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INSTRUMENT DISPLAY APPARATUS 

This patent application is a continuation-in-part of 
U.S. patent application Ser. No. 07/408,692 ?led on 
Sep. 18, 1989 which is a continuation-in-part of U.S. 
patent application Ser. No. 07/310,644, now U.S. Pat. 
No. 5,005,009, which is a continuation-in-part of U.S. 
patent application Ser. No.‘ 07/156,122, ?led Feb. 16, 
1988, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an instrument display 

apparatus and more particularly to, such a device which 
is adapted to produce a re?ected image of an instrument 
in a windscreen or other similar assembly such that an 
operator may view same while simultaneously viewing 
out through the windscreen. 

2. Description of the Prior Art 
The development of a “HEADS-UP” display and 

which hereinafter will be referred to as HUD, had its 
genesis in the military aircraft ?eld. As should be under‘ 
stood, in the operation of high speed aircraft such as 
?xed wing and rotary wing attack aircraft which are 
designed for combat, it is extremely hazardous for the 
pilot or a crew member such as a weapons of?cer to 
momentarily divert their attention from a hostile target 
or other point of interest in the immediate vicinity of the 
aircraft to read the dials, gauges, instruments, warning 
indicators, etc. on the assorted instrument panels and 
other displays positioned in various locations in the 
cockpit area but normally positioned below the average 
line of sight of the observer. 
Those skilled in the art have long recognized that a 

HUD would be quite useful in such dangerous sports as 
high-speed motor car racing and could perhaps be help 
ful in the day-to-day driving activities of average m0 
torists. 

In operation, a HUD allows an operator of a convey 
ance such as all manner of overland vehicles, boats, 
aircraft, motorcycles, etc. to view substantially‘within 
their line of sight, critical instrumentation displays, such 
as speed, fuel consumption, oil pressure, etc. without 
substantially diverting their vision and attention from an 
area immediately in front of the vehicle. Further, such 
devices may be utilized in other applications such as in 
ticket booths, bank teller windows, etc. 
The prior art is replete with several examples of 

HUDs which are designed for speci?c purposes and 
applications. Examples of prior art HUDs and related 
assemblies are shown in several U.S. patents, particu 
larly Steward U.S. Pat. No. 4,652,870: Banbury U.S. 
Pat. No. 4,560,233: Spooner U.S. Pat. No. 4,347,508: 
and Garner U.S. Pat. No. 4,453,163, to name but a few. 
While it is speculated that the utilization vof a HUD 

could conceivably improve the safe operation of a 
motor vehicle, the prior art devices have not been 
widely embraced for such an application. This has been 
due, in large measure, to the physical size and complex 
ity of these prior art devices and their related assem 
blies. Further, commercial embodiments of HUDs in 
stalled in recently manufactured motor vehicles have 
revealed numerous inherent shortcomings which have 
detracted from their usefulness. 
For example, one major drawback of the most re 

cently manufactured HUDs is that the purchase price 
for same is usually cost prohibitive for most purchasers. 
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2 
Further, these devices do not operate effectively in 
many commonly encountered operational environ 
ments. By way of illustration, the commercially avail 
able HUDs individually employ digital, vacuum ?uo 
rescent displays, the light of which is reflected in an 
adjacent windscreen and which may be viewed by an 7 
operator. In one of the commercial embodiments, a 
windscreen viewing enhancement device is located 
somewhat out of the line of sight of the operator and 
which is adapted to reflect the light emitted by the 
display. Further, the other commercial embodiment 
employs, in combination with the digital vacuum ?uo 
rescent display, several optically precise mirrors which 
individually manipulate the light generated by the dis 
play in a predetermined fashion and projects it onto the 
adjacent windscreen. While these devices operate with 
some degree of success, they become inoperable in 
extremely bright light, or are dif?cult to read when the 
vehicle moves from a brightly lit environment into a 
shaded area. 

