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(57) ABSTRACT

A simple matrix method and computer program product for
stray-light correction in imaging instruments is provided. The
stray-light correction method includes receiving raw signals
from an imaging instrument and characterizing the imaging
instrument for a set of point spread functions. For high reso-
Iution imaging instruments, the raw signals may be com-
pressed to reduce the size of the correction matrix. Based on
stray-light distribution functions derived from the point
spread functions, a correction matrix is derived. This fast
correction is performed by a matrix multiplication to the
measured raw signals, and may reduce stray-light errors by
more than one order of magnitude. Using the stray-light cor-
rected instrument, significant reductions may be made in
overall measurement uncertainties in radiometry, colorim-
etry, photometry and other applications. Because the PSFs
may include other types of undesired responses, the stray-
light correction also eliminates other types of errors, e.g.,
interreflection between a CCD and the detector window.
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SIMPLE MATRIX METHOD FOR
STRAY-LIGHT CORRECTION IN IMAGING
INSTRUMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to provi-
sional application Ser. No. 60/955,975, filed on or about Aug.
15, 2007, entitled “Simple Matrix Method for Stray-Light
Correction in Imaging Instruments,” naming the same inven-
tors as in the present application. The contents of this provi-
sional application are incorporated by reference, the same as
if fully set forth.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH/DEVELOPMENT

[0002] N/A.

BACKGROUND OF THE INVENTION

[0003] 1. Field of Invention

[0004] The present disclosure relates to stray-light correc-
tion in imaging instruments and, more particularly, to stray-
light correction using a stray-light correction matrix derived
from point spread functions (PSFs) characterized from imag-
ing instruments.

[0005] 2. Description of Related Art

[0006] Radiometric/photometric data may be acquired
using imaging instruments, such as digital cameras, hyper-
spectral imaging systems, imaging radiometers, imaging
photometers and other types of imaging instruments or opti-
cal systems. Image quality, including image sharpness, con-
trast, and stray light, is often an important characteristic of
such imaging instruments or optical systems.

[0007] The quality of images for such imaging instruments
can be improved through state of the art hardware designs and
advanced manufacturing processes. This hardware approach,
however, may be limited by physics and available technolo-
gies. For example, detector window reflections, minimum
achievable surface reflections and/or scattering from lenses,
mirrors, and other types of optical components. This hard-
ware approach may also be limited by the manufacturing cost
of imaging instruments.

[0008] Stray light in an imaging instrument may be the
dominant source of measurement errors. For example, for a
photometer/radiometer, stray light may be the dominant
source of measurement error involving the contrast ratio of
flat panel displays. Stray-light errors in an imaging instru-
ment are often known as “veiling glare” in photometry and
“size-of-source effect” in radiometry.

[0009] Thereisaneed for animage improvement technique
that can significantly reduce measurement errors, while tak-
ing into account errors due to stray light.

[0010] Various mathematical theories and algorithms have
been devised and implemented in order to improve the quality
of'images for imaging instruments or optical systems. These
previously developed techniques are generally based on the
deconvolution algorithms to improve image sharpness, while
failing to focus on stray light errors. These techniques incor-
porate the use of complex mathematical theories. When a
computer is required to perform complex mathematics, the
computer’s processor may be heavily burdened, thus result-
ing in slow response time. Thus, using these techniques
involving complex mathematical theories, it may it may not
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be possible to perform fast corrections of stray-light errors.
Moreover, such techniques may require a significant amount
of processing power. Again, this technique does not focus on
measurement errors due to stray light.

[0011] Accordingly, there is further a need for an image
improvement technique that does not require complicated
mathematical theories, and which can perform robust, fast
correction of stray-light errors.

BRIEF SUMMARY OF DISCLOSURE

[0012] The present disclosure addresses the foregoing defi-
ciencies of the prior art by providing stray-light correction
using a simple matrix derived from point spread functions
(PSFs) characterized by imaging instruments.

