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SYSTEM AND METHOD FOR PLEOGRAPHIC RECOGNITION,
MATCHING, AND IDENTIFICATION OF IMAGES AND
OBJECTS

FIELD OF THE INVENTION

5 The present invention relates generally 1o data provessing systems and
methods for automatic recognition of images and objects, and more particolarly fo &
system and method Tor recognizing, matching, andfor identifving images andior

objects utilizing at least one novel pleographic data processing techmique.

1 BACKGROUND AND S

IMARY OF THE INVENTION

Image analysis techniques are utilized in & vast array of wveryday applications
ranging from conswoer systems 0 industrial, scientific, wedical, faw enlorcement
systems and solutions. However, current image analysis systenws suffer from many

disadvantages and drawbacks., The inventive data processing systers and method

—
h

advantageously provide a number of scalable novel image ¢ object recognition and
processing techniques that are capable of dramatically improving the efffvacy,
reliability, and sccursey  of conventional and futare swrveillance, detection,
whentification, verification, woalching, navigstion, and similar types of systems
utilizing Image acquisition/analysis of any kind, Moreover, the use of the novel data
20 mrocessing system and method of the present invention, advantageously provides

unegualed levels of tolerance to degradation in quality, decrease in available portion,



WO 2011/032142 PCT/US2010/048758

incressed noise, and variation in pesitioning andior orientation in the images being
analyrzed as compared to the corresponding reference image(s).

The technigues of the inventive data processing system and method are

espeeially effective under conditions of strong, real-time limitations, shock/vibration

5 overloading, atmospheric noise, arbitrary signal distortions, ele., because they rely on

utilization of g newly developed novel type of spatial response surface functions,

hereinafier referred to as “pleograans™, that are unique for each tially observed

image, and that are later used for further matching thereto, Due to their inherent

redundancy, comparable to  holographic-based  measuremients, pleograms  are

10 extremely iformative and stable. As a resudt of this property, utilization of pleograms

in image analysis {o.g., identification, recognition, matching, eic.) appheations croates

an environment that ix practically ummune fo strong signal ¢ image distortions,

arbifrary noises, ete., thereby providing a high level of reliability in comparison to

comventional raw image maiching, Moreover, the novel pleographic approach is based

15 on J-dimentional object identification procedures that have substantially higher

discriminative power than previously Known tmage snalysis technigues. The nowvel

techniques based on the foventive pleographic approach and wethod provide, 1o

particular, measurement accuracy and factual continudty due to an efficient datg

vestoration  between  discrete reforence points that results i higher effvetive

20 resolution. The novel pleographic techuique also meets the criteria of the minimal

mean risk of realdime  decision-making and is readily suitable for actual

implementation inchuding by way of simple real-lime computations,
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In summary, the novel plecgraphic tmage analysis (PIA) system and method
of the present invention, inclade, but are not limited to, at feast the following distinet
unique features and advantages over previously known solutions:

o Litihization of all available information about the observations and ntilizes

3 this information for full likebhood estimatey
*  No specific assumption regarding the nowse distributions are required ~ any
arbitrary random  distortions are admissible  for statistically  optimal
afgorithm synthesis;
«  Rignificant tolerance to imperfect images and conditions ~ the matching
10 refigbility remains satistied even i the images are strongly damaged;

«  Mere pipeline conputations that provide high speed processing; and

*  The technology can be deployed in a variety of platforns,

The inventive PIA system and method are advantageous in a wide variety of

15 commercial applications such as blomedical diagoostics support, blometrie access

controd, low enforcement, security, navigation, ete.. The inventive PIA system and

method are alse partcularly effective in military apphications, such as antomatic

target detection {ATD). avtomatic target recognition {ATR), synthetic aperture vadar

{SAR), and so on. In such applications, the use of novel FIA techniques substantially

200 fnereases the reliabilifyviaccuracy of target wWentifioation, increases the noise-stability,

reduces processing time, and lowers the minimum requirements of the sensors and
images captured in the course of system operation.

{Other objects and features of the present invention will become apparent from

the following detatled description considered in conjunction with the accompanying
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drawings. It is to be understood, however, that the drawings are designed solely for
purposes of Blustration and not as a definition of the linats of the invention, for which

reference should be made to the appended claims,

e
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BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, wherein Bke reforence characters denote corresponding or

simifar clements throughout the various figures:

FIG. 1A shows a diagram of a 3-D pleographic response fanction generated 1o

§  accordance with various umbodiments of the inventive pleographic image analysis

technigue:

Fi(. 18 shows a block diagram of an exemplary hierarchical infrastructure for

optimizing the implementation of various embodiments of the woventive pleographic

iirage analysis tochnigue In an boage analysis systeny
1 FIG. 24 shows a block diagram of an exemplary smbodiment of an inventive

pleographic image analysis system of the present invention;

