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INTELLECTUAL PROPERTY RIGHTS ASSIGNMENT AGREEMENT

This Intellectual Property Rights Assigronent . "\;1‘(3@;‘ ment (this “Assignment Agreement™), effective
upan the date of last signature (the "Effective Date™), is by and between The Penn State Research Foundation
{("PSRE") a msn*i‘mizi corporation duly organized snd existing under the laws of the Commonwealth of
Pennsylvasia and having an office at 304 Old Main, University Park, PA 16802, and Xerox C ’11‘}?01‘1‘3'1{33'1 &
corpovation organized under the laws of the state of New York ("ASSIONER", having its principal office at
4§ Crlover Avenue, Norwalk, OV 0688546,

WITNESSETH

WHEREAS, ASSIGNEE and The Pernsyvlvania Nate Unive
Sponsored Research Agreement effective on July 20, 2012 (No, 143374

;, UNIVERSITY ™) entered into g

- 4
Py
-“,v

WHEREAR, Vishal \Emg& and Xuan Mo, employees of the UNIVERSITY (“UNIVERSITY
INVENTORS™) have made a joint Invontion with ARSIGMEE titled “Anomaly Detection Using a Kemel-
Hused Sparse Reconsir uetion Model™, filed as The Pens ayivama State University Invention ‘Ch»:f:i ssure No,
2012-3983, and in U8, Provisional Patent Apphication Serial No. 61/73 1,133 filed on November 29, 2012,
and auy pon-provisional, confinvations and divisiongls thereof, UK, andfor foreign (CINVENTION™);

WHEREAR, nnder the terms of the Sponsored Research Agreement effos ; oo faly 24, 2012 (N
145370}, ASSIGNEE s fo receive ownership of all joint intelloctoal property ("Joint TF) created during

performmance of the sponsared research project by UNIVERRITY,
WHERE:

45, D%E\P isa v»? sily owned subsidiary of UNIVERRNITY and is UNIVERSITY s designes
2 telle

i¢ manage U fectual property;

nt to the {eoms of the UNIVERSITY s Intellectual Praperty Agreoment, the
CPORS, have assigned thedr entive right tithe and lnterest in the Joint IP including
O fo PRRE;

WHEREAS, pursuan
UNIVE Ei?‘iil‘{ INY
IMNVENT

WHEREAS, upon full execution of this Assignment Agrecment PSRF hereby assigns ownership of
the Joint IF to ASKIGNEE:;

NOW THEREFORE, in consideration of the promises and the mutual promises and covenants set
forth below, and for other good and vahuble consideration, the receipt and sufficiency of which is hereby

acknowledged, the parties hereby agree as follows;

ARTICLE 1 - FHE ASNSIGMMENT

o ”ih
aof

L1 In consuderation of the mutnal understandings set forth above and the financis] termas set §
iy the Sponsored Research Agrecwment betweon UNIVERSITY and ANSIGNEE, PSRF hereby assigns 'ti
is right ttle and inferest world-wide tn the Joint IP to ASSIGNEE and ASSIGNERs successor{s). PSR
‘m-mh} further assigns, transfors, and sets over unlo ASRIGNER, PSRE? oniim: vight, title, cmi nEorest
world-wide inand o “;ml Toint IP in cach and every couniry foreign to ti‘;b{ wited States; and PERF further
conveys o ANSIGNEE all world-wide priovity rights resuliing from the assigmment of the Joint 1P, PARF

agrees, at ASKIGN ,il\ expRuse, 1o exccnte all papers, give any regn m’d testimeny, and perform other

lavetul acts, as ASSIGNEE may roquire to engble ASSIGNEE o perfect ASSIGNER'S interest i any

i
P
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ot

esuliing patent of the United States and conntries foreign thereto, and to avguire, hold, enforce, convey, and
uphold the validity of said patent snd reissues and extensions thereof, and AKSIGNEE s intevest therein,

X

L2 ASSIGNEE and ASSIGNEER’s suocessors grant to PARF a nonexclusive, royvalty-free,
nonassignastie, nonsublicensable personal }m,m to practice the Joint 1P for UNIVERSITY s own internal
noncommmereial educational research.

L3 This Assignment Agresment shall not be construed 0 confer any rights upon ANSIGNEE by
implication, estoppel or otherwise to any lechnology owned or controlled by PSRE which is not specifizally

set forth in this Assignment Agresment.