[0013] In accordance with one embodiment of the present
disclosure, a simple matrix method for stray-light correction
in an imaging instrument is provided. The method comprises
the steps of determining a set of point spread functions for the
imaging instrument, deriving a stray-light distribution func-
tion for each of said point spread functions. The method
further comprises obtaining a stray-light distribution matrix
based on the derived stray-light distribution functions, and
deriving a stray-light correction matrix, including inverting
the stray-light distribution matrix and an identity matrix.
[0014] In accordance with another embodiment of the
present disclosure, a computer program product is provided
for a simple matrix method for stray-light correction. The
computer program product comprises a computer useable
medium having computer readable code embodied therein.
The computer program product includes point spread func-
tion code for causing the computer to determine a set of point
spread functions for the imaging instrument, stray-light dis-
tribution function code for causing the computer to derive a
stray-light distribution function for each of said point spread
functions, stray-light distribution matrix code for causing the
computer to obtain a stray-light distribution matrix based on
the derived stray-light distribution functions, and stray-light
correction matrix code for causing the computer to derive a
stray-light correction matrix, including code for causing the
computer to invert the stray-light distribution matrix and an
identity matrix.

[0015] In accordance with yet another embodiment of the
present disclosure, a simple matrix method is provided for
stray-light correction in an imaging instrument. This method
may be particularly useful for high resolution imaging instru-
ments having a large number of imaging elements. This
simple matrix method comprises the steps of receiving, from
the imaging instrument, measured raw signals of a light
source, binning the measured raw signals to reduce the num-
ber of measured raw signals. The method further includes
determining a set of point spread functions for the imaging
instrument based on the binned raw signals.

[0016] This simple matrix method further includes deriving
astray-light distribution function for each of said point spread
functions. Based on the derived stray-light distribution func-
tions, the method includes obtaining a stray-light distribution
matrix, and deriving a stray-light correction matrix, including
inverting the stray-light distribution matrix and an identity
matrix.

[0017] In accordance with still another embodiment of the
present disclosure, another simple matrix method is provided
for stray-light correction in an imaging instrument. This
method may also be particularly useful for high resolution
imaging instruments. This method comprises the steps of



US 2009/0059210 Al

receiving, from the imaging instrument, measured raw sig-
nals of a light source. Based on the raw signals, the method
includes determining a set of point spread functions for the
imaging instrument. The method still further includes deriv-
ing a stray-light distribution function for each of said point
spread functions. Based on the derived stray-light distribution
functions, the method includes obtaining a stray-light distri-
bution matrix and deriving a stray-light correction matrix,
including inverting the stray-light distribution matrix and an
identity matrix, wherein the stray-light correction matrix
includes a number of elements. The method also includes
applying a binning technique to reduce the number of ele-
ments in the correction matrix.

[0018] These, as well as other objects, features and benefits
will now become clear from a review ofthe following detailed
description of illustrative embodiments and the accompany-
ing drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 illustrates a camera having stray-light errors
in radiance/luminance measurements that can be addressed
using the stray-light correction technique of the present dis-
closure.

[0020] FIG. 2 illustrates a CCD-array imaging radiometer/
photometer to which the simple matrix method technique
may be applied in accordance with one embodiment of the
present disclosure.

[0021] FIG. 3 illustrates a graph that shows a point spread
function for a measured pin-hole or point source in accor-
dance with one embodiment of the present disclosure.
[0022] FIG. 4 illustrates the relationship between a two-
dimensional point spread function and a corresponding two-
dimensional stray-light distribution function in accordance
with one embodiment of the present disclosure.

[0023] FIG. 5 illustrates how two-dimensional stray-light
distribution functions may be transformed to a one-dimen-
sional column vector in accordance with one embodiment of
the present disclosure.

[0024] FIG. 6 illustrates a 25x25 stray-light distribution
function matrix in accordance with one embodiment of the
present disclosure.

[0025] FIG. 7 illustrates measurement results from a stray-
light corrected CCD imaging photometer in accordance with
one embodiment of the present disclosure.

[0026] FIG. 8 illustrates a flow diagram that shows how
binning may be used with the simple matrix method tech-
nique in accordance with one embodiment of the present
disclosure.

