wo 20117104714 A1 I T A0KVO0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g5 1IN0 AN A0 OO O OO 1
International Bureau S,/ )
sUMPV 10) International Publicati
(43) International Publication Date \'{:/_?___/ (10) International Publication Number
1 September 2011 (01.09.2011) PCT WO 2011/104714 Al

(51) International Patent Classification: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
GO6K 9/46 (2006.01) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. .. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(21) International Application Number: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
PCT/IL2011/000189 NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(22) International Filing Date: SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

24 February 2011 (24.02.2011) TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L. ) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM., KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(30) Priority Data: ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
61/308,077 25 February 2010 (25.02.2010) US TM), Buropean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Inventor; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(71) Applicant : VOROVITCHIK, Shlomo [IL/IL]; Moshav SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,

Faran, Meshek 75, 86835 D. N. Arava (IL). GW, ML, MR, NE, SN, TD, TG).

(74) Agent: PEARL COHEN ZEDEK LATZER; P.O. Box Published:

12704, 46733 Herzlia (IL). —  with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every __ before the expiration of the time limit for amending the

kind of national protection available): AE, AG, AL, AM, claims and to be republished in the event of receipt of
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, amendments (Rule 48.2(h))

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(54) Title: LIGHT FILTER WITH VARYING POLARIZATION ANGLES AND PROCESSING ALGORITHM

10 100 200 300 40C 510 500 560

Fig. 1

(57) Abstract: A method, system and polarization filter for analyzing polarization properties of light are described, the method
comprising: receiving image data from a plurality of image sensor cells, the image sensor cells comprised in an image sensing sys-
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LIGHT FILTER WITH VARYING POLARIZATION ANGLES AND
PROCESSING ALGORITHM

BACKGROUND OF THE INVENTION

[001] As the use of machine imaging and image processing develops in various fields
such as, for example, security, gaming, medicine, military, science and plastic arts, there is

a growing need for highly advantageous image processing and analysis tools.
BRIEF DESCRIPTION OF THE DRAWINGS

[002] The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed

description when read with the accompanying drawings in which:

[003] Fig. 1 is a schematic illustration of an image sensing system for analyzing

polarization properties of light according to some embodiments of the present invention;

[004] Fig. 2 is a top view schematic illustration of polarization filter sub-arrays over an

array of image sensor cells according to some embodiments of the present invention;

[005] Fig. 3 is a sectional layered schematic illustration of a polarization filter, a
wavelength filter and an image sensor arranged according to some embodiments of the

present invention;

[006] Fig. 4 is a schematic illustration of an exemplary sub-array of polarization cells

according to some embodiments of the present invention; and

[007] Fig. S is a schematic flowchart illustrating a method for analyzing polarization

properties of light according to some embodiments of the present invention.

[008] It will be appreciated that for simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For example, the dimensions of
some of the elements may be exaggerated relative to other elements for clarity. Further,
where considered appropriate, reference numerals may be repeated among the figures to

indicate corresponding or analogous elements.
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DETAILED DESCRIPTION OF THE PRESENT INVENTION

[009] In the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding of the invention. However, it will be
understood by those skilled in the art that the present invention may be practiced without
these specific details. In other instances, well-known methods, procedures, and

components have not been described in detail so as not to obscure the present invention.

[0010] Embodiments of the present invention may provide a light polarization filter and
system for anaiyzing polarization properties of the light captured by an image sensor. The
light polarization filter according to embodiments of the present invention may reveal
polarization properties of light captured by an image sensor. The information about
polarization properties of the captured light may be used, for example, for image analysis
by a human and/or by a processor, for example, in a machine vision and/or inspection
systems. The analysis of the polarization properties may be used, for example, for
deducing information about the objects being imaged and/or for detection of certain
elements and/or properties of elements in the image. Additionally, in some embodiments
of the present invention, the information about polarization properties of the captured light
may be used, for example, for processing and/or improvement of the captured image, for
calibration of the image sensor and/or for adjustment of light sources which may be used

for capturing the image.

