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(57) Abregé/Abstract:

A system of measuring light transmission and/or reflection has a light transmitter(s) and at least one light sensor which are used to
generate a defined light environment over a specified light frequency range.
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ABSTRACT

[00072] A system of measuring light transmission and/or reflection has a light

transmitter(s) and at least one light sensor which are used to generate a defined light

environment over a specified light frequency range.
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TITLE
SYSTEM OF MEASURING LIGHT TRANSMISSION
AND/OR REFLECTION

REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims the benefit of United States Provisional
Application No. 60/662,062, filed March 15, 2005, the disclosure of which 1s

expressly incorporated herein by reference.

BACKGROUND
[0002]  Both the automotive industry and law enforcement personnel sometimes
encounter problems when vehicles have windows that are coated with films that do
not meet state or federal enacted laws. The applied film can change the visible light
transmission and reflection characteristics of the entire window assembly. Often, the
law enforcement personnel are put at a disadvantage when approaching such vehicle
since the personnel cannot readily see into the vehicle.
[0003]  Currently, there are portable products available on the market which
perform at 550 nm and which are used to predict the transmission and reflection

performance of the entire visible light spectrum. Such products use a single LED and

a single sensor.

(0004]  In fact, a window film manufacturer might specify the products’ entire

visible light transmission percentages using this method of prediction. For example,

one manufacturer makes dyed films, such as an automotive window film, LLumar ®

with HPR™ adhesive which specifies the following:
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[00035] Type: Non-reflective AT 35 GN SR HPR
[0006] % Visible Light Transmission (at 550 nm)............... 35
[0007] % Total Solar Energy Rejection................ooooiin. 33
[0008] % Visible Light Reflection..............ooooi, 7
[0009] % Ultra-Violet Light Rejection................oooooiiiiin, 99

[00010] However, accurate visible light transmission and reflection measurements
require that the measurement method be normalized for every wavelength being
measured.

[00011] The generally accepted measurement range for visible light 1s 380-720
nm. Law enforcement personnel cannot receive accurate information from a single
wavelength or frequency measurement at 550 nm. The light source from such
products does not provide energy across the entire visible light spectrum. Further,
the light sensor in such products does not have a “flat” or “the same” response for
every wavelength across the spectrum. Similarly, there is currently no known single
light source available which provides an ideal light spectrum having equal energy at
all wavelengths of light from 380-720 nm.

[00012] Visible light transmission (VLT) and reflection meters on the market for
the automotive industry use the technique described above. In order to use such
products, the law enforcement officer slides the product over an edge of the glass.
Prior art Figure 1 schematically illustrates a transmission meter 2 with a single light
emitting unit 3 and a single light receiving unit 5, and an opening 4 between the

single light emitting unit 3 and the light receiving unit 5 for receiving a window 7

having a film & thereon.
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[00013] Alternatively, the product can include a separate transmitting unit and a
separate receiving unit which are placed on opposite sides of the glass. See for
example, United States Pat. No. Des. 362,310.

[00014] These types of products use a single light source and a single light sensor
to estimate the entire visible light transmission (VLT) and reflection characteristics
of the glass. Figure 2 illustrates: the spectrum for a green LED at about 550 nm; the
photodiode spectral responsivity curve from 380-720nm (which 1s similar to that
shown in Figure 6 herein); and, the output response from the non-linear sensor and
the limited Green LED spectrum. Thus, the result is not linear and may not
accurately measure the transmission since the green LED is only capable of being
detected at about the 550 nm range by the receiving unit.

[00015] United States Patent No. 3,910,701 uses alternating or sequential LED
sources which then are summed together after the measurement is performed.
[00016]  An alternate form of measuring light transmission is to use a laboratory
instrument such as a spectrometer. A spectrometer uses a single broadband light
source and characterizes the received light energy into small light frequency ranges
of a few nanometers or less. This laboratory instrument analyzes the received light
energy on each pixel or element (normally 2048 or greater) on a CCD (charged
coupled device) and normalizes the response for each sensing element.

