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g and measuring reflected electromagnetic radiation rays. The electromagnetic radiation detector provides a detector output

signal to a controller. The controller interprets the detector output signal to determine whether the fluid level has statically reached
a desired level and then generates a controller output signal for indicating that the fluid level has statically reached the desired level.

o The method includes the steps of generating a logic signal in response to the measured electromagnetic radiation and analyzing the
3 logic signals over a period of time to determine whether a predetermined fluid level has been reached.
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APPARATUS AND METHOD FOR DETERMINING A
FLUID LEVEL WITHIN AN ENCLOSED CONTAINER

Field of the Invention
The present invention relates to the field of fluid level detection, and in particular, an
apparatus and method for determining whether a dynamic fluid level has statically reached a

predetermined level within an enclosed container.

Background of the Invention

Because of the level of impurities that are found in diesel fuel, diesel fuel engines require
the use of a diesel fuel filter. As c.ompared to gasoline fuel filters, diesel fuel filters must be
changed on a regular basis due to the high levels of impurities that exist in the diesel fuel. Failure
to change such diesel fuel filters on a regular basis may lead to the inefficient operation or even
the stoppage of a diesel engine. Diesel engines may be found in various commercial vehicles, and
thus, the inefficient running or stopping of these commercial vehicles can cost the owners or
operators of such vehicles an economic loss. Therefore, it is critical that such diesel fuel filters be
replaced on a timely basis.

Since diesel fuel filters must be changed on a regular basis, it is important that there be a
method or apparatus in which to determine whether or not the diesel fuel filter is ready to be
. replaced. Early replacement of the diesel fuel filter will lead to theﬂﬁnneées-sa'ryJ}')u_ll*cl-'las'ing éﬁd ‘
replacement of diesel fuel filters, as those diesel fuel filters that are replaced early could have been
utilized further on the vehicle. Thus, the expense spent on the early replacement of the diesel fuel

filter leads to inefficiencies that are undesirable in any business or industry. On the other hand, if
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the diesel fuel filter is not replaced at the end of its life cycle, then the vehicle may be in jeopardy

of failing to operate due to the diesel fuel filter being clogged. Thus, it is important to accurately
determine when the diesel fuel filter needs to be replaced.

Previous designs have been developed to provide a method and apparatus for accurately
determining when the diesel fuel filter should be replaced. By providing an enclosed diesel fuel
filter assembly having a clear cover thereon, the fuel level within the diesel fuel filter assembly
may act as a general indicator as to the condition of the filter element. For example, when the
fluid level within the diesel fuel filter assembly is toward the bottom of the filter element, the user
knows that the filter element is relatively clean and does not need to be currently replaced. As the
filter element becomes clogged, the fuel level rises within the diesel fuel filter assembly to the
cleaner portions of the filter element. When the fuel level reaches the top of the filter element, the
user knows that the filter element is relatively clogged and needs to be replaced. This use of the
fuel level as an indicator of the general condition of the filter element has been met with great
commercial success.

.’ However, the use of such a system still requires that the user visually inspect the diesel
fuel filter assembly to determine where the fuel level is within the housing of the diesel fuel filter
assembly. Since such diesel fuel filter assemblies are mounted adjacent the engine, the user must
typically open the hood of the motor vehicle to visually inspect the diesel fuel filter assembly. If
the user fails to inspect the fuel level within the diesel fuel filter assembly, then the user may miss
the opportune time to replace the filter element within the diesel fuel filter assembly.

It would be desirable to provide an apparatus or method for providing an accurate

indicator as to the level of fuel within the fuel filter assembly without having to access-the engine- ~ -

compartment of the motor vehicle. It would also be desirable to provide a method and apparatus
for accurately determining when a dynamic fluid level statically reaches a predetermined level

within an enclosed container.

......
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Summary of the Invention

The present invention relates to an apparatus and method for determining a level of fluid
within an enclosed contfainer. The present invention provides an enclosed housing having a
dynamic fluid level contained therein. The apparatus includes an electromagnetic radiation source
for directing electromagnetic radiation rays toward the interior of the enclosed housing and an
electromagnetic radiation detector for receiving and measuring reflected electromagnetic radiation
rays. The electroma@etic radiation detector is operative to provide a detector output signal in
response to the measured electromagnetic radiation rays. The apparatus further includes a
controller for interpreting the detector output signal to determine whether the fluid level has
statically reached a desired level and then generating a controller output signal in response.

