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MULTISPECTRAL IMAGING AND CHARACTERIZATION

OF INTERNAL BIOLOGICAL TISSUE

5 FIELD OF THE INVENTION

The field of the invention is automatic machine vision and classification, and, in

particular, the classification ofbiological tissue based on images of the biological tissue.

BACKGROUND OF THE INVENTION

10 U.S. Patent No. 6208749 B1, issued March 27, 200], discloses systems and

methods for the multispectral imaging of skin tissue enabling the automatic

characterization of the condition of a region of interest of skin based on direct digital

imaging of the region of interest or the digitization of color photographic slides of the

region of interest, illuminated by appropriately filtered light. According to that patent, a

15 digital image is automatically segmented in at least one spectral band. A digital processor

segments the other images based on the segmentation mask. Parameters related to the

texture, asymmetry, blotchiness and border irregularities are also automatically estimated.

The region of interest is automatically characterized by the processor, based on the

parameters. Skin lesions may be characterized as malignant or benign.

20 U.S. Patent No. 6,081,612, issued June 27, 2000, discloses systems and methods

for characterizing the condition of a region of interest of the skin, wherein the absorption

and scattering of light in different spectral bands by the region of interest is a function of

the condition of the skin. The method comprises illuminating the region of interest of the

skin by light in at least three spectral bands and digitally imaging the region of interest at

25 the at least three spectral bands with the light rc-cmitted by the skin to generate digital

images comprising digital signals whose values are a function of the condition of the skin.

The digital images are provided to a processor which segments the digital images by

generating a segmentation mask from a digital image in any one of the at least three

spectral bands. The processor estimates at least one rotationally and translationally

3o invariant statistical measure of coefficient distributions of the multiscale Wavelet maxima

representations of the digital images in each Spectral band, which are functions of the
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texture of the region of interest determined by the segmentation mask. The processor

characterizes the condition of the skin based on the estimated values, and outputs the

characterization of the condition of the skin. Preferably, the segmenting, estimating and

characterizing steps are conducted without the intervention of an operator. Additional

5 parameters include measures of the texture, asymmetry, blotchiness and border irregularity

of the portion of the region of interest. The digital images may be obtained by directly

imaging the region of interest with a digital camera, or digitally imaging color slides of the

region of interest, through appropriately filtered light.

Not included in the above references are references to conducting light from place

10 to place so that the image is conserved.

OBJECTS OF THE INVENTION

It is an object of the invention to illuminate and image biological tissue, principally

in vivo, and to convey the image in the fonn of light to an image receiver for conversion to

p 15 electrical signals and for automatic recognition ofbiological features.

SUMMARY OF THE INVENTION 

A light image is conveyed from internal biological tissue through flexible optical

system to an image receiver, Where it is converted to a form that may be entered into a

20 computer. The computer segments the image by generating a segmentation mask defining

the boundary of a region of interest in at least one spectral band, estimates at least one

rotationally and translationally invariant statistical measure of coefficient distributions of

the multiscale wavelet maxima representations of the digital images in at least one spectral

band, characterizes the condition of the tissue based on the estimated values, and outputs

2 5 the characterization of the condition of the tissue.

Internal biological tissue encompasses tissue internal to a human or animal body,

such as the stomach, the esophagus, the colon or the nasal cavities, for example.

In particular, in accordance with the present invention, a method of characterizing

the condition of a region of interest of internal biological tissue, wherein the absorption

3 o and scattering of light in different spectral bands by the region of interest is a function of
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the condition of the tissue, is disclosed. The method comprises inserting a flexible optical

system into a body, proximate the region of interest. A portion of the tissue is illuminated

including the region of interest by light in at least one spectral band. The image is

conveyed through the flexible optical system to an image receiver. A portion of the tissue

5 including the region of interest is digitally imaged at the at least one spectral band with the

light re—emitted by the portion of the tissue. Digital images are generated comprising

digital signals Whose values are a function of the condition of the region of interest of the

tissue. The digital images are provided to a processor. The processor segments the digital

images by generating a segmentation mask defining the boundary of the region of interest

10 from a digital image in any one of the at least one spectral bands, preferably without the

intervention of an operator. The processor also estimates at least one rotationally and

translationally invariant statistical measure of coefficient distributions of the multiscale

wavelet maxima representations of the digital images in each spectral band and

characterizes the condition of the tissue based on the estimated values, preferably without

15 the intervention of an operator. The processor then outputs the characterization of the

condition of the tissue.

The at least one statistical measure may be calculated separately within a border

region or an interior region of the digital image. The border region is such that it

encompasses the envelope of circles of fixed radius centered on the boundary of the

2 o segmentation mask. The inside region comprises all points of the image that are Within the

segmentation mask boundary but not included in the border region.

The computing step may comprise estimating at an individual level at least one

value which is a statistical measure of texture of the portion of the region of interest within

the border region and interior region. The statistical measure is chosen from the group

25 consisting of:

the number ofwavelet maxima per unit area;

the ratio of the mean coefficient magnitude to the absolute deviation of the

coefficient magm'tudes from the mean value;

the ratio of the mean coefficient magnitude to the standard deviation of the

3 o coefficient magnitude; and
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the skewness of the coefficient magnitude, normalized to the cube of the standard

deviation.

The estimating step may comprise estimating either the degree of change of a

statistic of the wavelet coefficient distribution with increment of wavelet level, or the

5 degree of deviation of such change from linearity.

The estimating step may also comprise estimating the average rate of change, with

respect to level, of the number of wavelet maxima per unit area.

The estimated texture values may be compared to a threshold derived from

statistical analysis of a multiscale wavelet transformation of the digital image, to

1 o characterize the condition of the tissue.

In accordance with another embodiment of the invention, a system for

characterizing the condition of a region of interest of internal biological tissue is disclosed,

comprising a source of light for illuminating the region of interest in at least one spectral.

band. A flexible optical system is provided for conveying the image of the region of

15 interest to an image receiver. An image receiver is provided for acquiring digital images

of the region of interest based on the light re—emitted from the illuminated region of

interest at each of the spectral bands. The digital image comprises digital signals whose

values are a fimction of the condition of the region of interest. Memory is provided for

storing the digital images provided by the image receiver. A digital processor is provided,

2 o programmed to perform the steps of:

segmenting the digital images stored in memory by generating a segmentation

mask fi‘om a digital image in any one of the at least one spectral band;

estimating at least one rotationally and translationally invariant statistical measure '

of coefficient distributions for the mulfiscale wavelet maxima representations of the digital

25 images in each spectral band, which are fiinctions of the texture of the region of interest

determined by the segmentation mask;

characterizing the condition of the tissue based on the estimated values; and

outputting the characterization of the region of interest.

The flexible optical system may be an endoscope, a fiber optic bundle or an

3 o articulated arm.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sketch of the system of the invention; and

Fig. 2 is a sketch of an articulated arm of a system of the invention.

5 DETAILED DESCRIPTION OF THE INVENTION

Fig 1 shows a sketch of the system of the invention. A patient 10 has a flexible

endoscope 11 inserted into a natural or surgically provided orifice of the body. As is very

well known in the art of endoscopy, light is provided for illuminating the tissue inside the

body, and the light reflected from the tissue and scattered from under the surface of the

10 tissue falls on the end 12 of the endoscope. The first end of the endoscope 12 generally

has a lens (not shown) which images the tissue on to the end of a coherent fiber bundle

(not shown). The light imaged on to the fiber bundle is carried to the other end of the

endoscope 13, where it may be projected on to a film or an electronic image receiver 14

such as are found in video or digital cameras. The light for illuminating the tissue may be

15 provided through the endoscope.

The output of the image receiver is carried to a processor or computer 15 where the

computer segments the image by generating a segmentation mask defining the boundary of

a region of interest in at least one spectral band, estimates at least one rotationally and

translationally invariant statistical measure of coefficient distributions of the multiscale

2o wavelet maxima representations of the digital images in at least one spectral band,

characterizes the condition of the tissue based on the estimated values, and outputs the

characterization of the condition of the tissue. The computer processes are described in

great detail in U.S. Patent No. 6,208,749, B1, issued March 27, 2001, U.S. Patent No.

6,081,612, issued June 27, 2000, International Publication No. WO99/44010, published 2

25 September 1999; and International Publication No. WO98/3781l, published 3 September

1998, which are incorporated by reference herein, in their entireties.

Fig. 2 shows a sketch of an articulated arm 20 for conveying the images. The

articulated arm is especially useful when the illuminating light is of a wavelength which is

not transmitted well by the glass used in typical endoscopes. A lens 21 is placed so that

30 the tissue to be imaged 22 is removed fiom the lens 21 by the focal distance I of the lens
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22. Light 23 diverging from the tissue 22 is converted to a parallel beam 24 which

propagates through a tube 25. The parallel light beam 24 may be reflected fi'om mirrors 25

and 25' mechanically set to direct the beam 24 through other tubes 24' flexibly connected

to tube 24. Tubes 24, 24'; and 24" rotate on their axis to change the plane of propagation

5 of the light beam 24. When the light beam 24 exits the articulated arm, it may be focused

on an image receiver (not shown) to capture an image of the tissue 22.

Obviously, many modifications and variations of the present invention are possible

in light of the above teachings. It is therefore to be understood that, within the scope of

the appended claims, the invention may be practiced otherwise than as specifically

1 0 described.
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We Claim:

1. A method of characterizing the condition of a region of interest of internal

5 biological tissue, wherein the absorption and scattering of light in different spectral bands

by the region of interest is a function ofthe condition of the tissue, the method comprising:

inserting a flexible optical system into a body, proximate the region of interest;

illuminating a portion of the tissue including the region of interest by light in at

least one spectral band;

10 conveying an image of the region of interest through the flexible optical system to

an image receiver;

digitally imaging a portion of the tissue including the region of interest at the at

least one spectral band With the light re~ernitted by the portion of the tissue to generate

digital images comprising digital signals whose values are a function of the condition of

15 the region of interest of the tissue; and

providing the digital images to a processor, wherein the processor:

segments the digital images by generating a segmentation mask defining the

boundary of the region of interest from a digital image in any one of the at least one

spectral band;

20 estimates at least one rotationally and translationally invariant statistical measure

of coefficient distributions of the multiscale wavelet maxima representations of the digital

images in each spectral band;

characterizes the condition of the tissue based on the estimated values; and

outputs the characterization of the condition of the tissue.

2 5

2. The method of claim 1, wherein the at least one statistical measure is calculated

separately Within either of a border region and an interior region of the digital image,

wherein:

the border region encompasses the envelope of circles of fixed radius centered on

3 o the boundary of the segmentation mask; and i

the inside region comprises all points of the image that are within the segmentation

mask boundary but not included in the border region.
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3. The method of claim 2, wherein the computing step comprises estimating at an

individual level at least one value which is a statistical measure of texture of the portion of

the region of interest within the border region and interior region, chosen from the group

consisting of:

the number ofwavelet maxima per unit area;

the ratio of the mean coefficient magnitude to the absolute deviation of the

coefficient magnitudes from the mean value;

the ratio of the mean coefficient magnitude to the standard deviation of the

coefficient magnitude; and

the skewness of the coefficient magnitude, normalized to the cube of the standard

deviation.

4. The method of claim 1, further comprising estimating either of the degree of

change of a statistic of the wavelet coefficient distribution with increment ofwavelet level,

and the degree of deviation of such change from linearity.

5. The method of claim 2, filrther comprising estimating the average rate of change,

with respect to level, of the number ofwavelet maxima per unit area.

6. The method of claim 1, further comprising comparing the estimated texture values

to the threshold derived from statistical analysis of a multiscale wavelet transformation of

the digital image.

7. The method of claim 1, wherein the estimating and characterizing steps are

conducted Without the intervention of an operator.

8. The method of claim 1, wherein the segmenting step is conducted Without the

intervention of an operator.

9. The method of claim 1, comprising conveying the image through an endoscope.
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10. The method of claim 1, comprising conveying the image through a fiber optic

bundle.

11. The method of claim 1, comprising conveying the image through an articulated

5 arm.

12. A system for characterizing the condition of a region of interest of internal

biological tissue, comprising:

a source of light for illuminating the region of interest in at least one spectral band;

10 a flexible optical system for insertion into a body and for conveying the image of

the region of interest to an image receiver;

an image receiver for acquiring digital images of the region of interest based on the

light re—emitted from the illuminated region of interest at each of the spectral bands, the

digital image comprising digital signals whose values are a function of the condition of the

15 region of interest;

memory for storing the digital images provided by the image receiver;

a digital processor programmed to perform the steps of:

segmenting the digital images stored in memory by generating a

segmentation mask from a digital image in any one of the at least one

2 o spectral band;

estimating at least one rotationally and translationally invariant statistical measure

of coefficient distributions for the multiscale wavelet maxima representations of the digital

images in each spectral band, which are functions of the texture of the region of interest

determined by the segmentation mask;

2 5 characterizing the condition of the tissue based on the estimated values; and

outputting the characterization of the region of interest.

13. The system of claim 12, where the flexible optical system is an endoscope.

3 o 14. The system of claim 12, where the flexible optical system is a fiber optic bundle.
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15. The system of claim 12, where the flexible optical system is an articulated arm.
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SYSTEMS AND METHODS FOR THE MULTISPECTRAL

IMAGING AND CHARACTERIZATION OF SKIN TISSUE

This application claims the benefit of US. Provisional Application Nos.

60/039,218 and 60/039,407, both of which were filed on February 28, 1997, and

are incorporated by reference, herein.

FIELD OF THE INVENTION

This invention relates to methods and systems for the computer

controlled analysis of digital images of skin tissue at a plurality of wavelengths,

which may include those outside of the red-green-blue bands. The methods and

systems further include the automatic characterization of the condition of the skin

tissue, based on automatically computed values of parameters which are functions

of characteristics of the skin tissue, based on the digital images. Skin lesions can

be analyzed for determining whether the lesion is a melanoma, for example.

Systems for digitally imaging and analyzing skin tissue are disclosed, as well.

BACKGROUND OF THE INVENTION

Melanoma is a usually fatal skin cancer, unless it is detected and

surgically removed in its earliest stages. Early detection of malignant melanoma is

difficult because early melanomas, those having a Breslow thickness less than 1

mm, share many diagnostic features with benign lesions, such as dysplastic nevi

or atypical melanocytic nevi.

To aid in the analysis of lesions, conventional photography, referred

to as “clinical imaging", has been used to image the lesion for further study. The

effectiveness of clinical imaging can be compromised, however, by specular

reflection by the skin. Polarizers have been used for polarized imaging, which

minimizes specular reflection.

Dermoscopy is another technique for examining skin, in which

specular reflection is minimized. Dermoscopy also assists in clinically

differentiating melanoma from its benign simulants by enabling the observation of

features of pigmented melanocytic lesions that are not discernible by the naked

eye. In dermoscopy, the skin is made more transparent to light by providing an oil

layer over the skin, in front of the optical system. A glass plate is placed over the

oil layer. The oil has an index of refraction between the index of refraction of the
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horny layer of the skin and the glass plate. Standard magnifying optics may be

used to enlarge the structures rendered visible on and under the surface of the

skin by the oil layer. The region of interest can then be examined visually. Slides

of the region of interest can be made, as well, for future study.

Despite their similarities, most malignant melanomas differ in certain

of their characteristics from other melanocytic lesions. A major advance in

characterizing skin lesions based on certain of the observable differences between

malignant and other lesions is the "ABCD” rule, where A=asymmetry, B=border

irregularity, C=color variability, and D=diameter greater than 6 mm. A

corresponding ABCD rule, where "D” refers to dermoscopic structures, such as

brown globules, black dots or pigment networks within the lesion, is applied to

dermoscopic images. Because the clinical and dermoscopic applications of these

rules are subjective, they are not very reliable.

When skin is illuminated by light, the light can be re-emitted by

reflection, scattering or fluorescence. it is known in the art that the re-emission of

light absorbed at different wavelengths by a region of interest of skin can provide

different information. For example, as the wavelength of the light increases, its

depth of penetration into the skin or other tissue also increases. Chromophores at

different depths in the tissue therefore absorb and re-emit light at various

wavelengths. Melanin and hemoglobin are examples of such chromophores.

In addition, since the unaided eye cannot perceive light outside of the visible

region or low-contrast structure in visible-light images, information which may be

useful in diagnosing a lesion may not be directly observable. Digital acquisition

and processing of dermoscopic images may, therefore, improve diagnostic

reliability by employing more of the information residing in such images that is not

directly observable. There have therefore been attempts to use objective,

computer—based, image analysis algorithms that can discern meaningful

differences between benign and malignant melanocytic lesions with sufficient

accuracy.

Computer processing of images requires that the image be in digital

form. A digital image is an array of digital signals whose values are a function of

certain characteristics of the subject of the image. When imaging skin lesions, the
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digital images comprise digital signals whose values are a function of the re-

emission characteristics of the skin and lesion, at the spectral bands of the light

illuminating the skin. The array of numbers is obtained by spatial sampling and

quantizing the intensity of images obtained with film or directly by electronic

cameras. Practical limitations on the number of picture elements or pixels per unit

area of image determine the achievable spatial resolution of the digital image.

The digital image typically needs to be segmented to separate the digital signals

which are a function of the skin lesion from the digital signals which are a function

of the surrounding skin.

Computer aided analysis has also been used to classify skin lesions

using quantitative values indicative of particular characteristics of lesions, referred

to as parameters. Based on histopathological diagnosis of lesions, algorithms

have been developed which use linear or non-linear classifiers to combine

parameters provided by the operator of an imaging device or a physician or

computed by a processor, to yield a value which can be used to classify the lesion.

Because some of the steps in the computer-aided analysis of which we are aware

to date depend on subjective judgments of an individual, such analysis may

provide highly variable results.

The images heretofore available have been obtained with

commercially available red-green-blue color imaging apparatus. Color

photographic transparencies of skin lesions have been digitized and skin lesions

have been directly imaged with “three-chip” digitizing cameras. Such cameras

employ broad-band filter bandpasses that are ultimately based on the wavelength

response of the human visual system and have large regions of overlap.

Electronic images may also be obtained in narrower, non-overlapping

filter bandpasses, which may reveal additional, wavelength-dependent differences

between the images of melanomas and of benign lesions. However, such devices

have had poor resolution and/or poor signal-to—noise characteristics which prevent

the acquisition of digital images of melanocytic skin lesions of sufficient quality for

effective application of machine vision techniques for lesion diagnosis.

Existing imaging systems and processes also tend to suffer from an inability to

provide the required repeatability of the values of extracted lesion parameters, due
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in part to a lack of standardization with respect to spatially varying artifacts. The

parameters, therefore, lack invariance to lighting and image exposure conditions,

for example. Obtaining high signal-to—noise ratios in images recorded in narrow

filter bandpasses, when exposure times are sufficiently short that the skin is

effectively “frozen” during the exposure sequence, has also been difficult. In

addition, since the optimum wavelengths for automatic characterization may not be

the optimum wavelengths for visual observation, it may be difficult to reconstruct

high-fidelity color images from the digital images for visual interpretation by a
clinician.

The assessment of wounds and burns through the appearance of

color images present similar challenges. Existing technology for the imaging of

skin in vivo for these purposes is also inadequate. Practical solutions to the

problems of employing multispectral digital imaging of skin for the analysis of

lesions, wounds, or other conditions have not been found.

SUMMARY OF THE INVENTION

The methods and systems of the present invention provide for the

acquisition of digital images of skin at a plurality of spectral bands to automatically

characterize the condition of the tissue based on the digital images. Spectral

wavelength bands within and outside of the visible band may be used. In

accordance with the present invention, a pigmented skin lesion can be

characterized as malignant or benign, for example. The digital images comprise a

plurality of digital signals whose values are functions of the condition of the tissue.

The digital images acquired are subjected to objective and quantitative analysis by

a digital processor to detect and identify abnormalities. The analysis includes

image segmentation, parameter estimation and characterization of the skin. The

estimation and characterization steps are automatic. The segmentation step may

be automatic, as well. Subjective judgments are therefore minimized or

eliminated.

It has been found that generating the segmentation mask from a digital

image acquired with light in a spectral band which does not penetrate deeply into

the skin, such as a spectral band with a center less than about 500 nanometers,
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provides superior results. After segmentation, estimated values which are

functions of characteristics of the lesion, such as its texture, asymmetry,

blotchiness, and border irregularities, are computed and used to automatically

characterize the condition of the skin. Digital signals corresponding to hair or

blob-like structures are preferably removed during segmentation.

In accordance with the present invention, a method for characterizing

the condition of a region of interest of the skin, wherein the absorption and

scattering of light in different spectral bands by the region of interest is a function

of the condition of the skin, is disclosed. The method comprises illuminating the

region of interest of the skin by light in at least three spectral bands and digitally

imaging the region of interest at the at least three spectral bands with the light re-

emitted by the skin to generate digital images comprising digital signals whose

values are a function of the condition of the skin. The digital images are provided

to a processor which segments the digital images by generating a segmentation

mask from a digital image in any one of the at least three spectral bands,

computes at least one estimated value for each digital image at each spectral

band which is a function of a characteristic of the region of interest within the

segmentation mask, characterizes the condition of the skin based on the estimated

values, and outputs the characterization of the condition of the skin. Preferably,

the segmenting, estimating and characterizing steps are conducted without the

intervention of an operator. Useful parameters include measures of the texture,

asymmetry, blotchiness and border irregularity of the portion of the region of
interest.

The digital images may be obtained by directly imaging the region of

interest with a digital camera, or digitally imaging color slides of the region of

interest, through appropriately filtered light.

. The characterizing step may include comparing a weighted

combination of the parameter values against a threshold value. The weight

coefficients for each parameter value and the threshold value may be selected

based on a training set of images of lesions or other skin conditions, whose

condition has been determined, preferably through histological examination by a
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plurality of doctors. Preferably, specificity is maximized under the constraint of

100% sensitivity to melanoma.

In accordance with another aspect of the invention, a system for

characterizing the condition of a region of interest of skin includes means for

illuminating the region of interest with light in at least three spectral bands and a

camera for acquiring digital images of the region of interest based on the light re-

emitted from the illuminated region of interest at each of the spectral bands, the

digital image comprises digital signals whose values are a function of the condition

of the region of interest. A digital processor segments the digital images by

generating a segmentation mask from a digital image in any one of the at least

three spectral bands and computes at least one estimated value for each digital

image at each spectral band which is a function of the texture of the portion of the

region of interest within the segmentation mask. The processor characterizes the

lesion based on the estimated value or values. The other parameters discussed

above may be used, as well.

The camera may be a single-chip or multiple-chip charge-coupled

device which detects light in a plurality of spectral bands between the near

ultraviolet to near infrared. The filter means may be a plurality of interference

filters mounted on a wheel for stepping any filter into a position intercepting the

light from the light source. Preferably, at least one of the spectral bands has a

center which lies between about 400 and 500 nanometers, at least one of the

spectral bands has a center which lies between about 500 and 600 nanometers,

and at least one other spectral band has a center which lies between about 750

and 1000 nanometers.

DESCRIPTION OF THE FIGURES

Fig. 1(a) is a schematic illustration of a method and system of imaging

a region of interest of skin in accordance with the present invention;

Fig. 1(b) is a schematic illustration of a plurality of narrow spectral

bandwidths which may be used to illuminate the skin in the embodiment of Fig.

1(8);
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Fig. 1(c) is a schematic illustration of alternative methods and systems

for digitizing and analyzing color photographic slides of a region of interest of skin;

Fig. 2 is a schematic illustration of preferred illumination and imaging

portions of a computer controlled imaging system for direct imaging of a lesion;

Fig. 3(a) is a flow chart of a calibration procedure for use with the

present invention;

Fig. 3(b) is a flow chart of a method of processing images for

classifying lesions as malignant or benign, in accordance with the present

invention; 7

Figs. 4(a) and 4(b) are histograms of a malignant melanoma and of an

atypical melanocytic nevus, respectively, showing two peaks in each histogram;

Figs. 5(a) and 5(b) are histograms of another malignant melanoma and another

atypical melanocytic nevus, respectively, showing three or more peaks in each

histogram;

Figs. 6(a) and 6(d) are digital images in the blue spectral band of

another malignant melanoma and another atypical melanocytic nevus,

respectively;

Figs. 6(b) and 6(a) are digital images of the images of Figs. 6(a) and

6(d) respectively, after thresholding;

Figs 6(c) and 60‘) are digital images of the images of Figs. 6(a) and

6(d), respectively, after iterative thresholding;

Figs. 7(a) and 7(d) are digital images in the blue spectral band of

another malignant melanoma and another atypical melanocytic nevus;

Figs. 7(b) and 7(e) are digital images of Figs. 7(a) and 7(d),

respectively, resulting from iterative processing and showing dark blobs outside

the lesion area;

Figs. 7(c) and 7(f) are digital image masks of Figs. 7(b) and 7(d),

respectively, resulting from image cleaning;

Figs. 8(a) and 8(e) are digital images in the blue spectral band of

another malignant melanoma and another atypical melanocytic nevus,

respectively, showing hair;
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Figs. 8(b) and 8(f) are reverse intensity contrast images of the lesions

of Figs. 8(a) and 8(a), respectively;

Figs. 8(c) and 8(9) are digital images resulting from an averaging

process applied to the images of Figs. 8(a) and 8(b), to remove hair;

Figs. 8(d) and 8(h) are binary lesion masks resulting from the

segmentation of the images of Figs. 8(c) and 8(9), respectively;

Fig. 9 is a spatial filter used to remove hair;

Figs. 10(a) — 10(0) are segmented digital images in the blue, green

and red spectral bands, of the malignant melanoma whose histogram is shown in

Fig. 5(a);

Figs. 10(d) - 10(f) are segmented digital images in the blue, green and

red spectral bands, of an atypical melanocytic nevus whose histogram is shown in

Fig. 5(b);

Fig. 11 is a chart of lesion parameters and their associated diagnostic

accuracy, sensitivity and specificity when used individually;

Fig. 12 is a plot of linear classifier values versus lesion identification

number, for 41 malignant melanomas and 104 atypical melanocytic nevi;

Fig. 13 is a plot of linear classifier values versus lesion identification

number for 24 superficial spreading melanomas and 16 melanomas in-situ; and

Fig. 14 is a plot of lesion parameter versus Breslow thickness for 24

superficial spreading melanomas.

DESCRIPTION OF THE INVENTION

Fig. 1(a) is a schematic illustration of a method and system 1 in

accordance with the present invention, by which images of the skin 2 are acquired

by a camera nearly simultaneously at a plurality of spectral bands, Xi, i=1,2,...M,

that are preferably effectively non-overlapping, as shown schematically in FIG.

1(b). The skin is illuminated by a source of white light 3, which is filtered by

narrow passband filters 4. The filtered light is preferably conveyed to the skin 2

through a fiberoptic illuminator 5. The light re-emitted by the illuminated skin is

imaged by a low~noise, high-resolution monochrome camera 6, which is preferably
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an electronic charge-coupled (“CCD”) camera. Digital images output by the

camera 6 are provided to a computer 12 for processing.

The computer 12 includes a digital interface 12a, a memory 12b and a

digital processor 12c. A display 19 is preferably provided as well. The computer

12 includes an input to a digital interface 12a for receiving the digital images. A

memory 12b stores the digital images, and the software controlling operation of

the imaging system, the image processing, and the classification and

characterization of the lesion. The digital processor 12c, under control of the

software, performs the calculations. The computer 12 has an output connected to

a display 19, which can display the processed images and the results of the

classification and characterization procedures for each image. The computer 12

also preferably has outputs connected to the source of light 3 and the camera 6,

for controlling their illumination level and exposure times, respectively, as

described below.

The image processing, classification or characterization and other

programs can be implemented on a personal computer, using a programming

language, such as FORTRAN or C. The memory 12b which stores the software

can be any convenient media readable by the computer 12, such as the hard drive

of the computer, read only memory, random access memory with a battery backup,

electrically programmed ROM, electrically erasable ROM, floppy disc, or CD ROM.

Other suitable media may be used, as well.

When the filter bandpasses have minimal overlap, as in FIG. 1(b),

each monochromatic image will contain spectrally independent information. Such

spectral separation is believed to be useful for differential diagnosis of skin lesions

that contain varying amOunts of melanin, and of hemoglobin in different oxidation

states, for example. Spectral separation is also believed to be useful in

distinguishing granulation of tissue and other structural details of wounds in

various stages of healing. One or more of‘the wavelength bands may lie outside

the visible region, such as in the near infrared and/or the near ultraviolet, as long

as the wavelength is within the response range of the combined optical system

including the electronic camera 6.
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In accordance with another aspect of the invention, the digital images

of skin lesions can be derived from color slides of the lesions obtained by clinical

imaging, dermoscopy, or polarization imaging. Fig. 1(c) is a schematic illustration

of alternative approaches to the acquisition and digitization of images of skin

lesions from color slides. A photo camera 13 produces 35-mm color slides of a

region of the skin 14. The camera 13 can be a Dermaphot ® camera from Heine.

Optotechnik Gmbh & Co. AG, Germany, for example. The slides are typically

stored in an archive 15. The slides are subsequently reimaged by a monochrome

camera 16, which may be a CCD camera, that photographs each slide as it is

illuminated by white light that has passed through a sequence of bandpass filters

17 to create a color filtered version of the image. The slides can be illuminated at

broad or narrow blue (B), green (G) and red (R) wavelength bands, respectively.

The broad wavelength bands may overlap somewhat. in one example, the blue

wavelength band was about 400 nm i 30 nm, the green wavelength band was

about 550 nm 1 30 nm, and the red wavelength band was about 700 nm 1 30 nm.

Each of the filtered representations is recorded by the monochrome

camera 16, which provides the resulting digital images 18 to an input of the

computer 12. if an electronic camera such as a CCD camera is not used, the slide

images could be digitized by any available commercial digitizer including three

channels, one for red, one for green and one for blue, as long as the pixel size in

the lesion plane after digitization is less than about 60 micrometers (“pm”).

An appropriate CCD camera 16 is available from Electrim, lnc.,

Princeton, N.J. The camera 16 has a photographic macro-lens, wherein f#/2.8 and

#100 mm. Preferably, the spatial resolution of the CCD camera 16 provides

pixels having a size about 10-30 pm in the lesion plane. The CCD camera 16 from

Electrim, lnc., has 753 X 488 pixels. The spatial resolution with such a camera is

approximately 21 x 24 pm at the lesion plane. Digital images of lesions obtained

with this imaging system were used to classify lesions as malignant or benign, and

to characterize lesions as invasive or non-invasive, as described further, below.

The Electrim, lnc., CCD camera 16 has rectangular pixels. A CCD camera with

square pixels would simplify the calculating procedures.
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Alternatively, a 3-chip CCD camera 20, indicated in phantom in Fig.

10, may be used to reimage the slides of the region of interest. The CCD camera

20 provides digitized images for subsequent analysis by the computer 12. Broad

bandpass filters, which are part of the CCD camera 20, produce a representation

of the lesion as a set of three narrowband images. The filters are typically in

accordance with CIE Standard Observer, wherein the bandwidths are broad.

Fig. 2 is a schematic illustration of the illumination and imaging

portions of a preferred computer controlled imaging system 22 in accordance with

the present invention, for imaging a region of interest of skin including a lesion.

The electronic camera 23 may be a 10—bit monochromatic electronic CCD camera

23, such as the Xillix Model 1400, available from Xillix Technologies Corp.,

Canada. The Xillix camera is equipped with wide band, low distortion foreoptics,

such as the XJP 1.9/0501, available from Jos. Schneider Werke, Germany. The

lower distortion fore optics and the camera minimize chromatic aberrations of the

optical system over the “multispectral” sequence of exposures, enabling

registration of images with sub-pixel accuracy, over the entire field of view.

To ensure repeatability of imaging conditions and minimize required intervention

by the operator, it is preferred that the system be operated at a preset f/stop. For

cameras such as the Xillix Model 1400, exposure times are preferably controlled

by the computer 12 through an electromechanical shutter that can operate reliably

between minimum and maximum exposure times tmm and tmax.

The imaging system provides low—noise, high-resolution digital images

at high data transfer rates, with low distortion imaging over the entire range of

wavelengths covered by the collection of filters. The Xillix camera, discussed

above, has a resolution at the skin surface of about 20 microns per pixel.

The CCD camera 23 is preferably contained in a hand-held unit, represented

schematically as box 24. The illuminator source 25 is a tungsten-halogen lamp

whose intensity is controlled by a light-stabilized power supply 26 whose setting is

automatically adjusted by the computer 12. A 150 watt lamp, such as the Phillips

EJA, available from Phillips Electronics North America Corporation, N.Y., may be

used, for example. The output of the lamp 25 is white light. A narrowband filter 27

is provided between the source and an optical fiber 28. A plurality of narrowband
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filters, each one corresponding to a different spectral wavelength band, are

mounted on a filter wheel 29. Preferred filter bandwidths are listed in Table 1,

below. The filter wheel 29, which is driven by a stepping motor 29a, advances

each filter to its proper position between the lamp 25 and the optical fiber 28, and

holds each filter in position for a sufficient period of time. The computer 12

controls the motor 29a. More or fewer filters may be used. Appropriate lenses 14

are provided between the lamp 25 and the filter 27, and between the filter 27 and

the optical fibers 28, as well. One or more fiber illuminators are provided for

conveying the light from the source to the lesion. Two such illuminators 30a, 30b

are shown in Fig. 2 for simplicity. Although the fiber illuminator illustrated is a

bifurcated pair, a ring illuminator which provides more nearly uniform illumination

at the skin surface, is preferred. An angle of illumination of about 20° is also

preferred. A Fostec Model A0603 ring illuminator, available from Fostec, Inc.,

N.Y., may be used. for example.

The hand-held portion of the system 24 of Fig. 2, which includes the

camera 23, may be mounted on a cantilevered arm (not shown) that can be locked

into position.

The digital signals making up each of the digital images output from

the camera 23 are provided to the computer 12. The computer 12 conducts image

processing procedures on the digital images to calibrate the images, and to

objectively segment, estimate parameters, and classify the lesions based on the

estimated parameters. Operatorjudgment is not required at any point in the

process.

Control is maintained by the computer 12 over source intensity, filter

position, and such camera settings as shutter timing, through the digital interface

12a. Key control parameters are empirically chosen on the basis of feedback from

histograms of trial images. The intensity of the lamp 25 may be maintained at a

stable value, commensurate with the 10-bit dynamic range of the camera 26, by

monitoring a secondary light source, connected electrically in series with the

primary light source 25. The light output from the secondary source is monitored

by a light sensor that is optically isolated from light reflections associated with the

primary source. Such reflections may be caused by the filters that are located on
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the filter wheel, or from the housing of the primary light source. This method

provides optical feedback which is sensitive to changes in light intensity caused by

changes in lamp lead resistance, for example, while it is insensitive to the variable

amounts of light reflected from the filters, for example. By means of a closed

control loop, the optical feedback from the secondary source is used to maintain

long-term constant light output from the primary source.

The apparatus of Fig. 2 can be used for either clinical imaging of the

skin, wherein the skin is imaged directly, dermoscopic imaging, wherein a layer of

oil is provided over the skin and a layer of glass placed over the oil layer, or

polarized imaging, where a polarizer 31 is added to minimize specular reflection

as shown in Fig. 2. ln dermoscopic imaging, the index-matching oil sufficiently

reduces the specular reflection to avoid the need for a polarizer.

instead of being positioned between the light source 25 and the optical fiber 28,

the narrow bandpass filters 27 may be placed between the skin and the CCD

camera 23 to filter the light reflected, scattered and radiated from the skin 2.

The front end of the system preferably consists of a flat glass plate (not shown) for

being placed over the skin. Light pressure is applied through the glass, onto the

skin, throughout the imaging process. This helps to stabilize the region of interest

against unwanted motion which could blur an image or which could lead to spatial

misregistration between images obtained in different filter bandpasses.

The preferred filters 27 for lesion imaging with a tungsten-halogen

white light source 25 have the center wavelengths A, and bandwidths (FWHM)

listed in Table 1, for i=l,2,...,M, M=l0, wherein the bands are labeled by j=i-l =

0,l,...M-|. Such filters are available, for example, from lntor, lnc., Tucson, AZ. In

each band, the exposure time is preferably selected to avoid saturation of the

detector elements of the CCD camera 23, as well as to maximize the linear

dynamic range over which the image data are recorded. These exposure times

should be constrained to be within limits tmin and tmax which are related to the

electromechanical design of the shutter, optical throughput of the camera 23, and

avoidance of image blur associated with motion during the exposure sequence.

Suitable values of tmin and t”...x could be 10 ms and 550 ms, respectively, for
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example. The choice of center wavelength and FWHM for the filter channels, as

well as the corresponding exposure times, should preferably also take into account

the following considerations:

(a) The center wavelength and FWHM for at least two channels

should be chosen so that characteristic absorption lines can be differentiated,

such as those associated with melanin and hemoglobin;

(b) For a given set of center wavelengths, there are upper limits on

the associated bandwidths if spectral independence of data in different channels is

to be maintained, as illustrated in FIG. 1(a);

(c) Bandpasses should be chosen in the red, green and blue portions

of the spectrum which enable "true-color" reconstruction of skin images that are

suitable for visualization by clinicians;

(d) The need for high signal-to-noise ratio in each image sets practical

lower limits on the product of exposure time and filter bandwidth, especially at

short wavelengths, where detector response falls off and lesion reflectance is low;

and

(e) The total time taken to acquire the images in all filter bands is

preferably less than about three minutes, to minimize patient discomfort and

possible motion.

Based on considerations (d) and (e) above, and also taking into

account the varying spectral reflectances of skin of different colors, the exposure

times in each filter channel are preferably adjustable, with settings based on the

dynamic range achieved on an empirical basis, with trial images. In this manner,

both dynamic range and signal-to-noise ratio can be maximized for each filter

channel. The preferred method is to choose tam, by iteration, based on intensity

histograms of images of the skin obtained with trial exposures at each wavelength

band. The histograms are analyzed to determine the number of pixels at the

saturation intensity level, Isa: 2b-1 (1023 for b=|0 bits). The exposure time is

decreased if the number of saturated pixels exceeds a predetermined amount,

such as 0.01% of the total. Conversely, to maintain high signal-to—noise ratio, the

exposure time is increased if a predetermined percentile in the histogram, 99.9%,
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for example, is reached at less than a preset threshold, such as 99.5% of Isa. The

iteration process typically converges after two or three trials.

The preferred exposure times at each wavelength for imaging skin of

different colors to classify melanomas are listed in Table 1, for the embodiment of

Fig. 2 with 10 filters. It has been found that for the blue channel centered at 450

nm, the optimal exposure time for dark skin is 273 ms, which is more than double

the optimal 107 ms exposure time for light skin. On the other hand, in the near

infrared channel centered at 780 nm, the exposure times listed are much shorter.

between 24 and 35 ms, and vary relatively little with skin type. The optimal

exposure time for dark skin in the deep blue channel at 430 nm is at tmax = 550 ms,

due to the low skin reflectance and relatively low optical throughput of the system

at this short wavelength. Even with an exposure time this long, therefore, the

image is less than fully exposed. Greater throughput at this wavelength could be

achieved, at the expense of poorer response in the infrared.

In Table 1, the FWHM at 450 nm, is 100 nm, which is much broader

than for other wavelengths. It has been found that where images are desired for

visual analysis as well as computer processing, the broad wavelength band at 450

nm more closely matches the blue response of the human eye and is therefore

preferred. In addition, the broad wavelength band provides data at a higher

signal~to-noise ratio.

Table 1 appears below:

Optimal Exposure Times (msec) vs. Skin Color

Filter Center Filter

Number Wavelength FWHM Very Light Medium Tan Dark

(i=i—l) (nm) JML Skin Skin m fir;

0 430 60 405.2 436.5 484.4 550.0

9 450 100 106.8 124.9 156.1 273.3

1 500 40 56.4 62.9 88.7 130.7

2 550 10 44.2 50.4 71.3 92.9

3 600 10 19.1 24.0 29.6 39.2

8 650 10 74.5 92.3 104.9 132.0

4 700 10 71.6 86.0 98.0 114.4
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5 780 30 25.8 29.1 34.9 23.6

6 880 50 34.1 38.6 44.8 46.1

7 950 60 161.1 187.6 205.8 212.0

Tables similar to Table 1 can be readily constructed based on

experimental results for other applications, where other spectral bands may be

better suited. For example, in the analysis of wound healing, the ability to

distinguish oxygenated from deoxygenated blood would be desirable. In addition,

the wavelengths and exposure times in Table 1 reflect a balance between the best

results for subsequent analysis of the images by a computer, and the best results

for visual observation of the images. If visual observation is not necessary, other

wavelength bands and exposure times may be used.