Still another problem encountered with the prior art 
HUDs which have been designed for use in motor vehi 
cles is the propensity for such devices to exhibit a char 
acteristic inability to cooperate with other assemblies 
which are mounted in the area of the dashboard. Fur 
ther, and with respect to one of the commercially avail 
able HUDs, the operator’s eyes must be positioned 
within a very narrow cone of vision. If the operator 
moves his head outside of this cone, he will not be able 
to see the display. In addition, the prior art devices are 
not aesthetically appealing and therefore detract from 
the stylish appearance of the vehicle upon which it is 
installed. - 

Therefore, it has long been known that it would be 
desirable to have an instrument display apparatus which 
could be employed in all manner of overland vehicles, 
watercraft or aircraft, which could be manufactured 
and purchased at a relatively nominal cost, which is 
both highly ef?cient in operation and capable of operat 
ing in environments having various ambient light levels 
for the purpose of displaying an instrument face on an 
adjacent windscreen and within the line of vision of the 
operator, and which reduces to an absolute minimum 
the assorted problems inherent with the related prior art 
devices adapted to perform the identical function. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is therefore an object of the present invention to 
provide an improved instrument display apparatus. 
Another object of the present invention is to provide 

such an apparatus which can be directly controlled, 
either manually, or automatically, under all types of 
ambient lighting conditions to provide an image which 
is clear and distinct. 
Another object of the present invention is to provide 

an apparatus which may be manufactured as an integral 
component of a vehicle or which further can be manu 
factured in the manner of a retro?t. 
Another object of the present invention is to provide 

such an apparatus which ?ts easily into existing vehicle 
dashboard designs. 
Another object of the present invention is to provide 

an apparatus which absorbs or otherwise substantially 
blocks light waves which would otherwise create an 
undesirable optical effect. 
Another object of the present invention is to provide 

an apparatus wherein the display face emits light waves 
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in a peak frequency range which is substantially attenu 
ated by the windscreen. 
Another object of the present invention is to provide 

an apparatus which operates in combination with wind 
screens having various angular inclinations, and which 
further is not rendered inoperable by external interfer 
ence such as bright sunlight, the bright lights of oncom 
ing vehicles, or other conditions which may drastically ' 
alter the ambient background lighting environment. 
Another object of the present invention is to provide 

an apparatus which is characterized by ease of installa 
tion, simplicity of construction, and which further can 
be sold at a relatively nominal price when compared 
with related prior art devices. 
Another object of the present invention is to provide 

an apparatus which is easily accessible for maintenance, 
modi?cation or the like. 
Another object of the present invention is to provide 

an apparatus which is operable to obtain the individual 
bene?ts to be derived from related prior art devices 
while avoiding the detriments individually associated 
therewith. 

Further objects and advantages are to provide im 
proved elements and arrangements thereof in an instru 
ment display apparatus for the purposes described 
which is dependable, economical, durable, and fully 
effective in accomplishing its intended purposes. 
These and other objects and advantages are achieved 

in an instrument display apparatus for use in combina 
tion with a substantially transparent panel and wherein 
in the preferred embodiment the apparatus includes an 
instrument to be displayed positioned adjacent to the 
transparent panel and having a display face including a 
?rst portion which is translucent and light re?ective 
and a second portion surrounding the ?rst portion and 
which provides contrast for the ?rst portion, and 
wherein the ?rst portion is adapted to re?ect ambient 
light onto the substantially transparent panel; and means 
for selectively supplying light to the ?rst portion 
whereby the ?rst portion may be viewed in the substan 
tially transparent panel regardless of the level of ambi 
ent light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary, longitudinal, side elevation 
view of an operator’s position of a vehicle employing 
the ?rst form of the apparatus of the subject invention. 
FIG. 2 is a rear elevation view of an operator’s posi 

tion of a vehicle employing the ?rst and second forms of 
the apparatus of the present invention. 
FIGS. 3A-3C are a schematic, longitudinal, sectional 

view of several windscreens having predetermined tint 
?elds of various characteristics, and taken from a posi 
tion along line 3—3 of FIG. 1 and FIG. 12, respectively. 
FIG. 4 is a somewhat enlarged, longitudinal, sec 

