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(57) ABSTRACT 

An on-vehicle display unit projects an image, Which is 
displayed on a display in a dashboard, on a screen disposed 
outside the dashboard. The screen is transparent so that the 
foreground is visible through the screen With the image 
projected on the screen being superimposed over the fore 
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ground. A re?ecting mirror is disposed in the dashboard for 
re?ecting light emitted from the image displayed on the 
display toWard the screen. A semi-transparent mirror is 
disposed in the dashboard betWeen the display and the 
re?ecting mirror. The semi-transparent mirror is able to pass 
partially and to re?ect partially light emitted from the image 
on the display. An angle changing mechanism selectively 
changes the semi-transparent mirror relative to a longitudi 
nal direction of the vehicle into a ?rst inclination angle 
position or into a second inclination angle position. The 
semi-transparent mirror partially re?ects the light emitted 
from the image displayed on the display toWard the screen 
When the semi-transparent mirror is at the ?rst inclination 
angle position, and the semi-transparent mirror partially 
re?ects the light re?ected by the re?ecting mirror toWard the 
screen When the semi-transparent mirror is at the second 
inclination angle position. Another on-vehicle display unit 
has a projecting sub-unit disposed in a dashboard for pro 
jecting an image, Which is displayed on a display in a 
dashboard of a vehicle, on a ?rst screen disposed above the 
dashboard. The ?rst screen is transparent so that the fore 
ground is visible from an eye position of a diver through the 
?rst screen With the image projected on the screen being 
superimposed over the foreground. A second screen is 
disposed nearer to the eye position than the projecting 
sub-unit to be visible from the eye position for projection of 
information obtained by measuring instruments of the 
vehicle. A second display is disposed nearer to the eye 
position than the dashboard for indicating the information of 
the measuring instruments. 
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ON-VEHICLE DISPLAY UNIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an on-vehicle 
display unit having a projecting sub-unit that projects an 
image, Which is displayed on a display disposed in a 
dashboard of a vehicle, on a Windscreen or an auxiliary 
screen. The image is superimposed over the foreground 
Which can be seen through the Windscreen or the auxiliary 
screen. 

[0003] 2. Related Art 

[0004] Recently, With increase of information for opera 
tion of a vehicle, an auxiliary display unit, Which is called as 
a head-up display, is used to alloW a driver to see additional 
information necessary for the vehicle operation Which is 
over the capacity of indicators of the vehicle. The additional 
information is superimposed over the foreground visible 
through a Wind screen of the vehicle Without a larger change 
of a sight line of the driver. 

[0005] In such on-vehicle display units, it is desired that 
sight distances does not vary too much When the diver 
frequently changes his sight betWeen the superimposed 
information and the foreground. Therefore, a larger optical 
distance from a display of the information to the Windscreen 
is preferably provided so that a sight point of a superimposed 
virtual image is nearer to the foreground. 

[0006] HoWever, the elongated sight distance of the virtual 
image is disadvantageous When the vehicle is stopping. That 
is because the driver Will desire to clearly see the superim 
posed information. 

SUMMARY OF THE INVENTION 

[0007] As described above, such types of on-vehicle dis 
play units preferably make a focused point of a superim 
posed virtual image nearer to the foreground during an 
operation state of the vehicle, While the focused point is 
preferably positioned nearer to an eye position of a driver 
during a stopping state of the vehicle. To achieve both the 
focused points, a display may be moved to change an optical 
path distance from the display to a screen. HoWever, the 
movement of display is undesirable, because it requires an 
enlarged space for receiving the display. 

[0008] Such a display is generally accommodated in a 
dashboard. The display may be mounted on a ceiling of the 
vehicle, but the arrangement of the display near the head of 
a driver may make the driver feel pressure. 

[0009] HoWever, it is not practical that the dashboard is 
expanded forWard, because the dashboard is forWardly adja 
cent to an engine room of the vehicle. Furthermore, it is 
undesirable for the driver that the virtual image on the 
Windscreen is moved in a lateral direction of the vehicle. 

[0010] Therefore, the dashboard can be expanded only 
backWard to accommodate the display of the display unit in 
the dashboard. 

[0011] HoWever, the dashboard is provided With instru 
ments such as a speed meter and a tachometer at a rear side 
thereof. If the instruments are disposed nearer to the driver 
due to the backWard expansion of the dashboard, the driver 
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needs a much change of a sight distance to change his sight 
betWeen the instruments and the foreground. 

[0012] In vieW of the aforementioned situations, a ?rst 
object of the invention is to provide an on-vehicle display 
unit Which can project an image displayed on a display in a 
dashboard toWard a Windscreen disposed outside the dash 
board, thereby superimposing the image over the foreground 
visible through the Windscreen. The on-vehicle display unit 
can move the superimposed image nearer to the foreground 
and aWay from the foreground in accordance With a kind of 
information included in the image. This con?guration 
requires little enlargement of the accommodation space of 
the dashboard. 