FIG. 3(a) describes how the systems and methods of the present

invention provide for calibration of the recorded images. The calibration procedure

permits 10-bit image data to be recorded over a large linear dynamic range in

each spectral band, independent of skin type. The recorded images can also be

standardized for diffuse spectral reflectance. Consistent measures of reflectance

ratios in different spectral bands can therefore be obtained, despite variations in

illumination pattern with wavelength, changes in the position of the illuminator, or

aging of the lamp, for example.

First, the effects of dark current and "fixed pattern noise" are removed

in Step 1. N images are recorded by the camera without illumination. Preferably 8

such dark images are recorded. The average of these N dark images, ID is

calculated and stored in the computer 12.

Second, spatial inhomogeneities in the illumination and in the

response associated with each CCD pixel are removed in Step 2. A sequence of

N' images of an illuminated flat, diffuse reflectance standard, such as a white

Spectralon® target (R>99%) recorded. As above, N' is preferably 8. The N’

images are recorded at each wavelength band. To average over local

inhomogeneities in the reflectance standard, the target is moved continuously

during the integration time and between exposures. A small motor, such as a

reciprocating motor, may be used. The integration time and/or lamp intensity are

adjusted by the computer 12 at each wavelength band until negligibly few of the
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pixels are at or just below an intensity level corresponding to saturation. These N'

“flat-field” images are averaged to reduce the effect of spatial non-uniformities in

the reflectance standard, as well as to improve the detection signal-to—noise ratio.

The resulting averages are stored in the computer as Iwi, where i=1,2,...M.

Next, monochromatic "raw data" images of the skin, lsi, are captured by the camera

and digitally acquired by the computer 12 within each filter passband, i=l,2,...M. If

dermoscopic imaging is used, where a thin layer of mineral oil is spread between

the skin and a cover glass is fixed in position in front of the camera, each image of

the skin preferably contains an image of a narrow strip of oil-free, diffusely

reflecting gray material, held in place on the inside surface of the cover glass, and

located along one edge of the field of view. The material may be cutout of a

Kodak "18% gray" card. Dermoscopic imaging is preferred for melanocytic

lesions. The alternative clinical imaging mode is preferred for the imaging of

wounds and burns because contact with the wound or burn by a cover glass is not

desired. Although FIG. 2 indicates a lesion present on the skin 2, it will be readily

understood that the same method will apply when a wound or burn is present,

instead. In the clinical imaging mode, it is preferable to reduce specular

reflections by employing the polarizer 31, as indicated in FIG. 2.

In either the dermoscopic or clinical imaging techniques, a fourth step

is preferably provided, in which the raw data is compensated for dark current and

fixed pattern noise and then normalized to the flat-field images. The dark-field

compensation is performed by subtracting the stored average dark image ID both

from the flat-field image lw, and from the raw data image ls.. The ratio of the results

of these subtractions is then taken. This standardizes the dark-corrected raw data

to the flat-field image. compensating for spatially varying illumination and pixel-to-

pixel response variations. After the ratio is taken, the result is standardized to the

maximum level, 2b-1 which equals 1023 where b = 10 in a 10-bit data

representation. The normalization process thus converts the image of the skin

and the gray strip into a standardized diffuse reflectance map, with the result

preserving a large linear recording dynamic range. In FIG. 3(a), the dark-field

corrected and flat-field-normalized images, also referred to as "flat-field-calibrated"

images, are denoted as lsi. In any image, standardization to maximum level can be
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reinterpreted directly in terms of equivalent diffuse reflectance on the basis of the

average gray level over the image of the gray strip, <|gray strip>.~ and the

measured average diffuse reflectance of the gray strip, which is approximately 0.2

and varies in a known and repeatable manner with wavelength.

Preferably, the average image intensity in the gray—strip region is also

used to calculate weighting factors for combining three or more monochromatic

images to provide "true—color" visualizations of lesion images on the computer 12

and display 19. This is preferably accomplished in Step 5, where the user selects

the spectral bands to be used in the color visualization. Step 5 can take place

prior to the imaging session. Four bands are currently preferred for such

visualization. Filter bands j=3 and 8, in a 3:2 ratio, for the red (R) channel, filter

band j=2 for the green (G) channel, and filter band j=9 for the blue (B) channel, in

Table 1. As indicated in Step 6 of FIG. 3(a), the relative weights applied to the

RszB channels are preferably inversely proportional to <|gray strip>, the average

intensity over the portion occupied by the gray strip area in each image. This

procedure tends to reconstruct the hues and saturations in the original scene to

within accuracy limits associated with response nonlinearities of the display 19.

To minimize the effects of such nonlinearities with display monitors such as the

Sony Model GDM-175E1 Multiscan monitor, for example, the viewer may prefer to

adjust the maximum brightness in the image to correspond to the maximum image

intensity level of the monitor. A linear transformation step, which can be readily

accomplished by commercial software such as Adobe Photoshop, may be used. If

the digital images are derived from photographic slides, as in the embodiment of

Fig. 1(c), steps 5 and 6 are not necessary.

As indicated by dashed lines in FIG. 3(a), either the normalized

monochromatic images resulting from Step 4 or the color visualization provided

from Step 6 can be displayed on the display 19. Any or all of the monochromatic

raw images could be displayed as well.

Fig. 3(b) is a flow chart of a preferred method of processing images

according to the present invention for characterizing the condition of a region of

interest of the skin of a subject which includes a skin lesion. A skin lesion is

selected in Step 50. Digital images of the lesions illuminated by light filtered at the
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desired wavelengths of x, 44..., are digitally recorded in Steps 52, 54, 56 and

57..., as described above. Each of these digital images is processed separately.

In Step 58, the image taken at the lowest spectral band is used to create a mask

for segmentation. A blue spectral band is preferred. At Steps 60, 62, 64, 65...,

each of the images of the lesion that correspond to different wavelengths are

segmented by means of the segmentation mask obtained at Step 58. Lesion

parameters are computed from each of the segmented images, in Step 66. Lesion

parameters found to be useful for classifying and characterizing the lesion and

statistical methods for computing the estimated values of the parameters, are

discussed further, below. The estimated values of the parameters are provided to

a linear classifier in Step 68. The linear classifier employs a linearly weighted sum

of the individual parameters to derive a value used to classify the lesion as

malignant or benign. A non-linear classifier such as a Gaussian quadratic

classifier or an artificial neural—net classifier, each employing a suitable defined

merit function, may be used as well. In either case, the numerical value produced

by the classifier is subjected to a threshold test at Step 100, such that if the test is

passed, the lesion is suspected to be malignant melanoma. If the test is failed, the

lesion is declared not to be melanoma. The lesion could also be characterized as

invasive or non-invasive with a different classifier.
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I. SEGMENTATION

The segmentation algorithms will now be described. The function of the segmentation
algorithms is to discriminate between the lesion and normal skin in the field-of—view of the
imaging device. This is a complex function since not only is the lesion appearance highly
variable but so is the appearance of healthy skin due, for example, to the presence of
blotcha, hair, wrinkles, etc. The automatic algorithm described here is based on the
images in the blue spectral band, from about 400 nanometers (nm) to 500 nm. This
spectral band was selected because melanin absorption increases rapidly a the wavelength
decreasa. While the use of ultraviolet radiation could be advantageous, since ultraviolet
radiation is carcinogenic, only low doses can be used.

Segmentation in blue consists of several automatic steps:

Location of major peaks in the histogram

First, the histogram of intensity levels in the whole image is determined. Then, given
a sliding window with the range of (2L + 1) intensity levels, the number of peaks N, in
the histogram over that range is determined. If N, < 2, the range is decreased by two
levels and if N, > 3, the range is increased by two levels and the process is repeated until
N, = 2 or 3. For most of the images in the data base used in this study, there are two
major peaks in the histogram. Examples of such histograms are shown in Fig. 4(a) for
a malignant melanoma and in Fig. 4(b) for an atypical melanocytic nevus. The lesions
correspond to the lower intensity peak, since it is darker than the surrounding skin due to
strong absorption by melanin at 400 nm. However, some lesions are quite inhomogeneous,

is selected to be at the histogram minimum between these two peaks, as indicated in Figs.
4(a) and 4(b). In the case of three peaks, it has been found that, if the middle peak is closer
to the lowest intensity peak, the threshold value is at the minimum between the middle
and the highest intensity peak. If the middle peak is closer to the highest intensity peak,
then the threshold value is at the minimum between the middle and the lowest intensity
peak, as showu in Figs. 5(a) and 5(b).

Iterative thresholding of the image

The next step in image segmentation is iterative thresholding of the images. Given the
intensity threshold value, image thresholding has been typically accomplished u follows.
The intensity I(z,y) of a pixel at location (2,1,1) is set to zero if it exceeds I.;., i.e.,

_ Kiwi/l) if I(1:,y) < I'MIL(-’r,y) ‘- {0, otherwise. (1)
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Figs. 6(a) and 6(d) are examples of digital images of malignant melanoma and atypical
melanocytic nevus in the blue spectral band, respectively. Figs. 6(b) and 6(a) are images
resulting from the direct throsholding as in Eq. (1). As shown in Figs. 6(b) and 6(e),
“holes” can appear within the lesion. Therefore, an iterative approach is preferably used.
First, the intensity of pixels at the image edges is set to zero. Then as each iteration
proceeds, the intensity I(.r,y) of a pixel at location (2:,y) is set to zero if it exceeds I“.
and at least one of its nearest neighbors has zero intensity, i.e.,

_ 07 if I(Iay)ZIth andNnn=oi[Lb-’3’) _ {I(z,y) , otherwise, ' (2)
where

NY"! = min[I(.r _ lwy)7I(-t + 1,y),I(z,y _1)aI(1ay + 1)l]' (3)
This procedure is iterated until there are no pixels with [(3, y) 2 In; and a nearest neighbor
with zero intensity. Typically, only a few iterations are required to complete this step. The
resulting images are shown in Figs. 6(c) and 6(f).

Figs. 7(a) and 7(d) are other examples of digital images of malignant melanoma and
atypical melanocytic nevus, respectively. Figs. 7(b) and 7(e) are images resulting from the
iterative thresholding described above. Various dark blobs are seen in the images outside
of the lesion area. These are removed in the following step.

Image cleaning

the normal skin or to hair as in Fig. 7(b). Others are artifacts such as the film edge at the
top of the nevus image in Fig. 7(e), or dark bands at the image edges from the slide mounts.
These bands are removed by automatically testing for their presence and then setting the
intensity of appropriate pixels to zero. The remaining blobs could also be removed by
determining the overall number and size, i.e.', number of pixels, of connected blobs, and
then setting to zero the intensity of pixels belonging to the small ones. However, since the
size of some lesions exceeds 100,000 pixels, this would be computationally very intensive.
Therefore, in practice, this step is preferably carried out as follows. First, perimeter pixels
for all blobs in the image are located. The number of such pixels is typically less than
10,000. Then, each of these perimeter pixels is assigned to a unique blob and its size, the
number of perimeter pixels in the blob, is determined. The intensities of pixels belonging
to blobs of size less than 30% of the maximum size for that image are set to zero. This
process is iterated until all the small blobs are removed. Typically less than 10 iterations
are needed. The intensity of all the nonzero pixels is then set to 1. The resulting binary
lesion mask has the following property:

_ 1 , if pixel at (2:,y) belongs to lesion ;Is($.t') — { 0 , otherwise. (4)
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Figs. 7c) and 7(f) illustrate the resulting lesion masks.

In the images illustrated in Figs. 7(a) and 7(d), dark hairs were either absent or were
not adjacent. to the lesion. However, there are many images with prominent dark hair
overlapping lesions. Segmentation of such images is described in the following section.

Segmentation of images in presence of hair

Figs. 8(a) and 8(e) are examples of lesion images with hair. Since the segmentation
algorithm described in the previous section would leave some of these dark hairs connected
to the lesion, images with hair require special preprocessing to allow for hair removal from
the normal skin. Since hair is a problem because of its high contrast with respect to the
normal skin in the blue, 8. spatial filter was designed to locate hairs. This filter, shown
in Fig. 9, is magnification dependent. It is applied to every pixel of the original image
and the result is thresholded at the 5% of maximum value in the whole filtered image.
The filtered images are shown in Figs. 8(b) and 8(f) in reverse intensity contrast, wherein
bright features are dark. Hairs are clearly located in the filtered images. It should be noted
that the lesion interior is almost entirely blank, indicating poor contrast between hair and
lesion.

Hairs are removed by an averaging process. For every non-zero pixel at (3:, y) in the
filtered image one finds the locations of 4 nearest pixels (thy), (3.,y), (any), (x,y.)
(where 1:; < a: < 2., and y: < y < y“) with zero intensity. Then the intensity of every
pixel in the original image that has non-zero intensity in the filtered image is replaced as
follows:

In(:ay) : 15—]; ZlI(zu + kiy) + It“ — k)y) + 1(31yu + k) + [(zvyl _ kH' (5)k=l

The images averaged in this way are shown in Figs. 8(c) and 8(g). It is seen that the
contrast between hairs and normal skin is considerably reduced in these images. After this
preprocessing, the segmentation algorithm described in the previous section is applied to
the averaged image. The final binary lesion masks are shown in Figs. 8(d) and 8(b).

The preprocessing step described above may be used for all lesion images, regardless
of the presence of hair, enabling fully automated lesion segmentation. However, since this
requires more computation and causes some border blurring, the need for preprocessing
due to the presence of dark hair is preferably indicated interactively by an operator, and
images preprocessed only when necessary.

Segmentation of images in other spectral bands

Since melanin absorption is strongest in the shortest-wavelength band, the lesion
area, which appears as a. dark region in the image, appears largest in the blue spectral
band. Since longer wavelength radiation penetrates deeper into skin, if the thickan

SUBSTITUTE SHEET (RULE 26)

BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 868 of 1115



BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 869 of 1115

WO 98/37811 PCT/US98/03826

23

of the melanin-containing layer compensates for the weak absorption, that part of the
lesion will appear dark even in the red spectral hand. For thick melanomas, with Breslow
thickness greater than 1 mm, one expects dark lesions even in the infirared bands. This
was observed, for example, by Marchesini ct (11., Photochemistry & Photobiology, “In vivo
spectrophotometric evaluation of neoplastic and non-neoplastic skin pigmented lesions. III.
CCD camera-based reflectance imaging,” Vol. 62, 1995, pp. 151-154. However, for early
malignant melanomas, with Breslow thickness less than 1 mm, great variability of images
in the red spectral band has been found. There may be so little contrast between the lesion
and the normal skin that direct segmentation is not possible. Therefore, segmentation of
lesion images in all spectral bands with wavelength A uses the binary lesion mask of Eq
(4), obtained in the shortest-wavelength band, here blue, i.e.,

IL(2.y; A) E I(I.y;/\) >< Ia(r,y)l (6)

Figs. 10(a) — 10(f) are a series of images of the lesions, with their corresponding-
histograms shown in Figs. 5(a) and 5(b), segmented in the blue, green, and red spectral
bands, as indicated. The automatically determined lesion borders are superimposed on
the original lesion images. The area of dark regions is largest in the blue.

II. LESION PARAMETER ESTIMATION

Objective and automatic lesion classification requires quantitative algorithms for le—
sion parameter estimation from their segmented images. Such parameters should be di-
mensionless, independent of lesion location and orientation in the image, and of the overall
image brightness. It is convenient to separate the parameters used here into four broad
classes: asymmetry, blotchiness, border, and texture. Parameters with the highest diag-
nostic accuracy for malignant melanoma are listed in Fig. 11, together with the values of
diagnostic accuracy, sensitivity, and specificity, for a. training set of images of 41 malignant
melanomas and 104 atypical melanocytic nevi obtained with the imaging system described
above, with respect to Fig. 1(a) wherein the monochrome camera 16 was used to digitize
slides. The subscript r, g, or b refers to the red, green, or blue spectral band in which the
parameter is evaluated. If additional spectral bands are used, then each of the parameters
could be computed at the additional spectral bands, as well.

Specific algorithms for these parameters are described below. For simplicity it is
assumed that the image pixels are square but the algorithms described below may be
implemented for rectangular pixels as well.
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Lesion Asymmetry

Asymmetry parameter

The lesion asymmetry parameter is based on moments of the intensity distribution.
First, the lesion orientation angle 9 is used to locate the principal axes, which are just the
symmetry axes for symmetric lesions. The angle 0 is computed from

_ 2<(3‘$c)(y‘yc)>
mze‘<(z—zc)2>—<(y—yc)2>’ (7)

where the lesion intensity centroid is at

:rc=<.r> and yc=<y>. (8)

The angular brackets in Eqs. (7) and (8) denote an intensity moment, which for any
function f(:z:, y) of position in the image can be computed as follows:

E, Z, f(=,y)IL(a=,y) (9)
2: 2y IL(-‘L',y) ,

where IL(::, y) is the segmented lesion image. In order to compare properties of different
lesions, the parameters used are independent of the orientation of the lesion in the image.
Therefore, the lesion asymmetry is determined with respect to the principal axes. The
measure of asymmetry described here requires rotation of the image by an angle 6 so that
principal axes are parallel to the image axes. In this principal-axis coordinate system the
following asymmetry factors are defined:

< f(z,y) > E
 

A __ 21:2,, lIL(zC +niy) _ IL(£¢ _ nty)lz ..R

2. 2, 1:11.31) ' (10“)

_ 2: Zn lIL(zi y: + Tl) ‘ 11301:in " n)l
Ay - 2: 2y IL(I, y) - ‘ (106)

The asymmetry parameter,

A = AI: + Av ) (11)

is a measure of asymmetry in the geometric shape of a lesion as well as in the distribution
of lesion pigmentation. Asymmetry parameters tend to be larger for malignant melanomas
than for atypical melanocytic nevi.

Binary asymmetry parameter

If the intensity distribution IL in Eqs. (10a) and (10b) is replaced by the binary
intensity distribution of Eq. (4), then the corresponding asymmetry parameter A5,}. is
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the Erection of the lesion pixels which do not have a counterpart on the other side of the

principal axis. Thus, when based on the binary intensity distribution, parameter Au" is a
measure of the asymmetry of the geometric shape of the lesion.

Lesion Blotchiness

Visually, many early malignant melanomas appear blotchy. In multispectral images
there may be darker and lighter regions or blotchea of rather homogeneous intensity. In
color images, in contrast, there may be regions of difl‘erent colors. Therefore, it is of interest

to quantify such blotchiness in order to differentiate malignant from benign lesions.

Blotchineas Parameter Based on Spatial Intensity Distribution

The lesion is divided into Ng “topographic” regions. KL“, and Inn-n are the maximum

and minimum intensities in the lesion in some spectral band, respectively, then a pixel at
(:,y) belongs to the nth region if

ma: _ min I _ [minLn". + (n — 1)I——N'I— S IL(z,y) < [min + 72%. (12)
For nth topographic region defined in Eq. (12), a distribution of distances of pixels in that
region from the intensity centroid of the binary lesion mask

dn($yy) = V (:n _ $C)2 + (yr! - yc)2 (13)

is obtained and its mean value < d,I > and variance Var(d,.) are computed. The measure
of lesion blotchiness based on spatial intensity distribution is

BI: f‘:l Vva‘r(dfl) . 14
2:;1 < dn > ( )

This parameter can be evaluated in every spectral band.

Blotchiness Parameter Based on Centroids

The lesion is again divided into N; “topographic” regions as defined in Eq. (12). An
intensity centroid (zc(n),yc(n)), defined in Eqs. (8) and (9), is then computed for each
such region separately. The blotchiness parameter based on the centroid is defined as

C = (Xmas — Xmin)(Ymaz - Ymin)/Al (15)

where, for example, Xm“ is the maximum value of :rc(n), and A; is the lesion area in

pixels. This blotchiness parameter is also determined in each spectral band separately.
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Blotchincu Parameter Based on Spatial Color Distribution

The “color” in this analysis is not related to the visual perception of color. It is
a quantitative descriptor of the relative intensities in red, blue, and green channels in a
particular pixel.

All the other lesion parameters described here involve analysis of images in each
spectral band separately. Therefore, absolute calibration of image intensities was not
necessary. However, in order to describe the color distribution, normalization of intensities
in red, green, and blue spectral bands is needed, so that intensities in the three channels
are equal for white. In the spherical color coordinate system,

— IR($,y)

R(ryy) —m,

_ 1005.3!)

C(Ily) — 18(2):!) + 13(z1y) + IG($,y) , (16)
where the subscripts R,G,B refer to red, green, and blue spectral bands, are chosen as
the independent variables The lesion is then divided into color regions as follows. First
R(1:,y) and G(z,y) are divided into N}: and No topographic regions. A color region is
defined as a particular combination of two topographic regions. The total number of color
regions is

NC=NR><NG. (17)

(18)

Lesion Border

Border Imgularity Parameter

Border irregularity is a well-known feature of malignant melanomas. It is typically
defined as the ratio of the measured lesion perimeter to the perimeter of a circle with
the same area as the lesion. Since perimeter is difficult to estimate reliably, a statistical
descriptor of border irregularity is used here. In addition, many lesions are elongated and
an ellipse is a better approximation for such lesions with regular borders than a circle.

Using the binary lesion mask of Eq. (4), the lesion intensity centroid from Eq. (8),
orientation angle from Eq. (7), area, and the aspect ratio defined as

m
< 1 1c , (19)

V < y, _ yr: >2

AR:
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where primes refer to the coordinate system defined by the lesion principal axes, are
determined. These values are then used to construct an ellipse that is the best regular
approximation to the lesion border. For each lesion border pixel at (:5, 345), its angle with
respect to the horizontal BJdS:

-1(35 ‘ 3:)

¢=tm (ya-yc)’ (20)

and the location of the ellipse border for the same angle (z.(¢),y.(¢)) are determined.
The distribution of distances between the ellipse border and lesion border:

deb(1h ya) = d6(16yyb) - de(¢) . (21)
where

db(3r'byyb) = \/(Ia - 1&2 +(yb - ya)2 (22)
and

dew) = V13 + ya, (23)
is obtained and the border irregularity parameter is defined as

B \/ Guides)
=.<d5> . (24)

 

Border Gradient Parameter

Another parameter that quantitatively characterizes lesion border is the measure of
intensity gradients across the lesion borders over the length scale defined by n,, in units
of pixels. For each lesion border pixel at (1:5,y5) one determines whether pixels at (1:; :t
11,, yb i 11,) are at the border. If they are not, then the gradient is defined as

G(::5.y5) = EUR: + n,,y) — I(:r — n,,y)| + II(:r,y + 71,) — I(1=,y —- 11,)”; (250)
otherwise, if pixels at (:1: :t 11,, y) are not on the border,

G(ze,ys)=11(z+ng,y)-I(I-ng.y)|, (25b)

or, if pixels at (z, y :t ng) are not on the border,

G(Ib,yb)= lI(z,y+n,)—I(z,y—n,)l. (25C)
The border gradient parameter is defined as

G=.__VV“(G)_
< G > (26)
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Lesion Texture

The description of lesion texture is particularly vulnerable to subjective judgement,
The quantitative evaluation of lesion texture parameters is possible only using computer-
based image analysis. While many such parameters are possible, those found to be helpful
in discriminating between malignant melanomas and atypical melanocytic nevi are de—
scribed below.

Texture Parameters Based on Local Intensity Variations

Texture parameters are defined over a length scale n: in units of pixels. For example,
consider a pixel located at (2:,y) in the lesion. Let I: and I. be the minimum and the
maximum intensities in an image in the 2n. + 1 x 2n. + 1 window around this pixel, i.e.,
in the range [at — nhz + m] and [y —- nhy + m]. Consider a. variable

I.—I

01(z,y>= I, ’. (27>
 

The first two texture parameters are defined as:

T1 = “Val-(Cl) (28)< 01 >

and

T2 = WOT) (29)
Another texture parameter uses the following variable:

03(1,y)= 4111“], 0) + t0(-ng, 0) + w(n:, 0) + w(0, -711) + 10(0, n.)
- 2[w(-—n;, —-n¢) + w(—n,, 711) + 1001:, ‘71!) + w(nh "In , (30)

where

w(i,J')=I(¢+i,y+j)/I(J=,y)- (31)

If the value of C; is negative, it is set to zero and the corresponding texture parameter is

T3=___VW.
< 03 > (32)

Another variable that leads to a. texture parameter useful for classification of melauocytic
lesions is:

C4(:z:,y) = 8w(0,0) - w(—n;,0) -— w(n1, 0) — w(0, -n‘) — w(0,ng)
— w(—ng, —n¢) - w(—n,, m) — 10(711, —n¢) —- w(n,,n,) (33)

SUBSTITUTE SHEET (RULE 25)

BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 874 of 1115



BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 875 of 1115

W0 98/3781 1 PCT/US98/03826

29

Again, if the value of the variable is negative it is set to zero and the componding texture
parameter is

T4 = *VW
< C4 > (34)

Texture Parameters Based on Pigmented Network

mented network. These texture parameters are measures of variability in the area of the
dermal papillae and in the aspect ratio (length/width) of the rete ridges.

Since dermal papillae appear as the brighter part of the network, one seeks all the
local maxima over a 2n; + 1 x 2n¢+ 1 window. Starting from such a maximum at (rm, ym),
one finds local one-dimensional minima in eight directions (2 vertical, 2 horizontal, and
4 diagonal) and locates the vertices of an octagonal region one pixel closer to the max—
imum intensity pixel than the minimum pixel. Such octagonal regions approximate the
arm of dermal papillae A4,, which are computed from the known location of vertices; the
corresponding texture parameter is

T5 — V lad/14,).
— <A¢,>

 

(35)

Some of the areas determined by this algorithm are due to bubbles visible in some of these
dermoscopic images. However, since there are typically on the order of hundreds of areas,
and on the order of tens of bubbles, the statistical parameters should not be significantly
biased by this artifact.

The aspect ratio of rete ridges is determined in a similar fashion, although one starts
with local minima since rete ridges appear dark in the imaga. The vertices of an octagonal
region are determined in this case from one-dimensional maodma in the eight directions.
The maximum and minimum extents of this region are then determined and the aspect
ratio R is computed. This texture parameter then is

T6=h\/““(m_
< R > (36)
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III. LESION CLASSIFICATION

Selection of lesion parameters for classification was done by determining the maximum
diagnostic accuracy for malignant melanoma. for each parameter computed in every spectral
band available for the training set of images. As mentioned above, diagnostic accuracy,
sensitivity to malignant melanoma and specificity for the selected twenty two parameters
are shown in Fig. 11. These parameters were then used as input to the linear classifier.
Nonlinear classifiers may be used as well.

For each lesion 1: the linear classifier is
22

L(k) = Z w" X..(k), (37)n=l

where Xu(1c) are the parameters for the Icth lesion and weights w,I are to be determined so
that a specified function F(L) attains maximum value. The following functions F(L) were
used: 1) specificity under constraint of 100% sensitivity to malignant melanoma for the
training set which included 41 malignant melanomas and 104 atypical melanocytic nevi;
(2) classification accuracy for the 24 invasive and 16 noninvasive malignant melanomas of
the training set; and 3) correlation with the Breslow thickness for the 24 invasive malignant
melanomas.

Given any training set of lesion images and corresponding set of lesion image param-
eters, the weights that maximize F(L) are found as follows. First, an initial range and
resolution A for w" are selected. For each allowed set of values of w", the values L(L-)
are computed for each lesion. The value F(L) is determined based on the input from
histopathological evaluation of the lesion based on a biopsy, such as the diagnosis of the
lesion as benign or malignant, and the Breslow thickness for a malignant melanoma. The
range of wn’s is adjusted until the maximum value of F(L) is inside the range. Then the
resolution A is reduced by a factor of tWO, and the process is repeated until A reaches
specified minimum value Ami". This procedure determines the weights w" only up to a
multiplicative constant. It is noted that the classifiers resulting fiom a particular training
set are applicable only to images with a specific spatial and spectral resolution, and that
lesion images obtained with a difi'erent imaging system may require the development of
different classifiers, by the procedures described above.

Since detection of melanoma in its early stage significantly improves prognosis, there
is a need for reliable methods of early detection. Clinical evaluation of melanocytic Imions
is, however, a problem since reliable differentiation between early malignant melanoma
with Breslow thickness less than 1 mm and atypical melanocytic nevus is dificult even
for experienced dermatologists. In order to detect as many early melanomas as possible,
weights in the linear classifier are preferably chosen to maximize specificity under the
constraint of 100% sensitivity to malignant melanoma for the training set. For each set
of weights, one finds the threshold value L”. of the linear classifier such that a. kth lesion
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is classified as suspicious of malignancy if LUC) > Lu, and as benign otherwise. The
resulting classifier for the training set is

L, = 0.025 Abin + 0.090 A. + 0.069 A, + 0.160 A, + 0.128 C.

+ 0095 01+ 0.038 B + 0.107 T1, + 0.064 T2, + 0.018 T2. (38)
+ 0.111 T3. + 0.167 T3, + 0.268 T5.

where the weights are normalized so that the threshold value equals one. This classifier
with sensitivity to malignant melanoma of 100% and specificity of 85% is showu in Fig.
12. Statistical significance of the specificity and sensitivity was assessed by considering
the binomial probabilities for the value of L; to exceed the threshold for the 41 malignant
melanomas and 104 atypical melanocytic nevi of the training set separately. At the 95%
confidence level, one finds that sensitivity is not less than 93% while specificity is not less
than 79%. Since there are several melanomas very close to the threshold value, a practical
classifier may use a threshold value that is less than one. It has been found that this set of
145 images is sufiicient to yield statistically significant results. A greater number of images
may be used, as well.

L2 = —l.00 Ab — 0.14 B!g — 2.47 BI.- — 0.4 C. — 0.9801
39

— 1.17T2, + 0.53 T45 + 1.98 T55 + 1.58 T61, — 0.73 ( )

where a constant was subtracted from the classifier values to obtain the threshold value of
zero. This classifier, with overall classification accuracy of 92.5%, is shown in Fig. 13.

Since prognosis for invasive melanomas correlates strongly with the Breslow thickness,

This function is

Q = 0.955 A, — 1.391 A, + 2.791 31. — 1.320 131, + 0.146 C.
40

+ 0.267 Cr — 0.506 B + 0.202 T1, + 1.476 T2, — 0.485 ( )

and is shown in Fig. 14. Even though there are only 24 superficial spreading melanomas in
the data base, the high correlation of 0.77 is statistically very significant since p = 9 x 10“.
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The classifiers of Eqs. (38H40) are applicable to the imaging system described above,

with respect to Fig. 1(a) wherein the monochrome camera 16 was used to digitize slides.

For other imaging systems, having different spatial and spectral resolution, different

classifiers may need to be developed, based on a suficient data base of lesion images

obtained with that imaging system, in accordance with the procedures described abOVe.
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The segmentation, parameter estimation and classification programs

described in Sections l-lll, above, can be implemented on any personal computer,

using a programming language, such as FORTRAN or C. The program can be

stored on any convenient media readable by a computer, such as read only

memory, ("ROM"), random access memory with a battery backup, electrically

programmed ROM (EPROM), electrically erasable ROM (EEPROM), floppy disc,

CD ROM, or a hard disc. Other suitable media may be used, as well.

While the procedures of Sections H“ were described with respect to

digital images obtained by imaging color photographic slides of skin lesions with a

monochrome CCD camera 16 in accordance with the system of Fig. 1c, these

procedures are readily adaptable to the analysis of digital images of skin lesions

acquired directly from the region of interest of the skin with a monochrome CCD

camera 6 of Fig. 1a and Fig. 2.

In the process described in Sections l-lll, above, segmentation was

conducted in the blue wavelength band. The segmented mask in blue was then

applied to images in the red and green wavelength bands. Where images at

additional wavelengths are provided, segmentation is preferably conducted of the

image at the shortest available spectral band where the contrast between the

lesion and normal skin tends to be highest because of strong absorption by

melanin. The segmented mask is then applied to the images in the remaining

spectral bands. These steps are shown in Fig. 3b.

In addition, where parameters are described in terms of red, green and

blue wavelength bands in Section l-lll, parameters can be derived at each of the

other wavelengths used in the systems and methods above, in accordance with the

procedures described in Section H". The additional parameters can be readily

used to develop a classifier, also by the processes described in Section H”.

In addition, where parameters are described in terms of red, green and

blue wavelength bands in Section l-lll, parameters can be derived at each of the

wavelengths used in the systems and methods above, in accordance with the

procedures described in Section H”. The additional parameters can be readily

used to develop a classifier, also by the processes described in Section I-III.
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The references cited above are incorporated by reference herein.

While preferred systems and methods for practicing the present

invention have been described above, it is understood that depaltures may be

made from the systems and methods, without departing from the scope of the

5 present invention, which is defined by the following claims.
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We claim:

1. A method of characterizing a skin lesion wherein the

absorption and scattering of light in different spectral bands by the skin lesion

is a function of the condition of the skin, the method comprising:

illuminating a portion of the skin including the region of interest

by light in at least three spectral bands, one of which is a blue spectral band;

digitally imaging a portion of the skin including the region of

interest at the at least three spectral bands with the light re—emitted by the

portion of the skin to generate digital images comprising digital signals whose

values are a function of the condition of the region of interest of the skin; and

providing the digital images to a processor, wherein the

processor:

segments the digital image by generating a segmentation mask

defining the boundary of the region of interest from a digital image in the blue

spectral band, without Operator intervention;

automatically computes at least one estimated value for each

digital image at each spectral band which is a function of a characteristic of

the portion of the region of interest determined by the segmentation mask,

without operator intervention;

characterizes the condition of the skin as malignant or benign

based on the estimated values, without operator intervention; and

outputs the characterization of the condition of the skin.

2. The method of claim 1, further comprising estimating at least

one value which is a function of the texture of the region of interest.

3. The method of claim 2, wherein the computing step

comprises estimating values which are statistical measures of local intensity

variation in the digital images in each spectral band, which are a function of

the texture of the region of interest.

4. The method of claim 2, wherein the computing step

comprises estimating values based on the ratio of standard deviation of the

areas of dermal papillae to their mean within the segmentation mask.
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5. The method of claim 2, wherein the computing step

comprises estimating values of the average and standard deviation of the

thickness of rete ridges within the segmentation masks.

6. The method of claim 1, further comprising estimating at least

one value which is a function of the asymmetry of the region of interest in

each spectral band, for two principal axes of the segmented image by:

locating the principal axes by computing an orientation angle;

computing the intensity centroid;

rotating the digital image such that the principal axes are

parallel to the image axes; and

estimating the asymmetry values for each principal axis based

on the intensity centroid; and

summing the estimated asymmetry value for the two principal
axes.

7. The method of claim 1, further comprising estimating at least

one value which is a function of the blotchiness of the region of interest.

8. The method of claim 1, further comprising estimating at least

one value which is a function of the irregularity of the border of the region

of interest by estimating a value which is a statistical measure of the

deviation of the border of the segmentation mask from the border of an

ellipse of the same area, aspect ratio, and orientation as the segmentation
mask.

9. The method of claim 1, further comprising estimating a value

which is a function of the gradient at the border of the region of interest by

estimating a statistical measure of the gradient values of the intensity of the

digital images across the border of the segmented images, at each spectral
band.

10. The method of claim 1, further comprising characterizing

the type of lesion as invasive or non-invasive.

11. The method of claim 1, wherein the segmenting step

comprises generating the segmentation mask from a digital image by:
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removing digital signals from the digital image which correspond

to hair structures;

deriving a threshold from a multimodal histogram of intensity

levels;

iteratively applying the threshold to the digital signals of the

digital image; and

removing digital signals which correspond to small blob-like

regions from the masked image.

12. The method of claim 1, wherein the digital imaging step

further comprises digitally imaging the region of interest with a digital camera.

13. The method of claim 1, further comprising:

photographing the region of interest with a color camera to form

color photographic slides; and

illuminating the color photographic slides with light in each

spectral band;

wherein the digital imaging step comprises digitally imaging the

illuminated color photographic slides of the region of interest with a digital
camera.

14. A method of characterizing the condition of a region of

interest of skin, wherein the absorption and scattering of light in different

spectral bands by the region of interest is a function of the condition of the

skin, the method comprising:

illuminating a portion of the skin including the region of interest

by light in at least three spectral bands;

digitally imaging the portion of the skin including the region of

interest at the at least three spectral bands with the light re-emitted by the

portion of the skin to generate digital images comprising digital signals whose

values are a function of the condition of the region of interest of the skin; and

providing the digital images to a processor, wherein the

processor:
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segments the digital images by generating a segmentation

mask defining the boundary of the region of interest from a digital image in

any one of the at least three spectral bands;

computes at least one estimated value for each digital image at

each spectral band which is a function of a characteristic of the region of

interest determined by the segmentation mask;

characterizes the condition of the region of interest of the skin

based on the estimated values; and

outputs the characterization of the condition of the region of

interest of the skin.

15. The method of claim 14, wherein the estimating and

characterizing steps are conducted without the intervention of an operator.

16. The method of claim 14, wherein the segmenting step is

conducted without the intervention of an operator.

17. The method of claim 14, wherein the illuminating step

further comprises illuminating the region of interest with light in at least one

spectral band which penetrates to the papillary dermis and is re-emitted

therefrom.

18. The method of claim 17, wherein the digital imaging step

further comprises digitally imaging the region of interest with a digital camera.

19. The method of claim 17, wherein the illuminating step

further comprises illuminating the region of interest with light in a near

infrared spectral band.

20. The method of claim 14, further comprising suppressing

specular reflections prior to the digital imaging step.

21. The method of claim 20, wherein the processor converts

the digital signals of each of the digital images into values corrected for non-

uniformities of illumination and of response prior to the segmenting step.

22. The method of claim 14, further comprising:

photographing the region of interest with a color camera to form

color photographic slides; and
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illuminating the color photographic slides with light in each

spectral band;

wherein the digital imaging step comprises digitally imaging the

illuminated color photographic slides of the region of interest with a digital
camera.

23. The method of claim 14, wherein the segmenting step

further comprises applying the segmentation mask to the digital images in the

other spectral bands.

24. The method of claim 14, wherein the segmenting step

comprises generating the mask at the shortest available wavelength.

25. The method of claim 14, wherein the illuminating step

comprises illuminating the region of interest by light in at least one spectral

band whose center is between about 400 to about 500 nanometers, and the

segmenting step comprises generating the mask from a digital image at the

spectral band between about 400 to about 500 nanometers. ‘

26. The method of claim 16, wherein the segmenting step

comprises generating the segmentation mask from a digital image by:

removing digital signals from the digital image which correspond

to hair structures;

deriving a threshold from a multimodal histogram of intensity

levels;

iteratively applying the threshold to the digital signals of the

digital image; and

removing digital signals which correspond to small blob-like

regions from the masked image.

27. The method of claim 16, wherein the segmenting step

comprises generating the segmentation mask by comparing estimated values

which are a function of textures within the digital images with a threshold.

28. The method of claim 27, further comprising generating the

segmentation mask by comparing the estimated texture values to a threshold

derived through statistical analysis of each digital image.
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29. The method of claim 14, wherein the computing step

comprises estimating at least one value which is a function of the texture of

the region of interest determined by the segmentation mask.

30. The method of claim 29, wherein the computing step further

comprises estimating values which are a function of the texture of the region

of interest determined by the segmentation mask separately in each spectral

band, based on the same segmentation mask.

31. The method of claim 29, wherein the computing step

comprises estimating values which are statistical measures of local intensity

variation in the digital images in each spectral band which are a function of
texture.

32. The method of claim 14, wherein the computing step further

comprises estimating a value which is a function of the asymmetry of the

segmented image in each spectral band, for two principal axes of the

segmented image.

33. The method of claim 32, wherein the computing step further

comprises:

locating the principal axes by computing an orientation angle;

computing the intensity centroid;

rotating the digital image such that the principal axes are

parallel to the image axes;

estimating asymmetry values for each principal axis based on

the intensity centroid; and

summing the estimated asymmetry values for the two principal
axes.

34. The method of claim 33, wherein the computing step further

comprises computing the intensity moment with a binary intensity distribution.

35. The method of claim 14, wherein the computing step further

comprises estimating at least one value which is a function of the blotchiness

of the segmented digital image, the estimated blotchiness value being

defined through statistical properties of the spatial distribution of topographic

regions of the digital images at each spectral band.
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36. The method of claim 35, wherein the computing step further

comprises determining the centroids of topographic regions of the segmented

digital image at each spectral band.

37. The method of claim 14, wherein the computing step

comprises estimating a value which is a statistical measure of the deviation of

the border of the region of interest from the border of an ellipse of the same

area, aspect ratio, and orientation as the segmentation mask.

38. The method of claim 14, wherein the computing step

comprises estimating a statistical measure of the gradient values of the

intensity of the digital images across the border of the segmented images, at

each spectral band.

