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DESCRIPTION 

CHARGING DEVICE AND POSITIONAL DEVIATION DETECTION METHOD 

FIELD 

[0001] 	Embodiments of the present invention relates to a 

charging device and a positional deviation detection method. 

BACKGROUND 

[0002] 	For reduction of global warming and provision for 

depletion of oil resources, electric vehicles (EVs) driven 

by electrical energy have been introduced. The electric 

vehicles are also being introduced into public 

transportation. In each of the electric vehicles, a power 

storage functional unit, such as a battery, mounted on the 

electric vehicle needs to be charged with the electrical 

energy. An electric vehicle bus (EV bus) as an example of 

the electric vehicle can be efficiently operated by 

charging the power storage functional unit while passengers 

are getting on and off at a bus stop. 

CITATION LIST 

Patent Literature 

[0003] 	Patent Literature 1: Japanese Patent Application 

Laid-open No. 2011-16514 

Patent Literature 2: Japanese Patent Application Laid-

open No. 2005-289580 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 

[0004] 	A request is being made to enable automatic 

charging without manual operations for charging the power 

storage functional unit of the electric vehicle from a 
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charger installed on the ground. For example, in the case 

where the charger is installed at the bus stop and the 

power storage functional unit is charged while the 

passengers are getting on and off the EV bus at the bus 

stop, the charging is desirably performed automatically, 

saving effort associated with the charging, because the 

driver of the EV bus has operations, for example, to check 

safety and collect fees from the passengers. However, to 

automate the charging of the power storage functional unit 

of the electric vehicle, the electric vehicle needs to be 

accurately stopped in a predefined area where the charging 

can be made by the charger. 

Means for Solving Problem 

[0005] 	A charging device according to one embodiment 

includes a charging unit, a measuring unit, and a detecting 

unit. The charging unit charges a power storage functional 

unit included in a vehicle stopping in a rectangular 

predefined area. The measuring unit is capable of 

measuring a vertical distance to a point in a first plane 

that is provided in a first position serving as a roof or a 

bottom of the vehicle, and that has a gradient of a first 

angle with respect to a horizontal plane toward an 

orthogonal direction orthogonal to a traveling direction of 

the vehicle. The detecting unit detects an angle of 

inclination of the vehicle with respect to a longitudinal 

direction based on a first difference, a distance, and the 

first angle, the first difference being a difference 

between a first vertical distance to a first point in the 

first plane and a second vertical distance to a second 

point in the first plane having a position in the traveling 

direction different from that of the first point, the 

distance being a distance between the first point and the 
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second point. 

BRIEF DESCRIPTION OF DRAWINGS 

[0006] 	FIG. 1 is a diagram illustrating an exemplary 

configuration of a charging system according to a first 

embodiment of the present invention. 

FIG. 2 is an exemplary overhead view of a charging 

area in the charging system according to the first 

embodiment, as viewed from above. 

FIG. 3A is a diagram for explaining an example of an 

EV bus charged in the charging system according to the 

first embodiment. 

FIG. 3B is another diagram for explaining the example 

of the EV bus charged in the charging system according to 

the first embodiment. 

FIG. 3C is still another diagram for explaining the 

example of the EV bus charged in the charging system 

according to the first embodiment. 

FIG. 3D is still another diagram for explaining the 

example of the EV bus charged in the charging system 

according to the first embodiment. 

FIG. 3E is a diagram for explaining still another 

example of the EV bus charged in the charging system 

according to the first embodiment. 

FIG. 4 is a diagram illustrating an example of a first 

reflecting plane provided on a roof of the EV bus charged 

in the charging system according to the first embodiment. 

FIG. 5A is a diagram for explaining an example of 

detection processing of a positional deviation of the EV 

bus in the charging system according to the first 

embodiment. 

FIG. 5B is another diagram for explaining the example 

of the detection processing of the positional deviation of 
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the EV bus in the charging system according to the first 

embodiment. 

FIG. 5C is still another diagram for explaining the 

example of the detection processing of the positional 

deviation of the EV bus in the charging system according to 

the first embodiment. 

FIG. 6A is a diagram for explaining another example of 

the detection processing of the positional deviation of the 

EV bus in the charging system according to the first 

embodiment. 

FIG. 6B is another diagram for explaining the other 

example of the detection processing of the positional 

deviation of the EV bus in the charging system according to 

the first embodiment. 

FIG. 6C is still another diagram for explaining the 

other example of the detection processing of the positional 

deviation of the EV bus in the charging system according to 

the first embodiment. 

FIG. 7A is an exemplary diagram of a relation between 

points in the first reflecting plane to which vertical 

distances are measured in the charging system according to 

the first embodiment, as viewed from above the charging 

area. 

FIG. 7B is another exemplary diagram of the relation 

between the points in the first reflecting plane to which 

the vertical distances are measured in the charging system 

according to the first embodiment, as viewed from above the 

charging area. 

FIG. 8 is an exemplary diagram of the relation between 

the points in the first reflecting plane to which the 

vertical distances are measured in the charging system 

according to the first embodiment, as viewed from an exit 

side of the charging area. 
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FIG. 9 is a diagram illustrating an exemplary 

configuration of a charging system according to a second 

embodiment of the present invention. 

FIG. 10 is a diagram illustrating an exemplary 

configuration of a charging system according to a third 

embodiment of the present invention. 

FIG. 11 is a diagram illustrating an example of 

reflecting planes provided on the roof of the EV bus 

charged in a charging system according to a fourth 

embodiment of the present invention. 

FIG. 12 is a diagram illustrating an example of 

reflecting planes provided on the roof of the EV bus 

charged in a charging system according to a fifth 

embodiment of the present invention. 

FIG. 13 is a diagram illustrating an example of 

reflecting planes provided on the roof of the EV bus 

charged in a charging system according to a seventh 

embodiment of the present invention. 

FIG. 14 is a diagram for explaining an example of a 

detection flow of the positional deviation of the EV bus in 

the charging system according to the seventh embodiment. 

FIG. 15 is a diagram for explaining an example of 

reflecting planes provided on the roof of the charging area 

in a charging system according to an eighth embodiment of 

the present invention. 

FIG. 16 is a diagram for explaining an example of a 

detection flow of the positional deviation of the EV bus in 

the charging system according to the eighth embodiment. 

FIG. 17 is a diagram illustrating an example of 

positional deviation information displayed on a display 

unit in charging systems according to the first to ninth 

embodiments. 

FIG. 18 is a diagram illustrating an exemplary 
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charging method of the EV bus in the charging systems 

according to the first to ninth embodiments. 

DETAILED DESCRIPTION 

[0007] 	The following describes, using the accompanying 

drawings, charging systems to which a charging device and a 

positional deviation detection method according to 

embodiments of the present invention are applied. 

[0008] 	First Embodiment 

FIG. 1 is a diagram illustrating an exemplary 

configuration of a charging system according to a first 

embodiment of the present invention. As illustrated in FIG. 

1, the charging system according to the present embodiment 

includes a charging unit 102, a power feeding unit 103, a 

first distance measuring instrument Kl, a second distance 

measuring instrument K2, a positional deviation detecting 

unit 105, and a display unit 106. The charging unit 102 

charges a power storage functional unit, such as a battery, 

provided in an electric vehicle (EV) bus 1 (an example of a 

vehicle) stopping in a charging area A. In the present 

embodiment, the charging unit 102 charges the power storage 

functional unit by feeding power to the power storage 

functional unit of the EV bus 1 through the power feeding 

unit 103 provided so as to be movable to near a power 

receiving unit 104 provided on a roof of the EV bus 1. 

[0009] 	The charging area A is a rectangular predefined 

area. In the present embodiment, the charging area A is a 

rectangular area having a longitudinal direction in a 

direction from an entrance of the charging area A toward an 

exit of the charging area A. Specifically, the length in 

the longitudinal direction of the charging area A is equal 

to a vehicle length of the EV bus 1 (such as 10 m) or a 

length obtained by adding a predetermined allowable 
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deviation to the vehicle length of the EV bus 1. The 

length in a lateral direction of the charging area A is 

equal to a vehicle width of the EV bus 1 (such as 2 m) or a 

length obtained by adding the predetermined allowable 

deviation to the vehicle width of the EV bus 1. The 

predetermined allowable deviation refers to a positional 

deviation allowable for the EV bus 1 in the charging area A 

when the power storage functional unit of the EV bus 1 

stopping in the charging area A is charged. 

[0010] 	The first and second distance measuring 

instruments Kl and K2 are examples of measuring units that 

are provided facing a first reflecting plane H1 (an example 

of a first plane) provided on the roof (an example of a 

first position) of the EV bus 1, and that can measure 

vertical distances to points in the first reflecting plane 

Hl. The first distance measuring instrument K1 (an example 

of a first measuring unit) can measure the vertical 

distance to a point in the first reflecting plane Hl. The 

second distance measuring instrument K2 (an example of a 

second measuring unit) is provided closer than the first 

distance measuring instrument Kl to an entrance side of the 

charging area A, and can measure the vertical distance to 

another point in the first reflecting plane Hl. In the 

present embodiment, the first and second distance measuring 

instruments K1 and K2 are provided above the first 

reflecting plane H1 by a structure such as a supporting 

pole (not illustrated), and are provided so as to be 

capable of measuring the vertical distances to the points 

on a line in the first reflecting plane H1 parallel to the 

longitudinal direction of the charging area A. In the 

present embodiment, each of the first and second distance 

measuring instruments K1 and K2 is, for example, a laser 

distance meter, and can measure the distance to an object, 
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such as the first reflecting plane H1, at a level of 

accuracy of 1.0 mm or smaller. 