FIG, 2B shows logie tlow diagrams of exemplary processes of enroliment and

analysis stages of operation of the inventive pleographic image analysis system of

13 FIG. 3A shows a disgram of exemplary wtilization of a pleographic response

function i connection with comparing a reference image to an ohserved image daring

utilization of the inventive pleographic image snalbysis system of FIG. 2AL

FiG. 3B shows a diagram of exemplary formation of 3 reference image and a
corresponding pleogram, during the operation of the inventive pleographic image

20 analysis system of FIG, 2A; and
FIGs. 4 to 26 show various exemplary images, corresponding templates and

exemplary user interface screens of varions embodiments of cxemplary data
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provessing systems utifizing the inventive pleographic image analysis system of FIG,

2A.

fie
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The data processing system and method of the present nvention remedy the
disadvaniages of previously known image analysis solutions by providing a platiorme-

independent mage analysis system architecture and technology platform comprising a

=

phurality of scalable novel image 7 object recognition and processing technigues that

are capable of dramatically boproving the efficacy, rehiability, and accuvacy of
conventional and future surveiltance, detection, identification, verification, matching,
navigation, and simifar types of systems utiliing image acquisitionfapalvsis of any
kind. Moreover, the use of the novel data processing systern and method of the
10 present invention, advantageously provides unequaled lovels of tlerance to
degradation in quality, decrease in available portion, increased noise, and variation in
positioning andfor orientation in the images being analyeed as compared to the
corresponding reference tmagsds), Advantageously, the novel system and method

utilize a revolutionary “pleographic™ bmage analysis approach, that 18 based on 3-
15 dimentional  ohject  identification  procedures  that  have  substantially  higher
discriminative power than previously known image analysis technigques, and that
provide many additional advantages.
The inventive pleographic fmage analvsis (P1A)Y system and method s also
modular, and may inclade at least a portion of the following analvtic “modules™, as
20 part of ity multi-lovel structure:
a} semi-empirical algorithms used as a rule for lnear objects;
b statistical binary algorithms used m Biometrics and for other physical
hlack-and-white natare ohjects;

¢} Distribution-Free Estimation (DFE) non-parametric slgorithms;

~j



WO 2011/032142 PCT/US2010/048758

d) optimal Maximum Likelihood Estimation (MLE) algorithms;
g} quasi-optimal zonal MLE algorvithms: andéor

£} 3D pleographic glgorithms,

5 As iz noted ahove, the novel PIA technigue taproves the efficacy the ot any
observation, Wentification, and verification system, and, when implemented in an
appropriate jroage analysis svstemn, 1 capable of substantially increasing fmage
wentification  reliability/ecuracy, reduce system processing  tme, and  lower
minimem regeircments for analyzed images in the course of system operation,

10 Essentially, the core novel PIA techaique cmploys a new image comparison

approach based on a 3-dimentional object ideatification procedurs that comprises
replacement of conventional “image-to-image” matching, with “surface-to-surface”
identification, that fnfer afic provides higher reliability and accuracy when compared
with traditional approaches, PIA technique image matching utilizes a novel type of

15 response fonctions called “pleograms™, sach as shown, by way of example, in FIG.

LA, hereof, and is preferably conducted in accordance with a dynamically determined
threshold that is individually taflored for the rveference image during a prior
enrolimient stage. As is discossed in gregter detail below, the novel PIA technigue
provides, in particular, a high degres of measurement accuracy and factual contimaity

20 due to an efficient data restoration between discrete reference points that results ina

practically infinite resolution, Prior to deseribing the various embodiments of the

inventive PIA technigues, i would be useful o provide an overview of the analytic
and algorithmic background thereofl At the cutset, it should be noted that the various

cmbodiments of the PIA technique meet the genoral statistical criterion of Bayesian

8.



WO 2011/032142 PCT/US2010/048758

Mean Risk and in most situations can be meduced o Masimum Likelthood Hstimates

(MLE) ~ an overview of these principles and rvelated factors is provided helow:

Optimal decision making: The most general mathematical approach to

=

LA

making the hest possible decisions based on & glven collection of input data is
knows as the minimuom risk method. For simplicity, we henceforth consider its
special case referred to as the maximum Hkelibood method.

