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A map display device includes a position information acquir-
ing unit for acquiring the present position of a vehicle; a map
data storage unit for storing map data; a remaining energy
acquiring unit for acquiring a residual quantity of energy for
driving the vehicle and equipment mounted on the vehicle; a
range calculating unit for computing a range the vehicle can
travel with the remaining energy, using a moving energy
consumption rate which is energy consumption per unit time
required for moving the vehicle and a driving energy con-
sumption rate Eci which is energy consumption per unit time
required for driving the equipment mounted on the vehicle;
and an output control unit for displaying the range on a map
using the map data.
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MAP DISPLAY DEVICE, NAVIGATION
DEVICE AND MAP DISPLAY METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of copending
application Ser. No. 13/978,216, filed on Jul. 3, 2013, which
was filed as PCT International Application No. PCT/JP2011/
001064 on Feb. 24, 2011, all of the aforementioned applica-
tions being hereby expressly incorporated by reference into
the present application.

TECHNICAL FIELD

[0002] The present invention relates to a map display
device for carrying out map display considering energy con-
sumption of a mobile unit, a navigation device comprising the
map display device and a map display method.

BACKGROUND ART

[0003] Conventionally, a map display device has been used
which is mounted on a mobile unit such as a car, detects the
present position of the vehicle using GPS or the like and
displays the position on a display together with a road map.
Furthermore, with the recent spread of electric vehicles and
hybrid vehicles, a technique is utilized which displays a range
the mobile unit can cover with the present remaining energy,
or an energy supply necessary for the mobile unit to continue
traveling together with the map display. For example, a map
display device disclosed in Patent Document 1 calculates,
when charging the battery of a driving motor, a range the
mobile unit can cover after charging the battery for a plurality
of periods of time considering the remaining battery life, and
displays the result on a display. In addition, a vehicle control
device disclosed in Patent Document 2 shows a fuel station
reachable under an energy-saving driving mode to a driver,
even though only one reachable fuel station remains in a
normal driving mode, and controls the driving mode of the
vehicle so that it can reach the fuel station the driver desires.

PRIOR ART DOCUMENT

Patent Document

[0004] Patent Document 1: Japanese Patent [Laid-Open No.
2009-25128.
[0005] Patent Document 2: Japanese Patent [Laid-Open No.

2007-178216.
DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0006] The foregoing Patent Documents 1 and 2, however,
consider only remaining battery life or fuel remaining, and do
not consider energy consumption of equipment (such as an air
conditioner, wipers and headlights) the mobile unit can use
while it is traveling. Accordingly, it has a problem of being
unable to inform a user dynamically of the range that varies
depending on the energy consumption of the equipment used.
[0007] The present invention is implemented to solve the
foregoing problem. Therefore it is an object of the present
invention to provide a map display device capable of inform-
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ing a user of the range that dynamically changes in response
to the energy consumption of the equipment used while the
mobile unit is traveling.

Means for Solving the Problem

[0008] A map display device in accordance with the present
invention comprises: a position information acquiring unit for
acquiring the present position of a mobile unit; a map data
storage unit for storing map data; a remaining energy acquir-
ing unit for acquiring a residual quantity of energy for driving
the mobile unit and equipment mounted on the mobile unit; a
range calculating unit for computing a reachable range of the
mobile unit with the remaining energy the remaining energy
acquiring unit acquires, using a moving energy consumption
rate which is energy consumption per unit time required for
moving the mobile unit and a driving energy consumption
rate which is energy consumption per unit time required for
driving the equipment mounted on the mobile unit; and an
output control unit for displaying on a map the reachable
range of the mobile unit the range calculating unit computes,
using the map data of the map data storage unit.

Advantages of the Invention

[0009] According to the present invention, it can carry out
map display capable of varying the range dynamically in
accordance with the energy consumption of the equipment
used while the mobile unit is traveling.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.1isablockdiagram showing a configuration of
a map display device of an embodiment 1;

[0011] FIG. 2is ablock diagram showing a configuration of
a control unit of the map display device of the embodiment 1;
[0012] FIG. 3is ablock diagram showing a configuration of
a range calculating unit of the map display device of the
embodiment 1;

[0013] FIG. 4 is a diagram showing an operation example
and its display screen of the map display device of the
embodiment 1;

[0014] FIG. 5is a diagram showing a display example of a
range on the map display device of the embodiment 1;
[0015] FIG. 6 is a flowchart showing the operation of the
map display device of the embodiment 1;

[0016] FIG.7isablock diagram showing a configuration of
arange calculating unit of a map display device of an embodi-
ment 2;

[0017] FIG. 8 is a diagram showing a display example of a
range by the map display device of the embodiment 2;
[0018] FIG. 9 is a flowchart showing an operation of the
map display device of the embodiment 2;

[0019] FIG. 10 is a block diagram showing a different con-
figuration of the range calculating unit of the map display
device of the embodiment 2;

[0020] FIG. 11 is a flowchart showing a different operation
of'the map display device of the embodiment 2;

[0021] FIG. 12 is a diagram showing a different display
example of a range by the map display device of the embodi-
ment 2;

[0022] FIG. 13 is a block diagram showing a configuration
of a range calculating unit of a map display device of an
embodiment 3;
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[0023] FIG. 14 is a diagram showing an example of a sun-
shine database of the map display device of the embodiment
3;

[0024] FIG. 15 is a flowchart showing an operation of the
map display device of the embodiment 4;

[0025] FIG. 16 is a diagram showing a display example of
a range of the map display device of the embodiment 4;
[0026] FIG. 17 is a diagram showing a different display
example of the range of the map display device ofthe embodi-
ment 4;

[0027] FIG. 18 is a block diagram showing a configuration
of'a control unit of a map display device of an embodiment 5;
[0028] FIG. 19 is a block diagram showing a configuration
of a range calculating unit of the map display device of the
embodiment 5;

[0029] FIG. 20 is a diagram showing a display example of
a circular route on the map display device of the embodiment
5;

[0030] FIG. 21 is a flowchart showing the operation of the
map display device of the embodiment 5;

[0031] FIG. 22 is a diagram showing display control of a
map display device of an embodiment 6;

[0032] FIG. 23 is a diagram showing a display example on
the map display device of the embodiment 6;

[0033] FIG. 24 is a flowchart showing an operation of the
map display device of the embodiment 6;

[0034] FIG. 25 is a flowchart showing a different operation
of the map display device of the embodiment 6; and

[0035] FIG. 26 is a block diagram showing a configuration
of'a navigation device with a function of the embodiment 1 to
the embodiment 6.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0036] The best mode for carrying out the invention will
now be described with reference to the accompanying draw-
ings to explain the present invention in more detail.

Embodiment 1

[0037] FIG.1isablockdiagram showing a configuration of
amap display device of an embodiment 1. In FIG. 1, the map
display device 10 of the embodiment 1 comprises a control
unit 1, a position information acquiring unit 2, a map data
storage unit 3, a user input unit 4, a remaining energy acquir-
ing unit 5, an energy consumption rate acquiring unit 6, a
voice output unit 7, a display unit 8 and a communication unit
9. Although the map display device 10 is applicable to various
mobile units, the following description will be made by way
of example applied to a vehicle.