In one embodiment, the enclosed housing is substantially transparent, and a reflective
element is operative to reflect at least a portion of the electromagnetic radiation toward the
electromagnetic radiation detector. The reflective element may be disposed within the enclosed
housing. Furthermore, the enclosed housing may be a fuel filter assembly, and the retlective
element may be an exterior surface of a fuel filter cartridge. Additionally, the electromagﬁetic
radiation source and the electromagnetic radiation detector may lie in a common plane.
| In another embodiment, the enclosed housing is substantially opaque and has an aperture
formed therethrough. A sealing ring may be provided to seal the sensor housing with respect to
the aperture. Alternatively, a substantially transparent plug may be disposed within the aperture,
wherein electromagnetic radiation may pass into and out of the plug. Furthermore, the plug may
include a hemispherical surface adjacent to the interior of the enclosed housing.

The electromagnetic radiation of the present invention may incﬁz'lupcfie ;nt:fa;ed radiation.
Furﬂlermore, an indicator may be included for displaying an indication corresponding to the

presence or absence of the predetermined fluid level within the enclosed housing in response to

the controller output signal.
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The method of the present invention contemplates providing a housing having a dynamic

fluid level contained therein, providing an infrared radiation source for emitting infrared radiation
rays toward the enclosed container, providing a reflective element for reflecting infrared radiation,
and providing an infrared radiation detector for measuring the magnitude of reflected infrared
radiation rays. The method of the present invention further contemplates the steps of generating a
first logic signal if the measured infrared radiation is greater than or equal to a threshold value and
generating a second logic signal if the measured infrared radiation is less than a threshold value.
Finally, the method of the present invention contemplates analyzing the first and second logic

signals over a period of time to determine whether a predetermined fluid level has been reached.

Brief Description of the Drawings

The description herein makes reference to the accompanying drawings wherein like
referenced numerals refer to like parts throughout the several views and wherein:

FIG. 1 is a schematic diagram of the apparatus and method for determining whether a
fluid level has reached a threshold level within an enclosed transparent container of the present
invention wherein the fluid level is at or above the threshold level;

FIG. 2 is a schematic diagram showing the apparatus and method for determining whether
a fluid level has reached a threshold level within an enclosed transparent container of the present
invention wherein the fluid level is below a threshold level;

FIG. 3 is a schematic diagram showing the apparatus for determining whether a fluid level
has reached a threshold level within an enclosed container of the present invention wherein the

container 1s non-transparent;

J—
[R— - rp—

FIG. 4A is a schematic diagram showing a specific shape of the container utilized to
reflect the infrared rays of the apparatus and method for determining whether a fluid level has
reached a threshold level within an enclosed container of the present invention wherein the tluid

level 1s below the threshold level;
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FIG. 4B is a schematic diagram showing a specific shape of the container utilized to

reflect the infrared rays of the apparatus and method for determining whether a fluid level has
reached a threshold level within an enclosed container of the present invention wherein the fluid
level 1s at or above the threshold level;

FIG. 5A is a schematic diagram of an alternative embodiment of the apparatus and
method for determining whether a fluid level has reached a threshold level within an enclosed
transparent container of the present invention wherein the fluid is below the threshold level;

FIG. 5B is a schematic diagram of an alternative embodiment of the apparatus and method
for determining whether a fluid level has reached a threshold level within an enclosed transparent
container of the present invention wherein the fluid is at or above the threshold level;

FIG. 6A is a schematic diagram of an alternative embodiment of the apparatus and
method for determining whether a fluid level has reached a threshold level within an enclosed
transparent container of the present invention wherein the fluid is below the threshold level and
wherein a non-reflective material is provided on an exterior surface of the fuel filter cartridge;

FIG. 6B is a schematic diagram of an alternative embodiment of the apparatus and method
for determining whether a fluid level has reached a threshold level within an enclosed transparent
container of the present invention wherein the fluid is at or above the threshold level and wherein
a non-reflective material is provided on an exterior surface of the fuel filter cartridge;