[0013] For achieving the ?rst object of the invention, a 
?rst aspect of the invention is an on-vehicle display unit for 
projecting an image on a screen, the image displayed on a 
display in a dashboard of a vehicle, the screen disposed 
outside the dashboard, the screen being transparent so that 
the foreground is visible through the screen With the image 
projected on the screen being superimposed over the fore 
ground. The on-vehicle display unit includes: 

[0014] a re?ecting mirror disposed in the dashboard 
for re?ecting light emitted from the image displayed 
on the display toWard the screen, 

[0015] a semi-transparent mirror disposed in the 
dashboard betWeen the display and the re?ecting 
mirror, the semi-transparent mirror being able to pass 
partially and to re?ect partially light emitted from the 
image on the display, and 

[0016] an angle changing mechanism for selectively 
changing the semi-transparent mirror relative to a 
longitudinal direction of the vehicle into a ?rst 
inclination angle position or a second inclination 
angle position, 

[0017] Wherein the semi-transparent mirror partially 
re?ects the light of the image displayed on the 
display toWard the screen When the semi-transparent 
mirror is at the ?rst angle position, and the semi 
transparent mirror partially re?ects light re?ected by 
the re?ecting mirror toWard the screen When the 
semi-transparent mirror is at the second angle posi 
tion. 

[0018] Thus, the semi-transparent mirror is selectively 
changed into the ?rst inclination angle position or into the 
second inclination angle position. At the ?rst angle position, 
light emitted from the image displayed on the display is 
re?ected by the semi-transparent mirror toWard the screen, 
thereby providing a shorter optical path from the display to 
the screen. MeanWhile, at the second angle position, light 
emitted from the image displayed on the display passes 
through the semi-transparent mirror to reach the re?ecting 
mirror so that the light is re?ected by the re?ecting mirror to 
come again to the semi-transparent mirror Which re?ects the 
light toWard the screen, thereby providing a longer optical 
path from the display to the screen. This alloWs the change 
able position of the image from an eye of the diver With no 
movement of the display. 

[0019] Preferably, the angle changing mechanism has a 
shaft extended in a lateral direction of the vehicle for turning 
the semi-transparent mirror around the shaft to selectively 
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change the semi-transparent mirror into the ?rst angle posi 
tion or into the second angle position. 

[0020] Thus, the semi-transparent mirror is easily changed 
to the ?rst position or to second position by turning the 
semi-transparent mirror around the shaft. 

[0021] Preferably, the on-vehicle display unit further has 
an image magnifying optical element disposed in the dash 
board such that light from the re?ecting mirror to the 
semitransparent mirror passes through the image magnify 
ing optical element for magnifying the image. 

[0022] Thus, a virtual image With an appropriate siZe is 
visible by Way of the screen at the second position of the 
semi-transparent mirror, although an optical path from the 
display to the screen is elongated by the provision of the 
re?ecting mirror to make the sight distance of the image 
nearer to the foreground. 

[0023] Preferably, the image magnifying optical element 
is a Fresnel lens having a ?at surface at one side thereof and 
a Fresnel surface at the other side thereof, the ?at surface 
facing the re?ecting mirror in an optical direction of the 
image emitted from the display. 

[0024] Thus, the Fresnel lens is positioned betWeen the 
semi-transparent mirror and the re?ecting mirror so as not to 
prevent changeover of the semi-transparent mirror betWeen 
the ?rst and second positions. Thereby, the display unit is 
capable of the magni?cation of the superimposed image and 
is capable of the selection of the sight distances of the image. 

[0025] A second object of the invention is to provide an 
on-vehicle display unit Which can project an image dis 
played on a display in a dashboard toWard a Windscreen 
disposed outside the dashboard, thereby superimposing the 
image over the foreground visible through the Windscreen. 
The on-vehicle display unit can position the superimposed 
image nearer to the foreground even When a projecting 
sub-unit is disposed in the dashboard. In the on-vehicle 
display unit, a driver can also see indications of measuring 
instruments such as a speed meter. 

[0026] For achieving the second object of the invention, a 
second aspect of the invention is an on-vehicle display unit 
having a projecting sub-unit disposed in the dashboard for 
projecting an image on a ?rst screen disposed above the 
dashboard, the image displayed on a ?rst display in a 
dashboard of a vehicle, the ?rst screen being transparent so 
that the foreground is visible from an eye position of a diver 
through the ?rst screen With the image projected on the 
screen being superimposed over the foreground, the on 
vehicle display unit includes: 

[0027] a second screen disposed nearer to the eye 
position than the projecting sub-unit for projection of 
data obtained by measuring instruments of the 
vehicle, the second screen being visible directly from 
the eye position and 

[0028] a second display disposed nearer to the eye 
position than the dashboard for indicating the data of 
the measuring instruments, 

[0029] Wherein a virtual image of the data obtained 
by the measuring instruments is visible from the eye 
position by Way of the second screen. 
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[0030] Thus, in the on-vehicle display unit, the driver can 
see both the data obtained by the measuring instruments and 
the foreground With a less difference of sight distances 
thereof. Because, the second screen is disposed to project the 
data of measuring instruments of the vehicle. 

[0031] Preferably, the projecting sub-unit has a re?ecting 
mirror for re?ecting light emitted from the image displayed 
on the ?rst display toWard the ?rst screen. 