[0038] The control unit 1 is generally composed of a CPU,
a memory and the like as an embedded system. The position
information acquiring unit 2 obtains the position information
of its own vehicle from GPS information supplied from an
external device (not shown) or from various driving informa-
tion such as vehicle speed information and steering angle of
the wheel. The map data storage unit 3 stores map data for a
navigation device. The user input unit 4, which is composed
of'arotary switch, buttons, and/or a microphone, for example,
accepts operation input or voice input from a user. The user
input unit 4 can be implemented by software keys as well as
hardware keys. The operation input or voice input is input that
designates temperature setting of an air conditioner or vol-
ume setting of audio equipment, for example.
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[0039] Incidentally, the following description will be made
by referring to equipment such as an air conditioner or audio
equipment in the vehicle as power consuming equipment, the
power consumption of which increases or decreases due to
user operation. As the other power consuming equipment,
there are heaters, wipers, wireless equipment, a cigar lighter,
external equipment connection equipment, backseat enter-
tainment equipment (DVD or Blue-ray video playback equip-
ment) and its screen, the interior light, cruise control setting
and the like.

[0040] The remaining energy acquiring unit 5 calculates a
residual quantity of energy which is required for driving the
vehicle and is used by the power consuming equipment. The
energy consumption rate acquiring unit 6 obtains energy con-
sumption per unit time required for driving the vehicle and
power consuming equipment (called “moving energy con-
sumption rate” from now on). The voice output unit 7 gives a
user various information the control unit 1 generates in a
voice. In addition, according to need, it outputs an alarm in
response to a control instruction from the control unit 1. The
display unit 8 displays, in addition to map information, vari-
ous information created by the control unit 1. The communi-
cation unit 9 carries out communication with an external
device via an in-vehicle network (not shown) or an external
network (not shown).

[0041] Next, details of the control unit 1 will be described.
FIG. 2 is ablock diagram showing a detailed configuration of
the control unit 1 in FIG. 1. The control unit 1 comprises a
vehicle position calculating unit 11, an input analyzer unit 12,
a range calculating unit 13, an output control unit 14 and a
map panel unit 15.

[0042] The vehicle position calculating unit 11 performs
map matching between the vehicle position information input
from the position information acquiring unit 2 and the map
data obtained from the map data storage unit 3, and calculates
the vehicle position on the map. The input analyzer unit 12
analyzes the input data input via the user input unit 4. The
range calculating unit 13 computes a cruising radius from the
vehicle position information supplied from the vehicle posi-
tion calculating unit 11, the map data obtained from the map
data storage unit 3, the remaining energy of the vehicle
obtained from the remaining energy acquiring unit 5 and the
moving energy consumption rate obtained from the energy
consumption rate acquiring unit 6.

[0043] The output control unit 14 carries out display con-
trol of the cruising radius computed by the range calculating
unit 13. As for the display control, it controls not only the
screen display of the display unit 8, but also the output of the
voice signal from the voice output unit 7. For example, it
controls the display unit 8 and voice output unit 7 when a
warning is displayed on the display unit 8 and is output in a
voice simultaneously with the warning. The map panel unit
15 stores the map data and data for displaying the vehicle
position and range on the display unit 8.

[0044] Next, details of the range calculating unit 13 will be
described. FIG. 3 is a block diagram showing a configuration
of the range calculating unit in FIG. 2.

[0045] The range calculating unit 13 comprises a driving
efficiency storage unit 21, a reachable distance calculating
unit 22, and a reachable area calculating unit 23.

[0046] The driving efficiency storage unit 21 stores driving
efficiency during driving on a road for each road type such as
an expressway, national road and ordinary road. Furthermore,
it retains in advance a table establishing the correspondence
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between the driving speeds of the vehicle and the moving
energy consumption rates, and retains constants of the reach-
able distances at the moving energy consumption rates in the
table of the vehicle driving speeds and the moving energy
consumption rates. As for the table of the vehicle driving
speeds and the moving energy consumption rates, a configu-
ration is also possible which updates it automatically in accor-
dance with the driving record of the vehicle.

[0047] Thereachabledistance calculating unit 22 computes
the reachable distance of the vehicle from the remaining
energy obtained by the remaining energy acquiring unit 5 and
from the energy consumption per unit time of the vehicle
obtained by the energy consumption rate acquiring unit 6. The
reachable area calculating unit 23 computes a reachable area
of the vehicle from the reachable distance the reachable dis-
tance calculating unit 22 computes.

[0048] Next, a display example on the display unit 8 of the
map display device 10 will be shown. FIG. 4 is a diagram
showing a display example of the map display device of the
embodiment 1, which shows an example that alters its display
contents in accordance with the volume control of the audio
equipment which is the power consuming equipment.
[0049] When a user rotates the rotary switch 4a or presses
the button 45 of the audio equipment, which is the user input
unit 4, an ellipse A which is displayed on the map on the
display unit 8 to indicate the range is shown with its center
placed on the vehicle position O and with its scale being
reduced or increased in response to the operation. More spe-
cifically, when rotating the rotary switch 4a to the position
“1” or pushing the button 46 once, the range A1 is displayed
on the display unit 8 in response to the operation. Likewise,
when rotating the rotary switch 4a to the position “2” or
pushing the button 45 twice, the range A2 is displayed, and
when rotating the rotary switch 4a to the position “3” or
pushing the button 45 three times, the range A3 is displayed.
In this way, when the audio equipment is operated in the
direction of increasing the volume, the power consumption
increases and the range A is reduced.

[0050] Although FIG. 4 shows an example that displays the
ranges Al1-A3 using ellipses with their center placed on the
vehicle position O, the display of the range A is not limited to
an ellipse. For example, as shown in FIG. 5, it can be dis-
played using a circle which has its center placed on the
vehicle position O and has a radius of the reachable distance
(range 1D, details of its computing method will be described
later) of the vehicle the reachable distance calculating unit 22
computes.

[0051] Next, the operation of the map display device 10 will
be described. FIG. 6 is a flowchart showing the operation of
the range calculating unit of the map display device of the
embodiment 1. Along the line of the flowchart of FIG. 6, the
processing of computing the range will be described.

[0052] The range calculating unit 13 receives decision
information on whether the setting of the power consuming
equipment is changed or not, which the input analyzer unit 12
obtains by analyzing the operation input information of the
user input unit 4, from the energy consumption rate acquiring
unit 6 via the communication unit 9 (step ST1). If a decision
is made at step ST1 that the setting of the power consuming
equipment is not changed, the processing returns to step ST1
and waits. In contrast, ifa decision is made at step ST1 that the
setting of the power consuming equipment is changed, the
reachable distance calculating unit 22 of the range calculating
unit 13 acquires the remaining energy Er from the remaining
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energy acquiring unit 5 (step ST2), and obtains the energy
consumption rate Ec from the energy consumption rate
acquiring unit 6 (step ST3).

[0053] Here Ec, which is the sum of the energy consump-
tion of the vehicle driving and of all the pieces of the power
consuming equipment per unit time, is calculated by the
following Expression (1).

Ec=EcO+XZEci(i=1-n)

[0054] Incidentally, Ec0 is the energy consumption (mov-
ing energy consumption) per unit time relating to the vehicle
driving, Eci (i=1-n) is the energy consumption per unit time
(referred to as a “driving energy consumption rate” from now
on) required for driving the power consuming equipment, and
n is the number of pieces of the power consuming equipment
mounted on the vehicle. Here, as for the driving energy con-
sumption rate of the power consuming equipment, it can be
acquired directly from the power consuming equipment, or it
can be acquired from a table that establishes the correspon-
dence between the setting of the power consuming equipment
and the driving energy consumption rate at the setting and is
retained in advance.