39. The method of claim 14, wherein the computing step

comprises estimating values based on the ratio of standard deviation of the

areas of dermal papillae to their mean within the segmentation mask.

40. The method of claim 14, wherein the computing step

comprises estimating values of the average and standard deviation of the

thickness of rete ridges within the segmentation mask.

41. The method of claim 14, wherein the characterizing step

comprises comparing a weighted combination of parameter values against a
threshold value.

42. The method of claim 41, wherein the condition of the region

of interest to be characterized is the presence of a melanoma and weight

coefficients for each parameter value and the threshold value are selected to

maximize specificity, under the constraint of 100% sensitivity to melanoma,

on a representative set of training images

- 43. The method of claim 14, further comprising calibrating each

pixel location in the digital image in each spectral band with respect to stored

images of a white target material having known diffuse reflectance, each of

the stored images being an average of a plurality of images acquired at each

spectral band, while the material undergoes continual in-plane motion.

44. A system for characterizing the condition of a region of

interest of skin, comprising:
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a source of illumination of light in at least three spectral bands;

a camera for acquiring digital images of the region of interest

based on the light re-emitted from the illuminated region of interest at each of

the spectral bands, the digital image comprising digital signals whose values

are a function of the condition of the region of interest;

memory for storing the digital images provided by the camera;

a digital processor programmed to perform the steps of:

segmenting the digital images stored in memory by generating a

segmentation mask from a digital image in any one of the at least three

spectral bands;

estimating at least one value for each digital image at each

spectral band which is a function of the texture of the portion of the region of

interest determined by the segmentation mask;

characterizing the condition of the skin based on the estimated

values; and

outputting the characterization of the region of interest.

45. The system of claim 44, further comprising means for

suppressing specular reflections from the region of interest.

46. The system of claim 44, further comprising means for

calibrating each digital image to provide correction for non-uniformities of

illumination and response.

47. The system of claim 44, wherein the digital processor is

coupled to the source of illumination and to the camera for controlling the

intensity of illumination and exposure times, respectively.

48. The system of claim 44, wherein the processor applies the

segmentation mask derived from the digital images at one spectral band to

the digital images at the other spectral bands.

49. The system of the claim 44, wherein the processor

estimates values separately from digital images at each spectral band based

on the segmentation mask.

50. The system of claim 48, wherein the processor compares a

weighted combination of estimated values against a threshold value.

BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 888 of 1115



BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 889 of 1115

W0 98/3781 1 PCT/U598/03826
43

51. The system of claim 44, wherein the camera records

monochromatic images and the illumination means comprises:

a tungsten halogen light source with feedback to stabilize the

intensity in each wavelength band;

means for sequentially filtering the light; and

an optical fiber ring illuminator to distribute the filtered light.

52. The system of claim 44, further comprising a feedback loop

for stabilizing the intensity of the light source by the processor.

53. The system of claim 44, wherein the filter means comprises

a plurality of interference filters mounted on a wheel for stepping any filter

into a position intercepting the light from the light source.

54. The system of claim 44, wherein at least one of the spectral

bands has a center which is between about 400 to about 500 nanometers,

and at least one other band centered elsewhere in the visible region.

55. The system of claim 54, wherein the set of interference

filters includes a filter whose center lies in at least one spectral band in the

near infrared range whose center lies between about 750 and 1000

nanometers.

56. The system of claim 49, wherein the camera is a single-

chip, charge-coupled device and the control means comprises a digital

computer including means for determining exposure times for the camera

which maximize the signal-to-noise ratio in the image at each spectral band.

57. The system of claim 44, wherein:

the source of illumination provides broad-band (“white”) light;
and

the camera comprises multiple charge—coupled devices which

detect light in a plurality of spectral bands between the near ultraviolet to

near infrared.

58. The system of claim 44, wherein the processor estimates

values which are statistical measures of local intensity variation in the digital

images in each spectral band, which are a function of the texture of the

region of interest.
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59. The system of claim 44, wherein the processor estimates

values based on the ratio of standard deviation of the areas of dermal

papillae to their mean within the segmentation mask.

60. The system of claim 44, wherein the processor estimates

values of the average and standard deviation of the thickness of rete ridges

within the segmentation masks.

61. The system of claim 44, wherein the processor estimates at

least one value which is a function of the asymmetry of the region of interest

in each spectral band, for two principal axes of the segmented image by:

locating the principal axes by computing an orientation angle;

computing the intensity centroid;

rotating the digital image such that the principal axes are

parallel to the image axes; and

estimating asymmetry values for each principal axis based on

the intensity centroid; and

summing the estimated asymmetry values for the two principal
axes.

62. The system of claim 44, wherein the processor further

estimates at least one value which is a function of the blotchiness of the

region of interest.

63. The system of claim 44, wherein the processor further

estimates at least one value which is a function of the irregularity of the

border of the region of interest by estimating a value which is a statistical

measure of the deviation of the border of the segmentation mask from the

border of an ellipse of the same area, aspect ratio, and orientation as the

segmentation mask.

64. The system of claim 44, wherein the processor further

estimates a value which is a function of the gradient at the border of the

region of interest by estimating a statistical measure of the gradient values of

the intensity of the digital images across the border of the segmented images,
at each spectral band.
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65. The system of claim 44, wherein the processor

characterizes the type of lesion as invasive or non—invasive.

66. The system of claim 44, wherein the processor generates

the segmentation mask from a digital image by:

removing digital signals from the digital image which correspond

to hair structures;

deriving a threshold from a multimodal histogram of intensity

levels;

iteratively applying the threshold to the digital signals of the

digital image; and

removing digital signals which correspond to small blob-like

regions from the masked image.

67. A system for characterizing the condition of a region of

interest of skin, comprising:

a source of illumination of light in at least three spectral bands;

a camera for acquiring digital images of the region of interest

based on the light re-emitted from the illuminated region of interest at each of

the spectral bands, the digital image comprising digital signals whose values

are a function of the condition of the region of interest;

a memory for storing the digital images;

a digital processor including:

digital processing means for segmenting the digital images

stored in memory and computing estimated values of parameters which are a

function of the segmented images;

digital processing means for automatically characterizing the

condition of-the tissue based on the estimated values; and

means for outputting the characterization of the region of
interest.
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SYSTEMS AND METHODS

FOR THE MULTISPECTRAL INIAGING

AND CHARACTERIZATION OF SKIN TISSUE

FIELD OF THE INVENTION

This invention relates to methods and systems for the computer

controlled analysis of digital images of skin tissue at a plurality of wavelengths, which

may include those outside of the red-green—blue bands. The methods and systems

further include the automatic characterization of the condition of the skin tissue, based

on automatically computed values of parameters which are functions of characteristics

of the skin tissue, derived the digital images. Skin lesions can be analyzed for

determining whether the lesion is a melanoma, for example. Systems for digitally

imaging and analyzing skin tissue are disclosed, as well.

BACKGROUND OF THE INVENTION

Melanoma is a usually fatal skin cancer, unless it is detected and

surgically removed in its earliest stages. Early detection of malignant melanoma is

difficult because early melanomas, those having a Breslow thickness less than 1 mm,

share many diagnostic features with benign lesions, such as dysplastic nevi or atypical

melanocytic nevi.

To aid in the analysis of lesions, conventional photography, referred to

as “clinical imaging”, has been used to image the lesion for further study. The

effectiveness of clinical imaging can be compromised, however, by specular reflection

by the skin. Polarizers have been used for polarized imaging, which minimizes

specular reflection.

Dermoscopy is another technique for examining skin, in which specular

reflection is minimized. Dermoscopy also assists in clinically differentiating

melanoma from its benign stimulants by enabling the observation offeatures of

pigmented melanocytic lesions that are not discernible by the naked eye. In

dermoscopy, the skin is made more transparent to light by providing an oil layer over

the skin, in front of the optical system. A glass plate is placed over the oil layer. The

oil has an index of refraction between the index of refraction of the horny layer of the
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skin and the glass plate. Standard magnifying optics may be used to enlarge the

structures rendered visible on and under the surface of the skin by the oil layer. The

region of interest can then be examined visually. Slides of the region of interest can be

made, as well, for fixture study.

5 Despite their similarities, most malignant melanomas differ in certain

oftheir characteristics from other melanocytic lesions. A major advance in

characterizing skin lesions based on certain of the observable differences between

malignant and other lesions is the "ABCD” rule, where A=asymmetry, B=border

irregularity, C=color variability, and D=diameter greater than 6 mm. A corresponding

10 ABCD rule, where “D” refers to dermoscopic structures, such as brown globules,

black dots or pigment networks within the lesion, is applied to dermoscopic images.

Because the clinical and dermoscopic applications of these rules are subjective, they

are not very reliable.

When skin is illuminated by light, the light can be re-emitted by

15 reflection, scattering or fluorescence. It is known in the art that re-emission of light

absorbed at different wavelengths by the region of interest can provide different

information. For example, as the wavelength of the light increases, its depth of

penetration into the skin also increases. Chromophores at different depths in the tissue

therefore absorb and re-emit light at various wavelengths. Melanin and hemoglobin

20 are examples of such Chromophores.

Since the unaided eye cannot perceive light outside of the visible region

or low-contrast structure in visible-light images, information which may be useful in

diagnosing a lesion may not be directly observable. Digital acquisition and processing

of dermoscopic images may, therefore, improve diagnostic reliability by employing

25 more of the information residing in such images that is not directly observable. There

have therefore been attempts to use objective, computer-based, image analysis

algorithms that can discern meaningfial differences between benign and malignant

melanocytic lesions with sufficient accuracy.

Computer processing of images requires that the image be in digital

30 form. A digital image is an array of digital signals whose values are a function of

certain characteristics of the subject of the image. When imaging skin lesions, the

digital images comprise digital signals whose values are a function of the re-emission
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characteristics of the skin and lesion, at different spectral bands of the light. The array

is obtained by spatial sampling and quantizing the intensity of images obtained with

film or directly by electronic cameras. Practical limitations on the number of picture

elements or pixels per unit area of image determine the achievable spatial resolution of

the digital image. The digital image typically needs to be segmented to separate the

digital signals which are a function of the skin lesion from the digital signals which are

a function of the surrounding skin.

Computer aided analysis has also been used to classify skin lesions

using quantitative values indicative of particular characteristics of lesions, referred to

as parameters. Based on histopathological diagnosis of lesions, algorithms have been

developed which use linear or non-linear classifiers to combine parameters provided

by the operator of an imaging device or a physician or computed by a processor, to

yield a value which can be used to classify the lesion. Because some ofthe steps in

the computer—aided analysis of which we are aware depend on subjective judgments of

an individual, such analysis may provide highly variable results.

The images heretofore available have been obtained with commercially

available red-green—blue color imaging apparatus. Color photographic transparencies

of skin lesions have been digitized and skin lesions have been directly imaged with

“three-chip” digitizing cameras. Such cameras employ broad-band filter bandpasses

that are ultimately based on the wavelength response of the human visual system and

have large regions of overlap.

Electronic images may also be obtained in narrower, non-overlapping

filter bandpasses, which may reveal additional, wavelength-dependent differences

between the images of melanomas and of benign lesions. However, such devices have

had poor resolution and/or poor signal—to—noise characteristics which prevent the

acquisition of digital images of melanocytic skin lesions of sufficient quality for

effective application of machine vision techniques for lesion diagnosis.

Existing imaging systems and processes also tend to suffer from an

inability to provide the required repeatability of the value of extracted lesion

parameters, due in part to a lack of standardization with respect to spatially varying

artifacts, so that the parameters, therefore, lack invariance to lighting and image

exposure conditions, for example. Obtaining high signal-to-noise ratios in images
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recorded in narrow filter bandpasses, when exposure times are sufficiently short that

the skin is effectively “frozen” during the exposure sequence, has also been difficult.

In addition, since the optimum wavelengths for automatic characterization may not be

the optimum wavelengths for visual observation, it may be difficult to reconstruct

high-fidelity color images from the digital images for visual interpretation by a
clinician.

The assessment of wounds and burns through the appearance of color

images present similar challenges. Existing technology for the imaging of skin in viva

for these purposes is also inadequate. Practical solutions to the problems ofemploying

multispectral digital imaging of skin for the analysis of lesions, wounds, or other

conditions, have not been found.

SUNIMARY OF THE INVENTION

The methods and systems of the present invention provide for the

acquisition of digital images of skin at a plurality of spectral bands to automatically

characterize the condition of the tissue based on the digital images. Spectral

wavelength bands within and outside of the visible band may be used. In accordance

with the present invention, a pigmented skin lesion can be characterized as malignant

or benign, for example. Wounds or bums can also be characterized with respect to

their rate of healing. The digital images comprise a plurality of digital signals whose

values are functions of the condition of the tissue. The digital images acquired are

subjected to objective and quantitative analysis by a digital processor to detect and

identify abnormalities. The analysis includes image segmentation, parameter

estimation and characterization of the skin. The estimation and characterization steps

are automatic. The segmentation step may be automatic, as well. Subjective

judgments are therefore minimized or eliminated.

It has fin’ther been found that generating the segmentation mask from a

digital image acquired with light in a spectral band which does not penetrate deeply

into the skin, such as a spectral band with a center less than about 500 nanometers,

provides superior results. Afier segmentation, estimated values which are functions of

characteristics of the lesion, such as its texture, asymmetry, blotchiness, and border

irregularities, are computed and used to automatically characterize the condition of the
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skin. Clinically significant dimensional parameters such as diameter may also be

evaluated. Digital signals corresponding to hair or blob-like structures are preferably

removed during segmentation Some or all of the values may be estimated through

wavelet maxima representations, as well.

In accordance with the present invention, a method for characterizing

the condition of a region of interest of the skin, wherein the absorption and scattering

of light in different spectral bands by the region of interest is a function of the

condition ofthe skin, is disclosed. The method comprises illuminating the region of

interest of the skin by light in at least three spectral bands and digitally imaging the

region of interest at the at least three spectral bands with the light re-emitted by the

skin to generate digital images comprising digital signals whose values are a function

of the condition of the skin. The digital images are provided to a processor which

segments the digital images by generating a segmentation mask from a digital image in

any one of the at least three spectral bands. The processor estimates at least one

rotationally and translationally invariant statistical measure of coefficient distributions

of the multiscale wavelet maxim representations of the digital images in each spectral

band, which are functions of the texture of the region of interest determined by the

segmentation mask. The processor characterizes the condition of the skin based on the

estimated values, and outputs the characterization of the condition of the skin.

Preferably, the segmenting, estimating and characterizing steps are conducted without

the intervention of an operator.

Additional parameters include measures of the texture, asymmetry,

blotchiness and border irregularity of the portion of the region of interest.

The digital images may be obtained by directly imaging the region of

interest with a digital camera, or digitally imaging color slides of the region of interest,

through appropriately filtered light.

The characterizing step may include comparing a weighted

combination of the parameter values against a threshold value. The weight

coefficients for each parameter value and the threshold value may be selected based on

a training set of images of lesions or other skin conditions, whose condition has been

determined, preferably through histological examination by a plurality of doctors.
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Preferably, for skin lesions, specificity is maximized under the constraint of 100%

sensitivity to melanoma.

In accordance with another aspect of the invention, a system for

characterizing the condition of a region of interest of skin includes means for

5 illuminating the region of interest with light in at least three spectral bands and a

camera for acquiring digital images of the region of interest based on the light re—

emitted from the illuminated region of interest at each of the spectral bands. The

digital image comprises digital signals whose values are a function of the condition of

the region of interest. A digital processor segments the digital images by generating a

10 segmentation mask from a digital image in any one of the at least three spectral bands.

The processor estimates at least one rotationally and translationally invariant statistical

measure of coefficient distributions of the multiscale wavelet maxim representations

of the digital images in each spectral band, which are functions of the texture ofthe

region of interest determined by the segmentation mask. The processor characterizes

15 the skin condition based on the estimated value or values. The other parameters

discussed above may be used, as well.

The camera may be a single-chip or multiple-chip charge-coupled

device which detects light in a plurality of spectral bands between the near ultraviolet

to near infrared. The filter means may be a plurality of interference filters mounted on

20 a wheel for stepping any filter into a position intercepting the light from the light

source. Preferably, at least one of the spectral bands has a center which lies between

about 350 and 500 nanometers, at least one of the spectral bands has a center which

lies between about 500—600 nanometers, and at least one other spectral band has a

center which lies between about 750-1000 nanometers.

25 DESCRIPTION OF THE FIGURES

Fig. 1(a) is a schematic illustration of a method and system of imaging

a region of interest of skin in accordance with the present invention;

Fig. 1(b) is a schematic illustration of a plurality ofnarrow spectral

bandwidths which may be used to illuminate the skin in the embodiment of Fig. 1(a);

30 Fig. 1(c) is a schematic illustration of alternative methods and systems

for digitizing and analyzing color photographic slides of a region of interest of skin;
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Fig. 2 is a schematic illustration of preferred illumination and imaging

portions of a computer controlled imaging system for direct imaging of a lesion;

Fig. 3(a) is a flow chart of a calibration procedure for use with the

present invention;

5 Fig. 3(b) is a flow chart of a method ofprocessing images for

classifying lesions as malignant or benign, in accordance with the present invention;

Figs. 4(a) and 4(b) are histograms of a malignant melanoma and of an

atypical melanocytic nevus, respectively, showing two peaks in each histogram;

Figs. 5(a) and 5(b) are histograms of another malignant melanoma and

10 another atypical melanocytic nevus, respectively, showing three or more peaks in each

histogram;

Figs. 6(a) and 6(d) are digital images in the blue spectral band of

another malignant melanoma and another atypical melanocytic nevus, respectively;

Figs. 6(b) and 6(e) are digital images of the images ofFigs. 6(a) and

15 6(d) respectively, afier thresholding;

Figs 6(0) and 6(f) are digital images ofthe images ofFigs. 6(a) and

6(d), respectively, after iterative thresholding;

Figs. 7(a) and 7(d) are digital images in the blue spectral band of

another malignant melanoma and another atypical melanocytic nevus;

20 Figs. 7(b) and 7(e) are digital images ofFigs. 7(a) and 7(d),

respectively, resulting from iterative processing and showing dark blobs outside the

lesion area;

Figs. 7(c) and 7(f) are digital image masks ofFigs. 7(b) and 7(d),

respectively, resulting from image cleaning;

25 Figs. 8(a) and 8(e) are digital images in the blue spectral band of

another malignant melanoma and another atypical melanocytic nevus, respectively,

showing hair;

Figs. 8(b) and 8(t) are reverse intensity contrast images of the lesions of

Figs. 8(a) and 8(e), respectively;

30 Figs. 8(0) and 8(g) are digital images resulting from an averaging

process applied to the images ofFigs. 8(a) and 8(b), to remove hair;
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Figs. 8(d) and 8(h) are binary lesion masks resulting from the

segmentation of the images of Figs. 8(c) and 8(g), respectively;

Fig. 9 is a spatial filter used to remove hair;

Figs. 10(3) - 10(c) are segmented digital images in the blue, green and

red spectral bands, of the malignant melanoma whose histogram is shown in Fig. 5(a);

Figs. 10(d) — 10(t) are segmented digital images in the blue, green and

red spectral bands, of an atypical melanocytic nevus whose histogram is shown in Fig.

503);

Fig. 11 is a chart of lesion parameters and their associated diagnostic

accuracy, sensitivity and specificity when used individually;

Fig. 12 is a plot of linear classifier values versus lesion identification

number, for 41 malignant melanomas and 104 atypical melanocytic nevi;

Fig 13 is a plot of linear classifier values versus lesion identification

number for 24 superficial spreading melanomas and 16 melanomas in-situ; and

Fig. 14 is a plot of lesion parameter versus Breslow thickness for 24

superficial spreading melanomas.

DESCRIPTION OF THE INVENTION

Fig. 1(a) is a schematic illustration of a method and system 1 in

accordance with the present invention, by which images of the skin 2 are acquired by a

camera nearly simultaneously at a plurality of spectral bands, kg, i=1,2,...M, that are

preferably effectively non-overlapping, as shown schematically in FIG. 1(b). The skin

is illuminated by a source of white light 3, which is filtered by narrow passband filters

4. The filtered light is preferably conveyed to the skin 2 through a fiberoptic

illuminator 5. The light re-emitted by the illuminated skin through reflection,

scattering or fluorescence is imaged by a low-noise, high-resolution monochrome

camera 6, which is preferably an electronic charge-coupled (“CCD”) camera. Digital

images output by the camera 6 are provided to a computer 12 for processing.

The computer 12 includes a digital interface 12a, a memory 12b and a

digital processor 12c. A display 19 is preferably provided as well. The computer 12

includes an input to a digital interface 12a for receiving the digital images. A memory

12b stores the digital images, and the software controlling operation of the imaging
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system, the image processing, and the classification and characterization of the lesion.

The digital processor 12c, under control of the sofiware, performs the calculations.

The computer 12 has an output connected to a display 19, which can display the

processed images and the results of the classification and characterization procedures

5 for each image. The computer 12 also preferably has outputs connected to the source

of light 3 and the camera 6, for controlling their illumination level and exposure times,

respectively, as described below.

The image processing, classification or characterization and other

programs can be implemented on a personal computer, using a programming language,

10 such as FORTRAN or C. The memory 12b which stores the software can be any

convenient media readable by the computer 12, such as the hard drive of the computer,

read only memory, random access memory with a battery backup, electrically

programmed ROM, electrically erasable ROM, floppy disc, or CD ROM. Other

suitable media may be used, as well.

15 When the filter bandpasses have minimal overlap, as in FIG. 1(b), each

monochromatic image will contain spectrally independent information. Such spectral

separation is believed to be useful for differential diagnosis of skin lesions that contain

varying amounts of melanin, and of hemoglobin in different oxidation states, for

example. Spectral separation is also believed to be usefiil in distinguishing granulation

20 of tissue and other structural details of wounds in various stages of healing. One or

more of the wavelength bands may lie outside the visible region, such as in the near

infrared and/or the near ultraviolet, as long as the wavelength is within the response

range of the combined optical system including the electronic camera 6.

In accordance with another aspect of the invention, the digital images

25 of skin lesions can be derived from color slides of the lesions obtained by clinical

imaging, dermoscopy, or polarization imaging. Fig. 1(c) is a schematic illustration of

alternative approaches to the acquisition and digitization of images of skin lesions

from color slides. A photo camera 13 produces 35-min color slides of a region of the

skin 14. The camera 13 can be a Dermaphot ® camera from Heine, Optotechnik

30 Gmbh & Co. AG, Germany, for example. The slides are typically stored in an archive

15. The slides are subsequently reimaged by a monochrome camera 16, which may be

a CCD camera, that photographs each slide as it is illuminated by white light that has
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passed through a sequence of bandpass filters 17 to create a color filtered version of

the image. The slides can be illuminated at broad or narrow blue (B), green (G) and

red (R) wavelength bands, respectively. The broad wavelength bands may overlap

somewhat. In one example, the blue wavelength band was about 400 nm 1- 30 nm, the

5 green wavelength band was about 550 nm i 30 nm, and the red wavelength band was

about 700 nm i 30 nm.

Each of the filtered representations is recorded by the monochrome

camera 16, which provides the resulting digital images 18 to an input of the computer

12. If an electronic camera is not used, the slide images could be digitized by any

10 available commercial digitizer including three channels, one for red, one for green and

one for blue, as long as the pixel size in the lesion plane after digitization is less than

about 60 micrometers (“um”).

An appropriate CCD camera 16 is available from Electrim, Inc.,

Princeton, NJ. The camera 16 has a photographic macro—lens, wherein f#/2.8 and

15 f=100 mm. Preferably, the spatial resolution of the CCD camera 16 provides pixels

having a size about 10-30 pm in the lesion plane. The CCD camera 16 from Electrim,

Inc., has 753 X 488 pixels. The spatial resolution with such a camera is approximately

21 x 24 um at the lesion plane. Digital images of lesions obtained with this imaging

system were used to classify lesions as malignant or benign, and to characterize

20 lesions as invasive or non-invasive, as described further, below. The Electrim, Inc.,

CCD camera 16 has rectangular pixels. A CCD camera with square pixels would

simplify the calculating procedures.

Alternatively, a 3-chip CCD camera 20, indicated in phantom in Fig.

10, may be used to reimage the slides of the region of interest. The CCD camera 20

25 provides digitized images for subsequent analysis by the computer 12. Broad

bandpass filters, which are part of the CCD camera 20, produce a representation of the

lesion as a set of three narrowband images. The filters are typically in accordance

with CIE Standard Observer, wherein the bandwidths are broad.

Fig. 2 is a schematic illustration of the illumination and imaging

30 portions of a preferred computer controlled imaging system 22 in accordance with the

present invention, for imaging a region of interest of skin including a lesion. The
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electronic camera 23 may be a 10-bit monochromatic electronic CCD camera 23, such

as the Xillix Model 1400, available from Xillix Technologies Corp., Canada. The

Xillix camera is equipped with wide band, low distortion foreoptics, such as the XJP

1.9/0501, available from Jos. Schneider Werke, Germany. The lower distortion fore

5 optics and the camera minimize chromatic aberrations of the optical system over the

“multispectral” sequence of exposures, enabling registration of images with sub-pixel

accuracy, over the entire field ofview.

To ensure repeatability of imaging conditions and to minimize required

intervention by the operator, it is preferred that the system be operated at a preset

10 f/stop. For cameras such as the Xillix Model 1400, exposure times are preferably

controlled by the computer 12 through an electromechanical shutter that can operate

reliably between minimum and maximum exposure times tmgn and tmax. Electronic

shuttering may be more preferred for use with other cameras.

The imaging system provides low—noise, high-resolution digital images

15 at high data transfer rates, with low distortion imaging over the entire range of

wavelengths covered by the collection of filters. The Xillix camera, discussed above,

has a resolution at the skin surface of about 20 microns per pixel. The CCD camera 23

is preferably contained in a hand—held unit, represented schematically as box 24. The

illuminator source 25 is a tungsten-halogen lamp whose intensity is controlled by a

20 light-stabilized power supply 26 whose setting is automatically adjusted by the

computer 12. A 150 watt lamp, such as the Phillips EJA, available from Phillips

Electronics North America Corporation, N.Y., may be used, for example. The output

ofthe lamp 25 is white light. A narrowband filter 27 is provided between the source

and an optical fiber 28. A plurality of narrowband filters, each one corresponding to a

25 different spectral wavelength band, are mounted on a filter wheel 29. Preferred filter

bandwidths are listed in Table 1, below. The filter wheel 29, which is driven by a

stepping motor 29a, advances each filter to its proper position between the lamp 25

and the optical fiber 28, and holds each filter in position for a sufficient period of time.

The computer 12 controls the motor 29a. More or fewer filters may be used.

30 Appropriate lenses 14 are provided between the lamp 25 and the filter 27, and between

the filter 27 and the optical fibers 28, as well. One or more fiber illuminators 30a, 30b

are provided for conveying the light from the source to the lesion. Two such
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illuminators 30a, 30b are shown in Fig. 2 for simplicity. Although the fiber

illuminator is illustrated as a blfilfcated pair, a ring illuminator which provides more

nearly uniform illumination at the skin surface, is preferred. An angle of illumination

of about 20° is also preferred. A Fostec Model A0603 ring illuminator available from

5 Fostec, Inc., N.Y., may be used, for example.

The hand-held portion of the system 24 ofFig. 2, which includes the

camera 23, may be mounted on a cantilevered arm (not shown) that can be locked into

position.

The digital signals making up each of the digital images output from

10 the camera 23 are provided to the computer 12. The computer 12 conducts image

processing procedures on the digital images to calibrate the images, and to objectively

segment, estimate parameters, and classify the lesions based on the estimated

parameters. Operator judgment is not required at any point in the process.

Control is maintained by the computer 12 over source intensity, filter

15 position, and such camera settings as shutter timing, through the digital interface 12a.

Key control parameters are empirically chosen on the basis of feedback from

histograms of trial images. The intensity of the lamp 25 may be maintained at a stable

value, commensurate with the 10-bit dynamic range of the camera 26, by monitoring a

secondary light source, connected electrically in series with the primary light source

20 25. The light output from the secondary source may be monitored by a light sensor

that is optically isolated from light reflections associated with the primary source.

Such reflections may be caused by the filters that are located on the filter wheel, or

from the housing ofthe primary light source. This method provides optical feedback

which is sensitive to changes in light intensity caused by changes in lamp lead

25 resistance, for example, while it is insensitive to the variable amounts of light reflected

from the filters, for example. By means of a closed control loop, the optical feedback

from the secondary source may be used to maintain constant light output from the

primary source. In addition, the lamp intensity may be further stabilized by

monitoring light reflected from a material of stable reflectance, such as Kodak “18%

3O gray” card. If the intensity of the light detected by the camera deviates from a

predetermined desired value, the intensity of the output of the lamp can be adjusted.

The power, voltage or current supplied to the lamp 25, may also be monitored.
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The apparatus ofFig. 2 can be used for either clinical imaging of the

skin, wherein the skin is imaged directly, dermoscopic imaging, wherein a layer of oil

is provided over the skin and a layer of glass placed over the oil layer, or polarized

imaging, where a polarizer 31 is added to minimize specular reflection as shown in

5 Fig. 2. In dermoscopic imaging, the index-matching oil sufficiently reduces the

specular reflection to avoid the need for a polarizer. When imaging wounds or burns,

an additional polarizer 31a may be placed between the source of light 25 and the filter

wheel 29, to be used in conjunction with the polarizer 31, to reject copolarized

components of the light re—emitted from the region of interest, thereby reducing

10 specular reflections, as is known in the art.

Instead ofbeing positioned between the light source 25 and the optical

fiber 28, the narrow bandpass filters 27 may be placed between the skin and the CCD

camera 23 to filter the light reflected and scattered from the skin 2. Light re—emitted

by the skin through fluorescence would also be filtered. In addition, instead ofthe

15 filters 27, a monochromator, a plurality of lasers, each emitting at a single wavelength,

multiline lasers, tunable lasers or light emitting diodes could also be used as the

illumination source or sources, as is known in the art.

The front end of the system preferably consists of a flat glass plate (not

shown) for being placed over the skin. Light pressure is applied through the glass,

20 onto the skin, throughout the imaging process. This helps to stabilize the region of

interest against unwanted motion which could blur an image or which could lead to

spatial misregistration between images obtained in different filter bandpasses.

Preferably, the spectral bands span the range between the near

ultraviolet to the near infrared. At least one spectral band preferably has a center

25 which lies between about 350-5001nanometers, more preferably between about 400-

450 nanometers, at least one of the bands preferably has a center which lies between

about 500-600 nanometers, and at least one other spectral band preferably has a center

which lies between about 7 50—1000 nanometers. The near infrared, between about

750-1000 nanometers, has been found to be useful in detecting invasive melanomas,

30 because of its greater depth of penetration than the other spectral bands.
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The preferred filters 27 for lesion imaging with a tungsten-halogen

white light source 25 have the center wavelengths M and bandwidths (FWHM) listed

in Table 1, for i=l,2,...,M, M=lO, wherein the bands are labeled by j=i-l = 0,1,...M-l.

Such filters are available, for example, from Intor, Inc, Tucson, AZ. In each band, the

5 exposure time is preferably selected to avoid saturation of the detector elements of the

CCD camera 23, as well as to maximize the linear dynamic range over which the

image data are recorded. These exposure times should be constrained to be within

limits tm and tmax which are related to the electromechanical design of the shutter,

optical throughput of the camera 23, and avoidance of image blur associated with

10 motion during the exposure sequence. Suitable values of tmin and trm could be 10 ms

and 550 ms, respectively, for example. The choice of center wavelength and FWHM

for the filter channels, as well as the corresponding exposure times, should preferably

also take into account the following considerations:

(a) The center wavelength and FWHM for at least two channels

15 should be chosen so that characteristic absorption lines can be differentiated, such as

those associated with melanin and hemoglobin;

(b) For a given set of center wavelengths, there are upper limits on

the associated bandwidths if spectral independence of data in different channels is to

be maintained, as illustrated in FIG. 1(a);

20 (c) Bandpasses should be chosen in the red, green and blue portions

of the spectrum which enable "true—color" reconstruction of skin images that are

suitable for visualization by clinicians;

(d) The need for high signal-to-noise ratio in each image sets

practical lower limits on the product of exposure time and filter bandwidth, especially

25 at short wavelengths, where detector response falls off and lesion reflectance is low;

and

(e) The total time taken to acquire the images in all filter bands is

preferably less than about three seconds, to minimize patient discomfort and possible

motion.

30 Based on considerations ((1) and (e) above, and also taking into account

the varying spectral reflectances of skin of different colors, the exposure times in each
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filter channel are preferably adjustable, with settings based on the dynamic range

achieved on an empirical basis, with trial images. In this manner, both dynamic range

and signal-to-noise ratio can be maximized for each filter channel. The preferred

method is to choose tcxpi by iteration, based on intensity histograms of images of the

5 skin obtained with trial exposures at each wavelength band. The histograms are

analyzed to determine the number of pixels at the saturation intensity level, Isa= 2b-1

(1023 for b=lO bits). The exposure time is decreased if the number of saturated pixels

exceeds a predetermined amount, such as 0.01% of the total. Conversely, to maintain

high signal-to-noise ratio, the exposure time is increased if a predetermined percentile

10 in the histogram, 99.9%, for example, is reached at less than a preset threshold, such as

99.5% of 1,3,. The iteration process typically converges after two or three trials.

It may be found to be useful to minimize fluorescence by restricting

bandpasses to wavelengths of 400 nanometers and above.

The preferred exposure times at each wavelength for imaging skin of

15 different colors to classify melanomas are listed in Table 1, for the embodiment ofFig.

2 with 10 filters. It has been found that for the blue channel centered at 450 nm, the

optimal exposure time for dark skin is 273 ms, which is more than double the optimal

107 ms exposure time for light skin. On the other hand, in the near infrared channel

centered at 780 nm, the exposure times listed are much shorter, between 24 and 35 ms,

20 and vary relatively little with skin type. The optimal exposure time for dark skin in the

deep blue channel at 430 nm is at tn“.x = 550 ms, due to the low skin reflectance and

relatively low optical throughput of the system at this short wavelength. Even with an

exposure time this long, therefore, the image is less than fully exposed. Greater

throughput at this wavelength could be achieved, at the expense ofpoorer response in

25 the infrared.

In Table 1, the FWHM at 450 nm, is 100 nm, which is much broader

than for other wavelengths. It has been found that where images are desired for visual

analysis as well as computer processing, the broad wavelength band at 450 nm more

closely matches the blue response of the human eye and is therefore preferred. In

30 addition, the broad wavelength band provides data at a higher signal-to-noise ratio.

Table 1 appears below:
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Optimal Exposure Times (msec) vs. Skin Color

Filter Center Filter

Number Wavelength FWHM Very Light Medium Tan Dark
gj=i-lg gum) gum) Skin Skin Skin Skin

0 430 60 405.2 436.5 484.4 550.0
9 450 100 106.8 124.9 156.1 273.3
1 500 40 56.4 62.9 88.7 130.7
2 550 10 44.2 50.4 71.3 92.9
3 600 10 19.1 24.0 29.6 39.2
8 650 10 74.5 92.3 104.9 132.0
4 700 10 71.6 86.0 98.0 114.4
5 780 30 25.8 29.1 34.9 23.6
6 880 50 34.1 38.6 44.8 46.1
7 950 60 161.1 187.6 205.8 212.0

Tables similar to Table 1 can be readily constructed based on

experimental results for other applications, where other spectral bands may be better

suited. For example, in the analysis of wound healing, where it would be desirable to

distinguish oxygenated from deoxygenated blood, other spectral bands could be better

suited to identify the degree of oxygenated hemoglobin. In addition, the wavelengths

and exposure times in Table 1 reflect a balance between the best results for subsequent

analysis of the images by a computer, and the best results for visual observation of the

images. Ifvisual observation is not necessary, other wavelength bands and exposure

times may be used.

FIG. 3(a) describes how the systems and methods of the present

invention provide for calibration of the recorded images. The calibration procedure

permits 10-bit image data to be recorded over a large linear dynamic range in each

spectral band, independent of skin type. The recorded images can also be standardized

for diffuse spectral reflectance. Consistent measures of reflectance ratios in different

spectral bands can therefore be obtained, despite variations in illumination pattern with

wavelength, changes in the position of the illuminator, or aging of the lamp, for

example.

First, the effects of dark current and "fixed pattern noise" are removed

in Step 1. N images are recorded by the camera without illumination. Preferably 8

such dark images are recorded. The average of these N dark images, ID is calculated

and stored in the computer 12.
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Second, spatial in homogeneities in the illumination and in the response

associated with each CCD pixel are removed in Step 2. A sequence ofN' images of an

illuminated flat, diffuse reflectance standard, such as a white Spectralon® target

(R>99%) recorded. As above, N' is preferably 8. The N' images are recorded at each

wavelength band. To average over local inhomogeneities in the reflectance standard,

the target is moved continuously during the integration time and between exposures.

A small motor, such as a reciprocating motor, may be used. The integration time

and/or lamp intensity are adjusted by the computer 12 at each wavelength band until

negligibly few of the pixels are at or just below an intensity level corresponding to

saturation. These N' “flat-field” images are averaged to reduce the effect of spatial

non-uniformities in the reflectance standard, as well as to improve the detection signal—

to-noise ratio. The resulting averages are stored in the computer as Iwi, where

i=l,2,...M.

Next, monochromatic "raw data" images of the skin, 15;, are captured by

the camera and digitally acquired by the computer 12 within each filter passband,

i=l,2,...M. Ifdermoscopic imaging is used, where a thin layer of mineral oil is spread

between the skin and a cover glass is fixed in position in front of the camera, each

image of the skin preferably contains an image of a narrow strip of oil-free, diffusely

reflecting gray material, held in place on the inside surface of the cover glass, and

located along one edge of the field of view. The material may be cut out of a Kodak

"18% gray“ card. Dermoscopic imaging is preferred for melanocytic lesions. The

alternative clinical imaging mode is preferred for the imaging ofwounds and burns

because contact with the wound or burn by a cover glass is not desired. Although FIG.

2 indicates a lesion present on the skin 2, it will be readily understood that the same

method will apply when a wound or burn is present, instead. In the clinical imaging

mode, it is preferable to reduce specular reflections by employing the polarizer 31, as

indicated in FIG. 2.

In either the dermoscopic or clinical imaging techniques, a fourth step

is preferably provided, in which the raw data is compensated for dark current and fixed

pattern noise and then normalized to the flat-field images. The dark-field

compensation is performed by subtracting the stored average dark image ID both from

the flat-field image 1w; and from the raw data image 15,. The ratio of the results of
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these subtractions is then taken. This standardizes the dark-corrected raw data to the

flat-field image, compensating for spatially varying illumination and pixel-to-pixel

response variations. After the ratio is taken, the result is standardized to the maximum

level, Zb-l which equals 1023 where b = 10 in a 10-bit data representation. The

normalization process thus converts the image of the skin and the gray strip into a

standardized diffuse reflectance map, with the result preserving a large linear

recording dynamic range. In FIG. 3(a), the dark-field corrected and flat-field-

normalized images, also referred to as "flat—field-calibrated" images, are denoted as 15;.

In any image, standardization to maximum level can be reinterpreted directly in terms

of equivalent diffuse reflectance on the basis of the average gray level over the image

of the gray strip, <Igray strip>i and the measured average diffuse reflectance of the

gray strip, which is approximately 0.2 and varies in a known and repeatable manner

with wavelength.

Preferably, the average image intensity in the gray-strip region is also

used to calculate weighting factors for combining three or more monochromatic

images to provide "true-color" visualizations of lesion images on the computer 12 and

display 19. This is preferably accomplished in Step 5, where the user selects the

spectral bands to be used in the color visualization. Step 5 can take place prior to the

imaging session. Four bands are currently preferred for such visualization. Filter

bands j=3 and 8, in a 3:2 ratio, for the red (R) channel, filter band j=2 for the green (G)

channel, and filter band j=9 for the blue (B) channel, in Table 1. As indicated in Step

6 ofFIG. 3(a), the relative weights applied to the R:G:B channels are preferably

inversely proportional to <Igray strip>i the average intensity over the portion occupied

by the gray strip area in each image. This procedure tends to reconstruct the hues and

saturations in the original scene to within accuracy limits associated with response

nonlinearities of the display 19. To minimize the effects of such nonlinearities with

display monitors such as the Sony Model GDM-l75E1 Multiscan monitor, for

example, the viewer may prefer to adjust the maximum brightness in the image to

correspond to the maximum image intensity level of the monitor. A linear

transformation step, which can be readily accomplished by commercial software such
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as Adobe Photoshop, may be used. If the digital images are derived from

photographic slides, as in the embodiment of Fig. 1(c), steps 5 and 6 are not necessary.

