Florida International
University

FiU




A Data Integration Framework for Enhancing
Emergency Response Situation Reports with Multi-
agency, Multi-Partner Multimedia Data

Period 04/01/2010 - 03/31/2011

Dr. Shu-Ching Chen
PI, Professor, School of Computing and Information Sciences
Florida International University

Dr. Tao Li
Co-PI, Associate Professor, School of Computing and Information Sciences
Florida International University

Steven Luis
Senior Investigator, School of Computing and Information Sciences
Florida International University

Li Zheng, Yimin Yang, Fausto Fleites, Hsin-yu Ha, Y1 Zhang
PhD Students
Florida International University

Jesse Domack, Mark Oleson, Jason Allen

Undergraduate Students
Florida International University

Copyright © 2011 Florida International University. All rights reserved.



Table of Contents

L0 Iotrod Botion e s ssmmsmsnosmmes s s vy 5 s S o e 53 s T S S A S 6
28 Miilfimedia.Analysis Frameworle AT ommmmmnmmsmmsmmsrsspommsmsmisa s 7
2.1 Relational SChEeMa....c..cooiiiiiiccice e et ¥
2.2 Overall MAF Correlation MechaniSm ... 8
23 MAF Areieehire s mmemmmemm i s s s e e 9
N B B T T ————— 10
IR i = T T R — 15
3.0  Hierarchical Image Classification Component Based on Multi-source Data Fusion and
Multiple Correspondence Analysis (MCA) ... 17
3.1  MCA for Multimedia Content AnalysiS......cocriiercrriiiineniiinieise e 18
3.2 Visual-Text Model Training Based on MCA........cooreeeieieecrrnrneieenccrnnesnenrnennssiiis 19
3.2 Vignn] 1entune BRIrmeTIOTT s sessss s v s v st e R s S s SR e 20
FZd  LenbTeuturg CraCTION s smsusssoms s oo s o s s o s A rs S Saveers 21
3.2.3  Visual-Text model training .o v enenens 22
3.3 Hierarchical Classification ........cccoiviniinniniceiiiii e 28
14 BEXPETINIENGE] OALVEIE ..omsssonmsmmmnmsammassonsonssonsansns SRTHRAR SR A AR 24
4,0  Document Pre-processing Based on GATE system and WordNet........co.cooveiiivinciniinns 30
4.1  GATLE System and Entity'V sualizatiolcsssmmppesmsmnamsmansoasssssmasssiss 30
4.1.1  GATE system introdUCLION ...ovueevermrrerirmeveeioriiiie st sssesessesssse e sresssssesnns 30
4.1.2  Entity viSURLIZATION coocveicierieieciiesi ettt esne st et s rne e s e s e smeenrenseanee s 31
4.2 WordNet for Synonym EXIraction ......eccevicicnieernennniciiiiieessecsnesereesieseesionsenes 34
4.3  Docuttient PYe-DroCEssIi soemmssss s s s s s e e 35
S0 Docurment N TS e AL TOY. smmesiersssmsmsesunummnmn e s s s s s oS T AR 36
51 Bystem Funclionalifies cuaswmmsvomsmsonnonasmmnsssssss s s sss s ssmssmrss e oo 37
0 0 O 2 T T OO 37
512  SYSIEH GOJEIIVEEL. ..cnnomnsansmmsnsssanmmasssnsessanenmsns e kG F e b AT s R 38
3.2 SystemyOverview and SOreen BHDbeevmssommmserssmss s sy sy 39
8,4  Luadingtiles of multiple formats cuusmmmnmnmsmsssnmvamnsammmsseeseas 39
522  Subjects generation and relation identification.......cccocvverieviieereersenvieneesirese e 40