FIG. 7 is a graph showing the restriction level of a diesel fuel filter element over time;

FIG. 8 is an electrical diagram of the apparatus and method for determining whether a
fluid level has reached a threshold level within an enclosed container of the present invention
- wherein an internal LED status indicator is provided; -~ — —~ -~~~ =~~~ -~

FIG. 9 is a graph of the sensor output versus time of the apparatus and method tfor
determining whether a fluid level has reached a threshold level within an enclosed container of the

present invention;
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FIG. 10 is a diagram showing the sensor output versus time after the signal is manipulated

by a controller of the apparatus and method for determining whether a fluid level within an
enclosed container of the present invention has reached a threshold level;

FIG. 11 is an electrical diagram of the apparatus and method for determining whether a
fluid level has reached a threshold level within an enclosed container of the present invention
wherein a remotely mounted status indicator 1s provided;

FIG. 12 is an electrical diagram of the apparatus and method for determining whether a
fluid level has reached a threshold level within an enclosed container of the present invention
wherein an external diagnostic module or custom module processes a signal from a signal
condition circuit;

FIG. 13 is a perspective view of a schematic drawing of the sensor housing of the
apparatus and method for determining whether a fluid level has reached a threshold level within
an enclosed container of the present invention; and

FIG. 14 is an electrical diagram of the apparatus and method for determining whether a

fluid level has reached a threshold level within an enclosed container of the present invention

wherein an early warning system with external indicators is provided.

Detailed Description of the Invention
Referring to the drawings, the present invention will now be described in detail with
reference to the disclosed embodiment.
As illustrated in FIGS. 1-6B, the present invention provides an apparatus 10 and method

for determining whether a fluid level 12 has reached a threshold level within an enclosed container

14. The apparatus 10 may include a sensor housing 16 for housing an infrared source 18 and an
infrared detector 20. The sensor housing 16 is attached to the container 14 for which a fluid 1s

contained. A cable or wire 22 leads from the sensor housing 16 to communicate a signal to a

controller 24. A quick disconnector 26 may be attached to the end of the cable or wire 22 to
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enhance the connection to the controller 24. The controller 24 interprets the signal and provides

an indicator as to the level of the fluid level 12.

The enclosed container 14 is a portion of a diesel fuel filter assembly 30. The diesel fuel
filter assembly 30 includes a transparent cover 28 that attaches to a lower portion (not shown) of
the diesel fuel filter assembly 30 to contain a fluid, such as diesel fuel 11, within the diesel fuel
filter assembly 30. The diesel fuel filter assembly 30 further includes a filter cartridge 32 having a
filter media 34 therein for filtering the diesel fuel 11. The apparatus 10 is employed to determine
when the diesel fuel filter cartridge 32 should be replaced by monitoring the fluid level 12 of the
diesel fuel 11 in the diesel fuel filter assembly 30. As the filter media 34 of the diesel fuel filter
cartridge 32 becomes increasingly clogged, the fuel level 12 within the diesel fuel filter assembly
30 rises. When the fuel level 12 reaches the top of the filter media 34, the filter cartridge 32 is
ready to be replaced. This relationship is shown in FIG. 7, wherein the graph shows that the
restriction level of the filter media 34 rises exponentially with time as the filter media 34 becomes
increasingly clogged. Ideally, the filter cartridge 32 should be changed prior to the end of service
wherein the filter media 34 may be completely blocked. Although the present invention is ideally
suited for diesel fuel 11 within the diesel fuel filter assembly 30, the use of the present invention is
not limited to diesel fuel 11 and the diesel fuel filter assembly 30, but rather, the present invention
may be utilized on any type of container 14 which requires the monitoring of a fluid level therein.

