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(57) ABSTRACT 

Systems and methods for performing intelligent image pro 
cessing. Image processing systems and methods in accor 
dance With the present invention may select algorithms for 
processing collections of images by comparing algorithmic 
region of interest (aROI) data to stored human visual region 
of interest (hROI) data to select from a database of available 
transformation algorithms an optimal algorithm or group of 
algorithms to be used in transforming data comprising the 
collection or collections of images. The selected algo 
rithm(s) may then be used, for example, in data compres 
sion, image enhancement or database query functions. 
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Database of Mathematical Image Processing Transformation Functions 

A- statistical kernels 

——-® — — entropy is calculated within a surrounding of the center pixel 

C - - Michaelson contrast generally considered to be an important choice feature for 

human vision. 

0 - — difference in the gray-level orientation, at statistical-type kernel, is analyzed in 
early 

visual cortex 

B- structural kernels 

X - — an x-like mask, positive along two diagonal and negative elsewhere, were 
convoluted with the image 

S - - symmetry transform, appears to be a very prominent spatial relation F - - center-surround on/o?~ quasi-receptive ?eld mask is convoluted with the image 

E - - concentration of edges per unit area 

H — - dct-JPEG analysis. The image is subdivided into square blocks and each block 
quanti?ed by high frequency coefficients 

L the Laplacian of the Gaussian is convoluted with the image 

C- wavelet kernels 

W - - discrete wavelet transform: for each resolution, only the detail coe?icients were 
retained v 

SELECTING AN IMAGE PROCESSING 
TRANSFORMATION FUNCTION 

PICKING AN IMAGE PROCESSING TRANSFORMATION FUNCTION 

Fig. 7 
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INTELLIGENT SYSTEMS AND METHODS FOR 
PROCESSING IMAGE DATA BASED UPON 

ANTICIPATED REGIONS OF VISUAL INTEREST 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to image 
processing systems and, more particularly, to systems and 
methods for processing image data based upon predeter 
mined regions of human visual interest. 

[0003] 2. Background of the Invention 

[0004] The Scanpath Theory of human vision, proposed 
by Noton and Stark in 1971, suggests that a top-doWn, 
internal cognitive model of What a person sees When actively 
looking at an image guides active eye movements of the 
person and controls and/or in?uences the person’s percep 
tion of the image being vieWed. Stated someWhat differently, 
Noton and Stark suggest that eye movements utiliZed in 
visually examining an image are generated based at least in 
part upon an internal cognitive model that has been devel 
oped by a person through experience. The term “top doWn 
processing” as used herein denotes image processing that 
proceeds With some assumed knoWledge regarding the type 
of image being vieWed or image data being analyZed. Thus, 
the Scanpath Theory posits that When a person vieWs an 
image, the eye movements of the person Will folloW a 
pattern that is premised upon knowledge of the type of 
image that is being vieWed and/or similar types of images. 

[0005] The Scanpath Theory recogniZes that active eye 
movements comprise an essential part of visual perception, 
because these eye movements carry the fovea, a region of 
high visual acuity in the retina, into each part of an image to 
be processed. Thus, the Scanpath Theory posits that an 
internal cognitive model drives human eye movements in a 
repetitive, sequential set of saccades and ?xations 
(“glances”) over speci?c regions-of-interest (“ROIs”) in a 
scene, With the subconscious aim of con?rming the top 
doWn, internal cognitive model—the “Mind’s Eye”, so to 
speak. 
[0006] Experimental investigation of the Scanpath Theory 
has involved presenting a complex visual stimulus (such as 
a scenic photograph) to a human subject and recording the 
eye movements made by the subject While looking at the 
presented image. Thus, computer-controlled experiments 
present an image and carefully measure the subject’s eye 
movements using video cameras. Eye movement recordings 
are then represented as sequences of alternating glances 
(saccades and ?xations), Where the duration of each glance 
generally lasts about 300 milliseconds. Every glance the 
subject makes While looking at the image enables the high 
resolution fovea of the retina to abstract information from 
the image during the ?xation period, identifying a ?xation 
point on the image as a visual region-of-interest, or ROI. 
This is shoWn, for example, in FIGS. 8a, 8b and 9. 