[0011] 	The positional deviation detecting unit 105 (an 

example of a detecting unit) detects the positional 

deviation of the EV bus 1 with respect to the charging area 

A (in the present embodiment, an inclination of the EV bus 

1 with respect to the longitudinal direction of the 

charging area A) based on, for example, the vertical 

distances measured by the first and second distance 

measuring instruments Kl and K2. In the present embodiment, 

when the power storage functional unit of the EV bus 1 

stopping in the charging area A is charged, the positional 

deviation detecting unit 105 stores therein the positional 

deviation of the EV bus 1 allowable in the charging area A 

(hereinafter, called an allowable positional deviation), 

such as the inclination of the EV bus 1 allowable with 

respect to the longitudinal direction of the charging area 

A. The positional deviation detecting unit 105 displays 

positional deviation information on the detected positional 

deviation of the EV bus 1 on the display unit 106. In the 

present embodiment, the display unit 106 is provided in a 

position in front of the EV bus 1 stopping in the charging 

area A and visible by a driver D of the EV bus 1, and can 

display various types of information, such as the 

positional deviation information. In the following 

description, the EV bus 1 will be described as precisely 

docked in the charging area A when the positional deviation 

detected by the positional deviation detecting unit 105 is 

equal to or smaller than the allowable positional deviation. 

[0012] 	The following describes, using FIGS. 2 and 3A to 

3E, the EV bus 1 charged in the charging system according 

to the present embodiment. FIG. 2 is an exemplary overhead 

view of the charging area in the charging system according 
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to the first embodiment, as viewed from above. FIGS. 3A to 

3E are diagrams for explaining examples of the EV bus 

charged in the charging system according to the first 

embodiment. 

[0013] 	As illustrated in FIG. 2, in the charging system 

according to the present embodiment, the longitudinal 

direction of the charging area A is referred to as an x-

axis direction, and the lateral direction of the charging 

area A is referred to as a y-axis direction. As 

illustrated in FIG. 3A, the vertical direction of the 

charging area A is referred to as a z-axis direction. 

[0014] 	FIG. 3B is a diagram of the EV bus 1 stopping in 

the charging area A, as viewed from an exit side of the 

charging area A. FIG. 3C is a diagram of the EV bus 1 

stopping in the charging area A, as viewed from a lateral 

side. FIG. 3D is a diagram of the EV bus 1 stopping in the 

charging area A, as viewed from above. FIG. 3E is a 

diagram of the EV bus 1 stopping at an angle with respect 

to the longitudinal direction of the charging area A, as 

viewed from above. When the EV bus 1 has stopped in the 

charging area A as illustrated in FIG. 3E, the positional 

deviation detecting unit 105 detects an angle p 

(hereinafter, called an inclination angle) at which the EV 

bus 1 is inclined with respect to the longitudinal 

direction of the charging area A. 

[0015] 	The following describes, using FIG. 4, an example 

of the first reflecting plane H1 provided on the roof of 

the EV bus 1 charged in the charging system according to 

the present embodiment. FIG. 4 is a diagram illustrating 

the example of the first reflecting plane provided on the 

roof of the EV bus charged in the charging system according 

to the first embodiment. 

[0016] 	As illustrated in FIG. 4, the first reflecting 
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plane H1 is a plane having a gradient of a first angle 01 

with respect to a horizontal plane in an orthogonal 

direction D2 orthogonal to a traveling direction D1 of the 

EV bus 1. In the present embodiment, a non-specular 

reflective member, such as a member of a diffusively 

reflective material, is preferably used as the first 

reflecting plane Hl. In the present embodiment, the first 

reflecting plane H1 has a height difference of several 

centimeters to several tens of centimeters with respect to 

the roof of the EV bus 1. In the present embodiment, the 

first reflecting plane H1 is preferably a plane having an 

inclination gradually increasing in height with respect to 

the horizontal plane from inside toward outside the roof of 

the EV bus 1. This configuration can prevent light emitted 

from, for example, the first and second distance measuring 

instruments K1 and K2 toward the first reflecting plane H1 

from being reflected outward of the EV bus 1. Therefore, 

the light reflected by the first reflecting plane H1 can be 

prevented from entering eyes of passengers of the EV bus 1. 

[0017] 	The following describes, using FIGS. 5A to 5C, 6A 

to 6C, 7A and 7B, and 8, detection processing of the 

positional deviation performed by the positional deviation 

detecting unit 105 of the charging system according to the 

present embodiment. FIGS. 5A to 5C and 6A to 6C are 

diagrams for explaining examples of the detection 

processing of the positional deviation of the EV bus in the 

charging system according to the first embodiment. FIGS. 

7A and 7B are exemplary diagrams of a relation between 

points in the first reflecting plane to which the vertical 

distances are measured in the charging system according to 

the first embodiment, as viewed from above the charging 

area. FIG. 8 is an exemplary diagram of the relation 

between the points in the first reflecting plane to which 
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the vertical distances are measured in the charging system 

according to the first embodiment, as viewed from the exit 

side of the charging area. 

[0018] 	FIGS. 5A and 6A are diagrams of the EV bus 1, as 

viewed from the exit side of the charging area A. FIGS. 5B 

and 6B are side views of the EV bus 1. FIGS. 5C and 6C are 

diagrams of the EV bus 1, as viewed from above the charging 

area A. As illustrated in FIGS. 5A to 5C and 6A to 6C, the 

first and second distance measuring instruments K1 and K2 

measure the vertical distances to respective points P1 and 

P2 (examples of a first point and a second point) in the 

first reflecting plane H1 that are located in positions 

different from each other in the traveling direction D1 of 

the EV bus 1. In the present embodiment, the first and 

second distance measuring instruments K1 and K2 measure 

distances to points in the first reflecting plane H1 that 

are located on a line parallel to the longitudinal 

direction of the charging area A. Therefore, as 

illustrated in FIGS. 5A, 5B, and 5C, when the EV bus 1 has 

been precisely docked without being inclined with respect 

to the longitudinal direction of the charging area A, a 

vertical distance hl to the point P1 in the first 

reflecting plane H1 measured by the first distance 

measuring instrument K1 is equal to a vertical distance h2 

to the point P2 in the first reflecting plane H1 measured 

by the second distance measuring instrument K2. 

[0019] 	In contrast, as illustrated in FIGS. 6A and 6B, 

when the EV bus 1 has stopped while being inclined at the 

inclination angle p with respect to the longitudinal 

direction of the charging area A, the point P1 and the 

point P2 in the first reflecting plane H1 are at different 

heights from the roof of the EV bus 1. Therefore, as 

illustrated in FIGS. 6A, 6B, and 6C, when the EV bus 1 has 
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stopped at an angle with respect to the longitudinal 

direction of the charging area A, the vertical distance hl 

to the point P1 measured by the first distance measuring 

instrument K1 differs from the vertical distance h2 to the 

point P2 measured by the second distance measuring 

instrument K2. 

[0020] 	Accordingly, the positional deviation detecting 

unit 105 detects the inclination angle p of the EV bus 1 

with respect to the longitudinal direction of the charging 

area A based on the difference (an example of a first 

difference) between the vertical distance hl (an example of 

a first vertical distance) to the point P1 (the example of 

the first point) measured by the first distance measuring 

instrument K1 and the vertical distance h2 (an example of a 

second vertical distance) to the point P2 (the example of 

the second point) measured by the second distance measuring 

instrument K2, a distance L between the point P1 and the 

point P2, and the first angle 01. Since the distance L 

between the point P1 and the point P2 and the first angle 

01 are preset values, the inclination angle p of the EV bus 

I can be detected using trigonometric functions if the 

difference between the vertical distance h1 and the 

vertical distance h2 can be obtained. 

[0021] 	Specifically, when detecting the inclination 

angle p of the EV bus 1, the positional deviation detecting 

unit 105 acquires the distance L between the point P1 and 

the point P2 (in the present embodiment, the distance 

between the first distance measuring instrument K1 and the 

second distance measuring instrument K2), as illustrated in 

FIG. 7A. A straight line connecting the point P1 to the 

point P2 intersects the longitudinal direction of the 

charging area A (x-axis) at the inclination angle p of the 
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EV bus 1. Consequently, as illustrated in FIG. 7B, an 

orthogonal line m drawn from the point P2 to the 

longitudinal direction of the charging area A (x-axis) is 

represented by Expression (1) below. 

m = L x sin p 	 (1) 

[0022] 	When the EV bus 1 has stopped at an angle with 

respect to the longitudinal direction of the charging area 

A, the vertical distance hl to the point P1 measured by the 

first distance measuring instrument K1 and the vertical 

distance h2 to the point P2 measured by the second distance 

measuring instrument K2 have a difference h therebetween, 

as illustrated in FIG. 8. The difference h is represented 

by Expression (2) below. 

h = L x sin p x tan 01 	 (2) 

[0023] 	According to Expression (2) above, the 

inclination angle p can be obtained by Expression (3) below. 

p = sin-1  (h/L x tan 01) 	 (3) 

[0024] 	In the present embodiment, the positional 

deviation detecting unit 105 determines whether the 

detected inclination angle p is larger than a predetermined 

angle included in the allowable positional deviation. The 

predetermined angle is an upper limit angle of the 

inclination angle p at which the charging unit 102 can 

charge the power storage functional unit of the EV bus 1. 