As indicated by dashed lines in FIG. 3(a), either the normalized

monochromatic images resulting from Step 4 or the color visualization provided from

5 Step 6 can be displayed on the display 19. Any or all of the monochromatic raw

images could be displayed as well.

Fig. 3(b) is a flow chart of a preferred method of processing images

according to the present invention for characterizing the condition of a region of

interest of the skin of a subject which includes a skin lesion. A skin lesion is selected

10 in Step 50. Digital images of the lesions illuminated by light filtered at the desired

wavelengths of k1 -7t4..., are digitally recorded in Steps 52, 54, 56 and 57..., as

described above. Each of these digital images is processed separately. In Step 58, the

image taken in a spectral band wherein the amount of light re-emitted by abnormal

skin is less than the amount of light re-emitted by normal skin, is used to create a mask

15 for segmentation. Preferably, the image used for segmentation is the image of the

shortest available spectral band. A blue spectral band is preferred. At Steps 60, 62,

64, 65..., each of the images of the lesion that correspond to different wavelengths are

segmented by means of the segmented mask obtained at Step 58. Alternatively, one or

all of the images may be separately segmented. Estimated values of lesion parameters

20 are computed fi‘om each of the segmented images, in Step 66. Lesion parameters

found to be useful for classifying and characterizing the lesion and statistical methods

for computing the estimated values of the parameters, are discussed further, below.

The estimated values of the parameters are provided to a linear classifier in Step 68.

The linear classifier employs a linearly weighted sum ofthe individual parameters to

25 derive a value used to classify the lesion as malignant or benign. A non—linear

classifier such as a Gaussian quadratic classifier or an artificial neural—net classifier,

each employing a suitable defined merit function, may be used as well. In either case,

the numerical value produced by the classifier is subjected to a threshold test at Step

100, such that if the test is passed, the lesion is suspected to be malignant melanoma.

30 If the test is failed, the lesion is declared not to be melanoma. The lesion could also be

characterized as invasive or non-invasive with a different classifier.
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If automatic segmentation is not successful in step 58, i.e., a closed

boundary curve is not formed at the first spectral band chosen, the next lowest spectral

band is used. This process may be repeated at a predetermined sequence of spectral

band 5. If segmentation cannot be completed automatically, the operator may intervene

5 to complete the segmentation, as is known in the art.

I. SEGIVIENTATION

The segmentation algorithms will now be described. The fiinction of

the segmentation algorithms is to discriminate between the lesion and normal skin in

the field-of—view of the imaging device. This is a complex function since not only is

10 the lesion appearance highly variable but so is the appearance of healthy skin due, for

example, to the presence of blotches, hair, wrinkles, etc. The automatic algorithm

described here is based on the images in the blue spectral band, from about 400

nanometers (nm) to 500 nm. This spectral band was selected because melanin

absorption increases rapidly as the wavelength decreases. While the use ofultraviolet

15 radiation could be advantageous, since ultraviolet radiation is carcinogenic, only low

doses can be used.

Segmentation in blue consists of several automatic steps:

Location of major peaks in the histogram

First, the histogram of intensity levels in the whole image is

20 determined. Then, given a sliding window with the range of (21r + l) intensity levels,

the number of peaks Np in the histogram over that range is determined. IfNp < 2, the

range is decreased by two levels and ifNp > 3, the range is increased by two levels

and the process is repeated until Np = 2 or 3. For most of the images in the data base

used in this study, there are two major peaks in the histogram. Examples of such

25 histograms are shown in Fig. 4(a) for a malignant melanoma and in Fig. 4(b) for an

atypical melanocytic nevus. The lesions correspond to the lower intensity peak, since

it is darker than the surrounding skin due to strong absorption by melanin at 400 nm.

However, some lesions are quite inhomogeneous, and the automatic procedure

described can find 3 major peaks, as illustrated in Figs. 5(a) and 5(b).
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Location of the intensity threshold

If two major peaks are found in the intensity histogram, then the

threshold value I”. is selected to be at the histogram minimum between these two

peaks, as indicated in Figs. 4(a) and 4(b). In the case of three peaks, it has been found

5 that, if the middle peak is closer to the lowest intensity peak, the threshold value is at

the minimum between the middle and the highest intensity peak. If the middle peak is

closer to the highest intensity peak, then the threshold value is at the minimum

between the middle and the lowest intensity peak, as shown in Figs. 5(a) and 5(b).

Iterative thresholding of the image

10 The next step in image segmentation is iterative thresholding of the

images. Given the intensity threshold value, image thresholding has been typically

accomplished as follows. The intensity I(x,y) of a pixel at location (x,y) is set to zero if

it exceeds 1”,, i.e.,

1(x,y), if 1(X,y)<11-
1L(x,y) = . ”' (I)

0, otherwzse.

15 Figs. 6(a) and 6(d) are examples of digital images of malignant

melanoma and atypical melanocytic nevus in the blue spectral band, respectively. Figs.

6(b) and 6(3) are images resulting from the direct thresholding as in Eq. (1). As shown

in Figs. 6(b) and 6(e), "holes" can appear within the lesion. Therefore, an iterative

approach is preferably used. First, the intensity of pixels at the image edges is set to

20 zero. Then as each iteration proceeds, the intensity I(x,y) of a pixel at location (x,y is

set to zero if it exceeds In. and at least one of its nearest neighbors has zero intensity,

i.e.,

0, If 1(x,y)21 andNM=O;
1L (x, y) = . 'h (2)

I(x, y), otherwme,

where

25 N”. =min[1(x*1,y),1(x+1,y),1(x,y-1),1(x,y+1),]‘ (3)

This procedure is iterated until there are no pixels with I(x,y) > 1,}, and a nearest

neighbor with zero intensity. Typically, only a few iterations are required to complete

this step. The resulting images are shown in Figs. 6(c) and 6(f).
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Figs. 7(a) and 7(d) are other examples of digital images of malignant

melanoma and atypical melanocytic nevus, respectively. Figs. 7(b) and 7(e) are images

resulting from the iterative thresholding described above. Various dark blobs are seen

in the images outside of the lesion area. These are removed in the following step.

5 Image cleaning

Some of the blobs in the thresholded images arise naturally due either

to dark spots on the normal skin or to hair as in Fig. 7(b). Others are artifacts such as

the film edge at the top of the nevus image in Fig. 7(e), or dark bands at the image

edges from the slide mounts. These bands are removed by automatically testing for

10 their presence and then setting the intensity of appropriate pixels to zero. The

remaining blobs could also be removed by determining the overall number and size,

i.e., number of pixels, of connected blobs, and then setting to zero the intensity of

pixels belonging to the small ones. However, since the size of some lesions exceeds

100,000 pixels, this would be computationally very intensive. Therefore, in practice,

15 this step is preferably carried out as follows. First, perimeter pixels for all blobs in the

image are located. The number of such pixels is typically less than 10,000. Then, each

of these perimeter pixels is assigned to a unique blob and its size, the number of

perimeter pixels in the blob, is determined. The intensities of pixels belonging to blobs

of size less than 30% ofthe maximum size for that image are set to zero. This process

20 is iterated until all the small blobs are removed. Typically less than 10 iterations are

needed. The intensity of all the nonzero pixels is then set to 1. The resulting binary

lesion mask has the following property:

1, if pixel at (x,y) belongs to lesion ,'
13661)!) = . (4)

0, otherwrse.

Figs. 7c) and 7(1) illustrate the resulting lesion masks.

25 In the images illustrated in Figs. 7(a) and 7(d), dark hairs were either

absent or were not adjacent to the lesion. However, there are many images with

prominent dark hair overlapping lesions. Segmentation of such images is described in

the following section.
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Segmentation of images in presence of hair

Figs. 8(a) and 8(c) are examples of lesion images with hair. Since the

segmentation algorithm described in the previous section would leave some of these

dark hairs connected to the lesion, images with hair require special preprocessing to

5 allow for hair removal from the normal skin. Since hair is a problem because of its

high contrast with respect to the normal skin in the blue, a spatial filter was designed

to locate hairs. This filter, shown in Fig. 9, is magnification dependent. It is applied to

every pixel of the original image and the result is thresholded at the 5% of maximum

value in the whole filtered image. The filtered images are shown in Figs. 8(b) and 8(f)

10 in reverse intensity contrast, wherein bright features are dark. Hairs are clearly located

in the filtered images. It should be noted that the lesion interior is almost entirely

blank, indicating poor contrast between hair and lesion.

Hairs are removed by an averaging process. For every non-zero pixel at

(x, y) in the filtered image one finds the locations of 4 nearest pixels (x,,y), (xm,y),

15 (x,y;), (x,yu) (where x; < x < x" andy, < y < y“) with zero intensity. Then the intensity

of every pixel in the original image that has non-zero intensity in the filtered image is

replaced as follows:

1 3

1.06730 = E lem +kay) +106. -k,y)+1(x,y.. +k)+1(x,yl ~k)]- (5)k=l

The images averaged in this way are shown in Figs. 8(c) and 8(g). It is seen that the

20 contrast between hairs and normal skin is considerably reduced in these images. After

this preprocessing, the segmentation algorithm described in the previous section is

applied to the averaged image. The final binary lesion masks are shown in Figs. 8(d)

and 8(h).

The preprocessing step described above may be used for all lesion

25 images, regardless of the presence of hair, enabling fully automated lesion

segmentation. However, since this requires more computation and causes some border

blurring, the need for preprocessing due to the presence of dark hair is preferably

indicated interactively by an operator, and images preprocessed only when necessary.

BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 934 of 1115



BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 935 of 1115

WO 99/44010 PCT/U599/04178

-24-

Segmentation of images in other spectral bands

Since melanin absorption is strongest in the shortest-wavelength band,

the lesion area, which appears as a dark region in the image, appears largest in the blue

spectral band. Since longer wavelength radiation penetrates deeper into skin, ifthe

5 thickness of the melanin-containing layer compensates for the weak absorption, that

part of the lesion will appear dark even in the red spectral band. For thick melanomas,

with Breslow thickness greater than 1 mm, one expects dark lesions even in the

infrared bands. This was observed, for example, by Marchesini et al., Photochemistry

& Photobiology, "In vivo spectrophotometric evaluation of neoplastic and non-

10 neoplastic skin pigmented lesions. III. CCD camera-based reflectance imaging," Vol.

62, 1995, pp. 151-154. However, for early malignant melanomas, with Breslow

thickness less than 1 mm, great variability of images in the red spectral band has been

found. There may be so little contrast between the lesion and the normal skin that

direct segmentation is not possible. Therefore, segmentation of lesion images in all

15 spectral bands with wavelength 1. uses the binary lesion mask of Eq. (4), obtained in

the shortest-wavelength band, here blue, i.e.,

IL(x.y;l) 21(x,y;/1)><13(x,y). (6)

Figs. 10(a) - 10(f) are a series of images of the lesions, with their

corresponding histograms shown in Figs. 5(a) and 5(b), segmented in the blue, green,

20 and red spectral bands, as indicated. The automatically determined lesion borders are

superimposed on the original lesion images. The area of dark regions is largest in the

blue.

II. LESION PARAMETER ESTINIATION

Objective and automatic lesion classification requires quantitative

25 algorithms for lesion parameter estimation from their segmented images. Such

parameters should be dimensionless, independent of lesion location and orientation in

the image, and of the overall image brightness. It is convenient to separate the

parameters used here into four broad classes: asymmetry, blotchiness, border, and

texture. Parameters with the highest diagnostic accuracy for malignant melanoma are

30 listed in Fig. 1], together with the values of diagnostic accuracy, sensitivity, and
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specificity, for a training set of images of 41 malignant melanomas and 104 atypical

melanocytic nevi obtained with the imaging system described above, with respect to

Fig. 1(a) wherein the monochrome camera 16 was used to digitize slides. The

subscript r, g, or b refers to the red, green, or blue spectral band in which the

5 parameter is evaluated. If additional spectral bands are used, then each of the

parameters could be computed at the additional spectral bands, as well.

Specific algorithms for these parameters are described below. For

simplicity it is assumed that the image pixels are square but the algorithms described

below may be implemented for rectangular pixels as well.

10 Lesion Asymmetry

Asymmetry parameter

The lesion asymmetry parameter is based on moments of the intensity

distribution. First, the lesion orientation angle is used to locate the principal axes,

which are just the symmetry axes for symmetric lesions. The angle 6 is computed from

2<(x-xc)(y-yc)>
15 tan 20 = ——-———_— , 7<U—nY>—<U-LY> ()

where the lesion intensity centroid is at

xc:<x> and yc=<y>. (8)

The angular brackets in Eqs. (7) and (8) denote an intensity moment,

which for any functionf (2, y) of position in the image can be computed as follows:

ZnyflxJflAxJ)

ZnyIL(x3y) ’

where [L (x,y) is the segmented lesion image. In order to compare properties of

20 < f(x,y) >= (9)

different lesions, the parameters used are independent of the orientation of the lesion

in the image. Therefore, the lesion asymmetry is determined with respect to the

principal axes. The measure of asymmetry described here requires rotation of the

25 image by an angle Oso that principal axes are parallel to the image axes. In this

principal-axis coordinate system the following asymmetry factors are defined:
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_2,2y IIL (x +n,y)— ILc(x —ny)]
Ax =-—-——-———~—~——————Z,Z I (x y) (10a)

_2Zl1(xyc+") I”(xx—"N
A, Z2IL (x y) (10b)
The asymmetry parameter,

A=Ax+Ay, (11)

5 is a measure of asymmetry in the geometric shape of a lesion as well as in the

distribution of lesion pigmentation. Asymmetry parameters tend to be larger for

malignant melanomas than for atypical melanocytic nevi.

Binary asymmetry parameter

If the intensity distribution IL in Eqs. (10a) and (10b) is replaced by the

10 binary intensity distribution of Eq. (4), then the corresponding asymmetry parameter

Ab”, is the fraction of the lesion pixels which do not have a counterpart on the other

side of the principal axis. Thus, when based on the binary intensity distribution,

parameter Am is a measure of the asymmetry of the geometric shape of the lesion.

Lesion Blotchiness

15 Visually, many early malignant melanomas appear blotchy. In

multispectral images there may be darker and lighter regions or blotches of rather

homogeneous intensity. In color images, in contrast, there may be regions of different

colors. Therefore, it is of interest to quantify such blotchiness in order to differentiate

malignant from benign lesions.

20 Blotchiness Parameter Based on Spatial Intensity Distribution

The lesion is divided into M "topographic" regions. If[max and 1mm are

the maximum and minimum intensities in the lesion in some spectral band,

respectively, then a pixel at (x,y) belongs to the nth region if

_. I . I —II .
1. + n—1————rmM S] x, <1. +n——mmm. 12

mm ( ) N] L( y) m Nt ( )
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For nth topographic region defined in Eq. (12), a distribution of

distances of pixels in that region from the intensity centroid of the binary lesion mask

dn(x,y) = #06" fire)2 + (L -yc)2 (13)

is obtained and its mean value < d" > and variance Var(dn) are computed. The measure

5 of lesion blotchiness based on spatial intensity distribution is

Var d

B]: L141. (14)
2:5 d" >

This parameter can be evaluated in every spectral band.

Blotchiness Parameter Based on Centroids

The lesion is again divided into N, "topographic" regions as defined in

10 Eq. (12). An intensity centroid (xJn), yc(n)), defined in Eqs. (8) and (9), is then

computed for each such region separately. The blotchiness parameter based on the

centroid is defined as

C=(Xm,x—Xmm)(Ym—Ymm)/A, (15)

where, for example, Xmax is the maximum value ofxc(n), and A; is the lesion area in

15 pixels. This blotchiness parameter is also determined in each spectral band separately.

Blotchiness Parameter Based on Spatial Color Distribution

The "color" in this analysis is not related to the visual perception of

color. It is a quantitative descriptor of the relative intensities in red, blue, and green

channels in a particular pixel.

20 All the other lesion parameters described here involve analysis of

images in each spectral band separately. Therefore, absolute calibration of image

intensities was not necessary. However, in order to describe the color distribution,

normalization of intensities in red, green, and blue spectral bands is needed, so that

intensities in the three channels are equal for white. In the spherical color coordinate

25 system,
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_ ___1R£§L_

R(x,y) — IR (x, y) + 13 (x, y) +16 (x,y) ’ (16)
G03 y) = JG (x’y)

IR(x,y)+IB(x,y)+IG(x,y)’

where the subscripts R, G, B refer to red, green, and blue spectral bands, are chosen as

the independent variables. The lesion is then divided into color regions as follows.

First R(x,y) and G(x,y) are divided into NR and NG topographic regions. A color region

5 is defined as a particular combination of two topographic regions. The total number of

color regions is

NC=NRXNG. (17)

The blotchiness parameter based on color is defined in analogy with Eq. (14):

2:: ‘lVar(dn)

2:5 (1,, >
Cl: (18)

10 Lesion border

Border Irregularity Parameter

Border irregularity is a well-known feature of malignant melanomas. It

is typically defined as the ratio of the measured lesion perimeter to the perimeter of a

circle with the same area as the lesion. Since perimeter is difficult to estimate reliably,

15 a statistical descriptor of border irregularity is used here. In addition, many lesions are

elongated and an ellipse is a better approximation for such lesions with regular borders

than a circle.

Using the binary lesion mask ofEq. (4), the lesion intensity centroid

from Eq. (8), orientation angle from Eq. (7), area, and the aspect ratio defined as

20 AR— ‘/<x'—-xc >2_ —————— (19)
J<y'-yc>2’

where primes refer to the coordinate system defined by the lesion principal axes, are

determined. These values are then used to construct an ellipse that is the best regular

approximation to the lesion border. For each lesion border pixel at (xb,yb), its angle

with respect to the horizontal axis:
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¢ = tan“M (20)
(yb — yo) ,

and the location of the ellipse border for the same angle (xe(¢), ye(¢)) are determined.

The distribution of distances between the ellipse border and lesion border:

deb(xb:yb)=db(xb)yb)—de(¢)9 (21)

5 where

db(xbsyb)= (xb *xcy +(yb _yc)2 (22)

and

de(¢):vxe2 +yezs (23)

is obtained and the border irregularity parameter is defined as

10 B — “W. (24)
<db>

Border Gradient Parameter

Another parameter that quantitatively characterizes lesion border is the

measure of intensity gradients across the lesion borders over the length scale defined

by ng, in units of pixels. For each lesion border pixel at (xb,yb) one determines whether

15 pixels at (xb i ng, yb i ng) are at the border. If they are not, then the gradient is defined
as

G<xb,y,,)=gummy»—I(x—ng,y)|+|1(x,y+ng)—I(x,y—ng)|1; (25a)
otherwise, if pixels at (x i ng,y) are not on the border,

C(xb.yb)=|1(x+ng,y)-I(x-ng,y)l, (25b)

20 or, ifpixels at (x, y :1; ng) are not on the border,

G(xb,yb) =|I(x,y+ng)—I<x,y—ng)|. (25c)

The border gradient parameter is defined as

G = _.\Wm‘(G) (25)
<G>
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Lesion Texture

The description of lesion texture is particularly vulnerable to subjective

judgement. The quantitative evaluation of lesion texture parameters is possible only

using computer-based image analysis. While many such parameters are possible, those

5 found to be helpful in discriminating between malignant melanomas and atypical

melanocytic nevi are described below.

Texture Parameters Based on Local Intensity Variations

Texture parameters are defined over a length scale nt in units of pixels.

For example, consider a pixel located at (x,y) in the lesion. Let I; and I" be the

10 minimum and the maximum intensities in an image in the 2n, + 1 x 2n; + 1 window

around this pixel, i.e., in the range [x - n,, x + n,] and [y - m, y + n,]. Consider a

variable

Iu — I,
C1(xay)= II

 

(27)

The first two texture parameters are defined as:

15 T1 = ———"Var(c‘) (23)
<C1>

and

T2 = ‘lVar(Cl) (29)

Another texture parameter uses the following variable:

C3 (x, y) = 4w(0,0) + w(—n, ,0) + w(n, ,0) + w(0,—n,) + w(0,n,) ,

20 _ 2[W(_nt ('11,) + w(_nz ’ "1) + W(I’l, 2—171) + w(n,,n, )] (30)

where

WOLJ')=1(x+i,y+j)/1(x,y)- (31)

If the value ofC3 is negative, it is set to zero and the corresponding texture parameter

is

25 T3 =“w (32)
Another variable that leads to a texture parameter useful for classification of

melanocytic lesions is:
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C4 (x,y) = 8W(0,0) _‘ w(—n, 10) _ w(nl ’0) — w(0’_nt ) _ w(0,n,)

_ w(—n: ’_nr) _ w(—n, : "1) _ W02, 9—,?!) _ w(nt 9"!) (33)

Again, if the value of the variable is negative it is set to zero and the corresponding

texture parameter is

T4 = ——"Va’(C“). (34)
<C4>

Texture Parameters Based on Pigmented Netwark

Texture parameters have also been developed by considering the

properties of a pigmented network. These texture parameters are measures of

variability in the area of the dermal papillae and in the aspect ratio (length/width) of

the rete ridges.

Since dermal papillae appear as the brighter part of the network, one

seeks all the local maxima over a 2n, + 1 x 2n, + 1 window. Starting from such a

maximum at (xm , ym), one finds local one-dimensional minima in eight directions (2

vertical, 2 horizontal, and 4 diagonal) and locates the vertices of an octagonal region

one pixel closer to the maximum intensity pixel than the minimum pixel. Such

octagonal regions approximate the areas of dermal papillae Adp which are computed

from the known location of vertices; the corresponding texture parameter is

rs = __VV“’W. (35)
<Adp>

Some of the areas determined by this algorithm are due to bubbles visible in some of

these dermoscopic images. However, since there are typically on the order of hundreds

of areas, and on the order of tens of bubbles, the statistical parameters should not be

significantly biased by this artifact.

The aspect ratio of rete ridges is determined in a similar fashion,

although one starts with local minima since rete ridges appear dark in the images. The

vertices of an octagonal region are determined in this case from one-dimensional

maxima in the eight directions. The maximum and minimum extents of this region are

then determined and the aspect ratio R is computed. This texture parameter then is



BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 943 of 1115

WO 99/44010 PCT/US99/04178

-32-

T6 : ‘lVar(R)l
< R > (36)

III. LESION CLASSIFICATION

Selection of lesion parameters for classification was done by

determining the maximum diagnostic accuracy for malignant melanoma for each

5 parameter computed in every spectral band available for the training set of images. As

mentioned above, diagnostic accuracy, sensitivity to malignant melanoma and

specificity for the selected twenty two parameters are shown in Fig. 11. These

parameters were then used as input to the linear classifier. Nonlinear classifiers may be

used as well.

10 For each lesion k the linear classifier is
22

L(k) = anXn (k), (37)":1

where Xn(k) are the parameters for the kth lesion and weights w" are to be determined

so that a specified fimction F(L ) attains maximum value. The following functions

F(L) were used: 1) specificity under constraint of 100% sensitivity to malignant

15 melanoma for the training set which included 41 malignant melanomas and 104

atypical melanocytic nevi; (2) classification accuracy for the 24 invasive and 16

noninvasive malignant melanomas of the training set; and 3) correlation with the

Breslow thickness for the 24 invasive malignant melanomas.

Given any training set of lesion images and corresponding set of lesion

20 image parameters, the weights that maximize F(L) are found as follows. First, an

initial range and resolution A for w" are selected. For each allowed set of values ofw",

the values L(k) are computed for each lesion. The value F(L) is determined based on

the input from histopathological evaluation of the lesion based on a biopsy, such as the

diagnosis of the lesion as benign or malignant, and the Breslow thickness for a

25 malignant melanoma. The range of w" ’s is adjusted until the maximum value ofF(L) is

inside the range. Then the resolution A is reduced by a factor of two, and the process is

repeated until A reaches specified minimum value Ami". This procedure determines the

weights w” only up to a multiplicative constant. It is noted that the classifiers resulting

from a particular training set are applicable only to images with a specific spatial and
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spectral resolution, and that lesion images obtained with a different imaging system

may require the development of different classifiers, by the procedures described

above.

Since detection of melanoma in its early stage significantly improves

5 prognosis, there is a need for reliable methods of early detection. Clinical evaluation of

melanocytic lesions is, however, a problem since reliable differentiation between early

malignant melanoma with Breslow thickness less than 1 mm and atypical melanocytic

nevus is difficult even for experienced dermatologists. In order to detect as many early

melanomas as possible, weights in the linear classifier are preferably chosen to

10 maximize specificity under the constraint of 100% sensitivity to malignant melanoma

for the training set. For each set ofweights, one finds the threshold value L,;, of the

linear classifier such that aL,;, lesion is classified as suspicious of malignancy ifL(k) >

L». , and as benign otherwise. The resulting classifier for the training set is

L1 = 0.0254,," + 0.090A, + 0.06914: + 0.160A, + 0.128C,

+ 0.095Cl + 0.03 SB + 0.107Tlg + 0.064ng + 0.018T2, (3 8)

+ 0.111T3, + 0.16773, + 0.268T5,

15 where the weights are normalized so that the threshold value equals one. This

classifier with sensitivity to malignant melanoma of 100% and specificity of 85% is

shown in Fig. 12. Statistical significance of the specificity and sensitivity was assessed

by considering the binomial probabilities for the value ofL1 to exceed the threshold

for the 41 malignant melanomas and 104 atypical melanocytic nevi of the training set

20 separately. At the 95% confidence level, one finds that sensitivity is not less than 93%

while specificity is not less than 79%. Since there are several melanomas very close to

the threshold value, a practical classifier may use a threshold value that is less than

one. It has been found that this set of 145 images is sufficient to yield statistically

significant results. A greater number of images may be used, as well.

25 Some of the noninvasive melanomas, called melanomas in-situ, are

confined to epidermis and are 100% curable by surgery. The invasive melanomas, i.e.,

superficial spreading melanomas in our data base, require more extensive surgery.

Therefore, it is of clinical interest to differentiate between invasive and noninvasive

melanomas and a linear classifier was trained to perform this task. This classifier, with
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weights chosen to maximize the overall classification accuracy for the 24 superficial

spreading melanomas and 16 melanomas in-situ of the training set is

L2 = -—l.00A,, — 0.141318 — 2.47Bl, — 0.4Cb — 0.98Cl (39)
—1.17T2, + 0.53T4b +1.98T5b +1.58T6b — 0.73

where a constant was subtracted from the classifier values to obtain the threshold value

5 of zero. This classifier, with overall classification accuracy of 92.5%, is shown in Fig.

13.

Since prognosis for invasive melanomas correlates strongly with the

Breslow thickness, a linear function of lesion parameters Q was trained to maximize

the Pearson correlation coefficient between Q and the Breslow thickness for a set 24

10 superficial spreading melanomas. This fimction is

Q = 0955/12 —1.391A, +2.79IBlb 4.320312 +0.146C, 40

+ 0.267C, — 0.5068 + 0.202T1g +1.476T2, — 0.485 ( )
and is shown in Fig. 14. Even though there are only 24 superficial spreading

melanomas in the data base, the high correlation of 0.77 is statistically very significant

sincep = 9 x 10-6.

15 The classifiers ofEqs. (38)-(40) are applicable to the imaging system

described above, with respect to Fig. 1(a) wherein the monochrome camera 16 was

used to digitize slides.

For other imaging systems, having different spatial and spectral

resolution, different classifiers may need to be developed, based on a sufficient data

20 base of lesion images obtained with that imaging system, in accordance with the

procedures described above.

The segmentation, parameter estimation and classification programs

described in Sections I-III, above, can be implemented on any personal computer,

using a programming language, such as FORTRAN or C. The program can be stored

25 on any convenient media readable by a computer, such as read only memory,

("ROM"), random access memory with a battery backup, electrically programmed

ROM (EPROIVI), electrically erasable ROM (EEPROM), floppy disc, CD ROM or a

hard disc. Other suitable media may be used, as well.
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While the procedures of Sections I-III were described with respect to

digital images obtained by imaging color photographic slides of skin lesions with a

monochrome CCD camera 16 in accordance with the system of Fig. lc, these

procedures are readily adaptable to the analysis of digital images of skin lesions

acquired directly from the region of interest of the skin with a digital electronic

camera, such as the monochrome CCD camera 6 ofFig. 1a and Fig. 2. Preferred

parameters for direct digital imaging of a region of interest of skin are described,

below.

In the process described in Sections I-III, above, segmentation was

conducted in the blue wavelength band. The segmented mask in blue was then applied

to images in the red and green wavelength bands. Where images at additional

wavelengths are provided, segmentation is preferably first attempted at the shortest

available spectral band in which the amount of light re-emitted by skin is different

within skin having an abnormal condition than within skin having a normal condition.

The contrast between the melanocytic lesion and normal skin tends to be highest at the

shortest spectral hand because melanin close to the skin surface generally has the

highest absorption and causes the greatest scattering. In other skin conditions, such as

wounds or bums, other chromophores, such as hemoglobin, tend to produce strong

absorption and scattering.

SECTION IV

ESTIMATION OF OTHER PARAMETERS

In addition to the new parameters defined in Section 11, above, the

values of conventional dermoscopic parameters may also be incorporated into the

classifier. For example, a dimensional parameter which is a function of the length of a

principal axis of the segmented image, may additionally be used. Whether or not the

length of the principal axis of a skin lesion exceeds a suitable threshold, such as 6 mm,

may be incorporated into the classifier.

Values for the standard deviation of reflectance and the mean

reflectance may also be used. The ratio between the standard deviation and the mean

has been found to be usefitl.
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Wavelet maxima representations may also be used to compute

estimated values of the texture and other parameters of a skin lesion or other skin

condition, separately or in conjunction with the non-wavelet derived parameters

described, above. Values of lesion parameters may be estimated by the following

steps:

(1) segmenting each of the digital images in each spectral band,

preferably automatically;

(2) subdividing each digital image into border and interior regions

ofthe lesion;

(3) applying the dyadic, multiscale, continuous wavelet

transformation ("CWT") to the digital image in each spectral band;

(4) producing wavelet maxima representations (“WMRs”) of the

CWT in the border and interior regions of each image at each spectral band; and

(5) computing estimated values for rotation-and translation-

invariant statistical parameters from the WMRs, to characterize the textures of the

border and inside regions, for each image.

Preferably, the segmentation mask is created in one spectral band in

accordance with the procedure described in Section I, above, separating the skin lesion

from the remaining skin in the region of interest. Then, that segmentation mask is

used to define the lesion/skin "border region" separately, in each of the spectral bands.

Any or all of the images may be segmented and subdivided independently, as well.

To define the border region, pixels assigned to the lesion (within the

segmentation mask), which border on pixels assigned to normal skin (outside of the

segmentation mask), are used to define centers of circular regions. For skin lesions,

the center preferably has a fixed 8—pixel radius and a 17-pixel diameter. All pixels

lying within such circular regions are assigned to the border of the lesion in each

digital image.

All pixels in the neighborhood of each pixel of the image contribute to

the CWTs centered within the border and interior regions of each digital image. Each

pixel in each region serves as a center of a "mother" wavelet. Each mother wavelet is

scaled to span six different "scale wavelets, " which play the role of local band-pass

spatial filters that can selectively zoom in on different scales in the lesion structures of
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interest. See, for example, Daubechies, I, "The Wavelet transform, time-frequency

localization and signal analysis", IEEE Trans Inform Theory 362961-1005 (1990);

Aldroubi, A. et al., Wavelet in Medicine and Biology, C&C Press, NY, pp 11-15

(1996). The fine/coarse filtering that the scale wavelets provide also reduces

5 background noise.

Wavelet maxima representations (“WMRS”) are "multiscale" spatial

maps that indicate the locations of local maxima of changes in image intensity and

provide a quantitative measure of those changes. They are, therefore, suitable for

characterizing textures at different "scales". See, for example, Mallat S, Hwang, W L.

10 "Singularity detection and processing with wavelets, "IEEE Trans Inform Theory

38:617-643, 1992; Mallat S, Zhong S. "Wavelet maxima representation." Wavelets

and Applications, Springer-Verlag, Y. Meyer (ed), NY, pp. 207-284, (1992); Mallat

S, Zhong 8., "Characterization of signals from multiscale edges", IEEE Trans Patt

Anal Mach Intell 14:710-732 (1992). WMRs are used here to represent the border and

15 the interior regions of each lesion, in each of the spectral bands separately.

Differences in texture between the border and interior regions correspond to

differences in activity of the wavelet maxima at coarse scale and at finer scale.

The coefficient distributions of the WlVIRs are used to estimate values

of statistical parameters for each lesion which are translation- and rotation-invariant.

20 These parameters summarize the image structure in each region and in each spectral

band through statistical properties of the wavelet coefficient distribution at each of the

spatial-scale levels.

The large number of candidates of wavelet parameters are used

individually to train and then to test a classifier, as described in Section III, above.

25 The classifier can be the linear classifier ofEquation 37 above, preferably under the

constraint ofmaximizing specificity subject to 100% sensitivity. A non-linear

classifier such as a Gaussian quadratic classifier which is designed to minimize a cost

function which is a linearly weighted sum of the fraction of missed melanomas, and of

the total misclassification error, may also be used. One such Gaussian quadratic

30 classifier is as defined in Fukunaga, K, Introduction to Statistical Pattern Recognition;

Academic Press, Boston, pp 19-96, 125 (1990). In the process of selecting the best

subset of these parameters for classification, the training and testing of the classifier

BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 948 of 1115



BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 949 of 1115

WO 99/44010 PCT/US99/04178

_ 33 _

was based on a "Ieave-one-out" strategy, for selection of the training set. 14. at 219-

221.

When using the quadratic Gaussian classifier, the parameters are

modeled as elements of a p-dimensiona] vector, X=(x1, xz, ..., xp), each ofwhich is

5 normally distributed over the malignant (melanoma) and benign (AMN) classes, with

(vector) means M1=(m1 1, m1 2, m; p) and M2=(m21, m2 2, ..., m; I,), respectively, and

with covariance matrices >31 and 2.2 (which are generally different), for p s 12, for

example. The quadratic Gaussian classifier that discriminates between the two classes

employs normalized “distances” defined (in standard matrix notation) by:

10 (X-Mi)T2i“(X-Ma),

where Ei-1 is the matrix inverse to 21. Mi and 21 , are estimated from the available

data. In practice, each classifier is developed on the basis of the means and

covariances estimated over a training set, and the resulting classifier is then exercised

over a testing set. The performance of the classifier is analyzed by studying the

15 sensitivity and specificity achieved as one varies the threshold function:

h(X)=f(X,M1, 21) - flX,M2, 22)

where:

 flX,M;, z.) = lax—Mo‘s.“ (x-M.) + 1/21n I 2. , i=l,2,

and M; and it are estimators ofM; and Er that are obtained from the sampled data sets.

20 Minimization of the following cost fimction is used to rank parameters

that are candidates for use in the classifier:

Cost = 0L (l-Sensitivity) + (1-a)(1-GlobalError), where Sensitivity =

(Number of correctly classified melanomas)/(Total melanomas), GlobalError =

(Number of incorrectly classified lesions)/(Total lesions) and CL is a constant,

25 preferably between 0.4 and 0.6, and more preferably 0.45.

A limited database of images obtained by directly imaging skin lesions

with the system of Fig. 1a was used to develop non-linear and linear classifiers and

determine the most useful parameters. The wavelet parameters found most usefiil in

characterizing the skin lesion based on the available database were: 1) the number of
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maxima per unit area (per pixel); 2) the mean value of the WMR coefficients, 3) the

root-mean-square value of the WMR coefficients, 4) the mean absolute deviation

about the WMR coefficients, and 5) the skewness of the WMR coefficients.

Preferably, in addition to the number of maxima per pixel, the ratio of the mean value

5 of the WMR coefficients to their standard deviation, the ratio of the mean value to

their mean absolute deviation, and the skewness normalized to the cube of the standard

deviation, are used.

Two additional wavelet related parameters are referred to as a goodness

of fit measure and an intercept measure. The intercept measure is a measurement of

10 the degree of change of a statistic of the wavelet coefficient distribution with

increment in wavelet level. The statistic is preferably the average rate of change of the

number ofwavelet maxima per unit area. One way to compute this average is to

determine the level 0 intercept of the best linear fit of the number of wavelet maxima

per unit area, with respect to wavelet level.

15 The goodness of fit measure quantifies the degree of deviation of the

intercept measure from linearity. Preferably, the deviation of the number of wavelet

maxima per unit area, with respect to level, is estimated.

Another parameter is the slope of the best fit linear trend of the

variation in wavelet maxima per unit area, versus wavelet level. This parameter has

20 not been found to be as useful as the other parameters described, based on the limited

database of available images.

The large number ofwavelet parameters per spectral band, wavelet

level and region (border and interior) were evaluated in the same manner as described

in Section III above, with linear and non-linear classifiers. It has been found that a

25 combination of certain of the non-wavelet parameters discussed in Section II, above,

and parameters estimated through the wavelet maxima representations, gives the best

specificity at 100% sensitivity for the data available to date for a quadratic Gaussian

classifier.

Table 2, below, indicates the most useful non-wavelet parameters and

30 their center wavelength (“CWL”), the wavelet parameters (“WMR”) and their CWL,

and the best combination of WMR and non-wavelet parameters and their associated

CWL. Each sequence adds the indicated parameter to the parameter or parameters in
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the prior sequences. For example, the best single non-wavelet parameter was T1,

(texture, Type 1) defined in Equation 28, above, at a wavelength of 950 nm. Better

results were obtained when T5, defined in Equation 35, above, at wavelength 500 nm,

was added in sequence 2. The parameters of sequences 1—12 identify the twelve best

5 parameters found for characterizing skin lesions with the quadratic Gaussian classifier,

above. The other columns of Table 2 are similarly interpreted. The definitions of the

abbreviations used in the Table 2 appear below the Table.

When the 12 non—wavelet parameters of Table 2 were used alone, and

the threshold in the nonlinear quadratic Guassian classifier was chosen such that all the

10 melanomas in the database were correctly classified (100% sensitivity), the specificity

of correct classification of benign lesions was 64%. When 12 WIVIR parameters were

used alone, the specificity was 86%. When the 12 parameters of both types were used,

the specificity was 90%.

 

TABLE 2

Non CWL CWL CWL

Seguence Wavelet Lug) WMR mu) Combined (m)

1 T1 950 b, 1*, 650 b, 1*, 650
2 T5 500 b, L3K, 950 T3, 430
3 ASY, 450 b, 1W, 430 b, L65 600
4 T6, 450 b, L6K, 430 b, LlK, 700
5 T5, 600 I, L6K, 430 T5, 550
6 GRD 430 b, LlK, 430 b, L3K, 650
7 CE, 950 b, LSS, 780 T3, 500
8 STR, 500 I, L3W, 550 B1, 950
9 STR, 430 I, L3A 450 STIL 550

10 T6, 500 b, LSA, 780 I, LBW, 780
ll STR, 550 I, L3A, 430 b, L6W, 650
12 SMR, 789 b, 1*, 600 T2, 950

15 Key to Non-Wavelet Parameters

ASY = Asymmetry, B1 = Blotchiness, CE = Centroid, GRD = Gradient,

SMR = (Std Dev ofReflectance) / (Mean Reflectance),

STR = Std Dev ofReflectance, Tp = Texture, type p

Key to WNIR Parameters

20 b = border region, I = interior region, Ln = Level n = 1,2,...,6
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Statistics:

A = (mean coef. magnitude) / (mean absolute deviation)

1* = intercept measure (extrapolated over levels n=1-4)
K = skewness

5 S = (mean coef. magnitude) / (Std Dev of coef. magnitude)

W = number of wavelet maxima per pixel

Table 3 is a comparable table of preferred parameters with the linear

classifier ofEquation 37. The abbreviations for parameters not defined above, appear

below Table 3.

10 TABLE 3

Non CWL WMR CWL Combined CWL

Seguenoe Wavelet grim) Code (run) Codes (rim)
1 ASY, 450 I, LIK, 550 b, L48, 880
2 BLr, 430 b, L3A, 780 I, L6A, 880
3 T5, 780 1, L58, 780 b, L258, 700
4 T6, 780 I, L61; 880 I, LIK, 600
5 T2, 500 I, LlK, 950 b, LSS 650
6 T2, 550 I, L3W, 450 b, LZS, 700
7 GRD, 780 I, LSK, 450 ASY, 450
8 R1, 950 b, LlK, 780 GRD, 430
9 BL, 950 b, F*, 780 I, L2K, 600

10 T6, 430 b, L4A, 430 T5, 550
11 T5, 430 I, L2K, 600 CE, 450
12 T3, 950 b, 1.45, 880 -—- —-

Key to Additional Non-Wavelet Parameters

BIr = Border Irregularity,

GRD = Gradient, R1 = Mean Reflectance,

Key to Additional WMR Parameters

15 Statistics:

F* = goodness-of—fit measure (levels n=1,2,3,4)

When the 12 non-wavelet parameters of Table 3 were used alone, and

the threshold within the linear classifier was chosen such that all available melanomas

are correctly classified (100% sensitivity), the specificity was 91%. With only the

20 wavelet parameters, the specificity was 95%. With the combination of wavelet and

non—wavelet parameters, the specificity was 97%. Although these results seem to
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indicate that the linear classifier separates the two classes of lesions better than the

nonlinear one, it should be recognized that sampling bias effects tend to be greater for

a linear classifier.