[0007] Diametrically opposed to the Scanpath Theory, 
current methods for computeriZed image processing are 
usually intended to detect and localiZe speci?c features in a 
digital image in a “bottom-up” fashion, analyZing, for 
example, spatial frequency, texture conformation, or other 
informative values of loci of the visual stimulus. The term 
“bottom up processing” is used herein to denote processing 
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methods that assume no knoWledge of an image being 
vieWed or image data being processed. Prior art methods that 
have been proposed in the literature can be classi?ed into 
three principal approaches: 

[0008] 1. Structural Methods are based on an 
assumption that images have detectable and recog 
niZable primitives, Which are distributed according 
to some placement rules—examples of prior art 
methods that use such an approach are matched 
?lters. 

[0009] 2. Statistical Methods are based on statistical 
characteristics of the texture of the picture—ex 
amples of prior art methods that use a statistical 
approach are Co-Occurrence Matrices and Entropy 
Functions. 

[0010] 3. Modeling Methods hypothesiZe underlying 
processes for generating local regions of visual inter 
est—examples of prior art that use a modeling 
approach are Fractal Descriptors. 

[0011] US. Pat. No. 5,535,013, entitled “Image Data 
Compression and Expansion Apparatus, and Image Area 
Discrimination Processing Apparatus Therefor,” teaches a 
method of image data compression in Which an image is ?rst 
divided into square pixel blocks and then encoded using an 
orthogonal transform. This is a statistical method. The 
encoding process is based upon a discrete cosine transform, 
and is thus a JPEG algorithm. Using the coef?cients of the 
discrete cosine transform, the method taught by US. Pat. 
No. 5,535,013 discriminates blocks containing text from 
blocks containing general, non-text dot images. Then; a 
selective quantiZation method is used to identify different 
quantiZation coefficients for text blocks and non-text blocks. 

[0012] Other bottom-up methods of image processing 
suggest that characteriZation and decomposition of an image 
can be based upon primitives such as color, texture, or shape. 
Such methods can be more poWerful than the text/non-text 
discrimination method of US. Pat. No. 5,535,013, but still 
cannot overcome the important limitation that for a general, 
complex image, regions of interest are dif?cult to specify by 
a single parameter such as color or shape. This is shoWn, for 
example, in US. Pat. No. 5,579,471, entitled “Image Query 
System and Method.” 

[0013] In vieW of the foregoing, it is submitted that those 
skilled in the art Would ?nd to be quite useful a method and 
apparatus for image processing Which takes into account the 
underlying nature of human vision and perception, so as to 
selectively decompose an image into its most meaningful 
regions of visual interest, thereby providing a means for 
improving image compression, image query techniques and 
visual image enhancement systems. 

SUMMARY OF THE INVENTION 

[0014] In one particularly innovative aspect, the present 
invention is directed to systems and methods for image 
processing that utiliZe a cognitive model stored in memory 
to identify regions Within an image that correlate With 
previously determined regions of visual interest for a given 
type of image or type of image data being processed. 

[0015] In another innovative aspect, systems and methods 
in accordance With the present invention may select algo 
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rithms for processing collections of images by comparing 
algorithmic region of interest (aROI) data to stored human 
visual region of interest (hROI) data to select an optimal 
algorithm or group of algorithms to be used in transforming 
data comprising the collection or collections of images. The 
selected algorithms may then be used, for example, in data 
compression, image enhancement or database query func 
tions. 

[0016] In still another innovative aspect, the present 
invention is directed to systems and methods that utiliZe 
conventional image processing algorithms in combination 
With innovative clustering, sequencing, comparing and pars 
ing techniques to predict loci of human ?xations Within an 
image or Within collections of images for the purposes of, 
for example, data compression, image enhancement and 
image database query functions. Indeed, empirical analysis 
reveals that systems and method in accordance With the 
present invention enable a prediction of human ?xation loci 
that is comparable in measure to the ability of one human to 
predict the loci of eye movements of other persons vieWing 
an image. 

[0017] In still another innovative aspect, systems and 
methods in accordance With the present invention may 
detect regions of visual interest (ROIs) Within an image 
based upon stored characteristic data representative of 
human visual perception. For example, using the method(s) 
of the present invention, algorithmic regions of interest 
(aROIs) having a high, or relatively high, correlation With 
human regions of visual interests (hROIs) may be developed 
for an image or collection of images, and thereafter an image 
or collection of images may be saved Within a system using 
selected portions of the original picture (i.e., aROIs) as 
identi?cation data. Then, the selected portions of the picture 
(i.e., saved aROI data) may be used in performing a query 
search. The query search may proceed, for example, by 
comparing saved aROIs in a database With ROIs speci?ed 
by the system operator. Processing image data in this fashion 
should provide for substantial reductions in image process 
ing time. Further, it Will be appreciated that, through the use 
of processing algorithms and methodologies in accordance 
With the present invention, it is possible to take into con 
sideration more complex features of an image, not just 
indications of color, shape and the like. 