[00017] Mathematical manipulation allows the user to select certain light
frequency ranges so that individual wa.velength measurements can be made on each
uniquely defined light sensing pixel or element, and the resulting summation of the
data can be made in the laboratory. Thus, the spectrometer uses a prism to separate a
broad-spectrum light source into discrete light frequencies that can be mated with

individual sensing elements.



CA 02539679 2006-03-14

1-26821

SUMMARY
[00018] A method for measuring light transmission and/or reflection through a
transparent, translucent or semi-opaque medium which includes providing light from
multiple transmitters where the transmitted light has desired properties. The desired
light properties are sensed with at least one discrete sensor which generates a single
output signal over a specified spectral range.
[00019] The single output signal substantially directly correlates to the specitied
wavelength range such as UV, visible, infrared and the like. The single output signal
substantially directly correlates to a specified wavelength range in a system property
such as one or more of a “flat” environment, a photopic environment, or an
environment representing the sun, and the like.
[00020] A system for measuring light transmission and/or reflections in one or
more transparent, translucent dr semi-opaque media includes multiple light
transmitters for transmitting light through the medium where the transmitted light has
at least one desired property. At least one light sensor senses the desired light
property, and generates a single output signal.
[00021] In certain embodiments, a proportionate amount of light in each range 1s

used to achieve an end result which represents a specified environment.

BRIEF DESCRIPTION OF THE DRAWINGS
[00022]  Prior Art Figure 1 schematically illustrates a light transmission meter.

[00023]  Figure 2 illustrates the spectrum for a green light emitting diode (LED) at

about 550 nm; the photodiode sensor sensitivity (SS) (which is similar to that shown
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in Figure 6 herein for 380-720nm); and, the sensor's reading (SR), or output
response, from the non-linear sensor and the limited Green LED spectrum.

[00024] Figure 3A is a schematic illustration of a light measuring system.

[00025] Figure 3B is a schematic illustration taken along the line 3B-3B in Figure
3A, showing one configuration of light transmitters.

[00026] Figure 3C is a schematic illustration, similar to the view n Figure 3B,
showing another configuration of light transmitters.

[00027] Figure 4 is a graph of a window film spectrum, showing wavelength 1n
nanometers (X axis), and percent transmission (XMSN) (Y axis).

[00028] Figure 5 is a graph showing the transmission versus the wavelength of a
Neutral Density (ND-50) filter and a Neutral Density (DN-100) Inconel density filter.
[00029] Figure 6 is a graph of the photodiode spectral responsivity, showing the
normalized responsivity versus wavelength.

[00030]  Figure 7 is a graph showing the spectrum of a white LED.

[00031] Figure 8 is a graph showing the spectra of various individual LEDs.
[00032] Figure 9 is a graph showing the spectra for: a combination of LEDs (LC),
unadjusted light/sensor combination (IL), and the flat-result (final result) (FR).
[00053] Figure 10 is a graph showing a flashlight spectrum and two LEDs spectra.
[00054] Figure 11 is a graph showing the spectra for: a light combination (LC), an

unadjusted light/sensor combination (IL), a visible light filter (VFA), and a flat-result
(final result) (FR).

1000551 Figure 12 is a photopic curve showing the spectral response of the human
eye.

[00036] Figure 13 is a graph showing the solar irradiance of the sun.
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DETAILED DESCRIPTION

which the invention belongs. Although any methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the
present invention, the preferred methods and materials are described herein.

[00038] For ease of explanation, only the explanation of light transmission
measurements will be shown and described in detail herein. However, it should be
understood that the system integration for a defined light range 1s the same for both
transmission and reflection measurements. In addition, only the explanation of light
in the visible light spectrum (approximately 380-720 nm) will be shown and
described in detail herein. However, it should be understood that the same type of
system integration can be applied to infrared (IR), ultraviolet (UV), and other
specified light ranges as well.