[0032] Thus, the projecting sub-unit can elongate an opti 
cal path from the ?rst display to the screen. 

[0033] Preferably, the projecting sub-unit has a second 
re?ecting element spaced from the ?rst display in a longi 
tudinal direction of the vehicle, and the re?ecting mirror is 
a semi-transparent mirror Which can pass partially light 
emitted from the ?rst display toWard the second re?ecting 
element, the second re?ecting element re?ecting the light 
toWard the semi-transparent mirror such that the light is 
re?ected toWard the ?rst screen by the semi-transparent 
mirror. 

[0034] Thus, the light emitted from the image displayed 
on the ?rst display passes through the semi-transparent 
mirror to reach the second re?ecting element so that the light 
is re?ected by the second re?ecting element to come again 
to the semi-transparent mirror Which re?ects the light toWard 
the screen, thereby providing a longer optical path from the 
?rst display to the ?rst screen. 

[0035] Preferably, the second screen is another re?ecting 
mirror, and the on-vehicle display unit has a combined plate 
eXtended substantially perpendicular to an optical aXis of 
light emitted from the image displayed on the display, the 
combined plate having a ?rst surface facing the display and 
a second surface facing the eye position, the second re?ect 
ing element de?ned in the ?rst surface, the second screen 
de?ned in the second surface. 

[0036] Thus, the second re?ecting element and the re?ect 
ing mirror of the second screen are de?ned by the combined 
plate to be better for simpli?cation of the display unit. 

[0037] Preferably, the re?ecting mirror of the projecting 
sub-unit is movable in an optical aXis direction of the light 
emitted from the image displayed on the ?rst display. 

[0038] Thus, the on-vehicle display unit alloWs the driver 
to see both the data of the measuring instruments and the 
foreground With a less difference of sight distances thereof. 
Because, the re?ecting mirror is movable in an optical aXis 
direction of the light emitted from the image displayed on 
the ?rst display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1 is a sectional vieW illustrating a basic 
con?guration of an on-vehicle display unit of an embodi 
ment according to the present invention; 

[0040] FIG. 2 is an enlarged side vieW shoWing a mag 
nifying mirror of FIG. 1; 

[0041] FIG. 3 is an enlarged perspective vieW shoWing a 
turning mechanism of a semi-transparent mirror of FIG. 1; 

[0042] FIG. 4 is a sectional vieW illustrating a basic 
con?guration of an on-vehicle display unit of a second 
embodiment according to the present invention; 
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[0043] FIG. 5 is an enlarged perspective vieW showing a 
transfer mechanism of a semi-transparent mirror of FIG. 4; 
and 

[0044] FIG. 6 is an enlarged side vieW showing a com 
bined re?ecting mirror of a modi?ed embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0045] Referring to the accompanied draWings, embodi 
ments of on-vehicle display units according to the present 
invention Will be discussed hereinafter. 

[0046] FIG. 1 is a schematic sectional vieW illustrating a 
general con?guration of an embodiment of an on-vehicle 
display unit according to the present invention. In FIG. 1, 
reference numeral 5 designates an on-vehicle display unit 
Which is accommodated in a dashboard 1 of a vehicle. The 
on-vehicle display unit 5 projects an image, Which is dis 
played on a display disposed in the dashboard, on a Wind 
screen 3 (corresponding to the screen described in the 
invention summary), the image being superimposed over the 
foreground Which can be seen through the Windscreen. The 
Windscreen 3, Which is disposed above an upper surface 1a 
of the dashboard 1, has a substantially uniform inclination 
relative to a longitudinal direction of the vehicle. 

[0047] The on-vehicle display unit 5 includes a display 51, 
a magnifying mirror 53, a semi-transparent mirror 55, a 
mirror turning mechanism 57 (see FIG. 3), etc. 

[0048] The display 51 is a light-emitting device display 
(for eXample, a ?eld-emission display, an electron-ray indi 
cator tube, an electroluminescence display, etc.), a liquid 
crystal display having a backlight, or the like. The display 51 
has a display panel 51a facing in a backWard direction of the 
vehicle. On the display panel 51a, there is selectively 
provided an image (not shoWn) including information 
related to the navigation of the vehicle or another image 
including information related to an operation state of the 
vehicle during a stopping state or a running state of the 
vehicle. 

[0049] The magnifying mirror 53, Which is illustrated in 
FIG. 2, is constituted by a Fresnel lens 53a (corresponding 
to the image magnifying optical element described in the 
invention summary) and a re?ecting mirror 53d (corre 
sponding to the second re?ecting element described in the 
invention summary) The Fresnel lens 53a has a ?at surface 
53b, and the mirror 53d has a re?ection surface 536. The ?at 
surface 53b is brought into intimate contact With the re?ec 
tion surface 536 by evaporation. The Fresnel lens 53a has a 
Fresnel surface 53c in the opposite side of the ?at surface 
53b. As illustrated in FIG. 1, the Fresnel surface 53c faces 
the display panel 51a of the display 51 With a space 
therebetWeen in a backWard direction of the vehicle. 

