine the approximate time even if the precise positions
of'the hands 31 and 32 cannot be determined by displaying a
portion of the scales 21 and 22 using a thick line width.
[0237] Instead of increasing the line width of a part of the
scales 21 and 22, the color of part of the scales 21 and 22 could
be changed or both the line width and color can be changed.
More particularly, one part of the scales 21 and 22 can be
changed so that part can be readily distinguished from the
other parts of the scales 21 and 22.

Embodiment 8

[0238] An eighth embodiment of the invention is described
next. In the seventh embodiment of the invention the thick-
ness of the scales 21 and 22 changes in conjunction with
movement of the hands 31 and 32. In this embodiment of the
invention, however, the thickness of the scales 21 and 22 is
changed as shown in FIG. 13 to give meaning to the time
change indicated by the hands 31 and 32.

[0239] The scale display control means 414A in this
embodiment of the invention updates the scale 22 of the
minute hand 32 at a 15-minute interval. More specifically,
when the minute hand 32 moves into the 0 to 15 minute range,
the 15 to 30 minute range, the 30 to 45 minute range, and the
45 to 60 minute range, the scale display control means 414A
shifts the scale 22 to the 0 to 15 minute range, the 15 to 30
minute range, the 30 to 45 minute range, and the 45 to 60
minute range, respectively.

[0240] The scale display control means 414A also displays
the second five-minute portion 22B (minutes 5 to 10 in FIG.
13) of the scale 22 with a thicker line width than the first
five-minute portion, and displays the third five-minute por-
tion 22C (minutes 10 to 15 in FIG. 13) using an even thicker
line width.

[0241] With this embodiment of the invention the user can
easily determine the approximate range of the current time
from the thickness of the portion of the scale 22 pointed to by
the minute hand 32, and can determine, for example, the
progress of a meeting, such as how much time has passed or
how much time remains.
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[0242] Instead of increasing the line width of a part of the
scales 21 and 22, the color of part of the scales 21 and 22 could
be changed or both the line width and color can be changed.
More particularly, one part of the scales 21 and 22 can be
changed so that part can be readily distinguished from the
other parts of the scales 21 and 22.

[0243] Embodiment 9

[0244] A ninth embodiment of the invention is described
next. This embodiment differs from the first embodiment by
displaying a part of the scales 21 and 22 differently from the
other part of the scale, but is otherwise identical.

[0245] More specifically, as shown in FIG. 14, the scale
display control means 414A in this embodiment of the inven-
tion changes the color of the portion 21 A, 21B of the scale 21,
22 corresponding to the current position pointed to by the
hands 31 and 32 to a deeper color than the other portions of the
scales 21 and 22 presented on the display panel 20.

[0246] The parts 21A, 22A of the scales 21 and 22 that re
displayed a darker color are preferably specific ranges cen-
tered on the times indicated by the hands 31 and 32. In this
case the scale display control means 414A also moves the
portion of the scale 22 that is displayed using a darker color a
1-minute increment on the minute hand 32 scale 22 when the
minute hand 32 moves one minute.

[0247] Alternatively, the scale display control means 414A
can move the scale portions 21 A, 22 A that are displayed with
a thicker line width a constant amount in conjunction with
movement of the hands 31 and 32. As shown in FIG. 14, for
example, the scale display control means 414 A displays the
range of the scale 22 from 8 to 12 minutes using a dark color
when the minute hand 32 is pointing in this 8 to 12 minute
range, displays the range of the scale 22 from 12 to 17 minutes
using a dark color when the minute hand 32 is pointing in this
12 to 17 minute range, and thus shifts the portion of the scale
22 that is displayed with thicker line width in five-minute
increments every five minutes.

[0248] This embodiment of the invention enables the user
to easily determine the positions of the hands 31 and 32 and
determine the approximate time even if the precise positions
of'the hands 31 and 32 cannot be determined by displaying a
portion of the scales 21 and 22 using a darker color.

[0249] The invention is not limited to increasing the color
density of a part of the scale 21 and 22, and can vary the
displayed color by appropriately adjusting the hue, satura-
tion, or brightness.