5.23  Entity 1dentifiCation c.oveeceeiciiieiicir e e 47

5.24  Multi-document SUMMATIZAION ...ccoviviiieniiieeniirei s s e sn e b 52

I L 59
6.0  Prototype System with Applications to Emergency Response.......c.ccocuiiicvvsnicininseereones 61
6.1  Development TOOIS ...ttt asaene s 61
6.1.1  XcOde IDE ...t e e e 61
6.1.2  Interface BUilder .......oovioieiiiieiec ettt sr et 62
gl IBhone SR ausmsmmmsr s R S S e 63

6.2 Application Architeolire. v ommmmsnmmmmenmrsssmmm v o T T RO 64
B R R T U 65
7.0 Incorporation of Domain Knowledge and User Interaction ..........ccceevveevevenrveneninevinnennns 78
7.1 Feedback Description ... icereriieesirseseriertinesesressessesssasesssessessssssessssensensessessssensnnsenes 78
72 Feedback 107 BNaDe-DOe BN o e s s i e e T s s 79
18  Feedback for Related Imagesowmummmunmmnmrmsmmenmmsmsmasmns s smigs 79
7.3.1 Markov Model Mediator (MMM) ...t sase s srne s s sne s vrasns 79
7.3.2  Oft-line training based on user feedback .......c.covevviievrncnicieccceee e 82

8.0  Miami-Dade Emergency Management (MDEM) - Evaluation ......c.cccoeveneiincniecncnenne. 83
T L o o] T T — 83
e S 1T 11T s o T T —— 84
R R g U S—— 86
8.4  Feedback from MDEM and FUuture Work ......c.cccooeireeeermeneneieece e 87
00 PUDLICALION ....commmmesrmmsseramssssnssassamssmsnnonssansanssssnsonssnssssssssnensadsiiishsbiiinssnnsansansassnsssssansanssssassnns 89
Aol e DeIMETIS s rmenemurns o s v iy a7 TR S S R S A S oA s 90
e el L 91



Table of Figures

Figure 1. Relational SChEeMA.....cccceiiiiieiiieniere ettt 7
Fiouee 2. Overal EMAR conelalion meehandsnt omsmsmmssmmssmssmonssmmssmmasmsmmssmsmmmmsisams 8
Bioure 3 MAFE are Dieuliire oo oo s e oo s e s s oo S s r s sy s ey 10
Figure 4: MAF proQuction OaUaDASE swsusssss e s sy s s i s s 16
Eigite 5. Exaniple of ioape teatires diseretiZamion o e s s s s e 18
Figure 6. Example of indicator matrix and generated angles ..o 19
Figure 7. MCA modeling framework .......cccoiiiiiiiiin s s 20
Figure 8. Procedures of visual feature exXtraction .........cceeiiiinicneniiecniecne e 21
Figure 9. Procedures of text feature BXIraclionmmmspmmmasessesmsmmime s s 21
Figire 10 MEAmiode ] traiiin g s nsssrms s s s s e v s e 23
Fignig 11, HIErarohica] SITCTIIIR .oommeesodms. st s o s e s s 24
Figure 12. Composition of categories and Subjects ..., 25
Figure 13. Examples of images for the SiX SUbJECTS......coviiiiviiiiiiiiinieiinerses s 28
Figure 14. Tive sercendhiobol enliilis. o nmmemmmismsamussmmscrassassosmmsayisssssmmmsisaaass 32
Figure 15. Multiple entity groups Selection Examples.csnmmmssimaussmsssissersmise 32
Figure 16. Highlight in original document view eXample .......cccocvrirnienniiiniinmicnnnnicsnenennne: 33
Eigiire 17. Bty Sonieetion VIEW BRBMBLE ...cc.omroenssmmmmesranesb s s s s i reois s sy 34
Figure 18. Document pre-proCessing.. ..o eemimeiiniieniisieiesieinsssesrsisessssss e s sasssssransss 35
Figure 19. Combining text and image featUres.......coeeiicininiiiineicninnsecsreses e 39
Figure 20. Main menu of document-visualization platform ... 40
Figote 21; Inrporting files af mulliple T0rmats v vomwnsamnsmasumprunapppepemmsasas 40
Flanrs 22; DOSuniients STatISTES ssesseess sy s 00 iresssress s s e s 40
Eignig 23, Sglecting entity 1 deop-doWin BOX -.....comsssemsiiisiimieisiss s samsmmiamms 41
Figure 24. Entity extracted from dOCUMENTS. ......cooirerernrieirmeeimeenriiiicsesmt s riss s e b ssneanns 42
Figure 25. Selecting entity in drop-down box and mapping........ccevverveiiininncnnins 42
Fizure 26, Entityrelabionmapping 1 covomumemmssmnmmmssmmmmmmmasmmem s 43
Figare 27 Entity relation mapping 2 wocemmssssss s s i peesssss 43
Biiire-28: Entity relation anDiiiELD e o o sy s v o S s somi st 44
Figiire-29, Butity relation MappIng 4. .. ..ccresramsessammsermnssseamsarases il s i i e 4
Figure 30. Entity relation mapping 5 ... 45
Figures3.l. Enlity relaliommappingili. .ot s s s e 45
Pigure 32, All entibyrelation mappindu e i s 46
Fiptirg 33 Content VIEW: |umsrs s v mm s s s s i s s s s Sy e s rmsaves ey 46
Figiire 34, COMEnt VIEW Zocuunsimsmmssi s e (e e e s s 47
Figure 35, COMENT VIEW 3..iciiiierieiiicienieiitiiieitiesiestis e sisessiesnseaesase st s sare s sassas s s snesanssisssbnsnesens 47
Figure 36. Categories and CONTENTL VIBW.....o.cuveevrireerrirerreinnesnesennesrressmrenesstnesrecnmeenmessasssabessssnsns 48
Figure 37, Unknown category and entity mapping l......cccvviviiniiinniis e 48
Figure 38. Unlaown categoryand endity mapping ....cummnomnsssammmnssassssmsseseimsss 49
Fioure: 30, Tocation, Daie, AdOre s CatBIOTIEE e s s s s e 49