[0050] The semi-transparent mirror 55 is supported by the 
turning mechanism 57 such that the semi-transparent mirror 
55 aligns With an optical aXis L of an image (not shoWn) 
emitted from the display 51 to the magnifying re?ecting 
mirror 53. 

[0051] As more particularly illustrated in FIG. 3, the 
turning mechanism 57 has a pair of support frames 57a, 57a 
each parallel eXtended in a longitudinal direction of the 
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vehicle, a support pin 57b provided at a middle portion of 
each support frame 57a, and a pair of support plates 57c, 57c 
turned around an aXis 0 perpendicular to a longitudinal 
direction of the vehicle. 

[0052] Each support frame 57a is provided With a guide 
pin 57d longitudinally spaced from the support pin 57b. 
Each support plate 57c is formed With an arcuate guide slot 
576 Which is inserted by the guide pin 57d such that the 
support plate 57c is turnable around the support pin 57b. The 
turnable range of the support plate 57c is limited by the 
arcuate slot 576. 

[0053] The turning mechanism 57 has a driving means 
(not shoWn), Which may be an electrical one like a motor or 
a hand assisted one like a dial for turning the support frame 
57a around the support pin 57b. Thereby, the semi-trans 
parent mirror 55 positioned betWeen the display 51 and the 
magnifying re?ecting mirror 53 is selectively turned into a 
?rst inclination angle position or into a second inclination 
angle position. In FIG. 1, the semi-transparent mirror 55 is 
inclined toWard the magnifying re?ecting mirror 53 at the 
?rst angle position as illustrated by a solid line. MeanWhile, 
the semi-transparent mirror 55 is inclined toWard the display 
51 at the second angle position as illustrated by a phantom 
line. 

[0054] In the upper surface la of the dashboard 1, there is 
formed an opening lb for emitting the light of the image (not 
shoWn) from the dashboard 1 toWard the Windscreen 3. 

[0055] Next, an operation of thus con?gured on-vehicle 
display unit 5 of the embodiment Will be discussed. 

[0056] In the ?rst angle position of the semi-transparent 
mirror 55 Which is illustrated by a solid line in FIG. 1, the 
display 51 indicates an image (not shoWn) including infor 
mation concerning vehicle navigation. Such information is 
generally used during a stopping state of the vehicle. The 
image is emitted from the display panel 51a of the display 
51 to the semi-transparent mirror 55 disposed betWeen the 
display panel 51a and the magnifying mirror 53 opposed to 
the display panel 51a. 

[0057] Since the semi-transparent mirror 55 is inclined 
toWard the magnifying mirror 53 to have the ?rst angle 
relative to an optical aXis L of the emitted image, a part of 
the received image on the semi-transparent mirror 55 is 
re?ected toWard upWard. Then, the image is emitted from 
the opening 1b of the upper surface la of the dashboard 1 to 
reach the Windscreen 3 so that the image is projected on the 
screen 3. 

[0058] MeanWhile, the other part of the image delivered 
on the semi-transparent mirror 55 passes through the semi 
transparent mirror 55 to come to the magnifying mirror 53. 
The received image on the magnifying mirror 53 passes 
through the Fresnel lens 53a from the Fresnel surface 53c to 
the ?at surface 53b thereof. The ?at surface 53b is brought 
into intimate contact With the re?ection surface 536 of the 
mirror 53d Which re?ects the image toWard the Fresnel 
surface 53c, so that the image passes again through the 
Fresnel lens 53a toWard the display 51. 

[0059] The image light emitted from the magnifying mir 
ror 53 reaches again the semi-transparent mirror 55. Apart of 
the image light delivered to the semi-transparent mirror 55 
passes through the semi-transparent mirror 55, While the 
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other part of the image light is re?ected upward in the 
dashboard 1 by the semi-transparent mirror 55. 

[0060] Thus, at the ?rst angle position of the semitrans 
parent mirror 55, the image displayed on the display 51 is 
re?ected by the semi-transparent mirror 55 to be projected 
on the Windscreen 3. Thereby, a virtual image S1 including 
the navigation information of the vehicle is visible from an 
eve position I of the driver by Way of the Windscreen 3. 

[0061] Note that the virtual image S1 is spaced from the 
Windscreen 3 by an optical path from the display 51 to the 
Windscreen 3 by Way of the semi-transparent mirror 55. 

[0062] The virtual image S1 is not magni?ed, because the 
virtual image is not re?ected by the magnifying mirror 53. 

[0063] At the second position of the semi-transparent 
mirror 55 Which is illustrated by a phantom line in FIG. 1, 
the display 51 indicates an image (not shoWn) including 
information concerning operation conditions of the vehicle. 
Such information is generally used during an operating state 
of the vehicle. The image is emitted from the display panel 
51a of the display 51 to the semi-transparent mirror 55 
disposed betWeen the display panel 51a and the magnifying 
mirror 53. 

[0064] Since the semi-transparent mirror 55 is inclined 
toWard the display 51 to have the second predetermined 
angle relative to an optical aXis L of the emitted image, a part 
of the received image on the semi-transparent mirror 55 is 
re?ected toWard a loWer side of the dashboard 1, While the 
other part of the received image passes through the semi 
transparent mirror 55 to come to the magnifying mirror 53. 