If the detected inclination angle p exceeds the 

predetermined angle, the positional deviation detecting 

unit 105 detects the positional deviation of the EV bus 1 

with respect to the charging area A. The positional 

deviation detecting unit 105 displays the positional 

deviation information (such as the direction of movement of 

the EV bus 1 for correcting the inclination thereof with 

respect to the longitudinal direction of the charging area 
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A and the detected inclination angle p) on the display unit 

106. This display allows the driver D of the EV bus 1 to 

correct the inclination angle p of the EV bus 1 with 

respect to the charging area A. If, instead, the detected 

inclination angle p is equal to or smaller than the 

predetermined angle, the positional deviation detecting 

unit 105 does not detect the positional deviation of the EV 

bus 1 with respect to the charging area A, and displays 

information indicating that the EV bus 1 has been precisely 

docked in the charging area A as the positional deviation 

information on the display unit 106. 

[0025] 	In this manner, since the charging system 

according to the first embodiment can accurately detect the 

inclination angle p of the EV bus 1 with respect to the 

charging area A, the driver D of the EV bus 1 can more 

accurately stop the EV bus 1 with respect to the charging 

area A. 

[0026] 	In the present embodiment, the vertical distances 

to the respective two points in the first reflecting plane 

H1 are measured using the two distance measuring 

instruments of the first and second distance measuring 

instruments K1 and K2 as the examples of the measuring 

units. However, the vertical distances to the respective 

two points in the first reflecting plane H1 may be measured 

using one distance measuring instrument as an example of a 

measuring unit. In this case, in the process in which the 

EV bus 1 moves in the charging area A, the one distance 

measuring instrument measures the vertical distances to the 

respective two points in the first reflecting plane H1 that 

are located in positions different from each other in the 

traveling direction D1 of the EV bus 1. 

[0027] 	When the first reflecting plane H1 is provided on 
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the roof of the EV bus 1, the first reflecting plane H1 is 

preferably provided so as to cover various devices, such as 

an outdoor unit of an air conditioner and a device for 

charging, provided on the roof of the EV bus 1. This 

configuration can prevent the various devices provided on 

the roof of the EV bus 1 from coming into contact with, for 

example, a roadside tree. 

[0028] 	Second Embodiment 

A second embodiment of the present invention is an 

example in which the first reflecting plane is provided at 

the bottom of the EV bus. In the following description, 

the same configurations as those of the first embodiment 

will not be described. 

[0029] 	FIG. 9 is a diagram illustrating an exemplary 

configuration of a charging system according to the second 

embodiment. As illustrated in FIG. 9, in the present 

embodiment, the first reflecting plane H1 is provided at 

the bottom (an example of the first position) of the EV bus 

1. Hence, the first and second distance measuring 

instruments K1 and K2 are provided facing the bottom of the 

EV bus 1 so as to be capable of measuring the vertical 

distances to points in the first reflecting plane H1 that 

are located in positions different from each other in the 

traveling direction D1 of the EV bus 1. In the present 

embodiment, the first and second distance measuring 

instruments K1 and K2 are embedded in a road surface of the 

charging area A, and can measure the vertical distances to 

the points on a line in the first reflecting plane H1 

parallel to the longitudinal direction of the charging area 

A. In the same manner as in the first embodiment, the 

positional deviation detecting unit 105 uses, for example, 

the vertical distances measured by the first and second 

distance measuring instruments Kl and K2 to detect the 
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inclination angle p of the EV bus 1. 

[0030] 	In this manner, also in the case where the first 

reflecting plane H1 is provided at the bottom of the EV bus 

1, with the charging system according to the second 

embodiment, the same operational effect as that of the 

first embodiment can be obtained. 

[0031] 	Third Embodiment 

A third embodiment of the present invention is an 

example in which the first reflecting plane is provided 

above the EV bus stopping in the charging area. In the 

following description, the same configurations as those of 

the first embodiment will not be described. 

[0032] 	FIG. 10 is a diagram illustrating an exemplary 

configuration of a charging system according to the third 

embodiment. As illustrated in FIG. 10, in the charging 

system according to the present embodiment, the first 

reflecting plane H1 is provided on a roof R covering at 

least the charging area A. Hence, the first and second 

distance measuring instruments K1 and K2 are provided on 

the roof of the EV bus 1 so as to be capable of measuring 

the vertical distances to points in the first reflecting 

plane H1 that are located in positions different from each 

other with respect to the longitudinal direction of the 

charging area A. In the present embodiment, the second 

distance measuring instrument K2 is provided on an aft side 

of the EV bus 1 relative to the first distance measuring 

instrument. In the present embodiment, the first and 

second distance measuring instruments K1 and K2 are 

provided on a line parallel to the traveling direction of 

the EV bus 1. 

[0033] 	In the present embodiment, the positional 

deviation detecting unit 105 is provided in the EV bus 1. 

In the same manner as in the first embodiment, the 
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positional deviation detecting unit 105 uses, for example, 

the vertical distances measured by the first and second 

distance measuring instruments Kl and K2 to detect the 

inclination angle p of the EV bus 1. The positional 

deviation detecting unit 105 determines whether the 

detected inclination angle p is larger than the 

predetermined angle. If the detected inclination angle p 

exceeds the predetermined angle, the positional deviation 

detecting unit 105 displays, for example, the direction of 

movement of the EV bus 1 for correcting the inclination 

angle p and the detected inclination angle p as the 

positional deviation information on the display unit 106. 

If, instead, the detected inclination angle p is equal to 

or smaller than the predetermined angle, the positional 

deviation detecting unit 105 displays the information 

indicating that the EV bus 1 has been precisely docked in 

the charging area A as the positional deviation information 

on the display unit 106. 

[0034] 	In this manner, also in the case where the first 

reflecting plane H1 is provided above the EV bus 1 stopping 

in the charging area A, with the charging system according 

to the third embodiment, the same operational effect as 

that of the first embodiment can be obtained. Since the 

first reflecting plane H1 can be used also as a roof for 

rain protection at a bus stop provided with the charging 

area A, an increase in cost due to the provision of the 

first reflecting plane H1 can be restrained, and the first 

reflecting plane H1 can be provided causing no sense of 

discomfort about the surrounding landscape. 

[0035] 	Fourth Embodiment 

A fourth embodiment of the present invention is an 

example in which vertical distances are measured to points 
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in a second reflecting plane on the roof or the bottom of 

the EV bus that is provided on a fore side in the traveling 

direction of the EV bus than the first reflecting plane and 

that has no gradient, and a positional deviation of the EV 

bus in the lateral direction of the charging area A is 

detected using differences between vertical distances to 

points in the first reflecting plane and vertical distances 

to points in the second reflecting plane. In the following 

description, the same portions as those of the first 

embodiment will not be described. 

[0036] 	FIG. 11 is a diagram illustrating an example of 

the reflecting planes provided on the roof of the EV bus 

charged in a charging system according to the fourth 

embodiment. As illustrated in FIG. 11, in the present 

embodiment, the EV bus 1 includes, on the roof of the EV 

bus 1, a second reflecting plane H2 that is provided on the 

fore side in the traveling direction D1 relative to the 

first reflecting plane H1 and that has no gradient. A non-

specular reflective member, such as a member of a 

diffusively reflective material, is preferably used as the 

second reflecting plane H2. 

[0037] 	In the present embodiment, when the EV bus 1 has 

advanced into the charging area A, the first and second 

distance measuring instruments K1 and K2 first measure the 

vertical distances to the second reflecting plane H2. The 

positional deviation detecting unit 105 stores therein the 

vertical distance to the second reflecting plane H2 

measured by the first distance measuring instrument Kl as a 

reference distance hrefl.  The positional deviation 

detecting unit 105 stores therein the vertical distance to 

the second reflecting plane H2 measured by the second 

distance measuring instrument K2 as a reference distance 

href2 • Since the second reflecting plane H2 has no gradient 
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(in other words, since the second reflecting plane H2 is 

horizontal), the reference distance hrefl  is equal to the 

reference distance href2. 

[0038] 	Subsequently, when the EV bus 1 has further 

advanced into the charging area A and the second distance 

measuring instrument K2 is located over the first 

reflecting plane H1, the first distance measuring 

instrument K1 measures the vertical distance hl to a point 

in the second reflecting plane H2, and the second distance 

measuring instrument K2 measures the vertical distance h2 

to a point in the first reflecting plane Hl. As a result, 

the vertical distance h2 measured by the second distance 

measuring instrument K2 is smaller than the vertical 

distance hl measured by the first distance measuring 

instrument Kl. Thereafter, when the EV bus 1 has further 

advanced into the charging area A and the first and second 

distance measuring instruments K1 and K2 are located over 

the first reflecting plane H1, the first and second 

distance measuring instruments K1 and K2 together measure 

the vertical distances hl and h2 to points in the first 

reflecting plane Hi. 

