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time. A frame of image data is provided (110) having a plu­
rality of pixels, wherein each pixel includes polarized light 
intensity information. An intensity value is determined for 
each of the pixels from the polarized light intensity informa­
tion (120). A first portion of the pixels having intensity values 
within an intensity range is selected (130, 140). The pixels 
in the first portion having similar angle of linear polarization 
values within a tolerance range are analyzed (180), thereby 
detecting the polarized identification indicia in the image data 
(190).
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REAL-TIME IMAGE DETECTION 
USING POLARIZATION DATA

FIELD OF THE INVENTION

[0001] The invention generally relates to image detection and, more particularly, the 

invention relates to detecting polarized identification indicia in real-time.

BACKGROUND OF THE INVENTION

[0002] Polarizing materials that absorb light waves at differing angles may be used to 

discriminate areas of interest. For example, light reflected or emitted from man-made objects 

often differs from natural objects in its polarization state. Accordingly, such reflected light may 

be used to detect polarized identification indicia, e.g., identification badges. Some prior art 

techniques are capable of reading polarized image data while at the same time being incapable of 

interpreting the meaning of such data in real-time.

SUMMARY OF THE INVENTION

[0003] In general, in one aspect, the invention features a method of detecting polarized 

identification indicia in real-time. The method includes providing a frame of image data having a 

plurality of pixels, wherein each pixel includes polarized light intensity information, determining 

an intensity value for each of the pixels from the polarized light intensity information, selecting a 

first portion of the pixels having intensity values within an intensity range, and analyzing the 

pixels in the first portion having similar angle of linear polarization values within a tolerance 

range, thereby detecting the polarized identification indicia in the image data.

[0004] In general, in another aspect, the invention features a method of detecting 

polarized identification indicia in real-time. The method includes providing a frame of image 

data having a plurality of pixels, wherein each pixel includes polarized light intensity 

information, determining an intensity value for each of the pixels from the polarized light 

intensity information, selecting a first portion of the pixels having intensity values within an 

intensity range, determining a degree of linear polarization value for each of the pixels in the first 

portion, selecting a second portion of the pixels from the first portion, the second portion having 
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degree of linear polarization values within a degree of linear polarization range, and analyzing 

the pixels in the second portion having similar angle of linear polarization values within a 

tolerance range, thereby detecting the polarized identification indicia in the image data.

[0005] In general, in another aspect, the invention features a computer program product 

for detecting polarized identification indicia in real-time. The computer program product 

includes a computer usable medium having computer readable program code thereon, the 

computer readable program code having program code for determining an intensity value for 

image data having a plurality of pixels, wherein each pixel includes polarized light intensity 

information, program code for selecting a first portion of the pixels having intensity values 

within an intensity range, and program code for analyzing the pixels in the first portion having 

angle of linear polarization values within a tolerance range, thereby detecting the polarized 

identification indicia in the image data.

[0006] In general, in another aspect, the invention features a system of detecting 

polarized identification indicia in real-time. The system includes an image device for receiving a 

frame of image data having a plurality of pixels, wherein each pixel includes polarized light 

intensity information and an image processor for determining an intensity value for each of the 

pixels from the polarized light intensity information, selecting a first portion of the pixels having 

intensity values within an intensity range, and analyzing the pixels in the first portion having 

similar angle of linear polarization values within a tolerance range, thereby detecting the 

polarized identification indicia in the image data.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing and advantages of the invention will be appreciated more folly 

from the following further description thereof with reference to the accompanying drawings 

wherein:

[0008] FIG. 1 shows a system of detecting polarized identification indicia in real-time 

according to an embodiment of the present invention;

[0009] FIG. 2 shows a method of detecting polarized identification indicia in real-time 

according to an embodiment of the present invention;

[0010] FIG. 3 schematically shows an image with polarized identification indicia present;

[0011] FIG. 4 schematically shows an image with polarized identification indicia 

detected according to an embodiment of the present invention;

