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Abstract

Crowd management inlarge events with hundreds of thousands of individuals are a critical
challenge. Use of computer vision techniques on visual feed has been the typical approach
throughout the years to monitor mobility and behaviors of crowds. despite the substantial
advancement in this field, the massive deployment cost of a camera network and limitations of
image processing restricts the productivity of this approach when applied at large scale. on the
other hand, the evolving trend of smart or context aware environments has led to the proposition
of geographically informative systems in which advance tracking technologies are used for
collection of quantitative movement data. individuals within a crowd are observed as profiled
users, thus, making it an identifiable crowd. gps localization [1] and proximity-based [2] tracking
has been used to capture complex crowd dynamics during an event.

following the above line of thought,
ourapproachemphasizesonmanaginglargescaleeventsthroughmultilevelcontextualinformationandv
isualizations.productiveinformationoncrowdconditionisattainedbyperformingrealtimeanalyticsonp
ositionaldata of individuals
crowd.thenectarfromrawdataisextractedbyharnessingthepowerofdistributedprocessingplatformsto
processlargeamountsofdataparallelly. the generated data is filtered and modeled to ensure the
consistency of data coming at high volume and velocity

The other aspect of the project is to simulate crowd dynamics before hand predict probable
outcomes. for realistic simulation of such events, the approach of multi-agent system (mas) is
considered suitable as the agents are expected to move to their goals, interact with their
environment, and respond to each other. mas is also postulated as preferred approach for
emergency evacuation simulations [3] because mas model problem in terms of autonomous
interacting component-agents, which is proving to be a more natural way of simulating the
unpredictability factor of large crowds.

a generic simulator [4] is used for basic modeling of entities in a scenario. the simulator itself is
broad in terms of information sources but limited in terms of even-driven activities and behaviors.
we have extended and quantified the concept toward immensely crowded events and activities of
individuals it comprehends. We advocate as endless approach to model, simulate, analyze, and
visualize crowd situations for actual venue settings. We equip crowd modelers and event
organizers with a tool to effectively manage large events.

A Resource Framework for Simulation, Visualization and Analytics of Large Crowds - Version 1.0



REVISION CHART

Version Primary Description of Version Date
Author(s) Completed
Draft Hafiz Taha Jamil Initial draft created for distribution and review 21-09-2016
comments
Preliminary Monis H. A. Ghaffar | Second draft incorporating initial review 15-12-2016
comments, distributed for final review
First complete draft, which is placed under 26-04-2017

Final

Hafiz Taha Jamil

change control

A Resource Framework for Simulation, Visualization and Analytics of Large Crowds - Version 1.0




CONTENTS

CONTENTS ... .ottt ettt e s ettt e e s ea e e e s s aatteeseabaeesabbeessasbesesshbbeessesbbeessabassesabeeesasbbaesesabenessrrenens 1
)0 53 A S0 2 (@] 014 21 TR 3
J S @) S N ) 01 s TSR 5