[00039]  The light measuring system significantly improves visible light
transmission and reflection measurements. The light measuring system is useful to
readily and accurately measure the visible light transmission and/or light reflection of
one or more transparent, translucent and semi-opaque media, either alone or In
combination. Examples of such measurable media include, for example, but are not
limited to one or more of: film such as coated films on glass or plastics; glass such as
automobile windows, adjustable darkness glass, user adjustable privacy glass,
eyeglass lenses, architectural windows with or without coatings or layers of light-
altering materials; plastics such as windows, storage containers; transparent metal

layers such as those found in photovoltaic devices and solar panels; polished rocks
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such as diamonds; liquids such as oils for detecting contaminants therein; gases for
detecting smoke or particulates therein; and, air for detecting the overall air quality.
[00040]  Figure 3A schematically illustrates a light measuring system 10 having
one or more discrete light transmitters 12 and at least one light sensor 14. The light
transmitter 12 is combined, or aligned, with the light sensor 14 such that the light, L,
being transmitted is received and sensed by the light sensor 14.

[00041] The light sensor 14 can be operatively connected to an output signal
device 16 which provides a final-result “FR” (also referred to herein below as “final
result”) as a single output signal, which is further explained herein.

[00042] Any suitable non-linear (or linear) light sensor 14, which is capable of
detecting wavelengths of light in the visible light range of approximately 380 nm to
720 nm, may be used. In certain embodiments, photodiode arrays such as silicon,
cermanium and other like diodes are useful as light sensors. Other common types of
light sensors, such as, for example, charge coupled devices, CCD, are also suitable.
[00043] Also, in certain embodiments, one or more optical altering devices 18,
such as filters, beam-splitters, lenses and the like, can be used on the light transmitter
12, the light sensor 14, or both. For example, the optical filters 18 may be used to
change the light frequency characteristics of the light transmitter 12 or the non-linear
light sensor 14 in the light measuring system. The change in response to the
individual light frequency characteristics may allow for easier system matching in
order to generate the single output signal from the defined light environment.
[00044] Figure 3B is a schematic illustration taken along the line 3B-3B in Figure
3A, showing one configuration of light transmitters 12 where the light transmitters 12
are arranged in a substantially linear relationship with respect to each other. Figure

3C is a schematic illustration, similar to the view in Figure 3B, showing another
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configuration of light transmitters 12 where the light transmuitters 12 are arranged 1n a

circurnferential relationship with respect to each other. It is to be understood that the
configuration of the light transmitters 12 can be varied, depending in part, on the
desired configuration of the light measuring system 10.

[00045] In certain embodiments, the multiple light transmitters 12 substantially
simultaneously transmit light to the sensor 14.

[00046] There is a specified relationship between the light transmitters 12 and the
light sensor 14 such that the output signal has the same response to every wavelength
over the visible light spectrum. The light measuring system 10 applies all the light
transmitters within the specified spectral range at one time, and not in an alternating
or sequential method, so that a total integration of the light measuring system 1s thus
achieved.

[00047] The light measuring system 10 generates a single output signal (1.e., flat).
The response of the output signal is substantially the same for all light frequencies
that pass through the material 20.

[00048] The light measuring system 10 uses multiple light transmitters 12 where
each light transmitter 12 can have a defined spectral region. For example, in certain
embodiments, the light measuring system 10 can have five light transmitters 12, each
of which transmits light in a specific spectral range. Also, as shown in Figure 3, a
unitary light measuring system 10 is configured to be removably slid or mounted on,
or against, opposite sides of a medium 20 being tested for light transmission or light
reflection.