[0012] FIG. 5 schematically shows a culled image with polarized identification indicia 

selected according to an embodiment of the present invention; and

[0013] FIG. 6 schematically shows an image with polarized identification indicia 

highlighted according to an embodiment of the present invention.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0014] Various embodiments of the present invention relate to a system and method for 

detecting polarized identification indicia in real-time. To those ends, the concepts described 

herein define an approach for analyzing image data that has identification indicia present having 

a unique polarization signature. In one embodiment, the data detecting concept is unique in the 

use of intensity as a culling criterion and its real-time manipulation of a video stream. Other 

embodiments may use other culling criteria. Illustrative embodiments analyze frames of image 

data, remove areas not demonstrating predetermined polarized characteristics and may further 

enhance areas of interest. The polarized materials may be arranged in such a manner as to 

develop a coding mechanism that is undetectable to the human eye. The processed data may be 

passed to an output device for viewing or recording. Other routines may process the image data 

either prior to or after the detection routine.

[0015] FIG. 1 shows a system for detecting polarized identification indicia in real-time 

according to an embodiment of the present invention. The system'10 includes an image device 
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20 which captures polarized identification indicia 30 within an image and an image processor 40 

that analyzes the image data received from the image device 20 and detects the identification 

indicia 30 in real-time. The processed image data may be passed to an output device 50 for 

further processing or displaying the detected identification indicia 30. The image device 20 may 

be a video device or a camera having filters or polarizers capable of capturing polarized light 

intensity information. The system 10 is capable of detecting polarized identification indicia 30 

that is stationary such as a sign or moving such as a vehicle with indicia on it or a moving person 

wearing a badge. The polarized identification indicia 30 may be made from any polarizing 

material or materials. The image processor 40 may be capable of analyzing the image data and 

detecting the identification indicia 30 in real-time. For example, an image processor receiving 

up to 30 frames/second of data may be capable of processing and detecting the identification 

indicia 30 with a delay of only about 4 frames.

[0016] FIG. 2 shows a method of detecting polarized identification indicia in real-time 

100 according to an embodiment of the present invention. In step 110, image data having 

polarized light intensity information is provided. Among other things, the image data may be a 

previously captured image or an image received from a streaming device. For example, the 

image data may be a video image processed directly from a camera stream. The camera may use 

a lens with three linear polarization filters, such as filters at 0°, 45° and 90° to the camera axis, to 

capture the individual data components. For instance, each pixel value within the image may 

contain polarized light intensity information Io, I45, and I90 scaled to the RGB range of 0 to 255. 

Other configurations may be used to provide polarized light intensity information as will be 

apparent to those of ordinary skill in the art. For example, one linear polarizer may be rotated to 

three angular positions in front of a single detector or three separate polarizing elements may be 

positioned in different orientations on three separate image detectors.

[0017] The polarized light intensity information may be used to calculate a Stokes vector. 

The Stokes vector was developed by George Stokes to describe polarized light with four 

quantities.
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(1)

So 2/0
s. 2Λ-2Λ
S2 2Λ-2Λ
S3 2Z3-2Zo

So = Intensity of the incident beam.

S] = Tendency of light to be horizontal or vertically polarized

52 = Tendency of be linearly polarized at 45°

53 = Tendency of light to be circularly polarized

In illustrative embodiments, S3 is not required.

[0018] In polarimetry, the Stokes Vector S is populated with data from different 

polarization analyzers in front of a detector as

(2)
So Ih + Iv

S = s, = h~L· χ
s2 2/45-(/^+/J

In equation 2 above,are the light intensities measured at horizontal 

linear polarization 0°, vertical linear polarization 90°, and 45° linear polarization, respectively, 

relative to the camera’s vertical viewing axis. Performing simple substitution, the Stokes vector 

is derived below:

So
S,

Ih+Iv
2Ih-Ih-Iv

Ih + Iv 
Ih-Iv

S2 2145_ In~ 11·· 2Im~Ih~Iv

From the Stokes vector, the degrees of linear polarization (DoLP), the angle of linear 

polarization (Θ), and Intensity (I) are derived as follows:

I corresponds to the total intensity - So ~ 2Iq. (4)
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DoLP = (5)

Θ = —«tan
2 SJ (6)

k

[0019] Although the Stokes vector is derived above using horizontal, vertical and 45° 

linearly polarized components in image data, the Stokes vector may be calculated using other 

polarized light intensity information as will be apparent to those of ordinary skill in the art. For 

example, light may be measured without polarization filters and with a vertical linear polarizer, a 

+45° linear polarizer and a right-hand or left-hand circular polarizer to calculate the Stokes 

vector.

[0020] The Stokes vector varies in relation to the angle of light incident on a given 

object. Light incident on linearly polarized materials will reflect linearly polarized light having 

an intensity that is relatively “consistent” for a given material. Hence, polarized materials may 

maintain similar Intensity values, allowing Intensity to be used to differentiate between 

materials.

[0021] In step 120, image data may be processed to determine an Intensity value for each 

pixel within the image from the polarized light intensity information. In step 130, an intensity 

range may be specified so that the Intensity may be used as a criteria to cull or remove unwanted 

image data. For instance, a user may specify an intensity range depending on the identification 

indicia material used. For example, the Intensity may be selected to have a range from about 4% 

to about 98%. In step 140, areas that exceed desired levels of Intensity or that are outside of 

specified ranges may be removed. For example, data with little Intensity information may be 

removed, e.g., on the RGB scale of 0 - 255, values from 0 to about 15. The remaining image 

data may be used to calculate the Stokes Vector (So, Si, and S2), obtain DoLP values and/or 

obtain Θ values from the polarized light intensity information.

[0022] In step 150, the image data within the specified intensity range may be further 

processed to determine a DoLP value for the selected pixels in the image. In step 160, a degree 

of linear polarization range may be specified for the values. For instance, a user may specify a 

degree of linear polarization range depending on the identification indicia material used since the
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material may demonstrate different polarization signatures. For example, the degree of linear 

polarization may be selected to have a range of 0.3 to 1.0. In step 170, areas that exceed desired 

levels of DoLP or that are outside of specified ranges may be removed. In one embodiment, step 

130 and step 160 may be combined and data not falling within the selected intensity range and 

the DoLP range may be removed.

[0023] After removing or culling areas outside of specified criteria, the remaining data is 

analyzed for regions or points that maintain similar Θ values within a specified error tolerance 

(step 180). Regions having a similar 0 value within a specified error tolerance may be grouped 

together and selected for further processing. For example, for a nominal 0 value of 10 degrees 

with an error tolerance of 9%, data having a θ value of from about 9.1 degrees to about 10.9 

degrees may be gathered into one group or bin. Points or pixels with similar 0 values may also 

be analyzed to determine whether the distance from one another is outside of a specified distance 

range. For example, the distance between pixels having similar 0 values may be selected to be 

no greater than 5 to 6 pixels away or apart. If the distance between the pixels is beyond the 

specified range, then the points may not be grouped together.

[0024] The data may be analyzed for any number of θ values and gathered into one or 

more groups or bins relative to their similar Θ values and distance to one another, each group 

having a similar θ value within the specified error tolerance. The data within a group may be 

further analyzed to determine whether the data meets a specified size requirement. For instance, 

the size (width and height) of the region or the amount of data needed for an object to be 

detected may be defined within a specified size range. For example, data may be selected to be a 

minimum of 9 pixels in width and 6 pixels in height in order to be detected. Regions that are 

analyzed and grouped but that do not constitute enough data to represent the polarized 

identification indicia or a portion thereof, may continue to be grouped or may be discarded.