[0065] The received image on the magnifying mirror 53 
passes from the Fresnel surface 53c to the ?at surface 53b 
thereof through the Fresnel lens 53a. The ?at surface 53b is 
brought into intimate contact With the re?ection surface 536 
of the mirror 53d Which re?ects the image toWard the 
Fresnel surface 53c, so that the image passes again through 
the Fresnel lens 53a toWard the display 51. 

[0066] The image, Which has passed through the Fresnel 
lens 53a tWice, is magni?ed by a light convergence effect of 
the Fresnel lens 53a. The magni?ed image reaches the 
semi-transparent mirror 55 on the Way to the display 51. 

[0067] The image Which has reached the semi-transparent 
mirror 55 again is re?ected upWard to pass through a 
WindoW 59b of a cover plate 59a of the dashboard 1 to reach 
the Windscreen 3 on Which the image is projected. 

[0068] Thus, at the second angle position of the semi 
transparent mirror 55, a virtual image S3 of the information 
including operating conditions of the vehicle is visible from 
the eve position I of the driver by Way of the Windscreen 3. 

[0069] The virtual image S3 is located more forWard in a 
longitudinal direction of the vehicle than the virtual image 
S1. Because, the virtual image S3 is located in accordance 
With an optical path from the display 51 to the Windscreen 
3 by Way of a travel route betWeen the semi-transparent 
mirror 55 and the magnifying mirror 53. Note that the virtual 
image S3 is magni?ed, because the image light makes a 
round trip in the Fresnel lens 53a. 

[0070] Thus, the virtual image S1 including information 
used during a stopping state of the vehicle is located nearer 
to the Windscreen 3. On the contrary, the virtual image S3 
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including information used during an operating state of the 
vehicle is located nearer to the foreground, Which eliminates 
an undesirable sight change of the driver betWeen the virtual 
image S3 and the foreground. 

[0071] The magni?cation of the image by the Fresnel lens 
53a of the magnifying mirror 53 may be omitted When 
undesired. In that case, an ordinary mirror is provided in 
place of the magnifying mirror 53. HoWever, the magni? 
cation of the image by the Fresnel lens 53a is better provided 
to make a focused point of the virtual image S3 nearer to the 
foreground visible from the eye position I through the 
Windscreen 3. Because, a lengthened focused point of the 
image makes the image smaller. Thus, at the second position 
of the semitransparent mirror, the magni?ed virtual image 
S3 is clearly visible for the driver. 

[0072] In the embodiment, the turning mechanism 57 
turns the semi-transparent mirror 55 to selectively change 
the semi-transparent mirror 55 into the ?rst angle position 
and into the second angle position. Alternatively, the on 
vehicle display unit may have a pair of semi-transparent 
mirrors one of Which has an inclination angle the same as the 
?rst angle position, the other having an inclination angle the 
same as the second angle position of the semi-transparent 
mirror 55. The pair of semi-transparent mirrors each may be 
selectively moved retractably to cross an optical path 
betWeen the display 51 and the magnifying mirror 53 by a 
transfer mechanism (not shoWn) for each semi-transparent 
mirror. 

[0073] For magni?cation of the image, there may be 
provided a curved mirror having a spherical surface or 
another curved surface in place of the Fresnel lens 53a 
applied for the embodiment. The curved mirror functions 
substantially the same as the mirror 53d. 

[0074] For magni?cation of the image, there may be 
provided a conveX lens in place of the Fresnel lens 53a. The 
conveX lens may have a ?at surface at one side thereof, and 
the ?at surface is brought into intimate contact With the 
mirror 53d by evaporation to de?ne a magnifying mirror. 
Alternatively, the conveX lens may have a curved surface at 
each side thereof, and the conveX lens is separated from the 
mirror 53d to de?ne a magnifying means. 

[0075] In the embodiment, the inclination angle of the 
semitransparent mirror 55 has been described as a predeter 
mined angle. Actually, the inclination angle is determined in 
consideration of an inclination of the Windscreen 3 at the 
projection point, the longitudinal and vertical position of the 
projection point relative to the semi-transparent mirror 55, a 
sight line direction from the eye positions I of the driver, and 
etc. 

[0076] In the embodiment, the screen is discussed as the 
Windscreen 3. HoWever, the screen maybe an auxiliary 
screen disposed just inside the Windscreen 3 on Which the 
image is projected. 

[0077] A second Embodiment 

[0078] FIG. 4 is a. schematic sectional vieW illustrating a 
general con?guration of a second embodiment of an on 
vehicle display unit according to the present invention. 

[0079] Concerning the second embodiment, a constitu 
tional element the same as one of the ?st embodiment has 
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the same reference numeral as the one of the ?rst embodi 
ment, Which Will not be discussed again. 

[0080] In FIG. 4, reference numeral 5‘ designates the 
on-vehicle display unit Which has an additional information 
projecting sub-unit 6 and a measured data projecting sub 
unit 7. 