[0027] FIG. 9 illustrates is a system used to implement the
simple matrix method of the present disclosure.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0028] The stray-light correction method of the present
disclosure provides for stray-light correction in imaging
instruments. Initially, an imaging instrument may be charac-
terized for a set of point spread functions (PSFs) covering the
instrument’s field of view. Subsequently, each PSF may be
used to derive stray-light distribution functions (SDFs).
Using this set of derived SDFs and using interpolation/ex-
trapolation between the SDFs, all SDFs may be obtained.
Then, each two-dimensional SDF may be transformed to a
one-dimensional column vector. Using all column vector
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SDFs, an SDF matrix may be constructed. Finally, the SDF
matrix and identity matrix may be used to derive the stray-
light correction matrix by a matrix inversion of both the SDF
matrix and identity matrix. This rapid correction technique
can be used for correction of stray-light errors in measured
images by a simple matrix multiplication.

[0029] Imaging instruments to which the stray-light correc-
tion technique may be applied include air-borne/space-borne
remote sensing imagers, photometers, radiometers, digital
cameras, sensors, electron microscopy, medical imaging and
other optical systems. Optical data that may be measured by
these imaging instruments and optical systems includes radi-
ance, luminance, and other optical quantities.

[0030] Referring now to FIG. 1, illustrated is a camera
exhibiting stray-light errors in luminance measurements that
can be addressed using the stray-light correction technique of
the present disclosure. FIG. 1 includes camera 100 and two
circular light sources 110, 120 having the same luminance.
The area of distribution of the first light source 110 extends
beyond the camera viewfinder’s field-of-view (FOV) and is
much larger than the area of distribution of the second light
source 120 that is only slightly larger than the camera’s mea-
surement FOV.

[0031] Even though the area of light distribution for each
light source may be different, the camera 100 should obtain
the same reading. This diagram illustrates the problems asso-
ciated with stray light in that the camera’s luminance mea-
surements of the light sources are different. The light source
110 having the larger area of light distribution will generally
have a higher luminance measurement result than the light
source 120 having the smaller area of light distribution. Mea-
surement errors due to stray light may be caused by, among
other things, light scattering inside the camera 100, thus giv-
ing rise to different apparent luminance. These inconsistent
luminance measurement results may also be due to stray light
caused by light diffraction, or other phenomena that cause the
image to be blurred, distorted and/or reduce the apparent
contrast of an image. Whatever the cause may be, imaging
instruments may exhibit such measurement errors due to
stray light.

[0032] It should be noted that radiance and luminance are
defined herein in accordance with their International Organi-
zation for Standardization (ISO) definitions. The definition
for “radiance” may be found at ISO 31-6: 1992 (E), which
reads as follows: “at any point on a surface and in a given
direction, the radiant intensity of an element of the surface,
divided by the area of the orthogonal projection of this ele-
ment on a plane perpendicular to the direction.”” Further, in
accordance with the ISO definition of luminance found at ISO
31-6:1992 (E), “luminance” is defined herein as “at a point on
a surface and at a given direction, the luminous intensity of an
element of the surface, divided by the area of the orthogonal
projection of this element on a plane perpendicular to the
given direction.”

[0033] Referring now to FIG. 2, illustrated is a CCD-array
imaging radiometer/photometer 200 to which the stray-light
correction technique may be applied in accordance with one
embodiment of the present disclosure. The instrument 200
has a two-dimensional charge coupled device (CCD) array of
1392x1040 pixels, a CCD pixel size of 4.65 micrometers
(um) by 4.65 pm. This instrument 200 further includes a 55
millimeter (mm) lens.

[0034] The source of stray light in imaging instruments
may be source elements from an extended source known as
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spatial stray light. The term “spatial stray light” may be used
to refer to stray light that is spatially distributed in an imaging
instrument in two dimensions. Such stray light may be quan-
tified in accordance with an imaging instrument’s two-dimen-
sional point spread functions (PSFs).

[0035] For stray-light correction using the simple matrix
method technique, the imaging instrument or optical system
may first be characterized for a set of point spread functions
(PSFs) covering the imaging instrument’s field of view
(FOV). A PSF may be defined as a two-dimensional relative
response of an imaging instrument when the imaging instru-
ment is used to measure a point source or a small pin-hole
source. For purposes of the present disclosure, a light source
may be considered a point source if the resolution of the
imaging instrument is too low to resolve its size. However, it
should be understood that an instrument’s PSFs could be
obtained using approaches (e.g., deriving from line spread
functions) other than direct measurement of a pin-hole or
point source.