[0025] In step 190, the image data in a group or bin may be highlighted, used as a 

template or code to identify the polarized identification indicia, or both. For instance, the image 

data in a group or bin having similar θ values may be assigned a unique, individual code, such as 

a digit or symbol. For example, an image may have one region detected with one θ value, where 

a value of “0” is assigned to that group and two other regions detected with a different θ value, 

where a value of “1” is assigned to both of those groups. The minimum number of code 

elements needed to identify an object may be defined or selected. The code elements may be 
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further analyzed for data content and used to identify the polarized identification indicia, e.g., 

from characteristics of the code in relation to objects with those characteristics. For instance, the 

code elements may be compared to a database of polarization signatures and the identification 

indicia identified. For example, cargo could be vendor coded and the vendor’s ID mapped to the 

coded value similar to a bar code’s use in identifying products.

[0026] In one embodiment, the highlighted image data in a group or bin may be assigned 

a color so that the detected area appears more noticeable or distinctive when viewing the image. 

In step 200, the highlighted area, the identified area, or both may then be overlain onto the 

original image for further processing of the image or to illustrate correctness of the detection 

routine. Although various ranges have been discussed above for the selecting criteria, it will be 

apparent to those skilled in the art that other ranges may be used depending on a number of 

factors, such as the polarizing material used, the size of the indicia and the application.

[0027] For illustration purposes, FIG. 3 depicts two individuals each wearing 

identification badges containing polarizing identification material with differing polarization 

signatures. As shown, the polarizing identification indicia is not distinguishable from other parts 

of the badge when viewed by an image device such as the human eye.

[0028] As shown by FIG. 4, polarized identification indicia have been detected and the 

highlighted, detected areas are overlain onto the original image. The squares indicate the areas 

have been grouped or binned together due to the data similarities. The squares on each badge 

have a common color indicating that these areas have been gathered into groups or bins with 

similar θ values, e.g., the squares on one badge are green and on the other badge are purple. The 

detected areas constitute polarized identification indicia, e.g., a badge, due to their Θ, proximity 

and size relative to selection criteria. The data within the highlighted areas may be further 

analyzed to determine the corresponding badge owner by the characteristics of the data and those 

defined for the badge. FIG. 5 illustrates the after effect of data culling. Selected areas have been 

culled or removed as data of non-interest based on the selection criteria. FIG. 6 illustrates just 

the overlay portion of the data indicating that the detected areas have been highlighted with two 

different colors, purple (shown on the left) and green (shown on the right).

[0029] Various embodiments of the invention may be implemented at least in part in any 

conventional computer programming language. For example, some embodiments may be 

implemented in a procedural programming language (e.g., “C”), or in an object oriented 
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programming language (e.g., “C++”). Other embodiments of the invention may be implemented 

as preprogrammed hardware elements (e.g, application specific integrated circuits, FPGAs, and 

digital signal processors), or other related components.

[0030] In one embodiment, the disclosed apparatus and methods may be implemented as 

a computer program product for use with a computer system. Such implementation may include 

a series of computer instructions fixed either on a tangible medium, such as a computer readable 

medium (e.g., a diskette, CD-ROM, ROM, or fixed disk) or transmittable to a computer system, 

via a modem or other interface device, such as a communications adapter connected to a network 

over a medium. The medium may be either a tangible medium (e.g., optical or analog 

communications lines) or a medium implemented with wireless techniques (e.g., WIFI, 

microwave, infrared or other transmission techniques). The series of computer instructions may 

embody all or part of the functionality previously described herein with respect to the methods. 

For example, the computer readable program code may include instructions for determining an 

intensity value for image data having polarized light intensity information, for selecting data 

having intensity values within an intensity range and for analyzing the image data having angle 

of linear polarization values within a tolerance range, thereby detecting the polarized 

identification indicia in the image data.

[0031] Those skilled in the art should appreciate that such computer instructions can be 

written in a number of programming languages for use with many computer architectures or 

operating systems. Furthermore, such instructions may be stored in any memory device, such as 

semiconductor, magnetic, optical or other memory devices, and may be transmitted using any 

communications technology, such as optical, infrared, microwave, or other transmission 

technologies.