[00049] It is to be understood, however, that the light measuring system 10 can be
comprised of separate elements, a light transmitter element 10-1 and a light sensor

element 10-2, as shown by the dashed line in Figure 3. The light transmitter element



CA 02539679 2006-03-14

1-26321

10-1 and the light sensor element 10-2 are configured to be removably mounted
against opposite sides of the medium 20 being tested for measuring light transmission
or light reflection of the medium 20. In such embodiments, the light transmitter 12
and the light sensor 14 are housed separately in the light transmitter element 10-1 and
the light sensor element 10-2, respectively. The light transmitter element 10-1 and
the light sensor element 10-2 can be brought into alignment on opposite sides of the
medium 20 so that the light being transmitted from the light transmitter 12 1s
accurately received by the light sensor 14 and the single output signal is accurately
generated.

[00050]  In certain embodiments, the light transmitters 12 are chosen to generate a
specified light interaction over a defined wavelength region. Thus, the light
transmitters 12, any optional optical device 18, and the non-linear output signal
response of the light sensor 14 are combined and integrated to generate a single
output signal for the defined wavelength region.

[00051]  The light transmitters 12 can generate narrow spectral ranges such that the
narrow spectral ranges are combined with non-linear characteristics of the light
sensor 14 to generate the single output signal. Alternatively, in another embodiment,
the light transmitters 12 can generate broadband spectral ranges that are combined
with non-linear characteristics of the light sensor 14 to generate the single output
signal.

[00052] The light transmitters 12 can be discrete light transmitters that do not have
to transmit continuous portions of the visible light spectrum. Nor do the light
transmitters 12 have to transmit evenly spaced ranges of the spectrum. Further, the
light transmitters 12 do not have to be arranged in a particular configuration. Since

only partial ranges of the spectrum need to be measured, the light measuring system
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10 can be comprised of few light transmitters 12, and therefore makes efficient use of

such light transmitters 12.

[00053] In certain embodiments, multiple light transmitters 12 are aligned with
one light sensor 14 to generate the single output signal, FR, such that the single
output signal represents a specified spectral range.

[00054] In certain embodiments, when the final single output signal includes
multiple regions of measurement, each measured region provides a proportionate
amount of signal as compared to the final combined single output signal. Thus, each
measured region is integrated with other measured regions to generate the final-
resulting single output signal. The final-result output signal thus represents the
specified light environment of the medium being tested.

[00055] Itis to be noted that while light sensors 14 are understood to have a non-
flat (non-linear) spectral response over a range of light frequencies, the hight
measuring system 10 generates an overall flat spectral response (i.¢., the “final-
result” single output signal). Thus, the combination of multiple light wavelengths
from multiple transmitters 12, the optional optical devices 18, the non-linear light
sensors 14, and the defined light frequency ranges (which, preferably, have minimal
overlap with other light transmitters) are integrated together to measure a desired
light environment and to generate a desired final outcome; the tlat-spectral response.
However, it is to be understood, that in certain other end-use applications, other light
environments can be measured with the light measuring system 10. In such end-use
applications, the light transmitters 12 and the light sensor 14 are calibrated, or
normalized to the particular light environment. Examples of such end use

applications include, but are not limited to, a photopic environment (such as

10
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characterization of the human retina, vitreous humor, blood), or a solar-like
environment (i.e., imitation of the sun).

[00056]  In certain embodiments, the light transmitters are adjusted (1in conjunction
with the sensor) by optical or power output methods to create the specified light
environment. Also, in certain embodiments, ambient conditions of the system are
measured and the final resulting signal is adjusted to remove the effects of the
ambient environment.

[00057] The need for the light measuring system 10 is shown by light frequency
curves of common automotive film. From Figure 4, it is seen that the response of the
film/glass combination is not flat and that using a single 550 nm LED will not
generate an accurate response for the entire visible light spectrum.

[00058]  As shown in Figure 5, a neutral density filter (NDF) has a “flat” spectral
response to all wavelengths within a defined range. The neutral density filter will
react by the same percent to every wavelength over its allowable range. For
example, a 40% neutral density filter will decrease the light energy from a 470 nm or
660 nm LED (or any other light frequency) transmitter the same amount. A defined
spectral range with a flat spectral response will react the same to every wavelength
just like the neutral density filter.