Embodiment 10

[0250] A tenth embodiment of the invention is described
next. As shown in FIG. 15, this embodiment of the invention
uses different colors to display the scale areas 23 and 24 and
the no-scale area. In addition, the hour scale area 23 and the
minute scale area 24 are displayed using different colors. A
fan-shaped hand display range 24A is also set in the minute
scale area 24. The color of this hand display range 24A is also
different from the colors of the scale areas 23 and 24 and the
no-scale area.

[0251] The hand display range 24A is also displayed
according to the position of the minute hand 32, and the
central angle of the hand display range 24A is smaller than the
central angle of the minute scale area 24.

[0252] This embodiment of the invention also has a second
hand 33. Similarly to a typical timepiece, the length of the
second hand 33 from the center shaft to the distal end is longer
than the length of the minute hand 32 from the center shaft to
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the distal end. Markers for the second hand 33 are not dis-
played on the display panel 20.

[0253] By displaying the scale areas 23 and 24 and the
no-scale area in different colors, this embodiment of the
invention makes identifying the scale areas 23 and 24 and
determining the current positions of the hands 31 and 32
simple.

[0254] Using different colors to display the scale areas 23
and 24 also makes determining the current positions of the
hands 31 and 32 simple and makes it easier to determine the
approximate time.

[0255] Furthermore, by displaying a hand display range
24A that is narrower (has a smaller central angle) than the
minute scale area 24 according to the position of the minute
hand 32, the position of the minute hand 32 can also be
determined more easily based on the position of the hand
display range 24A.

[0256] The colors of the scale areas 23 and 24 and hand
display range 24A can also be set so that the hands 31 and 32
stand out, thereby improving the readability of the hands 31
and 32.

[0257] Yet further, this embodiment of the invention has a
second hand 33 but does not display a scale (markers) for the
second hand. Information displayed in the no-scale area will
therefore not be obscured by the second hand scale, and a drop
in the readability of displayed information is thus prevented.
[0258] In addition, while the second hand 33 passes over
the information 200 displayed in the no-scale area as shown in
FIG. 15, the second hand 33 travels faster than the minute
hand 32 and is typically slender. As a result, even if the second
hand 33 passes over the information 200, the second hand 33
will move away from the information 200 in a number of
seconds and there is no practical concern about the readability
of the information 200 displayed in the no-scale area being
impaired.

[0259] Other Variations of the Invention

[0260] The invention is not limited to the embodiments
described above, and all modifications and improvements
that are within the scope of the accompanying claims are
included in the invention.

[0261] For example, the scale display control means 414A
can move the scale range and the graduations for each hand a
prescribed number of graduations in the direction the hands
move each time the hands move a prescribed number of
graduations. This prescribed number of graduations could be
one graduation or two or more graduations.

[0262] Using the scale 22 for the minute hand 32 for
example, when the minute hand 32 moves one minute (a 6°
angle of rotation), each of the graduations on the scale 22 can
be moved one graduation by shifting the minute scale area 24,
that is, the scale 22, the distance of one graduation (a 6° angle
of rotation).

[0263] This has the advantage of always keeping the hand
pointing to the center of the corresponding scale. If the scale
for the minute hand 32 is updated in this way, however, the
scale must be redrawn more frequently, specifically every
minute, thereby increasing power consumption if an electro-
phoretic display or other display device with image memory
is used for the display panel 20, and the embodiments
described above are therefore preferable for the ability to
reduce power consumption.

[0264] If the scale is shifted two or more graduations, the
minute hand 32 scale 22, for example, is preferably shifted
from 4 to 30 graduations at a time. Moving the scale 22 less
than four graduations requires updating the scale display
more frequently and thus increases power consumption. I[f the
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scale 22 is moved in increments of 30 graduations or more,
the scale 22 must display at least 30 graduations, and the size
of the no-scale area is accordingly reduced.

