wo 2012/085923 A1 I}V 00 OO 0O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/085923 Al

28 June 2012 (28.06.2012) WIPOIPCT
(51) International Patent Classification: Bangalore, Karnataka (IN). BANERJEE, Serene [IN/IN];
GO6T 7/00 (2006.01) GO6K 9/00 (2006.01) 24, Salarpuria Arena, Salarpuria Arena, Adugodi, 560030
. .. ) Bangalore, Karnataka (IN). CHOUDHURI, Chiranjib
(21) International Application Number: [IN/IN]; 94/17, Nayapaiti Road, Kolkata 700055, West
PCT/IN2010/000852
Bengal (IN).
(22) International Filing D"‘“’é 4 Decernber 2010 (24 12,2010y (74 Agent: NAMA, Prakash; 198F, 27th Cross, 3rd Block,
coember (24.12. ) Jayanagar, 560011 Bangalore, Karnataka (IN).

(25) Filing Language: English (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(71) Applicant (for all designated States except US): HEW- CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
LETT-PACKARD DEVELOPMENT COMPANY, L. DZ EC. EE. EG, ES, FL GB, GD, GE, GH. GM. GT. HN.
P. [US/US]; 11445 Compaq Center Drive West, Houston, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
Texas 77070 (US). KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(72) Inventors; and MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(75) Inventors/Applicants (for US only): SANKARASUB- OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, 8D, SE, 5G,
RAMANIAM, Yogesh [IN/IN]|; 24, Salarpuria Arena, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR, TT, TZ,

Salarpuria Arena, Adugodi, 560030 Bangalore, Karnataka UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(IN). MUNNANGI , Krusheel [IN/IN]; 24, Salarpuria (84) Designated States (unless otherwise indicated, for every

Arena, Salarpuria Arena, Adugodi, 560030 Bangalore,
Karnataka (IN). SUBRAMANIAN, Anbumani [IN/IN];
24, Salarpuria Arena, Salarpuria Arena, Adugodi, 560030
Bangalore, Karnataka (IN). SHARMA, Avinash [IN/IN];
24, Salarpuria Arena, Salarpuria Arena, Adugodi, 560030

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[Continued on next page]

(54) Title: METHOD AND SYSTEM FOR CLASSIFICATION OF MOVING OBJECTS AND USER AUTHORING OF NEW
OBJECT CLASSES

100

4L‘

EXTRACT AN OBJECT DESCRIPTOR AND A MOTION DESGRIPTOR FROM THE INPUTTED l

’ INPUT A MOVING OBJECT

MOVING OBJECT

IDENTIFY MULTIPLE INITIAL GANDIDA TE LIBRARY OBJECT DESCRIFTORS FROM AN OBJECT
LIBRARY AND A MOTION LIBRARY

108
‘ IDENTIFY AN INITIAL OBJECT CLASS ESTIMATE BASED ON THE IDENTIFIED MULTIPLE INITIAL

CANDIDATE LIBRARY OBJECT DESCRIPTORS

110

COMPUTE AN INITIAL RESIDUE BASED ON THE EXTRAC iED OBJECT DESCRIPTOR AND THE
IDENTIFIED MULTIPLE INITIAL CANDIDATE LIBRARY GBJECT DESCRIPTORS.

112

| IDENTIFY A SET OF MULTIPLE CANDIDATE OBJECT DESCRIPTORS FROM THE OBJECT
LIBRARY

l 114

‘ COMPUTE SCORES FOR EAGH OBJECT CLASS BASED ON THE IDENTIFIED SET OF Mummj

CANDIDATE LIBRARY OBJECT DESCRIPTORS

16

F IDENTIFY AN OBJECT CLASS ESTIMATE WITH A HIGHEST SCORE

118

COMPUTE A RESIDUE BASED ON THE EXTRACTED OBJECT DESCRIPTOR AND THE
IDENTIFIED CANDIDATE LIBRARY OBJECT DESCRIFTORS

OBJECT CLASS
ESTIMATES
CONVERGE?