[0036] Photometer 200 may be characterized for a set of
PSFs. PSF test conditions for the photometer 200 were for a
pin-hole size of 0.2 mm in diameter at a distance of 2 meters
(m) from the photometer. The iris of the lens for photometer
200 was at F2.8.

[0037] Referring now to FIG. 3, illustrated is a three-di-
mensional graph 310 that shows a PSF for a measured pin-
hole source in accordance with one embodiment of the
present disclosure. This PSF graph 310 shows the two-dimen-
sional relative response of the photometer when the photom-
eter was used to measure the pin-hole light source. Although
the measured pin-hole light source was quite small, i.e., 0.2
mm in diameter, this pin-hole sized image appeared much
larger, blurred and/or scattered when measured by the pho-
tometer as illustrated by pin-hole source measurement. The
degree to which the image is distorted, blurred and/or scat-
tered may be used as a measure of the quality of the photom-
eter 200 and other imaging instruments. Image 320 shows the
point spread function in two-dimensions.

[0038] The PSF graph 310 shows a small range of the PSF
that is populated near the peak of the measured raw signals. At
this peak, the measured raw signals have been normalized to
one. The higher the resolving power of the imaging instru-
ment, the narrower the peak will be.

[0039] The number of PSFs to be determined in accordance
with the simple matrix method is dependent upon a number of
factors. For example, consistency between the PSFs for a
particular imaging instrument may be a factor in determining
the number of PSFs needed. Where the PSFs for a particular
imaging instrument are consistent, fewer PSFs may be justi-
fied. On the other hand, where the PSFs for a particular
imaging instrument are inconsistent, additional PSFs may be
justified.

[0040] In addition, the number of PSFs may also depend
upon the degree of correction accuracy needed for the imag-
ing instrument. For an imaging instrument that requires a
greater degree of correction accuracy in its applications, more
PSFs may be called for when compared to a case where an
instrument calls for a lesser degree of correction accuracy. In
some cases, sixteen (16) or thirty-two (32) PSFs may be
sufficient.

[0041] The PSFs, denoted s, ;, that have been characterized
for the photometer may be used to derive a stray-light distri-
bution function (SDF). The SDF, denoted d, ,, is the ratio of
the stray-light signal to the total signal within the resolving
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power (IR) of the imaging instrument when the imaging
instrument is used to measure a point source or a small pin-
hole source. The SDF may be expressed as follows:

Skt (Equation 1)
s = 2 Sk
kiciR
[0042] Referring now to FIG. 4, illustrated is pictorial

showing the relationship between the two-dimensional PSF
and the two-dimensional SDF in accordance with one
embodiment of the present disclosure. Here, the PSF and SDF
are shown at pixel (3, 3), i.e., at row 3 and column 3. Each
pixel sees only a small part of the image. As illustrated in FIG.
4, the above-referenced equation is used to determine the
SDF, i.e., the ratio of the stray-light signal at a particular pixel
to the total signal within the resolving power of the imaging
instrument.

[0043] Actual SDFs may be derived from the actual PSFs.
In addition thereto, interpolation and/or extrapolation may be
performed to obtain additional SDFs between the actual
SDFs. Any appropriate type of interpolation or extrapolation
method may be used to construct new SDF data within the
range of the set of known SDFs. For example, this two-
dimensional interpolation may include nearest, linear, loga-
rithmic, spline or polynomial, among others. Moreover,
extrapolation may be used to determine additional SDFs out-
side the range of known SDFs. Thus, in addition to known
SDFs, additional SDFs may be obtained using interpolation
or extrapolation. These and other interpolation/extrapolation
techniques are known in the arts.

[0044] At the lower portion of FIG. 4, illustrated is a gen-
eral case two-dimensional PSF for a pin-hole source being
converted to the corresponding SDF. As illustrated, k repre-
sents a row number, 1 represents a column number, m repre-
sents the total number of rows, and n represents the total
number of columns of the detector array.

[0045] Each ofthe two-dimensional SDFs for each pixel—
whether derived, interpolated or extrapolated—may be trans-
formed to a one-dimensional column vector. In orderto derive
the one-dimensional column vector, the pixel index i may be
expressed as follows:

i=(k-1)xn+l

[0046] where mxn represents the total number of pixels of
the detector array.