[0011] A system according to embodiments of the present invention may be embedded in
various kinds of imagers, cameras, scanners and other image sensors, and thus, for
example, may enable capturing an enhanced image with additional layers of information,

which may be deduced from the polarization properties revealed by the polarization filter.

[0012] Reference is now made to Fig. 1, which is a schematic illustration of an image
sensing system 10 for analyzing polarization properties of light according to some
embodiments of the present invention. System 10 may include an optical element 100 for
collecting light, a polarization filter 200, a wavelength filter 300, an image sensor 400 and
an image processing system 500. Image processing unit S00 may include a processor 560
and a non-transitory storage media 580, wherein a non-transitory storage media may

include any storage media accept for a transitory, propagating signal. Image processing
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unit 500 may communicate with image sensor 400 and optionally with other elements of
system 10 such as, for example, wavelength filter 300 and/or optical element 100, via a
two way data link 510. System 10 may receive light via optical element 100 and let it flow
in the direction of arrow A. Although in Fig. 1 polarization filter 200 is shown between
optical element 100 and wavelength filter 300, the invention is not limited in this respect
and polarization filter 200 may be positioned in other locations in system 10. For example,
in some embodiments filter 200 may be located between wavelength filter 300 and image
sensor 400 or, for example, may be embedded in image sensor 400. In other embodiments
filter 200 may be located, for example, in front of optical element 100 so that light may
pass through filter 200 before collection by optical element 100.

[0013] Polarization filter 200 may include an array of polarization cells in various
directions of polarization, as will be described in more detail with reference to Fig. 2. The
array of cells may include a plurality of repeated sub-arrays of polarization cells in various
directions of polarization, for example, in a repeated pattern. A polarization cell of
polarization filter 200 may correspond to a respective cell or predetermined group of cells
of image sensor 400, so that substantially all the light received onto a cell or
predetermined group of cells of image sensor 400 has passed through the respective

polarization cell of polarization filter 200.

[0014] Wavelength filter 300 may include an array of wavelength filtering cells in various
colors, as will be described in more detail with reference to Fig. 3. The array of cells may
include a plurality of repeated sub-arrays of wavelength filtering cells in various colors,
for example, in a repeated pattern such as, for example, in a Bayer filter. A sub-array of
wavelength filtering cells may correspond to a respective polarization cell of polarization
filter 200 and to its respective cell or predetermined group of cells of image sensor 400 so
that substantially all the light received onto a cell or predetermined group of cells of image
sensor 400 has passed through both the respective polarization cell of polarization filter
200 and the respective sub-array of wavelength filtering cells in various colors. In some
embodiments of the present invention, a wavelength filtering cell of wavelength filter 300
may correspond to a predetermined respective cell or sub-group of cells, within the
predetermined group of cells in image sensor 400 which correspond to a certain

polarization cell.
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[0015] Accordingly, a cell of image sensor 400 may receive light in a certain color and
certain polarization. Additionally, light component with certain polarization property that
passed a corresponding polarization cell, may be received onto the corresponding
predetermined group of image sensor cells after passing the respective wavelength
filtering cells, and thus each image sensor cell in the predetermined group may receive the
polarized light component in a different color. A data base of relations of each image
sensor cell with the respective wavelength filtering cell and polarization cell may be stored
in non-transitory storage media 580. Since the image sensor cells can be related to their
respective polarization and color cells, comparison between the intensities of light
received in several cells, for example, of adjacent groups which relate to different
polarization cells, may enable deduction of information, for example, about objects being
imaged, illumination conditions, calibration of image sensor 400, wavelength filter 300
and/or optical element 100 and so forth. The analysis of the polarization and/or color

information may be performed, for example, by image processing unit 500.

[0016] As mentioned above, image processing unit 500 may deduce calibration
information from the polarization and/or color properties of light received onto cells of
image sensor 400. In some embodiments of the present invention, based on the deduced
calibration information, image processing unit 500 may change calibration of image .
sensor 400, wavelength filter 300 and/or optical element 100, for example by control

messages via data link 510.