[0055] Furthermore, the reachable distance calculating unit
22 acquires the constant d of the reachable distance at the
moving energy consumption rate Ec0 relating to the vehicle
driving from the driving efficiency storage unit 21 (step ST4).
Incidentally, although the constant d is a function of the
gradient of a road and driving speed in general, it is explained
as a fixed value for the sake of convenience. Next, the reach-
able distance calculating unit 22 calculates the reachable
distance D while the power consuming equipment is used
from the following Expression (2) (step ST5).

Exp. (1)

D=dx(Ev/Ec) Exp. (2)

where the term (Er/Ec) in the foregoing Expression (2), which
is the quotient obtained by dividing the remaining energy Er
by the energy consumption rate Ec, represents endurance
under the present power consuming condition. Multiplying
the endurance (Er/Ec) in the present power consuming con-
dition by the constant d results in D which is the reachable
distance in the present power consuming condition. Inciden-
tally, although the foregoing Expression (2) gives a simple
calculation formula, to improve the accuracy of the reachable
distance D, a calculation formula in more detailed conditions
can be used.

[0056] The reachable area calculating unit 23 calculates the
range A from the reachable distance D computed at step STS
according to the vehicle position information supplied from
the vehicle position calculating unit 11 and the map data
acquired from the map data storage unit 3 (step ST6). The
range A computed at step ST6 is supplied to the output control
unit 14 (step ST7). After that, the flowchart returns to the
processing at step ST1 to repeat the foregoing processing. In
this way, every time it detects the change of the power con-
suming equipment, it computes the range A and displays it on
the map data (see FIG. 4). Accordingly, it can inform the user
of'the range A dynamically changing in accordance with the
energy consumption rate Ec of the vehicle.

[0057] Incidentally, in FIG. 2, the range calculating unit 13
can be configured in such a manner as to make a decision on
whether the setting of the power consuming equipment is
changed or not via the user input unit 4 by referring to the
analysis information from the input analyzer unit 12. At this
time, in FIG. 3, the input analyzer unit 12 supplies its infor-
mation to the reachable distance calculating unit 22.
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[0058] As described above, according to the present
embodiment 1, since it comprises the reachable distance cal-
culating unit 22 for calculating the reachable distance D con-
sidering the energy consumption of the power consuming
equipment per unit time (driving energy consumption rate), it
can display the range that reflects the setting of the power
consuming equipment.

[0059] In addition, according to the present embodiment 1,
since it is configured in such a manner as to comprise the
range calculating unit 13 and output control unit 14 that
calculate, every time the setting of the power consuming
equipment is changed, the reachable distance D and range A
and display them on the map data, it can display the range that
follows the user operation of the power consuming equip-
ment.

[0060] In addition, according to the present embodiment 1,
since it is configured in such a manner that the reachable
distance calculating unit 22 calculates the energy consump-
tion rate Ec considering the energy consumption required for
driving the power consuming equipment per unit time (driv-
ing energy consumption rate), it can display the range which
reflects the setting of the power consuming equipment.
[0061] Incidentally, besides the display method shown in
the foregoing embodiment 1, a configuration is also possible
which displays the range at the operation of the power con-
suming equipment, followed by making the display of the
range more inconspicuous after a fixed time period has
elapsed from the end of the operation by removing the dis-
play, making it semitransparent or weakening its color. The
configuration enables confirming the range when the power
consuming equipment is operated, prevents the range from
being displayed normally, and thus can provide the display
with higher noticeability.

Embodiment 2

[0062] The present embodiment 2 shows a configuration
that calculates a reachable point along a main road from the
vehicle position according to the reachable distance D shown
in the foregoing embodiment 1.

[0063] FIG.7isablockdiagram showing a configuration of
a map display device of the embodiment 2. The map display
device 10 of the embodiment 2 further comprises in the range
calculating unit 13 a reachable point calculating unit 24 for
obtaining a reachable point from the reachable distance D the
reachable distance calculating unit 22 calculates in addition
to the configuration described in the foregoing embodiment 1
with reference to FIG. 1-FIG. 3. Incidentally, in the following
description, the same or like components to those of the map
display device 10 of the embodiment 1 are designated by the
same reference numerals, and their description will be omit-
ted or simplified.

[0064] The reachable point calculating unit 24 calculates a
reachable point p from the reachable distance D according to
the vehicle position information supplied from the vehicle
position calculating unit 11 and the map data acquired from
the map data storage unit 3. The reachable area calculating
unit 23 computes the range A from the reachable point p. The
range A can be given in terms of a route to the reachable point
p or an area formed by connecting a plurality of reachable
points p by lines. FIG. 8 shows a display example on the map
display device of the embodiment 2. FIG. 8(a) shows a dis-
play of routes for driving to reachable points p1, p2, p3 and p4
along main roads from the vehicle position as the range A in
atree diagram. Since the roads are not a straight line, it is more
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limited than the range A shown in FIG. 5 of the embodiment
1. FIG. 8(b) shows a display of an area formed by connecting
the reachable points p1, p2, p3 and p4 by straight lines as the
range A.

[0065] Next, the operation will be described.

[0066] FIG. 9 is a flowchart showing the operation of the
map display device of the embodiment 2. Incidentally, in the
following description, steps that perform the same processing
as the processing shown in FIG. 6 of the embodiment 1 are
designated by the same reference symbols, and their descrip-
tion will be omitted or simplified.

[0067] When the reachable distance calculating unit 22
computes the reachable distance D at step ST5, the reachable
point calculating unit 24 computes the reachable points p (p1,
P2, .. ., pn) from the reachable distance D computed at step
ST5 in accordance with the vehicle position information sup-
plied from the vehicle position calculating unit 11 and the
map data acquired from the map data storage unit 3 (step
ST11). The reachable area calculating unit 23 computes the
range A from the reachable points p calculated at step ST11
(step ST12), and supplies it to the output control unit 14 (step
ST7).

[0068] Incidentally, in the processing at step ST12, the
range A can be given by the tree diagram showing the routes
to the reachable points p as shown in FIG. 8(a), or by the area
formed by connecting the reachable points by the straight
lines as shown in FIG. 8(5). Computing the reachable points
in this way enables providing more accurate range A based on
the reachable distance D.

[0069] Next, a configuration will be shown in which the
reachable point calculating unit 24 computes the reachable
points p considering the driving efficiency of an ordinary road
and a motorway such as an expressway. Since a motorway
without a signal can improve the fuel consumption, the reach-
able points p can be set at a more distant point. On the other
hand, since the motorway has a restriction on a parking/
stopping lot, it computes the reachable points p considering
the parking/stopping lot.

[0070] FIG. 10 is a block diagram showing a configuration
for calculating the reachable points considering a motorway
in the map display device of the embodiment 2. It has the
same configuration as the that of FIG. 7 described above, and
furthermore, it acquires, when at least a part of a route to a
reachable point p the reachable point calculating unit 24
computes includes a motorway, the driving efficiency ratio
d_ratio between the motorway and ordinary road from the
driving efficiency storage unit 21, and recalculates a reach-
able point p' considering the driving efficiency ratio d_ratio.
[0071] Next, the operation will be described. FIG. 11 is a
flowchart showing the range display operation considering
the driving efficiency of the ordinary road and motorway in
the map display device of the embodiment 2.