[0047] Referring now to FIG. 5, illustrated is an SDF pic-
torial showing how two-dimensional SDFs may be trans-
formed to a one-dimensional column vector in accordance
with one embodiment of the present disclosure. Here, SDFs
are shown for a 5 by 5 matrix. The imaging instrument had a
5 by 5 pixel arrangement. Each row of the SDF is designated
as k, and each column designated as 1. The two-dimensional
SDF at pixel (3, 3) is transformed to a one-dimensional col-
umn vector SDF. The one-dimensional column vector is then
re-indexed as elements one to twenty-five. The pixel (3, 3) in
the two-dimensional SDF becomes pixel 13 in the one-di-
mensional column vector SDF. This one-dimensional column
vector SDF for pixel 13 is then used to fill the corresponding
column 13 of the 25x25 SDF matrix, D. Here, in FIG. 5, the
two-dimensional re-index column vector SDF for filling col-
umn 13 of the 25x25 SDF matrix, D, is also shown.

(Equation 2)
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[0048] Using all the column vector SDFs for every pixel, an
SDF matrix, D, may be constructed. Referring now to FIG. 6,
illustrated is a simplified representative SDF matrix for all
columns in accordance with one embodiment of the present
disclosure. FIG. 6 highlights the placement of column 13
within the SDF matrix, D.

[0049] Similar to the SDF function’s transformation from
two-dimensions to a one-dimensional column vector, the
measured raw image (or the stray-light distribution) may be
transformed to a one-dimensional column vector for stray-
light correction. The column vector image (or stray light) is
denoted herein with a subscript “cv”. For a wide scene mea-
surement, the column vector of stray-light signals, Y, ., ..,
may be expressed as a function of the SDF matrix, D, and the
column vector of signals resulting from the light of the
imaged scene within the resolving power of the imaging
instrument, Y5 ., as follows:

Y. ~DY R ,ev

s__spat,cV
[0050] Because the measured raw signals are known, the
column vector of the measured raw signals may be expressed
aSY 45, o Because it is known that the raw signals include
the actual signal as well as the stray-light signals, their rela-
tionship may be expressed according to the following equa-
tion:

(Equation 3)

Ycas.ov YRt s _spatev

[0051] Substituting the known equivalents D Y, , for
Y the following may be derived:

S_spat, cv?

(Equation 4)

Y, YR ot DY o, =[D] Yig o= A YR oo

[0052] where A=[I+D] is the square coefficient matrix of
order mxn, and is nearly an identity matrix. Thus, Y, ., may
be expressed in terms of Y by a matrix inversion as
follows:

(Equation 5)

meas, cv

YigemA” Y, cas,ov=Capar ¥

spat L meas,cv

(Equation 6)

where A=[I+D)] is the stray-light correction matrix, denoted,
C,,ar- The instrument’s response to stray light is corrected
using the following equation:

YIR,cv:C Y,

spat L meas,cv
[0053] whereY,, ., is the column vector of the stray-light
corrected signals and Y., ., is the column vector of the
measured raw signals obtained by transforming the two-di-
mensional imaging signals. Using the equation immediately
above, the stray-light correction becomes a simple matrix
multiplication. It should be noted that the inversion of A (or
[1+D]) is needed only once to obtain the correction matrix
C,,ar as long as the instrument’s imaging characteristics do
not change. Also, the resulting stray-light correction may
correct other unwanted responses, e.g., the interreflection
between the detector array and the detector window, as well
since the measured PSFs also include other types ofundesired
responses from the imaging instrument.

[0054] After an instrument has been corrected using the
simple matrix method technique described herein, the correc-
tion results may be validated. Referring now to FIG. 7, illus-
trated are measurement results from a stray-light corrected
CCD photometer in accordance with one embodiment of the
present disclosure.

[0055] The graphs illustrated in FIG. 7 show measurement
results for a stray-light corrected CCD photometer which was
used to measure the luminance of a black spot. The upper
graph shows the logarithmic measurement results, and the

(Equation 7)
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lower graph shows linear measurement results. In the correc-
tion results for this black spot, the correction matrix was 4096
elements by 4096 elements in size.