The observed input data is supposed o be & set of random
variables,d = (i . d,.. .}, The distribusion of each variable o, depends on the
1 adopted hypothesis  // abowt  the actual ovigin of the input

data: S Y= f{d, L HY . A typical hypothesis might be fornmlated as “F: This
data was produced by the template pattern #1.7 The total distribution of the
entire data set is thus also conditional with respect 1o the adopted (or tested)
hypothesis: f{dy = f(d I H). The meximum likelihood method consists in
{5 calculating the vonditional probabilities of the observed data set that
correspond to all admissible hypotheses, e, fdIH) i=0L. L4, and
then deciding in favor of that bypothesis which yields the highest conditional
probability,
The typical pair of hypotheses in an identification system i3 “Hy: This
20 data belongs to by the template pattern #17 and “H,: This data does not belong
1o by the template pattern #17, In this case, the system accepls hypothesis 8y
only il its probabihily greatly exceeds that of its alternative, Ay, To this end,

the systom establishes a decision threshold with which it compares the ratio of

-G
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these two probabilities, I’ this Flkelihood ratio exceeds the threshold, s
positive decision is taken; otherwise, the hypothesis s rejected. This condition

can be written as

L) = Prob{H, {d)  Prob(H, {d} _
U prob{#, tdy 1 Prob{#, 4y

]

where d is the data set and T is the threshold,

Mesn Risk Estimate and 3D Response Fanction Matehing. Ag said
above, it s well known that the most general criterion in hypothests tosting 18

the Bayesian mean risk

-
]

ROH LV Zy= 3 CIH IR P H P

10 where CUHTH ) is the loss Tunction, defining the loss upon accepting

hypothests & iF the actually valid hypothesiz ix H 3

o PEELH Y s the a
posteriort probability that the observation Z originates from bypothesis H ¢

P{H Y is the a priori probability to observe hypothesis /.

Usually, the a posteriori probability is caloclated based on the free

15 distributions, which are available only in the simplost cases. However, 1t could
be shown that for the wide range of observed images an analvtical high-

precision approsimation method might be built defining & work density f(2),

where 2= some veetor-image with independent compenents, In this case the

togarithmic maxionnn Likelhood function for multidimensional probability

20 POLUH Ymay be written as a sum of one-dimensional functions:

-10-
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Hz) = E @z 2)

g f {4
reducing the procedure to the summation of independent contribution
from all pixed pairs over images.

5 Referning now to FHG. 1B, in preferable practice, the aovel PIA
technigue may be implemented in 2 technical solution having a hierarchical structure
in which pleographic (Le, PIA) solotions, are 31D generalizations of traditional
statistical estimations 1o provide the highest Algorithm Disoriminative Power {ADP)
The PiA-based algorithms are highly suited to the most challenging observation cases

10 under conditions of sirong bmage distortions including random noise, speckie,

arbitrary mations and stretches, poor rosolution, Iow contrast, <fc..

In cases where statistical features of the fmages under observation are known,

optimal algorithios are synthesized on the basis of an acting measurernent distribution

and  associated nuwmerical  parameters or  thelr  estimations. 16 an anabytical

A~
s

representation of the disinbution 8 unkaown bul some reasonable assumptions
regarding nnise character — additive, multiplicative, ete ~ can be made, adaptive zonal
algorithims must be used. They are designed on the basis of homogeneouns zone
selection and a provedure that provides high ADP. For completely oncertain random
measurements, seli~learning  quasi-optimal alporithms are applicable and their
20 creation requires a teaching step.

For some specific measurcmients with a dual-zone physical nature, binary
algorithims provide the highest ADP. Correlation algorithms are applicable for sea

surface imaging and are optimal i the case of Gaossian (normaly distributions of



WO 2011/032142 PCT/US2010/048758

observations. Although normal distributions are rarcly met in the cases of mterest,
empirical utilization of correlation algorithms can also potentially provide useiul
results.
All image recognition (and related bmage analysis) alporithms work as
5 deciston-making procedures that are each based on a so~called corvesponding
“Response Function™ (RF). The inventive PIA technique employs a novel global
image comparison process that st acquires a reference image during an
enrotbment stage, and then forms a corresponding “comparison™ surface RF relief,
comprising of multiple reforence segments from the refirence image, Later during
10 an dentification stage, the algorithm forms the similar RE surlace over the
identification image, and then compares all pixels-to-pixels of the reference RF
surface enclosed. Matching runs in accordance with a dvnamically determined
threshold that is individually tailored for the reference image during the enrollment
stage, When the threshold s exceeded, the wlentificativn image s considered
15 identified; otherwise identification 1s rojected. The method fncludes the capability
of determining nualtiple most lkely positions for the moliiple reference RF
segments over the jdentification tmage. Such an approach based on 3-dimentional
RF surface comparison has been developed for the first time,
Experimentation  has  demonstrated  that  the  aforementioned  novel
20 pleography technigue is proving particalarly effective in highly-challenging
recognition cases. This novel technique comprises the constructivn of mult-
dimensional response surfaces —~ pleograms — that will be fovmed for sach analyzed
image, and are used for iis further identification, Duoe to Hs inherent redundancy,

pleograms are extremely conservative and stabde making this technigque practically
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immune o strong image distortions and providing highest 1D reliability, ax
compared to conventional raw image maiching. The resufting Response Fonction
forms a 3D surface that look Hke a mountain terain relief - an oxemplary
Response Function picture is shown in FIGL L

5 Referring now fo FIOs. 2A and 2B, the PIA systewm operates i two
separate stages - a Template Formation (Barollment) stage 30 and a Template
fdentification (Recogmition) stage 40, The system includes a control et for
executing an cnvolhment control program during the enrollment stage and
exeuiing a identification control program during the recognition stage. & mamory

10 for storing data and the control programs, an image acguisilion system for
acquiring reference and identitiod image and other components.