[0039] 	When the vertical distance h1 measured by the 

first distance measuring instrument K1 has decreased to be 

smaller than the reference distance refl, or when the 

vertical distance h2 measured by the second distance 

measuring instrument K2 has decreased to be smaller than 

the reference distance ref2 r the positional deviation 

detecting unit 105 obtains at least either one of a 

difference hiy between the vertical distance hl and the 

reference distance refl  and a difference h2y between the 

vertical distance h2 and the reference distance ref2 • In 

other words, the positional deviation detecting unit 105 

obtains the difference hiy between the reference distance 
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hrefl and the vertical distance hl to a point in the first 

reflecting plane H1 having the same position in the 

orthogonal direction D2 as the position in the second 

reflecting plane H2 where the reference distance hrefl has 

been measured. Otherwise, the positional deviation 

detecting unit 105 obtains the difference h2y between the 

reference distance ref2  and the vertical distance h2 to a 

point in the first reflecting plane H1 having the same 

position in the orthogonal direction D2 as the position in 

the second reflecting plane H2 where the reference distance 

href2 has been measured. 

[0040] 	Subsequently, the positional deviation detecting 

unit 105 calculates a positional deviation Ayl (hereinafter, 

called a right-left deviation) of the EV bus 1 with respect 

to the lateral direction of the charging area A based on 

the difference hly, a value hp of the difference hly 

(hereinafter, called a reference value) in the case where 

the EV bus 1 has stopped in the charging area A (in the 

case where the EV bus 1 has been precisely docked in the 

charging area A), and the first angle 01. Specifically, 

the positional deviation detecting unit 105 obtains the 

right-left deviation Ayl using Expression (4) below. 

Ayl = (hp - hly)/tan 01 	 (4) 

[0041] 	The positional deviation detecting unit 105 

calculates a right-left deviation Ay2 of the EV bus 1 with 

respect to the lateral direction of the charging area A 

based on the difference h2y, the reference value hp, and 

the first angle 01. Specifically, the positional deviation 

detecting unit 105 obtains the right-left deviation Ay2 

using Expression (5) below. 

Ay2 = (hp - h2y)/tan 01 	 (5) 

[0042] 	If at least either one of the detected right-left 
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deviations Ay1 and Ay2 is larger than a predetermined 

amount of deviation included in the allowable positional 

deviation, the positional deviation detecting unit 105 

displays the direction of movement of the EV bus 1 for 

correcting the right-left deviations Ayl and Ay2 and the 

detected right-left deviations Ayl and Ay2 as the 

positional deviation information on the display unit 106. 

If, instead, both of the detected right-left deviations Ayl 

and Ay2 are equal to or smaller than the predetermined 

amount of deviation, the positional deviation detecting 

unit 105 displays the information indicating that the EV 

bus 1 has been precisely docked in the charging area A as 

the positional deviation information on the display unit 

106. 

[0043] 	In this manner, since the charging system 

according to the fourth embodiment can accurately detect 

the right-left deviations Ayl and Ay2 of the EV bus 1 with 

respect to the charging area A, the driver D of the EV bus 

1 can more accurately stop the EV bus 1 with respect to the 

charging area A. 

[0044] 	Fifth Embodiment 

A fifth embodiment of the present invention is an 

example in which vertical distances are measured to points 

in a third reflecting plane on the roof or the bottom of 

the EV bus that is provided on an aft side in the traveling 

direction of the EV bus relative to the first reflecting 

plane and that is parallel to the first reflecting plane, 

and a determination is made as to whether the EV bus has 

the positional deviation with respect to the longitudinal 

direction of the charging area, using differences between 

vertical distances to points in the first reflecting plane 

and vertical distances to points in the third reflecting 
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plane. In the following description, the same 

configurations as those of the first embodiment will not be 

described. 

[0045] 	FIG. 12 is a diagram illustrating an example of 

the reflecting planes provided on the roof of the EV bus 

charged in a charging system according to the fifth 

embodiment. As illustrated in FIG. 12, in the present 

embodiment, the EV bus 1 includes, on the roof of the EV 

bus 1, a third reflecting plane H3 (an example of a third 

plane) that is provided on the aft side in the traveling 

direction D1 relative to the first reflecting plane H1 and 

that is parallel to the first reflecting plane Hi. The 

difference of the third reflecting plane H3 relative to the 

first reflecting plane H1 (an example of a third 

difference) in the vertical direction from the roof of the 

EV bus 1 is larger than an upper limit hq (hereinafter, 

called a difference upper limit) of the difference between 

the vertical distances (an example of the first difference) 

to the two points in the first reflecting plane H1 that is 

caused by the inclination angle p of the EV bus 1. In the 

present embodiment, the difference upper limit hq is a 

value allowing for an error in the difference between the 

vertical distances to the two points in the first 

reflecting plane Hl. A non-specular reflective member, 

such as a member of a diffusively reflective material, is 

preferably used as the third reflecting plane H3. In the 

present embodiment, the first and second distance measuring 

instruments K1 and K2 are provided in positions where 

vertical distances to points in the third reflecting plane 

H3 can be measured when the EV bus 1 has been precisely 

docked in the charging area A. 

[0046] 	In the present embodiment, when the EV bus 1 has 

advanced into the charging area A, the vertical distance 
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measured by the second distance measuring instrument K2 

first changes to the vertical distance to a point in the 

first reflecting plane Hl. The positional deviation 

detecting unit 105 stores therein the vertical distance 

measured by the second distance measuring instrument K2 as 

a reference vertical distance. Thereafter, the positional 

deviation detecting unit 105 waits until the EV bus 1 

further advances into the charging area A to change the 

vertical distance measured by the second distance measuring 

instrument K2. If the difference upper limit hq is reached 

by the difference between the reference vertical distance 

and the vertical distance measured by the second distance 

measuring instrument K2 after the reference vertical 

distance has been measured, the positional deviation 

detecting unit 105 determines that the positional deviation 

of the EV bus 1 with respect to the longitudinal direction 

of the charging area A has been eliminated. 

[0047] 	Otherwise, the positional deviation detecting 

unit 105 stores therein the vertical distance to a point in 

the first reflecting plane H1 measured by the first 

distance measuring instrument Kl as the reference vertical 

distance. Thereafter, the positional deviation detecting 

unit 105 waits until the EV bus 1 further advances into the 

charging area A to change the vertical distance measured by 

the first distance measuring instrument Kl. The positional 

deviation detecting unit 105 may determine that the 

positional deviation of the EV bus 1 with respect to the 

longitudinal direction of the charging area A has been 

eliminated if the difference upper limit hq is reached by 

the difference between the reference vertical distance and 

the vertical distance measured by the first distance 

measuring instrument K1 after the reference vertical 

distance has been measured. 
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[0048] 	If the positional deviation detecting unit 105 

determines that the positional deviation of the EV bus 1 

with respect to the longitudinal direction of the charging 

area A has been eliminated, the positional deviation 

detecting unit 105 displays the information indicating that 

the EV bus has been precisely docked in the charging area A 

as the positional deviation information on the display unit 

106. 

[0049] 	In this manner, since the charging system 

according to the fifth embodiment can accurately determine 

that the positional deviation of the EV bus 1 with respect 

to the longitudinal direction of the charging area A has 

been eliminated, the driver D of the EV bus 1 can more 

accurately stop the EV bus 1 with respect to the charging 

area A. 

[0050] 	Sixth Embodiment 

A sixth embodiment of the present invention is an 

example in which the position of the EV bus with respect to 

the longitudinal direction of the charging area is 

determined to have come close to a position where the 

charging unit can charge the EV bus in the charging area if 

the difference upper limit is reached by the difference 

between the reference vertical distance measured by the 

second distance measuring instrument and the vertical 

distance measured by the second distance measuring 

instrument after the reference vertical distance has been 

measured. In the following description, the same 

configurations as those of the fifth embodiment will not be 

described. 

[0051] 	In the present embodiment, when the EV bus 1 has 

advanced into the charging area A, the vertical distance 

measured by the second distance measuring instrument K2 

first changes to the vertical distance to a point in the 
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first reflecting plane Hl. The positional deviation 

detecting unit 105 stores therein the vertical distance 

measured by the second distance measuring instrument K2 as 

the reference vertical distance. Thereafter, when the EV 

bus 1 has further advanced into the charging area A, the 

positional deviation detecting unit 105 detects that the 

vertical distance measured by the first distance measuring 

instrument K1 changes to the vertical distance to a point 

in the first reflecting plane Hl. The positional deviation 

detecting unit 105 stores therein the vertical distance 

measured by the first distance measuring instrument Kl as 

the reference vertical distance. 