[0072] When the reachable distance calculating unit 22
computes the reachable distance D at step ST5, the reachable
point calculating unit 24 acquires the distance information on
aroute along a main road from the vehicle position on the map
data in accordance with the vehicle position information sup-
plied from the vehicle position calculating unit 11 and the
map data acquired from the map data storage unit 3 (step
ST21), and calculates a point q the distance to which along the
main road is not greater than the reachable distance D and
which is closest to the reachable distance D (step ST22).
[0073] Next, thereachable point calculating unit 24 decides
onwhether at least a part of the route from the vehicle position
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to the point q includes a motorway or not (step ST23). If it
decides that the route does not include the motorway at step
ST23, it supplies the point q it computes at step ST22 to the
reachable area calculating unit 23 as the reachable point p
(step ST24). After that, the reachable point calculating unit 24
decides on whether it calculates the reachable points p for all
the main roads or not (step ST25), and if it decides at step
ST25 that it does not calculate the reachable points p for all
the main road, it returns to step ST21 to repeat the foregoing
processing. On the other hand, if it decides at step ST25 that
it calculates the reachable points p for all the main roads, the
reachable area calculating unit 23 computes the range A from
the reachable points p calculated (step ST26), and supplies it
to the output control unit 14 (step ST7).

[0074] Onthe other hand, when it decides at step ST23 that
the route includes a motorway, the reachable distance calcu-
lating unit 22 acquires the driving efficiency ratio d_ratio
between the motorway and ordinary road from the driving
efficiency acquiring unit 21 (step ST27). The driving effi-
ciency ratio d_ratio can be calculated by the following
Expression (3).

d_ratio=(driving efficiency of motorway driving)/

(driving efficiency d of ordinary road driving) Exp. (3)

[0075] According to the following Expression (4), the
reachable distance calculating unit 22 calculates a new reach-
able distance D' by multiplying the driving efficiency ratio
d_ratio and the distance, by which the vehicle passes along
the motorway on the route as to which a decision is made of
including the motorway at step ST23 (step ST28).

reachable distance D'=route distance on ordinary road
D_ippan+d_ratioxroute distance on motorway

D_senyou Exp. (4)

[0076] Furthermore, the reachable distance calculating unit
22 calculates a point ', the route distance to which is not
greater than the reachable distance D' and which is closest to
the distance D' (step ST29). Then it decides on whether the
point q' computed at step ST29 is on a motorway or not (step
ST30). When it decides at step ST30 that the point ¢' is not on
the motorway, it sets the point q' as a reachable point p (step
ST31). On the other hand, when it decides at step ST30 that
the point q' is on the motorway, it sets the reachable point p at
a parking permitted spot that is located between the vehicle
position and point q' and is closest to the point q' (step ST32).
When the processing at step ST31 or step ST32 has been
executed, the flowchart proceeds to the processing at step
ST25.

[0077] Incidentally, as for the reachable point p at step
ST32 when moving into a motorway, there is a case where it
is set on an ordinary road considering a parking permitted
spot, or a case where it is set at a parking permitted spot on the
motorway such as an interchange, service area, or parking
area.

[0078] FIG. 12 shows a display example considering the
driving efficiency of the ordinary road and motorway. Inci-
dentally, in and after FIG. 12, the description will be made on
the assumption that the motorway is an expressway. FIG.
12(a) shows, considering the driving efficiency ratio d_ratio
between an expressway and an ordinary road, routes from the
vehicle position O to reachable points pl, p2, p4, p5 and p6
along main roads at arange A of a tree diagram. The reachable
points pl, p2 and p4 are on an ordinary road and are the same
as those shown in FIG. 8(a). On the other hand, since the
routes from the vehicle position O to the reachable points p5
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and p6 include an expressway, the driving efficiency ratio
d_ratio is considered, and the reachable points p5 and p6 are
set at points more distant than the point p3 shown in FIG. 8(a).
[0079] On the other hand, FIG. 12(b) shows a case where
although the reachable point p6 is on the expressway as
shown in FIG. 12(a), it is not a point at which stopping of a
vehicle is legally possible such as an interchange or service
area, and the range A is displayed with the point p6 being
eliminated therefrom. Incidentally, since the reachable point
p5 is on a route from the interchange to an ordinary road, it is
included in the range A. In addition, as shown in FIG. 12(c¢),
when a parking/stopping permitted service area (SA2) exists
onthe expressway from the interchange to the reachable point
p6, the service area (SA2) is included in the range A as a
reachable point p6'.

[0080] As described above, according to the present
embodiment 2, it is configured in such a manner as to calcu-
late the reachable points P from the reachable distance D,
thereby forming the range A as a tree diagram indicating the
routes to the reachable points P or as an area by connecting the
reachable points P. Accordingly, it can calculate the range
from the reachable distance D at higher accuracy.

[0081] Inaddition, according to the present embodiment 2,
it is configured in such a manner as to comprise the driving
efficiency storage unit 21 for storing the driving efficiency,
and as to calculate the reachable distance D considering the
driving efficiency. Accordingly, it can calculate the range
which reflects the driving environment of the vehicle.
[0082] Furthermore, according to the present embodiment
2, it is configured in such a manner that when the vehicle is
traveling along the motorway and the reachable point p is on
the motorway, it sets the reachable point p at a parking per-
mitted spot. Accordingly, it can calculate the range using the
legally parking permitted spot.

Embodiment 3

[0083] FIG. 13 is a block diagram showing a configuration
of a range calculating unit of a map display device of the
embodiment 3. The range calculating unit 13 of the present
embodiment 3 has, in addition to the configuration described
in the foregoing embodiment 1 with reference to FIG. 3, a
sunshine information acquiring unit 25 for acquiring sunset
time and sunrise time. Incidentally, in the following descrip-
tion, the same or like components to those of the map display
device 10 of the embodiment 1 are designated by the same
reference numerals used in the embodiment 1, and their
description will be omitted or simplified.

[0084] The sunshine information acquiringunit 25 retains a
sunshine database as shown in FIG. 14, for example, obtains
the sunset time or sunrise time at the present vehicle position
by referring to the sunshine database, and calculates time H1
from the present time to sunset or time H2 from the present
time to dawn. FIG. 14(a) is a sunset timetable which shows
sunset time at a prescribed region for each day. FIG. 14(5) is
a sunrise timetable which shows sunrise time at a prescribed
region for each day. In addition, as a different configuration of
the sunshine information acquiring unit 25, it is also possible
to acquire the sunset time or sunrise time at the present
vehicle position by the communication unit 9 via a network.
[0085] The reachable distance calculating unit 22 calcu-
lates the reachable distance D using the energy consumption
rate considering switching on or off of the headlights in
accordance with the time Hi from the present time to sunset or
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the time H2 from the present time to dawn supplied from the
sunshine information acquiring unit 25.

[0086] First, a case will be described in which the present
time is before sunset and the headlights are switched on
during driving after the sunset so that the energy consumption
per unit time increases. In this case, the sunshine information
acquiring unit 25 supplies the time H1 from the present time
to sunset to the reachable distance calculating unit 22. The
reachable distance calculating unit 22 calculates the reach-
able distance D that can be covered when the headlights are
switched on after the time Hi according to the following
Expression (5).

D=dxH1+dx(Er-EcxH1)/(Ec+Ec_headlight) Exp. (5)

where the foregoing Expression (5) is applied when driving is
possible after the sunset, that is, when Er-EcxH1>0.