DECLARE YHE IDENTIFIED OBJECT CLASS AS AN OUTPUT OBJEGT CLASS

FIG. 1

(57) Abstract: A system and method for classification of moving objects and
user authoring of new object classes is disclosed. In one embodiment, in a
method of classification of moving objects, a moving object is inputted.
Then, an object descriptor and a motion descriptor are extracted from the in-
putted moving object. Multiple initial candidate library object descriptors are
identified from an object library and a motion library using the extracted ob-
ject descriptor and the extracted motion descriptor. An initial object class es-
timate is identified based on the identified multiple initial candidate library
object descriptors. Then, an initial residue is computed based on the extrac-
ted object descriptor and the identitied multiple initial candidate library ob-
ject descriptors associated with the initial object class estimate. The object
class estimates are iteratively identitied and it is determined whether the ob-
ject class estimates converge based on a stopping criterion.
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METHOD AND SYSTEM FOR CLASSIFICATION OF MOVING OBJECTS AND

USER AUTHORING OF NEW OBJECT CLASSES

‘BACKGROUND

[0001]There are many techniques for classification of objects into one of sevéral
known object classes. For éxamble, the objects may be moving objects or static
objects. Typically, these techniques are pérametric and may need large amounts of
training data.or samples. Some of the parametric techniques include those based on
hidden markov models (HMM), support vector machine (SVM) and artificial neural
networks (ANN).. On the other hand, there exist non-parametric methods like
nearest neighbor, but may not be accurate with small amounts of training data.

Thus, due to requirement of more number of training sambles, the above-mentioned

techniques for classification of objects may not be feasible. Further, authoring a new

object class may be also cumbersome, as it usually involves re-training entire data.



WO 2012/085923 PCT/IN2010/000852
2

BRIEF DESCRIPTION OF THE DRAWINGS .

[0002] Various embodiments are described herein with reference to the drawings,

wherein:

[0003]FIG. 1 illustrates a computer-implemented flow diagram of a method of

classification of 'rhoving objects, according to one embodiment;

[0004] FIG. 2 illustrates a computer-implemented flow diagram of a method of user

authoring of new object classes, according to one embodiment;

[0005] FIG. 3 illustrates classification of hand gestures, according to one

embodiment;

[0006]FIG. 4 illustrates classification of printed logos in printed documents,

according to one embodiment; and’

[0007] FIG. 5 illustrates an example of a suitable computing system environment for

implementing embodiments of the present subject matter.

[0008] The drawings described herein are for illustration purposes only and are not

intended to limit the scope of the present subject matter in any way.
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DETAILED DESCRIPTION

[0009] A system and method for classification of moving objects and user authoring
of new object classes is disclosed. In the following detailed description of the
embodiments of the present subject matter, reference is made to the accompanyingA
drawings that form a part hereof, and in which are shown by way of illustration
specific em_bodiménts in which the present subje_ct matter may be practiced. These
embodiments are described in sufficient detail to enable those skilled in the art fo
practice the present subject matter, and it is to be understood that other _
embodiments may be utilized and that changes may be made withoﬁt departing frorﬁ
the scope 6f the present subject matter. The following detailed deécriptipn is,
therefore, not to be taken in a limiting sehse, and the scope of the present subject

matter is defined by the appended claims.

[0010]In the document, ‘moving object’ refers to a general entity that includes
motions of différent entities like a continued motion of the left hand followed by a
motion of the right hand. A collection of such ‘moving objects’ into which a given test '
object needs to be classified is referred to as an ‘object class’ in the document. The

object class includes variations of the ‘moving objects’.

[0011]FIG. 1 illustrates a computer-implemented flow diagram 100 of a method of
classification of moving objects, according to one embodiment. One example of
classification of moving objects is classification of hand gestures in human-computer
interaction, described in detail with respect to FIG. 3. At step.102, a moving object is.

inputted. At step 104, an object descriptor and a motion descriptor are extracted
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from the inputted moving object. The object descriptor and the motion descriptor
include features describing shape, size, color, temperature, motion, and intensity of

the inputted moving object.