ARTICLE H - INDEMNIFICATION

2.1 ABSIGNEY shall at all imes indemnity, defend and hold PSRF, UNIVERSITY, their
trustees, divectors, oificers, smployoes sud affiliates, harmless against all claims, FURR \i;"'dl“?i.;" demands and
Hghil ;ms oi any kind w hatsoey e, inchuding legal expenses aud reasonable <«du~m“* foos, arising out of thx,
death of or injury o any person or persons or out of any damage to property. resul Hing from ABSIGNER’
prmmcmn, mavnfacture, sale, nse, lesse, vonsumplion, Hoensing, or enforcement of the Joint 1P

2.2 EXCE Pi = OTHERW ES;{: PRESSLY -,‘{35‘} FORTH IN THIR ASRIGNMENT
AGREEMENT, PSRP "i‘»"! RSITY, THEIR ER‘CQEL s, DIRECTORS, QOFFICERS, EMPLOYEES,

AND ATFILIATES '\f{ ARE NO RE 3‘*?%.’;&;?1\J M JONS AND EXTEND NO WARRANTIES OF AMY
KIND, BEITHER EXPRERS UE{ IMFLIED, INCLUDDNG BUT NOT LIMITED TO WARRANTIES OF

MERCHANTABILITY, FI 2 FOR A }’AF\ ‘&& ATLAR PURPOSE, u'\“«} {312 ¥ OF PATENT RIGHTS
CLAIMS, ISSURD OR §>§.,_{'\~I} NG, AND THE ABSENCE OF LATENT OR (THER DEF
WHETHER OR NOT DISCOVERABL E \(3 HING IN THIS ASSIONMENT AGREEMEN

f SHALL

BEOONSTRUED AS A R?’E’REEQ&@. ENT AADN OR WARRANTY GIVEN BY PSEF THAT THR
PRACTHCE BY ASSIGNEE OF THE }\a i I 3 SCTUAL PROPERTY RIGHTS GRANTED HEREUNDER
SHALL ”QH INPRINGE 1 iiL PATENT RIGHTS OF ANY THIRD PARTY. IN NO EVENT SHALL

PoRF, UNIVERSITY, THEIR TRUSTE CTORE, OFFICERS, EMPLOYEES AND AFFILIATER
BE LIABLE FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES GF ANY KIND, INCLUDING
ECOMOMIC DAMAGE (}Ex NJU \“r FO PROPERTY AND LOST FROFITS, REGARDLESS OF
WHETHER PSRF SHALL BE ADVISED, SHALL HAVE OTHER REARON TO KNOW, OR IN FACT
SHALL KNOW OF THE PU%%%& L 'Y

ARTICLE 1 - NON-USE OF NAMES

3.1 ASSIGNEE shall not use the names, m":tm ar trademarcks of UK VE’“ RAITY, PSBF, or any of
thelr employees, or any adaptation theveof, In any adver

tising, prowotional, seourities, or sales Hevature
withont prior written consent abtained from PERE.

ARTICLE IV - NOTICES AND OTHER COMMUNICATIONS

4.1 Any notice or other communication purstant to this Assignment Agreement shall be
suf huwm made or given on the date of mailing f sent to such party by certified or registered first olass
mail, postage propuid, addressed fo i at its address below or as it shall designate by written notice g ¢ given io

the other party a3 follows:

,‘

<
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i the case of THE PENKN STATE RESEARCH FOUNDATION:

President
The Penn Riate Research Foundation
o/o Office of Technology Management
3 Technology Center

Universily “:ni\ FAISRO2.7000

Xerox Corporation
Associate General Counsel
Kevox Sguare, XRYX2-204
Rochester, NY 14644

ARTICLE V - MISCELLANEQUS PROVISIONS

5.1 Eni‘ii‘x‘: Aasignment Asreement. Thig Assignment Agreemert embodies the entire
understanding of the parties and shall supersede all previeus communications, vepresentations, or
! ie:t Wwin g & 3t hm verbal or written, betwesn the parties relating to the sulject mutter heveot, except the

Kevox-FEU Sponsored Research Agreement {Agreement Nuraber 14 3370} having an Effective Date of July
20, E{N 2

wal. This Assignment Agreement may be amended only by a written agrecment
terms of the amendment slgned by anthorized represertatives of both parties,

A

; ability, Should awy provision of this Assignment Agreement be held io be illegal,
fpvalid or une “ﬂoicmiﬁe? by any court of competent jurisdiction, such provision shall be modified by such
cowrt in compliance with the law and, as modified, enforced, The vemaining provisions of this A H\léﬂi‘ﬁef‘ﬁ
Agreoment shall be constroed 1o secordance with the modified provision and as if such tegal, tnvalid or
anentoregalde provision had not been contained herein.