tional view of a windscreen taken from a position along 
line 3-3 of FIG. 1 and FIG. 12 and illustrating the 
optical effect which creates a “ghost” of a primary 
re?ected image. 
FIG. 5 is a plan view of the ?rst and second forms of 

the apparatus of the subject invention taken from a 
position along line 5—5 of FIG. 1 and FIG. 12, respec 
tively. 
FIG. 6 is a graphic depiction of the light wave trans 

mission and absorbing features of a windscreen employ 
ing a tint ?eld in accordance with the teachings of the 
present invention. 
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4 
FIG. 7 is a schematic diagram of a ?rst electronic 

circuit employed in connection with the present inven 
tion. 
FIG. 8 is a schematic diagram of a second electronic 

circuit employed in connection with the present inven 
tion. 
FIG. 9 is a fragmentary, longitudinal, side elevation 

view of an indicator needle of the present invention. 
FIG. 10 is an exploded view of a reverse printed 

character of the present invention and showing various 
layers of the character. 
FIG. 11 is a schematic diagram of a third electronic 

circuit employed in connection with the present inven 
tion. 
FIG. 12 is a fragnientary, longitudinal, side elevation 

view of an operator’s position of a vehicle employing 
the second form of the apparatus of the subject inven 
tion. 
FIG. 13 is a perspective, somewhat enlarged, ex 

ploded side elevation view of a housing utilized in con 
nection with the second form of the invention. 
FIG. 14 is a perspective, somewhat enlarged, ex 

ploded side elevation view of an alternative housing 
utilized in connection with the second form of the in 
vention. 
FIG. 15 is a fragmentary, perspective, exploded view 

of the second form of the apparatus of the present in 
vention. 
FIG. 16 is a somewhat enlarged top plan view of the 

lamp support plate of the second form of the present 
invention. 
FIG. 17 is a somewhat enlarged bottom plan view of 

the lamp support plate of the second form of the present 
invention. 
FIG. 18 is a schematic diagram of a fourth electronic 

circuit employed in connection with the present inven 
tion. 
FIG. 19 is a schematic diagram of a ?fth electronic 

circuit employed in connection with the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

First Form 

Referring more particularly to the drawings, the ?rst 
form of the apparatus embodying the principles of the 
present invention is designated generally by the nu 
meral 10 in FIG. 1. As depicted therein, the apparatus is 
shown mounted in a vehicle 11 and which includes an 
operator’s compartment or position 12. The operator’s 
position has a seat 13 for an operator 14. The vehicle 
includes a console or dashboard 15 which has a top 
surface 20 and which is de?ned by a peripheral edge 21. 
The peripheral edge of the dashboard includes a leading 
peripheral edge 22 and a trailing peripheral edge 23. 
Further, the vehicle includes a steering wheel 24, and a 
windscreen 25 is borne by the vehicle and is mounted 
adjacent to and in angulated, spaced relationship with 
the dashboard 15. 
The windscreen 25 is de?ned by top and bottom 

peripheral edges 30 and 31, respectively, and further 
includes an outside surface 32 and an opposite, inside 
surface 33. The windshield is of traditional design that 
is, it may be manufactured of glass, plastic, polycarbon 
ate, acrylic, crystal or mineral, or any other rigid trans 
parent material. As illustrated herein, the windscreen is 
a piece of safety glass having ?rst and second laminate 
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portions 34 and 35, respectively, and which are bonded 
together, and which include a synthetic polymer sheet 
40 which is sandwiched between the first and second 
laminate portions. As earlier discussed, the present in 
vention can be utilized in all manner of overland vehi 
cles, aircraft and water borne conveyances. Further, 
such devices may also be utilized in connection with 
bank teller’s windows, control areas, ticket selling 
booths, and other similar environments where a trans 
parent panel is positioned between an operator or ob 
server and an object of interest which must be observed. 
As best understood by reference to FIGS. 2 and 3 the 