[0012] At step 106, multiple initial candidate library object describtors are identified
from an object Iibrary ar)1d a motion library using the extracted object descriptor and
the extracted motion descriptor. The objéct library and motion library ére formed
from given object samples including known object classes. The formatidn of t'he
object library and the motién library is explained in greéter detail in the .below
description. At step 108, an initial object class estimate isridentified based oﬁ the
identified multiple initial éandidate library object descriptors. At step 110, an’initial
residue is computed based on the extracted object déscriptor and the identified
multiple initial candidate library object descriptors assoéiated with the initial object

class estimate.

[0013] At step 112, a set of multiple candidate object descriptbrs is identified from the
object library based on a residue and the identified ﬁqultiple candidate library object
descriptors from a previous iteration. At steb 114, scores are compﬁted for each |
object class based on the identified set of ﬁultiple candidate Iibrary object
descriptors. At step 116, an object class estimate with a highest score is idéntified.
At step 118, a residue is computed based on the extracted object descriptor and the
identified candidate Iibréry object descriptors associated with the identified object
class estimate. At step 120, it is determined whether the identified object class
estimates converge based on a stopping criterion. If it is determined so, step 122 is

performed, else the method is routed to perform the step 112.
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[0014] At step 122, the identified object class is declared as an output object class.
Ih one example implementation, if it is determined in step 120 that the identified
object class estimates converge based on the stopping criterion, it is determined
whether to reject the input'tedmoving object based on an object rejection criterion.
Further, if the inputted object is not to be rejected, step 122 is performed. According
to one embodiment of the present subject matter, a method of dassification of a
static objéct may be also realized in a similar manner as thé method described
gbove. One example of classification of static objects is recogniﬁon of logos from
printed documents which is explained in detail with respect to FIG. 4. Example
pseudocodes and pseudocode details for classification of moving objects and static

objects are given in APPENDIXES A and B, respectively.

[0015] The object library and the métion library méy be formed as below. Consider a
+ set of N object classes ‘Ia'beled 1,2, 3... N. Each of the object classes includes a
small set of representative samples. For example, the samples may be a set of
shbrt videos Qf the moving object. Within each sample, a relevant portion is first
identified which includes the moving object. This may be done, for example in
videos, by identifying a start frame and an end frame using any suitable object
detection and segmentation. The identification of the start frame and the vend frame

removes extraneous data not needed for classification.

[0016] Then-,l an object' class library L; is formed for each object class /. The object -
class library L; includes two sub-libraries, namely object library L,; and motion library
L The-object library Lo and motion library L includes object descriptors and

motion descriptors, respectively. The object library L, ; for a given object class i is
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formed by extracting suitable object descriptors from given samples of the object -
class i. For example, an object descriptor is extracted from each sample of the

object class / and then the object descriptors are concatenated to form the object f

library L.

[0017]For example, if the given samples of the object class i are short videos, few
frames a‘re selected from the given video samples, and object feature vectors are
computed for the selected frames. The frame selection may be performed by
sampling to capture enough representative object feeture vectors. For‘exarr\_ple, the
object feature vectors may be features describing shape, size, color, temperature,
motion, |nten3|ty of the object, and the like. The object descrlptor is then formed by

concatenating the object feature vectors cqumnwise.

[0018] The above process is then repeated for each video sample a'nd the object
descriptors frorn each of the video samples are concatenated to form the object
library Lo for a given object class i. Mathematically, the object library L, is
represented as Lo =[Lo,i 1 Lo,,-,zh Lo,i3 ... Loim i] for M; samples in object class /, where
each object descriptor L, ;« is further written as a concatenation of length-F feature
vectors as Lok =[lhik1bikz2---]. The size of the object library Lo,', can be reduced
using techniques such as clustering, singrjlar value decomposition (SVD) and the
like. For example, in K-means clustering, each cluster corresponds to a variation of

a hand gesture in FIG. 3. One representative sample from each cluster may then be

chosen to be part of the object library L, .
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[0019] The full object Library L, for the N object classes is obtained by further
concatenating the individual object libraries. Thus, L,= [Lo,1 Lo2Los Lon], Iwhere
L, denotes the object library for object class i, which is formed as explained above.
The number of rows in L, is F, while the number of columns depends on the total

- number of samples. Thus, L, is composed of Mj+M,+...+My object descriptors.