54 NoStrict Construction. The fanguage used in this Assignment Agreement shall be deemed o
be the language chosen by both partics fo express their nutual intent and no nule of sirict conser uction against
either party shall apply (0 any term or condition of this Ag ssigrment Agreoment.

5.5 Belationship of Pacties. Nothing contained in this Assic grmert Agreemst shall be constried

as cresling 8 parinership, joint ver fure, agency or an association of any kind.

3.8 Mo Waiver. The failure of one party 1o enforce at aoy fime any of the provisions of this
Assigrment Agresment, or any rights in respect i“*xcrctf,{}r o exercise any election pr rovided, shall in no way
be considered 1o be & waiver of such provision, rights or elections or in an vy way o affect the validity of this
Assigrument ‘sg COMSTE, DT OXCHSC & similar subsequent fadlure to perform any such term or condition v the

other party. An

‘*fi

ayver mast be in writing.

5.7 Headings. The headings of several sections contai n*i in this Assignment Agreement a
inserted for convenience of reference only, and are not Tutended to be a part of or o affect the feaning or
nterpretation of this Assignment Agreement.
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38 Govemilng Law, This Assignment Agreement shall be governed by and construed in
sccordance with the laws of the Conmonwealth of Pennsylvania without giving effect to any choies of law
or econtlict of law provision or rule that would cause the application of the was of any jurisdiction other than
the Commonywealih of Pennsylvania, except that questions affecting the construction and effect of any patent
shall be determined by the law of the country in which the patent was granted,

IN WITNESS WHEREOF, the parties, intending to be legally bound hereby, have each caused a duly
authorized representative fo execute this Assigrment Agreement on the day and vear set forth below,

AEROX CORPORATION

By:

% {\M N x o~ N A o
Name! g NAac e e s e ]y

T4 e 1 e, .QA“},-:“-\'\- U Y e b N T S
Title:_Yegg Cvo T RS S S R

Pate Sl iy

THE PENN 3TATE RESEARCH FOUNDATION
{PSRF}

P
B
By: \ N \ “\\\\\“\\\\\“\\\\m\“
EAS F o &
I

‘ K\I’. el . i

Mame: David R. Branigan

Titde: Treaguger
$ K

1 S ES &

Date: b e S0

<
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favention Maclosure Number: 2833-1083  “Anomuly Detection Vslng 8 Kernel-Bosed Spavse Reconstuction Madd”
INVENTHIN ASSIGKMENY

FOR VALUE REBCRIVED, snd pursuant to myy obligations usder oar (my} conploymment sgresnenisfappolatnents with THE
FEMNSYLYANIA STATE UIVERSITY *Unfversity™), we Vishal Mongs asd Xuae Mo, beoby aell, assign and wansfer
gnto the Universiiy's designes, THE PENK STATR RESEARCH POUNDATION, 25 assignes, snd He suocessors, sssigns and
logal sopreseniatives, the et tght, e nud fatorost dn xud to oll subject wmutier fpvenied by we and diselosed inw Penn Stafe
intversdly Tnvension disclosurs nurmber 20123983 signed by me on the dat sot forth below wnd smitind “Anomsly Delection
Uslag & Kernel-Based Sparse Reconsimctinn Mode!™ (the “bivention”} the substanee srd entiesty o which is attached hersto as
Bxhibit &, inchuding the vighds to sy patents, whethor United Steies or foreign, whick st anytime say be geantad therefor,
incliting any and all continuatons, continusions-in-pats, divisions, refssues, resewals, sxtonsions, substitutinas, additions or
reexaminations of such palord.

We, requost et any and ali patents for sabid nvoniions be ivseed 1o said amalgnes, 1 successors, assigas sod legad
sepresontatives, of b such norness s it sy designste,

We sgros that, when requested, we will, without charge ko sald assigres but o fts expepse, dign ull pspers, take sl rightiul
oaths, sl do ol acts which may be necessary, desizable or cunveniom for seruring, mafuinsdaing sad onforcing patants for said
inventions is xay and aff countries and for vesting tthe theveto by sald assignes, iis cuopessors, assigns and legal represcuiztiees
OF BOREBReR.

