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OPTICAL MOISTURE SENSOR FOR A WINDOW
OR WINDSHIELD

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the structure of a device for
sensing moisture on a window using reflection of a light
beam.

2. Prior Art

British Pat. No. 1,242,621 and German Pat. No. (Of-
fenlegungsschrift 24 20 594) both disclose an optical
sensor for detecting rain on an automobile’s windshield.
Both sensors operate on the principal of the reflection
of light. That is, a pair of prisms are secured to an inner
surface of the window and project a beam of light
through one prism to the other prism using a path
which extends in the interior of the window. One of the
prisms detects light emerging from the window so that
the intensity of light detected by the detecting prism is
decreased in the presence of condensation on the out-
side of the window.

In operation, when a light beam enters a sheet of
transparent material at such an angle that it is totally
reflected at one of the inside surfaces, the beam will
continue to travel to and fro inside the sheet until it can
be refracted to the outside through another object con-
tacting the transparent material of the sheet. The light
source provides a beam of light which is projected into
the window material at an angle so that the light is
totally reflected at the other surface of the window and
then back again to the entry surface and thus to and fro
until it leaves the interior of the window through the
second prism and impinges upon a photodetector. This
will be the case for as long as the surface of the window
is actually dry. However, as soon as the outside surface
of the window has some water droplets thereon, the
light beam traveling through the interior of the window
is transmitted outwardly through the external surface
and into the droplets. The beam is thus prevented from
reaching the photodetector or at least the intensity of
the reflected part of the beam is reduced. This causes
the photodetector to operate an output signal which is
used to indicate the presence of water or actuate a wind-
shield wiper. .

However, neither of these patents teach a simple,
readily manufacturable, compact plastic package for the
entire moisture sensor unit including light sources,
lenses, light reflectors and light detectors.

U.S. Pat. No. 3,639,770 to Zizelmann teaches an opti-
cal sensor incorporating a light source and a light re-
ceiver and a light permeable mass of resin material. For
the disclosed sensor device to function as a detector of
moisture on a windshield, the device would have to be
mounted on the outside of the windshield. This is unde-
sirable because it exposes the sensor to the environment,
hinders cleaning of the windshield, and prevent place-
ment of the sensor in the wipe path.

U.S. Pat. No. 4,427,879 to Becher et al teaches an
optical connector assembly having mating parts, each of
which has a cavity for receiving a photoelectric device.
The invention relates to optoelectronic connector as-
sembly systems including electrical connector parts for
housing optoelectronic transducers and to optical con-
nector parts for housing terminal portions of a fiber
optic light guide. A fiber optic light guide has an inte-
gral lens associated therewith. Formation of the lens is
taught through the application of heat to the end of the
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optical fiber. Surface tension effects dictate the shape of
the lens and do not teach a spherical shape internal to a
device such as a moisture detector. Thus, even though
there is a general teaching of forming a lens there is no
teaching of an advantageous moisture detector struc-
ture for use in conjunction with the inside of a wind-
shield.

Also, generally related to the transmission or detec-
tion of light are U.S. Pat. No. 2,977,842 issued to Duke,
U.S. Pat. No. 3,540,025 issued to Levin et al, U.S. Pat.
No. 3,917,411 issued to Schweizer and U.S. Pat. No.
4,221,962 issued to Black. Again, none of these patents
teach or suggest a simple readily manufacturable com-
pact plastic package for the entire moisture sensor unit.

It would be desirable to be able to form such a simple
moisture detector which is readily manufacturable and
can be easily mounted on the inside of a windshield.
Further, it is desirable that such a detector be unaffected
by the ambient light intensity. None of the above pa-
tents addresses this ambient light problem. For example,
the above-cited British and German patents, in the con-
figurations presented, allow ambient light a direct path
into the light receiving element. Since ambient light will
often be significantly greater in intensity than the self-
contained light source, some sort of compensation
would have to be employed so that the output of the
moisture detector would be a true indication of mois-
ture. These are some of the problems this invention
overcomes.

SUMMARY OF THE INVENTION

This invention teaches a moisture detector, using two
identical prisms, for a window. Each prism can be sim-
ply manufactured by molding and then can be joined to
another such prism to form the moisture detector with
symmetrical positioning of the prisms. Each prism in-
cludes a main elongated light conducting body having a
longitudinal axis with a light transducer cavity at one
end and an integral reflector at the other end. In the
moisture detector, one of the light transducer cavities
contains the light source and the other contains a light
detector. The two prisms are positioned next to each
other so that the reflectors are at opposite ends. The
reflector of each prism is angled so that a component of
reflected light in a first plane, defined by the two longi-
tudinal axes of the prisms, is pointed toward the reflec-
tor of the other prism. Further, a component of re-
flected light in a second plane, perpendicular to the first
plane and including a line of sight between the two
reflectors, is pointed toward the window so that the
amount of internal reflection within the window is af-
fected by the presence of moisture on the other side of
the window from the moisture detector.