[00059]  The visible light region is often specified from 380-720 nm. In certain
embcdiments, the light measuring system 10 uses a silicon light sensor 14 which, as
shown in the photodiode spectral responsivity curve in Figure 6, is extremely non-

linear in its light frequency response. Other types of light sensors may be used; 1n

such embodiments, the light measuring system is then characterized tor a tlat

response.

11
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[00060]  Also, in certain embodiments, LEDs are useful as light transmitters 12
because of the LED’s low energy requirements relative to normal tungsten light
bulbs. Furthermore, the improvements in LED technology have led to LEDs that
now have a broader spectral response. Figure 7 shows the light response for an
exemplary white LED. Figure 8 shows the white LED spectral response along with
the spectral responses of other common LEDs. The use of various types of LEDs
allows the light measuring system 10 to combine transmitted light with a non-linear
sensor 14 to generate a single output signal, which then represents a specitied range
for a light frequency environment of the medium being tested. The single output
response is substantially “flat”; that is, the same output, or final response, for all
wavelengths 1s generated.

[00061] The specified light frequency ranges may then be combined together to
generate the overall desired spectrum which is received by the non-linear (linear)
light sensor. Correlating the ranges to the sensor then generates a generally tlat
overall system response over a larger specified range. Thus, it is to be noted that
even “white” LEDs have a limited range of spectral output; therefore, if a 380-720
nm visible light meter is desired, then other LEDs are needed, as shown in Figure 8.
As such, when multiple light transmitters 12 are combined appropriately with the
non-linear light sensor 14, a substantially accurate single output signal for the
environment of the medium being tested can be achieved, as shown by the FR “final
result” shown in Figure 9. For explanation purposes, LC is the raw spectral output of
the transmitters, IL is the uncorrected spectral response of the sensor to the LC, and
FR is the final resulting signal created by additional system adjustments (1.e. filters or

output power of transmitter elements).

12
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[00062]  Also, in certain embodiments, at least one first light transmitter 1s
combined, or aligned, with the sensor to generate a first signal, thus creating a first
light environment. A second light transmitter is combined or aligned with the light
sensor to generate a second signal, thus creating a second light environment. The

first signal is then combined with the second signal to generate the single output

signal.
[00063] The light measuring system 10 may be normalized by using the output

signal response from the sensor 14 to correlate the light transmitters 12 to the
appropriate proportion of a combined output signal. Therefore, for example, if
multiple ranges are needed for a 380-720 nm visible light measuring system 10, then
a 410 nm LED represents approximately 15.8% of the usable range (1.e., 380 - 434
nm) and its output signal response would be approximately 15.8% of the total signal.
[f a white LED is used in conjunction with the other LEDs to fill the remaining range
from 434-720 nm, the combined output from the LEDs and sensor must be 84.2% of
the total signal value. The total combination of multiple specified light ranges would
then be 100%. The final output signal result is highly linear across the specified
operating range.

[00064] Thus, in certain embodiments, each light transmitter 1s combined with one
sensor for a particular spectral range. Each combination forms a subset, and the
subsets together provide the proportionate amount of a total specified light range, and
thereby generate the single output signal for the overall spectral range.

[00065] Each light transmitter 12 is preferably matched to the light sensor 14 for
its specified light sensing range. The same may be done with individual light sensors
14 such as red, green and blue (RGB) sensors, which may be used to detine spectral
ranges. Thus, a RGB system is broken up into 3 ranges. These ranges then use light

transmitters 1in each range to generate a flat spectral response over the range ot that

senscr and the appropriate percent of the total output is then generated. Each range 1s

13
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then combined using its appropriate percent to achieve the overall desired entire final
response.