We authorize cnd empower the sald awignee, s sucoeasors, anigns and legal topressniatives o nomingss, & pavoke and cladm
for any appiication for patest or ather form of protectien for sald invontiona filed by 3 or them, the besath of the right of
pinrity provided by te Intenutions] Convention for the Pratection of Industdial Fropesty, a8 wnended, or by any comvention
wehich may honeeforth be spbstituted R it, snd i Brvoke and olainy such dght of priorlty withowt further weition or arat
suthorization fom us, ‘

W borsby sonsent that 3 copy of this essigament shall be deemd o full begal and formal equivalent s gy assignment, consent
o §fe or Yike document which muy be reguired insny country for any purpose snd oz pueticnlarty in proof of the right of sabd
assignee oy pominee o oluim D aforcsaid bene Bt of the right of prinrty providid by the Internadonat Couvention for the
Protestion of Judustelal Froperty, as smended, ox by any soevention which muy heoveforih be substitwed for k.

We covenant with said assigoes, s successors, aaslgns and Jogal oproserdatives, that the sights and propeity fioruin conveyed
ars free and aloay of any encumbernee, snd tal we have full right to convey the same 33 herein cxprossed.

STATE OF PENNSYLVAMIA

2 A&
COUNTY QF CERTRE :
O this % w day of __November 2017, before me, 8 Notery Publio 1o and for the county sud Siule aforesaid,

appoared &fﬁ";ﬁi Y Lnd Yuon Mo s fe e personally known o be the pemsow whose manwe i
subsoribved o the foregoinglincirument, and schavwiedged that be cxooutad gaid inatrmment 33 his free and volunsary aut for fhe
utes and purposes Gereln expressed

Witness v and sag seal e dey sud year el abaove giver,

e -

S
- ) \,,53_,(:} LWinea
Kotady Publie {

%

Fugs 1 of 2~ Slgnaturss Conttaned op Fage I
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{Page T of 2~ Assigament Signabiees Continved)]

Signed st University Park, Penmsylvania, thi,s vof M@gﬁk@g S22

Witnes: s"giﬁfm Kﬁ AT Signed:

STATE UF PENNEYLVANIA

COUNTYOF CENTRE

Qn ﬁ'zzs 3 & rof B (8 A2, belare me, & Notary Public fu and for the coraty sad $inte smsamﬁ,
appearsd i £ SRR . . o 10 e possonadly known 1 b the person wWhose nsee i
subseribed 1o tﬁ@ fumgamg ] mmmm, ssmi amimwkdgm that he exeented said instrwengt aa s free and voduaisey ac for the
uses and purpases thereln cxprsssed.

Witness my haud and sonl the duy end yoar last shove given,

Admea G

Motary Publie

Signed at Unbvevsity Park, Rennsplvania, tis m;ﬁ dayof | Novembsr 3013,

; o },“‘. !3 » ‘v ) -
Wiinces: _ @Mﬁi uldvareas Stgned: W fﬁm\_@

TR

the stfachment, sousideced Appeadiz A, the Dachaology. Bisclosurs Form for FSU nvantion dlsclonws M&
MMMM@Mkm&MmmR&mwwﬂmm
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Vishal Mongs

sty Brofessor

B | Xuan Mo

Craduate Research Assistant (Students
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Webster

T¥ | Thigang Fan
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Agresuint

Kevox Lorporation

Bak

Plaase sitach copley of any thivd party agrsemeats

Has the techaology beeu published or & mannscript X

' bein subraitted foepoblication?
B inon will 3 manoseripy for the techuclogy be X ‘ Nevember 312 | BER Trunwetions

snbmitted i the futur? Appros. when?

€ | Hasrhe eehnology bean doscribad inathesieor | X § May 2014 Will e & part of Xuan Mo’y

, will it be describad in 2 thesis? ‘ Fhid Theds

D | Hesthe wchaology besn prosented in » public ; X

1 oy (v sposch, sonfemeee, posten, ste)?

E | Ave thewy auy other past or future snabling

publicationg (8.6, suline posting?
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5 S— Technology Disclosure Form
Qffice of Technlogy Manspanent
143 Tachuology Conter, Unlvetelly Bark, PR 1680R
SILBOEH2TF b « SLLBE5.3502 T+ atminfoRusuady
Flewss uitonnpt 10 anvwir the Tollowlhg questions,  In addition 1o 1 densiled deacdption et vou attueh; this information will wdisyis oue
asssgsment of the jechaology sl thay tncronse the Rielibood of patanting and commerciefizativg sugcesy,

A workiug profotyps has Been built fo esteate e congept. Sumple data and resuits sre avadiable and can be s
FEGUEst.