[0018] A system for compressing and processing collec 
tions of images in accordance With one form of the present 
invention may comprise, for example, means for transform 
ing image data representative of a particular image, collec 
tion of images or type of image into a domain of “visual 
relevance”, for example, using a database of image process 
ing transformation functions; means for obtaining a set of 
algorithmic regions of interest (aROIs) from a transformed 
image, for example, by thresholding; means for clustering 
local maxima from the transformed image into a second set 
of only a feW, very relevant algorithmic regions of interest 
(aROIs), such that the most relevant algorithmic regions of 
interest (aROIs) are properly distributed over the image; 
means for comparing the identi?ed algorithmic regions of 
interest (aROIs) With predetermined human visual regions of 
interest (hROIs) to select an optimal image processing 
transformation function; and means for using the selected 
optimal image processing transformation function to com 
press the remainder of images With a collection or collec 
tions of images. In addition, a system in accordance With the 
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present invention may comprise means for using the algo 
rithmic regions of interest (aROIs) to implement image 
query functions and/or means for using the algorithmic 
region of interest (aROI) data to implement various visual 
image enhancement techniques. 

[0019] It Will be appreciated that systems and methods in 
accordance With the present invention can be utiliZed to 
process very large collections of data including, for 
example, large collections of pictures, scenes and Works of 
art. It also Will be appreciated that systems and methods in 
accordance With the present invention may be utiliZed, for 
example, to compress, search and/or enhance images rang 
ing from natural and constructed landscapes and “city 
scapes”, to groups of persons and animals and objects, and 
to single portraits and still lives. 

[0020] Accordingly, it is an object of the present invention 
to provide improved systems and methods for use in the ?eld 
of image processing. 

[0021] It is also an object of the present invention to 
provide systems and methods the utiliZe top doWn image 
processing techniques to improve image processing func 
tions and efficiency. 

[0022] Other objects and features of the present invention 
Will become apparent from consideration of the folloWing 
description taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is an illustration of an image of the Mona 
Lisa and a transformation of that image. 

[0024] FIG. 2 shoWs hoW a thresholding algorithm may 
be applied to the transformed image of FIG. 1 to produce 
image local maxima data. 

[0025] FIG. 3 shoWs hoW an original image may be 
transformed, hoW local maxima may be identi?ed Within the 
transformed image, hoW the local maxima may be clustered 
and, ?nally, hoW any resulting clusters may be quanti?ed 
based upon local maxima data. 

[0026] FIG. 4 shoWs hoW a transformed image may be 
processed to obtain local maxima, hoW the local maxima 
may be iteratively clustered, and hoW regions of interest may 
be identi?ed based upon quanti?ed cluster data. 

[0027] FIG. 5 shoWs hoW an image may be transformed 
and represented by a 3-dimensional pixel intensity diagram, 
and hoW quanti?ed cluster data may be represented Within 
the 3-dimensional pixel intensity diagram. 

[0028] FIG. 6 shoWs hoW an image may be transformed 
and local maxima obtained Without the utiliZation of a 
clustering algorithm. 
[0029] FIG. 7 comprises a representation of mathematical 
image processing transformation functions, grouped by cat 
egory, that may be used in image processing systems. 

[0030] FIGS. 8a and 8b illustrate hoW human eye move 
ment may be utiliZed to identify human visual regions of 
interest (hROI) Within an image. 

[0031] FIG. 9 provides a second illustration of hoW 
human eye movement may be utiliZed to identify human 
visual regions of interest (hROI) Within an image. 
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[0032] FIG. 10 shows hoW algorithmic regions of interest 
(aROIs) may be compared to human visual regions of 
interest (hROIs) to obtain a quantitative measurement 
betWeen the various regions of interest. 

[0033] FIG. 11 comprises a table shoWing a correlation 
betWeen regions of interest identi?ed by various transfor 
mation algorithms and regions of interest obtained through 
monitoring the eye movement of various human subjects. 