For example, the present invention may be utilized in other automotive applications such as
sensing oil and transmission fluid levels in automatic replenishment systems, monitoring fluid

reservoir levels, and sensing hydraulic oil levels in hydraulic lifting apparatuses. Furthermore,

- possible applications exist in diverse fields including, but not-limited to; food processing, - - — - -

agriculture, and chemical processing.
In order for the apparatus 10 to be able to sense the fuel level 12 within the diesel fuel

filter assembly 30, the sensor housing 16 may be mounted to the outside of the transparent cover
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28 of the diesel fuel filter assembly 30, as shown in FIGS. 1-2. The sensor housing 16 encloses

the infrared source 18 and the infrared detector 20, which lie in a common plane defined by a
front face 17 of the sensor housing 16. The infrared source 18 emits infrared radiation in the form
of a number of infrared rays 36, which are emitted from the infrared source 18 and extend inward
toward the interior of the diesel fuel filter assembly 30 (over an angular range of 120°) about a
central axis perpéndicular to the front face 17 of the sensor housing 16. When the fuel level 12 is
low, as shown in FIG. 2, the infrared rays 36 are reflected toward the sensor housing 18, as will
be described with greater detail herein. The infrared detector 20 receives a portion of those
reflected infrared rays 36 and generates a signal that the infrared detector 20 has received a certain
magnitude of infrared radiation. When the fuel level 12 reaches a predetermined level within the
diesel fuel filter assembly 30 wherein the filter cartridge 32 should be replaced, as seen in FI1G. 1,
the presence of fuel 11 adjacent to the infrared source 18 causes refraction of the infrared rays 36.
Refraction of the infrared rays 36 causes a decrease in the amount of infrared rays 36 that reach
the infrared detector 20, and a corresponding decrease in the magnitude of infrared radiation
received by the infrared detector 20. The controller 24 compares the signal generated by the
infrared detector 20 to a threshold value to determine whether the fuel level 12 has reached the
predetermined level, as will be described in detail herein. The threshold value may be calibrated,
and is dependent upon the distance between the infrared source 18, the infrared detector 20, and
the point at which the infrared rays 36 are reflected, and also by the intensity of the infrared rays
36, which may be controlled through an electronic control (not shown) of the infrared source 18.

So that the fluid level 12 may be sensed, at least a portion of the infrared rays 36 must be

- -reflected toward the infrared detector 20. Inthe embodiment shown in FIGS. 1-2, the infrared-

rays 36 generated by the infrared source 18 are allowed to pass directly through the transparent
cover 28. When the fuel level 12 is low, as shown in FIG. 2, the infrared rays 36 reflect ott the

filter cartridge 32 toward the sensor housing 18. When the fuel level is high, as shown in F1G. 1,
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the infrared rays 36 are refracted at the interface between the transparent cover 28 and the fuel 11,

such that the magnitude of infrared radiation incident upon the infrared detector 20 from the
reflected infrared rays 36 is decreased.

If the transparent cover 28 of the diesel fuel filter assembly 30 is not transparent, for
instance, the cover 40 is opaque or fabricated from metal, as shown in FIG. 3, an aperture 38 may
be provided through a wall of the opaque or metal cover 40. The sensor housing 16 provides an
O-ring seal 42 disposed within a recess of the sensor housing 16 and positioned around the
aperture 38 in the opaque or metal cover 40 so as to seal the sensor housing 16 with respect to the
opaque or metal cover 40. The infrared source 18 and the infrared detector 20 are positioned such
that the infrared rays 36 may pass through the aperture 30 and reflect back to the infrared detector
20 in an unimpeded manner.

In an alternative embodiment, a semi-hemispherical clear material 41, as seen in FIGS.
4A-4B, may be utilized to plug the aperture 30 in the opaque or metal cover 40. When no fuel 11
1s present behind the semi-hemispherical clear material 41, as shown in FIG. 4A, substantially all
of the infrared rays 36 generated by the infrared source 18 are twice internally reflected by the
semi-hemispherical clear material 41, and thus, the infrared rays 36 are reflected back to the
infrared detector 20. In this case, the infrared rays 36 do not reflect off the filter cartridge 32, and
thus, do not sense the filter cartridge 32. However, when the fuel level 12 rises to the level of the
semi-hemispherical material 41, as shown in FIG. 4B, a portion of the infrared rays 36 pass out of
the semi-hemispherical material 41 and into the fuel 11 thereby diminishing the amount of

infrared rays 36 deflected and detected by the infrared detector 20. This diminished amount of