[0017] Reference is now made to Fig. 2, which is a top view schematic illustration of
polarization filter sub-arrays 210, which may be included in polarization filter 200
described above, over an array 420 of image sensor cells 410 that may be included in
image sensor 400, according to some embodiments of the present invention. A sub-array
210 may include several polarization cells 211, 212, 213 and 214 with different
polarization properties. Although Fig. 2 depicts four polarization cells in each sub-array
210, any other number of polarization cells may be included in a sub-array 210, as long as
at least two polarization cells with different polarization properties are included in the
same sub-array 210. For example, polarization cell 211 may be a reference cell which
transmits substantially all light, polarized and not polarized. Polarization cell 212 may

transmit only linearly polarized light in one direction, for example vertically polarized
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light. Polarization cell 213 may transmit only linearly polarized light in another direction,
for example horizontally polarized light. Polarization cell 214 may transmit only circularly
polarized light. In some embodiments of the present invention, the same arrangemé/nt of
polarization cells may be included in each sub-array 210, for example so as to form a
repeating pattern of polarization cells. However, in other embodiments, different sub-
arrays 210 may include different polarizing cells and/or different arrangements. According
to some embodiments of the present invention, as illustrated in Fig. 2, each polarization
cell 211, 212, 213 and 214 may be aligned over a corresponding group of image sensor
cells 410, for example four sensor cells 410 as illustrated in Fig. 2, so that each
polarization cell fits in size, shape and alignment to a respective group of four cells 410. In
other embodiments of the present invention, an optical element between polarization filter
200 and image sensor 400 may direct the light passing through a polarization cell 211,
212, 213 or 214 to the respective group of image sensor cells 410 and thus, for example,

an exact superposition of a polarization cell over the respective group of cells 410 may not

be required.

[0018] Reference is now made to Fig. 3, which is a sectional layered schematic
illustration of polarization filter 200, wavelength filter 300 and image sensor 400 arranged
according to some embodiments of the present invention. In the sectional view of Fig. 3,
an exemplary portion of image sensor 400 is shown including several image sensor cells
410. A respective portion of wavelength filter 300 may include a corresponding number of
wavelength filtering cells 310 of various colors. A respective portion of polarization filter
200 may include two adjacent polarization cells with different polarization properties,
such as vertical and horizontal polarization cells 212 and 213 or any other possible
polarization cells as described above. Wavelength filtering cells 310 may be arranged in
repeating sub-arrays of wavelength filtering cells 310 of various colors. For example, each
of polarization cells 211, 212, 213 and 214 or another may be aligned with a respective
sub-array of wavelength filtering cells 310 of wavelength filter 300. Additionally, each
wavelength filtering cell 310 may be aligned with an image sensor cell 410, so that, for
example, a certain cell 410 may receive light that passed through a respective wavelength
filtering cell 310 in a certain color and through a respective polarization cell 211, 212, 213

or 214 or another with a certain polarization property. Additionally, light component with

5



10

15

20

25

30

WO 2011/104714 PCT/IL2011/000189

Additionally, light component with certain polarization property that passed a
corresponding polarization cell, may be received onto several image sensor cells 410 after
passing respective wavelength filtering cells 310, and thus each of the several cells 410
may receive the polarized light in a different color. For this purpose, wavelength filter 300
and polarization filter 200 are interchangeable, i.e. the light may pass through polarization

filter 200 and then through wavelength filter 300 or vice versa.