[0020] Similarly, the motion library L= [Lm 1 Lmz2Lm3..” Lmn], where L, ; denotes the
motion library for object class /. For each object sample, a motion descriptor may be
formed for that sample. Then the motion descriptors_may be stacked from each of
the object samples to form the motion library Ly, Thus, Ln; can be written aé Len
=[ln,ii Iwi2-.- Imim_i]- The motion descriptors for object sampleé may not have same
length, unlike the feature vectors. For example, if the given object class samples are
short videos, motion vector of a centroid of the object is calculated from one frame to
another, from a start frame to an end frame. Then, an angle which the motion
vectér_s make with a positive x-axis is determined for every frame. The angle vectors

of each object sample are stacked to obtain the motion library L, ..

[0021]FIG. 2 illustrates a chputer—impIemented flow diagram 200 of a.method of
user authoring of new object classes, according to one embodiment. At step 202, an
object class is authored by a user. For example, the user may provide
representative samples of a chosen object class. In case of a new hand gesturé,
demonstrations of the new hand gesture may be provided by the user. At step 204,
object library and motion library associated wit’h the authored object cl-ass by the

user are formed, which is similar to the method of formation of libraries described
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above. The clustering and the SVD techniques may be used to reduce the size of

the object library for the user-authored object class.

[0022]At step 206, it is determined whether to reject the authored object class. For
example, it may be determined whether the object library and the motion library
associated with the aufhored object class are substantially close to the existing
object library and the motion library using an object rejection criterion. If it is
determined so, the authored object class is rejected and the user is requested fof an
alternate object class in step 208. If not, step 210-is performed where the oAbject
library and the motion library associated with the authored object class are added to

the existing object library and motion library, respectively.

[0023] FIG. 3 illustrates classificétion of hand gestu‘reé, according to one
_embodiment. The hand gesture classification is one example implementation of a
method of classification of moving objects which is described in detail with respect to
FIG. 1. As illustrated in FIG. 3, the hand gestures include different hand poses, for
example pointing 302, open palm 304, thumb up 306, and thumb down 308. In one
example, six hand gestures may be classified, including move right with open palm,
move left with open palm, move right with pointing palm, move left with pointing
palm, move up with pointing palm, move down with pointing pa]_m. The number of
sémples used for the six hand gestures are 6, 7, 9, 7, 6, and 6 respectively. The
featuré vectors are obtained by downsampling and rasterizing a hand region of the
captured image frames. User-authored hand gestures may further be added to the

above six hand gestures,
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[0024] FIG. 4 illustrates classification of printed 'log_os in printed vdocuments,
‘acbording to one embodiment. The classification of printed logos in printed
documents is one example implementation of a method of classification of static
objects which is similar to the method of.class!fication of mo\)ihg objects described in’
_ detajl with respect to FIG. 1. As shown, FIG. 4 includes 12 different logos
represented by a library of size 240 X 119, with around 10 samples per logo. The
feature vector is obtained by extracting significant points from the logos and
computing a log-polar histogram. Invalid logos are rejected using a threshold-based

rejection rule. User-authored logos may further be added to the above 12 logos.

[0025]FIG. 5 shows an ex_aﬁwple of a suitable corﬁputing system environment 500 ‘for
implementing embodiments of the present subject matter. FIG. 5 and the following
discussion are intended to provid‘e‘a brief, general descriptic;n of a suitable
computing environment in which certain embodiments of the inventive concepts

contained herein may be implemented.