- - Intrared rays 36 incident upon-the infrared detector 20 causes the infrared radiation-sensed by-the - -

infrared detector 20 to fall below the threshold level, and an appropriate signal is generated by the

infrared detector 20 in response.
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In another embodiment, the fluid level 12 may be sensed through the transparent cover 238

of the diesel fuel filter assembly 30 without reflecting the infrared rays 36 off of the diesel fuel
filter cartridge 32. When no fuel 11 is present adjacent to the infrared source 18, as shown in
FIG. 5A, at least a portion of the infrared rays 36 generated by the infrared source 18 are
internally reflected toward the infrared detector 20, and the infrared detector 20 generates the
appropriate signal. When fuel is present adjacent to the infrared source 18, as shown in FIG. SB,
the number of infrared rays 36 internally reflected toward the infrared detector 20 is diminished,
as a greater portion of the infrared rays pass through the transparent cover 28 and are refracted
into the fuel 11. In this case, the infrared radiation incident upon the infrared detector 20 passes
below the threshold value, and the infrared detector 20 generates the appropriate signal. It the
diesel fuel filter cartridge 32 is present, as shown in FIGS. 6A-6B, a non-reflective material 33
may be provided on the exterior of the diesel fuel filter 32 cartridge to prevent infrared rays 36
from being reflected off of the diesel fuel filter cartridge 32. This ensures a proper reading by the
infrared detector 20.

To interpret the signals sent by the infrared detector 20 and to determine whether or not
the filter cartridge 32 needs to be replaced, the signal from the infrared detector 20 is directed to
the controller 24, as seen in FIG. 8. The controller 24 includes a signal conditioning circuit 44 for
interpreting the signals output by the infrared detector 20. The signal conditioning circuit 44
compares the signal output by the infrared detector 20 to the threshold value. If the signal output
by the infrared detector 20 exceeds the threshold value, the signal conditioning circuit 44 then
interprets the input signal as gain “Logic One,” wherein the sig:nal conditioning circuit 44
" generates a five-volt signal.” If the signal output by the infrared detector 20 is less than the
threshold value, the signal conditioning circuit 44 then interprets the input signal as gain “Logic

Zero,” wherein the signal conditioning circuit 44 generates a zero volt signal. “Logic One”

represents that the fuel level 12 is not detected, while “Logic Zero” represents that the fluid level
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12 has been detected. However, due to the vibration realized by the diesel fuel filter assembly 30

within the vehicle, the fluid level 12 within the diesel fuel filter assembly 14 is dynamic, and thus
“Logic One” and “Logic Zero” signals may not directly correspond to the condition of the filter
media 34. Particularly, when the fluid level 12 is approaching the level of the sensor housing 16,
the infrared detector 20 may send a variety of “Logic One” and “Logic Zero” signals. Thus, the
controller 24 may also include a microcontroller or logic circuit 43 for interpreting the signals
generated by the signal conditioning circuit 44 and determining whether the filter cartridge 32
needs to be replaced.

FIG. 9 shows a typical grouping of signals from the signal conditioning circuit 44 over
time as the fluid level 12 dynamically rises and falls past the infrared source 18 and the infrared
detector 20. The greater number of “Logic One” signals 45 on the left hand side of the graph
indicate that the fluid level 12 is not being sensed a majority of the time, and a greater number of
“Logic Zero” signals 47 on the right hand side of the graph indicates that the fluid level 12 is being
sensed the majority of the time. The logic circuit 43 receives the signals sent by the signal
conditioning circuit 44 and determines whether the filter cartridge 32 should be replaced. As seen
in FIG. 10, the graph shows that the logic circuit 43 determines that a continuous “Logic One”
signal 45 should be generated during the time interval depicted on the left hand side of the graphs
shown in FIGS. 9-10 due to the fact that the majority of signals received from the signal condition
circuit 44 are “Logic One” signals. Since “Logic One” indicates that the fluid level 12 is not
present, the filter cartridge 32 should not be replaced during the time depicted on the left hand side

of the graphs in FIGS. 9-10. In addition, the logic circuit 43 may determine that a continuous

.. *Logic Zero” signal 47 should be generated by the-logic circuit-43 during the time period -

represented on the right hand side of the graphs show in FIGS. 9-10 where the majority of signals
generated by the signal conditioning circuit 44 .are “Logic Zero” signals. This indicates that the

fluid level 12 is present most of the time, and thus, the filter cartridge 32 should be replaced
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during the time associated with the right side of the graphs shown in FIGS. 9-10. Thus, the signal

conditioning circuit 44 and the logic circuit 43 of the controller 24 read and interpret the signals
provided by the infrared detector 20 in response to the dynamic fluid level 12 in order to interpret
the position of the fluid level 12 statically.