Figmedll OreaniZation CREEITY oo e s s s i e avas o 50
Figure 41. Location, Organization and Url Categories........ccocvvrieiiriiinniiinisie v 50
Figure 42. Location, Organization, Date, Url CateZOries ........cevvvrrrrrisesreriviieesrersesessesiassessneernens 51
Figure 43. Location, Organization, Date, JotTitle, Person categories ....couviiieinenivesieariesineennens 51
L W o = T —— 52
e (11 Lo — al
Figiire 46, Suniiiarzation Tamework s nasnian s s s e S 54
Figure 47. Document toKen CloU......cooriiiieieireeinriens e sresseeesnnerans e sreasae e saass e besnseenns 55
Figure 48. Algorithm SElECtion ...c.oiiriiiiicii e e 55
Figure:9. Senfence exliallom . emsmumamessusssnrmssummmessimes e sy os sms s s v o3 56
Figure 50, Highlight selected sEntente qeemssmmmmisommosmssmmassssonssisy e yimsiismis s us i 57
Eigure 5 1. A ey e SO O B e s s ey S G o YA R S AR s 57
Figure 52, Randomly selected SENTENCES 1 ...cevevieernirerrerivinnrieiiiieersreriesssssesnennesesnereesesessressanses 58
Figure 53. Randomly selected Sentences 2 .......ccoovvivniiiiiiiiniiiinissiee i 59
Figure 54. Xcode IDE ..... .o e s 61
el T U — 62
E by T M ) —— 63
= b T e T e UL R T — 64
Figure 58. Main réPort TISt 1 cvviiecveriererriereenirreesreesseeneresenssessessesraesessesseseessesssresnesseiiesssaesseses 65
Figure 59. Main report LISt 2 .......iviv ittt 66
Figure 60. Report page With 1abs 1 ..ot sissse s sieenes 67
Figure 1. Report page wilh B8 2 wausmmummasmmsssssssssimsmens s it o s e s 68
Fipure 62; Report with relatod Imames Lessesesmsmon s smssssmisssss o o s sy s mommvsis 69
Fraire 03 Report with Telate INTES0E T s mnmim s s s s s e s 70
Figure 64, Report with related images and voting selections ........ccccevveiiinininiiicnniiine, 71
Figure 65. VOte up an image i @ FEPOIT ..uevvrioererereeeeiieaieenieersneeseensresseessessasesssessnessaensessnssnsesen 72
Fipure 66. Flag an-imapeiina tepoil e s s e o 73
Figue G/, Pullvibw of gy Imepe e sssssinsmsosmmsrssowsssmsissesisio: 74
Figure 68. Imapge deseriptitin s msamommsmenimmomss s s e s i)
Bigirs 68 BIAE ST TS50 s s s s i i a i e e S e s 76
Figure 70. Related IMagES ...cccceiveierieeeiiesreiienressisseestneeseesaeessasnressessesseesssesssssessessesasssasssssnssness 77
Figure 71. Pre-processing for image-document feedback .......ccccuvvvvennininiciiincniicinccen, 79
Figure 72. Presprocessing for related image feedback.....comoanmmmmanmsmmananssmssssise 82