[0056] The black spot, which could be a piece of black
aluminum foil or other opaque black disk, was placed on the
port of an integrating sphere light source. The size of the
sphere port was adjusted to be smaller than the FOV of the
imaging photometer, so that stray-light signals arising from
sources outside the FOV were theoretically zero. As shown,
the stray-light signals were corrected by more than one order
of magnitude.

[0057] High resolution imaging instruments may present
particular problems in use with the simple matrix method. It
should be noted that whether or not an instrument is classified
as high resolution may depend on the type of instrument. For
example, the term “high resolution” when used in connection
with a microscope may have a different meaning than when
the term is used for a telescope. What is apparent is that
instruments having large numbers of pixels may present par-
ticular concerns when the simple matrix method is applied
because large correction matrices may result. Accordingly, a
binning technique or other image compression techniques
may be used to deal with large correction matrices. The aim of
the binning technique is to reduce the resolution by allowing
multiple adjacent pixels to be combined into one pixel for the
purpose of stray-light correction only.

[0058] Referring now to FIG. 8, illustrated is a flow dia-
gram that shows how binning may be used with the simple
matrix method technique in accordance with one embodi-
ment of the present disclosure.

[0059] Some high resolution imaging instruments may
have as many as ten million (10,000,000) pixels or more of
resolution capability. For a high resolution imaging instru-
ment having a large number of imaging elements, the raw
measured high resolution (HR) image, Y,,.,., may be binned
to a low resolution (LR) image, Y, 5., to reduce the size of
the correction matrix, without reducing the resolution of the
image.

[0060] In FIG. 8, the high resolution image, which may
have an 18x18 raw signal, is received at step 810. This 18x18
raw signal may be binned or compressed to a 3x3 raw signal
at step 820 to obtain the binned corrected signal at step 830.
Before obtaining the binned corrected signal at step 830, the
binned image may be transformed first to a one-dimensional
column vector as shown at step 825 and then corrected for
stray light to obtain the stray-light corrected image via the
following equation as shown at step 840:

YR, bin,ev=Cspat,pin ¥ meas,bin.cv (Equation 8)

[0061] The one-dimensional column vector Yz 4, oy
shown at step 845 may be transformed then to a two-dimen-
sional matrixY z_ ;;, shown at step 830. The two-dimensional
stray-light signal for the binned or compressed image may be
expressed as Y,_,,,,,, bin, may be determined using the fol-

lowing equation as shown at step 850:

Yy patpin™ Vmeas,bin= Y1R pin (Equation 9)
[0062] The two-dimensional matrix Y, ., bin may be

interpolated/extrapolated to a two-dimensional high resolu-
tion stray-light matrixY,_, .. as shown at step 870. The stray-
light corrected high resolution image is obtained by the fol-
lowing equation as shown at step 880:

Yir=Yeas= ¥,

spar

(Equation 10)
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[0063] The stray-light corrected image is then obtained as
shown at step 890.

[0064] It should be noted that the SDF matrix (or SDF
functions) may also be directly used to correct stray-light
errors using an iterative approach such as shown in Equation
11. Depending on the imaging instrument, the far-field ele-
ments of a SDF may be small enough that may be replaced
with zeros, which can reduce actual size of the SDF and
therefore increase computing speed. An iterative approach is
in general slower and more cumbersome than the approach
using the stray-light correction matrix as described above.

ViR =Y s~ DY k=0, 1,2, ...
Y=Y,

[0065] As described herein, a simple practical method is
used to correct stray-light errors in optical systems or imaging
instruments. These systems include imaging photometers/
radiometers, hyperspectral imaging instruments and the like.
This simple correction may be easily implemented in the
software of an imaging instrument so that fast corrections can
be made. By applying such a correction, stray-light errors can
be reduced by more than one order of magnitude. In addition
to stray-light correction, the simple matrix method may be
used to correct other types of unwanted responses, e.g., the
interreflection between the detector array and the detector
window, for an imaging instrument.