[0081] The additional information projecting sub-unit 6 
projects an image, Which is displayed on a display 51 
disposed in the dashboard, on a Windscreen 3 (correspond 
ing to the ?rst screen described in the invention summary) 
The image is superimposed over the foreground Which can 
be seen through the Windscreen 3. The Windscreen 3, Which 
is disposed above the upper surface la of the dashboard 1, 
has a substantially uniform inclination relative to a longi 
tudinal direction of the vehicle. 

[0082] The semi-transparent mirror 55 is supported by a 
transfer mechanism 67 such that the semi-transparent mirror 
55 aligns With an optical aXis L of an image (not shoWn) 
emitted from the display 51 to the magnifying re?ecting 
mirror 53. 

[0083] As more particularly illustrated in FIG. 5, the 
transfer mechanism 67 has a pair of the guide shafts 67a, 67a 
parallel eXtended in a longitudinal direction of the vehicle, 
a slide 67b slidable on the guide shafts 67a, 67a, and a 
holder 67c de?ned in the slide 67b. 

[0084] The holder 67c receives the semi-transparent mir 
ror 55 such that, as illustrated in FIG. 1, the semi-transpar 
ent mirror 55 is inclined toWard the display 51 to have a 
predetermined angle relative to an optical aXis L of the 
emitted image (not shoWn). The semi-transparent mirror 55 
is located betWeen the display 51 and the magnifying mirror 
53 so as to align With the optical aXis L. The semi 
transparent mirror 55 is movable along the optical aXis L, 
that is, in a longitudinal direction of the vehicle. 

[0085] As illustrated in FIG. 5, the transfer mechanism 67 
further has a pinion 67d located in a side of the dashboard 
1 and a rack 67e engageable With the pinion 67d. The rack 
676 is ?Xed on the slide 67b. The turning of the pinion 67d 
by an electric motor or by hand moves the semi-transparent 
mirror 55 and the slide 67b in a longitudinal direction of the 
vehicle in accordance With a vertical position change 
(described later) betWeen eye positions I1, I3 (FIG. 4). 

[0086] In this embodiment, the opening 1b is formed in the 
upper surface 1a of the dashboard 1 for emitting the image 
light from the dashboard toWard the Windscreen 3. 

[0087] The measured data projecting sub-unit 7 has a 
re?ecting mirror 71 (corresponding to the second re?ecting 
element described in the invention summary) disposed on a 
front surface 1c of the dashboard 1 and has a second display 
73 mounted on a steering column 9 Which is located diago 
nally doWnWard from the front surface 1c of the dashboard 
1 in a side of the diver. The second display 73 indicates data 
obtained by measuring instruments of the vehicle. 

[0088] The second display 73 has a construction similar to 
one of types described for the display 51. 

[0089] The second display 73 has an indication face 73a 
opposed to the re?ecting mirror 71 for indicating an image 
(not shoWn) concerning data obtained by measuring instru 
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ments such as a vehicle speed, an engine revolution number, 
a residual amount of fuel, and a Water temperature of a 
radiator. 

[0090] The re?ecting mirror 71 is inclined forWard by a 
predetermined angle relative to the front surface 1c of the 
dashboard 1 such that the Whole image on the indication face 
73a of the second display 73 is visible from the eye position 
I1 or I3 by Way of the re?ecting mirror 71. 

[0091] In the projecting sub-unit 6 having the semi-trans 
parent mirror 55 Which is illustrated by a solid line in FIG. 
4, the display 51 indicates an image (not shoWn) including 
information concerning operation of the vehicle. The image 
is emitted from the display panel 51a of the display 51 to the 
semi-transparent mirror 55 disposed betWeen the display 
panel 51a and the magnifying mirror 53. 

[0092] Since the semi-transparent mirror 55 is inclined 
toWard the display 51 to have a predetermined angle relative 
to an optical aXis L of the emitted image, a part of the 
received image on the semi-transparent mirror 55 is re?ected 
toWard a loWer side of the dashboard 1, While the other part 
of the received image passes through the semi-transparent 
mirror 55 to come to the magnifying mirror 53. 

[0093] The delivered image on the magnifying mirror 53 
passes through the Fresnel lens 53a from the Fresnel surface 
53c to the ?at surface 53b thereof. The ?at surface 53b is 
brought into intimate contact With the re?ection surface 536 
of the mirror 53d Which re?ects the image toWard the 
Fresnel surface 530, so that the image passes again through 
the Fresnel lens 53a toWard the display 51. 

[0094] The image, Which has passed through the Fresnel 
lens 53a tWice, is magni?ed by a light convergence effect of 
the Fresnel lens 53a. The magni?ed image reaches the 
semitransparent mirror 55 on the Way to the display 51. 

[0095] The image Which has reached the semi-transparent 
mirror 55 again is re?ected upWard to pass through the 
WindoW 59b of the cover plate 59a of the dashboard 1 to 
reach the Windscreen 3 on Which the image is projected. 

[0096] Hence, a vehicle driver can see a virtual image S1 
projected at a projection point P1 of the Windscreen 3. The 
projection point P1 is positioned on a sight line L1 of the 
driver Who is looking at the foreground located approxi 
mately 10 to 20 meter ahead from the vehicle through the 
Windscreen 3. An eye position I1 of the driver is positioned 
back of the projection point P1 of the image on the Wind 
screen 3. The 10 to 20 meter distance form the vehicle to the 
focused foreground is generally appropriate during opera 
tion of the vehicle. 