1.0 Introduction

Responders in the field (both public and private participants) are capturing footage,
pictures and video, of the disaster area with mobile phones. This data is being collected but is not
integrated in the incidence command systems where situation reports, incidence action plans, etc
are being held. When these materials are entered into such systems, it is done so in a manual way
which is time consuming and requires careful human review and management.

In this project, we propose to use advanced data integration and visual analytics techniques
to analyze (1) situation reports and (2) pictures as well as text captured in the field and
automatically augment/link the reports directly to relevant multimedia content obtained in the
field.

The final report is organized as follows: Chapter 2 describes the offline Multimedia
Analysis Framework (MAF) for associating situation reports with relevant multimedia contents
in a general point of view. Chapter 3 introduces the Hierarchical image classification component
based on multi-source data fusion and multiple correspondence analyses (MCA) in detail.
Chapter 4 explains the document pre-processing using GATE system and WordNet for
associating location-subject pairs with documents. Chapter 5 introduces the techniques for
document visualization. Chapter 6 presents the prototype system with applications to emergency
response. Chapter 7 describes the incorporation of domain knowledge and user interaction,
especially user feedback. Chapter 8 evaluates the proposed system by collaborating with EOC
department of Miami-Dade. Chapter 9 lists the publication for this project. Finally,

acknowledgements and references are given.



2.0 Multimedia Analysis Framework (MAF)

A Multimedia Analysis Framework (MAF) is proposed to automatically augment/link
situation reports to relevant multimedia contents obtained in the field. To accomplish this goal,
the MAF defines a specific relational schema and applies several layers of correlation
mechanisms. The relational schema establishes the relationships between situation reports,
geographic locations, subjects, and images, and the correlation mechanisms make use of the
reports’ text as well as the images’ geographic location, visual features, and associated text to
correlate images to reports via locations and subjects. To make use of the two principal sources
of information, i.e., text and images, the MAF defines a hierarchical approach to correlate
images to situation reports and makes intensive use of research techniques to extract knowledge

from both sources of information,

2.1 Relational Schema

The MAF organizes the data, i.e. situation reports and images, as depicted in Figure 1.

Figure 1. Relational schema

In their contents, situation reports may reference one or more geographic locations, which
identify important locations in the given scenario. For example, in the scenario of a hurricane
that affects South Florida, geographic locations, may be cities in Miami-Dade; or in the case of
the oil spill in the Gulf of Mexico, Pensacola Beach in Florida and Crystal Beach in Louisiana
may be possible locations. Such locations are represented by images, and some of the images
represent locations before the latter is affected by the hazard(s), while other images represent
affected locations and thus show certain damage, i.e., the subject of the image, in locations
affected by the hazard(s) in the given scenario. More concisely, the subjects of some images are
the damages affecting the corresponding locations. Subjects may be tar balls, debris, fire,

flooding, building destruction, etc.








































































































































































































































