[0265] Alternatively, the scale display control means 414A
can move the scale area of the hand a prescribed distance in
the direction the hand move at a constant time interval. While
the speed of hand or needle movement in an instrumentation
meter is not constant, the hands on a timepiece move at a
constant rate. As a result, if the scales for the hour hand 31,
minute hand 32, and second hand 33 of'a timepiece are moved
at a regular time interval, the scale, that is, the graduations
(markers), can be displayed according to the positions of the
hands. For example, if the minute scale area 24 in which the
scale 22 for the minute hand 32 is displayed is rotated 30
degrees every 5 minutes, the scale 22 can be displayed linked
to the movement of the scale 22.

[0266] Preferably, the update-display interval for each of
the scales is equal to the refresh display interval of the display
panel 20, and the distance the graduations move is set accord-
ing to the update-display interval. The refresh display interval
of'the display panel 20 having image memory is 5, 10, 15, or
30 minutes, for example. Although the amount of power
consumed is a small fraction of the power consumed when
normally redrawing the entire display, refreshing the display
to prevent image degradation still consumes power. As a
result, updating the display of the scales at a different time
than when the display is refreshed increases power consump-
tion commensurately.

[0267] Executing the display refresh operation and the
scale display updating operation at the same time, however,
reduces power consumption.

[0268] The scale display control means 414A can also
change the update-display interval of the scales and the
refresh display interval based on the time (internal time) of
the timekeeping means.

[0269] For example, the user of the timepiece 1 normally
checks the time frequently during the day but removes the
timepiece 1 at night and therefore usually does not check the
time on the timepiece 1. A drop in the image quality of the
display panel 20 at night is therefore not much of a problem,
and the refresh display interval can be increased.

[0270] The scale display control means 414A therefore sets
the refresh display interval to 30 minutes and changes the
center angle of the minute hand 32 scale 22 to 180 degrees,
that is, a 30-minute scale, during the night (such as from 11:00
p-m. to 7:00 a.m.), and at other times (such as from 7:00 a.m.
to 11:00 p.m.) sets the refresh display interval to 15 minutes
and changes the center angle of the minute hand 32 scale 22
to 90 degrees, that is, a 15-minute scale.

[0271] By thus using a longer refresh display interval at
night, when a drop in the contrast of the graduations is not a
problem, than during the day, this aspect of the invention can
reduce power consumption.

[0272] The update-display interval of the scales and the
refresh display interval can alternatively be changed based on
user activity instead of based on the internal time kept by the
timepiece 1. For example, if the timepiece is a wristwatch the
timepiece could detect when the timepiece is worn on the
user’s wrist, shorten these intervals when the wristwatch is
being worn, and lengthen the intervals when the wristwatch is
not worn.

[0273] Methods of detecting if the wristwatch is being
worn include, for example, detecting movement of the time-
piece by means of an acceleration sensor disposed inside the
timepiece, or detecting the power output of an internal gen-
erator when a thermoelectric or rotary pendulum generator is
built in to the timepiece, to determine if the timepiece is being
worn by the user.
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[0274] The color of the scale can also be changed when a
scale is updated. For example, if the minute hand 32 scale 22
is updated at a 15-minute interval, the scale 22 could be black
when in the 0 to 15 minute range, blue when changed to a
scale 22 in the 15 to 30 minute range, yellow when changed to
a scale 22 in the 30 to 45 minute range, and red when changed
to a scale 22 in the 45 to 60 minute range. This arrangement
enables the user to determine the current time range indicated
by the minute hand 32 and thus easily determine the general
progress of a meeting, for example, from the color of the scale
22.

[0275] The angles set as the center angle 61 of the hour
scale area 23 and the center angle 02 of the minute scale area
24 are not limited to the angles described in the first to fourth
embodiments above and can be set appropriately according to
the embodiment.

[0276] For example, if there is only one hand (needle), the
center angle of the scale area could be enlarged to 270
degrees. This still leaves a remaining area that can be used to
display information, and assures the readability of the dis-
played information.