INTRODUCGCTION ...ttt ettt et e s ettt e s e s et e e s bt e e s s b be s e sbasee s sbbasssasbasesssbaesssrbeneas 6
B Y (@1 4 A V7N (@) PR 6
1.2 PROJECT OVERVIEW......u0iiiieiiieiieesiriesinesasiessssessssnessesssnsessnnsnns ERROR! BOOKMARK NOT DEFINED.
1.3  PROBLEM STATEMENT ....ccoiviiiiiiiie s siieeesereie e sree e sineeeseneae s snnes ERROR! BOOKMARK NOT DEFINED.
B © )] 2l ¥ 17 =1 TR ERROR! BOOKMARK NOT DEFINED.
DOMAIN ANALYSIS ..ottt ERROR! BOOKMARK NOT DEFINED.
21 CUSTOMER .....eveiiietiiieiitieeesitieeeseetee e s eteeessbasesesbesessssseeessseeseanes ERROR! BOOKMARK NOT DEFINED.
2.2 STAKEHOLDERS. ....tcttiiiiiiittiiitieesseiiatieieeesssssisbaesseessesassrensanasessns ERROR! BOOKMARK NOT DEFINED.
2.3  AFFECTED GROUPS WITH SOCIAL OR ECONOMIC IMPACT....... ERROR! BOOKMARK NOT DEFINED.
2.4  DEPENDENCIES/ EXTERNAL SYSTEMS.....cccoiveirieeirereniesrereeens ERROR! BOOKMARK NOT DEFINED.
2.5  RELATED WORK ....vooiiitiieiiitiieeeiee e eteeeestae e e sten e s sveeessaaeaeeanns ERROR! BOOKMARK NOT DEFINED.
REQUIREMENTS ANALYSIS ..o, ERROR! BOOKMARK NOT DEFINED.
3.1 REQUIREMENTS......uvtiiitieeiittieeeiitreeeesiteeeesitteeeeiseeessseeessssresennns ERROR! BOOKMARK NOT DEFINED.
3.2 LIST OF ACTORS ..uttiiiiiiiiiitiiiiie e seiitiirie e s s s sbbbn s e e s s sbbbansesa e e ERROR! BOOKMARK NOT DEFINED.
3.3 LIST OF USE CASES......cccuuieiitriieiiitiessstseeessitieesssessssseessssssesessnns ERROR! BOOKMARK NOT DEFINED.
3.4  SYSTEM USE CASE DIAGRAM .....cccvvieiitieeeiitieeeeevee e s ereeeseveeeeenes ERROR! BOOKMARK NOT DEFINED.
3.5  EXTENDED USE CASES ....ccciiitiieiiteeesireeesesreeessseesssneessssessssnnes ERROR! BOOKMARK NOT DEFINED.
3.6 USERINTERFACES ....cccciiiittiiiieeiieiiitiieeieesssssisraeeseessssssnanssessessns ERROR! BOOKMARK NOT DEFINED.
SYSTEM DESIGN .......cooiiiiie et ERROR! BOOKMARK NOT DEFINED.
4.1 SYSTEM ARCHITECTURE DIAGRAM......uvviviiiiiiiiiiiiee e ERROR! BOOKMARK NOT DEFINED.
4.2  PHYSICAL LAYER ..uttiiiiiiiiiiiiii ettt sibbas e ERROR! BOOKMARK NOT DEFINED.
4.2.1  Location Aware Devices ........ccoouvvevivireciineeriirnensnines Error! Bookmark not defined.
4.2.2  Data Collection NOAES .........ccoovuvevevvineiiiiineeiiinee s Error! Bookmark not defined.
4.2.3  Simulation Framework ....c...cccovevevvvveeiiiiicneeeiene e Error! Bookmark not defined.
4.3 PROCESSING LAYER .....cociuiiiitieeeeitiei e st ee e et e et eevvee e ervee e ERROR! BOOKMARK NOT DEFINED.
4.3.1  Data Collection Service .......coccevveivvvieeiiiiinesiiiines s Error! Bookmark not defined.
4.3.2  Data Filteration .....cooceovvveeeiiiiie e Error! Bookmark not defined.
4.3.3  Data Modeling........cccccoovvviiiiiiiiiinisssissss Error! Bookmark not defined.
4.3.4  Big Data Environment ...........ccocovvvvneviicnnninniennnn, Error! Bookmark not defined.
4.4  APPLICATION LAYER ...ttt ERROR! BOOKMARK NOT DEFINED.
4.4.1  Pre-Analytics Visualizations ............ccceeevveinnninnnnns Error! Bookmark not defined.
4.4.2  Post-Analytics Visualizations...........c.ccoeevveeviviinnnns Error! Bookmark not defined.
45  CLASS DIAGRAMS.......coictiiiiitiie e ettt vae e s srbe e ERROR! BOOKMARK NOT DEFINED.
4.6  SEQUENCE DIAGRAMS......ociiitiieieieie et ee et eeiae s sereee e evie e ERROR! BOOKMARK NOT DEFINED.
IMPLEMENTATION DETAILS ......ccooooviiieieeee e ERROR! BOOKMARK NOT DEFINED.
51 DEVELOPMENT SETUP ...eoeiitiiiiiieeeeietieeeeteie e e sreeessneeessvaeessnnes ERROR! BOOKMARK NOT DEFINED.
5.1.1  Physical LAyer.........cccccoevvvviviiininiiiiiiissesee s Error! Bookmark not defined.
5.1.2  Processing Layer..........cccovvviniiiiiinnciciinscniins Error! Bookmark not defined.
5.1.3  Application Layer ..........ccocovvvniinnninsssens Error! Bookmark not defined.
5.2 DEPLOYMENT SETUP......cootttiiieeiieiitiiiie e e s e s s sittiriee e e s s sitbaessesseenes ERROR! BOOKMARK NOT DEFINED.