apparatus of the subject invention includes a predeter 
mined tint ?eld 41 which is borne by the windscreen 
and which is positioned substantially within the line of 
sight of the operator 14 who is positioned in the opera 
tor’s position 12. The predetermined tint ?eld, as illus 
trated, may include a discreetly dimensioned area as 
shown in FIGS. 1, 2, and 12 or may include the entire 
surface area of the windscreen 25. As best understood 
by a study of FIG. 3, the tint ?eld 41 may be created by 
a number of different materials or substances, including 
all manner of different polymers, glass, mineral or other 
coatings. The coatings may further include metallic 
additives which may be applied in molten form, solu 
tion, rolling adhesive or other means of attachment 
either directly to the inside surface 33 of the windscreen 
25 or made integral with the synthetic polymer sheet 40 
which is sandwiched between the ?rst and second lami 
nate portions 34 and 35, respectively, of the windscreen 
25. As illustrated most clearly in FIG. 3, the predeter 
mined tint ?eld 41 is shown, in Example A, as including 
a synthetic polymer sheet 42 which is secured to the 
inside surface 33 of the windscreen 25. An acceptable 
synthetic polymer sheet is commercially available and 
may be purchased under the brand name “LLumar 
window ?lm." The ?lm is manufactured by Martin 
Processing Inc. Further, and as shown in Example B of 
FIG. 3, the predetermined tint ?eld is made integral, as 
by a coating 43, or the like, with the synthetic polymer 
sheet 40 which is sandwiched between the ?rst and 
second laminate portions 34 and 35. Additionally, and 
as best seen in Example C of FIG. 3, the predetermined 
tint ?eld may be created by a dispersion of particulate 
matter, or other substances, which are made integral 
with the second laminate portion of the windscreen and 
which de?ne the predetermined tint ?eld. 
The predetermined tint ?eld 41 imparts to the wind 

screen 25 improved spectral and other optical charac 
teristics which improve the quality of the re?ected 
image which is produced by the apparatus 10. More 
particularly, the tint ?eld has a color which is adapted 
substantially to absorb or attenuate the frequency of 
light re?ected or emitted by the display face. The dis 
play will be discussed in the paragraphs which follow. 
Further, the tint ?eld is operable to eliminate or substan 
tially reduce an undesirable optical effect which will 
hereinafter be discussed as a secondary or “ghost” 
image and further improves the intensity and color 
contrast relative to the ambient background illumina 
tion without violating standards for visible light trans 
mission through the windscreen as mandated by the 
requirements of law. The optical effect which creates 
ghost images and the diminution of its overall deleteri 
ous effects on the operation of the present invention will 
be discussed in greater detail in the paragraphs which 
follow. 
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6 
As best illustrated by reference to FIG. 1, an aperture 

of predetermined dimensions 50, is formed in the con 
sole I5 and is adapted to receive a supporting frame or 
housing 51 which encloses and surmounts an analog 
speedometer instrument display and which is generally 
indicated by the numeral 52. The analog display 52 has 
a top surface 53, an opposite bottom surface 54 and an 
aperture 55 of predetermined dimensions is formed 
therein. As best illustrated by reference to FIG. 5, the 
top surface 53 of the analog display 52, includes a dis 
play face having a plurality of reverse printed, translu 
cent characters which are individually indicated by the 
numeral 60. Further, a pair of directional signalling 
characters, and an engine malfunction character, 61 and 
62 respectively are displayed thereon. As should be 
understood, the directional signalling characters as well 
as the engine malfunction character are translucent. 
However, they further include a “dead front” which 
substantially inhibits them from re?ecting ambient natu— 
ral light which comes in through the windscreen. The 
signi?cance of this feature will be hereinafter discussed 
in greater detail. Further, the remainder of the display 
face surrounding the translucent characters has a ?at 
black color which provides a high contrast background 
for the translucent characters. It should be understood 
that the display face, in certain applications, may be 
manufactured in a manner wherein the individual re 
verse printed characters 60 are printed in a fashion 
wherein they are opaque and nonre?ective, and the 
remainder of the display face is rendered translucent 
and re?ective. In this fashion the translucent, bright 
background provides high contrast for the dark nonre 
?ective characters. 
The translucent characters 60 are positioned in a 