[00066] The spectrum response of a standard tungsten flashlight bulb and 2 LEDs
is shown in Figure 10. Combining a standard flashlight bulb, 2 LEDs, the non-linear
nature of the silicon light sensor and a visible light filter, a highly linear result 1s
accomplished, as shown in the “final result” (FR) in Figure 11. The purpose of the
optical filter was to remove the wavelengths from the flashlight bulb that are beyond
the visible light region.

'00067] In certain end use applications, by providing a small, portable hand held
light reflection and transmission measuring system 10 which combines light in this
manner, law enforcement personnel and companies which apply film to vehicle glass
can easily and accurately determine if a vehicle is in compliance with state and
federal laws.

[00068] In another end use application, a substantially “flat” spectral response
(i.e., single output signal) may also be generated by defined light environments that
complement each other to generate a final desired flat spectral response. .One
example is to generate an environment which may have a positive slope response
over the defined light range and a negative response over the same range from
another light(s)/transmitter combination, so that the final result would be a “flat™
spectral response.

[00069] Multiple light transmitters may be combined to create multiple lighting
environments that can be combined together to represent a specified environment; for

example a flat, photopic environment (as shown in Figure 12), or a solar environment

(as shown in Figure 13).

[00070] It is to be understood that various suitable algorithms or mathematical

techniques for generating and/or processing the single output signal can be used.

Further, the light measuring system may be controlled and/or operated by

14
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conventional control and/or operational systems, including, but not limited to various
software instructions and/or programs. It is to be understood that such instructions
and programs are readily available to, or readily programmable, without undue
experimentation from the descriptions as provided herein.

(00071] While the invention has been described with reference to a preferred
embodiment, it should be understood by those skilled in the art that various changes
may be made and equivalents may be substituted for elements thereof without
departing from the essential scope of the invention. In addition, many modifications
may be made to adapt a particular situation or panel to the teachings of the invention
without departing from the essential scope thereof, such as, for example, using UV
and Infrared light or any other defined range. Therefore, it is intended that the
invention not be limited to the particular embodiment disclosed as the best mode
contemplated for carrying out this invention, but that the invention will include all

embodiments falling within the scope of the claims.

15
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CLAIMS

What is claimed 1s:

1. A method for measuring at least one or more of light transmission and

light reflection in at least one medium, comprising:

transmitting light from one or more light transmitters through, and/or

reflecting from, the medium, creating a light environment having at least one desired

property;
sensing the desired light property with at least one light sensor; and,

generating a single output signal which substantially correlates to a defined

system response from a defined spectral range.

. 4

2. The method of claim 1, wherein the single output signal substantially

directly correlates to a specified spectral range and system property desired.

3. The method of claim 2, wherein the specific spectral range comprises
one or more of UV, visible, infrared, and wherein the system property desired

comprises one or more of flat, solar, photopic spectral response.

4. The method of claim 1, wherein the multiple light transmitters

substantially simultaneously transmit light to the light sensor.

J. The method of claim 1, wherein the desired property comprises one or

more specified spectral ranges, and wherein the single output signal substantially

directly correlates to a specified spectral range.

16
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6. The method of claim 5, wherein the single output signal substantially

directly correlates to a specified spectral range of approximately 380 nm to 720 nm.

7. The method of claim 5, wherein the light transmitters have minimal
overlapping spectral ranges or specified overlap ranges.
8. The method of claim 7, wherein a proportionate amount of light in each

spectral range is used to generate the single output signal.

9. The method of claim 1, wherein multiple light transmitters are used to
create multiple lighting environments, and further including combining the multiple

lighting environments to represent a specified environment.

10.  The method of claim 1, wherein one or more optical altering devices
are used to change at least one performance characteristic of the light sensor, the light

transmitter, or both.

11.  The method of claim 10, further wherein the optical altering device

comprises one or more of an optical filter, beam splitter, or lens.

12.  The method of claim 1, wherein the light transmitters generate narrow

spectral ranges, and the method further includes combining the narrow spectral

ranges with non-linear characteristics of the light sensor to generate the single output

signal.