A Resource Framework for Simulation, Visualization, and Analytics of Large Crowds, Version 1.0 Page 1 of 6



5.2.1  Simulator (SIAFU)......ccococvviiiieiiiieeiie e, Error! Bookmark not defined.

522  MongoDB. ... Error! Bookmark not defined.
523 SPATK v Error! Bookmark not defined.
5.2.4  Crowd Analytics Application ............cccoevvcivnninnns Error! Bookmark not defined.
5.2.5  Problems FACed .........c...ocoveuiivcviiieiiiiiieieiiiee e Error! Bookmark not defined.

5.3 ALGORITHMS .....cutiiiiiiiiiiitiiiiie e sesibirie e e s s s ssibbass s e s s s e sasasbasases e ERROR! BOOKMARK NOT DEFINED.
5.4 CONSTRAINTS ....cceviieiitteeesitteeesetes s e s sbeeessbaesssbessssabeeessssbaesesnns ERROR! BOOKMARK NOT DEFINED.
541  ASSUMPHONS ...cvvviiiiiiiiieiieeeee e Error! Bookmark not defined.
5.4.2  System constraints ...........cceceeeeiiiiiiiiniicci Error! Bookmark not defined.
5.4.3  ReSHIICHONS .cuviveviiiiii et Error! Bookmark not defined.
544 LiMIEAHONS.c.cocooiiecieiiee ettt Error! Bookmark not defined.

6. TESTING.....cc.oco ittt st ERROR! BOOKMARK NOT DEFINED.
6.1 EXTENDED TEST CASES ....utviiiiiiiiiiiiiiiie e st e e s sivnneee e ERROR! BOOKMARK NOT DEFINED.
6.2  TRACEABILITY MATRIX ...uvvviiiiiiiiiiiiiiii e ssiiiiirie e sivanne e ERROR! BOOKMARK NOT DEFINED.
6.2.1  Requirements vs Use Cases (RID vs UCID).............. Error! Bookmark not defined.
6.2.2  Prototypes (PID vS RID).......c.cccccvvummrniiccccnenns Error! Bookmark not defined.
6.2.3 Test Cases (TID VSRID) .....cccccoevievinirsin e Error! Bookmark not defined.
6.2.4 Coverage (UCID VS TID)....ccoovvveieriiieiecece e Error! Bookmark not defined.

7. RESULTS/OUTPUT/STATISTICS..........cccoevrrrrrnnnn. ERROR! BOOKMARK NOT DEFINED.
7.1 % COMPLETION .....oviiiiiiitieecteeeiessiteessttessreessseessresesvesssresssnnesans ERROR! BOOKMARK NOT DEFINED.
7.2 % ACCURACY ooooeiieieeeee ettt sttt e et s e s st e sba e e s saben e s sares ERROR! BOOKMARK NOT DEFINED.
7.3 % CORRECTNESS.......cutteiittiieieitiiessstsseessteessssasessbasssssssesssnens ERROR! BOOKMARK NOT DEFINED.
7.4  IMAPACT OF INDEXES ...uviiiiiiiiiiiiiiiee ettt sivraee e ERROR! BOOKMARK NOT DEFINED.

8. CONCLUSION.......ooootiii ittt ERROR! BOOKMARK NOT DEFINED.
9. FUTUREWORK ...ttt ERROR! BOOKMARK NOT DEFINED.
10. BIBLIOGRAPHY ...t ERROR! BOOKMARK NOT DEFINED.
11. APPENDIX ..ottt ERROR! BOOKMARK NOT DEFINED.

A Resource Framework for Simulation, Visualization, and Analytics of Large Crowds, Version 1.0 Page 2 of 6



List of Figures

Figure 1. System Use Case Diagram.........cccccevevvevieerivesieesinesinennnn Error! Bookmark not defined.
Figure 2: (P1) Main SCrEEN .......cceivveieiiiie et se et Error! Bookmark not defined.
Figure 3: (P2) venue configurations SCreen ...........ccoceeeevveeeneenennn. Error! Bookmark not defined.
Figure 4: (P3) zone configurations SCreen.........cccocvevevvevreeecivennnn, Error! Bookmark not defined.
Figure 5: (P4) simulator configurations SCreen ............ccocvevvenuenns Error! Bookmark not defined.

Figure 6: (P5) Simulation Window lllustrating Participant’s ContextError! Bookmark not defined.