[0087] In the foregoing Expression (5), the term (Er-Ecx
H1) represents the remaining energy after driving time H1. In
addition, the term Ec_headlight is an increase in the energy
consumption per unit time due to lighting of the headlights,
and the term (Ec+Ec_headlight) represents the energy con-
sumption per unit time after time H1. By adding the energy
consumption rate Ec_headlight of the headlights to the
energy consumption rate Ec during extinction of the head-
lights (that is, without the power consumption of the head-
lights), the energy consumption rate during lighting of the
headlights after the sunset is given.

[0088] Incidentally, when the continuous driving becomes
impossible before sunset (within the time H1), that is, when
Er-EcxH1<0, the reachable distance D is calculated accord-
ing to Exp. (2) given in the foregoing embodiment 1.

[0089] Next, a case will be described in which the present
time is before dawn and the headlights are switched off during
driving after the sunrise so that the energy consumption rate
per unit time reduces. In this case, the sunshine information
acquiring unit 25 supplies the time H2 from the present time
to dawn to the reachable distance calculating unit 22. The
reachable distance calculating unit 22 computes the reachable
distance D that can be covered when the headlights are
switched off after the time H2 according to the following
Expression (6).

D=dxH2+dx(Er-EcxH2)/(Ec-Ec_headlight) Exp. (6)

where the foregoing Expression (6) is applied when driving is
possible after the dawn, that is, when Er-EcxH2>0.

[0090] In the foregoing Expression (6), the term (Er-Ecx
H2) represents the remaining energy after driving time H2. In
addition, the Ec_headlight is a decrease in the energy con-
sumption rate due to extinction of the headlights, and the term
(Ec-Ec_headlight) represents the energy consumption rate
after the time H2. By subtracting the energy consumption rate
Ec_headlight of the headlights from the energy consumption
rate Ec during lighting of the headlights (that is, including the
power consumption of the headlights), the energy consump-
tion rate during extinction of the headlights after the sunrise is
given.

[0091] Incidentally, when the continuous driving becomes
impossible after the sunrise (within time H2), that is, when
Er-EcxH2<0, the reachable distance D is calculated accord-
ing to Exp. (2) given in the foregoing embodiment 1.

[0092] As in the foregoing embodiment 1, the reachable
area calculating unit 23 calculates the range A from the reach-
able distance D the reachable distance calculating unit 22
calculates according to the vehicle position information sup-
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plied from the vehicle position calculating unit 11 and the
map data acquired from the map data storage unit 3.

[0093] As described above, according to the present
embodiment 3, it is configured in such a manner as to com-
prise the sunshine information acquiring unit 25 that includes
the sunshine database and calculates the time (H1) from the
present time to sunset or the time (H2) from the present time
to dawn, and the reachable distance calculating unit 22 for
calculating the reachable distance D using the energy con-
sumption rate considering switching on or off of the head-
lights in accordance with the time from the present time to the
sunset or from the present time to the dawn. Accordingly, it
can present the range in accordance with the energy consump-
tion rate changing dynamically in response to the lighting or
extinction of the headlights.

[0094] Incidentally, although the present embodiment 3
shows a configuration in which the sunshine information
acquiring unit 25 is added to the range calculating unit 13
shown in the embodiment 1, it can also be added to the range
calculating unit 13 shown in the embodiment 2.

Embodiment 4

[0095] The present embodiment 4 shows a configuration
that issues a warning to a user by changing the display of the
reachable range on the display unit 8 when it becomes impos-
sible to reach an interchange or a service area or parking area
with energy supplying facilities, which was reachable but
becomes unreachable because the user turns on the power or
increases the level of the power consuming equipment during
motorway driving. Incidentally, since the map display device
10 of the embodiment 4 has the same configuration as the
foregoing embodiment 1 described with reference to FIG. 1
and FIG. 2 or the embodiment 2 described with reference to
FIG. 7 or FIG. 10, its description will be omitted, and the
following description will be made using the same reference
numerals as the embodiment 1 and embodiment 2.

[0096] Referring to the flowchart of FIG. 15, the operation
of the map display device of the embodiment 4 will be
described. Incidentally, in the flowchart of FIG. 15, steps that
perform the same processing as the processing shown in FI1G.
6 of the embodiment 1 are designated by the same reference
symbols, and their description will be omitted or simplified.
[0097] When the reachable distance calculating unit 22
calculates the reachable distance D at step ST5, the reachable
point calculating unit 24 computes the point r at the reachable
distance D from the vehicle position along the motorway
according to the vehicle position information supplied from
the vehicle position calculating unit 11 and the map data
acquired from the map data storage unit 3 (step ST41). Fur-
thermore, the reachable point calculating unit 24 computes a
parking permitted spot R which is between the vehicle posi-
tion and the point r and is closest to the point r (step ST42),
and computes the distance from the vehicle position to the
parking permitted spot R as the range A (step ST43). The
range A calculated is supplied to the output control unit 14
together with the map data.

[0098] The output control unit 14 decides on whether an
energy supplying facility exists on the route to the parking
permitted spot R within the range A by referring to the map
data (step T44). When it decides at step ST44 that an energy
supplying facility exists on the route to the parking permitted
spot R, it displays on the map the range A together with the
display mark of the energy supplying facility (step ST45). On
the other hand, when it decides at step ST44 that no energy
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supplying facility exists on the route to the parking permitted
spot R, it displays the range A on the map and gives a warning
display indicating that it is impossible to reach the energy
supplying facility by changing the display of the range A (step
ST46). After that, the flowchart returns to the processing at
step ST1 to repeat the foregoing processing.

[0099] FIG. 16 shows a display example of the range A
corresponding to a setting level of the power consuming
equipment and a display example of a warning based on the
presence or absence of an energy supplying facility. Inciden-
tally, in FIG. 16 and the following explanation, the descrip-
tion will be made of an example that makes a decision on
whether there is a charging facility or not before the parking
permitted spot R during driving of an electric vehicle along
the expressway which is a motorway. In addition, FIG. 16
shows a map display screen on the display unit 8 when
switching the setting level of the power consuming equip-
ment at three steps.

[0100] FIG. 16(a) shows a display example when placing
the setting level of the power consuming equipment at “1”
with the dial 4a or button 45 which is the user input unit 4.
When the setting level is “17, the parking permitted spot R
computed by the reachable point calculating unit 24 is a
service area (abbreviated to “SA” from now on) 1, and there
are two charging facilities at SA1 and SA2 on the route to the
SA1. Accordingly, the display unit 8 displays the range Al
from the vehicle position O to SA1 and the display marks of
the charging facilities at SA1 and SA2. In this case, since the
charging facility exists before the parking permitted spot R,
the warning of changing the display of the range Al is not
given.

[0101] FIG. 16(b) shows a display example when placing
the setting level of the power consuming equipment at “2”
with the dial 4a or button 45. When the setting level is “2”, the
parking permitted spot R computed by the reachable point
calculating unit 24 is SA2, and there is one charging facility at
the SA2 on the route to the SA2. Accordingly, the display unit
8 displays the range A2 from the vehicle position O to the SA2
and the display mark of the charging facility at SA2. In this
case, since the charging facility exists before the parking
permitted spot R, the warning of changing the display color of
the range A2 is not given.

[0102] FIG. 16(c) shows a display example when placing
the setting level of the power consuming equipment at “3”
with the dial 4a or button 45. When the setting level is “3”, the
parking permitted spot R computed by the reachable point
calculating unit 24 is SA3, and there is no charging facility on
the route to the SA3. Accordingly, the display unit 8 displays
the range A3 from the vehicle position O to the SA3, and gives
a warning of being unable to reach the charging facility by
changing the display color of the range A3 to red, for
example, or by turning the region on and off. This enables the
user to recognize that he or she cannot arrive at the charging
facility when continuing the driving with the power consum-
ing equipment being used at the setting level 3.