[0019] Reference is now made to Fig. 4, which is a schematic illustration of an exemplary
sub-array 210 of polarization cells of polarization filter 200 according to some
embodiments of the present invention. Sub-array 210 may include a core array 250 of
polarization cells 211, 212, 213 and 214 with no polarization, vertical polarization,
horizontal polarization and circular polarization, respectively, as described in detail above
with reference to Fig. 2. Additionally, sub-array 210 may include layer 260 of polarization
cells 1 to 12 surrounding core array 250 and layer 270 of polarization cells 13-32
surrounding layer 260. Similarly, sub-array 210 may include additional surrounding layers
of polarization cells. At least some of the polarization cells in surrounding layers 260, 270
and so forth may have various linear polarization directions. In some embodiments of the
present invention, in each layer, the linear polarization cells may have different linear
polarization directions, wherein the polarization phase difference between adjacent linear
polarization cells in a layer may be determined by dividing 360 degrees by the number of
linear polarization cells in the layer. For example, in layer 260, which may include, for
example, 12 cells, the polarization phase difference between adjacent cells may be about
30 degrees. In layer 270, which includes 20 cells, the polarization phase difference
between adjacent cells may be about 18 degrees. Additional layers which may include
more cells may provide smaller phase differences between adjacent cells, thus, for
example, enabling detection of finer details of polarization information and/or more
accurate deduction of information based on the revealed polarization information. In some
embodiments of the present invention, surrounding layers 260, 270 and so forth may
include additional reference cells with no polarization such as cell 211, optionally with
different transparency levels. In some embodiments of the present invention, surrounding

layers 260, 270 and so forth may include additional circular polarization cells such as cell
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214, optionally with different directions of circular polarization (such as clockwise or

counterclockwise circular polarization).

[0020] Although Figs. 2, 3 and 4 illustrate square-shaped polarization cells, wavelength
filtering cells and image sensor cells, it will be appreciated that according to some
embodiments of the present invention, other geometrical shapes of cells are possible, such -
as, for example, circular or hexagonal cells. Additionally, different patterns and shapes of

cell arrays and/or sub-arrays than shown in the drawings are possible.

[0021] Reference is now made to Fig. 5, which is a schematic flowchart illustrating a
method for analyzing polarization properties of light according to some embodiments of
the present invention. As indicated in block 610, the method may include receiving, for
example at image processing unit 500, image data from a plurality of image sensor cells
410 of image sensor 400. As described in detail above, image sensor 400, wavelength
filter 300 and polarization filter 200 are aligned so that, for example, light component with
certain polarization property that passed a corresponding polarization cell, may be
received onto several image sensor cells 410 after passing respective wavelength filtering
cells 310, and thus each of the several cells 410 may receive the polarized light in a
different color. Accordingly, based on data relating each image sensor cell 410 to the
corresponding polarization cell and wavelength filtering cell, comparisons of image data
received from several image sensor cells 410 may enable deduction of color, intensity and

polarization data.

[0022] As indicated in block 620, the method may include separating from the received
image data polarization information and scene image data of a scene being captured. The
polarization information and scene image data may be deduced for example, by
comparing image data received from a group of several image sensor cells 410. The
analysis of the image data, including comparisons of the image data and deduction of
information, may be performed, for example, by processor 560 of image processing unit
500. The separated polarization information may be related to a certain image pixel,
which may be defined by the group of image sensor cells from which the polarization
information is being deduced. For example, the group of image sensor cells may
correspond to a sub-array 210 of polarization cells, for example, as described above with

reference to Fig. 2. The separated polarization information may include the degree and
7
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direction of linear polarization, the degree and direction of circular polarization, and the
total intensity. The polarization information may be represented by Stokes parameters of

polarization, from which the intensity and polarization information may be deduced.

[0023] As indicated in block 630, the method may include processing the polarization
information, for example, with relation to the respective scene image data, in order to
deduce information about the scene being imaged, the image optical quality and/or the

image sensor.

[0024] As indicated in block 640, processing of the polarization information, for example,
with relation to the respective scene image data, may be performed in order to deduce
information about the scene being imaged such as, for example, illumination direction
and/or intensity, physical properties of objects being imaged and/or detection of certain
kinds of objects and/or scenes. For example, since reflection of light from certain kinds of
materials affects the polarization of light in a known manner, information about the
materials from which objects and/or surfaces are made of may be deduced based on the
polarization information. Moreover, particular light sources with particular polarization
properties and/or patterns may be used for illuminating the imaged scene, for detection of
particular kinds objects/surfaces based on the polarization information received from

image sensor cells 410.