[0097] The semi-transparent mirror 55 is moved backWard 
to a second position illustrated by a phantom line as shoWn 
in FIG. 4, so that the image displayed on the display panel 
51a of the display 51 is emitted to pass through the semi 
transparent mirror 55 and to make a round-trip in the Fresnel 
lens 53a. Then, the image magni?ed by the Fresnel lens 53a 
reaches the semi-transparent mirror 55 on the Way to the 
display 51, and a part of the magni?ed image is re?ected 
upWard by the semi-transparent mirror 55 toWard the dash 
board 1, Which passes through the opening 1b of the upper 
surface 1a of the dashboard 1 to be projected on the 
Windscreen 3. 



US 2002/0018182 A1 

[0098] Since the semi-transparent mirror 55 is moved 
backward, a projection point P3 of the image on the Wind 
screen 3 is moved above the projection point P1 correspond 
ing to the ?rst position of the semi-transparent mirror 55. 
Thus, the projection point P3 is positioned on a sight line L3 
of the driver Who is looking at the foreground located 
approximately 10 to 20 meter ahead from the vehicle 
through the Windscreen 3. Thus, a virtual image S3 is 
superimposed over the foreground. The eye position I3 of 
the driver is positioned just back of the projection point P3 
of the image on the Windscreen 3. 

[0099] Hence, an upWard movement of the driver’s eye 
position requires a backWard movement of the semi-trans 
parent mirror 55, While a doWnWard movement of the 
driver’s eye position requires a forWard movement of the 
semi-transparent mirror 55 so that the image is positioned on 
a sight line Which alloWs the driver to see the foreground 
approximately 10 to 20 meter ahead from the vehicle. 

[0100] MeanWhile, in the measured data projecting sub 
unit 7, the second display indicates an image (not shoWn) 
concerning data obtained by measuring instruments such as 
a vehicle speed, an engine revolution number, a residual 
amount of fuel, and a Water temperature of a radiator. The 
image is emitted from the indication face 73a of the display 
73 to be re?ected by the re?ecting mirror 71 toWard the eye 
position I1 or I3. 

[0101] In the on-vehicle display unit 5‘ of the second 
embodiment, the additional information projecting sub-unit 
6 is received in the dashboard 1, and the projecting sub-unit 
projects the image, Which is displayed on the display 51, on 
the Windscreen 3 so that a virtual one S1 or S3 of the image 
is visible from the eye position I1 or I3 by Way of the 
Windscreen 3. Therefore, an enlarged inner space is required 
for the dashboard 1 to accommodate the additional infor 
mation projecting sub-unit 6 therein. 

[0102] No forWard expansion of the dashboard 1 is alloW 
able, because the dashboard 1 is forWardly adjacent to the 
engine room of the vehicle. In the second embodiment, the 
front surface 1c of the dashboard 1 is shifted rearWard in a 
longitudinal direction of the vehicle to enlarge the inner 
space of the dashboard 1. 

[0103] In that case, if meter indicators (such as a digital 
type one like the second display 73 or an analogue type one 
like a pointer instrument) are mounted on the rearWard 
shifted front Wall 1c of the dashboard 1, the meter indicators 
is positioned nearer to the eye positions I1, I3. This causes 
a much difference of sight distances from the eye positions 
I1, I3 betWeen When the driver looks at the foreground and 
When the driver looks at the meter indicators on the front 
Wall 1c. This is disadvantageous for the driver Who moves 
his sight line toWard the foreground and toWard the meter 
indicators. 

[0104] HoWever, the on-vehicle display unit 5‘ of the 
second embodiment is provided With the re?ecting mirror 71 
in place of the meter indicators mounted on the front Wall 1c 
of the dashboard 1. Furthermore, the second display 73 is 
mounted on the steering column 9 extended diagonally 
doWnWard from the front surface 1c of the dashboard 1 in 
the side of the diver. The second display 73 indicates data 
obtained by measuring instruments of the vehicle. The 
information displayed on the indication face 73a of the 

Feb. 14, 2002 

second display 73 is re?ected by the re?ecting mirror 71 so 
that a virtual image S of the displayed information is visible 
by Way of the re?ecting mirror 71 from the eye position I1 
or I3. Thus, the virtual image S of the data obtained by the 
measuring instruments can maintain an appropriate sight 
distance even When the front face 1c of the dashboard 1 is 
shifted nearer to the driver. 

[0105] Thus, the on-vehicle display unit can be used to see 
both the data obtained by the measuring instruments and the 
foreground Without a much difference of sight distances 
thereof 

[0106] As illustrated in FIG. 6, the magnifying mirror 53 
may have a re?ection plate 53d integrated With the re?ecting 
mirror 71. The re?ection plate 53d has a re?ection face 536 
opposed to the indication face 51a of the display 51 and has 
another face Which is a re?ection surface 71a (correspond 
ing to the second screen described in the invention sum 
mary). 
[0107] In the second embodiment, the additional informa 
tion projecting sub-unit 6 has the semi-transparent mirror 55 
for delivering the image on the display panel 51a of the 
display 51 onto the Windscreen 3. HoWever the semi 
transparent mirror 55 may be an ordinary re?ecting mirror 
for re?ecting the image toWard the Windscreen 3, or the 
image on the display panel 51a of the display 51 may be 
directly delivered onto the Windscreen 3. 