[0103] Alternatively, as shown in FIG. 17, the range A1 can
be displayed cylindrically in a three-dimensional fashion.
Alternatively, although not shown in a drawing, the range A
can be displayed in a cone with its vertex being the vehicle
position O. The cone protrudes most at the vehicle position O
and its height reduces in accordance with the distance from
the vehicle position O. In other words, the height of a particu-
lar point on the cone corresponds to the remaining energy of
the vehicle. Thus, the user can recognize the reduction in the
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remaining energy due to driving from the cone. Furthermore,
as another configuration, it can display an area other than the
range A in a semitransparent manner.

[0104] As described above, according to the present
embodiment 4, it is configured in such a manner as to com-
prise the reachable distance calculating unit 22 for computing
the point r at the reachable distance D from the vehicle posi-
tion along the motorway and for calculating the parking per-
mitted spot R. closest to the point r between the vehicle
position and the point r, and the output control unit 14 for
altering the display of the range A depending on whether there
is an energy supplying facility on the route to the parking
permitted spot R. Accordingly, a user can make a quick deci-
sion on whether he or she can drive to the energy supplying
facility at the present setting of the power consuming equip-
ment.

[0105] Incidentally, although the foregoing embodiment 4
is explained using an example of driving along the motorway,
it is also applicable to the driving along an ordinary road.
[0106] In addition, the configuration of the foregoing
embodiment 4 can be added to the map display device 10
shown in the embodiment 3.

Embodiment 5

[0107] The present embodiment 5 shows a configuration
which stores a regular driving route as a circular route and
displays a driving capable route and a driving incapable route
separately from the reachable distance D the reachable dis-
tance calculating unit 22 calculates. For example, a visiting
care service vehicle travels a plurality of regular routes every
day and returns to a start point. Supposing such a use, a
configuration will be shown which gives a warning display
for a circular route that will disable returning to a start point
among the circular routes stored, considering the remaining
energy, temperature (setting of an air conditioner), weather
(setting of wipers) and time (setting of headlights).

[0108] FIG 18 and FIG. 19 are block diagrams showing a
conf figuration of the map display device of the embodiment
5. The map display device 10 of the embodiment 5 comprises
the configuration as described in the foregoing embodiment 1
with reference to FIG. 1-FIG. 3, and in addition the control
unit 1 has a circular route storage unit 16 for storing regular
driving routes. Incidentally, in the following description, the
same or like components to those of the map display device 10
of the embodiment 1 are designated by the same reference
numerals as those used in the embodiment 1, and their
description will be omitted or simplified.

[0109] The circular route storage unit 16 stores circular
routes input via the user input unit 4 and distances of the
circular routes in advance. When a mode for deciding circular
route driving is selected via the user input unit 4, it supplies
the circular route and its distance stored to the output control
unit 14. In addition, the range calculating unit 13 estimates
power consuming equipment to be used according to the
temperature, weather and present time which are input via the
user input unit 4 or acquired from the network via the com-
munication unit 9. In addition, the range calculating unit 13
has the driving energy consumption rate of the power con-
suming equipment inadvance as a database, and calculates by
referring to the database the energy consumption per unit time
required for driving the power consuming equipment esti-
mated to be used (referred to as “estimated driving energy
consumption rate” from now on).
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[0110] Thereachabledistance calculating unit 22 computes
the reachable distance D from the remaining energy Er
obtained from the remaining energy acquiring unit 5, the
estimated driving energy consumption rate of the power con-
suming equipment expected to be used, which is computed by
the range calculating unit 13, and the moving energy con-
sumption rate relating to the driving of the vehicle, which is
acquired from the energy consumption rate acquiring unit 6.
The reachable distance D computed is supplied to the output
control unit 14 via the reachable area calculating unit 23.
[0111] The output control unit 14 compares the distance of
the circular route supplied from the circular route storage unit
16 with the reachable distance D, and decides on whether the
circular route driving is possible or not. When the distance of
the circular route is not greater than the reachable distance D,
it decides that the vehicle can return to the start point, and
carries out display control of the circular route in the same
manner as an ordinary route. In contrast, when the distance of
the circular route is longer than the reachable distance D, it
decides that the vehicle cannot return to the start point, and
carries out warning display control of the circular route (dis-
plays in a dotted line or red color).

[0112] FIG. 20 is a diagram showing a display example of
the circular routes of the map display device of the embodi-
ment 5. For example, it shows a case where the circular route
storage unit 16 stores three coverable circular routes 1, 2 and
3 when the remaining energy of the vehicle is 100%, and
where the vehicle cannot return to the start point of the cir-
cular route 3 with the longest distance when the present
remaining energy of the vehicle is 70%. The circular route 3
is displayed in a dotted line so as to give a user a warning that
the vehicle cannot return to the start point through the circular
route 3.

[0113] Next, the operation will be described of making a
decision as to whether the driving through the circular route is
possible or not with reference to the flowchart of FIG. 21.
[0114] When the mode of making a decision as to the cir-
cular route driving is selected via the user input unit 4 (step
ST51), the range calculating unit 13 acquires the present
position of the vehicle which is computed from the vehicle
position information, and the estimated driving energy con-
sumption rate of the power consuming equipment expected to
be used from surrounding conditions of the present position
(step ST52).

[0115] The reachable distance calculating unit 22 estimates
the reachable distance D from the remaining energy Er
acquired from the remaining energy acquiring unit 5, the
estimated driving energy consumption rate of the power con-
suming equipment expected to be used, which is acquired at
step ST52, and the moving energy consumption rate relating
to the driving of the vehicle acquired from the energy con-
sumption rate acquiring unit 6 (step ST53), and supplies the
reachable distance D to the output control unit 14 via the
reachable area calculating unit 23. The output control unit 14
acquires the circular route and the distance of the circular
route from the circular route storage unit 16 (step ST54), and
makes a decision on whether the distance of the circular route
is longer than the reachable distance D or not (step ST55).
[0116] Ifadecisionismadeatstep ST55 that the distance of
the circular route is longer than the reachable distance D, it
carries out the display control of giving a warning about the
circular route (step ST56). On the other hand, if a decision is
made at step ST56 that the distance of the circular route is not
greater than the reachable distance D, it carries out the control
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of displaying the circular route in the same manner as the
ordinary route (step ST57). After that, the output control unit
14 makes a decision on whether it carries out the display
control for all the circular routes (step ST58), and if it decides
that all the circular routes are subjected to the decision, it
terminates the processing. On the other hand, unless all the
circular routes undergo the decision, the processing returns to
step ST55 to repeat the foregoing processing.

[0117] As described above, according to the present
embodiment 5, it is configured in such a manner as to com-
prise the circular route storage unit 16 for storing the circular
routes in advance, and the output control unit 14 for carrying
out the warning display indicating that the circular route
cannot be covered when the distance of the circular route is
longer than the reachable distance D estimated. Accordingly,
it can provide a user with a route capable of traveling in
accordance with the present remaining energy and the power
consuming equipment expected to be used. This enables the
user to select the route capable of traveling positively and
easily.

[0118] In addition, according to the present embodiment 5,
since it is configured in such a manner as to make a decision
onwhether the circular route driving is possible or not accord-
ing to the estimated driving energy consumption rate of the
power consuming equipment expected to be used in accor-
dance with the surrounding conditions such as the tempera-
ture, weather and time, it can make a more accurate driving
decision in conformity with the surrounding conditions at the
driving.