[0034] FIGS. 12a-a' shoW hoW anticipated human visual 
regions of interest (hROIs) may be used Within image 
compression techniques. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0035] Turning noW to the draWings, before addressing the 
various image processing techniques that are utiliZed in 
accordance With the present invention, it Will be noted that 
the methods described and claimed herein may be imple 
mented or, stated differently, executed on any of a number of 
computer systems. For example, the image processing pro 
tocols described herein may be implemented Within appli 
cations designed to run on either personal computer (PC), 
Unix Work stations, dedicated hardWare or, indeed, Within 
virtually any other environment. Thus, the speci?c hardWare 
used to implement the systems and methods described beloW 
Will not be described in detail herein. Rather, it Will be 
understood that the systems and methods may be imple 
mented using virtually any computing system and that a 
typical PC including a 200 MHZ or better Pentium® pro 
cessor manufactured by the Intel Corporation and related 
components Would be exemplary. 

[0036] Turning to FIG. 1, those skilled in the art Will 
appreciate that, using conventional transformation func 
tions, it is possible to convert an original image 10 to a 
transformed image 12. Similarly, it is possible to apply 
thresholding criteria to the transformed image 12 to obtain 
a mapping 14 comprising a plurality of maxima loci Within 
the transformed image. This is shoWn, for example, in FIG. 
2. 

[0037] The information content of a generic picture can be 
identi?ed by different image parameters Which in turn can be 
identi?ed by relevant image processing algorithms. In this 
sense, applying algorithms to a picture means to map that 
image into different domains, Where for each domain a 
speci?c set of parameters is extracted. After the image has 
been processed, only the loci of the local maxima from each 
domain are retained; these maxima are then clustered in 
order to yield a limited number of ROIs. Exemplary algo 
rithms that have been studied include: 

[0038] l-X, a x-like mask, positive along tWo diago 
nal and negative elseWhere, Were convolved With the 
image. We have also used different high-curvature 
masks convolution as for example the “<”-like mask 
Whose the de?nition is intuitive: these Were rotation 
ally invariant. 

[0039] 2-S, symmetry, a structural approach, appears 
to be a very prominent spatial relation. For each 
pixel, x, y of the image, We de?ne a local symmetry 
magnitude S(x,y) as folloWs: 
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[0040] Where l“(x,y) is the neighborhood of radius 7 of 
point x,y de?ned along the horiZontal and vertical axis 
(l“(x,y)=(x—r,y), . . . , (x,y), . . . (x,y-r), . . . , (x,y+r)) and 

s((i1,j1),(i2,j2)) is de?ned by the folloWing equation: 

[0041] The ?rst factor Go is a guassian of ?xed variance, 
o=3 pixels and represents the distance function. The 
second factor represents a simpli?ed notion of symmetry: 01 
and 02 correspond to the angles of the gray level intensity 
gradient of the tWo pixels (i1,j1) and (i2,j2). The factor 
achieves the maximum value When the gradients of the tWo 
points are oriented in the same direction. The guassian 
represents a distance Weight function Which introduces 
localiZation in the symmetry evaluation. 

[0042] 3-W, discrete Wavelet transform is based on a 
pyramidal algorithm Which split the image spectrum 
into four spatial frequency bands containing hori 
Zontal loWs/vertical loWs (ll), horiZontal loWs/verti 
cal highs (lh), horiZontal highs/vertical loWs (ll) and 
horiZontal highs/vertical highs (hh). The procedure is 
repeatedly applied to each resulting loW frequency 
band resulting in a multiresolution decomposition 
into octave bands. The process of the image Wavelet 
decomposition is achieved using pair of conjugate 
quadrature ?lters (CPFs) Which acts as a smoothing 
?lter (i.e. a moving average) and a detailing ?lter 
respectively. We have used different orders from the 
Daubechies family basis to de?ne CPF ?lters. For 
each resolution I, only the Wavelet coef?cients of the 
highs/highs hh1 matrix Were retained and ?nally 
relocated into an ?nal matrix HH (With the same 
dimension as the original image) by the folloWing 
combination: 

[0043] Where n is the maximum depth of the pyramidal 
algorithm (n=3 in our case) and Where is a matrix 
operation Which returns a copy of the input matrix hh by 
inserting alternatively roWs and columns of Zeros. 

[0044] 4-F, a center-surround on/off quasi-receptive 
?eld mask, positive in the center and negative in the 
periphery, is convolved With the image. 