[00521 	The positional deviation detecting unit 105 waits 

until the EV bus 1 further advances into the charging area 

A to change the vertical distance measured by the second 

distance measuring instrument K2. If the difference upper 

limit hq is reached by the difference between the reference 

vertical distance measured by the second distance measuring 

instrument K2 and the vertical distance measured by the 

second distance measuring instrument K2 after the reference 

vertical distance has been measured, the positional 

deviation detecting unit 105 detects that the difference 

between the position of the EV bus 1 with respect to the 

longitudinal direction of the charging area A and the 

position (hereinafter, called a precise docking position) 

where the charging unit 102 can perform the charging in the 

charging area A is equal to or smaller than a predetermined 

threshold. At that time, the positional deviation 

detecting unit 105 displays information indicating that the 

position of the EV bus 1 with respect to the longitudinal 

direction of the charging area A has come close to the 

precise docking position as the positional deviation 

information on the display unit 106. 
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[0053] 	The positional deviation detecting unit 105 waits 

until the EV bus 1 further advances into the charging area 

A to change the vertical distance measured by the first 

distance measuring instrument K1. If the difference upper 

limit hq is reached by the difference between the reference 

vertical distance measured by the first distance measuring 

instrument K1 and the vertical distance measured by the 

first distance measuring instrument K1 after the reference 

vertical distance has been measured, the positional 

deviation detecting unit 105 determines that the positional 

deviation of the EV bus 1 with respect to the longitudinal 

direction of the charging area A has been eliminated. 

[0054] 	In this manner, since a charging system according 

to the sixth embodiment can accurately determine that the 

positional deviation of the EV bus 1 with respect to the 

longitudinal direction of the charging area A has decreased 

and that the positional deviation has been eliminated, the 

driver D of the EV bus 1 can more accurately stop the EV 

bus 1 with respect to the charging area A. 

[0055] 	Seventh Embodiment 

A seventh embodiment of the present invention is an 

example in which the second distance measuring instrument 

can measure the vertical distance to a point in a fourth 

reflecting plane on the roof or the bottom of the EV bus 

that is provided on an aft side in the traveling direction 

of the EV bus relative to the third reflecting plane and 

that is parallel to the first reflecting plane, and the 

positional deviation of the EV bus with respect to the 

longitudinal direction of the charging area A is detected 

if the difference upper limit is reached by the difference 

between the vertical distance measured by the first 

distance measuring instrument and the vertical distance 

measured by the second distance measuring instrument and 
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then the vertical distance measured by the second distance 

measuring instrument changes before the charging unit 102 

performs the charging. In the following description, the 

same configurations as those of the sixth embodiment will 

not be described. 

[0056] 	FIG. 13 is a diagram illustrating an example of 

the reflecting planes provided on the roof of the EV bus 

charged in a charging system according to the seventh 

embodiment. As illustrated in FIG. 13, in the present 

embodiment, the EV bus 1 includes, on the roof of the EV 

bus 1, a fourth reflecting plane H4 (an example of a fourth 

plane) that is provided on an aft side in the traveling 

direction D1 than the third reflecting plane H3 and that is 

parallel to the first reflecting plane Hl. The position of 

the fourth reflecting plane H4 in the vertical direction 

from the roof of the EV bus 1 differs from that of at least 

the third reflecting plane H3. In the present embodiment, 

the position of the fourth reflecting plane H4 in the 

vertical direction from the roof of the EV bus 1 differs 

from those of all of the first reflecting plane H1, the 

second reflecting plane H2, and the third reflecting plane 

H3. A non-specular reflective member, such as a member of 

a diffusively reflective material, is preferably used as 

the fourth reflecting plane H4. 

[0057] 	In the present embodiment, if the positional 

deviation of the EV bus 1 with respect to the longitudinal 

direction of the charging area A is determined to have been 

eliminated and then the vertical distance measured by the 

second distance measuring instrument K2 changes before the 

charging unit 102 charges the power storage functional unit 

of the EV bus 1, the positional deviation detecting unit 

105 detects that the position of the EV bus 1 with respect 

to the longitudinal direction of the charging area A has 
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passed through the precise docking position. In this 

manner, an overrun of the EV bus 1 with respect to the 

charging area A can be detected. At that time, the 

positional deviation detecting unit 105 displays 

information indicating that the position of the EV bus 1 

has overrun the charging area A on the display unit 106. 

[0058] 	The following describes, using FIGS. 13 and 14, a 

detection flow of the positional deviation of the EV bus 1 

in the charging system according to the present embodiment. 

FIG. 14 is a diagram for explaining an example of the 

detection flow of the positional deviation of the EV bus in 

the charging system according to the seventh embodiment. 

In the present embodiment, as illustrated in FIG. 13, the 

EV bus 1 includes, on the roof of the EV bus 1, the second 

reflecting plane H2, the first reflecting plane H1, the 

third reflecting plane H3, and the fourth reflecting plane 

H4, in this order from the front side in the traveling 

direction Dl. 

[0059] 	As illustrated in FIG. 14, the first and second 

distance measuring instruments Kl and K2 measure vertical 

distances to the ground surface until the EV bus 1 comes 

close to the charging area A. After the EV bus 1 passes 

through the entrance of the charging area A, the second 

distance measuring instrument K2 measures the vertical 

distance to a point in the second reflecting plane H2 

provided on the roof of the EV bus 1. When the EV bus 1 

has further advanced into the charging area A, the first 

and second distance measuring instruments K1 and K2 

together measure vertical distances to points in the second 

reflecting plane H2. The positional deviation detecting 

unit 105 stores therein the vertical distance to the second 

reflecting plane H2 measured by the first distance 

measuring instrument Kl (reference distance Hrefl)  and the 
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vertical distance to the second reflecting plane H2 

measured by the second distance measuring instrument K2 

(reference distance Href2) (Step Si). 

[0060] 	Subsequently, when the EV bus 1 has further 

advanced into the charging area A and the second distance 

measuring instrument K2 is located over the first 

reflecting plane H1, the positional deviation detecting 

unit 105 obtains the difference h2y between the vertical 

distance h2 measured by the second distance measuring 

instrument K2 and the reference distance ref2 • The 

positional deviation detecting unit 105 detects the 

deviation (right-left deviation) of the EV bus 1 with 

respect to the lateral direction of the charging area A 

based on the difference h2y, the reference value hp, and 

the first angle 01 (Step S2). The positional deviation 

detecting unit 105 displays the positional deviation 

information indicating the detected right-left deviation on 

the display unit 106. This display allows the driver D of 

the EV bus 1 to check the positional deviation information 

displayed on the display unit 106 and correct the right-

left deviation of the EV bus 1. 

[0061] 	Subsequently, when the EV bus 1 has further 

advanced into the charging area A and the first and second 

distance measuring instruments Kl and K2 are located over 

the first reflecting plane H1, the positional deviation 

detecting unit 105 detects the inclination angle p 

(rotational deviation) of the EV bus 1 with respect to the 

longitudinal direction of the charging area A based on the 

difference between the vertical distance hl to the point P1 

in the first reflecting plane H1 measured by the first 

distance measuring instrument K1 and the vertical distance 

h2 to the point P2 in the first reflecting plane H1 

measured by the second distance measuring instrument K2, 
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the distance L between the point P1 and the point P2, and 

the first angle 01 (Step S3). At that time, the positional 

deviation detecting unit 105 obtains the difference hly 

between the vertical distance hl measured by the first 

distance measuring instrument Kl and the reference distance 

refl • The positional deviation detecting unit 105 may 

detect the deviation (right-left deviation) of the EV bus 1 

with respect to the lateral direction of the charging area 

A based on the difference hly, the reference value hp, and 

the first angle 01 (Step S3). The positional deviation 

detecting unit 105 displays the positional deviation 

information indicating the rotational deviation and the 

right-left deviation thus detected on the display unit 106. 

This display allows the driver D of the EV bus 1 to check 

the information displayed on the display unit 106 and 

correct the rotational deviation and the right-left 

deviation of the EV bus 1. 

[0062] 	When the EV bus 1 has further advanced into the 

charging area A and the second distance measuring 

instrument K2 is located over the third reflecting plane H3 

to change the vertical distance measured by the second 

distance measuring instrument K2, the positional deviation 

detecting unit 105 determines whether the difference upper 

limit hq is reached by the difference between the vertical 

distance (reference vertical distance) to the point in the 

first reflecting plane H1 measured by the second distance 

measuring instrument K2 and the vertical distance measured 

by the second distance measuring instrument K2 after the 

reference vertical distance has been measured. If the 

difference upper limit hq is reached by the difference 

between the reference vertical distance measured by the 

second distance measuring instrument K2 and the vertical 

distance (vertical distance to the point in the third 
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reflecting plane H3) measured by the second distance 

measuring instrument K2 after the reference vertical 

distance has been measured, the positional deviation 

detecting unit 105 determines that the position of the EV 

bus 1 with respect to the longitudinal direction (front-

rear direction) of the charging area A has come close to 

the precise docking position (Step S4). The positional 

deviation detecting unit 105 displays the positional 

deviation information indicating that the position of the 

EV bus 1 with respect to the longitudinal direction (front-

rear direction) of the charging area A has come close to 

the precise docking position and indicating the rotational 

deviation and the right-left deviation detected at Step S3, 

on the display unit 106. This display allows the driver D 

of the EV bus 1 to check that the positional deviation of 

the EV bus 1 with respect to the longitudinal direction of 

the charging area A has decreased to a small value. 