Throughout the envolbment stage, a reference image 15 observed and
obtained. The reference image is then fltered and preprocessed inte a formation
template (FT). Afler that, the control program matches the FT against the same

1§ reference dmage forming 3D surface of the Response Ponction. A dynamic
threshold s tailored as @ function of unigueness of the reference terplate. An
exemplary process of reference image formation is iHustrated in FIGL 38,
The majority of image recognition algorithms work as decision-naking
procedures based on so-called Response Function (RF) analysis. Referring now to
20 FIG. 3A, the location of the extrerme RE value {or level) defines a true matching
point on reference image 52 and the observed image 50, The inventive PIA
methodology, employs a novel fmage recognition approach where the algorithm

forms an array of RE valoes from the reference image 52, Plotting of this RF array,

creates a 3D surface that looks Bke a mountain forrain relief where cach point s
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the RF level for given X-Y coordinates om the image — the pleogram and,
correspondingly, the reference pleogram 34 for the reference image 32, AL the
recognition stage for the observed image 30, the algorithm forms a R¥F
surface/plengram o be compared with the reference pleogram 34,

For the vertfication task, the iroage and the extreme value from MLE, s taken
as a frue match point. For the detection task, the MLE peak 15 be compared with the
given threshold, When the threshold s exceeded, the farget 15 considered captured,
otherwise the identification is rejected.

This innovative pleographic approach, that replaces "image-to-image”®
matching by "surface-to-surface™ comparison, brings significant advantages. Pach
pleogram lovel is obtained as a result of separate pisel matching contribotions and
strong neighborfarea fragment overlapping so these surfaces tend to be much more
stable than raw images. Hence, an image recognition procedure hased om the novel
PIA teehnique will provide higher reliability and accuracy as compared to
traditional  approaches. Soch a technigue should withstand  very  powerfol
distortions such as fmage damages, rolations, speckle, geometric distortions,
overall image amplitede wend, among others.

J-Dimentional R¥F Identification Throoghowt the identification stage. in
the course of scanrung an Tuput image of image formation s oblained. On s base &
new 3D template is formed absolutely in the same way as it was done on the
enroliment stags, and the program matches this against the putl image, forming 8
new RF sarface. The control unit then retrieves the reference RF serface {see
FIGL3), matching this against the new RF surface of the observed image to

determine af least one best mateh position. 1t resulis iy some secondary RE aurface
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{see FIG.4) obtained as "surface-to-surface” joint matching that should possess s
narrow and high RE peak. This, in turn, certaindy provides the object wdentification
high reliability and accuracy.

If the dysamic threshold is exceeded, the isput image s considered

5 identibed; otherwise identification 18 rggected. To speed op the determination of

the best match posttions, the observed image and the reference template may be
temporarily coarsened by a predetermuned factor, Optimald statistical algorithms for
the reference and ohserved RF surfaces joini matching has been developed,
simulated and tested on the base of real-world inmages.

10 A number of previous results, designs, and applications resalt i creation of
a quite now muhti-dimensional approach and method based on the spatial response
function use and possessing a perfectly different reliability - these fimetional
surfaces are very informative and conservative due to high redondancy gained in
their every pixel. Moreover, it is not an abstract theory: first, we uss most part of

1§ iy particudar algorithms already: secondly, as #t frequently happens, not a simple
and even sophisticated coough approach lvads to pretty mere computational
proceduwres bighly stable versas various distortions, for instance, strong image
detertorations. This approach is applicable (o recognition £ aualysis of any physical
objects, and not limied {0 use with mages only -- there are no serious restrictions

20 tothe broad wtiltzation of the novel technique.

In terms of biomedical image 1D, it means that even strong image quality
fowering does not lead to any noticeable reduction of the method discriminative
power; 1 works for any possible images and not only images. In very deed, #

results in novel scientific directions and new technological and technical solutions.

1

e

2]
I
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Although ity physical basics are quite different, its philosophical analogy ik
holography ~ from Greek “holos™ - “whole™- where all signal parameters
{amplitudes and phases) are recorded “in whole™ This technigue was named as
‘pleographoe” from Greek ‘pleorasmos | “pleonazon’ - redundancy”, “redundant’,

~

5 and obtaied surfaces as “pleograms . I the same manner as for holograms,
deleting of a tangible original information part {contrast, brightness, even entire

image areas) does not get the pleogram-based decision to a fatal mismatch.