[0026] A general computing device 502, in the form of a personal computer or a
mobile device may include a processor 504, memory 506, a removable storage 518,
and a non-removable storage 520. The computing device 502 additionally includes
abus 514 and a n.etwork interface 516. The computing device 502 hay include or
have access to the computing system environment 500 that includes user input
devices 522, output devices 524, and ‘communi;:ation connections 526 such as a

network interface card or a universal serial bus connection.
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[0027] The user-input devices 522 may be aidigitizer screen and a stylus, trackball,
keyboard, keypad, mouse, iand the like. The output devices 524 may be a display
device of the personal computer or the mobile device. The communication
connections 526 may include a qual area network, a wide area network, and/or other

networks.

[0028] The memory 506 may include Volatile memory 508 and non-volatile memory
510. A variety of computer-readable storagé media may be stored in and accessed
from the mémory elements of the computing ‘device 502, such as the volatile
memory 508 and the non-volatile memory 510, the removable storage 518 and the
non-removable storage 520. Computer memory e'le.ments may include any suitable
memory device(s) for storing data and machine-readable instructions, such as read

" only memory, random access memory, erasab|ve programmable read only memory,
electrically erasable programmable read only memory, hard drive, removable média
drive for handling compact disks, digital video disks, diskettes, magnetic tape

cartridges, memory cards, Memory Sticks™, and the like.

[0029] The proc,essor. 504, as used herein, means any type of computational circuit,
such as, but not limited to, a microprocessor, a microcontroller, a complex instfuction
set computing microprocessor, a reduced instruction set computing microprocessor,
a very long instruction word microprocessor, an explicitly parallel instruction
computing r'hicroprocessor, a graphics processor, a digital signal p'rocessor,'or ahy

other type of processing circuit. The processor. 504 may also include embedded
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controllers, such as generic or programmable logic devices or arrays, application

specific integrated circuits, single-chip computers, smart cards, and the like.

[0030] Embodiments of the present subject mat'ter may be implemented in
conjunction with program modules, including functions, procedures; data structures,
and application programs, for performing tasks, or defining abstract data typeé or
low-level hardware contexts. Machine-readable instructions stored on any of the
above-mentioned storage media may be executable by the pro_ce'ssor 504 of the
‘computing device 502. For example, a computer program 512 rﬁay include
machine-readable instructions capable of classification of moving objects and user
: authoriﬁg of new object classes, 4acc;ording to tﬁe teachings and herein described
embodiments .of the preseht subject matter. In one embodiment, the computer
program 512 may be included on a compact disk-read only fnemory (CD-ROM) and
loaded from the CD-ROM to a hard dfive in the non-volatile memory 510. The
machine-readable instructions may cause the computing device 502 to éncode

according to the various embodiments of the present subiect matter.

[0031] As shown, the computer program 512 includes a moving object classification
module 528. For example, the moving object classification module 528 may be in
the form of i‘nstructions' stored on a noﬁ-transitory computer-readable storage
medium. The non-transitory computer-readable storage medium having the
instructions that, when executed by the computing device 502, may cause the

computing device 502 to perform the methods described in FIGS. 1 through 5.
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[0032] In various embodiments, the methods and systems described in FIGS. 1
through 5 may enable classification of moving or static objects using a small library
of samples. The library may be stored on client itself, with few samples per class
needéd. The above-described method of classification is for real-time classification,
where the object classes may include variations of objects. The above-des_cribéd
metl:lod of classification is also capable of rejecting test objects which do not belong
to.any known class. Given the small library needed per class, the above—des‘cribed
method of classification isécalable and supports easy addition or removal of new

object classes by a user.

