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@ Big Data

Rapidly increasing

- Data volume

- Data velocity

- Data variety

- Data veracity (security)

2000 2005 2010 2015 & Beyond

* Unstructured and overly complex
« Difficult to detect patterns
« Challenges in understanding/interaction
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I&] Virtual Reality

 Sustainable
Interaction

 Natural Movement

 Less Restriction

* First Person
Perspectives

 Multi-Dimensional
Data

 Immersive Gameplay

« Additional Context
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- « Approach
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@ Approach

Bridge the gap between data volume and user interaction
through immersive technologies

Enhance data visualization with additional context

Appeal to the growth of 3D game development and virtual reality

Scenario: Visualize Twitter at MIT

— Why Twitter?
- Large Data Set
- Popularity
— Why MIT?
« Familiarity
- Geographical Basis
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Data Extraction, Tweets

Process Pipeline for Twitter Data

lat| 042.359

ATy lon|-071.091

< On - .
ﬁf;afh*i t 20
Geo-tagged Apache A= W t is
Tweets Accumulo A usérname | mob
D4M friendscount
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Data Extraction, Tweets

Geo-tagged
Tweets

Accumulo

Twitter Decahose

Process Pipeline for Twitter Data

lat| 042.359
lon|-071.091

|t 20
[od TSV |is

username nob

friendscount

TweetlD Time Lat Long User Source Text
334458513407488001 | 2013-05-1500:01:38 | 41.50442327 | -71.3080676  alesiatasso  Twitter foriPhone = @LM_Rudd okay, I'm...
334458512308576256 | 2013-05-1500:01:37 | 42.56289604 | -84.82935883  skally_pal Twitter foriPhone | @ItsMackk I'll see you...
334458513755602944 | 2013-05-1500:01:38 | 41.39560229 | -81.73950863 AmbahDee  Twitter foriPhone = @NataliaProkop come...
334458515798245377 | 2013-05-1500:01:38 | 37.19058402 | -93.31629432  RockSteady = Twitter foriPhone | @ktp35 | didn't think to...
334458515383005184 | 2013-05-1500:01:38 35.6337457 | 139.6607298  karate_h Twitter for Android | ""@IngatanSekolah: ...
334458520244219904 | 2013-05-15 00:01:39 422041867 | -87.8126571  yobebeau Endomondo Was out cycling 31.64 ...
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Data Extraction, Tweets

Process Pipeline for Twitter Data

Geo-tagged
Tweets

Apache Accumulo

Accumulo Tables:

Tedge/TedgeT

Accumulo

,‘... )'-.__- lat I _042 . 359
1y b 3 lon|-071.091
o._ ¥ T 1t 20
” Y--. F ‘,
LR o .1 t is
L
- username nob
D4M friendscount

100884704315854433

652675803215854433

409912442025854433

Row Key

TedgeDeg*

I Degree

Row Key

FET T P TFEL T T BFEET.

TedgeTxt

toxt

100884704315854433

@LM_Rudd ohay, 'm gosna get i comfy clothes then drive to your house thes we can adventure! lol

652675803215854433

@itsMackk I'll see you tomorrow while we're moving

409912442025854433

Row Key

Was out cycling 31.64 miles with #£Endomondo. See it here: http://it.co/9CpxSipkis
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Data Extraction, Tweets

Process Pipeline for Twitter Data

Geo-tagged
Tweets

Apache
Accumulo

lat| 042.359
lon|-071.091
t | 20
username nob
friendscount

followers| )/

D4M (Dynamic Distributed Dimensional Data Model)

 Restricted within MIT

« Contains the word “danger”

Amit = Tedge(:, [‘lon|,-71.090,:,-71.099,'] ..
[‘lat]|,42.350,:,42.357,']);

Atagged = Amit(:, StartsWith(‘word|danger,’);
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Data Extraction, Tweets

Process Pipeline for Twitter Data

Geo-tagged

Tweets

lat| 042.359
lon|-071.091
L D t 20
Apache A3 o t is

Accumulo i username nob
friendscount

followers| )/

TAGGED | 1

D4M (Dynamic Distributed Dimensional Data Model)

v
TSV

Restricted within MIT

Amit = Tedge(:, [‘lon|,-71.090,:,-71.099,'] ..
[‘lat]|,42.350,:,42.357,']);