Advantageously, each of the prisms has a flat contact
surface adjacent the reflector for passing light between
the prism and the window. Further, advantageously,
the rest of the prism is covered with a nonlight transmit-
ting material.

A structure in accordance with an embodiment of
this invention is relatively unaffected by ambient light
intensity. The ambient light cannot enter the prism at an
angle of greater magnitude than the critical angle for
the air glass interface, about 41°, and must therefore
reflect off the bottom surface of the prism before reach-
ing the light detector element. The bottom surface has a
very low reflectivity, such as flat black, so that the
ambient light intensity at the receiver will be negligible.
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Thus, such a device is relatively immune to the effects
of ambient light levels.

The identical configuration of the two prisms pro-
vides for easy manufacturability and increased installa-
tion flexibility. For example, one sensor design can be
used for installations having different glass thicknesses
and sensing surface areas. This is accomplished by using
a spacer or shim, between the two identical prism mem-
bers. The shim can have coupling means to each of the
prisms so that the two prisms can be mounted longitudi-
nally and transversely displaced from one another, still
maintaining symmetrical positioning with respect to
each other. This can be done to compensate for a
thicker glass cross section or to increase the sensing area
by increasing the light path between the two reflectors
so that there are more internal reflections within the
window between the location of the two prism reflec-
tors.

An embodiment in accordance with this invention
provides a compact package relative to the sensing
surface area. Alignment tolerance stackup problems are
eliminated by an integral design. That is, there is no
need to individually locate and fix a prism, a mirror, a

.lens or electroptic component. The embodiment has
relatively low material and fabrication costs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective schematic view of a window
.-and a moisture detector showing the light path in accor-
. dance with an embodiment of this invention;

FIG. 2 is a plan view of the moisture sensor and
- window assembly with light paths of FIG. 1;

FIG. 3 is a schematic drawing of total light reflection

at a glass-air interface;

FIG. 4 is a schematic diagram showing the partial

‘reflection at a glass-air interface with water on the glass;

FIG. 5 is a cross section view of a prism in accor-

dance with an embodiment of this invention;

FIG. 6 is a side elevation view of a prism in accor-
:.dance with an embodiment of this invention showing a
.projection and indentation for coupling two identical
prisms;

FIG. 7 is an end view of a prism showing an opening
of a light transducer cavity in accordance with an em-
bodiment of this invention;

FIG. 8 is a perspective view of a prism showing the
opening of a light transducer cavity and a coupling
projection and indentation in accordance with an em-
bodiment of this invention;

FIG. 9 is a plan schematic view showing a light path
of two coupled prisms with an intermediate shim to
space the two prisms laterally and longitudinally so as
to increase the light path in accordance with an embodi-
ment of this invention;

FIG. 10 is a plan schematic view of two symmetric
prisms joined to each other and a representation of a
light path between two reflectors in accordance with an
embodiment of this invention;

FIG. 11 is a schematic side view of the prism of FIG.
9 and the light path in an adjacent window in accor-
dance with an embodiment of this invention;

FIG. 12 is a schematic side view of the prism of FIG.
10 and the light path in an adjacent window in accor-
dance with an embodiment of this invention;

FIG. 13 is a side view of a moisture detector with two
joined prisms and the internal components in dotted
outline in accordance with an embodiment of this inven-
tion; and

—
W

20

25

30

35

40

45

60

4

FIG. 14 is a plan view of the moisture sensor of FIG.
13 with two adjacent identical prisms and the internal
light transducer cavities and reflectors shown in dotted
outline.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIGS. 1 and 2, a moisture sensor 1 in-
cludes a prism 10 and a coupled adjacent identical prism
20. Prism 20 includes a light source 21 and prism 10
includes a light receiver 11. Light paths 2 and 3 travel
from light source 21 through lens 28 to a reflector 22 in
the end of prism 20, out of prism 20 through a contact
pad 23 into a window 4. Light paths 2 and 3 then are
internally reflected within window 4 until a contact pad
13 in prism 10. Light paths 2 and 3 then strike a reflector
12 of prism 10, pass through lens 29, and are detected by
light detector 11.