Image Recognition Algorithms, It would sow be wseful fo discuss the
10 various novel image recognition glgorithms that may be readily implomented in the
inventive system.
The general recognition procedure, understood as hypothesis festing, can he

tornudated as follows, The measured tmage z is compared by a cerlain rule with

the reference a. This comparison vields a quantity @ that is a measure of similarity

Ly

betereen two images. After all the hypotheses have been tested, a two-dimensional
ficld ¢ is obtained, The global extrermum of this ficld is the point of highest
simifarity, The magnitude ¢ i3 called as the decision function {or response
function, meationad above),

In the framework of the statistical approach, the decision function 8
2 constructed from the posterior probability Plala) corresponding to the event that
the signal z1s actually the refevence a affected by noises. I the statistics of noise 1
known this allows one to derive for cach partivular case an optimal recogaition

provedure.
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Imaging devices are usually designed so that the noise can be assumed to

be independent sy different fmage pixels (at most, there may exist some correlation

between immediate neighbors that can be disregarded without much loss of

eatimate accuracy.)

I the assumption about nose independence s valid, the multndimensional

3
probability P becomes g product of one-dimensional functions;
Piiay=]17(z 10 {1
where 7, apt are the brightness values o the uth pixel of the respective mage.
1 For the sake of compuiational convenience, this expression is usually replaced by fis

logarithm
{2)

plzia)=3 olz,la,)

Pg=Inp

@=hp

redacing the procedore to the summation of independent contributions from

LAt

all image pixel pairs. It may be shown that the image pixel intensity z also undergoes

unknown vartations with power o After the fransform

{H

4
e
.

]
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new magnitude { is distributed as
Loai oy
@bt = [T (5)
Ly LA

The distribution obtained here will be called as generfized Weibuwll denxity (GWD)

{Weibull had considered s stroplified form for rellability engineering).

The
3 generalized Weiball density (GWED} moments are defined as
< &7 n (6)

Now the distribution {3} may be used as a density in (2} or, wore exactly, the
fogarithm of (5) tn (3). Then (2} transforms to

crrrrrrrrrnt’

= X

{7

10 Thas, the RF value can be directly found for the set of all pixel of the observed
image z, reforence image a, and pre-galoulated .
Statistical Comprehension of GWD
The GWD spreads all over a large number of real-world siuations. For
13

instance, for the particular case of g = 1 1t transforms fo the Laplece distribastion that

typical for the electromagnetic power statistcal description:

®)
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For o = 2 the GWD becomes the Roleigh distribution applicable for

electromagnetic amplitudes:

Lo2foyT ”
FACHTIN ed FEReer B Ja & a= b )
= T{fya L ¢ L 7 \ oy )

5
And, finally, for w= 1 and L= ¢ and after ¢ Hoear substitution {
v 2
10 he Ganuma density poours
Y3 i gl ey - ;
S I (h
Uiy

Thus, the OWD use provides the statistical description for most of the

practivally interesting cases in imagery.

15 Experimental Data
The hasic response function (RF) surface approach consists i the inherent
surface property ese. Indeed, each function {3) level obtaing as o result of strong

neighbor hypotheses overapping so these swrfaces are much more stable and
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comservative than raw images. Hence, an image recounition procedure hased on "RF
surface identification” should provide highest reliability and accuracy i comparison

with traditional approaches.

A

Aerospace / Spaece Observation Recognition

This approach is guite applicable to aerospace observations. Let us consider
two radar mage of NI {the Passaic River area), recelved from differant satefiites,
Orbimage and SPIN-2 (see FUG, 20 and FIG. 21) Images are slightly shified one
another but they comprise nutual areas. Despite the fact that images look quite
10 different, the 3D RF-based fragment recognition i3 absolutely correct (seo FIG. 221
Practically, there are no restrictions regarding utiization of the inventive system and

method with images of any orientation.

Concluzions

LA

The inventive PRMI System and Mothod are aimed &t optimizing the
performance of identification systems, and comprise at least the following basic
foatares that are advantageous over, and distinet from, previously known solutions,

sstems and methodologies:

»  Feature independence: Matching is carried out hetween two images in their
20 entivety, rather than between some specific shapes, or features, detected in the
tmages. This approach has at least three significant advantages:

o all available information contained i the images is fully utilized;

20
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o no exira ervors resulting from incorreat feature detection can ogeur;
o the absence or presence of any particular shapes in the images has no
influence on the result;

»  Ability to withstand severe image distortions: The technology works well

3 even when the mput image s degraded by various distortion factors such as
noise, surface pollution, brutses, oo,

s Ability to jointly use dissimilar image features: the input data mix may
inchude multiple image arcas, all such information pieces complementing sach
other and comprising a lughly redundant data set; and

10 s  Compatibility with existing cameras/readers: the technology has been
suceesstully tested on from-the-shel market sensor prodacts,

These featores nake this technology the bext in its class vwith respect to the
attainable error rates and the scope of gpplications. The technology provides a
uniform framework for implementing a wide variety of observationfidentification

15 systems custornized each for its particular application.