[0045] 5-0, difference in the gray-level orientation, a 
statistical-type kernel, is analyZed in early visual 
cortices. Center-surround difference is determined 
?rst convolving the image With four gabor masks of 
angles 0°, 45°, 90° and 135° respectively. For each 
pixels x, y, the scalar result of the four convolutions 
are then associated With four unit vectors corre 
sponding to the four different orientations. The ori 

entation vector ? (x,y) is represented by the vecto 
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rial sum of these four Weighted unit vectors. We 
de?ne the center-surround difference transform as 
follows: 

[0046] Where E (x,y) is the average orientation vector 
evaluated Within the neighborhood of 7x7 pixels. The ?rst 
factor of the equation achieves high values for big differ 
ences in orientation betWeen the center pixel and the sur 
roundings. The second factor acts as a loW-pass ?lter for the 
orientation feature. 

[0047] 6-E, concentration of edges per unit area is 
determined by detecting edges in an image, using the 
canny operator [2] and then congregating the edges 
detected With a gaussian of o=3 pixels. 

[0048] 7-N, entropy is calculated as 

255 _ 

2 HP’ 

[0049] log pi Where pi is the probability of the gray level 
1 Within the 7x7 surrounding of the center pixel. 

[0050] 8-C, Michaelson contrast, is most useful in 
identifying high contrast elements, generally consid 
ered to be an important choice feature for human 
vision. Michaelson contrast is calculated as |(Lm— 
LM)/(Lm+LM)| Where Lrn is the mean luminance 
Within a 7x7 surrounding of the center pixel and LM 
is the overall mean luminance of the image. 

[0051] 9-H, discrete cosine transform, DCT, intro 
duced by, is used in several coding standards as, for 
example, in the JPEG-DCT compression algorithm. 
The image is ?rst subdivided into square blocks (i.e. 
8x8); each block is then transformed into a neW set 
of coef?cients using the DCT; ?nally, only the high 
frequency coef?cients, the ones that are instead dis 
carded in the JPEG algorithm, are retained to quan 
tify the corresponding block. 

[0052] Turning noW to FIG. 3, if desired, it is possible to 
convert an original image 10 to a transformed image 12, to 
process the transformed image 12 to obtain a mapping 16 of 
maxima loci that are grouped by cluster and, ?nally, to 
quantify the value of the local maxima Within the clusters to 
obtain quanti?ed data indicative of algorithmic regions of 
interest (aROIs) 18a-g Within the original image 10. 

[0053] FIG. 4 shoWs hoW a transformed image 20 may be 
processed to obtain a mapping 22 of local maxima, and hoW 
clustering algorithms may be applied in an iterative fashion 
to the mapping 22 of local maxima to develop, for example, 
iterative clusters 24-28 of local maxima and to identify a 
plurality of algorithmic regions of interest (aROIs) 30a-g 
Within an original image 32. 

[0054] A clustering procedure in accordance With the 
present invention may proceed as folloWs. The initial set of 
local maxima is clustered connecting local maxima by 
gradually increasing an acceptance radius for their joining. 
In preferred embodiment, approximately 100 initial local 
maxima may be reduced, for example, to nine regions or 
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clusters by setting a termination decision to end the clus 
tering process at the prescribed number of domains. Then, 
the clustered domains can be assigned values depending 
upon the value of the highest local maxima incorporated into 
that domain or, alternatively, based on the number of local 
maxima included Within a cluster. Those skilled in the art 
Will appreciate that other criteria may also be utiliZed. 

[0055] It Will also be appreciated that each image process 
ing algorithm contributes to the intensity of its selected 
parameter to ?nd local maxima and values of resulting 
clustered ROI domains. Moreover, the clustering algorithm 
may comprise an eccentricity Weighting algorithm, Where 
loWer local maxima that are eccentrically located can be 
selected to form a domain. 

[0056] Turning to FIG. 5, those skilled in the art Will 
appreciate that a transformation function may be applied to 
an original image 34 to convert the original image to a 
transformed image 36 and hoW, thereafter, a 3-dimensional 
pixel intensity diagram 38 may be developed from the 
transformed image 36. The 3-dimensional pixel intensity 
diagram 38 provides location data along the x and y axes of 
the graph and pixel intensity values along the Z axis of the 
graph. Thus, the height of the 3-dimensional pixel intensity 
diagram 38 at a particular x,y pixel location may represent 
the pixel intensity or local maxima value at that location. 
FIG. 5 also provides an illustration of a plurality of ?nal 
cluster locations 40a-g de?ned Within the 3-dimensional 
pixel intensity diagram 38. 