As can be seen from FIGS. 3 and 4, the amount of
light entering contact pad 13 with respect to the amount
of light leaving contact pad 23 is a function of the
amount of total internal reflection within window 4.
That is, if there is water on the glass, some of the light
is refracted out of the window as shown in FIG. 4.
Further, contact pad 13 is positioned so that ambient
light does not have a direct, unreflected light path to
light detecior 11.

As a result, sensor 1 detects the presence of water on
the surface of windshield 4. Moisture sensor 1 transmits
a collimated light beam into the glass of windshield 4 at
an angle, measured normal to the surface, greater than
the critical angle of a glass to air interface. Hence, total
internal reflection occurs at the surfaces of the glass.
The beam of light is then intercepted at the surface and
transmitted out of the glass back into sensor 1. The
entrance and exit of light at greater than the critical
angle is possible because the sensor is optically bonded
to the glass at the entrance and exit points. Therefore,
the light reaches a continuous medium between wind-
shield 4 and sensor 1 and not a surface interface. Since
the critical angle of any interface is dependent upon the
relative indices of refraction of the two mediums,
changing one of the mediums will affect the angle at
which total reflection occurs. Therefore, when water
strikes the surface of the glass, thereby replacing air
with water as the second medium, the critical angle
changes. Since water has a higher index of refraction
than air, the angle is decreased. A portion of the light is
then refracted out of the glass, reducing the amount of
light reaching the receiver.

A construction of moisture sensor 1 includes two
identical prisms 20 and 12, positioned symmetrically.
Advantageously, the prisms are injection molded, vac-
uum metallized and painted acrylic components. A
typical fabrication for the two prisms that comprise a
moisture detector includes injection molding both
prisms using clear acrylic, cleaning the components,
vacuum metallizing the reflector surface of each part,
masking the contact pad of each part and spray painting
the parts flat black, inserting a light source such as light
emitting diode in one prism and a light detector such as
a photodiode in another prism, joining the two paris
together by rotating one part 180° so as to align cou-
pling pins and openings and pressing the two prisms
together. The moisture sensor is then bonded to the
windshield using an optically clear cement on the two
upraised contact pads.
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Referring to FIG. 5, a cross section of a prism 20
shows light source 21 as being a light-emitting diode
mounted in a light transducer cavity 24 with integral
lens 28. Wires 25 extend out of the rear opening of
cavity 24 from light-emitting diode 21. The wires may
then be routed through slot 31 if desired. Reflector 22 is
a metallized portion on the end of prism 20. Contact pad
23 is a portion of the surface of prism 20. Advanta-
geously, the remainder of the surface of prism 20 adja-
cent pad 23 is spaced from window 4 so as not to inter-
fere with internal reflections within window 4.

Referring to FIGS. 8 and 6, a cylindrical projection
26 extends out from the side of prism 20 and an indenta-
tion 27 is formed into the side of prism 20 for receiving
a projection from identical symmetrically positioned
prism 10. Prism 10 is identical to prism 20 and is simi-
larly numbered with the exception that instead of a light
source 21, prism 10 has a light detector 11, such as a
photodiode.

Referring to FIG. 9, prisms 10 and 20 can be trans-
versely and longitudinally displaced from one another
by a shim 30. As a result, as seen in FIG. 11 there is a
longer light path between reflectors 12 and 22. Shim 30
can have a projection and an indentation on each side to
receive the indentations and projections of prisms 10
and 20. The thickness of shim 30 and the longitudinal
displacement of the projections and indentations on
.-.opposing sides of shim 30 are such that the light path
“between reflectors 22 and 12 is on a line of sight be-