The technology s superior to others in that it allows one o employ any
amounis of input data, inchsding pbysically  disstmilar  measerements,  which
practically removes the Hmitation on the attainable FAR and FRR values.

Al the samwe time, a high degree of redundancy requires the comesponding

20 processing time, An obvions solution is to vetain only the most typteal and small-sized
shapes in the image, discarding all the rest. This approsch gave rise o various
skadeton techrigques, including reference point algorithms, In fact, that was the usual

contradiction hetween the necessary data sisounts and the seed o process them i a
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very limited time, In inventor employing advanced mathematical techaiques, was able
to sobve the contradiction mentioned above. The algorithins and software can process
huge amounts of data in just a fraction of a second. This is sccomplished with the aid

N

of sophisticated pipeline procedures and compact starage of the reference data.

Exemplary PIA Utilization
A PIA exemplary procedure s the so-called zonal model of a terrestrial and
sea swrface images, Useally, the Barth’s swrface confains extended regions in
which the surface reflectivity is gpproximately uniform. This is due to the same
Uy physical nature of surface cover in the region {grass, forest, open soil, water, rough
sea, flat sea, and so forth), Such regions are wsually shown in maps, making #
possible te use maps for preparing references. Such reglons will be called

}u‘.«n‘mgmef}us ZORCE,

Homeogengous Zone Sglection

LA

An observed wake I8 shown in FIG4 ay an example of & maritime Image
with a V-shaped structure. In order to {orm a reforence object, this image should be
broken down into homogencous zones. Since theve is only one struchure of inferest
~ the wake o be selected ~ two homogencous zones should be identified: the

20 “wake” zong and “ponwakes™ zone (see FIGAL - Reference Wake Radur Image). A
special selecting procedure locates the wake pattern in the top-left location on the
original image (indicated by the yellow square). After this reference area is

extracted {FIG.3), a zoning algorithm breaks down the selected fragment into two

o
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homogencous zones developing an Area Coded Template (ACT) {see FIG 3 -
Reference Area and Area Coded Template).

The same procedure can be gpplied to the low-contrast figure-8 images

shown bolow In FIG. 6 the figure~8 signature s logated within the yvellow

53 rectangle where the white dashed fines show signature axes. The samie image, pre-

processed to crease contrast, i shown in the tmage on the right in FIG. 6 (see

FIG. 6 ~ SAR,  Figure-8 Signature hnage (left) and Pre-Processed Image (nighih).

After processing, the figure-8 ACT appears as shown in FIG.7 {see FIGT, Figure-

& Signatwre ACUTY The obtaingd flzure-8 ACT accurately matches the wriginal

10 veferepce bvage. Thes teroplate should be used further for recognition and

identification purposes.

SAR Image Signature Recopnition. ldentification Relability and
Accuracy
15 The primary goal of the example presented here was 1o estimate maiching
toasibility for sea surfsor images as o part of Maritime Moving Target
fdentification (MMTT) solotions: niass statistical simudation was not the ohjective,
Computational experiments have been carried out in four steps:
1. Tmage visual analysis
20 2. Automated program sigoature identification
3. Formation of randomly distorted ohserved images

4. Matching of observed images o their reforonce prototype
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The ariginal figure-8 image from FIG. 6 {enlarged) is shown below in FIG. &
where the visaally observed signature arvea s indicated by the vellow rectangle, For
further matching purposes, the ACT is turned into a clarified figure-8 binary template
(see FIG. & - Original (Refereave) SAR Observed Image and Flgure-8 Binavy

5 Template).

The inventive system and method can glse be used for automated signature
raatching, The highest likelihood template position is selected by the program and
shown by the vellow dashed rectangle in FIG. 9 below. As can be seen, the image
fragment found by the wogran s the same one that was visually selected in FIGL 8

10 {see FIGL 9 - Joint Bisary ACT and SAR Image Matching),

viewd and FIG. 11 {isometric view} {see PIG. 10 - Figure-R Pleogram, and see
FIG. 11 - Figure-R Pleogram). The extreme value on the pleogrim s casity seen as
a bright point in the gravseale MLE ficld (FIG. 10} and as a bigh and narow peak