[0025] Additionally, based on the polarization information, sizes and/or shapes of objects
and/or distances of objects from the image sensor may be deduced. Based on analysis of
the size and/or shape of an object, the object may be identified. Additionally, based on the
polarization information, information about the medium between the image sensor and the
imaged object/surface may be deduced, such as, for example, information about materials
existing in the air/water/other medium between the image sensor and the imaged
object/surface. Such information about materials may be indicative, for example, of
air/water pollution. Additionally, based on the polarization information, information about
natural light sources and/or artificial light sources in the imaged scene may be detected,
such as location, direction, intensity, glare, etc., for example, by analyzing the degree and
direction of linear polarization. The ability to process the polarization information in order
to deduce information about the scene being imaged, which is provided by embodiments

of the present invention, may be used, for example, in remote sensing systems, machine
8
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vision systems, automatic sorting machines, computerized face and/or other feature

detection, medical imaging and many other applications.

[0026] As indicated in block 650, processing of the polarization information, for example,
with relation to the respective scene image data, may be performed in order to deduce
information about the optical and/or visual quality of the captured scene image. For
example, certain kinds of color distortions on the scene image may be correlated with high
degree of linear polarization, such as color distortions caused by light reflections from
surfaces in the scene. Other kinds of color distortions on the scene image may be
correlated with low degree of linear polarization, such as color distortions caused by
unpolarized light radiated from a light source in the scene. By analyzing the polarization
information, regions with color distortions and the nature of color distortions may be
detected and, thus for example, correction of the image may be enabled. Additionally,
based on the polarization information, regions of haze and/or glare may be detected,
which may result, for example, from the quality of the medium between the image sensor
and the imaged objects\surfaces. The haze and/or glare properties of the image may be
isolated from the image data by identifying the regions of polarization properties which
correlate with the haze and/or glare, thus, for example, enabling correction of the image by

subtraction of the haze and/or glare data.

[0027] As indicated in block 660, processing of the polarization information, for example,
with relation to the respective scene image data, may be performed in order to deduce
information about the image sensor. For example, based on the polarization data and, for
example, a given direction of illumination, information about position and/or motion of
the image sensor may be deduced. Additionally, based on the polarization information, the
level of dark current noise of the image sensor cells may be detected. Additionally, image
sensor cells which relate to different polarization properties may require different
exposure times, for example, because of different intensities. Therefore, based on the
image data received from an image sensor cell, under or over-exposure of image sensor

cells which relate to particular polarization properties vmay be detected.

[0028] As indicated in block 670, the method may include processing and/or enhancing
and/or modifing image based on the deduced information. For example, based on the

information about the optical and/or visual quality of the captured scene image, and based
9
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on correlation between the visual quality of the image and polarization properties, the
image may be processed to remove defects such as, for example, color distortions, haze
and/or glare. Additionally, as described above, polarization filter 200 may include
repeating sub-arrays of polarization cells of various polarization properties. Therefore,
polarization cells with similar polarization properties may be located in constant distances
over the polarization filter 200. Accordingly, image sensor 400 may include groups of
image sensor cells which correspond to polarization cells with similar polarization
properties, wherein the groups of image sensor cells may be located in constant distances
over the array of image sensor cells. This quality of system 10 may be used for providing
additional features. For example, two similar images received on two image sensor cells a
certain shift of distance between them may by combined for extraction of three-
dimensional and/or depth information on the imaged scene, for example, by triangulation

calculations. Therefore, a three-dimensional image may be created.

[0029] As indicated in block 680, the method may include communicating calibration
data and/or commands to elements of system 10, such as, for example, image sensor 400,
wavelength filter 300 and/or optical element 100 for performing calibration based on the
deduced data. For example, calibration data and/or commands for adjusting the level of
dark current noise of the image sensor cells and/or required exposure times may be
detected as described above and communicated to image sensor 400, and/or to individual

image sensor cells, to wavelength filter 300 and/or to optical element 100.