When a similar analysis of the combination of non-wavelet and wavelet

5 parameters was applied to the digitized images obtained with the system ofFig. 1(c),

the linear classifier in Section III, which includes only the non wavelet parameters,

was found to be superior than a linear classifier including wavelet parameters. Non-

linear classifiers showed superior results with the non-wavelet parameters with the

digitized images, as well.

10 The systems and methods of the present invention may also be used to

differentiate between melanoma and different types of benign pigmented lesions.

Classification is preferably accomplished through a multiple-step process. For

example, if two classes of benign lesion share very different parameter values, as is the

case for nevi and seborrheic keratoses, then a two-step classification may be used.

15 Two different linear classifiers (with different weights) are trained as described in

Section 111, above, to have 100% sensitivity to melanoma; one to differentiate between

melanoma and keratosis and the other to differentiate between melanoma and nevus.

A lesion is then declared to be benign if at least one of its classifier values is below

threshold and malignant if both of its classifier values are above threshold. In general,

20 if there are N types ofbenign lesions, the N-step classification may be used. In this

case the lesion is declared to be malignant if all N of its classifier values are above

threshold and benign otherwise.

If other conditions of skin or tissue are to be characterized, the

preferred spectral band for generating the mask may be the one in which the amount of

25 light re—emitted is greater within abnormal tissue than for normal tissue. Preferably,

the segmented mask is then applied to the images in the other wavelength bands, as

shown in the flowchart ofFig. 3b. In addition, while the parameters are described in

the terms of the red, green and blue wavelength bands in Sections I-HI, parameters can

be derived at any of the wavelengths actually used, in accordance with the procedures

30 described in Sections I—III. The parameters in the additional wavelength bands can be

readily used to develop an appropriate classifier, also by the processes described in

Section I—III.
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The condition of a region of interest of skin including wound or burns

may be characterized by a quantitative measure of tissue abnormality with respect to

normal skin. Classifiers may be developed based on images of wounds of different

types or burns ofvarying degrees of severity, in an analogous manner as described

5 above with respect to skin lesions. The condition of the region of interest could then

be characterized as a percentage relative to normal skin, for example, to indicate the

extent to which healing has occurred.

The references cited above are incorporated by reference, herein.

While preferred systems and methods for practicing the present

10 invention have been described above, it is understood that departures may be made

from the systems and methods, without departing from the scope of the present

invention, which is defined by the following claims.
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We claim:

1. A method of characterizing the condition of a region of interest

of skin, wherein the absorption and scattering of light in different spectral bands by the

region of interest is a function of the condition of the skin, the method comprising:

5 illuminating a portion of the skin including the region of interest by

light in at least three spectral bands;

digitally imaging a portion of the skin including the region of interest at

the at least three spectral bands with the light re-emitted by the portion of the skin to

generate digital images comprising digital signals whose values are a fimction of the

10 condition of the region of interest of the skin; and

providing the digital images to a processor, wherein the processor:

segments the digital images by generating a segmentation mask

defining the boundary of the region of interest from a digital image in any one of the at

least three spectral bands;

15 estimates at least one rotationally and translationally invariant statistical

measure of coemcient distributions of the multiscale wavelet maxima representations

of the digital images in each spectral band, which are firnctions of the texture of the

region of interest determined by the segmentation mask;

characterizes the condition of the skin based on the estimated values;

20 and

outputs the characterization of the condition of the skin.

2. The method of claim 1, wherein the at least one statistical

measure is calculated separately within either of a border region and an interior region

of the digital image, wherein:

25 the border region encompasses the envelope of circles of fixed radius

centered on the boundary of the segmentation mask; and

the inside region comprises all points of the image that are within the

segmentation mask boundary but not included in the border region.

3. The method of claim 2, wherein the computing step comprises

30 estimating at an individual level at least one value which is a statistical measure of

texture of the portion of the region of interest within the border region and interior

region, chosen from the group consisting of:

BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 955 of 1115



BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 956 of 1115

WO 99/44010 PCT/U599/04l78

_ 45 _

the number of wavelet maxima per unit area;

the ratio of the mean coefficient magnitude to the absolute deviation of

the coefficient magnitudes from the mean value;

the ratio of the mean coefficient magnitude to the standard deviation of

5 the coefficient magnitude; and

the skewness of the coefficient magnitude, normalized to the cube of

the standard deviation.

4. The method of claim 1, filrther comprising estimating either of

the degree of change of a statistic of the wavelet coefficient distribution with

10 increment of wavelet level, and the degree of deviation of such change from linearity.

5. The method of claim 2, fiirther comprising estimating the

average rate of change, with respect to level, of the number ofwavelet maxima per

unit area.

6. The method of claim 1, further comprising comparing the

15 estimated texture values to the threshold derived from statistical analysis of a

multiscale wavelet transformation of the digital image.

7. The method of claim 1, wherein the estimating and

characterizing steps are conducted without the intervention of an operator.

8. The method of claim 1, wherein the segmenting step is

20 conducted without the intervention of an operator.

9. The method of claim 1, wherein the illuminating step further

comprises illuminating a region of interest including a burn.

10. The method of claim 9, wherein the characterizing step

comprises characterizing the condition of the burn with respect to the condition of

25 normal skin.

11. The method of claim 1, wherein the illuminating step fithher

comprises illuminating a region of interest including a wound.

12. The method of claim 11, wherein the characterizing step

comprises characterizing the condition of the wound with respect to the condition of

30 normal skin.

13. The method of claim 1, further comprising:
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photographing the region of interest with a color camera to form color

photographic slides; and

illuminating the color photographic slides with light in each spectral

band;

5 wherein the digital imaging step comprises digitally imaging the

illuminated color photographic slides of the region of interest with a digital camera.

14. The method of claim 1, wherein the computing step fiirther

comprises estimating a value which is a fimction of the asymmetry of the segmented

image in each spectral band, for two principal axis of the segmented image.

10 15. The method of claim 1, wherein the computing step further

comprises:

locating the principal axes by computing an orientation angle;

computing the intensity centroid;

rotating the digital image such that the principal axes are parallel to the

15 image axes;

estimating asymmetry values for each principal axis based on the

intensity centroid; and

summing the estimated asymmetry values for the two principal axes.

16. The method of claim 1, wherein the computing step further

20 comprises computing the intensity moment with a binary intensity distribution.

17. The method of claim 1, wherein the computing step further

comprises estimating at least one value which is a fiJnction of the blotchiness of the

segmented digital image, the estimated blotchiness value being defined through

statistical properties of the spatial distribution of topographic regions of the digital

25 images at each spectral band.

18. The method of claim 17, wherein the computing step fiirther

comprises determining the centroids of topographic regions of the segmented digital

image at each spectral band.

19. The method of claim 1, wherein the computing step comprises

30 estimating a value which is a statistical measure of the deviation of the border of the

region of interest from the border of an ellipse of the same area, aspect ratio, and

orientation as the segmentation mask,
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20. The method of claim 1, wherein the computing step comprises

estimating a statistical measure of the gradient values of the intensity of the digital

images across the border of the segmented images, at each spectral band.

21. The method of claim 1, wherein the computing step comprises

estimating values based on the ratio of standard deviation of the areas of dermal

papillae to their mean within the segmentation mask.

22. The method of claim 1, wherein the computing step comprises

estimating values of the average and standard deviation of the thickness of rete ridges

within the segmentation mask.

23. The method of claim 1, wherein the characterizing step

comprises distinguishing multiple times between melanoma and several types of

benign lesion.

24. The method of claim 1, wherein the condition of the region of

interest to be characterized is the presence of a melanoma and the processor compares

a weighted combination of parameter values against a threshold value for melanoma

and different types ofbenign lesions, multiple times.

25. The method of claim 1, wherein the segmentation mask is

generated from a digital image in a spectral band in which the amount of light re—

emitted by skin is less within skin having an abnormal condition than within skin

having a normal condition.

26. The method of claim 1, wherein the segmenting step fithher

comprises segmenting the digital images by generating a segmentation mask in more

than one spectral band.

27. A system for characterizing the condition ofa region of interest

of skin, comprising:

a source of illumination of light in at least three spectral bands;

a camera for acquiring digital images of the region of interest based on

the light re-emitted fi'om the illuminated region of interest at each of the spectral

bands, the digital image comprising digital signals whose values are a function of the

condition of the region of interest;

memory for storing the digital images provided by the camera;

a digital processor programmed to perform the steps of:
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segmenting the digital images stored in memory by generating a

segmentation mask from a digital image in any one of the at least three spectral bands;

estimating at least one rotationally and translationally invariant

statistical measure of coefficient distributions for the multiscale wavelet maxima

representations of the digital images in each spectral band, which are functions of the

texture of the region of interest determined by the segmentation mask;

characterizing the condition of the skin based on the estimated values;

and

outputting the characterization of the region of interest.

28. The system of claim 27, further comprising means for

suppressing specular reflections fi'om the region of interest.

29. The system of claim 27, wherein the camera records

monochromatic images and the illumination means comprises:

a tungsten halogen light source with feedback to stabilize the intensity

in each wavelength band;

means for sequentially filtering the light; and

an optical fiber ring illuminator to distribute the filtered light.

30. The system of claim 29, further comprising a feedback loop for

stabilizing the intensity of the light source by the processor.

31. The system of claim 30, fiirther comprising a material of stable

reflectance for being illuminated by the light source, wherein the feedback loop

includes the monitoring by the processor, of the intensity of light reflected from the

material by the processor and the adjustment of the intensity of the light source if the

monitored intensity varies from a desired value.

32. The system of claim 31, wherein the power, voltage or current

supplied to the light source is monitored.

33. The system of claim 27, wherein the source of illumination is at

least one laser.

34. The system of claim 28, wherein the processor estimates the

statistical measures separately within either of a border region and an interior region of

the digital image, wherein:
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the border region encompasses the envelope of circles of fixed radius

centered on the boundary of the segmentation mask; and

the inside region comprises all points of the image that are within the

segmentation mask boundary but not included in the border region.

5 35. The system of claim 34, wherein the processor estimates at an

individual level at least one value which is a statistical measure of texture ofthe

portion of the region of interest within the border region and interior region, chosen

from the group consisting of:

the number ofwavelet maxima per unit area;

10 the ratio of the mean coefficient magnitude to the absolute deviation of

the coefficient magnitudes from the mean value;

the ratio of the mean coefficient magnitude to the standard deviation of

the coefficient magnitude; and

the skewness of the coefficient magnitude, normalized to the cube of

15 the standard deviation.

36. The system of claim 35, wherein the processor further estimates

either of the degree of change of a statistic of the wavelet coefficient distribution with

increment of wavelet level, and the degree of deviation of such change from linearity.

37. The system of claim 35, wherein the processor further estimates

20 the average rate of change, with respect to level, of the number ofwavelet maxima per

unit area.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to methods and systems for the computer controlled analysis of digital images of skin
tissue at a plurality of wavelengths, which may include those outside of the red-green-blue bands. The methods and
systems furtherinclude the automatic characterization ofthe condition ofthe skin tissue, based on automatically computed
values of parameters which are functions of characteristics of the skin tissue, derived the digital images. Skin lesions
can be analyzed for determining whether the lesion is a melanoma, for example. Systems for digitally imaging and
analyzing skin tissue are disclosed, as well.

BACKGROUND OF THE INVENTION

[0002] Melanoma is a usually fatal skin cancer, unless it is detected and surgically removed in its earliest stages. Early
detection of malignant melanoma is difficult because early melanomas, those having a Breslow thickness less than 1
mm, share many diagnostic features with benign lesions, such as dysplastic nevi or atypical melanocytic nevi.
[0003] To aid in the analysis of lesions, conventional photography, referred to as "clinical imaging“, has been used to
image the lesion for further study. The effectiveness of clinical imaging can be compromised, however, by specular
reflection by the skin. Polarizers have been used for polarized imaging, which minimizes specular reflection.
[0004] Dermoscopy is another technique for examining skin, in which specular reflection is minimized. Dermoscopy
also assists in clinically differentiating melanoma from its benign stimulants by enabling the observation of features of
pigmented melanocytic lesions that are not discernible by the naked eye. In dermoscopy, the skin is made more trans-
parent to light by providing an oil layer over the skin, in front of the optical system. A glass plate is placed over the oil
layer. The oil has an index of refraction between the index of refraction of the horny layer of the skin and the glass plate.
Standard magnifying optics may be used to enlarge the structures rendered visible on and under the surface of the skin
by the oil layer. The region of interest can then be examined visually. Slides of the region of interest can be made, as
well, for future study.
[0005] Despite their similarities, most malignant melanomas differ in certain of their characteristics from other melano—
cytic lesions. A major advance in characterizing skin lesions based on certain of the observable differences between
malignant and other lesions is the "ABCD" rule, where A=asymmetry, B=border irregularity, C=color variability, and
D=diameter greater than 6 mm. A corresponding ABCD rule, where "D" refers to dermoscopic structures, such as brown
globules, black dots or pigment networks within the lesion, is applied to dermoscopic images. Because the clinical and
dermoscopic applications of these rules are subjective, they are not very reliable.
[0006] When skin is illuminated by light, the light can be re—emitted by reflection, scattering orfluorescence. It is known
in the art that re—emission of light absorbed at different wavelengths by the region of interest can provide different
information. For example, as the wavelength of the light increases, its depth of penetration into the skin also increases.
Chromophores at different depths in the tissue therefore absorb and re—emit light at various wavelengths. Melanin and
hemoglobin are examples of such Chromophores.
[0007] Since the unaided eye cannot perceive light outside of the visible region or low-contrast structure in visible-
light images, information which may be useful in diagnosing a lesion may not be directly observable. Digital acquisition
and processing ofdermoscopic images may, therefore, improve diagnostic reliability by employing more ofthe information
residing in such images that is not directly observable. There have therefore been attempts to use objective, computer-
based, image analysis algorithms that can discern meaningful differences between benign and malignant melanocytic
lesions with sufficient accuracy.
[0008] Computer processing of images requires that the image be in digital form. A digital image is an array of digital
signals whose values are a function of certain characteristics of the subject of the image. When imaging skin lesions,
the digital images comprise digital signals whose values are a function of the re-emission characteristics of the skin and
lesion, at different spectral bands of the light. The array is obtained by spatial sampling and quantizing the intensity of
images obtained with film or directly by electronic cameras. Practical limitations on the number of picture elements or
pixels per unit area of image determine the achievable spatial resolution of the digital image. The digital image typically
needs to be segmented to separate the digital signals which are a function of the skin lesion from the digital signals
which are a function of the surrounding skin.
[0009] Computer aided analysis has also been used to classify skin lesions using quantitative values indicative of
particular characteristics of lesions, referred to as parameters. Based on histopathological diagnosis oflesions, algorithms
have been developed which use linear or non-linear classifiers to combine parameters provided by the operator of an
imaging device or a physician or computed by a processor, to yield a value which can be used to classify the lesion.
Because some of the steps in the computer-aided analysis of which we are aware depend on subjective judgments of
an individual, such analysis may provide highly variable results.
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[0010] The images heretofore available have been obtained with commercially available red-green-blue color imaging
apparatus. Color photographic transparencies of skin lesions have been digitized and skin lesions have been directly
imaged with “three—chip“ digitizing cameras. Such cameras employ broad—band filter bandpasses that are ultimately
based on the wavelength response of the human visual system and have large regions of overlap.
[0011] Electronic images may also be obtained in narrower, non—overlapping filter bandpasses, which may reveal
additional, wavelength-dependent differences between the images of melanomas and of benign lesions. However, such
devices have had poor resolution and/or poor signal-to-noise characteristics which prevent the acquisition of digital
images of melanocytic skin lesions of sufficient quality for effective application of machine vision techniques for lesion
diagnosis.
[0012] Existing imaging systems and processes also tend to sufferfrom an inability to provide the required repeatability
of the value of extracted lesion parameters, due in part to a lack of standardization with respect to spatially varying
artifacts, so that the parameters, therefore, lack invariance to lighting and image exposure conditions, for example.
Obtaining high signal—to—noise ratios in images recorded in narrowfilterbandpasses, when exposure times are sufficiently
short that the skin is effectively "frozen" during the exposure sequence, has also been difficult. In addition, since the
optimum wavelengths for automatic characterization may not be the optimum wavelengths for visual observation, it may
be difficult to reconstruct high-fidelity color images from the digital images for visual interpretation by a clinician.
[0013] The assessment of wounds and burns through the appearance of color images present similar challenges.
Existing technology for the imaging of skin in vivo for these purposes is also inadequate. Practical solutions to the
problems of employing multispectral digital imaging ofskin for the analysis of lesions, wounds, or other conditions, have
not been found.

SUMMARY OF THE INVENTION

[0014] The methods and systems of the present invention provide for the acquisition of digital images of skin at a
plurality ofspectral bands to automatically characterize the condition of the tissue based on the digital images. Spectral
wavelength bands within and outside of the visible band may be used. In accordance with the present invention, a
pigmented skin lesion can be characterized as malignant or benign, for example. Wounds or bums can also be charac—
terized with respect to their rate of healing. The digital images comprise a plurality of digital signals whose values are
functions of the condition ofthe tissue. The digital images acquired are subjected to objective and quantitative analysis
by a digital processor to detect and identify abnormalities. The analysis includes image segmentation, parameter esti—
mation and characterization of the skin. The estimation and characterization steps are automatic. The segmentation
step may be automatic, as well. Subjectivejudgments are therefore minimized or eliminated.
[0015] It has further been found that generating the segmentation mask from a digital image acquired with light in a
spectral band which does not penetrate deeply into the skin, such as a spectral band with a center less than about 500
nanometers, provides superior results. After segmentation, estimated values which are functions of characteristics of
the lesion, such as its texture, asymmetry, blotchiness, and border irregularities, are computed and used to automatically
characterize the condition of the skin. Clinically significant dimensional parameters such as diameter may also be
evaluated. Digital signals corresponding to hair or blob—like structures are preferably removed during segmentation.
Some or all of the values may be estimated through wavelet maxima representations, as well.
[0016] In accordance with the present invention, a method for characterizing the condition of a region of interest of
the skin, wherein the absorption and scattering of light in different spectral bands by the region of interest is a function
of the condition ofthe skin, is disclosed. The method comprises illuminating the region of interest of the skin by light in
at least three spectral bands and digitally imaging the region of interest at the at least three spectral bands with the light
re—emitted by the skin to generate digital images comprising digital signals whose values are a function of the condition
ofthe skin. The digital images are provided to a processorwhich segments the digital images bygenerating a segmentation
maskfrom a digital image in any one ofthe at least three spectral bands. The processor estimates at least one rotationally
and translationally invariantstatistical measure ofcoefficient distributions ofthe multiscale wavelet maxim representations
of the digital images in each spectral band, which are functions of the texture of the region of interest determined by the
segmentation mask. The processor characterizes the condition of the skin based on the estimated values, and outputs
the characterization of the condition of the skin. Preferably, the segmenting, estimating and characterizing steps are
conducted without the intervention of an operator.
[0017] Additional parameters include measures of the texture, asymmetry, blotchiness and border irregularity of the
portion of the region of interest.
[0018] "he digital images may be obtained by directly imaging the region of interest with a digital camera, or digitally
imaging color slides ofthe region of interest, through appropriately filtered light.
[0019] "he characterizing step may include comparing a weighted combination of the parameter values against a
threshold value. The weight coefficients for each parameter value and the threshold value may be selected based on a
training set of images of lesions or other skin conditions, whose condition has been determined, preferably through
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histological examination bya plurality of doctors. Preferably, for skin lesions, specificity is maximized underthe constraint
of 100% sensitivity to melanoma.
[0020] In accordance with another aspect of the invention, a system for characterizing the condition of a region of
interest of skin includes means for illuminating the region of interest with light in at least three spectral bands and a
camera for acquiring digital images of the region of interest based on the light re—emitted from the illuminated region of
interest at each of the spectral bands. The digital image comprises digital signals whose values are a function of the
condition ofthe region of interest. A digital processor segments the digital images by generating a segmentation mask
from a digital image in any one of the at least three spectral bands. The processor estimates at least one rotationally
and translationallyinvariantstatistical measure ofcoefficient distributions ofthe multiscale wavelet maxim representations
of the digital images in each spectral band, which are functions ofthe texture of the region of interest determined by the
segmentation mask. The processor characterizes the skin condition based on the estimated value or values. The other
parameters discussed above may be used, as well.
[0021] The camera may be a single—chip or multiple—chip charge—coupled device which detects light in a plurality of
spectral bands between the near ultraviolet to near infrared. The filter means may be a plurality of interference filters
mounted on a wheel for stepping any filter into a position intercepting the lightfrom the light source. Preferably, at least
one of the spectral bands has a center which lies between about 350 and 500 nanometers, at least one of the spectral
bands has a center which lies between about 500-600 nanometers, and at least one other spectral band has a center
which lies between about 750—1000 nanometers.

DESCRIPTION OF THE FIGURES

[0022]

Fig. 1(a) is a schematic illustration of a method and system of imaging a region of interest of skin in accordance
with the present invention;
Fig. 1(b) is a schematic illustration of a plurality of narrow spectral bandwidths which may be used to illuminate the
skin in the embodiment of Fig. 1(a);
Fig. 1(c) is a schematic illustration ofalternative methods and systems for digitizing and analyzing color photographic
slides of a region of interest of skin;
Fig. 2 is a schematic illustration of preferred illumination and imaging portions of a computer controlled imaging
system for direct imaging of a lesion;
Fig. 3(a) is a flow chart of a calibration procedure for use with the present invention;
Fig. 3(b) is a flow chart ofa method of processing images for classifying lesions as malignant or benign, in accordance
with the present invention;
Figs. 4(a) and 4(b) are histograms of a malignant melanoma and of an atypical melanocytic nevus, respectively,
showing two peaks in each histogram;
Figs. 5(a) and 5(b) are histograms of another malignant melanoma and another atypical melanocytic nevus, respec—
tively, showing three or more peaks in each histogram;
Figs. 6(a) and 6(d) are digital images in the blue spectral band ofanother malignant melanoma and another atypical
melanocytic nevus, respectively;
Figs. 6(b) and 6(e) are digital images of the images of Figs. 6(a) and 6(d) respectively, after thresholding;
Figs 6(c) and 6(f) are digital images of the images of Figs. 6(a) and 6(d), respectively, after iterative thresholding;
Figs. 7(a) and 7(d) are digital images in the blue spectral band ofanother malignant melanoma and another atypical
melanocytic nevus;
Figs. 7(b) and 7(e) are digital images of Figs. 7(a) and 7(d), respectively, resulting from iterative processing and
showing dark blobs outside the lesion area;
Figs. 7(c) and 7(f) are digital image masks of Figs. 7(b) and 7(d), respectively, resulting from image cleaning;
Figs. 8(a) and 8(e) are digital images in the blue spectral band ofanother malignant melanoma and another atypical
melanocytic nevus, respectively, showing hair;
Figs. 8(b) and 8(f) are reverse intensity contrast images of the lesions of Figs. 8(a) and 8(e), respectively;
Figs. 8(c) and 8(9) are digital images resulting from an averaging process applied to the images of Figs. 8(a) and
8(b), to remove hair;
Figs. 8(d) and 8(h) are binary lesion masks resulting from the segmentation of the images of Figs. 8(c) and 8(g),
respectively;
Fig. 9 is a spatial filter used to remove hair;
Figs. 10(a) - 10(c) are segmented digital images in the blue, green and red spectral bands, ofthe malignant melanoma
whose histogram is shown in Fig. 5(a);
Figs. 10(d)-10(f) are segmented digital images in the blue, green and red spectral bands, ofan atypical melanocytic
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nevus whose histogram is shown in Fig. 5(b);
Fig. 11 is a chart of lesion parameters and their associated diagnostic accuracy, sensitivity and specificity when
used individually;
Fig. 12 is a plot of linear classifier values versus lesion identification number, for 41 malignant melanomas and 104
atypical melanocytic nevi;
Fig. 13 is a plot of linear classifier values versus lesion identification numberfor 24 superficial spreading melanomas
and 16 melanomas in-situ; and

Fig. 14 is a plot of lesion parameter versus Breslow thickness for 24 superficial spreading melanomas.

DESCRIPTION OF THE INVENTION

[0023] Fig. 1(a) is a schematic illustration of a method and system 1 in accordance with the present invention, by

which images ofthe skin 2 are acquired by a camera nearly simultaneously at a plurality ofspectral bands, 7‘1: i=1,2,...M,
that are preferably effectively non-overlapping, as shown schematically in FIG. 1(b). The skin is illuminated by a source
of white light 3, which is filtered by narrow passband filters 4. The filtered light is preferably conveyed to the skin 2 through
a fiberoptic illuminator 5. The light re-emitted by the illuminated skin through reflection, scattering or fluorescence is
imaged by a low-noise, high-resolution monochrome camera 6, which is preferably an electronic charge-coupled (“CCD“)
camera. Digital images output by the camera 6 are provided to a computer 12 for processing.
[0024] The computer 12 includes a digital interface 12a, a memory 12b and a digital processor 12c. A display 19 is
preferably provided as well. The computer 12 includes an input to a digital interface 12a for receiving the digital images.
A memory 12b stores the digital images, and the software controlling operation of the imaging system, the image
processing, and the classification and characterization of the lesion. The digital processor 12c, under control of the
software, performs the calculations. The computer 12 has an output connected to a display 19, which can display the
processed images and the results of the classification and characterization procedures for each image. The computer
12 also preferably has outputs connected to the source of light 3 and the camera 6, for controlling their illumination level
and exposure times, respectively, as described below.
[0025] The image processing, classification or characterization and other programs can be implemented on a personal
computer, using a programming language, such as FORTRAN or C. The memory 12b which stores the software can
be any convenient media readable by the computer 12, such as the hard drive of the computer, read only memory,
random access memory with a battery backup, electrically programmed ROM, electrically erasable ROM, floppy disc,
or CD ROM. Other suitable media may be used, as well.
[0026] When the filter bandpasses have minimal overlap, as in FIG. 1(b), each monochromatic image will contain
spectrally independent information. Such spectral separation is believed to be useful for differential diagnosis of skin
lesions that contain varying amounts of melanin, and of hemoglobin in different oxidation states, for example. Spectral
separation is also believed to be useful in distinguishing granulation of tissue and other structural details of wounds in
various stages of healing. One or more ofthe wavelength bands may lie outside the visible region, such as in the near
infrared and/or the near ultraviolet, as long as the wavelength is within the response range of the combined optical
system including the electronic camera 6.
[0027] In accordance with another aspect ofthe invention, the digital images of skin lesions can be derived from color
slides of the lesions obtained by clinical imaging, dermoscopy, or polarization imaging. Fig. 1(c) is a schematic illustration
of alternative approaches to the acquisition and digitization of images ofskin lesions from color slides. A photo camera
13 produces 35-mm color slides of a region of the skin 14. The camera 13 can be a Dermaphot® camera from Heine,
Optotechnik Gmbh & Co. AG, Germany, for example. The slides are typically stored in an archive 15. The slides are
subsequently reimaged by a monochrome camera 16, which may be a CCD camera, that photographs each slide as it
is illuminated by white light that has passed through a sequence of bandpass filters 17 to create a color filtered version
of the image. The slides can be illuminated at broad or narrow blue (B), green (G) and red (R) wavelength bands,
respectively. The broad wavelength bands may overlap somewhat. In one example, the blue wavelength band was
about 400 nm : 30 nm, the green wavelength band was about 550 nm : 30 nm, and the red wavelength band was
about 700 nm : 30 nm.

[0028] Each of the filtered representations is recorded by the monochrome camera 16, which provides the resulting
digital images 18 to an input of the computer 12. If an electronic camera is not used, the slide images could be digitized
by any available commercial digitizer including three channels, one for red, one for green and one for blue, as long as
the pixel size in the lesion plane after digitization is less than about 60 micrometers ("pm").
[0029] An appropriate CCD camera 16 is available from Electrim, |nc., Princeton, NJ. The camera 16 has a photo—
graphic macro-lens, wherein f#/2.8 and f=100 mm. Preferably, the spatial resolution of the CCD camera 16 provides
pixels having a size about 10-30 pm in the lesion plane. The CCD camera 16 from Electrim, Inc., has 753 X 488 pixels.
The spatial resolution with such a camera is approximately 21 x 24 pm at the lesion plane. Digital images of lesions
obtained with this imaging system were used to classify lesions as malignant or benign, and to characterize lesions as
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invasive or non-invasive, as described further, below. The Electrim, lnc., CCD camera 16 has rectangular pixels. A CCD
camera with square pixels would simplify the calculating procedures.
[0030] Alternatively, a 3—chip CCD camera 20, indicated in phantom in Fig. 10, may be used to reimage the slides of
the region ofinterest. The CCD camera 20 provides digitized images for subsequent analysis by the computer 12. Broad
bandpass filters, which are part ofthe CCD camera 20, produce a representation ofthe lesion as a set ofthree narrowband
images. The filters are typically in accordance with CIE Standard Observer, wherein the bandwidths are broad.
[0031] Fig. 2 is a schematic illustration of the illumination and imaging portions of a preferred computer controlled
imaging system 22 in accordance with the present invention, for imaging a region of interest of skin including a lesion.
The electronic camera 23 may be a 10-bit monochromatic electronic CCD camera 23, such as the Xillix Model 1400,
available from Xillix Technologies Corp., Canada. The Xillix camera is equipped with wide band, low distortion foreoptics,
such as the XJP 1.9/0501, available from Jos. Schneider Werke, Germany. The lower distortion fore optics and the
camera minimize chromatic aberrations of the optical system over the "multispectral" sequence of exposures, enabling
registration of images with sub—pixel accuracy, over the entire field of view.
[0032] To ensure repeatability ofimaging conditions and to minimize required intervention by the operator, it is preferred
that the system be operated at a preset f/stop. For cameras such as the Xillix Model 1400, exposure times are preferably
controlled by the computer 12 through an electromechanical shutter that can operate reliably between minimum and

maximum exposure times tmin and tmax. Electronic shuttering may be more preferred for use with other cameras.
[0033] The imaging system provides low-noise, high-resolution digital images at high data transfer rates, with low
distortion imaging over the entire range of wavelengths covered by the collection offilters. The Xillix camera, discussed
above, has a resolution at the skin surface of about 20 microns per pixel. The CCD camera 23 is preferably contained
in a hand—held unit, represented schematically as box 24. The illuminator source 25 is a tungsten—halogen lamp whose
intensity is controlled by a light—stabilized power supply 26 whose setting is automatically adjusted by the computer 12.
A 150 watt lamp, such as the Phillips EJA, available from Phillips Electronics North America Corporation, N.Y., may be
used, for example. The output of the lamp 25 is white light. A narrowband filter 27 is provided between the source and
an optical fiber 28. A plurality of narrowband filters, each one corresponding to a different spectral wavelength band,
are mounted on a filter wheel 29. Preferred filter bandwidths are listed in Table 1, below. The filter wheel 29, which is
driven by a stepping motor 29a, advances each filter to its proper position between the lamp 25 and the optical fiber 28,
and holds each filter in position for a sufficient period of time. The computer 12 controls the motor 29a. More or fewer
filters may be used. Appropriate lenses 14 are provided between the lamp 25 and the filter 27, and between the filter
27 and the optical fibers 28, as well. One or more fiber illuminators 30a, 30b are provided for conveying the light from
the source to the lesion. Two such illuminators 30a, 30b are shown in Fig. 2 for simplicity. Although the fiber illuminator
is illustrated as a bifurcated pair, a ring illuminator which provides more nearly uniform illumination at the skin surface,
is preferred. An angle of illumination of about 20° is also preferred. A Fostec Model A0603 ring illuminator available from
Fostec, lnc., N.Y., may be used, for example.
[0034] The hand—held portion of the system 24 of Fig. 2, which includes the camera 23, may be mounted on a canti—
levered arm (not shown) that can be locked into position.
[0035] The digital signals making up each ofthe digital images output from the camera 23 are provided to the computer
12. The computer 12 conducts image processing procedures on the digital images to calibrate the images, and to
objectively segment, estimate parameters, and classify the lesions based on the estimated parameters. Operatorjudg-
ment is not required at any point in the process.
[0036] Control is maintained by the computer 12 over source intensity, filter position, and such camera settings as
shutter timing, through the digital interface 12a. Key control parameters are empirically chosen on the basis offeedback
from histograms of trial images. The intensity of the lamp 25 may be maintained at a stable value, commensurate with
the 10—bit dynamic range of the camera 26, by monitoring a secondary light source, connected electrically in series with
the primary light source 25. The light output from the secondary source may be monitored by a light sensor that is
optically isolated from light reflections associated with the primary source. Such reflections may be caused by the filters
that are located on the filter wheel, orfrom the housing ofthe primary light source. This method provides optical feedback
which is sensitive to changes in light intensity caused by changes in lamp lead resistance, for example, while it is
insensitive to the variable amounts of light reflected from the filters, for example. By means of a closed control loop, the
optical feedback from the secondary source may be used to maintain constant light output from the primary source. In
addition, the lamp intensity may be further stabilized by monitoring light reflected from a material of stable reflectance,
such as Kodak “1 8% gray” card. lfthe intensity ofthe light detected by the camera deviates from a predetermined desired
value, the intensity of the output of the lamp can be adjusted. The power, voltage or current supplied to the lamp 25,
may also be monitored.
[0037] The apparatus of Fig. 2 can be used for either clinical imaging of the skin, wherein the skin is imaged directly,
dermoscopic imaging, wherein a layer of oil is provided over the skin and a layer of glass placed over the oil layer, or
polarized imaging, where a polarizer 31 is added to minimize specular reflection as shown in Fig. 2. In dermoscopic
imaging, the index-matching oil sufficiently reduces the specularreflection to avoid the need for a polarizer. When imaging
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wounds or bums, an additional polarizer 31a may be placed between the source of light 25 and the filter wheel 29, to
be used in conjunction with the polarizer 31, to reject copolarized components of the light re—emitted from the region of
interest, thereby reducing specular reflections, as is known in the art.
[0038] Instead of being positioned between the light source 25 and the optical fiber 28, the narrow bandpass filters
27 may be placed between the skin and the CCD camera 23 to filter the light reflected and scattered from the skin 2.
Light re-emitted by the skin through fluorescence would also be filtered. In addition, instead of the filters 27, a mono-
chromator, a plurality of lasers, each emitting at a single wavelength, multiline lasers, tunable lasers or light emitting
diodes could also be used as the illumination source or sources, as is known in the art.
[0039] The front end of the system preferably consists of a flat glass plate (not shown) for being placed over the skin.
Light pressure is applied through the glass, onto the skin, throughout the imaging process. This helps to stabilize the
region of interest against unwanted motion which could blur an image or which could lead to spatial misregistration
between images obtained in different filter bandpasses.
[0040] Preferably, the spectral bands span the range between the near ultraviolet to the near infrared. At least one
spectral band preferably has a center which lies between about 350-500 nanometers, more preferably between about
400-450 nanometers, at least one of the bands preferably has a center which lies between about 500-600 nanometers,
and at least one other spectral band preferably has a center which lies between about 750-1000 nanometers. The near
infrared, between about 750-1000 nanometers, has been found to be useful in detecting invasive melanomas, because
of its greater depth of penetration than the other spectral bands.
[0041] The preferred filters 27 for lesion imaging with a tungsten—halogen white light source 25 have the center wave—

lengths Xi and bandwidths (FWHM) listed in Table ’I, for i=1,2,...,M, M=10, wherein the bands are labeled byj=i—’I =
0,1,...M—1. Such filters are available, for example, from lntor, Inc., Tucson, AZ. In each band, the exposure time is
preferably selected to avoid saturation of the detector elements ofthe CCD camera 23, as well as to maximize the linear
dynamic range over which the image data are recorded. These exposure times should be constrained to be within limits

tmin and tmax which are related to the electromechanical design of the shutter, optical throughput of the camera 23, and
avoidance of image blur associated with motion during the exposure sequence. Suitable values of tmin and tmax could
be 10 ms and 550 ms, respectively, for example. The choice of center wavelength and FWHM for the filter channels, as
well as the corresponding exposure times, should preferably also take into account the following considerations:

(a) The center wavelength and FWHM for at least two channels should be chosen so that characteristic absorption
lines can be differentiated, such as those associated with melanin and hemoglobin;
(b) Foragiven set ofcenterwavelengths, there are upperlimits on the associated bandwidths ifspectral independence
of data in different channels is to be maintained, as illustrated in FIG. 1(a);
(c) Bandpasses should be chosen in the red, green and blue portions of the spectrum which enable “true-color"
reconstruction of skin images that are suitable for visualization by clinicians;
(d) The need for high signal-to-noise ratio in each image sets practical lower limits on the product of exposure time
and filter bandwidth, especially at short wavelengths, where detector response falls off and lesion reflectance is low;
and

(e) The total time taken to acquire the images in all filter bands is preferably less than about three seconds, to
minimize patient discomfort and possible motion.

[0042] Based on considerations (d) and (e) above, and also taking into account the varying spectral reflectances of
skin of different colors, the exposure times in each filter channel are preferably adjustable, with settings based on the
dynamic range achieved on an empirical basis, with trial images. In this manner, both dynamic range and signal—to—noise

ratio can be maximized for each filter channel. The preferred method is to choose texpi by iteration, based on intensity
histograms of images of the skin obtained with trial exposures at each wavelength band. The histograms are analyzed

to determine the number of pixels at the saturation intensity level, I531: 217—1 (1023 for b=’l 0 bits). The exposure time is
decreased if the number of saturated pixels exceeds a predetermined amount, such as 0.01% of the total. Conversely,
to maintain high signal-to-noise ratio, the exposure time is increased if a predetermined percentile in the histogram,

99.9%, for example, is reached at less than a preset threshold, such as 99.5% of lsat. The iteration process typically
converges after two or three trials.
[0043] It may be found to be useful to minimize fluorescence by restricting bandpasses to wavelengths of 400 nanom-
eters and above.

[0044] The preferred exposure times at each wavelength for imaging skin of different colors to classify melanomas
are listed in Table 1, for the embodiment of Fig. 2 with 10 filters. It has been found that forthe blue channel centered at
450 nm, the optimal exposure time for dark skin is 273 ms, which is more than double the optimal 107 ms exposure time
for light skin. On the other hand, in the near infrared channel centered at 780 nm, the exposure times listed are much
shorter, between 24 and 35 ms, and vary relatively little with skin type. The optimal exposure time for dark skin in the
deep blue channel at 430 nm is at tmax = 550 ms, due to the low skin reflectance and relatively low optical throughput
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of the system at this short wavelength. Even with an exposure time this long, therefore, the image is less than fully
exposed. Greater throughput at this wavelength could be achieved, at the expense of poorer response in the infrared.
[0045] In Table 1, the FWHM at 450 nm, is 100 nm, which is much broader than for other wavelengths. It has been
found that where images are desired for visual analysis as well as computer processing. the broad wavelength band at
450 nm more closely matches the blue response of the human eye and is therefore preferred. In addition, the broad
wavelength band provides data at a higher signal-to-noise ratio.