[0063] 	When the EV bus 1 has further advanced into the 

charging area A and the first and second distance measuring 

instruments K1 and K2 are located over the third reflecting 

plane H3, the positional deviation detecting unit 105 

determines whether the difference upper limit hq is reached 

by the difference between the vertical distance (reference 

vertical distance) to the point in the first reflecting 

plane H1 measured by the first distance measuring 

instrument K1 and the vertical distance measured by the 

first distance measuring instrument K1 after the reference 

vertical distance has been measured. If the difference 

upper limit hq is reached by the difference between the 

reference vertical distance measured by the first distance 

measuring instrument Kl and the vertical distance (vertical 

distance to the point in the third reflecting plane H3) 

measured by the first distance measuring instrument Kl 
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after the reference vertical distance has been measured, 

the positional deviation detecting unit 105 determines that 

the positional deviation of the EV bus 1 with respect to 

the longitudinal direction of the charging area A has been 

eliminated (in other words, the EV bus 1 has been precisely 

docked with respect to the front-rear direction of the 

charging area A) (Step S5). The positional deviation 

detecting unit 105 displays the positional deviation 

information indicating that the EV bus 1 has been precisely 

docked with respect to the longitudinal direction of the 

charging area A and indicating the rotational deviation and 

the right-left deviation detected at Step S3, on the 

display unit 106. This display allows the driver D of the 

EV bus 1 to check that the EV bus 1 has been precisely 

docked with respect to the front-rear direction of the 

charging area A. 

[0064] 	Thereafter, if, before the charging unit 102 

performs the charging, the driver D of the EV bus 1 moves 

the EV bus 1 in the longitudinal direction of the charging 

area A by mistake and the second distance measuring 

instrument K2 is located over the fourth reflecting plane 

H4 to change the vertical distance measured by the second 

distance measuring instrument K2, the positional deviation 

detecting unit 105 detects the positional deviation of the 

EV bus 1 with respect to the longitudinal direction (front-

rear direction) of the charging area A (in other words, 

that the EV bus 1 is no longer precisely docked with 

respect to the front-rear direction of the charging area A) 

(Step S6). The positional deviation detecting unit 105 

displays the positional deviation information indicating 

that the EV bus 1 is no longer precisely docked with 

respect to the front-rear direction of the charging area A 

and indicating the rotational deviation and the right-left 
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deviation detected at Step S3, on the display unit 106. 

This display allows the driver D of the EV bus 1 to check 

that the position of the EV bus 1 has started to deviate 

with respect to the front-rear direction of the charging 

area A. 

[0065] 	Otherwise, the positional deviation detecting 

unit 105 may detect the positional deviation of the EV bus 

1 with respect to the longitudinal direction (front-rear 

direction) of the charging area A (in other words, that the 

EV bus 1 has overrun the position where the charging can be 

performed, with respect to the front-rear direction of the 

charging area A) if the driver D of the EV bus 1 moves the 

EV bus 1 and the first distance measuring instrument K1 is 

located over the fourth reflecting plane H4 to change the 

vertical distance measured by the first distance measuring 

instrument Kl (Step S7). The positional deviation 

detecting unit 105 displays the positional deviation 

information indicating that the EV bus 1 has overrun the 

position where the charging can be performed, with respect 

to the front-rear direction of the charging area A, and 

indicating the rotational deviation and the right-left 

deviation detected at Step S3, on the display unit 106. 

This display allows the driver D of the EV bus 1 to check 

that the EV bus 1 has overrun the position where the 

charging can be performed, with respect to the front-rear 

direction of the charging area A. 

[0066] 	In this manner, since the charging system 

according to the seventh embodiment can accurately detect 

the overrun of the EV bus 1 in the longitudinal direction 

of the charging area A, the driver D of the EV bus 1 can 

more accurately stop the EV bus 1 with respect to the 

charging area A. 

[0067] 	Eighth Embodiment 
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An eighth embodiment of the present invention is an 

example in which the first reflecting plane, the second 

reflecting plane, the third reflecting plane, and the 

fourth reflecting plane are provided above the EV bus 

stopping in the charging area. In the following 

description, the same configurations as those of the 

seventh embodiment will not be described. 

[0068] 	FIG. 15 is a diagram for explaining an example of 

the reflecting planes provided on the roof of the charging 

area in a charging system according to the eighth 

embodiment. As illustrated in FIG. 15, in the present 

embodiment, the roof R covering the charging area A 

includes the second reflecting plane H2, the first 

reflecting plane H1, the third reflecting plane H3, and the 

fourth reflecting plane H4, in this order from the entrance 

side for the EV bus 1 into the charging area A, along the 

longitudinal direction of the charging area A. In the 

present embodiment, in the same manner as in the third 

embodiment, the roof of the EV bus 1 is provided with the 

first and second distance measuring instruments K1 and K2. 

[0069] 	In the same manner as in the seventh embodiment, 

the positional deviation detecting unit 105 uses the 

vertical distances to the points in the respective 

reflecting planes measured by the first and second distance 

measuring instruments K1 and K2 to detect the deviation of 

the EV bus 1 with respect to the lateral direction of the 

charging area A, the inclination of the EV bus 1 with 

respect to the longitudinal direction of the charging area 

A, the positional deviation of the EV bus 1 with respect to 

the longitudinal direction of the charging area A, and the 

overrun of the EV bus 1 with respect to the longitudinal 

direction of the charging area A. 

[0070] 	The following describes, using FIG. 16, a 
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detection flow of the positional deviation of the EV bus 1 

in the charging system according to the present embodiment. 

FIG. 16 is a diagram for explaining an example of the 

detection flow of the positional deviation of the EV bus in 

the charging system according to the eighth embodiment. 

[0071] 	As illustrated in FIG. 16, during a period until 

the EV bus 1 comes close to the charging area A, the 

vertical distances measured by the first and second 

distance measuring instruments K1 and K2 provided on the 

roof of the EV bus 1 are infinite. After the EV bus 1 

passes through the entrance of the charging area A, the 

first distance measuring instrument K1 measures the 

vertical distance to a point in the second reflecting plane 

H2 provided on the roof of the EV bus 1. When the EV bus 1 

has further advanced into the charging area A, the first 

and second distance measuring instruments K1 and K2 

together measure vertical distances to points in the second 

reflecting plane H2. The positional deviation detecting 

unit 105 stores therein the vertical distance to the second 

reflecting plane H2 measured by the first distance 

measuring instrument K1 (reference distance H ref') and the 

vertical distance to the second reflecting plane H2 

measured by the second distance measuring instrument K2 

(reference distance Href2) (Step S11). 

[0072] 	Subsequently, when the EV bus 1 has further 

advanced into the charging area A and the first distance 

measuring instrument K1 is located under the first 

reflecting plane H1, the positional deviation detecting 

unit 105 obtains the difference hly between the vertical 

distance hl measured by the first distance measuring 

instrument K1 and the reference distance refl. • The 

positional deviation detecting unit 105 detects the 

deviation (right-left deviation) of the EV bus 1 with 
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respect to the lateral direction of the charging area A 

based on the difference hiy, the reference value hp, and 

the first angle 01 (Step S12). The positional deviation 

detecting unit 105 displays the positional deviation 

information indicating the detected right-left deviation on 

the display unit 106. This display allows the driver D of 

the EV bus 1 to check the positional deviation information 

displayed on the display unit 106 and correct the right-

left deviation of the EV bus 1. 

[0073] 	Subsequently, when the EV bus 1 has further 

advanced into the charging area A and the second distance 

measuring instrument K2 is located under the first 

reflecting plane H1, the positional deviation detecting 

unit 105 detects the inclination angle p (rotational 

deviation) of the EV bus 1 with respect to the longitudinal 

direction of the charging area A based on the difference 

between the vertical distance hl to the point P1 in the 

first reflecting plane H1 measured by the first distance 

measuring instrument K1 and the vertical distance h2 to the 

point P2 in the first reflecting plane H1 measured by the 

second distance measuring instrument K2, the distance L 

between the point P1 and the point P2, and the first angle 

01 (Step S13). At that time, the positional deviation 

detecting unit 105 obtains the difference h2y between the 

vertical distance h2 measured by the second distance 

measuring instrument K2 and the reference distance ref2 • 

The positional deviation detecting unit 105 may detect the 

deviation (right-left deviation) of the EV bus 1 with 

respect to the lateral direction of the charging area A 

based on the difference h2y, the reference value hp, and 

the first angle 01 (Step S13). The positional deviation 

detecting unit 105 displays the positional deviation 
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information indicating the rotational deviation and the 

right-left deviation thus detected on the display unit 106. 

This display allows the driver D of the EV bus 1 to check 

the positional deviation information displayed on the 

display unit 106 and correct the rotational deviation and 

the right-left deviation of the EV bus 1. 