[0066] The simple matrix method may be implemented
using a conventional personal computer. Referring now to
FIG. 9, illustrated is a diagram of a system used to implement
the simple matrix method of the present disclosure. The
simple matrix method may be implemented in software that is
run on one or more user workstations, e.g., workstation 920.
These workstations may be used to configure modules and/or
to receive and transmit information to the simple matrix
method software. Here, a USB connection 930 is used to
receive and transmit information to the simple matrix method
software. For example, imaging instrument 910 can transmit
measured raw signals via USB connection 930 or any type of
communication interface.

[0067] User workstation 920 may be a conventional per-
sonal computer, and may be provided, for example, as an
IBM®-compatible computer, APPLE®, MACINTOSH®
personal computer, UNIX®-based workstation, or any other
equivalent computer system, whether laptop, desktop or oth-
erwise.

[0068] Under some circumstances, these workstations may
be personal digital assistants (PDA’s) or any other such
device. The computer system used may also include e.g., a
WINDOWS® hand-held device such as a POCKET PC®
hand-held device.

[0069] Each workstation 920 may include a central pro-
cessing unit, a display 925, a mouse 940, and a keyboard 935
for receiving user input into the system. Input devices, e.g., a
mouse and the keyboard may be coupled to the user’s work-
station so that the user’s computer may receive information
that is input by him/her, and/or so that imaging information
can be routed through a network to a central server.

[0070] The exemplary workstations described herein are
for descriptive purposes only. Although the description may
refer to terms commonly used in describing particular com-
puter systems, the description and concepts equally apply to
other processing systems, including systems having architec-
tures dissimilar to those described.

(Equation 11)
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[0071] The read only memory (ROM) for each workstation
may operate to effect permanent storage of information. Ran-
dom access memory (RAM) for each workstation may oper-
ate to effect temporary storage of information. Each of the
aforementioned components may be coupled to a bus. Opera-
tion of workstations used to implement the simple matrix
method may be generally controlled and coordinated by oper-
ating system software. The operating system that runs on each
workstation may be, but is not limited to, MICROSOFT®
WINDOWS VISTA®, MICROSOFT® WINDOWS XP®, or
a version of MAC OS® or UNIX® operating system or the
like.

[0072] Alternatively, the principles of the present invention
can be applied to a computer system using a version of DOS
(disk operating system), or other operating system programs.
Anoperating system resident in system memory and executed
by the CPUs ofthe workstations may coordinate the operation
of the other elements of workstations.

[0073] Data and software, including the simple matrix
method software, may be provided to and extracted from each
workstation or a central server via removable storage media
such as, without limitation, a CD-ROM or DVD.

[0074] Each workstation may include a communications
adapter, e.g., connection 930, which allows the workstation to
be interconnected to a local area network (LAN), a wide area
network (WAN) or a public network. Thus, imaging data and
related computer program software may be transferred to and
from each workstation via the adapter and network.

[0075] The communications adapter 930 may be a firewire
or a USB port such as those that may be used with many of
today’s imaging instruments suitable for scientific applica-
tions.

[0076] Either all or portions of the stray-light correction
software used to achieve the purposes of the present disclo-
sure can be resident on each workstation. Alternatively, either
all or portions of the stray-light correction software may be
resident on a central server.

[0077] Insome cases, the simple matrix method may even
be implemented in software resident in the imaging instru-
ment itself.

[0078] While the specification describes particular
embodiments of the present invention, those of ordinary skill
can devise variations of the present invention without depart-
ing from the inventive concept.

We claim:
1. A simple matrix method for stray-light correction in an
imaging instrument, comprising the steps of:
determining a set of point spread functions for the imaging
instrument;
deriving a stray-light distribution function for each of said
point spread functions;
based on the derived stray-light distribution functions,
obtaining a stray-light distribution matrix; and
deriving a stray-light correction matrix, including invert-
ing the stray-light distribution matrix and an identity
matrix.
2. The method of claim 1, wherein the step of determining
a set of point spread functions includes the step of:
receiving, from the imaging instrument, measured raw sig-
nals of a light source.
3. The method of claim 2, wherein the measured raw sig-
nals represent radiance or luminance of a light source.
4. The method of claim 2, wherein the light source is a point
source.
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5. The method of claim 2, further comprising:

binning or compressing the measured raw signals to reduce

the number of measured raw signals.

6. The method of claim 2, further comprising:

binning or compressing the measured raw signals, thus

reducing the number of measured raw signals without
reducing the resolution of an image that is received with
the measured raw signals.