The technology is simed ar detecting mnomalies or vnusnal patterns dn video footage in the transportation
domain. Examples of such anomalies include taffic vielations, aecidenis, unsath driver behavior, stret eeime,
and other suspicious setivities, The approsch ix Il upon 3 new matheowtical framewaork called joing sparse

| reconsivuction, which in Luem requives the existence of » dictivuary comprising classes of wormal events. The

- suceess of the sparsity-based approach relies upon » dictionary with good fnter-class separation, which is not
guaraiesd especially in compler traffie scenadios. The kormel transfora is a mathod o lmprove inter-clags
separability, and this offer superior sad more robust snomaly detection performance. Qther benefits of the
apprcack dviy exisdng technigques Inchude the sbility 1o detoct joiot reutt-obiot anomalios and incmgsed
robsiness with respect fo effects such as nobse aud oocdusion, The invention wonld be used in 2 video-based
peathic surveillanes syston a8 a means of detecting sud flagging vorsual sctivitios at 8 transportstion st soch as
s traffic intersection, parking lot, or bighway, ‘

Fiotaill st 8., “Tiinticeyp-hised dnomadovs dvent detesion” SRR Trans, il Syin Video Tochnal. vl I8, ao 11 o 1344
15, 9% ol “aduceeal Brbavior dotostie via spne rostssgucion snalysk of Haluery,” R RS R0, S tuesnatigna ontoreses o, 2. 2011, 1y 807 w810,

,,,,,, AR

smsikégsfmﬁ %maia, Taaeming with Keveehi: Suppoer Veior Mihiag, Begulwbadon, Optotaatog, sad ’im 0, The ST PIVES, mn

Ve bebeve thae the mivenition has sigaificant comnsreint potsriad
Feee beliove theg this mvention i » platfonm sadfor plonearing technalogy
Ve ave awam of @ specific cowpany that ia interesiod in heensing the eotmvlogy

Vi are intesested 0 belng tvolved with  staviup company based un this techoology

X To conply with the requirements of s existhng msmn%s Rgvamen aztdfar University ;\o
Other {plesse spaaalyy: |
Confidessind o Pean Sunte Universiy Paga 3
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invention Disclosure:
Anomaly Detection using 8 Kernel-based Sparse Reconstruction Model

Vishal Monga, Xuan Mo {(Pennsylvania State Uaiversity)
Raja Balg, Zhigang Fan (Xerox Corporation)

1. Introduction
With an increasing demand for security and safety, video-based surveillance sysiems are being
increasingly used in urban locations: Vast amounts of video footage are collected and analysed
for waffie vicktions, accidents, crime, terrorvism, vandalism, and other suspicious activitizs,
Since monual analysis of sueh large vohunes of data is prohibitively costly, there is g desire 1o
develop effective algorithms that can ald in the automatic or semi-automatic interpretation and
analysis of video data for surveillanee and law enforcement. An active area of research within
thig domain is video suoaly detection, which vefers o the problem of finding patterns n data
that do not conform to expested behavior, and that may warrast special attentiog or action, The
focus of this Invention is in the detection of anomalies in the tansportation domain, Examples
include traffic vielations, unsafe driver and pedestrian behavior, sccidents, oi¢. Fig. 1 shows
some examples of transportation related anomalies.

Flgawe 1k

DN

Fig. 1 Examples of traffic-related anomslies: (r) unattended baggage: (b) car approaching a

Lo it

pedeatvian; {¢) cvossing the vellow Hney (d) running 3 redd Hight,
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Video-based anomaly detestion (AD) has received mach recent attention, An sxcclient overviaw
of techniques can be found in Ref {1 One class of technigues relies upon object tracking o
detect nominal object trajectories grd deviations thercof, This approach is gppealing for traffic-
redated anomalies sincy there are many stwe-of-thesart tracking techniques that can be leveraged
{21 A comumon approach 8 to derive nominal vehicle paths and ook for deviations thereof in
live traffie video data [3-6], During the iest or evaluation phase, 8 vehicle is teacked and its path
compared against the nomingd classes, A statistically sigonificant deviation from all classey
indicates an anomedous path,

Primary challenges in anomaly detection include: 1) Suceessful detection of abnormal patterns in
realistic seenavios hovolving multiple object trajectories in the presence of veelusions, clutter; and
other background neise; ) developmunt of algovithios that ave compuatationally simple svough to
detect anomalies in quastresl-time; 1) the laek of sufficient and stdardized data sats,
particularly those capturing apomalous gvents which are vare by definition,

¥ Backeround: Sparsity based Anomsdy Detegtion
& i ¥ 3

Revently a new breed of techuiques bassed on spavse reconstruction has been successfully applied
towards the elassification problen: [7] and subsegusntly for anomaly detevtion {8] The basic
idea is as follows. In & taining step, normal or usual events in the video footage are extracted
and categorized into 2 set of nomingl event classes. The categprization is based on g set of n-
dimensional feature vectors extracted from the video data, gud can be performed manually or
automativally. In [8] the paranetric vepresentations of vehicle trajectories are chosen as the
teatures. The basic promise underlying sparse reconstrustion is that any new pomina! sample can
be well explained by a Hosar combination of samplss within one of the nominal classes.