[0032] Among other ways, such a computer program product may be distributed as a 

removable medium with accompanying printed or electronic documentation (e.g., shrink 

wrapped software), preloaded with a computer system (e.g., on system ROM or fixed disk), or 

distributed from a server or electronic bulletin board over the network (e.g., the Internet or World 

Wide Web). Of course, some embodiments of the invention may be implemented as a 

combination of both software (e.g., a computer program product) and hardware. Still other 

embodiments of the invention are implemented as entirely hardware, or entirely software.

9
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[0033] Although the above discussion discloses various exemplary embodiments of 

the invention, it should be apparent that those skilled in the art can make variations and 

modifications that will achieve some of the advantages of the invention without departing 

from the true scope of the invention. Accordingly, other embodiments are within the scope of 

the following claims.

[0034] In the claims which follow and in the preceding description of the invention, 

except where the context requires otherwise due to express language or necessary 

implication, the word “comprise” or variations such as “comprises” or “comprising” is used 

in an inclusive sense, i.e. to specify the presence of the stated features but not to preclude the 

presence or addition of further features in various embodiments of the invention.

[0035] It is to be understood that, if any prior art publication is referred to herein, 

such reference does not constitute an admission that the publication forms a part of the 

common general knowledge in the art, in Australia or any other country.
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CLAIMS

What is claimed is:

1. A method of detecting polarized identification indicia in real-time comprising: 

providing a frame of image data having a plurality of pixels, wherein each pixel includes

polarized light intensity information;

determining an intensity value for each of the pixels from the polarized light intensity 

information;

selecting a first portion of the pixels having intensity values within an intensity range; 

and

analyzing the pixels in the first portion having similar angle of linear polarization values 

within a tolerance range, thereby detecting the polarized identification indicia in the image data.

2. The method of claim 1, further comprising:

determining a degree of linear polarization value for each of the pixels in the first portion; 

and

selecting a second portion of the pixels from the first portion, the second portion having 

degree of linear polarization values within a degree of linear polarization range.

3. The method of claim 1, wherein analyzing comprises gathering the pixels in the first 

portion into one or more groups, each group having similar angle of linear polarization values.

4. The method of claim 3, wherein analyzing comprises selecting the pixels having a 

distance from one another within a distance range for gathering into a group.

5. The method of claim 3, wherein analyzing comprises selecting groups having a size 

within a size range.

6. The method of claim 1, wherein the polarized light intensity information comprises 

horizontal linear polarization, vertical linear polarization and 45° degree linear polarization 

information with respect to a vertical viewing axis of an image device.

7. The method of claim 1, further comprising:

highlighting the polarized identification indicia; and

displaying the frame of image data with the highlighted polarized identification indicia 

overlaying the image data.
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8. The method of claim 1, further comprising identifying the polarized identification 

indicia.

9. The method of claim 8, wherein identifying comprises:

gathering the pixels in the first portion into one or more groups, each group having 

similar angle of linear polarization values;

associating the one or more groups with corresponding code elements; and

analyzing the code elements.

10. The method of claim 9, wherein analyzing the code elements comprises comparing 

the code elements to a database of polarization signatures.

11. The method of claim 1, wherein the frame of image data is provided from a stored 

video image or from a streaming video image.

12. A method of detecting polarized identification indicia in real-time comprising: 

providing a frame of image data having a plurality of pixels, wherein each pixel includes

polarized light intensity information;

determining an intensity value for each of the pixels from the polarized light intensity 

information;

selecting a first portion of the pixels having intensity values within an intensity range; 

determining a degree of linear polarization value for each of the pixels in the first portion; 

selecting a second portion of the pixels from the first portion, the second portion having 

degree of linear polarization values within a degree of linear polarization range; and

analyzing the pixels in the second portion having similar angle of linear polarization 

values within a tolerance range, thereby detecting the polarized identification indicia in the 

image data.

13. The method of claim 12, wherein analyzing comprises gathering the pixels in the 

second portion into one or more groups, each group having similar angle of linear polarization 

values.