17
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13.  The method of claim 1, wherein the light transmitters generate
broadband spectral ranges, and the method further includes combining the narrow
spectral ranges with non-linear characteristics of the light sensor to generate the

single output signal.

14.  The method of claim 1, including combining multiple light transmitters
with one light sensor to generate the output signal, which single output signal

represents a specified spectral environment over a specified range.

15. The method of claim 14, wherein the specified spectral range may be

divided into narrow light ranges.

16.  The method of claim 15, wherein each transmitter or a set of light
transrnitters is aligned with one sensor for a particular spectral range to form a subset;
and, wherein each subset provides a proportionate amount of a total specified light
range; the method further including combining the subsets, thereby generating the

single output signal for the overall spectral range.

17.  The method of claim 16, wherein a first subset is generated by
combining at least a first light transmitter with a first light sensor to generate a first
signal for a first light environment; and, wherein a second subset is generated by

combining at least second light transmitter with a second light sensor to generate a
second signal for a second environment; whereby the first single signal is combined

with the second signal to generate the single output signal.

18. The method of claim 1, wherein a created specified light environment

for the medium under test is generated by positioning a light transmitter and a light

18
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sensor on opposite sides of the medium for measuring at least one of light

transmission through, or light reflection of, the medium, or with the transmitting and

receiving sections being positioned on a single side of the medium.

19.  The method of claim 1, wherein the created specified light environment

for the medium under test is generated by positioning a light transmitter and a light

sensor on the same side of the medium for measuring light reflection of the medium.

20. The method of claim 1, wherein the single output signal substantially

directly correlates to one or more of a “flat” environment, a photopic environment, or

a solar-like environment.

21.  The method of claim 5, wherein the spectral ranges comprise one or

more of red, green, or blue spectral ranges.

22. A system for measuring light transmission and/or reflections in one or

more transparent, translucent or semi-opaque media, comprising:

multiple light transmitters configured to transmit light through the medium,

the transmitted light having at least one desired property; and,

at least one light sensor configured to sense the desired light property, and

configured to generate a single output signal.

23.  The light measuring system of claim 22, wherein the light environment

is divided into multiple spectral ranges.

24.  The light measuring system of claim 23, wherein a proportionate

amount of light in each spectral range is used to achieve the single output signal.

19
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25.  The light measuring system of claim 22, comprising multiple lights

transmitters configured to substantially simultaneously transmit light.

26.  The light measuring system of claim 22, further including one or more
optical altering devices configured to change performance characteristics of the light

sensor, the light transmitter, or both.

27.  The light measuring system of claim 22, wherein the light transmatters

are configured to generate narrow spectral ranges.

28.  The light measuring system of claim 22, wherein the light transmuitters

are configured to generate broadband spectral ranges.

29.  The light measuring system of claim 22, comprising multiple light

transmitters and one light sensor.

30. The light measuring system of claim 22, wherein the light transmitter
and the light sensor comprise a single unit which 1s configured to be removably
mounted against opposite sides of the medium.

-
g

31.  The light measuring system of claim 22, wherein the light transmitter
and the light sensor comprise separate elements which are configured to be

removably mounted against opposite sides of the medium.
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32.  The light measuring system of claim 22, wherein the light transmitter
and the light sensor are comprised of a single unit which is configured to.be mounted

to one side of the medium for reflection measurements.

33.  The light measuring system of claim 22, wherein the medium
comprises one or more of film, glass, plastic, transparent metal layers, polished

rocks, liquids, gases, or air, either alone or in combination.

34.  The light measuring system of claim 22, wherein the light transmitters
are adjusted (in conjunction with the sensor) by optical or power output methods to

create the specified light environment.

35.  The light measuring system of claim 22, wherein ambient conditions of
the system are measured and the final resulting signal is adjusted to remoye the

effects thereof.

Smart & Biggar
Ottawa, Canada
Patent Agents
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