7. The method of claim 1, wherein the obtaining step
includes the steps of:

interpolating or extrapolating among the derived stray-

light distribution functions to obtain additional stray-
light distribution functions.

8. The method of claim 1, wherein the obtaining step
includes the step of:

transforming each stray-light distribution function to a

one-dimensional column vector.

9. The method of claim 1, further comprising the step of:

correcting stray-light errors based on the stray-light cor-

rection matrix.

10. A computer program product comprising a computer
useable medium having computer readable code embodied
therein for a simple matrix method for stray-light correction,
the computer program product comprising:

point spread function code for causing the computer to

determine a set of point spread functions for the imaging
instrument;

stray-light distribution function code for causing the com-

puter to derive a stray-light distribution function for each
of said point spread functions;
stray-light distribution matrix code for causing the com-
puter to obtain a stray-light distribution matrix based on
the derived stray-light distribution functions; and

stray-light correction matrix code for causing the computer
to derive a stray-light correction matrix, including code
for causing the computer to invert the stray-light distri-
bution matrix and an identity matrix.

11. The computer program product of claim 10, wherein
the point spread function code includes receiving code for
causing the computer to receive, from the imaging instru-
ment, measured raw signals for radiance or luminance of a
point source.

12. The computer program product of claim 10, wherein
the stray-light distribution matrix code includes interpola-
tion/extrapolation code for causing the computer to interpo-
late or extrapolate among the derived stray-light distribution
functions to obtain additional stray-light distribution func-
tions.

13. The computer program product of claim 10, wherein
the stray-light distribution matrix code includes transforma-
tion code for causing the computer to transform each of the
obtained stray-light distribution functions to a one-dimen-
sional column vector.

14. The computer program product of claim 10, further
comprising:

binning/compressing code for causing the computer to bin

or compress the measured raw signals to a lesser number
of signals.

15. The computer program product of claim 10, further
comprising:

stray-light correction code for causing the computer to

correct stray-light errors based on the stray-light correc-
tion matrix.
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16. The computer program product of claim 10, further
comprising:

binning/compressing code for causing the computer to bin

or compress the measured raw signals to a lesser number
of signals, without reducing the resolution of an image
that is received with the measured raw signals.

17. A simple matrix method for stray-light correction in an
imaging instrument, comprising the steps of:

receiving, from the imaging instrument, measured raw sig-

nals of a light source;

binning or compressing the measured raw signals to reduce

the number of measured raw signals;

based on the binned/compressed raw signals, determining

a set of point spread functions for the imaging instru-
ment;

deriving a stray-light distribution function for each of said

point spread functions;
based on the derived stray-light distribution functions,
obtaining a stray-light distribution matrix; and

deriving a stray-light correction matrix, including invert-
ing the stray-light distribution matrix and an identity
matrix.

18. The method of claim 17, wherein the measured raw
signals include signals that represent radiance or luminance
of a light source.

19. The method of claim 18, wherein the light source is a
point source.

20. The method of claim 17, wherein the obtaining step
includes the steps of:

interpolating or extrapolating among the derived stray-

light distribution functions to obtain additional stray-
light distribution functions.

21. The method of claim 18, wherein the obtaining step
includes the step of:

transforming each stray-light distribution function to a

one-dimensional column vector.

22. A simple matrix method for stray-light correction in an
imaging instrument, comprising the steps of:

receiving, from the imaging instrument, measured raw sig-

nals of a light source;

based on the raw signals, determining a set of point spread

functions for the imaging instrument;

deriving a stray-light distribution function for each of said

point spread functions;

based on the derived stray-light distribution functions,

obtaining a stray-light distribution matrix;

deriving a stray-light correction matrix, including invert-

ing the stray-light distribution matrix and an identity
matrix, wherein the stray-light correction matrix
includes a number of elements; and

applying a binning or compression technique to reduce the

number of elements in the correction matrix.

23. The method of claim 21, further comprising:

correcting stray-light errors based on the stray-light cor-

rection matrix.

24. The method of claim 21, wherein the binning or com-
pression technique is further configured to reduce the number
of elements in the correction matrix without reducing the
resolution of an image that is received with the measured raw
signals.