tween reflectors 22 and 12. The longer light path is
advantageous to accommodate different thicknesses of
glass and to provide an increased sensing area.
Referring to FIGS. 10 and 12, prisms 10 and 20 are
joined to one another without the use of a shim 30 and
have a configuration as shown in FIGS. 1 and 2.
Referring to FIGS. 13 and 14, a moisture sensor 1 is
shown as being a combination of identical, symmetri-
“ cally positioned prisms 10 and 20. A cross section 5—5
+" " of prism 20 in FIG. 14 is shown as FIG. 5.
™ The section line 5—S5 of FIG. 14 is along the longitu-
_dinal axis of prism 20. Similarly, prism 10 has longitudi-
““nal axis parallel to longitudinal axis of prism 20 when
" joined together and a first plane is defined by the two
- paralle] axes. The relative orientation of the angle of
each of the reflectors with respect to the longitudinal
axis, i.e., of reflector 22 with respect to the longitudinal
axis of prism 20 and reflector 12 with respect to the
longitudinal axis of prism 10, must be such that a com-
ponent of the reflected light is aimed at the opposing
symmetric reflector. Also, the light must be reflected at
an angle, in a second plane perpendicular to the first
plane and along the line of sight between the two reflec-
tors, sufficiently toward the window such that the
source light exits contact pad 23 and that the source
light can enter contact pad 13 and then hit reflector 12.
In summary, the reflector of each prism is angled so
that a component of reflected light in the first plane
defined by the two longitudinal axes is pointed toward
the reflector of the other prism and that a component of
reflected light in the second plane, perpendicular to the
first plane and including a line of sight between the two
reflectors is pointed toward the window so that the
amount of internal reflection within the window is af-
fected by the presence of moisture on the other side of
the window from the moisture detector.
Both of the prisms 10, 20 have respective integral
lenses 29, 28 adjacent the light transducer cavities. Ad-
vantageously, lenses 29 and 28 are spherical and pro-
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vide a focusing of parallel light rays to radial rays con-
verging on a focal point and vice versa.

Various modifications and variations will no doubt
occur to those skilled in the arts to which this invention
pertains. For example, the particular coupling means
between the two prisms can be varied from that dis-
closed herein. These and all other variations which
basically rely on the teachings through which this dis-
closure has advanced the art are properly considered
within the scope of this invention.

I claim:

1. A moisture detector for a window comprising two
substantially identical prisms, positioned substantially
symmetrically, each prism including:

a main elongated, light conducting body having a
longitudinal axis, a light transducer cavity at a first
end and an integral reflector at a second end, oppo-
site from said first end, so that light can travel
along a light path between said light transducer
cavity and said reflector;

said two prisms being positioned adjacent to each
other so the longitudinal axes of each are parallel
and the reflector end of a first prism is adjacent to
the light transducer cavity of a second prism and
vice versa, and being positioned so that the win-
dow adjacent to said two prisms is substantially
parallel to a plane defined by the two longitudinal
axes of said two prisms; and

said reflector of each prism being angled so that a
component of reflected light in a first plane defined
by the two longitudinal axes is pointed toward the
reflector of the other prism and that a component
of reflected light in a second plane, perpendicular
to said first plane and including a line of sight be-
tween the two reflectors is pointed toward the
window so that the amount of internal reflection
within the window is affected by the presence of
moisture on the other side of the window from said
moisture detector.

2. A moisture detector as recited in claim 1 further
comprising an integral lens incorporated in each prism,
at one end of said light transducer cavity, for transform-
ing between parallel light rays and radial light rays.

3. A moisture detector as recited in claim 2 further
comprising:

a light source positioned in said light transducer cas-

ing of said first prism; and

a light receiver positioned in said light transducer
cavity of said second prism.

4. A moisture detector as recited in claim 3 wherein
each of said light conducting bodies has a flat contact
area adjacent the second end for abutting the window
and a portion spaced from the window on the side of the
light conducting body facing the window so as to pro-
vide increased light path coupling between the window
and said prisms adjacent said reflectors and reduced
light path coupling between the window and said
prisms at other locations, and

said flat contact area being positioned so that ambient
light does not have a direct, unreflected light path
to a light transducer cavity.

5. A moisture detector as recited in claim 4 further

comprising a coupling means between said two prisms.

6. A moisture detector as recited in claim 5 wherein
said coupling means on each of said prisms is a projec-
tion and an indentation adapted to mate with an identi-
cal indentation and projection, respectively, on the
other prism.
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7. A moisture detector as recited in claim 6 wherein
said moisture detector is coated with a nonlight trans-
mitting material, except for each of said contact areas
adjacent each of said reflectors.

8. A moisture detector as recited in claim 7 wherein
said light transducer casing is generally cylindrical.

9. A moisture detector as recited in claim 7 wherein
the interface between said first prism and said second
prism is along a plane at an angle to the longitudinal
axes of said first and second prisms.

10. A moisture detector as recited in claim 7 wherein
each of said prisms is formed of injection molded trans-
parent acrylic.
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11. A moisture detector as recited in claim 1 wherein
said two prisms are longitudinally offset with respect to
one another.

12. A moisture detector as recited in claim 1 further
comprising an intermediate shim for laterally and longi-
tudinally spacing the two prisms so as to provide an
increased light path between the two reflectors, said
shim including symmetric coupling means on opposing
sides of the shim for coupling to each of the prisms, the
width of the shim and longitudinal displacement of the
coupling means being such that light can be reflected
with components in a direction along the line of sight

between the two reflectors.
* * * * *
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