[0057] Turning noW to FIG. 6, that ?gure shoWs hoW a 
limited number of local maxima 42a-g may be identi?ed 
Within a transformed image 44 and may be mapped onto an 
original image 46. It Will be appreciated that, in vieW of 
FIG. 6, that When iterative clustering protocols are not 
applied to transformed image data, less optimally distributed 
algorithmic regions of interest (aROIs) 42a-g are identi?ed. 
Stated someWhat differently, Where iterative clustering tech 
niques are not applied to transformed image data, less 
relevant algorithmic regions of interest (aROIs) 42a-g are 
identi?ed. 

[0058] Turning noW to FIG. 7, those skilled in the art Will 
appreciate that numerous image processing transformation 
functions may be used in accordance With the present 
invention to identify algorithmic regions of interest (aROIs) 
Within an image. Several such algorithms may comprise a 
database represented by FIG. 7, and in the example pro 
vided an entropy algorithm is used. It Will be appreciated 
that an entropy transformation algorithm Was used to pro 
cess the image 10 provided in FIG. 1. 

[0059] NoW, turning to FIGS. 8a and 8b, those ?gures 
illustrate hoW, by mapping human eye movements, human 
visual regions of interest (hROIs) 50a-g may be identi?ed 
Within an image. More speci?cally, FIG. 8a shoWs hoW 
human ?xation loci 52 may be developed as a person 
observes an image. It Will be noted that the human ?xation 
loci 52 illustrated in FIG. 8a are developed by monitoring 
the amount of time that the human eye focuses on particular 
loci Within the image. Turning noW to FIG. 8b, it Will be 
seen that, by tracking human eye movements to identify the 
human ?xation loci 52, and by applying ?xation identi?ca 
tion procedures to those loci 52, it is possible to identify 
human visual regions of interest (hROIs) Within the image 
10. 
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[0060] FIG. 9 shows hoW raW data, on the left, indicative 
of human eye movement may be parsed to identify human 
regions of visual interest (hROIs), on the right, Within an 
image 54. 

[0061] Turning noW to FIG. 10, in one particularly inno 
vative aspect, the present invention provides for a correla 
tion of algorithmic regions of interest (aROIs) and human 
visual regions of interest (hROIs), such that transformation 
algorithms to be applied to particular types of images or 
collections of images may be selected based upon a prede 
termined correlation betWeen aROIs and hROIs for a par 
ticular type of image or collection of images to be processed. 
Thus, in accordance With one form of the present invention 
it is possible to store data re?ecting an internal cognitive 
model, or correspondence betWeen aROIs and hROIs, for 
particular types of images Within an image processing 
system. The internal cognitive model data (i.e., aROI and 
hROI correlation data) may then be used to select appropri 
ate image processing transformation functions for utiliZation 
in processing image data such that any algorithmically 
determined regions of interest (aROIs) may have a high, or 
relatively high, likelihood of corresponding to a set of 
human visual regions of interest (hROIs) Within the images 
or collection(s) of images being processed. 

[0062] A table shoWing a correlation betWeen algorithmic 
regions of interest (aROIs) identi?ed by four exemplary 
transformation functions and human visual regions of inter 
est (hROIs) developed through monitoring the eye move 
ments of four human subjects is provided in FIG. 11. 

[0063] Correlations of the type described above may be 
established as folloWs. ROI loci selected by different image 
processing algorithms and those de?ned by human eye 
movement ?xations are ?rst compared. Further, any com 
parison of aROIs to hROIs preferably proceeds by obtaining 
tWo sets of ROIs, one aROI and one hROI, and clustering the 
tWo sets of ROIs using a distance measure derived from a 
k-means pre-evaluation. This evaluation preferably deter 
mines regions de?ning coincidence and non-coincidence 
based upon distances betWeen the respective loci of the tWo 
sets of ROIs. The ?nal selection of joined-ROIs then enables 
the calculation of a similarity metric, Sp, to determine hoW 
close the tWo sets of ROIs Were. 

[0064] Thus, in a preferred form, an index of similarity 
may be utiliZed to describe hoW closely tWo sets of ROIs 
resemble one another. For additional discussion of methods 
of correlating ROIs, reference is made to Privitera and Stark, 
“Algorithms for De?ning Visual Region-of-Interest: Com 
parison With Eye Fixations,” Memorandum No. UCB/ERL 
M97/72, Electronics Research Laboratory, College of Engi 
neering, University of California, Berkeley, Which is hereby 
incorporated by reference. 