Figure 7: (P6) Crowd Trail Overlay ..........ccccoovevvevieevinevecsie e, Error! Bookmark not defined.
Figure 8: (P7) Crowd AnalytiCS SCreen..........cvvvverviviiniienesienas Error! Bookmark not defined.
Figure 9: (P8) Crowd Density Heatmap ..........ccooevevvivninencnienns Error! Bookmark not defined.
Figure 10: System ArchiteCture.........cccooeviviieeie e see e Error! Bookmark not defined.
Figure 11: Location Aware DeViCeS........cccccvvieeveieciiene e, Error! Bookmark not defined.
Figure 12: Siafu’s Method of Operation ...........ccccooveviiiinenenenns Error! Bookmark not defined.
Figure 13: Participant’s Data Model .............coeveiiiiiiiiiics Error! Bookmark not defined.
Figure 14: MapReduce HIustration..........c.cccovvvvveveiv s, Error! Bookmark not defined.

Figure 15: Component Interaction in a MongoDB Sharded ClusterError! Bookmark not defined.

Figure 16: Spark Stack ..........ccooeiiiiiieie e Error! Bookmark not defined.
Figure 17: Sample Zone Division of Arafat Plain (Mecca)............ Error! Bookmark not defined.
Figure 18: Real Crowd MoVEMENt.........ccccvveveieeiece e Error! Bookmark not defined.
Figure 19: Simulated Crowd Movement ...........cccceceevivevinevieesnennn, Error! Bookmark not defined.
Figure 20: Class Diagram of Crowd Analytics Application........... Error! Bookmark not defined.
Figure 21: Class Diagram of Simulator (SIAFU).........ccccocevvnenns Error! Bookmark not defined.
Figure 22: Class Diagram of Simulation ...........cccocevvvoninencnnnns Error! Bookmark not defined.
Figure 23: SD — UC 1.1 (Create Venue Background).................... Error! Bookmark not defined.
Figure 24: SD — UC 1.2 (Create Pathways) .......ccccoeeererveeennnennn. Error! Bookmark not defined.
Figure 25: SD — UC 1.3 (Create Place) .......ccccvevvevvieeiieie e, Error! Bookmark not defined.
Figure 26: SD — UC 1.4 (Create Zone)........ceovrververeeivrenenesienienens Error! Bookmark not defined.
Figure 27: SD — UC 3.1 (Visualize Participant’s Context) ............ Error! Bookmark not defined.
Figure 28: SD — UC 3.2 (Analyze Crowd Condition) .................... Error! Bookmark not defined.
Figure 29: SD — UC 3.4 (Analyze Heatmap) ........ccccevevveverrennnnn, Error! Bookmark not defined.
Figure 30: Zone Population Graph..........cccccoviiiiniiiiene e Error! Bookmark not defined.
Figure 31: Color Scheme to Illustrate Crowd Density ................... Error! Bookmark not defined.

Figure 32: Heatmap Depicting Crowd Density in Two Different ZonesError! Bookmark not defined.

A Resource Framework for Simulation, Visualization, and Analytics of Large Crowds, Version 1.0 Page 3 of 6



Figure 24: Impact of Index on a Scenario | QUery ..........cccceceeuenes Error! Bookmark not defined.
Figure 25: Impact of Index on a Scenario Il Query............ccce...... Error! Bookmark not defined.

Figure 26: Impact of Index on a Scenario Il Query ...................... Error! Bookmark not defined.

A Resource Framework for Simulation, Visualization, and Analytics of Large Crowds, Version 1.0 Page 4 of 6



List of Tables

Table 1: List of stakeholders ..o Error! Bookmark not defined.
Table 2: Requirement Specifications...........c.coceveiviiinineneneen Error! Bookmark not defined.
Table 3: List OF ACIOTS.....ccoiiiieieieesecee e Error! Bookmark not defined.
Table 4: Evaluation of Scenario I Query
.................................................................. 64

Table 5: Evaluation of Scenario Tl QUENY .......iuiieiieie i e e e e v ere e e e e e
66

Table 6: Evaluation of Scenario I QUENY .......o it e e e e e
68

A Resource Framework for Simulation, Visualization, and Analytics of Large Crowds, Version 1.0 Page 5 of 6



1. INTRODUCTION

1.1 Motivation

Thousands have lost their invaluable lives due to human crush and stampedes in large
events all around the world. These stampedes and crushes are primarily the resultant of
crowd congestion and mass panic. Crowd management is emerging as a hot topic of
research due to continuity of the problem. However, earlier work was focused on tackling
the problem by means of computer vision techniques. But the deployment cost and
overhead on image processing on one end with the evolving inclination towards context
aware environments on the other has led to the proposition of advance tracking
technologies. These are used for collection of positional data. GPS localization [1] and
proximity-based [2] tracking has been used to capture complex crowd dynamics during
an event. These large sets of collected data needs a distributed and parallel computing
processing infrastructure to extract value out of that raw data in real time.
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