Table 1 appears below: Optimal Exposure Times (msec) vs. Skin Color

 

Filter Center Filter

Number Wavelength FWHM Very Light Medium Tan Dark
(j=i—1) (nm) (nm) Skin Skin Skin Skin

0 430 60 405.2 436.5 484.4 550.0
9 450 100 106.8 124.9 156.1 273.3
1 500 40 56.4 62.9 88.7 130.7
2 550 10 44.2 50.4 71.3 92.9
3 600 10 19.1 24.0 29.6 39.2

8 650 10 74.5 92.3 104.9 132.0
4 700 10 71.6 86.0 98.0 114.4
5 780 30 25.8 29.1 34.9 23.6
6 880 50 34.1 38.6 44.8 46.1
7 950 60 161.1 187.6 205.8 212.0

[0046] Tables similarto Table 1 can be readily constructed based on experimental results for other applications, where
other spectral bands may be better suited. For example, in the analysis of wound healing, where it would be desirable
to distinguish oxygenated from deoxygenated blood, other spectral bands could be better suited to identify the degree
of oxygenated hemoglobin. In addition, the wavelengths and exposure times in Table 1 reflect a balance between the
best results for subsequent analysis of the images by a computer, and the best results for visual observation of the
images. If visual observation is not necessary, other wavelength bands and exposure times may be used.
[0047] FIG. 3(a) describes howthe systems and methods ofthe present invention providefor calibration ofthe recorded
images. The calibration procedure permits 10—bit image data to be recorded over a large linear dynamic range in each
spectral band, independent ofskin type. The recorded images can also be standardized for diffuse spectral reflectance.
Consistent measures of reflectance ratios in different spectral bands can therefore be obtained, despite variations in
illumination pattern with wavelength, changes in the position ofthe illuminator, or aging of the lamp, for example.
[0048] First, the effects ofdark current and "fixed pattern noise" are removed in Step 1. N images are recorded by the

camera without illumination. Preferably 8 such dark images are recorded. The average of these N dark images, ID is
calculated and stored in the computer 12.
[0049] Second, spatial in homogeneities in the illumination and in the response associated with each CCD pixel are
removed in Step 2. A sequence ofN’ images of an illuminated flat, diffuse reflectance standard, such as a white Spec—
tralon® target (R>99%) recorded. As above, N’ is preferably 8. The N’ images are recorded at each wavelength band.
To average over local inhomogeneities in the reflectance standard, the target is moved continuously during the integration
time and between exposures. A small motor, such as a reciprocating motor, may be used. The integration time and/or
lamp intensity are adjusted by the computer 12 at each wavelength band until negligibly few ofthe pixels are at orjust
below an intensity level corresponding to saturation. These N’ "flat-field" images are averaged to reduce the effect of
spatial non-uniformities in the reflectance standard, as well as to improve the detection signal-to-noise ratio. The resulting

averages are stored in the computer as lwi, where i=1,2,...M.
[0050] Next, monochromatic "raw data“ images ofthe skin, Isi' are captured by the camera and digitally acquired by
the computer 12 within each filter passband, i=1,2,...M. lf dermoscopic imaging is used, where a thin layer of mineral oil
is spread between the skin and a cover glass is fixed in position in front of the camera, each image ofthe skin preferably
contains an image of a narrow strip of oil—free, diffusely reflecting gray material, held in place on the inside surface of
the cover glass, and located along one edge of the field of view. The material may be cut out of a Kodak "18% gray"
card. Dermoscopic imaging is preferred for melanocytic lesions. The alternative clinical imaging mode is preferred for
the imaging ofwounds and burns because contact with the wound or burn by a cover glass is not desired. Although FIG.
2 indicates a lesion present on the skin 2, it will be readily understood that the same method will apply when a wound
or burn is present, instead. In the clinical imaging mode, it is preferable to reduce specular reflections by employing the
polarizer 31, as indicated in FIG. 2.
[0051] In either the dermoscopic or clinical imaging techniques, a fourth step is preferably provided, in which the raw
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data is compensated for dark current and fixed pattern noise and then normalized to the flat-field images. The dark-field

compensation is performed by subtracting the stored average dark image ID both from the flat—field image Iwi and from
the raw data image Isi- The ratio of the results of these subtractions is then taken. This standardizes the dark—corrected
raw data to the flat—field image, compensating for spatially varying illumination and pixel—to—pixel response variations.
After the ratio is taken, the result is standardized to the maximum level, 2b—1 which equals 1023 where b = 10 in a 10—
bit data representation. The normalization process thus converts the image of the skin and the gray strip into a stand-
ardized diffuse reflectance map, with the result preserving a large linear recording dynamic range. In FIG. 3(a), the dark-

field corrected and flat-field-normalized images, also referred to as “flat-field-calibrated“ images, are denoted as Isi. In
any image, standardization to maximum level can be reinterpreted directly in terms of equivalent diffuse reflectance on

the basis of the average gray level over the image of the gray strip, <lgray strip>i and the measured average diffuse
reflectance ofthe gray strip, which is approximately 0.2 and varies in a known and repeatable manner with wavelength.
[0052] Preferably, the average image intensity in the gray—strip region is also used to calculate weighting factors for
combining three or more monochromatic images to provide “true—color“ visualizations of lesion images on the computer
’12 and display 19. This is preferably accomplished in Step 5, where the user selects the spectral bands to be used in
the color visualization. Step 5 can take place prior to the imaging session. Four bands are currently preferred for such
visualization. Filter bandsj=3 and 8, in a 3:2 ratio, forthe red (R) channel, filter band j=2 for the green (G) channel, and
filter bandj=9 for the blue (B) channel, in Table 1. As indicated in Step 6 of FIG. 3(a), the relative weights applied to the

R:G:B channels are preferably inversely proportional to <lgray strip>i the average intensity over the portion occupied
by the gray strip area in each image. This procedure tends to reconstruct the hues and saturations in the original scene
to within accuracy limits associated with response nonlinearities of the display 19. To minimize the effects of such
nonlinearities with display monitors such as the Sony Model GDM—175E’l Multiscan monitor, for example, the viewer
may prefer to adjust the maximum brightness in the image to correspond to the maximum image intensity level of the
monitor. A linear transformation step, which can be readily accomplished by commercial software such as Adobe Pho-
toshop, may be used. If the digital images are derived from photographic slides, as in the embodiment of Fig. 1(c), steps
5 and 6 are not necessary.
[0053] As indicated by dashed lines in FIG. 3(a), either the normalized monochromatic images resulting from Step 4
or the color visualization provided from Step 6 can be displayed on the display ’19. Any or all of the monochromatic raw
images could be displayed as well.
[0054] Fig. 3(b) is a flow chart of a preferred method of processing images according to the present invention for
characterizing the condition of a region of interest of the skin of a subject which includes a skin lesion. A skin lesion is

selected in Step 50. Digital images of the lesions illuminated by light filtered at the desired wavelengths of M -9t4..., are
digitally recorded in Steps 52, 54, 56 and 57..., as described above. Each of these digital images is processed separately.
In Step 58, the image taken in a spectral band wherein the amount of light re-emitted by abnormal skin is less than the
amount of light re-emitted by normal skin, is used to create a mask for segmentation. Preferably, the image used for
segmentation is the image of the shortest available spectral band. A blue spectral band is preferred. At Steps 60, 62,
64, 65..., each of the images of the lesion that correspond to different wavelengths are segmented by means of the
segmented mask obtained at Step 58. Alternatively, one or all of the images may be separately segmented. Estimated
values of lesion parameters are computed from each of the segmented images, in Step 66. Lesion parameters found
to be useful for classifying and characterizing the lesion and statistical methods for computing the estimated values of
the parameters, are discussed further, below. The estimated values of the parameters are provided to a linear classifier
in Step 68. The linear classifier employs a linearly weighted sum of the individual parameters to derive a value used to
classify the lesion as malignant or benign. A non-linear classifier such as a Gaussian quadratic classifier or an artificial
neural—net classifier, each employing a suitable defined merit function, may be used as well. In either case, the numerical
value produced by the classifier is subjected to a threshold test at Step 100, such that if the test is passed, the lesion is
suspected to be malignant melanoma. If the test is failed, the lesion is declared not to be melanoma. The lesion could
also be characterized as invasive or non-invasive with a different classifier.

[0055] If automatic segmentation is not successful in step 58, i.e., a closed boundary curve is not formed at the first
spectral band chosen, the next lowest spectral band is used. This process may be repeated at a predetermined sequence
of spectral bands. If segmentation cannot be completed automatically, the operator may intervene to complete the
segmentation, as is known in the art.

I. SEGMENTATION

[0056] The segmentation algorithms will now be described. The function of the segmentation algorithms is to discrim—
inate between the lesion and normal skin in the field-of—view ofthe imaging device. This is a complex function since not
only is the lesion appearance highly variable but so is the appearance of healthy skin due, for example, to the presence
of blotches, hair, wrinkles, etc. The automatic algorithm described here is based on the images in the blue spectral band,
from about 400 nanometers (nm) to 500 nm. This spectral band was selected because melanin absorption increases
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rapidly as the wavelength decreases. While the use of ultraviolet radiation could be advantageous, since ultraviolet
radiation is carcinogenic, only low doses can be used.
[0057] Segmentation in blue consists of several automatic steps:

Location of major peaks in the histogram

[0058] First, the histogram of intensity levels in the whole image is determined. Then, given a sliding window with the

range of (2|Ir + 1) intensity levels, the number of peaks Np in the histogram over that range is determined. lpr < 2, the
range is decreased by two levels and ipr > 3, the range is increased by two levels and the process is repeated until
Np = 2 or 3. For most of the images in the data base used in this study, there are two major peaks in the histogram.
Examples ofsuch histograms are shown in Fig. 4(a) for a malignant melanoma and in Fig. 4(b) for an atypical melanocytic
nevus. The lesions correspond to the lower intensity peak, since it is darker than the surrounding skin due to strong
absorption by melanin at 400 nm. However, some lesions are quite inhomogeneous, and the automatic procedure
described can find 3 major peaks, as illustrated in Figs. 5(a) and 5(b).

Location of the intensity threshold

[0059] If two major peaks are found in the intensity histogram, then the threshold value I”, is selected to be at the
histogram minimum between these two peaks, as indicated in Figs. 4(a) and 4(b). In the case ofthree peaks, it has been
found that, ifthe middle peak is closer to the lowest intensity peak, the threshold value is at the minimum between the
middle and the highest intensity peak. lfthe middle peak is closer to the highest intensity peak, then the threshold value
is at the minimum between the middle and the lowest intensity peak, as shown in Figs. 5(a) and 5(b).

Iterative thresholding of the image

[0060] The next step in image segmentation is iterative thresholding ofthe images. Given the intensity threshold value,
image thresholding has been typically accomplished as follows. The intensity I(X,y) of a pixel at location (X,y) is set to

zero if it exceeds Ith, i.e.,

I(xay)’ 1f I(xay) < 11):;

0, otherwise.
IL (x,y) = (1)

[0061] Figs. 6(a) and 6(d) are examples of digital images of malignant melanoma and atypical melanocytic nevus in
the blue spectral band, respectively. Figs. 6(b) and 6(e) are images resulting from the direct thresholding as in Eq. (1).
As shown in Figs. 6(b) and 6(e), "holes“ can appear within the lesion. Therefore, an iterative approach is preferably
used. First, the intensity of pixels at the image edges is set to zero. Then as each iteration proceeds, the intensity I(X,

y) of a pixel at location (x,y) is set to zero if it exceeds I”, and at least one of its nearest neighbors has zero intensity, i.e.,

0, 1f I(x,y)21 ande=0;
1L(x,y) = . 'h (2)

I(x, y), otherwzse,

where

Nnn 2 min[1(x_ 1: Y),I(x +1’y)’I(xsy _1):I(xay + 1):] (3)

This procedure is iterated until there are no pixels with I(X,y) > I”, and a nearest neighbor with zero intensity. Typically,
only a few iterations are required to complete this step. The resulting images are shown in Figs. 6(c) and 6(f).
[0062] Figs. 7(a) and 7(d) are other examples of digital images of malignant melanoma and atypical melanocytic
nevus, respectively. Figs. 7(b) and 7(e) are images resulting from the iterative thresholding described above. Various
dark blobs are seen in the images outside of the lesion area. These are removed in the following step.
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Image cleaning

[0063] Some of the blobs in the thresholded images arise naturally due either to dark spots on the normal skin or to
hair as in Fig. 7(b). Others are artifacts such as the film edge at the top of the nevus image in Fig. 7(e), or dark bands
at the image edges from the slide mounts. These bands are removed by automatically testing for their presence and
then setting the intensity of appropriate pixels to zero. The remaining blobs could also be removed by determining the
overall number and size, i.e., number of pixels, of connected blobs, and then setting to zero the intensity of pixels
belonging to the small ones. However, since the size of some lesions exceeds 100,000 pixels, this would be computa-
tionally very intensive. Therefore, in practice, this step is preferably carried out as follows. First, perimeter pixels for all
blobs in the image are located. The number of such pixels is typically less than 10,000. Then, each of these perimeter
pixels is assigned to a unique blob and its size, the number of perimeter pixels in the blob, is determined. The intensities
of pixels belonging to blobs of size less than 30% ofthe maximum size for that image are set to zero. This process is
iterated until all the small blobs are removed. Typically less than ’10 iterations are needed. The intensity of all the nonzero
pixels is then set to ’l. The resulting binary lesion mask has the following property:

1, if pixel at (x,y) belongs to lesion ,'
13 (x.y) = (4)

0, otherwise.

Figs. 7c) and 7(f) illustrate the resulting lesion masks.
[0064] In the images illustrated in Figs. 7(a) and 7(d), dark hairs were either absent or were not adjacent to the lesion.
However, there are many images with prominent dark hair overlapping lesions. Segmentation ofsuch images is described
in the following section.

Segmentation of images in presence of hair

[0065] Figs. 8(a) and 8(e) are examples of lesion images with hair. Since the segmentation algorithm described in the
previous section would leave some of these dark hairs connected to the lesion, images with hair require special pre—
processing to allow for hair removal from the normal skin. Since hair is a problem because of its high contrast with
respect to the normal skin in the blue, aspatial filterwas designed to locate hairs. This filter, shown in Fig. 9, is magnification
dependent. It is applied to every pixel of the original image and the result is thresholded at the 5% of maximum value
in the whole filtered image. The filtered images are shown in Figs. 8(b) and 8(f) in reverse intensity contrast, wherein
bright features are dark. Hairs are clearly located in the filtered images. It should be noted that the lesion interior is
almost entirely blank, indicating poor contrast between hair and lesion.
[0066] Hairs are removed by an averaging process. For every non—zero pixel at (x, y) in the filtered image one finds

the locations of 4 nearest pixels (X,,y), (xuny), (x,y,), (X,yu) (where x, < X< x“ and y, < y < y“) with zero intensity. Then
the intensity of every pixel in the original image that has non—zero intensity in the filtered image is replaced as follows:

1, (x, y) = T15 me, + k,y>+1(x, —k,y)+1(x,y. +k)+I(x,y, ~10]. (5)

The images averaged in this way are shown in Figs. 8(c) and 8(g). It is seen that the contrast between hairs and normal
skin is considerably reduced in these images. After this preprocessing, the segmentation algorithm described in the
previous section is applied to the averaged image. The final binary lesion masks are shown in Figs. 8(d) and 8(h).
[0067] The preprocessing step described above may be used for all lesion images, regardless of the presence of hair,
enabling fully automated lesion segmentation. However, since this requires more computation and causes some border
blurring, the need for preprocessing due to the presence of dark hair is preferably indicated interactively by an operator,
and images preprocessed only when necessary.

Segmentation of images in other spectral bands

[0068] Since melanin absorption is strongest in the shortest—wavelength band, the lesion area, which appears as a
dark region in the image, appears largest in the blue spectral band. Since longer wavelength radiation penetrates deeper
into skin, if the thickness of the melanin-containing layer compensates for the weak absorption, that part of the lesion
will appear dark even in the red spectral band. For thick melanomas, with Breslow thickness greater than 1 mm, one
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expects dark lesions even in the infrared bands. This was observed, for example, by Marchesini et al., Photochemistry
& Photobiology, "In vivo spectrophotometric evaluation of neoplastic and non—neoplastic skin pigmented lesions. lll.
CCD camera—based reflectance imaging," Vol. 62, 1995, pp. 151—154. However, for early malignant melanomas, with
Breslow thickness less than 1 mm, great variability of images in the red spectral band has been found. There may be
so little contrast between the lesion and the normal skin that direct segmentation is not possible. Therefore, segmentation
of lesion images in all spectral bands with wavelength 7» uses the binary lesion mask oqu. (4), obtained in the shortest-
wavelength band, here blue, i.e.,

1L (ma/1) E 1(x,y;l) X 13(x,y)v (6)

[0069] Figs. 10(a) — 10(f) are a series of images of the lesions, with their corresponding histograms shown in Figs. 5
(a) and 5(b), segmented in the blue, green, and red spectral bands, as indicated. The automatically determined lesion
borders are superimposed on the original lesion images. The area of dark regions is largest in the blue.

ll. LESION PARAMETER ESTIMATION

[0070] Objective and automatic lesion classification requires quantitative algorithms for lesion parameter estimation
from their segmented images. Such parameters should be dimensionless, independent oflesion location and orientation
in the image, and ofthe overall image brightness. It is convenient to separate the parameters used here into four broad
classes: asymmetry, blotchiness, border, and texture. Parameters with the highest diagnostic accuracy for malignant
melanoma are listed in Fig. 11, together with the values of diagnostic accuracy, sensitivity, and specificity, for a training
set of images of 41 malignant melanomas and 104 atypical melanocytic nevi obtained with the imaging system described
above, with respect to Fig. 1(a) wherein the monochrome camera 16 was used to digitize slides. The subscript r, g, or
b refers to the red, green, or blue spectral band in which the parameter is evaluated. If additional spectral bands are
used, then each of the parameters could be computed at the additional spectral bands, as well.
[0071] Specific algorithms forthese parameters are described below. For simplicity it is assumed that the image pixels
are square but the algorithms described below may be implemented for rectangular pixels as well.

Lesion Asymmetry

Asymmetry parameter

[0072] The lesion asymmetry parameter is based on moments of the intensity distribution. First, the lesion orientation
angle is used to locate the principal axes, which are just the symmetry axes for symmetric lesions. The angle 9 is
computed from

tam: 2<(x-x.)(y—y.)>
T—r—U‘T ‘7)

where the lesion intensity centroid is at

xc=<x> and yc=<y>. (8)

[0073] The angular brackets in Eqs. (7) and (8) denote an intensity moment, which for any function f(2, y) of position
in the image can be computed as follows:

_ Z .2 ,f(x,y)IL(x,y)
<f(x,y)>:m, (9)

12

BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 991 of 1115



BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 992 of 1115

Vi

10

15

20

25

30

35

40

45

50

OiOi

EP 2 264 669 A2

where IL (x,y) is the segmented lesion image. In order to compare properties of different lesions, the parameters used
are independent ofthe orientation ofthe lesion in the image. Therefore, the lesion asymmetry is determined with respect
to the principal axes. The measure of asymmetry described here requires rotation of the image by an angle 0 so that
principal axes are parallel to the image axes. In this principal—axis coordinate system the following asymmetry factors
are defined:

2 nZyIIL(xc +n’y)_IL(xc _n’y)| A :

x ZnyIL(xay) , (10a)

A =ZxZn|IL(x>yc +n)—IL(x,yc_n)l (10b)
y 2 x2 yIL(x7y) .

The asymmetry parameter,

A = A, +Ay , (11)

is a measure of asymmetry in the geometric shape of a lesion as well as in the distribution of lesion pigmentation.
Asymmetry parameters tend to be larger for malignant melanomas than for atypical melanocytic nevi.

Binary asymmetry parameter

[0074] If the intensity distribution IL in Eqs. (10a) and (10b) is replaced by the binary intensity distribution oqu. (4),
then the corresponding asymmetry parameter Ab,” is the fraction of the lesion pixels which do not have a counterpart
on the other side ofthe principal axis. Thus, when based on the binary intensity distribution. parameter Abm is a measure
of the asymmetry of the geometric shape of the lesion.

Lesion Blotchiness

[0075] Visually, many early malignant melanomas appear blotchy. In multispectral images there may be darker and
lighter regions or blotches of rather homogeneous intensity. In color images, in contrast, there may be regions of different
colors. Therefore, it is of interest to quantify such blotchiness in order to differentiate malignant from benign lesions.

Blotchiness Parameter Based on Spatial Intensity Distribution

[0076] The lesion is divided into Nfltopographic" regions. If [max and [min are the maximum and minimum intensities
in the lesion in some spectral band, respectively, then a pixel at (x,y) belongs to the nth region if

I —I. I —I.

I. +n—1MSI x, <Im+11M—. 12mm ( ) N, L( y) N, ( )

[0077] For nth topographic region defined in Eq. (12), a distribution of distances of pixels in that region from the intensity
centroid ofthe binary lesion mask

dn(x,y) = (xn ~35.)2 +(yn -yc)2 (13)

13
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is obtained and its mean value < dn > and variance Var(dn) are computed. The measure of lesion blotchiness based on
spatial intensity distribution is

 

(14)

This parameter can be evaluated in every spectral band.

Blotchiness Parameter Based on Centroids

[0078] The lesion is again divided into Ni "topographic" regions as defined in Eq. (12). An intensity centroid (xc(n), yC
(n)), defined in Eqs. (8) and (9), is then computed for each such region separately. The blotchiness parameter based
on the centroid is defined as

c=(Xmax_Xmin)(Ymax_Ymin)/Ai (15)

where, for example, Xmax is the maximum value of XC(n), and A, is the lesion area in pixels. This blotchiness parameter
is also determined in each spectral band separately.

Blotchiness Parameter Based on Spatial Color Distribution

[0079] The "color“ in this analysis is not related to the visual perception of color. It is a quantitative descriptor of the
relative intensities in red, blue, and green channels in a particular pixel.
[0080] All the other lesion parameters described here involve analysis of images in each spectral band separately.
Therefore, absolute calibration ofimage intensities was not necessary. However, in orderto describe the colordistribution,
normalization of intensities in red, green, and blue spectral bands is needed, so that intensities in the three channels
are equal for white. In the spherical color coordinate system,

’ [R(x, y) +1,,(x, y)+IG (any) ’ (16)
G<x.y> = 16“”

[R(xzy)+IB(x’y)+IG(x!y) ,

where the subscripts R, G, B referto red, green, and blue spectral bands, are chosen as the independentvariables. The

lesion is then divided into color regions as follows. First R(x,y) and G(x,y) are divided into NR and NGtopographic regions.
A color region is defined as a particular combination of two topographic regions. The total number of color regions is

NC = NR x N6 . (17)

The blotchiness parameter based on color is defined in analogy with Eq. (14):

2;“: ,lVar(d,,)
CI = —=-~———~ (18)

Zn:1< d" >

14
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Lesion border

Border Irregularity Parameter

[0081] Border irregularity is a well—known feature of malignant melanomas. It is typically defined as the ratio of the
measured lesion perimeter to the perimeter of a circle with the same area as the lesion. Since perimeter is difficult to
estimate reliably, a statistical descriptor of border irregularity is used here. In addition, many lesions are elongated and
an ellipse is a better approximation for such lesions with regular borders than a circle.
[0082] Using the binary lesion mask of Eq. (4), the lesion intensity centroid from Eq. (8), orientation angle from Eq.
(7), area, and the aspect ratio defined as

J—r_——2
AR=_<.J.C__xC_E_, (19)

J<y'-yc >2

where primes referto the coordinate system defined by the lesion principal axes, are determined. These values are then
used to construct an ellipse that is the best regular approximation to the lesion border. For each lesion border pixel at

(Xb,yb), its angle with respect to the horizontal axis:

—1 (x1) — xc)
=t ,¢ an (yb—yc) (20)

and the location of the ellipse border for the same angle (Xe((])), yam)» are determined. The distribution of distances
between the ellipse border and lesion border:

deb(xb’yb)=db(xbayb)—de(¢)a (21)

where

db(xbryb) = (xb “3%)2 +(J’b _yc)2 (22)

and

01.025):le +y3, (23)

is obtained and the border irregularity parameter is defined as

B = ——‘l1:15?) . (24)1)

Border Gradient Parameter

[0083] Another parameter that quantitatively characterizes lesion border is the measure of intensity gradients across

the lesion borders over the length scale defined by ng, in units of pixels. For each lesion border pixel at (Xb,yb) one
determines whether pixels at (X17 : ng, yb : n9) are at the border. lfthey are not, then the gradient is defined as

15
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G<xb,yb) = érlux+ng,y)—I<x—ng,y)l+|1(x,y+ng>—I<x,y—ng )l]; (25a)
Vi

otherwise, if pixels at (x : ng,y) are not on the border,

10 G<x,,,y.)=lI<x+ng,y>—I(x—ng,y)|, (25b)

or, if pixels at (X, y : n9) are not on the border,

15 Gaby.) =|I(x,y+ng)~l(x,y—ng)|. (25c)

The border gradient parameter is defined as

20

‘lVG = —-—ar(G) (26)
< G >

25

Lesion Texture

[0084] The description of lesion texture is particularly vulnerable to subjective judgement. The quantitative evaluation
of lesion texture parameters is possible only using computer—based image analysis. While many such parameters are

30 possible, those found to be helpful in discriminating between malignant melanomas and atypical melanocytic nevi are
described below.

Texture Parameters Based on Local Intensity Variations

35 [0085] Texture parameters are defined over a length scale nt in units of pixels. For example, consider a pixel located
at (X,y) in the lesion. Let I, and [U be the minimum and the maximum intensities in an image in the 2nf+ 1 x 2n, + ’1
window around this pixel, i.e., in the range [X— nt, X + nt] and[y — nf, y+ ”J- Consider a variable

40 I —1

Ci (x, y) = “—'— (27)
II

[0086] The first two texture parameters are defined as:
45

,[Var(Cl)
1 L: —-—-——— 28

< C1 > ( )50

and

OiOi
T2 : ,lVar(Cl) (29)

[0087] Another texture parameter uses the following variable:

16
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C3 (x, y) = 4w(0,0) + w(—n, ,0) + w(n, ,0) + w(0,—n,) + w(0,n,) ,

_ 2[W(_nt {—nt) + w(—n, an!) + w(nt =_nt) + w(nt 7 ’11)] (30)

where

w(i,j)=I(x+i,y+j)/I(x,y). (31)

If the value of C3 is negative, it is set to zero and the corresponding texture parameter is

‘lVar C3
T3 = —<—C(T). (32)

[0088] Another variable that leads to a texture parameter useful for classification of melanocytic lesions is:

C4 (xay) = 8W(0,0) _ w(—nx )0) _ W01, :0) —' w(0’—nl ) _ w(0’nt)

_ W("", 3—"; ) _ w(—nt any) — w(n1 ,—n,) _ W(n' ’71:) (33)

Again, if the value of the variable is negative it is set to zero and the corresponding texture parameter is

r4 = —_":‘:(C>). (34)

Texture Parameters Based on Pigmented Network

[0089] Texture parameters have also been developed by considering the properties of a pigmented network. These
texture parameters are measures of variability in the area of the dermal papillae and in the aspect ratio (length/width)
of the rete ridges.

[0090] Since dermal papillae appear as the brighter part ofthe network, one seeks all the local maxima over a 2nt+
’lx 2nf+ 1 window. Starting from such a maximum at (xm , ym), one finds local one-dimensional minima in eight directions
(2 vertical, 2 horizontal, and 4 diagonal) and locates the vertices of an octagonal region one pixel closer to the maximum

intensity pixel than the minimum pixel. Such octagonal regions approximate the areas ofdermal papillae Adp which are
computed from the known location of vertices; the corresponding texture parameter is

‘lV AT5:_ir_(l)_ (35)
<Adp >

Some of the areas determined by this algorithm are due to bubbles visible in some of these dermoscopic images.
However, since there are typically on the order of hundreds of areas, and on the order of tens of bubbles, the statistical
parameters should not be significantly biased by this artifact.
[0091] The aspect ratio of rete ridges is determined in a similar fashion, although one starts with local minima since
rete ridges appear dark in the images. The vertices of an octagonal region are determined in this case from one-
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dimensional maxima in the eight directions. The maximum and minimum extents ofthis region are then determined and
the aspect ratio R is computed. This texture parameter then is

T6 = ‘lVar(R).
< R > (36)

III. LESION CLASSIFICATION

[0092] Selection of lesion parameters for classification was done by determining the maximum diagnostic accuracy
for malignant melanoma for each parameter computed in every spectral band available for the training set of images.
As mentioned above. diagnostic accuracy, sensitivity to malignant melanoma and specificity for the selected twenty two
parameters are shown in Fig. 11. These parameters were then used as input to the linear classifier. Nonlinear classifiers
may be used as well.
[0093] For each lesion k the linear classifier is

£00 = imam, (37>n=l

where Xn(k) are the parameters for the kth lesion and weights Wn are to be determined so that a specified function F(L)
attains maximum value. The following functions F(L) were used: 1) specificity under constraint of 100% sensitivity to
malignant melanoma for the training set which included 41 malignant melanomas and 104 atypical melanocytic nevi;
(2) classification accuracy for the 24 invasive and 16 noninvasive malignant melanomas of the training set; and 3)
correlation with the Breslow thickness for the 24 invasive malignant melanomas.
[0094] Given any training set of lesion images and corresponding set of lesion image parameters, the weights that

maximize F(L) are found as follows. First, an initial range and resolution A for Wn are selected. For each allowed set of
values of W", the values L(k) are computed for each lesion. The value F(L) is determined based on the input from
histopathological evaluation of the lesion based on a biopsy, such as the diagnosis of the lesion as benign or malignant,
and the Breslow thickness for a malignant melanoma. The range of wn’s is adjusted until the maximum value of F(L) is
inside the range. Then the resolution A is reduced by a factor of two, and the process is repeated until A reaches specified

minimum value Ami". This procedure determines the weights W,7 only up to a multiplicative constant. It is noted that the
classifiers resulting from a particular training set are applicable only to images with a specific spatial and spectral
resolution, and that lesion images obtained with a different imaging system may require the development of different
classifiers, by the procedures described above.
[0095] Since detection of melanoma in its early stage significantly improves prognosis, there is a need for reliable
methods of early detection. Clinical evaluation of melanocytic lesions is, however, a problem since reliable differentiation
between early malignant melanoma with Breslow thickness less than 1 mm and atypical melanocytic nevus is difficult
even for experienced dermatologists. In order to detect as many early melanomas as possible, weights in the linear
classifier are preferably chosen to maximize specificity under the constraint of 100% sensitivity to malignant melanoma

for the training set. For each set of weights, one finds the threshold value Lth of the linear classifier such that a Lth lesion
is classified as suspicious ofmalignancy if L(k)> Lthi and as benign otherwise. The resulting classifierforthe training set is

L, = 002514,," + 0.090A, + 0069,43 + 0.160A, + 0.128Cb

+ 0.095Cl + 003 SB + 0.107Tlg + 0.064T2g + 0.018T2, (38)

+ 0.111st + 0.167T3g + 0.268T5b

where the weights are normalized so that the threshold value equals one. This classifier with sensitivity to malignant
melanoma of 100% and specificity of 85% is shown in Fig. 12. Statistical significance of the specificity and sensitivity

was assessed by considering the binomial probabilities for the value of L, to exceed the threshold for the 41 malignant
melanomas and 104 atypical melanocytic nevi ofthe training set separately. At the 95% confidence level, one finds that
sensitivity is not less than 93% while specificity is not less than 79%. Since there are several melanomas very close to
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the threshold value, a practical classifier may use a threshold value that is less than one. It has been found that this set
of 145 images is sufficient to yield statistically significant results. A greater number of images may be used, as well.
[0096] Some of the noninvasive melanomas, called melanomas in—situ, are confined to epidermis and are 100%
curable by surgery. The invasive melanomas. i.e., superficial spreading melanomas in our data base, require more
extensive surgery. Therefore, it is of clinical interest to differentiate between invasive and noninvasive melanomas and
a linear classifierwas trained to perform this task. This classifier, with weights chosen to maximize the overall classification
accuracy for the 24 superficial spreading melanomas and 16 melanomas in-situ of the training set is

L2 = —1.00A, —o_ 14131.g — 2.4731, — 0.4C, — 0.98Cl 39

—1.17T2, + 0.53T4, +1.98st +1.53st — 0.73 ( )

where a constant was subtracted from the classifier values to obtain the threshold value of zero. This classifier, with
overall classification accuracy of 92.5%, is shown in Fig. 13.
[0097] Since prognosis for invasive melanomas correlates strongly with the Breslow thickness, a linear function of
lesion parameters Qwas trained to maximize the Pearson correlation coefficient between 0 and the Breslow thickness
for a set 24 superficial spreading melanomas. This function is

Q = 0.955Ag — 1.391A, + 2.791315 — 1.320312 + 0.146C, 40

+ 0.267C, — 0.506B + 0.202T1'g +1.476T2, — 0.485 ( )

and is shown in Fig. 14. Even though there are only 24 superficial spreading melanomas in the data base, the high
correlation of 0.77 is statistically very significant since p = 9 x 10-6.
[0098] The classifiers oqus. (38)-(40) are applicable to the imaging system described above, with respect to Fig. 1
(a) wherein the monochrome camera 16 was used to digitize slides.
[0099] For other imaging systems, having different spatial and spectral resolution, different classifiers may need to
be developed, based on a sufficient data base of lesion images obtained with that imaging system, in accordance with
the procedures described above.
[0100] The segmentation, parameter estimation and classification programs described in Sections |-|||, above, can
be implemented on any personal computer, using a programming language, such as FORTRAN or C. The program can
be stored on any convenient media readable by a computer, such as read only memory, ("ROM“), random access
memory with a battery backup, electrically programmed ROM (EPROM), electrically erasable ROM (EEPROM), floppy
disc, CD ROM, or a hard disc. Other suitable media may be used, as well.
[0101] While the procedures of Sections H” were described with respect to digital images obtained by imaging color
photographic slides of skin lesions with a monochrome CCD camera 16 in accordance with the system of Fig. 1c, these
procedures are readily adaptable to the analysis of digital images of skin lesions acquired directly from the region of
interest of the skin with a digital electronic camera, such as the monochrome CCD camera 6 of Fig. 1a and Fig. 2.
Preferred parameters for direct digital imaging of a region of interest ofskin are described, below.
[0102] In the process described in Sections I-Ill, above, segmentation was conducted in the blue wavelength band.
The segmented mask in blue was then applied to images in the red and green wavelength bands. Where images at
additional wavelengths are provided, segmentation is preferably first attempted at the shortest available spectral band
in which the amount of light re—emitted by skin is different within skin having an abnormal condition than within skin
having a normal condition. The contrast between the melanocytic lesion and normal skin tends to be highest at the
shortest spectral band because melanin close to the skin surface generally has the highest absorption and causes the
greatest scattering. In other skin conditions, such as wounds or burns, other chromophores, such as hemoglobin, tend
to produce strong absorption and scattering.

SECTION IV

ESTIMATION OF OTHER PARAMETERS

[0103] In addition to the new parameters defined in Section II, above, the values of conventional dermoscopic param—
eters may also be incorporated into the classifier. For example, a dimensional parameter which is a function ofthe length
of a principal axis ofthe segmented image, may additionally be used. Whether or not the length of the principal axis of
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a skin lesion exceeds a suitable threshold, such as 6 mm, may be incorporated into the classifier.
[0104] Values forthe standard deviation of reflectance and the mean reflectance may also be used. The ratio between
the standard deviation and the mean has been found to be useful.

[0105] Wavelet maxima representations may also be used to compute estimated values of the texture and other
parameters ofa skin lesion or other skin condition, separately or in conjunction with the non—wavelet derived parameters
described, above. Values of lesion parameters may be estimated by the following steps:

(1) segmenting each of the digital images in each spectral band, preferably automatically;
(2) subdividing each digital image into border and interior regions ofthe lesion;
(3) applying the dyadic, multiscale, continuous wavelet transformation ("CWT") to the digital image in each spectral
band;
(4) producing wavelet maxima representations ("WMRs") of the CWT in the border and interior regions of each
image at each spectral band; and
(5) computing estimated values for rotation-and translation-invariant statistical parameters from the WMRs, to char-
acterize the textures of the border and inside regions, for each image.

[0106] Preferably, the segmentation mask is created in one spectral band in accordance with the procedure described
in Section I, above, separating the skin lesion from the remaining skin in the region of interest. Then, that segmentation
mask is used to define the lesion/skin "border region“ separately, in each ofthe spectral bands. Any or all of the images
may be segmented and subdivided independently, as well.
[0107] To define the border region, pixels assigned to the lesion (within the segmentation mask), which border on
pixels assigned to normal skin (outside of the segmentation mask), are used to define centers of circular regions. For
skin lesions, the center preferably has a fixed 8-pixel radius and a 17-pixel diameter. All pixels lying within such circular
regions are assigned to the border ofthe lesion in each digital image.
[0108] All pixels in the neighborhood of each pixel of the image contribute to the CWTs centered within the border
and interior regions of each digital image. Each pixel in each region serves as a center of a “mother“ wavelet. Each
mother wavelet is scaled to span six different “scale wavelets,“ which play the role of local band—pass spatial filters that
can selectively zoom in on different scales in the lesion structures of interest. See, for example, Daubechies, l, "The
Wavelet transform, time—frequency localization and signal analysis", IEEE Trans Inform Theory 36961—1005 (1990);
Aldroubi, A. et al., Wavelet in Medicine and Biology, C&C Press, NY, pp 11-15 (1996). The fine/coarse filtering that the
scale wavelets provide also reduces background noise.
[0109] Wavelet maxima representations (”WMRs") are "multiscale" spatial maps that indicate the locations of local
maxima ofchanges in image intensity and provide a quantitative measure ofthose changes. They are, therefore, suitable
for characterizing textures at different “scales“. See, for example, Mallat S, Hwang, W L. “Singularity detection and
processing with wavelets, “IEEE Trans Inform Theory 38:617—643, 1992; Mallat S, Zhong S. "Wavelet maxima repre—
sentation.“ Wavelets and Applications, Springer—Verlag, Y. Meyer (ed.), NY, pp. 207—284, (1992); Mallat S, Zhong 8.,
“Characterization of signals from multiscale edges“, IEEE Trans Patt Anal Mach Intell 14:710—732 (1992). WMRs are
used here to represent the border and the interior regions of each lesion, in each of the spectral bands separately.
Differences in texture between the border and interior regions correspond to differences in activity ofthe wavelet maxima
at coarse scale and at finer scale.

[0110] The coefficient distributions of the WMRs are used to estimate values of statistical parameters for each lesion
which are translation- and rotation-invariant. These parameters summarize the image structure in each region and in
each spectral band through statistical properties of the wavelet coefficient distribution at each of the spatial—scale levels.
[0111] The large number of candidates ofwavelet parameters are used individually to train and then to test a classifier,
as described in Section III, above. The classifier can be the linear classifier of Equation 37 above, preferably under the
constraint of maximizing specificity subject to 100% sensitivity. A non-linear classifier such as a Gaussian quadratic
classifier which is designed to minimize a cost function which is a linearly weighted sum of the fraction of missed
melanomas, and of the total misclassification error, may also be used. One such Gaussian quadratic classifier is as

defined in Fukunaga, K, Introduction to Statistical Pattern Recognition; Academic Press. Boston. pp 19—96, 125 (1990).
In the process of selecting the best subset of these parameters for classification, the training and testing of the classifier

was based on a "leave-one-out“ strategy, for selection of the training set. I_d. at 219-221.
[0112] When using the quadratic Gaussian classifier, the parameters are modeled as elements of a p—dimensional

vector, X=(x1, x2, ...,xp), each ofwhich is normally distributed overthe malignant (melanoma) and benign (AMN) classes,
with (vector) means M1=(m1 1, m12,..., m1 p) and M2=(m21, m2 2, m2 p), respectively, and with covariance matrices
21 and 22 (which are generally different), for p S 12, for example. The quadratic Gaussian classifier that discriminates
between the two classes employs normalized "distances" defined (in standard matrix notation) by:
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(X-M;)T Z;"(X-Mg),

where Zi-1 is the matrix inverse to 2'. Mi and 2' , are estimated from the available data. In practice, each classifier is
developed on the basis of the means and covariances estimated over a training set, and the resulting classifier is then
exercised over a testing set. The performance of the classifier is analyzed by studying the sensitivity and specificity
achieved as one varies the threshold function:

h(X)=f(X,M1, >31) - f(X,M2, 22)

where:

f(X,M;, >3.) = ‘/2(X-M;)T£i‘l (X-M,) + 1/21n l 2; l, i=1,2,

and M and 2i are estimators of M and ii that are obtained from the sampled data sets.
[0113] Minimization ofthe following costfunction is used to rank parameters that are candidates for use in the classifier:

Cost = 06 (1—Sensitivity) + (1—0L)(1—GlobalError), where Sensitivity = (Number of correctly classified melanomas)/(Total
melanomas), GlobalError = (Number of incorrectly classified lesions)/(Total lesions) and 06 is a constant, preferably
between 0.4 and 0.6, and more preferably 0.45.

[0114] A limited database of images obtained by directly imaging skin lesions with the system of Fig. 1a was used to

develop non—linear and linearclassifiers and determine the most useful parameters. The wavelet parameters found most
useful in characterizing the skin lesion based on the available database were: 1) the number of maxima per unit area
(per pixel); 2) the mean value of the WMR coefficients, 3) the root-mean-square value of the WMR coefficients, 4) the
mean absolute deviation about the WMR coefficients, and 5) the skewness of the WMR coefficients. Preferably, in
addition to the number of maxima per pixel, the ratio ofthe mean value oftheWMR coefficients to theirstandard deviation,
the ratio of the mean value to their mean absolute deviation, and the skewness normalized to the cube of the standard
deviation, are used.