We now elaborate on the sparse reconsruction model, as i forms the basis for the invention,

Arrange the T training samples from the Bth class as the columns of o matrix & S R The

4

dictionary && IR of taining samples fronn all K classes is then formaed as

follows: & I8 Sppnedip) Given sufficlont training samples from the meth teajectory class, a
fest image 8B from the same class by conjsetured & approximately He i the Hinear span of
those trainiog samples. Awy input trajectory feature vector may hence be represented by a sparse
Hnear combination of the set of oll tralning trajectory samples as follows:

=
An =

&%&z !K;+§)z§§§}
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where each e § R’ . Typleally for a given wajectory ¥, ondy one of the % s would be active
{correaponding o the olassfevent that ¥ Is generated from), thus the coefficient ventor n BN &5
madeled as being spurse, and is rexovered by solving the following optimization problem

£ o DS Rl suhlwotte fp-daflic s {2
whure the objective b to minimize the mumber of nonszero eloments in & I iswelldnow from
the gompressed sensing literature that using the §; norm, leads to an N¥-hard problens. Thus the
&5 novvn is used @ an effective approxinmation, The sesidual eovor betweon the text trajectory and
cach class behavior pattein is computed to find the olass to which the test trajeviory belot

REH:

SCOTSE R T ®

I anomalies have boen predefined into their own class, then the classification task also
acromplishes anomaly detection. Alternatively, If sl training classes cores pmw o pominal
events, then anemalies can be identified via outlicr detection. To this end, an index of sparsity is
defined and used 1o measure the sparsity of the reconstructed s {71

& o iBdai

SRR o 4

where 8 fah B = B the characteristic function that selects the coefficients &, with respeet to
the -th class, Jtis readily seen that nominal samples are Bkely to exhibit a high Jovel of sparsity,
and cenversely, anomalous samples will likely produes & Jow sparsity index. A throshold on
FUHeY determings whether or ot the sample is anomalous.

Recently, a joint sparsity model hay been developed by the smne inventors, that successfully
detects anornalies involving co-oeouwrrence of two o mors events [ 14].

A prisoary advantage of the sparsity based framework for classification and anomaly detection
oyer other techniques s that # has been shown 1o be particdarly robust against various
distortions, notably prelusion. It has also been shown 1o be robast witl respect to the particular
festures chosen, provided the sparse representations is computed correctly.

e potential Hmitation of the :zppmm,h 15 that the effectiveness of the sparsity model largely
vedies on the structure of training date. Hihe event classes are not sufficienty Haearly separable,
the sparse reconstruction may n wmlt in gecuvate anomaly detsetion.

3. Detgiled Deseription of the Invention

In this invention, we popose ncorporating a kesed function into the sparse rsconstruction
maded to afford better inter-class separability, and thay superior anomaly detection yerimsu&mc
Fogrnabbased slgorithms are often ussd © mprovy performancs of classifization algorithns,
such as support vector machines {18} The basic idea is W project the non-separably daty into a
bigh dimemsinnal povdingar Tosture space in which the data becimes more lingarly separable.
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Hysontially, & kernel function exploits the higher-order woulinear structure of the data that is not
captured by hinear models.

Speeifically. define 8 keroel function e RO N BY s B as the inner product of two functions:
s fa) = Sefad s im (This is a common form of keenel used in SVM classiflers {121 Some
conution kernel functions include:

1) Gaussian radial basis function{RBF): sl e me ool fory >0

21 Homogensous ;10&*.»"1:’1{}}‘115% Kewel: sl el = fae 3™

3) Inhomogencous polynomial kemel w el = fo o+ 8

After using the kerne! function, the training data is projected into another more Hnearly separable
space: 8 M REed where ¢ is the -th volumur of & Lot s} devote the reprosentation of the
test frajectory in this space,
The test trajectory van pow be represented as follows;
h‘,} a 3 ey
DU e IR o Pl v okl = {5

where ' Is also assumed to be sparse.