Contains the word “danger” TAGGED | 1

Atagged = Amit(:, StartsWith(‘word|danger,’);
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Data Extraction, MIT

X (km)

height(m)

LADAR

 1m resolution height map

 1.0km x 0.56km region of
Cambridge

« STL file
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23 Game Configuration

MAX_lon,
@ MAX lat
L - Tagged lon,lat
S 2
>
lon,lat
- Default ‘ 16
’Q, ) & HEIGHT
X
MIN_lon, =\ = MAX _{lon,lat} —{lon,lat}
MIN_lat xz)= = : - WIDTH ,HEIGHT
WIDTH L= VAX tlonlaty - MIN {lon.dat) 4
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@ Game Configuration

« 3D Rendition of MIT with ~6000 tweets (Oct. 2013 — Feb. 2014)

-
.
A
.
.
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@ Utilized Technologies

é )
N N
TSV FBX

Tweets Model

4 )

v
o), \
= P& unity
- J

Leap Motion SDK/

“3D Input Meets 3D Output” — Why choose Unity3D?

« Game Engine -+ Physics Engine * Extensive Integration < Flexibility
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Outline

‘ * Results

— Virtual Environment
— Analytical Tasks
— Challenges
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@ Virtual Environment
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@ Analytical Tasks

- - Navigation/Exploration
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@ Analytical Tasks

- - Navigation/Exploration
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@ Analytical Tasks

- - Navigation/Exploration
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@ Analytical Tasks

» * Cluster Recognition
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@ Analytical Tasks

» * Cluster Recognition
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@ Analytical Tasks

» * Filtering
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@ Analytical Tasks

» * Filtering
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@ Analytical Tasks

» * |dentification
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@ Analytical Tasks

» * |dentification
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@ Analytical Tasks

» * |dentification
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Analytical Tasks

p_DEMOS _OS8X
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Analytical Tasks

p_DEMOS _OS8X
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Analytical Tasks

Record

0# 174
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Analytical Tasks
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Analytical Tasks
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Analytical Tasks

LINCOLN LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY



Analytical Tasks
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Analytical Tasks
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Analytical Tasks
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Analytical Tasks
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Analytical Tasks
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Analytical Tasks
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Analytical Tasks
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Analytical Tasks
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Analytical Tasks

LINCOLN LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY



2]

Analytical Tasks
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Analytical Tasks
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Analytical Tasks
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Analytical Tasks

p_DEMOS_OSX
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Analytical Tasks

p_DEMOS_OSX
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Analytical Tasks

p_DEMOO_OSX
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Analytical Tasks

p_DEMOS_OSX
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Analytical Tasks

p_DEMOO_OSX
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Analytical Tasks

p_DEMOS_OSX
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Analytical Tasks

p_DEMOS_OSX

N
A
'
v
'
o
'
0
v
v
v
'
'

LINCOLN LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY



@ Analytical Tasks

p_DEMOO_OSX
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Analytical Tasks
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@ Analytical Tasks
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@ Analytical Tasks

» « Tracking
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@ Analytical Tasks

» « Tracking
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Analytical Tasks

p_DEMOS _OS8X
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Analytical Tasks
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@ Challenges

° Rendering MOdG'S | Function Positioning
« Camera LOD

Occlusion Layers

* Processing — Frame Rate

1000 2000 3000 4000 S000 6000

CO"ider ACtivatiOn Number Records

Collision Adjustment

NWY.AZ Vv
o ) IV
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@ Challenges

Rendering MOdeIS | Function Positioning

Camera LOD

Occlusion Layers

* Processing — Frame Rate

0 1000 2000 3000 4000 S000 6000

« Collider Activation S —
Collision Adjustment
 Problem: Further instantiation /‘/\/\ /‘\/.
leads to more collisions . I

« Solution: Convert to using
geohashed locations
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Outline

‘ « Summary, Future Work and Next Steps
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@ Summary

Goal

 Promote improved visualization and interaction with Big Data
* Achieve better situational awareness

Approach
« Collect and Visualize Twitter Data at MIT
« Utilize Unity3D Game Engine, showcase emerging technologies

Results
* Immersive virtual environment
- Data overlaid on geospatial domain
« Dynamically perform analytical tasks

* Ongoing/Future Work

Performance enhancements/optimizations
Usability & GUI Improvement

Additional Analytics

Live Data
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Backup
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