[0277] However, if there are two hands and the scale for
each has a center angle of 180 degrees or more, the entire
scale display area will be occupied by the scales when the
angle of intersection between the two hands is 180 degrees,
that is, when the hands are on diametrically opposite sides of
the rotational axis, and assuring space for displaying other
information is difficult. The center angles of the scale areas
when there are two hands is therefore preferably 120 degrees
or less, and is further preferably 90 degrees or less, in order to
assure a sufficiently large no-scale area. If there are three
hands, the center angle of the scale area is less than or equal
to 90 degrees, and the hands are 120 degrees apart, the no-
scale area will be divided into several small areas between the
scales, and any additional information must be displayed
using these small no-scale areas. As described in the second
embodiment, it is preferable in this case to use short hands for
the third and additional hands so that the hands do not inter-
fere with displaying information.

[0278] The center angle of the scale for each hand can be set
to 30 degrees or less, but few graduations can be displayed
and reading the values indicated by the hands becomes diffi-
cult if the scale is too small. The size or center angle of the
scale is therefore preferably set with consideration for the
graduation interval and the readability of the hands.

[0279] In the foregoing embodiments of the invention the
graduations are displayed along the outside circumference
(arc) of the scale area, but the graduations can be displayed in
another part of a fan-shaped scale area. For example, the
graduations can be displayed in the middle of the radius of the
scale area (the middle area between the center axis and the
arc), that is, overlapping the middle area between the rota-
tional axis and the distal end of the hand.

[0280] Furthermore, the scale area is fan-shaped because it
is used with a rotating hand or needle, but the shape, size, and
other aspects of the scale area can be set appropriately accord-
ing to how the hand moves. For example, if the needle slides
along a linear path, the scale area can be a band along the path.
[0281] Further alternatively the scale area can be rendered
only in the area along the distal end of the hand, and the area
near the proximal end of the hand can be set as the no-scale
area. For example, the scale area of a rotating hand is not
limited to a fan-shaped area and could be a curved band or
arch-shaped scale area. More specifically, the scale area can
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be any area with enough area to display at least the gradua-
tions needed to read the value indicated by the hand.

[0282] Thedisplay panel 20 could also display numbers for
reading the graduations adjacent to the graduations displayed
in the scales 21, 22,27, 104, and 105 shown in the figures. As
shown in FIG. 6, for example, the number “10” denoting the
hour indicated by the hour hand is displayed beside the cor-
responding scale 21. Also displaying the numbers makes it
even easier to determine the value indicated by the hand.
[0283] The information displayed in the no-scale area of
the display panel 20 is also not limited to the information
described above, and could include, for example, the date,
world time, a chronograph, schedule information, a to-do list,
address book information, and other types of information.
[0284] Furthermore, when a second hand is not provided as
in the first embodiment, the second could be displayed as this
additional information on the display panel 20.

[0285] Further alternatively, a wireless or wired communi-
cation function can be rendered in the dial indicator display
device, and information received by the communication func-
tion, such as e-mail or news, could be displayed on the display
panel 20.

[0286] It is also not essential to display information using
the information display control means 414B. More particu-
larly, the scale display control means 414A alone could be
rendered in the display panel drive circuit 414 to display only
the scale graduations on the display panel 20.

[0287] Further alternatively, the user could be enabled to
select a mode that displays information and a mode that
displays only the scale without displaying additional infor-
mation. If the mode displaying only the scale is selected, the
graduations can be displayed in a full circle similarly to a
conventional analog timepiece so that the values indicated by
the hour hand 31, minute hand 32, and second hand 33 can be
read accurately.

[0288] The second embodiment of the invention displays a
scale 27 around the entire circumference of the second hand
scale display range 28, but a fan-shaped second hand scale
area can be set inside the second hand scale display range 28
and the scale 27 could be displayed only in this scale area
similarly to the scales displayed for the hour hand 31 and
minute hand 32.

[0289] The display panel 20 is also not limited to a display
device with image memory such as an electrophoretic dis-
play, and an liquid crystal display, organic electroluminescent
display, or other type of display device can be used instead.
[0290] More particularly, when the display must be
redrawn frequently to update the second hand scale or the
scale on a measuring instrument, a liquid crystal display is
preferably because of the fast response time when redrawing
the display.