[0115] Two additional wavelet related parameters are referred to as a goodness of fit measure and an intercept
measure. The intercept measure is a measurement of the degree of change of a statistic of the wavelet coefficient
distribution with increment in wavelet level. The statistic is preferablythe average rate of change ofthe number ofwavelet
maxima per unit area. One way to compute this average is to determine the level 0 intercept ofthe best linearfit of the
number of wavelet maxima per unit area, with respect to wavelet level.
[011 6] The goodness offit measure quantifies the degree ofdeviation ofthe intercept measure from linearity. Preferably,
the deviation of the number of wavelet maxima per unit area, with respect to level, is estimated.
[0117] Another parameter is the slope of the best fit linear trend of the variation in wavelet maxima per unit area,
versus wavelet level. This parameter has not been found to be as useful as the other parameters described, based on

the limited database of available images.
[0118] The large number of wavelet parameters per spectral band, wavelet level and region (border and interior) were
evaluated in the same manner as described in Section III above, with linear and non-linear classifiers. It has been found
that a combination of certain of the non-wavelet parameters discussed in Section II, above, and parameters estimated
through the wavelet maxima representations, gives the best specificity at 100% sensitivity for the data available to date
for a quadratic Gaussian classifier.
[0119] Table 2. below, indicates the most useful non—wavelet parameters and their center wavelength ("CWL"), the
wavelet parameters ("WMR") and their CWL, and the best combination of WMR and non—wavelet parameters and their
associated CWL. Each sequence adds the indicated parameter to the parameter or parameters in the prior sequences.
For example, the best single non-wavelet parameter was T1, (texture, Type 1) defined in Equation 28, above, at a
wavelength of 950 nm. Better results were obtained when T5, defined in Equation 35, above, at wavelength 500 nm,
was added in sequence 2. The parameters ofsequences 1-1 2 identifythe twelve best parameters found for characterizing
skin lesions with the quadratic Gaussian classifier, above. The other columns of Table 2 are similarly interpreted. The
definitions of the abbreviations used in the Table 2 appear below the Table.
[0120] When the 12 non—wavelet parameters of Table 2 were used alone, and the threshold in the nonlinear quadratic
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Guassian classifier was chosen such that all the melanomas in the database were correctly classified (100% sensitivity),
the specificity of correct classification of benign lesions was 64%. When 12 WMR parameters were used alone, the
specificity was 86%. When the 12 parameters of both types were used, the specificity was 90%.

 

5 TABLE 2

Sequence Non Wavelet CWL WMR CWL Combined CWL
(nm) (nm) (nm)

1 T1 950 b, I*, 650 b, I*, 650

10 2 T5 500 b, L3K, 950 T3, 430
3 ASY, 450 b, 1W, 430 b, L68 600
4 "6, 450 b, L6K, 430 b, L1 K, 700

5 "5, 600 I, L6K, 430 T5, 550
6 GRD 430 b, L1K, 430 b, L3K, 650

15 7 CE, 950 b, L58, 780 T3, 500
8 STR, 500 I, L3W, 550 B1, 950
9 STR, 430 I, L3A 450 STR, 550

10 T6, 500 b, L5A, 780 I, L3W, 780

20 11 STR, 550 I, L3A, 430 b, L6W, 650
12 SMR, 789 b, I*, 600 T2, 950

Key to Non—Wavelet Parameters

25 [0121]

ASY = Asymmetry, Bl = Blotchiness, CE = Centroid, GRD = Gradient,
SMR = (Std Dev of Reflectance) / (Mean Reflectance),
STR = Std Dev of Reflectance, Tp = Texture, type p30

Key to WMR Parameters

[0122] b = border region, I = interior region, Ln = Level n =1,2,...,6
[0123] Statistics:35

A = (mean coef. magnitude) / (mean absolute deviation)
l* = intercept measure (extrapolated over levels n=1—4)
K = skewness

S = (mean coef. magnitude) / (Std Dev of coef. magnitude)

40 W = number of wavelet maxima per pixel

Table 3 is a comparable table of preferred parameters with the linear classifier of Equation 37. The abbreviations for
parameters not defined above, appear below Table 3.

45 TABLE 3
WMR CWL

Sequence Non Wavelet CWL (nm) Code CWL (nm) Combined Codes (nm)

1 ASY, 450 l, L1 K, 550 b, L48, 880

50 2 BLr, 430 b, L3A, 780 I, L6A, 880
3 T5, 780 I, L58, 780 b, L38, 700
4 T6, 780 I, L6K, 880 I, L1K, 600
5 T2, 500 I, L1 K, 950 b, L58 650

6 T2, 550 I, L3W, 450 b, L28, 700

55 7 GRD, 780 I, L5K, 45o ASY, 450
8 R1, 950 b, L1 K, 780 GRD, 430
9 BL, 950 b, F*, 780 I, L2K, 600
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(continued)

 
WMR CWL

Sequence Non Wavelet CWL (nm) Code CWL (nm) Combined Codes (nm)
10 "6, 430 b, L4A, 430 T5, 550
11 "5, 430 l, L2K, 600 CE, 450
12 T3, 950 b, L4S, 880 ——— ——— 

Key to Additional Non-Wave et Parameters
 

[0124]

Blr = Border lrregularity,
GRD = Gradient, R1 = Mean Reflectance,

Key to Additional WMR Parameters

[0125] Statistics:

* = goodness-of—fit measure (levels n=1,2,3,4)

[0126] When the 12 non—wavelet parameters of Table 3 were used alone, and the threshold within the linear classifier
was chosen such that all available melanomas are correctly classified (100% sensitivity), the specificity was 91%. With
only the wavelet parameters, the specificity was 95%. With the combination of wavelet and non—wavelet parameters,
the specificity was 97%. Although these results seem to indicate that the linear classifier separates the two classes of
lesions better than the nonlinear one, it should be recognized that sampling bias effects tend to be greater for a linear
classifier.

[0127] When a similar analysis of the combination of non-wavelet and wavelet parameters was applied to the digitized
images obtained with the system of Fig. 1(c), the linear classifier in Section III, which includes only the non wavelet
parameters, was found to be superior than a linear classifier including wavelet parameters. Non—linear classifiers showed
superior results with the non—wavelet parameters with the digitized images, as well.
[0128] The systems and methods ofthe present invention may also be used to differentiate between melanoma and
different types of benign pigmented lesions. Classification is preferably accomplished through a multiple-step process.
For example, if two classes of benign lesion share very different parameter values, as is the case for nevi and seborrheic
keratoses, then a two-step classification may be used. Two different linear classifiers (with different weights) are trained
as described in Section III, above, to have 100% sensitivity to melanoma; one to differentiate between melanoma and
keratosis and the other to differentiate between melanoma and nevus. A lesion is then declared to be benign if at least
one of its classifier values is below threshold and malignant if both of its classifier values are above threshold. In general,
if there are N types of benign lesions, the N—step classification may be used. In this case the lesion is declared to be
malignant if all Nof its classifier values are above threshold and benign otherwise.
[0129] lfother conditions of skin or tissue are to be characterized, the preferred spectral band for generating the mask
may be the one in which the amount of light re-emitted is greaterwithin abnormal tissue than for normal tissue. Preferably,
the segmented mask is then applied to the images in the other wavelength bands, as shown in the flowchart of Fig. 3b.
In addition, while the parameters are described in the terms of the red, green and blue wavelength bands in Sections I-
III, parameters can be derived at any of the wavelengths actually used, in accordance with the procedures described in
Sections H”. The parameters in the additional wavelength bands can be readily used to develop an appropriate classifier,
also by the processes described in Section H”.
[0130] The condition of a region of interest ofskin including wound or bums may be characterized by a quantitative
measure oftissue abnormality with respect to normal skin. Classifiers may be developed based on images of wounds
of different types or bums of varying degrees of severity, in an analogous manner as described above with respect to
skin lesions. The condition ofthe region of interest could then be characterized as a percentage relative to normal skin,
for example, to indicate the extent to which healing has occurred.
[0131] The references cited above are incorporated by reference, herein.
[0132] While preferred systems and methods for practicing the present invention have been described above, it is
understood that departures may be made from the systems and methods, without departing from the scope ofthe present
invention, which is defined by the following claims.
[0133] Although the present invention is defined in the attached claims, it should be understood that the present
invention can also (alternatively) be defined in accordance with the following embodiments:
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1. A method of characterizing the condition of a region of interest of skin, wherein the absorption and scattering of
light in differentspectral bands bythe region ofinterest is a function ofthe condition ofthe skin, the method comprising:

illuminating a portion of the skin including the region of interest by light in at least three spectral bands;
digitally imaging a portion of the skin including the region of interest at the at least three spectral bands with the
light re-emitted by the portion ofthe skin to generate digital images comprising digital signals whose values are
a function of the condition of the region of interest of the skin; and
providing the digital images to a processor, wherein the processor:

segments the digital images by generating a segmentation mask defining the boundary of the region of
interest from a digital image in any one ofthe at least three spectral bands;
estimates at least one rotationally and translationally invariant statistical measure of coefficient distributions
of the multiscale wavelet maxima representations of the digital images in each spectral band, which are
functions of the texture of the region of interest determined by the segmentation mask;
characterizes the condition of the skin based on the estimated values; and
outputs the characterization of the condition of the skin.

2. The method of embodiment 1, wherein the at least one statistical measure is calculated separately within either
of a border region and an interior region of the digital image, wherein:

the border region encompasses the envelope of circles of fixed radius centered on the boundary of the seg—
mentation mask; and
the inside region comprises all points of the image that are within the segmentation mask boundary but not
included in the border region.

3. The method of embodiment 2, wherein the computing step comprises estimating at an individual level at least
one value which is a statistical measure of texture of the portion of the region of interest within the border region
and interior region, chosen from the group consisting of :

the number of wavelet maxima per unit area;
the ratio of the mean coefficient magnitude to the absolute deviation of the coefficient magnitudes from the
mean value;

the ratio of the mean coefficient magnitude to the standard deviation of the coefficient magnitude; and
the skewness of the coefficient magnitude, normalized to the cube of the standard deviation.

4. The method of embodiment 1, further comprising estimating either of the degree of change of a statistic of the
wavelet coefficient distribution with increment of wavelet level, and the degree of deviation of such change from
linearity.

5. The method of embodiment 2, further comprising estimating the average rate of change, with respect to level, of
the number of wavelet maxima per unit area.

6. The method ofembodiment 1 , further comprising comparing the estimated texture values to the threshold derived
from statistical analysis of a multiscale wavelet transformation of the digital image.

7. The method of embodiment 1, wherein the estimating and characterizing steps are conducted without the inter-
vention of an operator.

8. The method of embodiment 1, wherein the segmenting step is conducted without the intervention of an operator.

9. The method of embodiment 1, wherein the illuminating step further comprises illuminating a region of interest
including a bum.

10. "he method of embodiment 9, wherein the characterizing step comprises characterizing the condition of the
burn with respect to the condition of normal skin. 
11. "he method of embodiment 1, wherein the illuminating step further comprises illuminating a region of interest
including a wound.
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12. The method of embodiment 11, wherein the characterizing step comprises characterizing the condition of the
wound with respect to the condition of normal skin.

13. The method of embodiment 1, further comprising:
Vi

photographing the region of interest with a color camera to form color photographic slides; and
illuminating the color photographic slides with light in each spectral band;
wherein the digital imaging step comprises digitally imaging the illuminated color photographic slides of the
region of interest with a digital camera.

10

14. The method of embodiment 1, wherein the computing step further comprises estimating a value which is a
function of the asymmetry of the segmented image in each spectral band, for two principal axis of the segmented
image.

15 15. The method of embodiment 1, wherein the computing step further comprises:

locating the principal axes by computing an orientation angle;
computing the intensity centroid;
rotating the digital image such that the principal axes are parallel to the image axes;

20 estimating asymmetry values for each principal axis based on the intensity centroid; and
summing the estimated asymmetry values for the two principal axes.

16. The method of embodiment 1, wherein the computing step further comprises computing the intensity moment
with a binary intensity distribution.25

17. The method ofembodiment 1 , wherein the computing step further comprises estimating at least one value which
is a function ofthe blotchiness ofthe segmented digital image, the estimated blotchiness value being defined through
statistical properties of the spatial distribution of topographic regions of the digital images at each spectral band.

30 18. The method of embodiment 17, wherein the computing step further comprises determining the centroids of
topographic regions of the segmented digital image at each spectral band.

19. The method of embodiment 1, wherein the computing step comprises estimating a value which is a statistical
measure of the deviation ofthe border of the region of interest from the border ofan ellipse ofthe same area, aspect

35 ratio, and orientation as the segmentation mask.

20. The method of embodiment 1, wherein the computing step comprises estimating a statistical measure of the
gradientvalues ofthe intensity ofthe digital images across the border ofthe segmented images, at each spectral band.

40 21. The method of embodiment 1, wherein the computing step comprises estimating values based on the ratio of
standard deviation ofthe areas of dermal papillae to their mean within the segmentation mask.

22. The method of embodiment 1, wherein the computing step comprises estimating values of the average and
standard deviation ofthe thickness of rete ridges within the segmentation mask.

45

23. The method of embodiment 1, wherein the characterizing step comprises distinguishing multiple times between
melanoma and several types of benign lesion.

24. The method of embodiment 1 , wherein the condition of the region of interest to be characterized is the presence
50 of a melanoma and the processor compares a weighted combination of parameter values against a threshold value

for melanoma and different types of benign lesions, multiple times.

25. The method of embodiment 1. wherein the segmentation mask is generated from a digital image in a spectral
band in which the amount of light reemitted by skin is less within skin having an abnormal condition than within skin
having a normal condition.

Oi(ii

26. The method of embodiment 1, wherein the segmenting step further comprises segmenting the digital images
by generating a segmentation mask in more than one spectral band.
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27. A system for characterizing the condition of a region of interest ofskin, comprising:

a source of illumination of light in at least three spectral bands;
a camera for acquiring digital images of the region of interest based on the light re—emitted from the illuminated
region of interest at each of the spectral bands, the digital image comprising digital signals whose values are
a function of the condition of the region of interest;
memory for storing the digital images provided by the camera;
a digital processor programmed to perform the steps of:

(If

10 segmenting the digital images stored in memory by generating a segmentation mask from a digital image
in any one of the at least three spectral bands;
estimating at least one rotationally and translationally invariantstatistical measure of coefficient distributions
for the multiscale wavelet maxima representations of the digital images in each spectral band, which are
functions of the texture of the region of interest determined by the segmentation mask;

15 characterizing the condition of the skin based on the estimated values; and
outputting the characterization of the region of interest.

28. The system of embodiment 27, further comprising means for suppressing specular reflections from the region
of interest.

20

29. The system ofembodiment 27, wherein the camera records monochromatic images and the illumination means
comprises:

a tungsten halogen light source with feedback to stabilize the intensity in each wavelength band;
25 means for sequentially filtering the light; and

an optical fiber ring illuminator to distribute the filtered light.

30. The system ofembodiment 29, further comprising a feedback loop for stabilizing the intensity of the light source
by the processor.

30

31. The system of embodiment 30, further comprising a material of stable reflectance for being illuminated by the
light source, wherein the feedback loop includes the monitoring by the processor, of the intensity of light reflected
from the material by the processor and the adjustment of the intensity of the light source ifthe monitored intensity
varies from a desired value.

35

32. The system of embodiment 31, wherein the power, voltage or current supplied to the light source is monitored.

33. The system of embodiment 27, wherein the source of illumination is at least one laser.

40 34. The system of embodiment 28, wherein the processor estimates the statistical measures separately within either
of a border region and an interior region of the digital image, wherein:

the border region encompasses the envelope of circles of fixed radius centered on the boundary of the seg—
mentation mask; and

45 the inside region comprises all points of the image that are within the segmentation mask boundary but not
included in the border region.

35. The system of embodiment 34, wherein the processor estimates at an individual level at least one value which
is a statistical measure of texture of the portion of the region of interest within the border region and interior region,

50 chosen from the group consisting of:

the number of wavelet maxima per unit area;
the ratio of the mean coefficient magnitude to the absolute deviation of the coefficient magnitudes from the
mean value;
the ratio of the mean coefficient magnitude to the standard deviation of the coefficient magnitude; and
the skewness of the coefficient magnitude, normalized to the cube of the standard deviation.

(if(if

36. The system of embodiment 35, wherein the processor further estimates either of the degree of change of a
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statistic of the wavelet coefficient distribution with increment of wavelet level, and the degree of deviation of such
change from linearity.

37. The system of embodiment 35, wherein the processor further estimates the average rate of change, with respect
to level. of the number of wavelet maxima per unit area.

Claims

An apparatus comprising
a camera (6, 16, 20, 23) for acquiring digital images of a skin lesion based on light re—emitted from the skin lesion
illuminated in each of at least three spectral bands,
a memory (12b) for storing the digital images; and
a digital processor (12c), and
characterized in that the digital processor (12c) is programmed to:

segment the digital images stored in memory (12b), estimate, from the segmented digital images, based on
wavelet maxima representations, values that are functions of characteristics of the lesion,
based on the estimated values, automatically classify the lesion with respect to malignant melanoma, the spe-
cificity of the classification being maximized under a constraint of 100% sensitivity to melanoma on a training
set of images for which the lesions have been characterized with respect to malignant melanoma; and
cause a display of a result of the classification.

The apparatus of claim 1 in which the digital processor is programmed to estimate at least one rotationally and
translationally invariant statistical measure of coefficient distributions of the wavelet maxima representations of the
digital images in each spectral band, the measures being functions of a texture of a region of interest determined
by the segmentation.

The apparatus of claim 1 in which at least one statistical measure is calculated separately for either of a border
region and an interior region of each of the digital images, the border region encompassing an envelope of circles
of fixed radius centered on a boundary of the segmentation mask used for the segmenting; and the inside region
comprises all points of the digital image that are within the segmentation mask boundary but not included in the
border region.

The apparatus of claim 2 in which the digital processor is programmed to estimate at least one value which is a
statistical measure of texture of a portion ofthe region of interest within the border region and interior region, and
is one of the following: the number of wavelet maxima per unit area; the ratio of the mean coefficient magnitude to
the absolute deviation ofthe coefficient magnitudes from the mean value; the ratio ofthe mean coefficient magnitude
to the standard deviation of the coefficient magnitude; and the skewness of the coefficient magnitude, normalized
to the cube of the standard deviation.

The apparatus of claim 1 in which the digital processor is programmed to estimate either a degree of change of a
statistic ofthe wavelet coefficient distribution with an increment of a wavelet level, or the degree of deviation of such
change from linearity.

The apparatus of claim 2 in which the digital processor is programmed to compare estimated texture values to the
threshold derived from statistical analysis of a wavelet transformation of the digital image.

The apparatus of claim 1 in which the segmenting is conducted without the intervention of an operator.

The apparatus of claim 1 in which the digital processor is configured to estimate a value which is a function of the
asymmetry ofthe segmented image in each spectral band,fortwo principal axes ofthe segmented object in the image.

The apparatus of claim 1 in which the digital processor is configured to estimate at least one value which is a function
ofa blotchiness ofthe segmented digital image, the estimated blotchiness value being defined by statistical properties
of the spatial distribution of topographic regions of the digital images at each spectral band.

10. The apparatus of claim 1 in which the digital processor is configured to estimate a value which is a statistical measure
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of the deviation of the border of the region of interest from the border of an ellipse ofthe same area, aspect ratio,
and orientation as a segmentation mask used for the segmenting.

The apparatus of claim 1 in which the digital processor is configured to estimate a statistical measure ofthe gradient
values of the intensity of the digital images across the border of the segmented images, at each spectral band.

The apparatus of claim 1 in which the digital processor is configured to estimate values based on the ratio ofstandard
deviation of the areas of dermal papillae to their mean within a segmentation mask used for the segmenting.

The apparatus of claim 1 in which the digital processor is configured to estimate values of the average and standard
deviation of the thickness of rete ridges within a segmentation mask used for the segmenting.

The apparatus of claim 1 in which the digital processor is configured to classify multiple times between melanoma
and different types of benign lesions.

The apparatus of claim 1 in which a segmentation mask is generated for the segmenting from a digital image in a
spectral band in which the amount of light re-emitted by skin is less within skin having an abnormal condition than
within skin having a normal condition.
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and 37 CFR 1.55(a).

Application Number I Parent Filing Date (YYYY-MM-DD) Priority Claimed

(9 Yes O No

 

 

    
Additional Foreign Priority Data may be generated within this form by selecting the AddAdd button.
 

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assignee 1

If the Assignee is an Organization check here. |:|
 

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information:

Address 1

Address 2

 
 

 

  

City StateIProvince

Country i Postal Code

Phone Number Fax Number
  

Email Address
 

Additional Assignee Data may be generated within this form by selecting the Add Addbutton.
 

Signature: 

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.
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PTOISBI14 (02—07)
Approved for use through 0212312007. OMB 0651-0032

U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number 101044.0001US14
Application Data Sheet 37 CFR 1.76
 

Application Number 

Title of Invention Image Capture and Identification System and Process 
 

Signature /Nicholas J. Witchey! Date (YYYY-MM-DD) 2011-11-30 

First Name Nicholas J. Last Name Witchey Registration Number 63481 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U_S_C_ 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount oftime you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and
Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313—1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the US. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the US. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) an
the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether
the Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements ofthe Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, a
a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or hislher designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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101044.0001USI4

Amendment to the Specification

Please replace the first paragraph beginning on line 1 ofpage 1 ofthe application with the

following statement of priority:

[0001] This application is a divisional of 13/037317 filed February 28, 2011 which is a

divisional of 12/333630 filed December 12, 2008 which is a divisional of10/492243 filed

April 9, 2004 which is a National Phase of PCT/U802/35407 filed November 5, 2002

 
referenced patents and applications are incorporated herein by reference in their entirety.

Where a definition or use ofa term in a reference that is incorporated by reference is

inconsistent or contrary to the definition of that term provided herein, the definition of

that term provided herein is deemed to be controlling.

Following is a clean replacement paragraph:

[0001] This application is a divisional of 13/037317 filed February 28, 2011 which is a

divisional of12/333630 filed December 12, 2008 which is a divisional of 10/492243 filed

April 9, 2004 which is a National Phase of PCT/USOZ/35407 filed November 5, 2002.

These and all other referenced patents and applications are incorporated herein by

reference in their entirety. Where a definition or use ofa term in a reference that is

incorporated by reference is inconsistent or contrary to the definition of that term

provided herein, the definition ofthat term provided herein is deemed to be controlling.
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UNITED STATES DEPARTIVIENT OF CONIMERCE
United States Patent and Trademark Office
Address: COMIVIISS IONER FOR PATENTS

P.O Box 1450
Alexandria, Virginia 22313-1450
www.uspto gov

 
 
   

13/069,124 03/22/201 1 Wayne C. noncyk 101044.000111914 9532

EXAMINER
FISH&ASSOCIATEs,pc —
ROBERT D. PISII SHERALI, ISHRATI

2603 Main Street ART UNIT PAPER NUMBERSuite 1000

Irvine, CA 92614—6232 2667

NOTIFICATION DATE DELIVERY MODE

11/09/2012 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated ”Notification Date" to the

following e-mail address(‘es):

rfish @fishiplaw.com
patents @ fishiplaw.com

PTOL-9OA (Rev. 04/07)
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Application No. Applicant(s)

13/069,124 BONCYK ET AL.

Office Action Summary Examiner Art Unit

ISHRAT I. SHERALI 2667

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR1. 136(aI. In no event however may a reply be timely filed
after SIX (I MONTHS from the mailing date of this communication

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for replywill, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office laterthan three months after the mailing date ofthis communication, even iftimely filed, may reduce any
earned patent term adjustment. See 37 CFR1.704(b).

Status

1)I:| Responsive to communication(s) filed on .

2a)|:l This action is FINAL. 2b)IZ This action is non—final.

3)I:| An election was made by the applicant in response to a restriction requirement set forth during the interview on

_; the restriction requirement and election have been incorporated into this action.

4)|:| Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Exparte Quay/e, 1935 CD. 11, 453 O.G. 213.

 

Disposition of Claims

5)IZ Claim(s) 1—38is/are pending in the application.

5a) Of the above Claim(s) is/are withdrawn from consideration.

6 El Claim 3) Iis/are allowed.

is/are objected to.
are subject to restriction and/or election requirement.

 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway
program at a participating intellectual property office for the corresponding application. For more information, please see
htt ://www.us tooov/ atentsi’init events/cbh/index.‘s orsend an inquiry to PPeredback usntot ov.
 

Application Papers

10)|:| The specification is objected to by the Examiner.

11)|:| The drawing(s) filed on_ is/are: a)|:| accepted or b)|:l objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)I:I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)I:I All b)I:l Some * c)|:| None of:

1.I:| Certified copies of the priority documents have been received.

2.|:| Certified copies of the priority documents have been received in Application No._

3.|:| Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

 
Attachment(s)

1) E Notice of References Cited (PTO-892) 3) I] Interview Summary (PTO-413)
Paper No(s)/Mai| Date._

2) IX Information Disclosure Statement(s) (PTO/SB/08) 4) El Other:
Paper No(s)/Mai| Date

U.S. Patent and Trademark Office

PTOL-326 (Rev. 09-12) Office Action Summary Part of Paper No./Mai| Date 20121104
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Application/Control N umber: 13/069,12 Page 2

Art Unit: 2667

DETAILED ACTION

Double Patenting

1. The nonstatutory double patenting rejection is based on a judicially

created doctrine grounded in public policy (a policy reflected in the statute) so as

to prevent the unjustified or improper timewise extension of the “right to exclude”

granted by a patent and to prevent possible harassment by multiple assignees.

A nonstatutory obviousness-type double patenting rejection is appropriate where

the conflicting claims are not identical, but at least one examined application

claim is not patentably distinct from the reference claim(s) because the examined

application claim is either anticipated by, or would have been obvious over, the

reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed.

Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQZd 2010 (Fed. Cir. 1993); In

re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686

F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ

619 (CCPA 1970); and In re Thoringfon, 418 F.2d 528, 163 USPQ 644 (CCPA

1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or

1.321 (d) may be used to overcome an actual or provisional rejection based on a

nonstatutory double patenting ground provided the conflicting application or

patent either is shown to be commonly owned with this application, or claims an

invention made as a result of activities undertaken within the scope of a joint

research agreement.
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Application/Control N umber: 13/069,124 Page 3

Art Unit: 2667

Effective January 1, 1994, a registered attorney or agent of record may

sign a terminal disclaimer. A terminal disclaimer signed by the assignee must

fully comply with 37 CFR 3.73(b).

2. Claim 1-38 are rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 1-47 of U.S. Patent No.

8,218,874. Although the conflicting claims are not identical, they are not

patentably distinct from each other because they claim the same subject matter.

Claim 1 of US Patent No. 8,218,874 includes all of the limitations recited in claim

1. Furthermore dependent claims 2-38 are also similarly rejected in view of

claims 1-16 of US Patent 8,218,874.

Communication

3. Any inquiry concerning this communication or earlier

communications from the examiner should be directed to Sherali lshrat whose

telephone number is 571-272—7398. The examiner can normally be reached on

8:00 AM - 4:30PM.

If attempts to reach the examiner by telephone are unsuccessful, the

examiner’s supervisor, Matthew Bella can be reached on 571 -272-7778. The fax

phone number for the organization where this application or proceeding is

assigned is 571-273-8300. Information regarding the status of an application may

be obtained from the Patent Application Information Retrieval (PAIR) system.

Status information for published applications may be obtained from either Private

PAIR or Public PAIR. Status information for unpublished applications is available

through Private PAIR only. For more information about the PAIR system, see
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Application/Control N umber: 13/069,124 Page 4

Art Unit: 2667

http://pair-direct.uspto.gov. Should you have questions on access to the Private

PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197

(toll-free). If you would like assistance from a USPTO Customer Service

Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000.

/Sherali lshrat/

Primary Examiner, Art Unit 2624

November 4, 2012
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Application/Control No. Applicant(s)/Patent Under
Reexamination

13/069,124_ _ BONCYK ET AL.
Notice of References Cited Examiner Art Unit

ISHRAT I. SHERALI 2667 Page 1 0“
u.s. PATENT DOCUMENTS

 
Document Number Date

Country Code-Number- Ki nd Code MM-YYYY Classification

S-8,218,874 07-2012 Boncyk et al. 382/181

 

 
*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.
U 8 Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20121104
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taoeei 24 ~ Gettioéitéfi‘ziApproved for use through 071312012. OMB 0651-0031
US. Patent and Trademark Office; US DEPARTMENT OF COMMERCE

Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.
 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

(Not for submission under 37 CFR 1.99)

Application Number 13069124 

Filing Date 2011—03—22 

First Named Inventor Wayne 0. Boncyk 

An Unit | 2622 
Examiner Name to be assigned  
Attorney Docket Number

  
l 101044.0001US14 

 

 

 

 

 

  
 

 

U.S.PATENT APPLICATION PUBLICATIONS

U.S.PATENTS Remove

Examiner Cite Kind Name of Patentee or Applicant Pages,Cqumns,Lines where
. . ,, Patent Number Issue Date . Relevant Passages or RelevantInitial No Code1 of Cited Document .

Figures Appear

1 6081612 2000—06—27 Gutkowicz—Krusin et al.

2 6208749 2001-03-27 Gutkowicz—Krusin et al.

3 6307957 2001-10-23 Gutkowicz—Krusin et al.

4 7127094 2006-10-24 Elbaum et ai.

If you wish to add additional US. Patent citation information please click the Add button. Add
Remove
 

Publication Kind
Number

Examiner

Initial* 0'16 N° Code1 Date
Publication Name of Patentee or Applicant

of cited Document

Pages,Cqumns,Lines where
Relevant Passages or Relevant

Figures Appear
 

  
 

 
 

If you wish to add additional U.S. Published Application citation information please click the Add button.
Add
 

FOREIGN PATENT DOCUMENTS Remove
 

Cite Foreign Document
Number3

Examiner
Initial*

 
 

 Country
Code2 i

Kind
Code4

Publication

Date Applicant of CitedDocument

 
 
Name of Patentee or Pages,Columns,Lines

where Relevant

Passages or Relevant
Figures Appear
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Application Number 13069124 1306353124 ~ @AU: 2667

Filing Date 2011-03-22

 

 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

(Not for submission under 37 CFR 1.99)

First Named Inventor Wayne C. Boncyk

Art Unit I 2622

 

 

Examiner Name to be assigned

Attorney Docket Number I 101044.0001USI4

   
 

EIectro—Optical Sciences,1 98/3781 1 1998-09-03
Inc.

 

2 99/44010 1999-09-02 Gutkowicz—Krusin et al.

EIectro—Optical Sciences,
Inc.

3 02/01143 2002-01-03

4 2264669 2010-12-22 MELA Sciences, Inc.

    
If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Include name of the author (in CAPITAL LETTERS}, title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), T5

publisher, city and/or country where published.

Examiner Cite
Initials” No
 

  
 
 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATU RE 

   Examiner Signature /ishrat Sheraii/ Date Considered 1 1/04/2012
 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a

citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

 
1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind ofdocument by the appropriate symbols as indicated on the document under WIPO Standard ST.1B if possible. 5 Applicant is to place a check mark here if
English language translation is attached.
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Application Number 13069124 1306353124 ~ @AU: 2667

Filing Date 2011-03-22

 

 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

(Not for submission under 37 CFR 1.99)

First Named Inventor Wayne C. Boncyk

Art Unit I 2622

 

  Examiner Name to be assigned

Attorney Docket Number I 101044.0001US14

  
 

 
CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication

|:I from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a

foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

|: See attached certification statement.

|: The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

|Z A certification statement is not submitted herewith.
 

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the

form of the signature.

Name/Print Registration Number 63481 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR

1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US
Patent and Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

 

 
The Privacy Act of 1974 (P.L. 93-579) requires that you be given ceitain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised

that: (1} the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary: and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to

process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the US Patent and Trademark Office may not be able to process and/or examine your submission, which may

result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record 5.

A record from this system of records may be disclosed. as a routine use. in the course of presenting evidence to a

court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the

Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the

requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant

to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of

National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to

recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this

purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 12203) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in

an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

 
 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /'I.S./EFS Web 2.1.17
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English language translation is attached.

 
 

EFSWeb2.1.17 ALI. REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /'I.S./
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Application/Control No. Applicant(s)/Patent Under 
 

Reexamination

Index Of Claims 13069124 BONCYK ET AL.

Rejected I Cancelled N Non-Elected A Appeal
MW I_ a Objected

El Claims renumbered in the same order as presented by applicant El CPA El T.D. El R.1.47

CLAIM DATE

 

    
 

 

Examiner Art Unit  
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FTGISEWG {1 $4.33.)
Appmved Mme through macaw ; E (3MB 1368-6835

us» Patmt and: Trademark Office; U S. DEPARTMENT OFCOMMERCE
Umfiw me Panem'onk Rea-chains: Ac! oi 1595 at: parsnns are required to fespon‘d m a museum of infrxmaticn umess ii dispiays:a vafid 0MB tonne! number‘

POWER OF ATTORNEY T0 PROSECUTE APPLICATIONS BEFORE THE USPTO
'"I hereby revnke ail previous pawers, eff attorney given in the appficafim idenéified in the flamed statement under
37 CFR 333 b .

i hereby appuint:

E Practitianars assaciatged with the Cusfamea' Number
on

V as WOWEKS) W memes} m fépressm the undersigned before the United states Palm: and Trademark Offiée (USPTO) in mnnecticn with
any and all patent appiicai‘xms assigned only to ma undersigned accessing to the USPTG assignmené recmds or assignmeni dammanis
mashed in this farm accardance with 37 CFR 333(k).

E The address aaseciatéd with Customer Numbar;
UR

EU Firm or' E émiiwdual Narnia

gContrary
 

Teiephms

: Amiga Nand Addmezs:

‘ Nam Hoidings zP, LLG
1 ‘3?55 Wilshire Eouimam, Suite 2000

- Les Angeias, CA 90325

A sopy‘or this farm togetherwma statement nude; 3? cm 373m (Form 970133196 or equmsemj is required in he
flies in each applicationIn which this form is used The statement under 37 CFR 3736:} may ha completed by came of

‘ the pracfifioners appointed in this farm if ma appoint“ practitiongr is authorized in an: on behalf of the assignee‘ is to be flied

SESNAYURE 0f Assignm' of Renard

signanm: and iitics5 suppfined hciuwIS aufiwized m net on 3:11:33th the assiguea

Charlesa Kesnwoflhy Telephone git:-35M \ M“5“;
Manager, Nam HoldingsiP, LLC

This nolieciion cf Em‘mmamm is requirsr} by 3? CFR 1f ‘ 1. 32 and 133. The infmmtion as required in wrain Cf retain z: Genefia‘ by the whim whim is {a mg (and
by the USPTG $0 pmeas; an appnuafim. Cmfidanfia! gmremed by 35 U" 122 and 3? CFR 1 11 and 1.14. This wiezzfionts: estimated to lake 3 minutes
f0 omflp‘iete inducing gaihen'ng. prepanng anti submitting the campieied amfiiaa .tun term so the USPTO Ttme wriivary depending upcm me infividuai case Any
mmn‘is on the amnmt 13f fime yen require m mmp‘ieae )his tum: andfm mxggamim’m kw ramming ‘hfzs burden Md be sent $0 the Chie? Infizrrmaiion Wear
U S. Pawn? and Imdematk Omce. US Dwfifim‘l cf Cmmerca. P {3. Sex?45v Aiaxandria VA (223‘:31450. DO MDT SEW} FFE'8 0R i‘GMPtE1' El}
FORMS To mes ADDRESS» SENS To. Commissioner for Patents, PD Box 1450, Alexandria, VA 223134459.
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Privacy Act Statemen‘r

The. PriVacy Act 0? 1.97M (EL. 33679} requires that you be given certain infarmation in com-swan
with yam submissicn of the attached form related to a paisnt appiication or patent Accurdingim
pursuani to the requirements {if the Act, pigase be: advised that: {1) ma genera; autmrity for the
miieciion rs! this information is 35 U;S.C, 2(b}(2}; (3) furnishing cf the information miicited is voluntary;
and {3) We principai gurpose is: which the information is used by the US. Patent and Tradfimark
Office is ta princess audio: examine ymur submissian wished m a gatent appiication or patent. if you Ck)
not furnish the requested infannation. the US. Pateni and Trademark Office may not be abte to
process andior examine your submissirm: whim may rests}: in teminaijm 8f pramedings or
abandonment of the appricatim gr expiration of the patent

The infama’ziwn prmrided by you in this farm wiii be subject to the following mutine US$51

i . The informatien 9n this form wiii he mated confidentiaiiy it) the extent aiiowed under the
Freedom of infomaticri Act (5 U80, 5532} and the Privacy Act {5 U83 5523}, Ramms {mm
ibis system (if mcrsrijs may be dismissed to the Department of Justice ta determine whether
disciosure of these rewards is required by the. Freadnm of infammiion Act

2. A remit! {mm {his fiystem [if record's my be disciosed, as a mutine Lisa, in the Gimme of
presenting evidence to :3 carat. magistrata or administrative tribunai. inciuding disciosures in
opposing ccunsei in the course cf settiemant negatiatiunz.

3. A Ricard in this system of records may be dimmed as a routine use, to a Member of
Congress submitting a reams: invoiving an individuai, if) whom the record panama when the
individuai has requested asaisiance from the Member with newest to the subject matter sf the
remrd.

iii A recard in INS system {if mantras may be dismissed as a mutine use, to a contractor of tha
Agency having need far the informatian in maker in perfarm a centract. Recipients of
information sham be rsquired to crummy min the requirements of the ijn‘fvacy Ad of 1974, as
amended, pursuam to 5 USE. 552mm} ‘
A record reiaied in an inte‘rnaiionai Appiitaficm fried under the Parent Boaperatien Treaty in
this system of (scams may he disciosed, as a routine use, to me intemaiionai Bureau of the
Worm intellectuai Property Organization, pursuant to the Patent Caeperaficn Treaty“

8. A recurd in this system of remrds may he dimmed... as a rauiine use. ta anather federai
agency for primaries of Natianai Securiiy review {35 U36. 1811: and fur reviaw pursuant to
the Atomic Energy Act (42 5.3.8.0 2185:);

T, A recast! Tram thi$ system of records may be disciosad, as a mutine usel tr: the Anrmnis'trarer,
Genera} Services, or hisfher designee‘. during an inspecijrm sf rename. mndumed by GSA as
part :3! that agency’s respunsih‘iiity to rammmend improvements in records management
practices and programs, under authority of :14 13.8.0. 290:: and 2906. Such disciosure shaii
Km made in accerdance with the GSA reguiaiions governing inspection of recorris far this
purposei and any mixer reievant (Lew GSA m“ Gammarce) direrstive, Such disciosure 3haii mt
be used it) make determinatians about individuals.

3‘ A recent! fmm this system of remrds may be dismissed, as a marine usia. tea the pubiic after
either pubiicaiian of the appiiaatian pursuant to 35 U..S..C. i22(b') or isauance of a patent
pursuant to 35 USE: 151. Farmer. a rewrd may be disciosed: subieci its the limitaiicns of ‘3?
CFR 1.14: as a routine use: it) ihe puhiic ii‘ the record was filed in an agapiicafian which
became abandoned er in which the pmceedings were iaminated and which appiicatim is
referenced by either a pub‘iished application, an appiicatiori Dpen to pubiic inspaciion or an
issuad patent.

£3. A record from this system cf rgmrds may he discinsad, as. a mating use, in a Federai, State.
er iorzai iaw eninrcement agancy, if the USPTO hammer; aware (if a vioiaiion or patentiai
\rioiatian or iaw or reguiaiion.

gm

BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 1068 of 1115



BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 1069 of 1115

PTO/SB/26 (08-11)
Approved for use through 07/31/2012. OMB 0651-0031

US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TERMINAL DISCLAIMER T0 OBVIATE A DOUBLE PATENTING DOCket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 101044-0001US14

In re Application of: Wayne C. Boncyk

Application No.: 13/069124

Filed: 03/22/2011

For: Image Capture and Identification System and Process

The owner", Nant Holdings |P LLC , of 1_o_o percent interest in the instant application hereby disclaims,
except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend beyond
the expiration date of the full statutory term of prior patent No. 8218874 as the term of said prior patent is presently shortened
by any terminal disclaimer. The owner hereby agrees that any patent so granted on the instant application shall be enforceable only for and
during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant application
and is binding upon the grantee, its successors or assigns.

 

In making the above disclaimer, the owner does not disclaim the terminal part of the term ofany patent granted on the instant application that
would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by any
terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;
is held unenforceable;
is found invalid by a court of competent jurisdiction;
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;
has all claims canceled by a reexamination certificate;
is reissued; or
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. El For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empowered to act on behalf of the business/organization.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements mayjeopardize the validity of the application or any patent issued thereon.