[0065] Turning noW to FIGS. 12a-a', it can be seen hoW 
algorithmic regions of interest (aROIs) having a high cor 
relation With anticipated human visual regions of interest 
(hROIs) may be used to enhance the performance of various 
data compression techniques. For example, it Will be appre 
ciated that an original image 60 is provided in FIG. 12a, and 
that algorithmic regions of interest (aROIs) 62a-g having a 
relatively high correlation With predetermined human visual 
regions of interest (hROIs) for the original image 60 are 
shoWn in FIG. 12b. It also can be seen that, When the 
selected algorithmic regions of interest (aROIs) 62a-g are 
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incorporated into a compressed image 64 such as that shoWn 
in FIG. 12d, substantial improvements in compressed image 
quality may be achieved over conventional compressed 
images, such as the compressed image 66 shoWn in FIG. 
12c. 

[0066] A region-of-visual-interest image processing 
(ROVIIP) system in accordance With a presently preferred 
form of the present invention preferably performs six basic 
functions or processes. These include image transformation 
and thresholding, transformed image clustering, human 
visual region of interest (hROI) identi?cation and/or storage, 
similarity index generation, optimal transformation algo 
rithm selection, and optimal transformation algorithm utili 
Zation. 

[0067] Step 1: Image Transformation and Thresholding 

[0068] As explained above, the ?rst step generally per 
formed by a region-of-visual-interest image processing 
(ROVIIP) system generally requires the transformation of a 
sample image from a collection of images to be processed. 
Transformations of the sample image(s) are performed using 
a plurality image transformation functions stored Within a 
database. These transformations yield a respective plurality 
of transformed images, and a thresholding function is pref 
erably applied to the transformed images to identify respec 
tive sets of local maxima Within the transformed images. 
Preferably sets of approximately 100 local maxima are 
identi?ed for each transformed image. 

[0069] Step 2: Transformed Image Clustering 

[0070] FolloWing the basic transformation and threshold 
ing step, clustering algorithms preferably are applied itera 
tively to the respective sets of local maxima to identify 
respective smaller sets of relevant loci. The smaller sets of 
relevant loci preferably number 10 or less and are referred 
to herein as algorithmic regions of interest (aROIs). 

[0071] Step 3: Human Visual Region of Interest Identi? 
cation and/or Storage 

[0072] Preferably, human visual regions of interest 
(hROIs) are predetermined for the type of image or collec 
tion(s) of images to be processed. In the event that hROIs are 
not predetermined for the type of image or collection(s) of 
images to be processed, the eye movements of several 
subjects, When presented With the above-referenced sample 
image, may be observed, monitored and quanti?ed to 
develop a set of hROIs for the type of image or collection(s) 
of images to be processed. 

[0073] Step 4: Similarity Index Generation 

[0074] Once the sets of aROIs and hROIs have been 
developed for the sample image, or a set of sample images, 
a similarity index betWeen the tWo types of ROI data may be 
developed and utiliZed to provide a correlation betWeen the 
sets of aROIs and hROIs developed for the sample image. 

[0075] Step 5: Optimal Transformation Algorithm Selec 
tion 

[0076] Using the similarity index or correlation data, it is 
possible to select an optimal image transformation function, 
or optimal group of functions, from the database of available 
image transformation functions. The selected optimal image 
transformation function may be referred to, for example, as 
A*, and may correspond to the image transformation func 
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tion that yields aROIs for the sample image(s) that show the 
greatest similarity to the predetermined hROIs. 

[0077] Step 6: Optimal Transformation Algorithm Utili 
Zation 

[0078] Once an optimal image transformation function, 
A*, has been selected, that image transformation function 
may be utiliZed to process the remainder of images Within 
the collection or collections of images, thus insuring that the 
overall image processing function proceeds in an intelligent 
manner. The manner is deemed to be “intelligent” because 
the optimal image processing algorithm, A*, has been 
selected to have a high, or relatively, high correlation With 
human image processing and yet can process large collec 
tions of image data autonomously. 

[0079] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c eXamples thereof 
have been shoWn by Way of eXample in the draWings and are 
herein described in detail. It should be understood, hoWever, 
that the invention is not to be limited to the particular forms 
or methods disclosed, but to the contrary, the invention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the appended claims. 

What is claimed is: 
1. Amethod for identifying algorithmic regions of interest 

Within an image, said method comprising the steps of: 

applying an image transformation function to a set of data 
representative of said image to thereby obtain a data set 
representative of a transformed image, 

applying a thresholding function to said data set repre 
sentative of said transformed image to thereby obtain 
data representative of a plurality of local maXima 
Within said image, and 

iteratively applying a clustering algorithm to said data 
representative of said local maXima to identify a plu 
rality of algorithmic regions of interest Within said 
image. 