[0030] As indicated in block 690, the method may include outputting the deduced data
and/or enhanced image and/or modified image after processing by image processing unit
500. For example, deduced information about the illumination, medium and/or image
sensor may be communicated to a user and/or another processor, which may decide based
on the information to modify illumination, medium and/or image sensor parameters. For
example, deducted information about the imaged objects, surfaces and/or mediums may
be communicated to a user, storage medium and/or another processor for further

processing or any other use, according to the particular application.

[0031] While certain features of the invention have been illustrated and described herein,
many modifications, substitutions, changes, and equivalents will now occur to those of

ordinary skill in the art. It is, therefore, to be understood that the appended claims are
10 '
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are intended to cover all such modifications and changes as fall within the true spirit of the

invention.
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CLAIMS
[0032] What is claimed is:
1. A system for analyzing polarization properties of light, the system comprising:
an optical element for collecting light;

a polarization filter having an array of polarization cells in various directions of

polarization;

a wavelength filter comprising a plurality of repeated sub-arrays of wavelength
filtering cells in various colors, each sub-array wavelength filtering cells

correspond to a respective polarization cell of said polarization filter; and

an image sensor comprising an array of image sensor cells, wherein at least one
of said sub-arrays of wavelength filtering cells corresponds to a respective
polarization cell of said polarization filter and to a respective group of cells
of said image sensor, so that each image sensor cell in said respective group
of cells is configured to receive light that passed through both a respective

polarization cell and a respective wavelength filtering cell.

2. A system according to claim 1, further comprising an image processing unit for
deducing polarization information based on image data received from said image

SCNSor.

3. A system according to claim 2, wherein said image processing unit is further for
communicating calibration data deduced from the polarization information to at least

one of said image sensor, said wavelength filter and said optical element.

4, A system according to claim 1, wherein said array of polarization cells
comprises at least a core array of horizontal polarization filter cell, vertical polarization

filter cell, no-polarization filter cell and circular polarization filter cell.

5. A system according to claim 4, wherein said array of polarization cells further
comprises at least one layer of polarization cells of various polarization properties, said

layer surrounding said core array.

12
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6. A system according to claim 5, wherein at least some cells in said surrounding

layer of polarization cells have each linear polarization property in different direction.

7. A system according to claim 6, wherein said at least some cells have linear

polarization properties in a constant phase difference between adjacent cells.

8. A polarization filter having an array of polarization cells in various directions of
polarization, the polarization filter comprising a core array of at least horizontal
polarization filter cell, vertical polarization filter cell, no-polarization filter cell and

circular polarization filter cell.

0. A polarization filter according to claim 8, wherein said array of polarization
cells further comprises at least one layer of polarization cells of various polarization

properties, said layer surrounding said core array.

10. A polarization filter according to claim 9, wherein at least some cells in said
surrounding layer of polarization cells have each linear polarization property in different

direction

11. A polarization filter according to claim 10, wherein said at least some cells have

linear polarization properties in a constant phase difference between adjacent cells.
12. A method for analyzing polarization properties of light, the method comprising:

receiving image data from a plurality of image sensor cells, the image sensor

cells comprised in an image sensing system;

separating from the received image data polarization information and scene

image data of a scene being captured; and
processing the polarization information to deduce information.

13. A method according to claim 12, wherein said separation of polarization
information and scene image data comprises comparison of image data received from

several image sensor cells.

14. A method according to claim 12, wherein the deduced information comprises at

least one of information about the optical and/or visual quality of the captured scene

13
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image, information about the scene being imaged and information about the image

sensor cells.

15. A method according to claim 14, further comprising processing the captured

image based on the deduced information.

16. A method according to claim 15, further comprising outputting at least one of

the processed image and at least some of the deduced information.

17. A method according to claim 16, further comprising communicating calibration

data to elements of said image sensing system.

14
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