In order to provide a warning signal that the filter cartridge 32 should be replaced, the
present invention provides a number of different embodiments. In FIG. 8, the present invention
includes an internal LED status indicator 46 to determine whetherithe filter cartridge 32 should be
replaced. The internal status indicator 46 is provided within or on the sensor housing 16 to
indicate whether or not the filter cartridge 32 should be replaced. The present invention may also
be connectable to a remotely mounted status indicator 48, as seen in FIG. 11. The remote
indicator 48 is mounted remote from the sensor housing 16 in order to provide a signal as to
whether the filter cartridge 32 should be replaced. The remote indicator 48 may be mounted onto
a control panel within the cab of the vehicle in order that the operator can determine the status of
the filter cartridge 32 without having to view the engine compartment of the vehicle. Lastly, the
present invention may utilize e;. controller 51, as shown in FIG. 12, which is customized to a
particular user’s needs. Such a controller 51 is linked to the remote indicator 48 to indicate
whether the filter cartridge 32 should be replaced. Furthermore, the functions of the logic circuit
43 may be incorporated into the controller 51.

Depending on the desired diesel fuel level at which to replace the filter cartridge 32, the
sens:or housing 16 may be mounted to the diesel fuel filter assembly 30 at a predetermined fuel
level 12 in which the user wishes to change the filter cartridge 32. The present invention also
anticipates the use of an early warning indicator such that the operator may anticipate replacement
of the filter cartridge 32. As seen in FIG. 13, an early warning infrared source 52 is mounted

below the main infrared source 18 and the infrared detector 20 to determine when the fuel level 12

1s approaching the threshold fuel level. As seen in FIG. 14, an electronic circuit for the early
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warning infrared source 52 provides a separate early warning indicator 54 to the operator. The

present invention may provide that the early warning infrared source 52 must detect that the fuel
level 12 has statically reached a threshold level before the infrared source 18 is activated.

The present invention also anticipates other forms of sensors besides the infrared source
18 and infrared detector 20 described above. For instance, the fuel level 12 in the diesel fuel filter
assembly 30 may be determined with the use of a shaped electromagnetic field (SEF) (not shown).

The SEF sensors can be used on any type of material for which the container 14 is fabricated
except for lead. The SEF sensor applies an electromagnetic field across the inside of the diesel
fuel filter assembly 30, and if the field is disturbed, then the fuel level 12 is detected. Other
sensors, such as a capacitance sensor (not shown), may also be utilized. The capacitance sensor
works by having the level of capacitance be affected by the fuel level 12 passing between a pair of
capacitor terminals, thereby indicating the presence of the fuel level 12. Ultrasonic level sensors
(not shown) and float level sensors (not shown) may also be utilized to determine the fuel level 12
within the diesel fuel filter assembly 30.

In operation, the sensor housing 16 is mounted to the diesel fuel filter assembly 30 at a
location corresponding to the fuel level 12 wherein the operator wishes to change the filter
cartridge 32. The height of the fluid level 12 may be determined by filter restriction analysis and
historical data. The operator simply operates the vehicle until the vehicle provides the signal that
the filter cartridge 32 needs to be replaced. The operator then replaces the filter cartridge 32.