[0033]' Although the present embodiments have been described with reference to
specific examples, it will be evident that various modifications and changes may be‘ _
made to these embodiments without departing from the broader spirit and scope of
the various embodiments. Furthermore, thﬁ'e various devices, modules, analyzers,
generators, and the like described herein may' be enabled and operated using
hardware circuitry, for example, complementary metal oxide semiconductor based
logic circuitry, firmware, software and/or any combination of hardware, firmware,
and/or software embodied in a machine’ readable medium. For example, the various
electrical structure and meihods may be embodied using transistors, logic gates, and

electrical circuits, such as application specific integrated circuit.
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APPENDIX A
Moving Object Classification

Input:
Lo and Ly, Object Library and motion Library of known object classes
&' Number of object classes, labeled 1.2,... N
L., and-f,> Obyect descriptor and motion descripfor of test abject
Ty, Ty: Truncation Parameters
71, T9. Thresholds
T Number of iterations

Initialize:
1" set of Ty object descriptor indices of Lg chosen based on f(Lo.Lwm.Liodm)
1% set of indices in 1" tozrespondmo to'class i i i= =1,2,.... N
Tnitial object class estimate € = arg max; 5 ..... e %Lﬁ v

Inttialize residues = loj—Lp Xeop, j=12....,

Iterate:
fort=1t0 T
Compute IM setof 75 object descriptor indices of L, chosen based on h(L,, 1), where A~ SR
Merge If,, = 15l UL

Compute T': set of T} object descriptor mdices of Ly, chosen based ony '____
Compute I set of indices in I* corresponding to class 4
Z

Compute class scores §'(i} = 3 fm each object class i = 1,2,... N, wh-‘le Xy = L il

Object class estimate C* = arg max; 3 ' :

Cmnpute residue 1 1 lyj = L[: JXey, §= L2,... .M
Check stopping mtem

end for

Stopping criteria:
If(C’ 1 AND %
‘ then check object 1919011011 cmenrm '

else go to iterafion step 1

Object rejection criterion:
I o(s' T Ly, Ly, Ly I} 0 7o, where s = (1), 612, . ' IN))
then reject test object
else output class C* and stop
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Moving object classification pseudocode details

1. One possible realization of f (Lo, Lm, Lo, Im) is to compute the sum of the
projection of the columns of L, in the vector space spanned by the object
descriptors, namely:L, ; for k™ sample of class i, multiplied by the longest
common subsequence matching index (LCSind) between the test motion
descriptor I, and the corresponding Library sample motion descriptor, which is
given by the following equation ‘

Ao :
‘ (}; LL1,1) LCSind{hy D in). D<o N <k <M

and then selecting the object descriptor indices of L, corresponding to the
largest values. The corresponding object descriptors stacked together are now
denoted as L,, where we drop the subscript ‘o’ for convenience, and | is used
here to denote the appropriate set of indices referred to. Further L}L denotes the
pseudoinverse of L,. Other suitable realizations of f (Lo, Lm, Lo, Im) may also be
possible, including matrix-based computations or using dynamic time warping
(DTW) for example.

2. Truncation parameters T, and T are chosen appropriately depending on the
application and Libraries Lo, L : ‘

3. One possible realization of h(.) is to compute the sum of projections of each
column of R"" in the plane of each object descriptor Lo« for K™ sample of class i.
Other realizations may also be possible including matrix-based computations, for
example.

4. One possible method of selecting I'is to choose the object descriptor indices
corresponding to the largest amplitudes in the given summation.

5. Next, among the identified object descriptors in I¥, only those that belong to a
particular class are considered, and a score is computed for each class. The
class with the highest score is declared as the current class estimate.

6. If there is no convergence behavior among the class estimates at successive
iterations, and if the number of iterations t < T, the iterations are continued. Note
that only one possible convergence requirement is outlined in the stopping
criteria given in the pseudocode, and any other suitable criteria are equally
applicable. '

7. When t=T iterations or there is convergencé, the test object is checked if it
should be rejected: This is done using the object rejection criterion. If the object
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is not to be rejected, then the current class is declared as the output. One
possible implementation of the rejection criterion g(.) is a simple threshold based
rejection. Other suitable rejection criteria are equally applicable. For example,
“one could carry out further iterations with different truncation parameters.