[0108] In the second embodiment, the transfer mechanism 
67 can move the semi-transparent mirror 55 in a longitudinal 
direction of the vehicle in accordance With a vertical posi 
tion change of the eye positions I1, I3. HoWever, the transfer 
mechanism 67 may be omitted if it is not desired. 

[0109] In the present invention, the inclination angle of the 
semi-transparent mirror 55 may be con?gured to be adjust 
able to vary vertically the projection point p1 or p3 of the 
superimposed image on the Windscreen 3. 

[0110] The Fresnel lens 53a for magnifying the superim 
posed image may be omitted if it is not desired 

What is claimed is: 
1. An on-vehicle display unit for projecting an image on 

a screen, the image displayed on a display in a dashboard of 
a vehicle, the screen disposed outside the dashboard, the 
screen being transparent so that the foreground is visible 
through the screen With the image projected on the screen 
being superimposed over the foreground, the on-vehicle 
display unit comprising: 

a re?ecting mirror disposed in the dashboard for re?ecting 
light emitted from the image displayed on the display 
toWard the screen, 

a semi-transparent mirror disposed in the dashboard 
betWeen the display and the re?ecting mirror, the 
semi-transparent mirror being able to pass partially and 
to re?ect partially light emitted from the image on the 
display, and 

an angle changing mechanism for selectively changing 
the semi-transparent mirror relative to a longitudinal 
direction of the vehicle into a ?rst inclination angle 
position or a second inclination angle position, 

Wherein the semi-transparent mirror partially re?ects the 
light of the image displayed on the display toWard the 
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screen When the semi-transparent mirror is at the ?rst 
angle position, and the semi-transparent mirror par 
tially re?ects light re?ected by the re?ecting mirror 
toward the screen When the semi-transparent mirror is 
at the second angle position. 

2. The on-vehicle display unit as claimed in claim 1 
Wherein the angle changing mechanism has a shaft eXtended 
in a lateral direction of the vehicle for turning the semi 
transparent mirror around the shaft to selectively change the 
semi-transparent mirror into the ?rst angle position or into 
the second angle position. 

3. The on-vehicle display unit as claimed in claim 1, 
Which further comprises an image magnifying optical ele 
ment disposed in the dashboard such that light from the 
re?ecting mirror to the semi-transparent mirror passes 
through the image magnifying optical element for magni 
fying the image. 

4. The on-vehicle display unit as claimed in claim 3 
Wherein the image magnifying optical element is a Fresnel 
lens having a ?at surface at one side thereof and a Fresnel 
surface at the other side thereof, the ?at surface facing the 
re?ecting mirror in an optical direction of the image emitted 
from the display. 

5. An on-vehicle display unit having a projecting sub-unit 
disposed in the dashboard for projecting an image on a ?rst 
screen disposed above the dashboard, the image displayed 
on a ?rst display in a dashboard of a vehicle, the ?rst screen 
being transparent so that the foreground is visible from an 
eye position of a diver through the ?rst screen With the 
image projected on the screen being superimposed over the 
foreground, the on-vehicle display unit comprising: 

a second screen disposed nearer to the eye position than 
the projecting sub-unit for projection of information 
obtained by measuring instruments of the vehicle, the 
second screen being visible directly from the eye 
position and 
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a second display disposed nearer to the eye position than 
the dashboard for indicating the information of the 
measuring instruments, 

Wherein a virtual image of the information obtained by the 
measuring instruments is visible from the eye position 
by Way of the second screen. 

6. The on-vehicle display unit as claimed in claim 5 
Wherein the projecting sub-unit has a re?ecting mirror for 
re?ecting light emitted from the image displayed on the ?rst 
display toWard the ?rst screen. 

7. The on-vehicle display unit as claimed in claim 6 
Wherein the projecting sub-unit has a second re?ecting 
element spaced from the ?rst display in a longitudinal 
direction of the vehicle, and the re?ecting mirror is a 
semi-transparent mirror Which can pass partially light emit 
ted from the ?rst display toWard the second re?ecting 
element, the second re?ecting element re?ecting the light 
toWard the semi-transparent mirror such that the light is 
re?ected toWard the ?rst screen by the semi-transparent 
mirror. 

8. The on-vehicle display unit as claimed in claim 7 
Wherein the second screen is another re?ecting mirror, and 
the on-vehicle display unit has a combined plate eXtended 
substantially perpendicular to an optical aXis of light emitted 
from the image displayed on the ?rst display, the combined 
plate having a ?rst surface facing the ?rst display and a 
second surface facing the eye position, the second re?ecting 
element de?ned in the ?rst surface, the second screen 
de?ned in the second surface. 

9. The on-vehicle display unit as claimed in claim 6 
Wherein the re?ecting mirror of the projecting sub-unit is 
movable in an optical aXis direction of the light emitted from 
the image displayed on the ?rst display. 