[0119] Incidentally, as for the database indicating the driv-
ing energy consumption rate of the power consuming equip-
ment, although the foregoing embodiment 5 shows a configu-
ration in which the range calculating unit 13 includes the
database, a configuration is also possible in which the reach-
able distance calculating unit 22 includes the database.
[0120] Incidentally, the foregoing configuration can also be
applied to the map display device 10 shown in the embodi-
ment 2.

Embodiment 6

[0121] The present embodiment 6 gives various descrip-
tions of the configuration of the output control unit 14.
[0122] First, FIG. 22 shows an example which varies the
display speed of the range A in conformity with the operation
speed of the user input unit 4. When changing the setting level
of the power consuming equipment from 1 to 3 via the user
input unit 4, the speed of altering the range A is controlled in
accordance with a feeling of the operation of the user input
unit 4 (such as rotating the dial or pushing the button).
[0123] Referring to FIG. 22(a) to FIG. 22(c), it will be
described concretely. When the user input unit 4 is a dial 4a as
shown in FIG. 22(a) and the setting level is changed from 1 to
3 by rotating the dial 4a, the rotation speed of the dial 4a
varies as shown in FIG. 22(b). The moving speed is zero near
the setting level 1 (time T0), increases toward the setting level
2 as the dial 4a is rotated, reduces near the setting level 2 (time
T1), and becomes zero at the setting level 2 (time T1 to T2),
thereby stopping the rotation of the dial 4a. Likewise, the dial
4a increases toward the setting level 3, and the moving speed
reduces near the setting level 3 (time T3) and becomes zero
when arriving at the setting level 3, thereby stopping the
rotation of the dial 4a.

[0124] The display speed of the range A is also altered as
the speed variation of FIG. 22(4). As shown in FIG. 22(¢),
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when changing from the range Al corresponding to the set-
ting level 1 of the user input unit 4 to the range A3 corre-
sponding to the setting level 3, the area is reduced by increas-
ing the speed from time T0 to time T1 of the range A1, and the
reduction in the range stops from the time T1 to time T2 which
is the outermost circumference of the range A2. After that, the
area is reduced again by increasing the speed from time T2 to
time T3 of the range A2, and the variation stops when reach-
ing the time T3 which is the outermost circumference of the
range A3.

[0125] In this way, noticeability of the map display is
improved by carrying out display control in conformity with
the operation feeling of the user input unit 4. Besides, in
addition to the foregoing configuration, a configuration can
also be provided which stops the variation of the range A for
a moment at an important point on the map display such as a
destination of the vehicle. This enables the user to readily
recognize the important point on the map display.

[0126] As still another display control method, a configu-
ration will be shown which displays the setting of the power
consuming equipment in relation to the presence or absence
of an energy supplying facility. Incidentally, although the
following description will be made using an air conditioner as
an example of the power consuming equipment, it is appli-
cable to the setting of the power consuming equipment such
as audio equipment which does not have an influence on the
vehicle driving.

[0127] When the air conditioner is selected as the power
consuming equipment via the user input unit 4 (see FIG.
23(a)), as shown in FIG. 23(b) are displayed a display mark of
a charging facility which is an energy supplying facility and a
range A corresponding to each setting temperature of the air
conditioner. In the example of FIG. 23(b), when the setting
temperature is fixed at 27 degrees to 29 degrees, since at least
one charging facility exists within the range A (27 degrees), A
(28 degrees) and A (29 degrees), the range A (27 degrees), A
(28 degrees) and A (29 degrees) are displayed in a blue color,
for example. On the other hand, when the setting temperature
is fixed at 26 degrees, since the vehicle cannot reach the first
charging facility placed at SA3, the range A (26 degrees) at
the setting temperature 26 degrees is displayed in a red color
which indicates a warning, for example, and a message for a
user is displayed such as “Recommend to fix setting tempera-
ture at 27 degrees and over”, thereby proposing to fix the
setting temperature of the air conditioner at 27 degrees and
up. According to this, the user decides the setting temperature
of'the air conditioner by confirming the range A displayed, the
warning display or display message.

[0128] The processing operation of displaying the setting
of'the air conditioner in relation to the presence or absence of
the energy supplying facility will be described with reference
to flowcharts of FIG. 24 and FIG. 25.

[0129] When the range calculating unit 13 detects an input
from the setting button (not shown) of the air conditioner
(step ST61), it supplies the reachable distance calculating unit
22 with the driving energy consumption rate at each setting
temperature of the air conditioner, which is retained in
advance (step ST62). The reachable distance calculating unit
22 computes the reachable distance D at each setting tem-
perature of the air conditioner from the driving energy con-
sumption rate at each setting temperature of the air condi-
tioner supplied at step ST62, the remaining energy Er
acquired from the remaining energy acquiring unit 5 and the
moving energy consumption rate concerning the vehicle driv-
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ing acquired from the energy consumption rate acquiring unit
6 (step ST63). The reachable area calculating unit 23 com-
putes the range A based on the reachable distance D calcu-
lated at step ST63 (step ST64). The computed range A is
supplied to the output control unit 14 together with the map
data.

[0130] The output control unit 14 extracts an energy sup-
plying facility by referring to the map data (step ST65), and
decides on whether a reachable energy supplying facility
exists within the range A corresponding to each setting tem-
perature of the air conditioner or not (step ST66). If it decides
that an energy supplying facility exists within the range A
corresponding to the setting temperature of the air condi-
tioner at step ST66, it displays the range A together with the
display mark of the energy supplying facility (step ST67). On
the other hand, if it does not decide that an energy supplying
facility exists within the range A corresponding to the setting
temperature of the air conditioner at step ST66, it gives a
warning display of the range A (step ST68).

[0131] After that, the output control unit 14 makes a deci-
sion as to whether the processing at step ST66 is performed
for all the air conditioner setting temperatures or not (step
ST69). When it decides that it completes the processing for all
the air conditioner setting temperatures at step ST69, it com-
putes the air conditioner setting temperature to be recom-
mended by referring to the processing result at step ST66, and
carries out display control for showing the recommended
setting temperature in a message (step ST70). On the other
hand, when it does not decide that it completes the processing
for all the air conditioner setting temperatures at step ST69, it
returns the processing to step ST66 to repeat the foregoing
processing.

[0132] Incidentally, since the power consumption of the air
conditioner is determined by the setting temperature of the air
conditioner here, it is assumed that the range calculating unit
13 has the driving energy consumption rates corresponding to
the individual setting temperatures in advance as a database.
In addition, a configuration is also possible in which the
reachable distance calculating unit 22 has the database.
[0133] As still another configuration, as shown in the flow-
chart of FIG. 25, the output control unit 14 acquires, after
computing and displaying the recommended air conditioner
setting temperature at step ST70, the setting temperature of
the air conditioner which is controlled by a vehicle control
unit (not shown) via the communication unit 9, and decides on
whether the vehicle can reach the closest energy supplying
facility from the present position at the setting temperature or
not (step ST71). If it decides at step ST71 that the vehicle
cannot reach, it supplies the recommended air conditioner
setting temperature computed at step ST70 to the vehicle
control unit via the communication unit 9 as a control instruc-
tion (step ST72). On the other hand, if it decides at step ST71
that the vehicle can reach, it terminates the processing with-
out any control of the air conditioner.