[0074] 	When the EV bus 1 has further advanced into the 

charging area A and the first distance measuring instrument 

K1 is located under the third reflecting plane H3 to change 

the vertical distance measured by the first distance 

measuring instrument Kl, the positional deviation detecting 

unit 105 determines whether the difference upper limit hq 

is reached by the difference between the vertical distance 

(reference vertical distance) to the point in the first 

reflecting plane H1 measured by the first distance 

measuring instrument K1 and the vertical distance measured 

by the first distance measuring instrument K1 after the 

reference vertical distance has been measured. If the 

difference upper limit hq is reached by the difference 

between the reference vertical distance measured by the 

first distance measuring instrument K1 and the vertical 

distance (vertical distance to the point in the third 

reflecting plane H3) measured by the first distance 

measuring instrument K1 after the reference vertical 

distance has been measured, the positional deviation 

detecting unit 105 determines that the position of the EV 

bus 1 with respect to the longitudinal direction (front-

rear direction) of the charging area A has come close to 

the precise docking position (Step S14). The positional 

deviation detecting unit 105 displays the positional 

deviation information indicating that the position of the 

EV bus 1 with respect to the longitudinal direction (front-

rear direction) of the charging area A has come close to 
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the precise docking position and indicating the rotational 

deviation and the right-left deviation detected at Step S13, 

on the display unit 106. This display allows the driver D 

of the EV bus 1 to check that the positional deviation of 

the EV bus 1 with respect to the front-rear direction of 

the charging area A has decreased to a small value. 

[0075] 	When the EV bus 1 has further advanced into the 

charging area A and the second distance measuring 

instrument K2 is located under the third reflecting plane 

H3, the positional deviation detecting unit 105 determines 

whether the difference upper limit hq is reached by the 

difference between the vertical distance (reference 

vertical distance) to the point in the first reflecting 

plane H1 measured by the second distance measuring 

instrument K2 and the vertical distance measured by the 

second distance measuring instrument K2 after the reference 

vertical distance has been measured. If the difference 

upper limit hq is reached by the difference between the 

reference vertical distance measured by the second distance 

measuring instrument K2 and the vertical distance (vertical 

distance to the point in the third reflecting plane H3) 

measured by the second distance measuring instrument K2 

after the reference vertical distance has been measured, 

the positional deviation detecting unit 105 determines that 

the positional deviation of the EV bus 1 with respect to 

the longitudinal direction (front-rear direction) of the 

charging area A has been eliminated (in other words, the EV 

bus 1 has been precisely docked with respect to the front-

rear direction of the charging area A) (Step S15). The 

positional deviation detecting unit 105 displays the 

positional deviation information indicating that the EV bus 

1 has been precisely docked with respect to the 

longitudinal direction of the charging area A and 
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indicating the rotational deviation and the right-left 

deviation detected at Step S13, on the display unit 106. 

This display allows the driver D of the EV bus 1 to check 

that the EV bus 1 has been precisely docked with respect to 

the front-rear direction of the charging area A. 

[0076] 	Thereafter, if, before the charging unit 102 

performs the charging, the driver D of the EV bus 1 moves 

the EV bus 1 in the longitudinal direction of the charging 

area A by mistake and the first distance measuring 

instrument K1 is located under the fourth reflecting plane 

H4 to change the vertical distance measured by the first 

distance measuring instrument Kl, the positional deviation 

detecting unit 105 detects the positional deviation of the 

EV bus 1 with respect to the longitudinal direction (front-

rear direction) of the charging area A (in other words, 

that the EV bus 1 is no longer precisely docked with 

respect to the front-rear direction of the charging area A) 

(Step S16). The positional deviation detecting unit 105 

displays the positional deviation information indicating 

that the EV bus 1 is no longer precisely docked with 

respect to the front-rear direction of the charging area A 

and indicating the rotational deviation and the right-left 

deviation detected at Step S13, on the display unit 106. 

This display allows the driver D of the EV bus 1 to check 

that the position of the EV bus 1 has started to deviate 

with respect to the front-rear direction of the charging 

area A. 

[0077] 	If the driver D of the EV bus 1 further moves the 

EV bus 1 and the second distance measuring instrument K2 is 

located under the fourth reflecting plane H4 to change the 

vertical distance measured by the second distance measuring 

instrument K2, the positional deviation detecting unit 105 

detects the positional deviation of the EV bus 1 with 



40 

respect to the longitudinal direction (front-rear 

direction) of the charging area A (in other words, that the 

EV bus 1 has overrun the position where the charging can be 

performed, with respect to the front-rear direction of the 

charging area A) (Step S17). The positional deviation 

detecting unit 105 displays the positional deviation 

information indicating that the EV bus 1 has overrun the 

position where the charging can be performed, with respect 

to the front-rear direction of the charging area A, and 

indicating the rotational deviation and the right-left 

deviation detected at Step S13, on the display unit 106. 

This display allows the driver D of the EV bus 1 to check 

that the EV bus 1 has overrun the position where the 

charging can be performed, with respect to the front-rear 

direction of the charging area A. 

[0078] 	In this manner, also in the case where the first 

reflecting plane H1, the second reflecting plane H2, the 

third reflecting plane H3, and the fourth reflecting plane 

H4 are provided above the roof of the EV bus 1, with the 

charging system according to the eighth embodiment, the 

same operational effect as that of the above-described 

embodiments can be obtained. 

[0079] 	Ninth Embodiment 

A ninth embodiment of the present invention is an 

example in which a fifth reflecting plane is provided above 

the EV bus stopping in the charging area, so as to be 

closer to the exit side of the charging area than the 

fourth reflecting plane along the longitudinal direction of 

the charging area. In the following description, the same 

portions as those of the eighth embodiment will not be 

described. 

[0080] 	In the present embodiment, the roof R covering 

the charging area A includes a fifth reflecting plane H5 
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closer to the exit side of the charging area A than the 

fourth reflecting plane H4 along the longitudinal direction 

of the charging area A. In the same manner as the second 

reflecting plane H2, the fifth reflecting plane H5 is a 

reflecting plane that has no gradient with respect to the 

horizontal plane. A non-specular reflective member, such 

as a member of a diffusively reflective material, is 

preferably used as the fifth reflecting plane H5. Thus, 

the reflecting planes provided on the roof R covering the 

charging area A have a symmetrical configuration in the 

longitudinal direction of the charging area A. 

[0081] 	Consequently, if the EV bus 1 has overrun the 

charging area A and advances reversely again into the 

charging area A from the exit side of the charging area A, 

and also, if the EV bus 1 advances, by mistake, into the 

charging area A from the exit side thereof, the positional 

deviation detecting unit 105 can detect the positional 

deviation of the EV bus 1 with respect to the charging area 

A, in the same manner as in the detection flow of the 

positional deviation of the EV bus 1 illustrated in FIG. 16. 

[0082] 	In the present embodiment, the roof R covering 

the charging area A is provided with the reflecting planes, 

in the order of the second reflecting plane H2, the first 

reflecting plane H1, the third reflecting plane H3, the 

fourth reflecting plane H4, and the fifth reflecting plane 

H5 along the longitudinal direction of the charging area A. 

However, the present invention is not limited to this 

example. The roof or the bottom of the EV bus 1 may be 

provided with the reflecting planes, in the order of the 

second reflecting plane H2, the first reflecting plane H1, 

the third reflecting plane H3, the fourth reflecting plane 

H4, and the fifth reflecting plane H5 from the front side 

of the EV bus 1 along the traveling direction D1 of the EV 
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bus 1. 

[0083] 	In this manner, a charging system according to 

the ninth embodiment can detect the positional deviation of 

the EV bus 1 with respect to the charging area A in either 

of the case where the EV bus 1 has overrun the charging 

area A and advances again into the charging area A from the 

exit side of the charging area A, and the case where the EV 

bus 1 advances forward into the charging area A from the 

entrance side or the exit side thereof. 

[0084] 	FIG. 17 is a diagram illustrating an example of 

the positional deviation information displayed on the 

display unit in the charging systems according to the first 

to ninth embodiments. If the inclination angle p 

(rotational deviation) with respect to the longitudinal 

direction of the charging area A is detected, the 

positional deviation detecting unit 105 displays rotational 

deviation information 1701, such as arrows, for making the 

rotational deviation identifiable, on the display unit 106, 

as illustrated in FIG. 17. If the positional deviation 

(right-left deviation) with respect to the lateral 

direction of the charging area A is detected, the 

positional deviation detecting unit 105 displays right-left 

deviation information 1702, such as arrows, for making the 

right-left deviation identifiable, on the display unit 106, 

as illustrated in FIG. 17. 

[0085] 	If the positional deviation (deviation in the 

front-rear direction) with respect to the longitudinal 

direction of the charging area A is detected, the 

positional deviation detecting unit 105 displays front-rear 

deviation information 1703, such as an arrow, for making 

the deviation in the front-rear direction identifiable, on 

the display unit 106, as illustrated in FIG. 17. If the 

above-described positional deviation are not detected (in 
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other words, if the EV bus 1 has been precisely docked in 

the charging area A), the positional deviation detecting 

unit 105 displays stop instruction information 1704, such 

as characters, for instructing to stop the EV bus 1, on the 

display unit 106. In addition, in the above-described 

embodiments, the positional deviation detecting unit 105 

displays the information on at least one of the inclination 

angle p, the right-left deviation, and the positional 

deviation of the EV bus 1 with respect to the longitudinal 

direction of the charging area A, as the positional 

deviation information on the display unit 106 provided 

outside the EV bus 1. However, the present invention is 

not limited to the above-described embodiments. For 

example, the positional deviation detecting unit 105 may 

transmit the positional deviation information through 

wireless communication to, for example, a display unit near 

a driver's seat of the EV bus 1, and display thereon the 

positional deviation information. 