2. The undersigned is an attorney or agent of record. Reg. No. 63481

/Nicholas J. Witchey/ 2013-02-05
Signature Date

 

Nicholas J. Witchey
Typed or printed name

 

949-943-8300

Telephone Number

 

Terminal disclaimerfee under 37 CFR 1.20(d) included.

WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038.

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.

 
This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, US. Patent
and Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the US. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the US. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Filing Date: 22-Mar-2011

Title of Invention: Image Capture and Identification System and Process

First Named Inventor/Applicant Name: Wayne C. Boncyk 

Filer: Martin Fessenmaier/Ma rutzzella Castro

Attorney Docket Number: 101044.0001U514

Filed as Large Entity

Utility under 35 USC 11 1 (a) Filing Fees

Sub-Total in

USD($)Description Fee Code Quantity

Basic Filing:

Claims:
 

Miscellaneous-Filing:

Patent-Appeals—and-Interference: 

Post-Allowance-and-Post-lssuance:

Extension-of—Time:
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Sub-Total in

Description Quantity USD($) 

Miscellaneous:

Statutory or terminal disclaimer
  
 

Total in USD (5)
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Electronic Acknowledgement Receipt 

14880968

Confirmation Number:
 

Title of Invention: Image Capture and Identification System and Process

 

First Named Inventor/Applicant Name: Wayne C. Boncyk

Customer Number: 24392

Filer Authorized By: Martin Fessenmaier 

Attorney Docket Number: 101044.0001US14

Filing Date: 22-MAR-2011

Time Stamp: 16:02:18

 
 

Application Type: Utility under 35 USC 111(a) 

Payment information:

Submitted with Payment

PaymentType Deposit Account 

Payment was successfully received in RAM $160

Deposit Account 500341

The Director ofthe USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

 
Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 
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Document Document Descri tion FileSize(Bytes)/ Multi Pages
Number P Message Digest Part l.zip (ifappl.)

31541
101044-0001US14_Response-O

1 b.pclf 883961a084bbf19491d5dcf973c2336d9ba
613951

Multipart Description/PDF files in .zip description

Document Description

 
Amendment/Req. Reconsideration-After Non-Final Reject

 

 
Applicant Arguments/Remarks Made in an Amendment

 
 Warnings:

Assignee showing of ownership per 37 101044-0001US14_StmtOwner.
CFR 3.73. pdf 146“) NagbblfiaMeSCf’Jladecllcfj eabd e .

(Of

804515

Power of Attorney POA_signed.pdf f§3h869r4ai7913fi=3 $731489r§mrdd88194
023

The page size in the PDF is too large. The pages should be 8.5 X 11 or A4. Ifthis PDF is submitted,the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

. . 374193
101044-0001US14_TermInalDIs

claimer.pdf
Terminal Disclaimer Filed

 Warnings:

Fee Worksheet (SBOG) fee-infopdf 2117:9211190303335541d24396662872cb15
85a0
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DOIEOI903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
Ifa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

PO. BOX 1450

ALEXANDRIA, VA 22313-1450

App] No.: 13/069,124

Applicant: Boncyk, Wayne C., et al.

Filing Date: March 22, 2011
Art Unit: 2667

Examiner: Sherali, Ishrat I.

Attorney Docket No.: 101044.0001US14

Title Image Capture and Identification

System and Process

Mail Stop Amendment
Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO OFFICE ACTION

Sir:

This paper responds to the Office Action dated November 9, 2012. This document is

accompanied by a terminal disclaimer. Please enter the amendments shown herein.

0 Claim amendments begin on page 2.

0 Remarks begin on page 6.
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AMENDMENTS TO THE CLAIMS

This listing of claims replaces all prior versions, and listings, of claims in the application:

1. (original) A transaction system comprising:

a mobile device configured to acquire data related to an object;

an object identification platform configured to obtain the acquired data, recognize the

object as a target object based on the acquired data, and determine object

information associated with the target object; and

a content platform configured to obtain the object information, and initiate a transaction

associated with the target object with a selected account over a network based on

the object information.

2. (original) The system of claim 1, wherein the mobile device is configured to operate, at least

in part, as the object identification platform.

3. (original) The system of claim 2, wherein the object identification platform is distributed

between the mobile device and at least one remote server coupled with the mobile device via a

network.

4. (original) The system of claim 1, wherein a remote server coupled with the mobile device

over a network is configured to operate as the object identification platfonn.

5. (original) The system of claim 1, wherein the mobile device comprises the content platform.

6. (original) The system of claim 1, wherein at least one remote server coupled with the mobile

device over a network operates as the content platform.

7. (original) The system of claim 1, wherein the content platform is fuither configured to

provide content information pertinent to the target object to the mobile device based on the

object information.

8. (currently amended) The system of claim 7, wherein the content information comprises video
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9. (original) The system of claim 8, wherein the content information comprises a video stream.

10. (currently amended) The system of claim 7, wherein the content information comprises

 

11. (currently amended) The system of claim \
*5 o

wherein the audiofig a comprises an audio 

recording.

 12. (currently amended) The system of claim (A , wherein the audio comprises an audio

stream.

13. (original) The system of claim 1, wherein the transaction comprises a commercial

transaction.

14. (original) The system of claim 13, wherein the commercial transaction includes a purchase

related to the target object.

15. (original) The system of claim 14, wherein the purchase relates to at least one of the

following: audio data, video data, the object, the target object, a ticket, an item on a screen, a

disc, a fare, and a vending machine product.

16. (original) The system of claim 1, wherein the selected account comprises an on-line account.

17. (original) The system of claim 1, wherein the selected account comprises an account linked

with the mobile device.

18. (original) The system of claim 1, wherein the selected account comprises an account linked

to a user of the mobile device.

19. (original) The system of claim 1, wherein the selected account comprises a bank account.

20. (original) The system of claim 1, wherein the selected account comprises a credit card

account.

21. (original) The system of claim 1, wherein the acquired data comprises an image.
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 22. (currently amended) The system of claim 3., wherein the acquired data comprises

image data.

23. (original) The system of claim 1, wherein the acquired data comprises a digital

representation relating to a person.

24. (currently amended) The system of claim 23, wherein the digital representation comprises_1

a human face. 

25. (currently amended) The system of claim 1, wherein the acquired data comprises ggwuser

  
1 w:de

26. (currently amended) The system of claim 1, wherein the acquired data comprises _:<;__location

of the mobile device.

27. (original) The system of claim 1, wherein the acquired data comprises screen content.

28. (original) The system of claim 1, wherein the acquired data comprises a user voice

command.

29. (original) The system of claim 1, wherein the acquired data comprises symbol content.

30. (original) The system of claim 29, wherein the symbol content comprises alphanumeric data.

31. (original) The system of claim 1, wherein the object information comprises an object

identity.

 32. (currently amended) The system of claim 31, wherein the object \K‘e‘hi“ 3,: comprises

an object classification.

33. (original) The system of claim 1, wherein the object information comprises an object status.

34. (original) The system of claim 1, wherein the object information comprises decoded symbol

information.

35. (original) The system of claim 1, wherein the object information comprises an object

attribute.
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36. (original) The system of claim 1, wherein the mobile device comprises a mobile telephone.

37. (original) The system of claim 36, wherein the mobile device comprises a camera equipped

mobile telephone.

38. (original) The system of claim 1, wherein the mobile device comprises a vehicle.
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REMARKS/ARGUMENTS

Claim Amendments

Claims 8, 10-12, 22, 24-26. and 32 have been amended to address minor informalities or

for clarity. No new matter has been added.

Double Patenting

The office rejected claims 1-38 on the ground of non-statutory obviousness-type double

patenting as being unpatentable over claims 1-47 of co-owned US. Patent No. 8,218,874. In

response, the Applicants submit the accompanying terminal disclaimer with respect to US.

8,218,874.

Thus, Applicant respectfully requests allowance of pending Claims 1-38.
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Reguest For Allowance

Claims 1-38 are pending in this application. The applicant requests allowance of all

pending claims.

Respectfully submitted,
Fish & Associates, PC

Date: January 29, 2013 By: /Rosie H. Kim/
Rosie H. Kim

Reg. No. 67,139

Fish & Associates, PC

2603 Main Street, Suite 1050

Irvine, CA 92614-6232

Telephone (949) 943—8300

Fax (949) 943-8358
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PTO/AIA/QB (08-12)
Approved for use through 01/31/2013. OMB 0651-0031

US. Patent and Trademark Office:U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of1995. no persons arerequired to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.7316)

Wayne 0. Boncyk, et al.

Application No./Patent No.: 13/069124 Filed/Issue Date: March 22, 2011

Titled: Image Capture and Identification System and Process

 
Applicant/Patent Owner:

  

 

Nant Holdings IP, LLC a limited liability company

(Name of Assignee) (Type of Assignee, e.g.. corporation, partnership, university, government agency, etc)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):

1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

I:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. I: The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. I: The recipient, via a court proceeding or the like (6.9., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose m of options A or B below):

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1' From: Wayne C. Boncyk, Ronald H. Cohen To: Evryx Technologies
 

The document was recorded in the United States Patent and Trademark Office at

Reel 026260 , Frame 0027 . or for which a copy thereof is attached.

2_ From: Evryx Technologies To: Evryx Acquisition, LLC
 

The document was recorded in the United States Patent and Trademark Office at

Reel 026260 , Frame 0146 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by37 CFR3.78(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1.11 and1.14. Thiscollection is estimated to take 12 minutes to complete, including
gathering, preparing, and submittingthe completed application form to the USPTO Time will vary depending upon the individual case Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief Information Officer, US. Patent and Trademark
Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESSSEND
TO: Commissioner ior Patents, P.O. Box 1450, Alexandria, VA 22313-1450

 
Ifyon need assistance in completing lheform, call I-800-PTO-9199 and select option 2.
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PTO/AlA/QB (08-12)
Approved for use through 01/31/2013. OMB 0651-0031

US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.7316!

3.From; Evryx Acquisition,LLC To. NantHoldingslP,LLC

The document was recorded in the United States Patent and Trademark Office at

Reel 026354 , Frame 0291 , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

 Additional documents in the chain of title are listed on a supplemental sheet( ).

As required by 37 CFR 3.73(c)(1)(i). the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (Le, a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Nicholas J. Witchey/ February 5, 2013
Signature Date

Nicholas J. Witchey 63481
Printed or Typed Name Title or Registration Number

 
 

 

 
[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that yoube given certain informationin connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, pleasebe advised that: (1) the general authority forthe collection of thisinformation is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and(3) the principal purpose fonNhich the
information isused by the US. Patent and Trademark Office is to process and/or examine your submission related
to a patent applicationor patent. If you do not furnish the requested information,the US. Patent and Trademark
Office may not be able to process and/or examineyour submission,which may result in termination of proceedings
or abandonment of the applicationor expiration of the patent.

The informationprovided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an InternationalApplication filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. A record from thissystem of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/SB/06 (07-06)
Approved for use through 1/31/2007. OMB 055170032

US. Patent and Trademark Olfice; US. DEPARTMENT OF COMMERCE
Under the Pacerwork Reduction Act of 1995. no oersons are reouired to resoond to a collection of information unless it dis la s avalid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD
Substitute for Form PTO-875

APPLICATION AS FILED — PART I

(Column 1) (Column 2)
NUMBER EXTRA

Application or Docket Number

13/069,124

Filing Date

03/22/2011 [I To be Mailed

OTHER THAN

SMALL ENTITY

RATE (.35)
SMALL ENTITY IZI OR

RATE (EB) FEE (SB) FEE (35)

El BASIC FEE3TCFR118a, b,or c)

[I SEARCH FEE37 CFR 1.16'k , (I , or (m

D EXAMINATION FEE(37 CFR1.16( ). (p), or (q))
TOTAL CLAIMS
(37 CFR1.16 i )

N/A

N/A

N/A

X$

N/A

N/A

N/A

XS

lNDEPENDENT CLAIMS
(37 CFR1.16(h)

DAPPLICATION SIZE FEE
(37 CFR1.16(s))

mlnus 20 —_
mlnus 3 =

If the specification and drawings exceed 100
sheets of paper, the application size fee due
is $250 ($125 for small entity) for each
additional 50 sheets or fraction thereof. See
35 U.S.C. 41 a 1 G and 37 CFR 1.16 s.

m

A

El MULTIPLE DEPENDENT CLAIM PRESENT (s7 CFR1.16(j))
* If the difference in column 1 is less than zero. enter “0" in column 2.

APPLICATION AS AMENDED — PART H

X ea
II X (I) II

(Column 1)
CLAIMS
REMAINING
AFTER
AMENDMENT

Total (37 CFR *

02/05/201 3
 

Independent(37 CFR1.16(h))   AM_NDM_N|

(Column 2)
HIGHEST
NUMBER
PREVIOUSLY
PAID FOR

(Column 3)

PRESENT
EXTRA

MInus

MInus

|:| Application Size Fee (37 CFR1.16(s))

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAlM (37 CFR 116(1))

CLAIMS
REMAlNlNG

AFTER-AMENDMENT
HIGHEST
NUMBER

PREVlOUSLY
PAID FOR

PRESENT
EXTRA

Minus

SMALL ENTITY

ADDITIONAL
FEE (SB)

ADDITIONAL

RATE (515) FEE (35)

X$

X 69
ll

OTHER THAN
OR SMALL ENTITY

ADDlTlONAL
FEE (35)

X es
||

ADDlTlONAL
FEE (35)

Total (37 cm: *1.16 I
Independent ,L37 ani 15 h

D Application Size Fee (37 CFR1.16(s))

Minus X 99 II

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAlM (37 CFR1.16(j))
AMENDMENT
* If the entry in column 1 is less than the entry in column 2, write “0" in column 3.
** lfthe “Highest Number Previously Paid For" IN THIS SPACE is less than 20. enter “20".
W“ If the “Highest Number Previously Paid Fm” IN THIS SPACE is less than 3, enter “3'.
The “Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

Legal Instrument Examiner:
/N|COLE C. LAWRENCE/

 
ThIs collection of information is required by 37 CFR 1.16. The inlormation is required to obtain or retain a benefit bythe public which Is to tile (and bythe USPTO to
process) an application. Confidentiality Is governed by 35 U.S.C. 122 and 37 CFR 114. This collection is estimated to take 12 minutes to complete. Including gathering.
preparing. and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief information Officer. US. Patent and Trademark Office. US.
Department of Commerce. PO. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner Ior Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need ass/stance in completing the form, call 1-800-PTO-9199 and select option 2.
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Application/Control No. Applicant(s)/Patent under
Reexamination Application Number

Document Code - DISQ Internal Document — DO NOT MAIL

TERMINAL

DISCLAIMER @ APPROVED |:I DISAPPROVED

 

 BONCYK ET AL. 13/069,124                              

This patent is subject
Date Filed : 2/05/13 to a Terminal

Disclaimer 
Approved/Disapproved by:

jean proctor

  

 
US. Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE UVTTET‘I STATES DEPARTWF‘NT 0F COM'MFIRCFI
United States Patent and Trademark Office
Addless. COMMISSTOVFR FOR PATENTSPO BOX 1450

Alexandria,‘.’ngnia 22313-1450wwwusptogov
 

 
 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAVED APPLICANT ATTY. DOCKET NOJTITLE

13/069,124 03/22/2011 Wayne C. Boncyk 101044.0001US 14
CON FIRMATION NO. 9532

24392 POA ACCEPTANCE LETTER

FISH & ASSOCIATES, PC

ROBERT D. FISH IIIIIIIII|||||||||||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII000000059 89 0
2603 Main Street
Suite 1000

Irvine, CA 92614-6232
Date Mailed: 02/13/2013

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 02/05/2013.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

lttkiIII/

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888—786-01 01

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTNIENT OF CONJTVIERCE
United States Patent and Trademark Office
Addicss: COIVINIISSIONER FOR PATENTS

PO. Box 1450
Alexandria. Virginia 2231371450www.uspto.gov

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

EXAIVIINER

SHERALI, ISHRAT I
24392 7590

FISH & ASSOCIATES, PC
ROBERT D. FISH

02/15/2013

2603 M...S

Suite 1000 2667
Irvine, CA 92614-6232 DATE MAILED: 02/15/2013

13/069,124 03/22/2011 Wayne C. Boncyk 101044.0001U514 9532
TITLE OF INVENTION: IMAGE CAPTURE AND IDENTIFICATION SYSTEM AND PROCESS

APPLN TYPE SMAII ENTITY ISSIIE FEE DIIE PIIBI IC ATION FEE DIIE PREV. PAID ISSITE FEE TOTAL FEE(S) DIIE DATE DIIE
 

nonprovisional $885 $300 $1185 05/15/2013

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAIWINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON TIIE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGIITS.
THIS APPLICATION IS SUBJECT TO WITHDRAVVAL FRONT ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITI-IIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORIVI
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

II. PART B — FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing an applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL—85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450

or m (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ap ropriate. All further correspondence including the Patent. advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

CURRENT CORRESPONDENCEADDRESS (Note: Use Block lfor any change ofmidress} Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

papers. Each additional paper, such as an assignment or formal drawing, mustlave its own certificate of mailing or transmission.24392 7590 02/15/2013

FISH & ASSOCIATES, PC [h b 'f Lh Cefitificate ol‘lMailing qugansmdission (1 1h Lh L _ ed
ROBERT D- FISH Staete: goggllSErviadetwisth esifsficiJSfIilolsliztfgelforefiri‘gt celggsSlrtno/ail‘qh an eenvdllldpe2603 Main Street addressed to the Mail Stop ISSUE FEE address above, or being facsimile

transmitted to the USPTO (571) 273—2885, on the date indicated below.
Suite 1000

 
IrVine , CA 92614-6232 (Depositor's name)

(Signature)

(Dam)

13/069,124 03/22/2011 Wayne C. Boncyk 101044.0001U514 9532
TITLE OF INVENTION: IMAGE CAPTURE AND IDENTIFICATION SYSTEM AND PROCESS

   
APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLIC ATION FEE DUE PREV. PATD ISSITE FEE TOTAL FEEtS) DUE DATE DUE

YES $0nonprovisional $885 $300 $1185 05/15/2013

SI‘IERALI, ISI‘IRAT I 2667 382-165000

1. Change of correspondence address or indication of "Fee Address" (37
CF { 1.363).

:1 Change of correspondence address (or Change of CorrespondenceAddress orm PTO/SB/ 122) attached.

:1 ”Fee Address" indication (or ”Fee Address" Indication form)TO/SB/47; Rev 0302 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page. list
(I) the names of up to 3 registered patent attorneys
or agents OR, alternatively.

(2) the name of a single firm (having as a member a 2
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 1
listed, no name will be printed. 

3. ASSIGNEE NAVIE AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

)LEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 311. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

 
 

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government

  
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

:1 Issue Fee 3 A check is enclosed.

3 Publication Fee (No small entity discount permitted) :1 Payment by credit card. Form PTO—2038 is attached.
3 Advance Order — # of Copies :IThe Director is hereby authorized to charge the required fee(s), any deficiency, or credit any \overpayment, to Depos1t Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

3 a. Applicant cIaims SMALL ENTITY status. See 37 CFR 1.27. :l b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignec or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date
  

Typed or printed name Registration No.
  

This collection of information is required by 37 CFR 1.311. The information is re uired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. I22 and 37 CFR 1.14. T is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary de endin upon the individual case. Any comments on the amount of time you require to complete
this form and/or su gestions for reducing this burden, should be sent to the C ief In ormation Officer, US. Patent and Trademark Office, US. Department of Commerce. PO.
Box 1450, AIexan ria, Virginia 22313—1450. DO NOT SEND FEES OR COMPLETED FORVIS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO. Box 1450,
Alexandria, Virginia 223 1 3— 1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection ofinformation unless it displays a valid OMB control number. 

PTOL-85 (Rev. 02/] 1) Approved for use through 08/31/2013. OMB 0651-0033 US. Patent and Trademark Office; US. DEPARTMENT OF COVIMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTNIENT OF CONEVIERCE
United States Patent and Trademark Office
Addicss: COIVINIISSION'ER FOR PATENTS

P.O. Box 1450
Alexandria. Virginia 2231371430www.uspto.gov

APPLICATION NO. FILENG DATE FIRST NAIVIED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

 
 

13/069,124 03/22/2011 Wayne C. Boncyk 101044.0001US14 9532
—

24392 7590 02/13/2013

FISH & ASSOCIATES, PC SHERALI, ISHRAT 1
ROBERT D. FISH
2603mm“:

Suite 1000 2667
Irvine, CA 92614-6232 DATE MAILED: 02/15/2013

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 171 day(s). If the issue fee is paid on the date that is three months after the

mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half

months) after the mailing date of this notice, the Patent Term Adjustment will be 171 day (s).

If a Continued Prosecution Application (CPA) was filed in the above—identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL—85 (Rev. 02/11)
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Privacy Act Statement

The Privacy Act of 1974 (PL. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (l) the general authority for the collection of this

information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the US. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or

expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting

evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be

required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(0)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her dcsigncc, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance

with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35

U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in

which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a Violation or potential Violation of law or
regulation.
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Application No. Applicant(s)

13/069,124 BONCYK ET AL.
 

Notice Of Allowablllty Examiner Art Unit

ISHRAT |. SHERALI 2667 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed). a Notice of Allowance (PTOL—85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. IX This communication is responsive to 2/5/2013.

2. I] An election was made by the applicant in response to a restriction requirement set forth during the interview on
requirement and election have been incorporated into this action.

; the restriction

3. IX The allowed claim(s) is/are 1-38. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information. please see
htt*::’/www.us to. ov/ atents/init events/I h/index.'s or send an inquiry to PPI—ifeedbackg’afiusptogov .
 

4. El Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a) [I All b) [I Some* c) [I None of the:

1. El Certified copies of the priority documents have been received.

2. El Certified copies of the priority documents have been received in Application No._

3. El Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. I] CORRECTED DRAWINGS ( as “replacement sheets") must be submitted.

El including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mai| Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. El DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

 

Attachment(s)
1. El Notice of References Cited (PTO-892) 5. El Examiner's Amendment/Comment

2. El Information Disclosure Statements (PTO/SB/OB), 6. El Examiner‘s Statement of Reasons for Allowance
Paper No./Mai| Date

3. I] Examiner‘s Comment Regarding Requirement for Deposit 7. El Other .
of Biological Material

4. El Interview Summary (PTO-413),
Paper No./Mai| Date . 

/|SH RAT l SH ERALI/

Primary Examiner, Art Unit 2667

  
 

U 8 Patent and Trademark Office

PTOL-37 (Rev. 09-12) Notice 01 Allowability Part of Paper No./Mai| Date 20130210
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Application/Control No. Applicant(s)/Patent Under
Reexamination

Search Notes 13069124 BONCYK ET AL.

Examiner Art Unit

ISHRAT | SHERALI 2667                            
CPC- SEARCHED

CPC COMBINATION SETS - SEARCHED

 
 

 

 

Symbol ‘ Date ‘ Examiner 

US CLASSIFICATION SEARCHED

Class Subclass mm
362 181, 162, 165, 100, 305. 224, 115-118 2/10/13

705 26.1-27.2, 23 2/10/13 IS
348 239, 211 .2-211.6, 207.1, 460, 552 2/10/13 IS

713 186, 168 2/10/13

455 414.2-414.3, 412.1 , 411 2/10/13 IS
709 201 -203, 21 7-21 9, 250 2/10/13 Is

SEARCH NOTES

Search Notes mum
SEARCH EAST/IEEE/INVENTOR/ASSIGNEE 2/10/13

 

   
 

INTERFERENCE SEARCH

US Class/ US Subclass / CPC Group Date Examiner

CPC Symbol
SEARCH EAST INT_RFER_NC_ 2/10/13 IS
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Application/Control No. 
 
 
 

   
Index of Claims 13
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Reexamination

BONCYK ET AL.
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Application/Control No. Applicant(s)/Patent Under 
 

Reexamination

Index Of Claims 13069124 BONCYK ET AL.

Rejected I Cancelled N Non-Elected A Appeal
MW I_ a Objected

El Claims renumbered in the same order as presented by applicant El CPA E T.D. El R.1.47

CLAIM DATE

 

    
 

 

Examiner Art Unit  

                   2667 ISHRAT | SHERALI
 
 

 
   

———————————
———————————
———————————
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 13069124 BONCYK ET AL.

 ISHRAT | SHERALI 2667

Version

 

  
Version

 
Toial Claims Allowed:

38
(Assistani Examiner)
/ISHRAT | SHERALI/

Primary Examiner.Ar1 Unit 2667 2/10/13 O.G. Prini Claim(s) O.G. Prim Figure

 
(Primary Examiner) (Date) 1 1
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 13069124 BONCYK ET AL.

||||||||||||||||||||||||||||l|| |||||||||||| ||| ExaminerISHRAT | SHERALI 

 

 

 

 

  

Toial Claims Allowed:

38
(Assistani Examiner)
/ISHRAT | SHERALI/

Primary Examiner.Ar1 Unit 2667 2/10/13 O.G. Prim Claim(s) O.G. Prim Figure

(Primary Examiner) (Date) 1 1
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 13069124 BONCYK ET AL.

ISHRAT | SHERALI 2667

El Claims renumbered in the same order as presented by applicant [I X T.D El R.1.47

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 17 17

Total Claims Allowed:

 

 

 
 
 

 
 

 
 oooxiofiurewme
 

 
 
 

 
 
 

         

38
(Assistant Examiner)
/ISHRAT | SHERALI/

Primary Examiner.Art Unit 2667 2/10/13 0.6. Print Claim(s) O.G. Print Figure

(Primary Examiner) (Date) 1 1

 
US. Patent and Trademark Office Part of Paper No. 20130210

BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 1099 of 1115



BANK OF AMERICA IPR2021-01080 Ex. 1002, p. 1100 of 1115

PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450

or m (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ap ropriate. All further correspondence including the Patent. advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

CURRENT CORRESPONDENCEADDRESS (Note: Use Block lfor any change ofaddresél Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

papers. Each additional paper, such as an assignment or formal drawing, mustTave its own certificate of mailing or transmission.24392 7590 02/15/2013

FISH & ASSOCIATES, PC [h b 'f Lh Cefitificate ol‘lMailing qugansmdission (1 1h Lh L _ ed
ROBERT D- FISH Staete: PiogfaalISErviadetwisth esifsficigrifIilolsliztfgelforefii‘gt celggsSlrtno/ail‘qh an eenvdllldpe2603 Main Street addressed to the Mail Stop ISSUE FEE address above, or being facsimile

$11110 1000 transmitted to the USPTO (571) 273—2885, on the date indicated below.
Irvine, CA 92614-6232 Marutzzella Castro (Depositorsname)

 /Marutzzella Castro/ (Signatme)

May 14, 2013 (Dana)

13/069,124 03/22/2011 Wayne C. Boncyk 101044.0001U514 9532
TITLE OF INVENTION: IMAGE CAPTURE AND IDENTIFICATION SYSTEM AND PROCESS

   
APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLIC ATION FEE DUE PREV. PATD ISSITE FEE TOTAL FEEtS) DUE DATE DUE

YES $0nonprovisional $885 $300 $1185 05/15/2013

SI‘IERALI, ISI‘IRAT I 2667 382-165000

1. Change of correspondence address or indication of "Fee Address" (37
CF { 1.363).

:1 Change of correspondence address (or Change of CorrespondenceAddress orm PTO/SB/122) attached.

:1 ”Fee Address" indication (or ”Fee Address" Indication form)TO/SB/47; Rev 0302 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page. list
1%(I) the names of up to 3 registered patent attorneys

or agents OR, alternatively.

(2) the name of a single firm (having as a member a 2
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 1
listed, no name will be printed. 

3. ASSIGNEE NAVIE AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

)LEASE NOTE: Unless an assignec is identified below, no assignee data will appear on the patent. If an assignec is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME 01: ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Nant Holdings IP, LLC Culver City, CA

 
 

Please check the appropriate assignec category or categories (will not be printed on the patent) : D Individual morporation or other private group entity D Government

 

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
XXIssuc Fee 3 A check is enclosed.

fl Publication Fee (No small entity discount permitted) :1 Payment by credit card. Form PTO—2038 is attached.
3 Advance Order — # of Copies mhe Director is hereby authorized to charge e , 'red fee(s), any deficiency, or credit any \overpayment, to Depos1t Account Number 60 652111 (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

3 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 19%. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignec or other party in
interest as shown by the records of the United States Patent and Trademark Office.

 

Authorized signature /Nicholas J. Witchey/ Date May 14, 2013

Nicholas J. Witchey 63481Registration No.

  

Typed or printed name
  

This collection of information is required by 37 CFR 1.311. The information is re uired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. I22 and 37 CFR 1.14. T is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary de endin upon the individual case. Any comments on the amount of time you require to complete
this form and/or su gestions for reducing this burden, should be sent to the C ief In ormation Officer, US. Patent and Trademark Office, US. Department of Commerce. PO.
Box 1450, Alexan ria, Virginia 22313—1450. DO NOT SEND FEES OR COMPLETED FORVIS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO. Box 1450,
Alexandria, Virginia 223 1 3— 1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection ofinformation unless it displays a valid OMB control number. 

PTOL-85 (Rev. 02/] 1) Approved for use through 08/31/2013. 0MB 0651-0033 US. Patent and Trademark Office; US. DEPARTMENT OF COVIMERCE
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Electronic Patent Application Fee Transmittal

Filing Date: 22-Mar-2011

Title of Invention: IMAGE CAPTURE AND IDENTIFICATION SYSTEM AND PROCESS

First Named Inventor/Applicant Name: Wayne C. Boncyk 

Filer: Martin Fessenmaier/Ma rutzzella Castro

Attorney Docket Number: 101044.0001US14

Filed as Large Entity

Utility under 35 USC 11 1 (a) Filing Fees

Sub-Total in

USD($)Description Fee Code Quantity

Basic Filing:

Claims:
 

Miscellaneous-Filing:

Patent-AppeaIs—and-Interference: 

Post-Allowance-and-Post-lssuance:

Utility Appl Issue Fee 1501 1780 1780

I ‘ 300 ‘ 300
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Publ. Fee— Early, Voluntary, or Normal ‘ 1504 ‘
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Sub-Total in

Description Quantity USD($) 

Extension-of—Time:

Miscellaneous:

Total in USD ($) 
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Electronic Acknowledgement Receipt 

15777935

Confirmation Number: 

Title of Invention: IMAGE CAPTURE AND IDENTIFICATION SYSTEM AND PROCESS

 

First Named Inventor/Applicant Name: Wayne C. Boncyk

Customer Number: 24392

Filer Authorized By: Martin Fessenmaier 

Attorney Docket Number: 101044.0001US14

Filing Date: 22-MAR-2011

Time Stamp: 20:00:46

 
 

Application Type: Utility under 35 USC 111(a) 

Payment information:

Submitted with Payment yes

PaymentType Deposit Account 

Payment was successfully received in RAM $2080

Deposit Account 500341

The Director ofthe USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 CFR. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 CFR. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C. F.R. Section 1 2.1 (Miscellaneous fees and charges)

Document Document Descri tion FiIeSize(Bytes)/ Multi Pages
Number P Message Digest Part l.zip (ifappl.)

120295
PTOL-85_|ssueFeeTransmittal.

pdf 6(8C79C7aOl79463b07nc6651051cb134aa
86de

Issue Fee Payment (PTO-85B)

Warnings:

Fee Worksheet (SB06) fee-infopdf 542383I4d1178b8530:c0bb453d7c6e6f82
7a4c7

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

  
New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/D0/E0/903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
Ifa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc code: IDS 130633124 ” GQleBDQiezéfi-Si‘g). . _ . . 1 Approved for use through 071312012. OMB 0651-0031
Doc description. Information Disclosure Statement (IDS) Filed us. Patent and Trademark Office; us. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.
 

 

 

 

      
 

 

 

 

 

 

 

 

 

 

 

Application Number 13069124

Filing Date 2011—03—22

INFORMATION DISCLOSURE First Named Inventor Boncyk, Wayne C.

STATEMENT BY APPLICANT An Unit l(Not for submission under 37 CFR 1.99)
Examiner Name

Attorney Docket Number I 101044.0001US14

U.S.PATENTS Remove

Examiner Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
. . ,, Patent Number Issue Date . Relevant Passages or RelevantInitial No Code1 of Cited Document .

Figures Appear

1 7916138 B2 2011—03—29 John et al.

2 7889193 B2 2011-02-15 Platonov et al.

3 7768534 B2 2010-08-03 Pentenrieder et al.

4 7765126 B2 2010-07-27 Hudetz et al.

5 7696905 B2 2010-04-13 Ellenby et al.

6 7641342 BZ 2010-01-05 Eberl et al.

7. 7 , 7430588 B2 mew-3 Hunter

gangsta appima 09/2008
to document,

/C..l_.V/

3, 1 5/201 5 8 7383209 B2 29W Hudetz et al.
06/2008

      
 

EFSWeb2.1.17 ALL REFERENCES CONSlDERED EXCEPT WHERE LlNED THROUGH. /'l.S./’
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UNITED STATES PATENT AND TRADEMARK OEEICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMIVIISS IONER FOR PATENTS

PO Box 1450
Alexandria. Virginia 22313-1450
www.uspt0 gov

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

13/069,124 06/11/2013 8463030 1010—-4.0001USI4 9532

 
 

24392 7590 05/22/2013

FISH & ASSOCIATES, PC
ROBERT D. FISH
2603 Main Street
Suite 1000

Irvine, CA 92614-6232

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment is 171 day(s). Any patent to issue from the above-identified application will

include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information

Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the

Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee

payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management

(ODM) at (571)-272-4200.

APPLICANT(S) (Please see PAIR WEB site http://pairilspto.gov for additional applicants):

Wayne C. Boncyk, Evergreen, CA;
Ronald H. Cohen, Pasadena, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location

for business investment, innovation, and commercialization of new technologies. The USA offers tremendous

resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage and facilitate business investment. To learn more about why the USA is the best country in

the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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PTO/SB/44 (09-07)
Approved for use through 08/31/2013. OMB 0651—0033

US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Also Form PTO-1050

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 8,463,030

APPLICATION NO.: 13/069,124

ISSUE DATE 1 June 11,2013

'NVENTORIS) : Wayne C. Boncyk, Ronald H. Cohen

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

Please replace Related US. Application Data (60):

(60) Division of application No. 13/037,317, filed on Feb. 28, 2011, now Pat. No. 8,224,078, which is a division
of application No. 12/333,630, filed on Dec. 12, 2008, now Pat. No. 7,899,243, which is a division of
application No. 10/492,243, filed as application No. PCT/USO2/35407 on Nov. 5, 2002, now Pat. No. 7,477,780,
which is a continuation of application No. 09/992,942, filed on Nov. 5, 2001, now Pat. No. 7,016,532.

with:

(60) Division of application No. 13/037,317, filed on Feb. 28, 2011, now Pat. No. 8,224,078, which is a division
of application No. 12/333,630, filed on Dec. 12,2008, now Pat. No. 7,899,243, which is a division of
application No. 10/492,243, filed as application No. PCT/USO2/35407 on Nov. 5, 2002, now Pat. No. 7,477,780,
which is a continuation-in-part of application No. 09/992,942, filed on Nov. 5,2001, now Pat. No. 7,016,532. 
MAILING ADDRESS OF SENDER (Please do not use customer number below):

Fish & Tsang LLP
2603 Main Street, Suite 1000
Irvine, CA 92614

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND To: Attention Certificate of Corrections Branch, Commissioner for Patents, P.0. Box 1450, Alexandria,
VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the US. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the US. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/SB/44 (09-07)
Approved for use through 08/31/2013. OMB 0651—0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Also Form PTO-1050

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 8,463,030

APPLICATION NO.: 13/069,124

ISSUE DATE 1 June 11,2013

'NVENTORIS) Wayne C. Boncyk, Ronald H. Cohen

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

Please also replace lines 4—8 on page 1:

This application is a divisional of Ser. No. 13/037,317 filed Feb. 28, 2011 which is a divisional of Ser. No.
12/333,630 filed Dec. 12, 2008 which is a divisional of Ser. No. 10/492, 243 filed Apr. 9, 2004 which is a
National Phase of PCT/USO2/35407 filed Nov. 5, 2002.

with:

This application is a divisional of Ser. No. 13/037,317 filed Feb. 28,2011 which is a divisional of 12/333,630
filed Dec. 12, 2008 and issued Mar. 1,2011 as US7899243, which is a divisional of 10/492,243 filed May 20,
2004 and issued Jan. 13, 2009 as US7477780, which is a National Phase of PCT/USO2/35407 filed Nov. 5,

2002, which is an International Patent application and a continuation—in—part of 09/992942 filed November 5,
2001 and issued March 21, 2006 as US7016532, which claims priority to provisional application number
60/317521 filed September 5, 2001 and provisional application number 60/246295 filed November 6, 2000. 

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Fish & Tsang LLP
2603 Main Street, Suite 1000
Irvine, CA 92614

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND To: Attention Certificate of Corrections Branch, Commissioner for Patents, P.0. Box 1450, Alexandria,
VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the US. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the US. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Filing Date: 22-Mar-2011

Title of Invention: IMAGE CAPTURE AND IDENTIFICATION SYSTEM AND PROCESS

First Named Inventor/Applicant Name: Wayne C. Boncyk 

Filer: Rosie H. Kim/Laryssa Weiland

Attorney Docket Number: 1010440001 U514

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Sub-Total in

Description Quantity USD($) 

Basic Filing:

Miscellaneous-Filing: 

Petition:

Patent-AppeaIs-and-lnterference:

Post-AlIowance-and-Post-lssuance:
 

Certificate of Correction
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Sub-Total in

Description Quantity USD($) 

Extension-of—Time:

Miscellaneous:

Total in USD ($) 
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Electronic Acknowledgement Receipt 

21799313

Confirmation Number: 

Title of Invention: IMAGE CAPTURE AND IDENTIFICATION SYSTEM AND PROCESS

 

First Named Inventor/Applicant Name: Wayne C. Boncyk

Customer Number: 24392

Filer Authorized By: Rosie H. Kim 

Attorney Docket Number: 101044.0001US14

Filing Date: 22-MAR-2011

Time Stamp: 19:11:53

 
 

Application Type: Utility under 35 USC 111(a) 

Payment information:

Submitted with Payment yes

PaymentType Deposit Account 

Payment was successfully received in RAM $100

Deposit Account 500341

The Director ofthe USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

 

File Listing:

Document Document Descri tion FiIeSize(Bytes)/ Multi Pages
Number p Message Digest Part /.zip (ifappl.)

165760

Request for Certificate of Correction Certificate_Correction.pdf ebaUUb/Sbee1841455498830befl 2Ie5883
d7162

87337 99d9f9340S4I96f3hl 939d7d “$639
e23e

Information: 

Fee Worksheet (SB06) fee—info.pdf IJSchfidciit-debi 4d53042dbLt‘2Ut‘25594
4(1273

Warnings: 

Information: 

Total Files Size (in bytes) 362158

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
Ifa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Application under 35 U.S.C. 371
lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/D0/E0/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNlTED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. 2 8,463,030 B2 Page 1 of1
APPLICATION NO. : 13/069124

DATED : June 11,2013

INVENTOR(S) : Wayne C. Boncyk and Ronald H. Cohen

It is certified that error appears in the above—identified patent and that said Letters Patent is hereby corrected as shown below:

Title Page

Please replace Related U.S. Application Data item (60):

(60) Division of application No. 13/037,317, filed on Feb. 28, 2011, now Pat. No. 8,224,078, which is

a division of application No. 12/333,630, filed on Dec. 12, 2008, now Pat. No. 7,899,243, which is a

division of application No. 10/492,243, filed as application No. PCT/USOZ/35407 on Nov. 5, 2002,

now Pat. No. 7,477,780, which is a continuation of application No. 09/992,942, filed on Nov. 5, 2001,

now Pat. No. 7,016,532.

with:

(60) Division of application No. 13/037,317, filed on Feb. 28, 2011, now Pat. No. 8,224,078, which is

a division of application No. 12/333,630, filed on Dec. 12, 2008, now Pat. No. 7,899,243, which is a

division of application No. 10/492,243, filed as application No. PCT/US02/35407 on Nov. 5, 2002,

now Pat. No. 7,477,780, which is a continuation-in—part of application No. 09/992,942. filed on Nov.

5, 2001, now Pat. No. 7,016,532.

Signed and Sealed this

Sixteenth Day of June, 2015

WM/(zéa.
Michelle K. Lee

Dirac/Ur aft/re United States Patent and Trademark 017121)
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