2. A method for processing image data, said method 
comprising the steps of: 

establishing for at least one image type a correlation 
betWeen a plurality of algorithmic regions of interest 
developed by a respective plurality of transformation 
algorithms and at least one set of human visual regions 
of interest; 

selecting a transformation algorithm for processing data 
representative of an image based upon an image type 
and said correlation; and 

transforming said image data from a ?rst domain to a 
second domain using said selected transformation algo 
rithm. 

3. Amethod for selecting image transformation functions 
for image processing applications, said method comprising 
the steps of: 

storing Within a memory at least one data set descriptive 
of human visual regions of interest for at least one type 
of image; 
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applying a plurality of image transformation functions to 
an image corresponding to said at least one type of 
image to derive a plurality of respective data sets 
comprising local maXima; 

applying clustering functions to said plurality of respec 
tive data sets comprising said local maXima to derive a 
plurality of respective data sets comprising algorithmic 
regions of interest Within said image; and 

comparing said respective data sets comprising said algo 
rithmic regions of interest to said at least one data set 
descriptive of said human visual regions of interest to 
select a transformation function for processing addi 
tional images corresponding to said at least one type of 
image. 

4. A system for processing image data comprising: 

an image processing engine comprising a central process 
ing unit, memory and an image processing program 
stored Within said memory, said image processing 
program including, 

a database of image transformation functions, 

code for applying said image transformation functions 
stored Within said database to a sample image from a 
collection of images to develop a plurality of trans 
formed images corresponding to said sample image; 

code for applying a thresholding algorithm to said respec 
tive transformed images to identify respective sets of 
local maXima Within said transformed images; 

code for applying a clustering algorithm to said respective 
sets of local maXima to identify sets of algorithmic 
regions of interest Within said transformed images; 

code for comparing said sets of algorithmic regions of 
interest to predetermined human regions of visual inter 
est for said sample image to select from said database 
of image transformation functions a preferred image 
transformation function; and 

code for applying said selected preferred image transfor 
mation function to a remainder of images Within said 
collection of images When said collection of images is 
to be processed. 

5. The system of claim 4, Wherein said image processing 
engine is used to perform a function selected from the group 
of image compression, image query, and image enhance 
ment. 

6. A system for processing image data comprising: 

an image processing engine comprising a central process 
ing unit, memory and an image processing program 
stored Within said memory, said image processing 
program including, 

a database of image transformation functions, 

code for applying said image transformation functions 
stored Within said database to a sample image from 
a collection of images to develop a plurality of 
transformed images corresponding to said sample 
image; 

code for applying a thresholding algorithm to said 
respective transformed images to identify respective 
sets of local maXima Within said transformed images; 
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code for applying a clustering algorithm to said respec 
tive sets of local maXima to identify sets of algorith 
mic regions of interest Within said transformed 
images; 

code for comparing said sets of algorithmic regions of 
interest to predetermined human regions of visual 
interest for images of a similar type to said sample to 
identify from said database of image transformation 
functions a preferred image transformation function; 
and 

code for applying said preferred image transformation 
function to a remainder of images Within said col 
lection of images When said collection of images is 
to be processed. 

7. The system of claim 6, Wherein said image processing 
engine is used to perform a function selected from the group 
of image compression, image query, and image enhance 
ment. 

8. A system for processing image data comprising: 

an image processing engine comprising a central process 
ing unit, memory and an image processing program 
stored Within said memory, said image processing 
program including, 

a database of image transformation functions, 

code for comparing stored sets of algorithmic regions 
of interest for a particular type of image collection to 
be processed to at least one stored set of human 
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regions of visual interest for said particular type of 
image collection to be processed to identify from 
said database of image transformation functions a 
preferred image transformation function; and 

code for applying said preferred image transformation 
function to images Within said collection of images 
When said collection of images is to be processed. 

9. The system of claim 8, Wherein said image processing 
engine is used to perform a function selected from the group 
of image compression, image query, and image enhance 
ment. 

10. A system for processing image data comprising: 

an image processing engine comprising a central process 
ing unit, memory and an image processing program 
stored Within said memory, said image processing 
program including, 

a database of image transformation functions, 

code for selecting an image transformation function to 
be used in performing a predetermined image pro 
cessing task based upon a correlation betWeen stored 
algorithmic region of interest data and human visual 
region of interest data for said task; and 

code for applying said selected image transformation 
function to images Within a collection of images that 
are to be processed in accordance With said task. 

* * * * * 