The proposed method may be extended to cover cases where there are multiple
observations of the moving test object (say, using multiple cameras); or multiple

. samples of a given test object; or the case with multiple object libraries and motion
libraries.
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APPENDIX B’

Static Object Classification

Input:
L: Library of kuown object classes
N Number of object classes, labeled 1.2, | ¥
I Feature vector describing test object
T: Tu: Truncation Parameters
71, To. Thresholds
T Number of iterations

Initialize:
IY: set of 7% column indices of L chosen based on f(1..5)
IY": sét of indices in I corresponding to class ¢, i=1,2,.... N,

H

Initial object class estimate OV = arg max;

?§[2 where x; = L;?I

Initialize residue 1V =7 — Lo xpo
(o]

Tierate:
fort=1t07
- Compute Ioo!: set of Ty column indices of L chosen based on f(L.r*" by
Merge It = T U T
Compute 1% set of T} column indices of L chosen based on L;,ﬁwa’
Compute I¢: set of mdices in I* corresponding o class ¢
Compute class scores §° (i} = ﬂi BXi for each object class ¢ == 1.2,... N, where x; = L;l

Object class estumate e arg max; L Iixa‘ii;,
Compute residue 17 =/ ~ Lyc Xc -
Check stopping criteria -

end for

Stopping criteria: .
D N TR TR NTT I
If [ CF = O AND [irffly = i, AND =ial
then check object rejection criterion “
else go to iteration step 1

Object rejection criferiomn:
If (s U, L1} < 7, where 8" = [s"(1),8%(2), ..., " [N}
then reject test object
else output class C* and stop
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Static object classification pseudocode details

1.

Static object classification is a special case of the moving object classification,
where there is no motion of the object,\and hence no motion library. We have
only the object library (referred to as simply the library) and the object
descriptors are simply feature vectors.

One possible implementation of f(L,/) is to compute the vector dot-products
between each column of L and I (or r'! as the case may be), and then select
those column indices corresponding to the highest correlations. The selected
columns stacked together are now denoted as L,, where | is used here to denote
the appropriate set of indices referred to. Further LJ{ denotes the pseudoinverse
of L|.

Truncation parameters T and T, are chosen appropriately depending on the
application and Library L

One possible method of selecting I' is to choose the feature vector indices
corresponding to the largest amplitudes. '

Next, among the identified feature vectors in I, only those that belong to a
particular class are considered, and a score is computed for each class. The
class with the highest score is declared as the current class estimate.

If there is no convergence behavior among the class estimates at successive
iterations, and if t < T, then the iterations are continued. Note that only one
possible convergence requirement is outlined in the stopping criteria given in the
pseudocode, and any-other suitable criteria are equally applicable.

When (=T iterations or there is convergence, the test object is checked if it

 should be rejected. This is done using the object rejection criterion. If the object

is'not to be rejected, then the current class is declared as the output. One
possible implementation of the rejection criterion g(.) is a simple threshold based
rejection. Other suitable rejection criteria are equally applicable. For example,
one could carry out further iterations with different truncation parameters.

The proposed method can be extended to cover cases where there are multiple (say
p) observations of the test object (say, using multiple cameras); or multiple samples
of a given test object (for example, multiple images of the test object); or the case
with multiple libraries Ly,L>...,L,.
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CLAIMS

What is claimed is:

1. A computer—impiemented method for classification .of moving objects,
comprising:

inputting a moving object;

extracting an object descriptor and a motion descriptor from the inputted
moving object;

identifying multiple initial candidate library object descriptors from an object
library and a motion library using the extracted object descriptor and the
extracted motiori descriptor, and wherein the object library and motion library are
formed’from given object samples comprising known.object classes;

identifying an initial object class estimate based on the identified multiple
initial candidate library object descriptois;

-computing an initial residue based on the extracted object descriptor and the
identified multiple initial candidate library object descriptors associated with the
initial object class estimate; and

iteratively identifying object class estimates and determining whether the

object class estimates converge based on a stopping criterion.