predetermined pattern as best illustrated by reference to 
FIG. 5. As should be understood, the inventor has dis 
covered that by adjusting the size of the characters the 
apparent effect of the secondary or “ghost image” can 
be minimized thereby making the re?ected image quite 
readable. In this regard, the inventor has discovered 
that as the size of the characters increase the visual 
impact or effect of the ghost image decreases and simi 
larly, as the focal length increases, that is, the distance 
from the operator 14 to the windscreen 25, the apparent 
effect of the ghost image decreases. In practice, the 
inventor has found it useful to form the characters in a 
manner wherein they have respective overall length 
dimensions which are approximately 10 mm and width 
dimensions, for the lines forming the characters, of 
approximately 2.7-3 mm. 
As best illustrated by reference to FIG. 10, an analog 

display 52 is shown in an exploded fashion and which 
illustrates in greatly exaggerated dimensions the various 
layers of paint or ink 60A which are utilized in prepar 
ing such an analog display on a polycarbonate substrate 
605 which has an approximate thickness of 0.060 inch. 
Layers of ?at black paint or ink 60C and white paint or 
ink 60D are applied to the bottom surface thereof. As 
illustrated, the ?at black paint prevents “light leakage” 
from below. Further and on top of the polycarbonate 
substrate the following layers are applied in sequence. 
Layer 60E includes paint or ink which emits light in the 
frequency of light selected. This is utilized for the char 
acters 60, for example. In addition, a diffuser layer 60F, 
and a translucent red/orange layer 606 are utilized for 
the directional signaling characters and the engine ma] 
function character 61 and 62, respectively. A dead front 
layer 60H is applied and is adapted to inhibit re?ection 
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of light off of the directional signaling characters and 
the engine malfunction character. Another layer of ?at 
black paint or ink 60] is applied and which provides 
contrast for the characters. Finally, an antiscratch, 
hard, clear, synthetic coat 60] is applied to complete the 
process. 
A movable indicator needle 63 is rotatably mounted 

on the analog display 52 by a coiled spring return meter 
movement 64 which is ?xed on the bottom surface 54 of 
the analog display by using suitable fasteners or adhe 
sive (not shown). The coiled spring return meter move 
ment is of conventional design and therefore, for the 
sake of brevity, is not discussed in further detail herein. 
However, it should be understood that the coiled spring 
return meter movement is operable selectively to posi 
tion the indicator needle in predetermined locations 
along the analog display 52 thereby indicating the over 
land speed of the vehicle. The coiled spring return 
meter movement is adapted to rotatably move the indi 
cator needle in a counterclockwise direction, that is, in 
a direction whereby its re?ected image appears to move 
in a proper direction when viewed from the operators 
position 12. This direction of movement is generally 
opposite to the traditional direction of movement of an 
indicator needle. This counterclockwise rotation is 
achieved by means of an electronic circuit which selec 
tively delivers predetermined amounts of voltage to the 
coiled spring return meter movement which varies lin 
early and inversely relative to the vehicle speed. The 
operation of three embodiments of this electronic cir 
cuit will be discussed in greater detail hereinafter. Alter 
natively, the coiled spring return meter movement may 
be mechanically modi?ed such that it will operate in an 

7 appropriate fashion, that is, drive the indicator needle in 
a counterclockwise direction by utilizing an electronic 
circuit which will be discussed in greater detail herein 
after. The coiled spring return meter movement is me 
chanically modi?ed by reversing the position of the 
spring and modifying other subassemblies. Further, a 
device such as a stepping motor may be utilized to per 
form the identical function. 
As best illustrated by reference to FIG. 9, the indica 

tor needle 63 which is utilized in both the ?rst and 
second forms of the invention includes a substantially 
cylindrically shaped and vertically disposed barrel 65 
which is manufactured from a suitable light transmitting 
acrylic material. The main barrel is attached to the 
coiled spring meter movement 64 at attachment point 
66 such that it rotates simultaneously with the meter 
movement 64. The barrel 65 mounts an acrylic pointer 
assembly 67 which extends radially outwardly relative 
to the barrel and which is adapted to receive light dis 
charged from a light manifold and which is reflected in 
the barrel and down the pointer assembly. The light 
manifold will be discussed in the paragraphs which 
follow. The pointer assembly has a bottom surface 68 
which is angulated such that light re?ected down the 
pointer assembly is re?ected off of this surface and 
towards the windscreen 25. The bottom surface is 
coated with material which re?ects light which lies in a 
peak frequency band which is attenuated by the tint 
?eld 41. Similarly, the bottom surface is adapted to 
receive and re?ect ambient natural light 110 which 
comes in through the windscreen 25. A black cover 68 
is borne by the barrel 65 in the manner shown in FIG. 
9. 
A dust cover 69 is borne by the housing and includes 