[0291] Ifthe display panel 20 is an electrophoretic display,
however, the scale can be displayed quickly in conjunction
with movement of the hand by applying a certain amount of
voltage to the parts of the scale that are adjacent to the cur-
rently displayed scale, that is, the part of the scale that is likely
to be displayed next, to display that part of the scale at an
intermediate gray level. For example, if an EPD that can
display multiple gray levels between black and white is used
and the scale is displayed black, and the part of the scale that
is to be displayed black next is driven to an intermediate gray
level, the scale can be quickly redrawn to track the movement
of a fast-moving hand, such as the second hand, by then
applying additional voltage to immediately display black.
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[0292] The information displayed in the no-scale area can
also be linked to the scale area.

[0293] For example, timepieces that have a solar power
generator or other type of built-in generating device and dis-
play information related to power generation using the second
hand 33 are known from the literature. When the second hand
33 indicates power generating information in this case, the
displayed content can be differentiated by changing the color
or thickness of the indicated graduation or by changing the
color ofthe scale area. The scale in the indicated area could be
green if the power output level is high, for example, and could
be changed to red when power output is low, thus enabling the
user to easily determine the power output level. The meaning
of'the color ofthe scale could also be displayed with text in the
no-scale area. The user can also easily know that the dis-
played text information is related to the value indicated by the
hand if the same color used to display the graduations and
scale is used to display the text information.

[0294] This information is also not limited to power gen-
eration, and the user can easily recognize the displayed infor-
mation by controlling the color of the scale and the color of
the information in the no-scale area, whether the information
indicates the temperature, detection of a magnetic field, or
other internal state of the timepiece, operation of the crown
451 or buttons 452 and 453, or information that is received
from an external source by wire or wirelessly and is stored in
the timepiece.

[0295] The invention is not limited to use in timepieces,
speedometers, or thermometers as described in the foregoing
embodiments, and can be used in a wide range of instruments
and meters. More particularly, because the displayed scale
can be freely changed, the invention can also be used to switch
between the scales used by plural different types of instru-
ments.

[0296] The invention can also be used in a timepiece that
has a small second hand attached to a pin that is offset from
the pin to which the hour hand and minute hand are attached.
In this case the scale display control means can set a small
second hand scale range for the small second hand, and can
control displaying and not displaying the scale in the small
second hand scale range in conjunction with the information
display.

[0297] The invention being thus described, it will be obvi-
ous that it may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope of
the invention, and all such modifications as would be obvious
to one skilled in the art are intended to be included within the
scope of the following claims.