Simitar to Eq. (2), the new sparse coefficient veutor &5 & B can be recovered by solving:

B SR RS saideotty DO —gantw & (6)

Lot @, & B bo the kernel matris whose (4, )-th entey is &@Qc{iﬁ and S @RS be the
veetor whose Hth entey i 10 (). the correlation (dot produst) betwesn o pixel S€a) and a

dictionary aten S0e3 s then computed by
& e (G Sl e wlned = Bak N

the orthogonal projectinn coetficient of RERY vuto a set of selected dictionary
atoms §dde T haa I8 given as;
= (8000 ™ Baga ®
and the resideal vector between e& {d and ity approximation using the selected atoms
e Piaa ™ I8 ) is theo exprossed as:

Pk Sk - (ke T Bgda (%)

The correlation between S8} and an aom Y can be computed by
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g m ABGNFlaI ™ (Bl ~ (Oahl@adaal  Bagla (10)

Also, the residue of i-th class becomes:

: &
s & B e Fien T < ‘52?’ S . o A e & R . )
sl (i Qmod o DRG0, B 8 080, o R (1
where & 15 the Index set associated with the tth tralning class,

Thersfore, by extending the Orthogoml Matching Porsuit (OMPY 121, the row sparsity model
with kernel function can be solved using Algorithm 1 {See Appendix)

It §s taportant to choose & good form and parameterization of the kernel function, In the fisld of
machine learning, the optimal keraat is often chosen experimentally.

In o preferved embodivoent, we apply the Gaussian REF kernel fungtion 1 our data, but with
the best parameterization. Specifically, w iy g} = goelisadt
srid we desive the best parameter v, To thds end, multiple tralning dictionaries 8t are
generated for diffecent cholees of v Inspired by the weehnigue of cross-validation, we split the
training data KgLE} into two subsets Felid and Cefied. such that both el and S ) have
repyeacntation from the K elasses, Now if the dictionary in the sparsity moded fs chosen o be
equal 1o Bl and a {ravsformed) test trajectory is pleked from Gl then ideally we expect

is chomen {obe the kemeld funetion,

perfect classification info one of the K classes. Therefore, a good kernel is one that will gnable
close 1o ideal classification of test samples from i) - which mzans that only a sraall number
of (YD are activated (non-zere] and for one particular class, Recall the outlise refection measur:

T TR

AR

T b
a1y} m

(12)

shy s B Q‘\\\', NN S MY e et e v i woevia ae 4Rt 5 o
where Sdalid} is the vector whose only nonzere calriss are the same as those in afily)
assueiated with olass i s@g&;ﬁg} } takes ore values plose 1o U iFthe classification Is accurate.

Therefore the best y can be chosen by solving the following kernel parameter aptinsization
probleny

ff m By suilegla) ) (3

in sumunary, the feature space of the single-objest sparsity model has been modified by an
sppropriate kernel function. We conjeciure that the new feature space will be more linsarly
separable, and hence hwill enable the sparsity mode! 1o detect snomalics with higher acouracy.

The atorementioned kernel formutation van be xtended tothe multi-obiect jolnt sparsity model
ina relatively strajghtforward manngr.
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4. Experimenisl Results

We first emiploy the CAVIAR standard video data set to svaluate owr approach. This data set
comprises trajectories of peaple walking across g public atrium, An example of CAVIAR data
can beosesy in Fig 2, a meo suddenly falls onthe floor, when walking seross the lobby,

Fig. 2. A man suddenly falls on Soor from CAVIAR data set

The training dictionary consists of 10 norma! trajeotory classes and 3 ancmalous rgjectony
classes, and cach class contains 10 trajectovios, 21 normal rajectoriss and 19 suomalous
trajectories are used as indepondent test data. Because anomalous svents are well-represented in
this database, we thaln a separate anomaloes elass, and Egn {3) is used o classify both normad
and anomalous test rajectorias. We conspare our gpproach (abbrevisted to JKESMY with ong of
the state of the art algorithms 31 The contusion matrices of the spproach in {3]wre compared
with the original sparsity model and kernel-based spavsity model in Table 1. We note first that the
superior performunee of the sparsity wodel over Piolavelli’s approach is significant and
attributed o the merits of sparse reconstruction In solving the classitication problem. Secondly,
and more importantly, we observe that the kernel serves to further Incrsase the identifioation
JECWAY

Tablel Confusion matrices on CAVIAR data

Piciarelli et al[3] Lt et alig] HSM
Normal Apomaly Normal Anomsaly Nevmal Anpmialy
Normal 83.7% 26.3% 00,59 15.8% 95 I 10.5%
Anomaly 14.3% T3.7% 9.5% §4.3% 4.8% 89.5%

We generate recgiver operating characteristic (ROCY curves on the same data, Figs, 3 reveals that
the proposed kernel-based method outperforms the ovigingl sparsity model and that of Piciarelli
et gl by a considerable margin.
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Fig. 3. ROU curves of 3 different methods on CAVIAR data

We then test our algorithm on Xerox Interseotion data. Fig 4 shows an exanple of Xerox
Intersection dita: a car fail to yield to oncoming car while turning left.