While the invention has been described in connection with what is presently considered to
be the most practical and preferred embodiment, it 1s ;[o be understood that the invention is not to
~ be limited to the disclosed embodiments, but, on-the contrary, is intended to cover various
modifications and equivalent arrangements included within the spirit and scope of the appended
claims, which scope is to be accorded the broadest interpretation so as to encompass all such

modifications and equivalent structures as is permitted under the law.
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CLAIMS
What is claimed is:

l. An apparatus for determining a fluid level within an enclosed housing, comprising:

sald enclosed housing having a dynamic fluid level contained therein;

an electromagnetic radiation source for directing electromagnetic radiation rays
toward the interior of said enclosed housing;

an electromagnetic radiation detector for receiving and measuring said
electromagnetic radiation rays and providing a detector output signal that indicates
whether the fluid has dynamically reached a desired level; and

a controller for interpreting said detector output signal over an interval of time and
generating a controller output signal for indicating whether said fluid level has statically

reached the desired level based on said detector output signal during said interval of time.

2. The apparatus stated in claim 1, further comprising:

a sensor housing coupled to an exterior surface of said enclosed housing wherein
said radiation source is disposed within said sensor housing and said radiation detector is

disposed within said sensor housing.

3. The apparatus stated in claim 2, further comprising:
a retlective element operative to reflect at least a portion of said electromagnetic

radiation rays toward said electromagnetic radiation detector.

4. The apparatus stated in claim 3, further comprising;:
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an indicator for displaying an indication corresponding to the presence or absence

of said fluid level at a predetermined level within said enclosed housing in response to

said controller output signal.

5. The apparatus stated in claim 4, further comprising:

said electromagnetic radiation rays being infrared radiation rays.

6. The apparatus stated in claim 3, further comprising;:

said reflective element disposed within said enclosed housing.

7. The apparatus stated in claim 4, further comprising:

sald enclosed housing being a fuel filter assembly.

8. The apparatus stated in claim 7, further comprising:

said enclosed housing is substantially transparent to allow said electromagnetic

rays to pass through said enclosed housing.

9. The apparatus stated in claim 8, wherein said reflective element is an exterior surface of

a fuel filter cartridge.

10. The apparatus stated in claim 9, further comprising:

said radiation source and said radiation detector lying in a common plane.

11. The apparatus stated in claim 3, further comprising:

said enclosed housing being substantially opaque and having an aperture formed

therethrough.

12. The apparatus stated in claim 11, further comprising:

an elastic sealing ring for sealing said sensor housing with respect to said aperture.
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13. The apparatus stated in claim 11, further comprising:
a substantially transparent plug disposed within said aperture wherein said

electromagnetic radiation rays may pass into and out of said plug.

14. The apparatus stated in claim 13, wherein said reflective element comprises a

hemispherical surface of said plug located adjacent to the interior of said enclosed housing.

15. An apparatus for determining a fluid level within an enclosed housing, comprising:
said enclosed housing having a dynamic fluid level contained therein;

a sensor housing coupled to an exterior surface of said enclosed housing;

an infrared radiation source for directing infrared radiation rays toward the interior
of said enclosed housing;

an infrared radiation detector for receiving and measuring said infrared radiation
rays and providing a detector output signal;

a signal conditioning circuit for comparing said detector output signal to a
threshold value wherein said signal conditioning circuit generates a first logic signal when
said detector output signal is greater than said threshold value, and a second logic signal
when said detector output signal is less than said threshold value; and

a logic circuit for monitoring said first and second logic signals over an interval of
time and thereby determining whether said fluid level has reached a predetermined level
and generating a controller output signal for indicating that said fluid level has reached

said predetermined level.

16. The apparatus stated in claim 135, further comprising:
a reflective element for reflecting said infrared radiation rays from said infrared

radiation source toward said infrared radiation detector.
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17. The apparatus stated in claim 16, wherein said reflective element is an interior surface

of said enclosed housing.

18. The apparatus stated in claim 17, further comprising:
a fuel filter cartridge disposed within said enclosed housing; and

a non-reflective material on an exterior surface of said fuel filter cartridge for

preventing reflection of said infrared radiation rays toward said infrared radiation detector.

19. The apparatus stated in claim 16, further comprising:

an indicator for displaying an indication corresponding to the presence or absence

of said fluid at said predetermined level.

20. A method for determining a fluid level within an enclosed housing, comprising:
providing a dynamic fluid level within said enclosed housing;

providing an infrared radiation source for emitting infrared radiation rays toward

said enclosed housing;

providing a reflective element for reflecting the infrared radiation rays;

providing an infrared radiation detector for measuring the magnitude of reflected

infrared radiation rays;

generating a first logic signal if the measured infrared radiation is greater than or

equal to a threshold value;

generating a second logic signal if the measured infrared radiation is less than a

threshold value;

analyzing the first and second logic signals over a period of time to determine

whether a predetermined fluid level has been reached; and
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generating a controller output signal for indicating that the predetermined fluid

level has been reached.