14. The method of claim 13, wherein analyzing comprises selecting the pixels having a 

distance from one another within a distance range for gathering into a group.

15. The method of claim 13, wherein analyzing comprises selecting groups having a size 

within a size range.

16. The method of claim 12, further comprising:

12
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highlighting the polarized identification indicia; and

displaying the frame of image data with the highlighted polarized identification indicia 

overlaying the image data.

17. The method of claim 12, further comprising identifying the polarized identification 

indicia.

18. The method of claim 17, wherein identifying comprises:

gathering the pixels in the second portion into one or more groups, each group having 

similar angle of linear polarization values;

associating the one or more groups with corresponding code elements; and 

analyzing the code elements.

19. A computer program product for detecting polarized identification indicia in real­

time, the computer program product comprising a computer usable medium having computer 

readable program code thereon, the computer readable program code comprising:

program code for determining an intensity value for image data having a plurality of 

pixels, wherein each pixel includes polarized light intensity information;

program code for selecting a first portion of the pixels having intensity values within an 

intensity range; and

program code for analyzing the pixels in the first portion having angle of linear 

polarization values within a tolerance range, thereby detecting the polarized identification indicia 

in the image data.

20. The computer program product of claim 19, wherein the computer readable program 

code further comprises:

program code for determining a degree of linear polarization value for each of the pixels 

in the first portion; and

program code for selecting a second portion of the pixels from the first portion, the 

second portion having degree of linear polarization values within a degree of linear polarization 

range.

21. The computer program product of claim 19, wherein the computer readable program 

code for analyzing the pixels further comprises gathering the pixels in the first portion into one 

or more groups, each group having similar angle of linear polarization values.
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22. The computer program product of claim 21, wherein the computer readable program 

code for analyzing the pixels further comprises selecting the pixels having a distance from one 

another within a distance range for gathering into a group.

23. The computer program product of claim 21, wherein the computer readable program 

code for analyzing the pixels further comprises selecting groups having a size within a size 

range.

24. The computer program product of claim 19, wherein the computer readable program 

code further comprises:

program code for highlighting the polarized identification indicia; and

program code for displaying the frame of image data with the highlighted polarized 

identification indicia overlaying the image data.

25. The computer program product of claim 19, wherein the computer readable program 

code further comprises identifying the polarized identification indicia.

26. The computer program product of claim 25, wherein the computer readable program 

code for identifying the polarized identification indicia further comprises:

program code for gathering the pixels in the second portion into one or more groups, each 

group having similar angle of linear polarization values;

program code for associating the one or more groups with corresponding code elements; 

and

program code for analyzing the code elements.

27. A system of detecting polarized identification indicia in real-time comprising:

an image device for receiving a frame of image data having a plurality of pixels, wherein 

each pixel includes polarized light intensity information; and

an image processor for determining an intensity value for each of the pixels from the 

polarized light intensity information, selecting a first portion of the pixels having intensity values 

within an intensity range, and analyzing the pixels in the first portion having similar angle of 

linear polarization values within a tolerance range, thereby detecting the polarized identification 

indicia in the image data.

28. The system of claim 27, wherein the image processor further

determines a degree of linear polarization value for each of the pixels in the first portion; 

and
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selects a second portion of the pixels from the first portion, the second portion having 

degree of linear polarization values within a degree of linear polarization range.

29. The system of claim 27, wherein analyzing comprises gathering the pixels in the first 

portion into one or more groups, each group having similar angle of linear polarization values.

30. The system of claim 27, wherein the image processor further highlights the polarized 

identification indicia, the system further comprising:

a display for displaying the frame of image data with the highlighted polarized 

identification indicia overlaying the image data.

31. The system of claim 27, wherein the image processor further identifies the polarized 

identification indicia.

32. The system of claim 31, wherein identifies comprises:

gathering the pixels in the first portion into one or more groups, each group having 

similar angle of linear polarization values;

associating the one or more groups with corresponding code elements; and 

analyzing the code elements.
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