What is claimed is:
1. A dial indicator display device comprising:
a needle indicator;
a needle moving means for moving the needle indicator;
a display panel disposed behind the needle indicator and
capable of displaying an image; and
a drive control means for controlling the needle moving
means and driving the display panel, and including
a scale display control means for displaying a scale in a
scale display area on the display panel overlapping the
range of needle movement in plan view,
aneedle position detection means for detecting the posi-
tion of the needle indicator, and
an information display means;
wherein the scale display control means segments the scale
display area into a scale area and a no-scale area not
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including the scale area based on the needle position
detected by the needle position detection means, and
displays a scale for reading values indicated by the
needle indicator only in the scale area; and
the information display means displays information in the
no-scale area.
2. The dial indicator display device described in claim 1,
wherein:
the no-scale area is also disposed on the outside circum-
ference side of the scale display area on the display
panel; and
the information display means also displays information in
the no-scale area disposed on the outside circumference
side of the scale area.
3. The dial indicator display device described in claim 1,
wherein:
the needle indicator is attached to a rotary pin that is driven
rotationally by the needle moving means;
the scale display area is formed in a circle concentric to the
rotary pin of the needle indicator; and
the scale area is a fan-shaped portion of the scale display
area connecting an outside circumference arc of the
scale display area and the center of the circle.
4. The dial indicator display device described in claim 3,
wherein:
the scale area has a center angle set in the range from 30
degrees to 270 degrees.
5. The dial indicator display device described in claim 4,
wherein:
the needle indicator includes two or three hands disposed to
concentric rotary pins; and
the scale area has a center angle set in the range from 30
degrees to 90 degrees.
6. The dial indicator display device described in claim 1,
wherein:
the display panel is a display device with image memory;
the drive control means runs a refresh display operation to
correct for image degradation on the display panel at a
prescribed refresh display interval; and
the scale display control means moves the scale area a
prescribed amount that is set according to the refresh
display interval in the same direction as the needle indi-
cator moves at the same interval as the refresh display
interval.
7. The dial indicator display device described in claim 6,
further comprising:
a timekeeping means for keeping time;
wherein the needle indicator includes an hour hand and a
minute hand;
the drive control means controls the needle moving means
based on the time information kept by the timekeeping
means to move the hour hand and the minute hand;
the scale display control means sets an hour hand scale area
for the hour hand and a minute hand scale area for the
minute hand, and displays a scale in each scale area; and
the drive control means changes the refresh display interval
based on the time kept by the timekeeping means.
8. The dial indicator display device described in claim 1,
wherein:
when the needle indicator moves a prescribed number of
graduations, the scale display control means moves the
scale area the prescribed number of graduations in the
direction of needle indicator movement.
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9. The dial indicator display device described in claim 1,
wherein:
when the needle indicator moves to an end of the scale area,
the scale display control means moves the scale area a
prescribed distance in the direction of needle indicator
movement.
10. The dial indicator display device described in claim 1,
wherein:
the scale display control means moves the scale area a
prescribed distance in the direction of needle indicator
movement at a constant time interval.
11. The dial indicator display device described in claim 1,
further comprising:
a timekeeping means for keeping time;
wherein the needle indicator includes an hour hand and a
minute hand;
the drive control means controls the needle moving means
based on the time information kept by the timekeeping
means to move the hour hand and the minute hand; and
the scale display control means sets an hour hand scale area
for the hour hand and a minute hand scale area for the
minute hand, and displays a scale in each scale area.
12. The dial indicator display device described in claim 11,
wherein:
the scale display control means displays the scale dis-
played in the hour hand scale area in the area inside of
the scale displayed in the minute hand scale area.
13. The dial indicator display device described in claim 11,
wherein:
the scale display control means sets the hour hand scale
area and the minute hand scale area contiguously to each
other, and displays the scale in each scale area equidis-
tantly from the rotary pin of the needle indicators when
the angle formed by the hour hand and minute hand and
detected by the needle position detection means is less
than or equal to a prescribed angle, and
sets the scale displayed in the hour hand scale area in the
area on the inside of the scale displayed in the minute
hand scale area when the angle formed by the hour hand
and minute hand and detected by the needle position
detection means is greater than a prescribed angle.
14. The dial indicator display device described in claim 11,
wherein:
the needle indicator includes a second hand;
the drive control means controls the needle moving means
based on time information kept by the timekeeping
means to move the hour hand, minute hand, and second
hand; and
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the scale display control means sets a second hand scale
area for the second hand, and displays the scale dis-
played in the second hand scale area in the area on the
inside of the scale displayed in the hour hand scale area.
15. The dial indicator display device described in claim 11,
wherein:
the needle indicator includes a second hand;
the drive control means controls the needle moving means
based on time information kept by the timekeeping
means to move the hour hand, minute hand, and second
hand; and
the scale display control means sets a circular second hand
scale display area for displaying a scale for the second
hand, and displays the scale displayed in the second
hand scale display area in the area inside the scale dis-
played in the hour hand scale area.
16. The dial indicator display device described in claim 11,
wherein:
the needle indicator includes a second hand;
the length of the second hand from the rotary pin of the
second hand to the distal end of the second hand is
greater than or equal to the length from the rotary pin of
the minute hand to the distal end of the minute hand; and
the scale display control means displays scales for the hour
hand and the minute hand but does not display a scale for
the second hand.
17. The dial indicator display device described in claim 1,
wherein:
the display panel is a display device with image memory.
18. The dial indicator display device described in claim 1,
wherein:
the scale displayed in the scale area includes graduations
denoting the position of the needle indicator, and a
curved line connecting each of the graduations.
19. The dial indicator display device described in claim 1,
wherein:
the scale display control means displays a part of the scale
using at least one of a color and line thickness that is
different from other parts of the scale.
20. The dial indicator display device described in claim 1,
wherein:
the scale display control means displays at least a part of
the scale area using a different color than the color of the
no-scale area.
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