a substantially flat, transparent panel of coated and/or 
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8 
tempered glass, or other similar substances and which is 
adapted to prevent dust, moisture, etc. from interfering 
with the coiled spring return meter movement. The dust 
cover, and more particularly, the coating includes a 
high efficiency anti-re?ection coating (HEA) which is 
produced by Optical Coating Laboratories, Inc. of ' 
Santa Rosa, Calif, and which is adapted to increase the 
clarity of the glass and minimizes re?ections. This re 
duces the impact of glare upon the operator 14. Another 
means by which problems related to glare can be ad 
dressed is by using technique called “geometric avoid 
ance.” This process includes analyzing the vehicle in 
such a manner as to identify possible glare paths and 
thereafter designing a dust cover with two or possibly 
three critical dimensions which, when optimally placed, 
inhibits any glare from reaching the operators eyes. 
An auxiliary lighting assembly, and which is gener 

ally indicated by the numeral 70, is borne by the vehicle 
11 and includes a light manifold 71. The light manifold 
is made up of a plurality of Polymethyl Methacrylate 
bundles having ?uorinated polymer cladding. A suit 
able optical ?ber 72 is manufactured by Mitsubishi 
Rayon under the "Eska” brand name. Each of the opti 
cal ?bers 72 has an input end 73 and an opposite output 
end 74 which is ?xed to the bottom surface 54 by utiliz 
ing a suitable adhesive such as an epoxy or other resin, 
or which is ultrasonically welded, spin welded or 
molded such that it is properly ?xed to or disposed in 
adjacent spaced relation to the back surface of the dis 
play face. The output ends 74 are positioned in light 
emitting relation relative to the individual translucent 
characters 60, the directional signaling characters and 
engine malfunction characters 61 and 62, respectively, 
and the barrel 65. The input ends 73 of the individual 
optical ?bers are positioned in substantially light receiv 
ing relation relative to a high intensity light source 75. 
This high intensity light source 75 may include a Tung 
sten halogen lamp such as that manufactured by the 
General Electric Company under the brand name “Pre 
cise” MR-16 VNSP Tungsten Halogen Lamp. The 
lamp includes a re?ector 76 which focuses the light on 
the input ends of the optical ?bers. Further, the appara 
tus may be constructed in such a fashion wherein a light 
manifold is not utilized and a light source is merely 
positioned in light transmitting relation relative to the 
bottom surface 54. This type of construction will be 
discussed in greater detail with respect to the second 
form of the invention. In addition, a shutter assembly, 
not shown, may be mounted on the output ends of the 
optical ?bers 72 which deliver light to the signaling 
characters and engine malfunction character respec 
tively thereby preventing these characters from appear 
ing in the windscreen except under signaling conditions. 
A shutter assembly as just described could also be 
mounted on the bottom surface 54 in the event the 
apparatus 10 does not utilize a light manifold. 
An electronic circuit for selectively activating the 

auxiliary lighting assembly 70 is generally indicated by 
the numeral 79. A switching assembly 80 is borne by the 
dashboard 15 and further is connected to a source of 12 
volt power 81 which is produced by the vehicle 11. The 
switching assembly 80 includes a ground 82, and a pair 
of electrical conductors 83 electrically connect the 
ground and the source of 12 volt power 81 with a 5K 
ohm variable resistor or potentiometer 84. A manually 
actuatable switch 85 selectively is movable by utilizing 
a wheel-like assembly, not shown, from an open to a 
closed position. A pair of electrical leads 90 electrically 
