Fig. 4. A car fails © yield to oncoming car while tarning Jefl from Xerox Imtersection dats set

In Xevox Intersection datg, there arg ¢ difforent Z-object novmal event classes {(containing 6
trajestory pairs sach) and 6 different anomalous Classes {containing 4 trajoctory pairs each), 17
normal trajectory pairs and 14 anomalous trafestory pales are ussd for testing. The corfusion
matrives of our method against the twe competing trajectory based techniques are shown In
Table I And the ROU curves ave shown i Fig, 5,

Table 1 Confusion matrices on Xerox Intersection data

Pictaretli gt al, 1 Plotarell stal, 2 Hanet al J15] JKSM

MNormal | Anomaly | Nommal | Noral Normal | Anomaly | Normal | Anomaly
MNormal | 38.8% 7.1% B31% | 64.3% §2.4% 35.7% 1 88.2% 14.3%
Anomaly | 41.2% G2 9%, 5.8%; 33,7 17.6% 64, 3% 11.8% 83. 7%
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Sinos the one clags SV Ms muthod in Pichurelli et all does not capiure the interaction between
objeets, thus it can endy be used for single-objsct anomaly detection. In order 1o see the s
periormance, we hearistically define 2 extended vergion of Piolarelli 2t al, approaches:

I Identification both events separstely. {F ¢ither of these twe events 18 anoialy, we assuime
that this joint gvent is anomaltous. (refer 1o as Plclaretli eral._ B
Identification both events sepantely. Only i both two events are anomalivs, wo assuie

£

this joint event i anomalows, (efor w as Plelelli etal, 3

b this cage, we separate svery 2-object avent into 2 individupl events gs the trafoing for Pieiarelli
et al, 1 nnd Piciarelli et al._2, The mprovement over the technigee of Piciareli et al. Iy expegted

since this technigue is really for single-objest anomaly detection.

In [15] snennalios are detected by the use of context based rules on the resuls of multiple-ahject
tracking. This puts an wwsasonable burder on defining these rules sud Is often restristive in
practice, Le. not sl anomalies can beanticipyted. In the proposed joint sparsity moded,
interactions between distinct object trajectonies are betier capiured and departures from expested
“joint behavior” (particulaely o the case training for anomalies is absentflimited) is employed
which enables the haproversent in detection rates,

Ppsitives

~~~~~~~~~~~ - Pigtarstil ot sl

qE

por}

T

; i
e U8
Falza Positives

Fig. 5. ROC curves &F 3 differsnt methods on Xerox Intersection data
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S, Chutline of Malg Chum

What ts clabmed s & method/system for detecting anomaties i transportation related video
footage, the method/system comprising:

»  Constructing & dictionary of a plurality of event classes, wherein events are defined s e
dimensional feature vectors

»  Defining a noalinear keenel function that effectively transtinms the n-dimensional feature

3

vectins into a highor dimensional feature space

+  Receiving test events within an input video sequence

»  Determining whether or not the test event Iy snomaltous by applying sparse recorstruction
with respect to the trairdag dictionary in the higher dimensional feature space fnduced by

¥

said nonlinear kernel function

Subclaims will expand on vach of the clemerus, such as choice of kernel, and details of the st
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7. Appendin

Adgoriibny | KOMP

Inpui Hctonary A - sleey a L, v, dutn veohor g, Kerned fsction s stopping crifeion

1

mtiatizaaion: conpain e keraol niatricos S mid G4 . St fudex sof Ay s wvgmnns § Faogdie S and
Borsiion coygor £ o= 4
£ while stopping oriterion fins aot been et o
U Compae the eorrebstion sy

e i g~ {8

2y Sulect the meow dadex as Ay = oo | G B

fodaie the index st & = A U g;v),,’i}
Ay bl
x end while

Odpuhy Indey w0 & = ooy, e sparse epresentation o o= 3)‘ & AL,
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