[0134] The vehicle control unit, which receives the control
instruction at step ST72, fixes the setting temperature of the
air conditioner at the recommended temperature. This makes
it possible to automatically control the air conditioner at the
recommended temperature.

[0135] In this way, the present embodiment can provide a
warning display for the setting temperature which will pre-
vent the vehicle from arriving even at the closest energy
supplying facility to the present position, and can inform the
user of the recommended air conditioner setting temperature.
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In addition, it can automatically control the setting tempera-
ture of the air conditioner at the temperature which will
enable the vehicle to reach the energy supplying facility.
Furthermore, it is not limited to the air conditioner, but a
configuration is also possible which automatically controls
the setting of the power consuming equipment that does not
affect the vehicle driving in conformity with the decision
result on whether the vehicle can reach an energy supplying
facility. When carrying out the automatic control, a configu-
ration is also possible which informs the user of carrying out
the automatic control such as releasing the warning display.
[0136] As described above, according to the present
embodiment 6, since it is configured in such a manner that the
output control unit 14 carries out the display control of the
range A in conformity with an operation feeling of the user
input unit 4, it can display the range A in connection with the
operation of the user input unit 4. This enables the user to
readily recognize the changes in the range A according to the
setting of the power consuming equipment.

[0137] Inaddition, according to the present embodiment 6,
it is configured in such a manner that the range calculating
unit 13 computes the range A corresponding to each setting
temperature of the air conditioner, and that the output control
unit 14 makes a decision as to whether an energy supplying
facility exists within the range A at each setting temperature
of the air conditioner, and gives, when it does not exist, a
warning display of the range A to inform a user of the recom-
mended air conditioner setting temperature. Accordingly, the
user can readily recognize the air conditioner setting tempera-
ture that will enable the vehicle to reach the energy supplying
facility. Incidentally, as for power consuming equipment
other than the air conditioner, the recommended setting can
also be informed so as to achieve the same advantage.
[0138] Furthermore, according to the present embodiment
6, since it is configured in such a manner as to supply the
recommended setting temperature of the air conditioner to the
vehicle control unit via the communication unit 9 as a control
instruction so that the air conditioner is set at the recom-
mended temperature via the vehicle control unit, it can auto-
matically control to the setting temperature that will enable
the vehicle to reach the energy supplying facility without
troubling the user. Incidentally, as for power consuming
equipment other than the air conditioner, it is also possible to
automatically control to the recommended setting so as to
achieve the same advantage.

[0139] Incidentally, the configuration of the foregoing
embodiment 6 is applicable to the embodiments 1-4.

[0140] Incidentally, the present invention is applicable to a
mobile unit driven by various energy such as an electric
vehicle, hybrid car and gasoline-engined car. As various
energy, there are electricity, gasoline, natural gas and alcohol,
for example. Accordingly, the energy supplying facility can
be constructed as an infrastructure for supplying various
energy. Incidentally, the type of the mobile unit and the type
of the energy are not limited to those mentioned above, and
can be constructed with appropriate variations.

[0141] In addition, although the present invention is
described by way of example that displays a map two-dimen-
sionally, the map can be displayed three-dimensionally. In
addition, the display method can be altered in conformity
with a display content such as displaying the map two-dimen-
sionally and the range three-dimensionally.

[0142] Incidentally, the configurations shown from the
foregoing embodiment 1 to the embodiment 6 can be applied
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to a navigation device. As shown in FIG. 26, a navigation
device 30 can be configured by adding to the configuration of
the map display device shown from the embodiment 1 to the
embodiment 6, a route informing unit 31 with a route inform-
ing function, a route guidance function and a location func-
tion, and a search unit 32 with a POI (Point of Interest)
searching function, and by adding to the display unit 8' a map
display function.

[0143] Inaddition, although the foregoing embodiment 1 to
embodiment 6 shows a configuration that displays an accurate
map, this is not essential. For example, a configuration is also
possible which displays a schematic map.

[0144] Furthermore, a configuration is also possible in
which the so-called display audio equipment is provided with
amap database display function and a GPS function to imple-
ment the configuration shown from the embodiment 1 to the
embodiment 6

[0145] In addition, a configuration is also possible which
implements the configuration shown from the foregoing
embodiment 1 to the embodiment 6 on an onboard monitor-
ing apparatus with the map database and GPS function.
[0146] Incidentally, it is to be understood that a free com-
bination of the individual embodiments, variations of any
components of the individual embodiments or removal of any
components of the individual embodiments are possible
within the scope of the present invention.

INDUSTRIAL APPLICABILITY

[0147] A map display device in accordance with the present
invention can be mounted on a mobile unit and is applicable
to a navigation device that displays a range of the mobile unit
together with a map display.

DESCRIPTION OF REFERENCE SYMBOLS

[0148] 1 controlunit, 2 position information acquiring unit,
3 map data storage unit, 4 user input unit, 5 remaining energy
acquiring unit, 6 energy consumption rate acquiring unit, 7
voice output unit, 8 display unit, 9 communication unit, 10
map display device, 11 vehicle position calculating unit, 12
input analyzer unit, 13 range calculating unit, 14 output con-
trol unit, 15 map panel unit, 16 circular route storage unit, 21
driving efficiency storage unit, 22 reachable distance calcu-
lating unit, 23 reachable area calculating unit, 24 reachable
point calculating unit, 30 navigation device, 31 route inform-
ing unit, 32 searching unit, 4a dial, 45 button.

What is claimed is:

1. An apparatus for outputting a reachable range of a
mobile unit comprising:

a processor to execute a program;
and

a memory to store the program which, when executed by
the processor, results in performance of steps compris-
ing,
acquiring a residual quantity of energy for driving a
mobile unit and equipment mounted on the mobile
unit, operation of at least one of said equipment being
controlled by a user through manipulation of an input
unit of the equipment,

computing a reachable range of the mobile unit with the
residual energy acquired, using a moving energy con-
sumption which is required for moving the mobile
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unit and a driving energy consumption which is
required for driving the equipment mounted on the
mobile unit; and
outputting the reachable range computed,
wherein the processor varies the outputted reachable range
in a manner that accounts for the operation of at least one
of said equipment.

2. The apparatus for outputting a reachable range of a
mobile unit according to claim 1, wherein the steps further
comprise:

outputting a message proposing to change the setting of the

equipment mounted on the mobile unit.

3. The apparatus for outputting a reachable range of a
mobile unit according to claim 1, wherein the steps further
comprise:

outputting another reachable range corresponding to

another setting of the equipment mounted on the mobile
unit.

4. A method for outputting a reachable range of a mobile
unit comprising:

acquiring a residual quantity of energy for driving a mobile

unit and equipment mounted on the mobile unit, opera-
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tion of at least one of said equipment being controlled by
auser through manipulation of an input unit of the equip-
ment,

computing a reachable range of the mobile unit with the

residual engery acquired, using a moving energy con-

sumption which is required for moving the mobile unit

and a driving energy consumption which is required for

driving the equipment mounted on the mobile unit; and
outputting the reachable range computed,

wherein the outputted reachable range varied in a manner

that accounts for the operation of at least one of said
equipment.

5. The method for outputting a reachable range of a mobile
unit according to claim 4, wherein further comprises:

outputting a message proposing to change the setting of the

equipment mounted on the mobile unit.

6. The method for outputting a reachable range of a mobile
unit according to claim 4, wherein the steps further com-
prises:

outputting another reachable range corresponding to

another setting of the equipment mounted on the mobile
unit.