15 on the pleogram relief (Fig 11 In the course of matelung, the binary ACT i
moving along the reference iimage seeking 1ts most likely focation, The troe figure~
8 location omediately gives a strong response (pleogram peak) that provides high
rehability; the peak has the narvow cross-section that delivers good accaracy. This
vesult is very promising. Indeed, the figare-8 object on the reference image (FI1G.
200 9) has ap intermitfent strocture, low contrast with respect to the background, and ix
barely distinguished by the naked eye. Nonctheless, the applied algovithms and
procedures have quite successfully identified the required signatre location

providing accoptable reliability and scouracy. This example supports the assertion

that inventive system and method can be utilized to search, detect and olassify

24
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various objects of interest,
To further demonstrate the power of the novel matching echniques, observed
images were maodified gsing a statistical model that includes the following random

and deterministic components:

R
L 3

Amplitude (brightness) Huctuations {speckle}
+ Unknown gain
e Receiver additive noise
¢ Contrast degradation
s (eometrical streteh
1 «  Rotations
image  pre-processing/improvement  that nwy  be readidy wiilized i
conjunction with the inventive system and method include, but not Hmited to,
procedures such as Overall Trend Removal (OTR), Linear Range Adjustment
15 {LRA), Histogram Range Stretch (HRS), and others,
The figure-8 image has been distorted in correspondence with this model
with the g receiver additive noise vartance =128 {entire pixel brightuess range 18
[0, 3551 such that a ,{ vatue leads to strong useful signal suppression. The fmage

was also rotated by 30 degrees and the contrast degraded. Exponentially

2

2

20 distributed multiplicative speekie is clearly scen in the picture (see FIG. 12 -
Distoried Observed Imagey as g "grained” structure. {n sum, these faciors combine

to make the output image unrecognizable £ the human eye.

The ventral part of the distoried arga — shown by the white frame — bas been
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extracted for further matching as an observed image. Maitching was performed using
one of the embodiments of the inventive system and method, mplemwented in a data
processing system operable 1o execute bbage progessing software instructions, and

operated in a Relative Measurcment (RM) "rescarch”™ mode. The R interface and
5 muaiching vesults are showa in FIGL 13
The Mafch Engine (ME) program selects a particular image arsa {green
squaare sef) on the reference Tmage AL
The selected fragment is buing matched against the extracted vbserved image,

Image B on the right. lTmage joint recognition is cousidered positive with the

W “SUCCE

SFUL MATCH” cutcome at the top of the soreen in the “Results™ box, i
the matching Score (see green arrow in FYG, 13) is higher than a given Threshold
value (circled n red). Otherwise recopnition is considered as false and an

SUNCERTAIN MATCH” outcome provided (FIG. 14), Al scores arve normahized (o

t: the closer the score is to unity, the higher matching reliability, Additionally the

—
K 4]

program measures reciprocal Shifts and Rotation angles between images, and total
Displacement.

As seent in FIG. 13 (Matching Results for Qeiginal and Distorted Tnages), the
observed image ~ despite strong distortions and noises — has been matched 1o the
original one correctly. Deviation from the tmiial coordinates on the reference fmage
20 {Template Position, X=190 and Y=124, indicated by ovan rectangle in FIGL 13 B
small, only 2 and (-2 pixel reciprocal Shifts (shown by a brown rectangle).

This shows the bigh acouracy of the nventive system and method, and, due
a strong (~0.83) inal Scorve, also demoustrates high reliability. The 30 degree rotation

>

angle has been measured with high precision ag well (window Retation in Fig {3,
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circled i bluel.

signature of interest, then the same reference bmage fragment (Template Position,

X=190 and V=120, indicated by cyan rectangle), does not positively match to any
S arca on Imapge B (sce FIG. 14 - Malching Results for Reference and Background

fmages).

For this example of a step in the scamning process, the matching attempt
comes up to some random area with wrong Shifts, low Scere, and wrongly detined
Rotation.

it Thus, this compatational experiment has been conducted purely under
conditions of the same reference image, reference template position, threshold, and
nadse realization, { shows that our proprietary algorithms and software accurately
whentify the signature i 1 really_egusts i the snalyred fmage and reject

identification if the age contains background only.

L

Linsar and V-shaped structure were uiilized for further identification, Images

B in FIG. Jand FIG. 16 have been strongly distorted including nonlinear geometrical

N

streteh and powerful chater {see FIG, 15 - Lincar Trace Matehing, and see FIG, 16 «
V-Shaped Trace Matching).