2. The computer-implemented method of claim 1, wherein iteratively identifying
the object class estimates and determining whether the object class estimates

converge based on the stopping criterion comprises:
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identifying a set of multiple candidate object descriptors from the object library
based on é residue and the idenﬁfied multiple candidate library object descriptors
from a previous iteration;

computing scores for each object class based on the identified set of multiple
candidate library object descriptors;

identi'fying an object class estimate with a highest score;

computing a residue based on the extracted object descriptor and the
identified candidate library object descriptors associated with the identified object
class estimate; and |

determining whether the identified object class estimates converge based on

the stopping criterion.

3. The computer-implemented method of claim 2, further comprising:

if the stopping criterion is satisfied, determining whether to reject the inputted

N

moving object based on an object rejection criterion.
4. The computer-implemented method of claim 3, further comprising:

if the inputted object is not to be.rejected, declaring the identified object class

as an output object class.

5. The computer-implemented method of claim 1, further comprising:
authoring an object class by a user through addition of an object library and a

motion library associated with the object class to existing bbject library and

motion library, respectively.

6. The computer-implemented method of claim 5, further comprising:
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determining- whether the authored object - class by the user is to be rejected;

if so, rejecting the authored object class and requesting the user for an
alternate object class; and

if not, adding the object library and the motion library associated with the
achored object class to the existing object library and motion library,

respectively.

7. The computer-implemented method of claim 1, wherein the object descriptor and
the motion descriptor are selected from the group comprising of features describing

shape, size, color, temperature, motion, and intensity of the inputted moving object.

8. A system for classification of static objects and dynamic objects, comprising:

a processor;,

memory coupled to the processor; wherein the memory includes a moving

object classification module having instructions to:
input a moving object;

extract ;':m object descriptor and a motion descriptor from the inputted
moving object;

identify multiple initial candidate library object descriptors from an
object Iibrary'and a motion library using the extracted object descriptor and
the extracted motion descriptor, and wherein the object library and motion
library are formed from given object samples comprising known ébject

classes;
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identify an iﬁitiél object class estimate based on the identified multiple
initial candidate library object descriptors; E

compute an initial residue based on the extracted object descriptor and
the identified muitiple initial candidate library object descriptors associated
with the initial object class estimate; and

iterativély identify object class estimates and determine whether the

object class estimates converge based on a stopping criterion.

9. The system of claim 8, wherein the moving object classification module has
further instructions to determine whether to reject the inputted moving object based

on an object rejection criterion if the stopping criterion is satisfied.

10. The system of claim 9, wherein the moving object classification module has
further instructions to declare the identified object class as an outpUt object class if

the inputted object is not to be rejected.

11. The system of claim 10, wherein the moving object classification moduie has
further instructions to author an object class by a user through addition of an object
library and a motion library associated with the object class to existing object library

and motion library, respectively.

12. The system of claim 11, wherein the moving object classification module has
further instructions to determine whether the authored object class by the user is to

be rejected, to reject the authored object class and request the user for an alternate
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object class if it is determined so, énd to add the object library and the motion library
associated with the authored object class to the existing object library and motion
library, respectively if it is determined not.

13. A‘non-.transitory computer readable storage medium for classifiqation of moving |
objects having instructions that, whér; executed by a computing device causes the
computing device to:

input a moving object;

extract an object descriptor and a motion descriptor from the inputted moving’
object;

identify multiple initial candidate library object descriptors from an object
library and a motioh' library using the extracted object descriptor and the
extracted motion descriptor, and wherein the object library and motion library are
formed from given object samples comprising known object classes; |

identify an ivnitial object class esﬁmate based on the identified multiple initial
candidate library object descriptors; |

compute an initial residue based on the extracted object descriptor and the
identified multiple initial candidate library object descriptors associated with the
initial object class estimate; and

iteratively identify object class estimates and determining whether'the object

class estimates converge based on a stopping criterion.

14. The non-transitory computer readable storage medium of claim 13, further

comprising instructions to author an object class by a user through addition of an
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object library and a motion library associated with the object class to existing object

library a’nd motion library, respectively.

15. The non-transitory computer readable storage medium of claim 14, wherein the
object descriptor and the motion descriptor are selected from the group comprising
of features describing shape, size, color, temperature, motion, and intensity of the

inputted moving object.
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