21. An apparatus for determining a fluid level within an enclosed housing, comprising:
sald enclosed housing having a dynamic fluid level contained therein;

an electromagnetic radiation source for directing electromagnetic radiation rays
toward the interior of said enclosed housing;

an electromagnetic radiation detector for providing a detector output signal;

a retlective element operative to reflect said electromagnetic radiation rays toward
sald electromagnetic radiation detector, wherein said electromagnetic radiation detector
receives and measures said reflected electromagnetic radiation rays to provide said
detector output signal;

a controller for interpreting said detector output signal and generating a controller
output signal for indicating whether said fluid level has reached a desired level;

said retlective element is an interior surface of said enclosed housing;

a fuel filter cartridge disposed within said enclosed housing; and

a non-reflective material on an exterior surface of said fuel filter cartridge for

preventing retlection of said infrared radiation rays toward said infrared radiation detector.

22. An apparatus for determining a fluid level within an enclosed housing, comprising:

said enclosed housing having a dynamic fuel level contained therein;

an electromagnetic radiation source for directing electromagnetic radiation rays
toward the interior of said enclosed housing;

an electromagnetic radiation detector for receiving and measuring said
electromagnetic radiation rays and providing a detector output signal for indicating that

said fluid level has reached said predetermined level;
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said enclosed housing is substantially transparent to allow said electromagnetic

rays to pass through said enclosed housing;

said enclosed housing being a fuel filter assembly;

a fuel filter cartridge disposed within said enclosed housing; and

a reflective element operative to reflect at least a portion of said electromagnetic
radiation rays toward said electromagnetic radiation detector, wherein said reflective

element is an exterior surface of said fuel filter cartridge.

23. An apparatus for determining a fluid level within an enclosed housing, comprising;:
said enclosed housing having a dynamic fuel level contained therein;

an electromagnetic radiation source for directing electromagnetic radiation rays
toward the interior of said enclosed housing;

an electromagnetic radiation detector for receiving and measuring said
electromagnetic radiation rays and providing a detector output signal for indicating that
said fluid level has reached said predetermined level;

a fuel filter cartridge disposed within said enclosed housing;

a reflective element operative to reflect at least a portion of said electromagnetic
radiation rays toward said electromagnetic radiation detector, wherein said reflective
element is an exterior surface of said fuel filter cartridge;

a sensor housing coupled to an exterior surface of said enclosed housing wherein
said radiation source is disposed within said sensor housing and said radiation detector is
disposed within said sensor housing;

said enclosed housing being substantially opaque and having an aperture formed
therethrough, wherein the electromagnetic radiation source directs said electromagnetic
radiation toward the interior of said enclosed housing through said aperture; and

an elastic sealing ring for sealing said sensor housing with respect to said aperture.
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24. An apparatus for determining a fluid level within an enclosed housing, comprising:
said enclosed housing having a dynamic fuel level contained therein;

an electromagnetic radiation source for directing electromagnetic radiation rays
toward the interior of said enclosed housing;

an electromagnetic radiation detector for receiving and measuring said
electromagnetic radiation rays and providing a detector output signal for indicating that
said fluid level has reached said predetermined level;

a sensor housing coupled to an exterior surface of said enclosed housing wherein
said radiation source is disposed within said sensor housing and said radiation detector 1s
disposed within said sensor housing;

said enclosed housing being substantially opaque and having an aperture formed
therethrough, wherein the electromagnetic radiation source directs said electromagnetic
radiation toward the interior of said enclosed housing through said aperture;

a substantially transparent plug disposed within said aperture wherein said
electromagnetic radiation rays may pass into and out of said plug; and

a reflective element operative to retlect at least a portion of said electromagnetic
radiation rays toward said electromagnetic radiation detector, wherein said reflective
element is a hemispherical surface of said plug located adjacent to the interior of said

enclosed housing.
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