[0086] 	In the first to ninth embodiments, the charging 

unit 102 moves the power feeding unit 103 to near the power 

receiving unit 104 provided on the roof of the EV bus 1 and 

charges the power storage functional unit of the EV bus 1. 

However, if the power receiving unit 104 is provided at the 

bottom of the EV bus 1 as illustrated in FIG. 18, the 

charging unit 102 may be configured to charge the power 

storage functional unit of the EV bus 1, for example, 

through non-contact charging when the EV bus 1 has advanced 

into the charging area A and the power receiving unit 104 

has moved to near the power feeding unit 103 embedded in 

the charging area A. 

[0087] 	In addition, in the first to ninth embodiments, 

the example has been described in which the positional 

deviation detecting unit 105 detects the positional 
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deviation of the EV bus 1 with respect to the charging area 

A. However, the present invention is not limited to this 

example as long as the positional deviation of the vehicle 

is detected with respect to the rectangular predefined area. 

For example, the positional deviation detecting unit 105 

can detect the positional deviation of a wheelchair (an 

example of the vehicle) with respect to a slope (an example 

of the predefined area) for getting on and off the 

wheelchair. 

[0088] 	As described above, according to the first to 

ninth embodiments, the driver D of the EV bus 1 can more 

accurately stop the EV bus 1 with respect to the charging 

area A. 

[0089] 	A program to be executed by each of the charging 

systems of the first to ninth embodiments is provided by 

being incorporated in advance, for example, in a read-only 

memory (ROM). The program to be executed by each of the 

charging systems of the first to ninth embodiments may be 

provided by being recorded as a file in an installable or 

executable format on a computer-readable recording medium, 

such as a compact disc read-only memory (CD-ROM), a 

flexible disk (FD), a compact disc-recordable (CD-R), or a 

digital versatile disc (DVD). 

[0090] 	Moreover, the program to be executed by each of 

the charging systems of the first to ninth embodiments may 

be stored on a computer connected to a network, such as the 

Internet, and provided by being downloaded through the 

network. The program to be executed by each of the 

charging systems of the first to ninth embodiments may be 

provided or distributed through a network, such as the 

Internet. 

[0091] 	The program to be executed by each of the 

charging systems of the first to ninth embodiments has a 
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modular structure including the above-described units (such 

as the positional deviation detecting unit 105). As actual 

hardware, a central processing unit (CPU) reads the program 

from the above-mentioned ROM and executes the program to 

load the above-described units into a main memory device, 

and the positional deviation detecting unit 105 is 

generated in the main memory device. 

[0092] 	While the several embodiments of the present 

invention have been described, these embodiments are 

provided merely as examples, and are not intended to limit 

the scope of the invention. These novel embodiments can be 

carried out in various other forms, and can be variously 

omitted, replaced, or modified within the scope not 

departing from the gist of the invention. These 

embodiments and modifications thereof are included in the 

scope and the gist of the invention, and are also included 

in the scope of the invention described in the claims and 

equivalents thereof. 
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CLAIMS 

1. A charging device comprising: 

a charging unit configured to charge a power storage 

functional unit provided in a vehicle stopping in a 

rectangular predefined area; 

a measuring unit capable of measuring a vertical 

distance to a point in a first plane that is provided in a 

first position serving as a roof or a bottom of the vehicle, 

and that has a gradient of a first angle with respect to a 

horizontal plane toward an orthogonal direction orthogonal 

to a traveling direction of the vehicle; and 

a detecting unit configured to detect an angle of 

inclination of the vehicle with respect to a longitudinal 

direction of the predefined area based on a first 

difference, a distance, and the first angle, the first 

distance being a distance between a first vertical distance 

to a first point in the first plane and a second vertical 

distance to a second point in the first plane having a 

position in the traveling direction different from that of 

the first point, the distance being a distance between the 

first point and the second point. 

2. The charging device according to claim 1, wherein 

the measuring unit is capable of measuring a vertical 

distance to a point in a second plane that is provided on a 

fore side in the traveling direction than the first plane 

in the first position, and that has no gradient, and 

the detecting unit is configured to detect a 

positional deviation of the vehicle with respect to a 

lateral direction of the predefined area based on a second 

difference, a reference value, and the first angle, the 

second difference being a difference between a vertical 

distance to a point in the second plane and a vertical 
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distance to a point in the first plane having the same 

position in the orthogonal direction as that of the point 

in the second plane, the reference value being a reference 

value of the second difference in a case where the vehicle 

has stopped in the predefined area. 

3. The charging device according to claim 2, wherein 

the measuring unit is capable of measuring vertical 

distances to points in a third plane and in the first plane, 

the third plane being provided on an aft side in the 

traveling direction than the first plane in the first 

position, and that is parallel to the first plane, 

a third difference of the third plane relative to the 

first plane in a vertical direction from the first position 

is larger than an upper limit of the first difference, and 

the detecting unit is configured to determine that the 

positional deviation of the vehicle with respect to the 

longitudinal direction has been eliminated when the third 

difference is reached by a difference between the vertical 

distance to the point in the first plane measured by the 

measuring unit and a vertical distance measured by the 

measuring unit after the vertical distance has been 

measured. 

4. The charging device according to claim 3, wherein 

the measuring unit comprises a first measuring unit 

capable of measuring vertical distances to points in the 

third plane and the first plane and a second measuring unit 

that is provided closer than the first measuring unit to an 

entrance side of the predefined area, and that is capable 

of measuring vertical distances to points in the first 

plane and the third plane, and 

the detecting unit is configured to determine that a 
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position of the vehicle with respect to the longitudinal 

direction have come close to a position where the charging 

unit is allowed to perform the charging when the third 

difference is reached by a difference between a vertical 

distance to a point in the first plane measured by the 

second measuring unit and a vertical distance measured by 

the second measuring unit after the vertical distance has 

been measured, and is configured to determine that the 

positional deviation of the vehicle with respect to the 

longitudinal direction has been eliminated when the third 

difference is reached by a difference between a vertical 

distance to a point in the first plane measured by the 

first measuring unit and a vertical distance measured by 

the first measuring unit after the vertical distance has 

been measured. 

5. 	The charging device according to claim 4, wherein 

the second measuring unit is capable of measuring a 

vertical distance to a point in a fourth plane that is 

provided on an aft side in the traveling direction than the 

third plane in the first position, and that is parallel to 

the first plane, 

the fourth plane differs from the third plane at least 

in position in the vertical direction from the first 

position, and 

the detecting unit is configured to detect the 

positional deviation of the vehicle with respect to the 

longitudinal direction when the detecting unit detects that 

no positional deviation of the vehicle is present with 

respect to the longitudinal direction and then the vertical 

distance measured by the second measuring unit changes 

before the charging unit charges the power storage 

functional unit. 
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6. The charging device according to any one of claims 1 

to 5, wherein the detecting unit is configured to detect 

the positional deviation of the vehicle with respect to the 

predefined area when the detected inclination of the 

vehicle exceeds a predetermined angle. 

7. The charging device according to claim 5, wherein the 

detecting unit is configured to transmit information on the 

angle of inclination of the vehicle with respect to the 

longitudinal direction of the predefined area, the 

positional deviation of the vehicle with respect to the 

lateral direction of the predefined area, and the 

positional deviation of the vehicle with respect to the 

longitudinal direction of the predefined area, to a display 

unit of the vehicle through wireless communication. 

8. The charging device according to claim 5, wherein 

the first measuring unit and the second measuring unit 

are provided in the first position in an order of the 

second plane, the first plane, the third plane, the fourth 

plane, and a fifth plane from a front side of the vehicle 

along the traveling direction, and 

the fifth plane is provided closer than the fourth 

plane to an exit side of the predefined area in the 

longitudinal direction of the predefined area, and has no 

gradient with respect to the horizontal plane. 

9. A charging device comprising: 

a charging unit configured to charge a power storage 

functional unit provided in a vehicle stopping in a 

rectangular predefined area; 

a measuring unit that is provided on a roof of the 
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vehicle, and that is configured to measure a vertical 

distance to a point in a first plane that is provided above 

the vehicle stopping in the predefined area, and that has a 

gradient of a first angle with respect to a horizontal 

plane toward a lateral direction of the predefined area; 

and 

a detecting unit configured to detect an angle of 

inclination of the vehicle with respect to a longitudinal 

direction of the predefined area based on a first 

difference, a distance, and the first angle, the first 

difference being a difference between a first vertical 

distance to a first point in the first plane and a second 

vertical distance to a second point in the first plane 

having a position in the longitudinal direction of the 

predefined area different from that of the first point, the 

distance being a distance between the first point and the 

second point. 

10. A positional deviation detection method comprising: 

measuring a vertical distance to a point in a first 

plane that is provided in a first position serving as a 

roof or a bottom of a vehicle stopping in a rectangular 

predefined area and being charged, and that has a gradient 

of a first angle with respect to a horizontal plane toward 

an orthogonal direction orthogonal to a traveling direction 

of the vehicle; and 

detecting an angle of inclination of the vehicle with 

respect to the longitudinal direction based on a first 

difference, a distance, and the first angle, the first 

difference being a difference between a first vertical 

distance to a first point in the first plane and a second 

vertical distance to a second point in the first plane 

having a position in the traveling direction different from 
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that of the first point, the distance being a distance 

between the first point and the second point. 