Despite these distortions, the correct matching bas been accomplished by the

200 program. The displayed experimental vesults demonsirate our software™s capability

under conditions of the strong distortions and voises making it reasonable to utilize

the approach of the inventive system and method for small and low-contrast target

detection and identification.
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Thus, while there have been shown and deseribed and pointed owt
fundamental novel features of the invention as applied to preferred embodiments
thereof, 1t will be anderstood that various omissions and substitutions and changes in
the form and details of the devices and methods Hlustrated, and in their operation,
may be made by those skilled 1o the art without departing trom the spirit of the
invention, For example, it is exprossly Intended that all combinations of those
glerments andior method steps which performy substantially the same function o
substantinlly the same way 1o achieve the same vesulis are within the scope of the
invention. It is the intention, theretore, to be Hmited ooly as indicated by the scope of

the claims appended bereto,
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CLAIMS

I Claim:

1. An image matching method and system used to dolermine or verily the
identity of an unkonown paticen by comparing ong or more of the images to known
5 images stored in a data base, the sysiem comprising at least one of the following
components:
ay Pre-Matching lmage Filtration:
b} Pleographic Spatial Reference Data Matching;
¢} Phase Space Critical Path Hypothesis Testing;
1t dy Speed-Up Coarsened Reference Field Processing;
ey Pre~-Caleulated Data Stream Treatment;
) Inter-Resolution Measurement Estimation;
2y Dhssimilar Data Joimt Utilization;

hy Image input subsystem, operable to create s digital image of the

13 anknown inage and to stowe satd tmage i 3 memory of sakd input
subsystem;

13 Template creation subsystem, coupled to sald image foput subsystem,
opevable to recetve said ymage of said unknown bmage and fo enroll
this creating a digital template hased on locations of image features in

24 satd bil-map:

1} Classification suhsysterm, coupled to said image oput subsystens and
said template creation subsystem, operable to roceive sald image and

said template and to assign said anknown bage to a primary image

29,
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category based on distinct patterns prosent in said image and digital
information extracted from said template;

k) lnage storage subsystem, coopled to said classification subsysteny,
sald template creation subsystem, and sald image input subsystem,

5 operable to store said image and sad template in memory locations
that correspond to the primary image category and alse to store
known bilvmaps and templates of known bil-maps in memory
locations that correspond to the primary frmage category: and

13 Scarch subsystem, couplsd to the image storage subsystem,

10 operable o compare sald teruplate of sald uskpown image to
templates of said known image that are of the same primary image
category as said upknown image formation , and to produce 8 result
indicating a probability that said unkacwn image is identical to one

of said koown image formations.

15
2. A method for verifving the identity of 8 subject implemented in system
of claim {, comprising the steps off
a) Acquiring an ervolbment image of at least a substantial portion of the
subject’s formation;
20 by Identifying aveas of sald enrollment image taving af least a

prodetermined unigueness level and having dissimilar festures;
¢y Generating and storing a plurality tomplates based on ssd identified
areas, said emplates comprising redundant data sets ropresentative of

different unique arcas of satd enroliment image:

-39-



WO 2011/032142 PCT/US2010/048758

d) At a later time acquiring a verification Image of at least a substantial
portion of the subjects formation; and
g} Determining whether said verification boage corresponds to said

enroliment image wtilizing said plural wemplates,

2
3. An automated image classification and  Kentification system for
determining or verifying the identity of an unknown image formation by comparing
ong or more of the Image fmages to known image images stored in a database,
operable to exeoute method instructions comprising the steps oft
1t a) Storing the knowsn images in the data base, having a plurality of
memory {ocations, each one of satd memory locations correspond © a
printary category of & image classification systemy
by Recetving one of the unknown inwages; and
¢} Automatically determining to which primary category of the image
15 classification systemy the unknown image corresponds, whether s

match exists between said unknown tmage and one of the known

images of the same classiffcation primary category.

4. An image matching system of claim 1 implemented in an identification
200 device supplied w, and preferably secured on, a user and equipped with at least one of
the following funclions: & remote car keyless access component. @ remote building

sivugture keyless access component, 3 point of sale account access component, a

financial account secess EOQ‘I}?QE‘IEHQ, and a remote WEa PO control C{}if’i]pl)nt‘-!‘lt.
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6. A system for identifving tmages and for storage thereof in & computer
searchable image database, comprising:
ap Means for scanning said image in a predetermined scan area;
) Means for determining an image match score;
5 ¢} Means for assigning said rmage with a particalar inage typerand
&y Means for storing said type for esch known image in a machine
searchable database,
An bunage matching system of claim 3 combined further comprising
10 means for bmage structure analysis operable 0 perform at least ose medical
diagnostic and pathology function, snd to study and identify images against a pre-

determined medical imaging baseline database.
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Fig. 3, Reforence Avea and Area Coded Tempiate
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Fig.7. Figure-8 Signatare ACT

Fig 8. Original
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Fig.16. V-Shaped Trace Matehing
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Fig. 193, Variance Field Patteras
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Fig. 2 Reference lmsge Fig 24 Input fouage
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.

Fig23, Submarine SAR Image Mutching and Pleogram Relief
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N
Fig 24, Input Pathology Fig. 25 Tumeor Sight after Fig.26. Reforence Image
TImage Preprovessing infiltrating Ductal

Carcinoms
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