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A Data Science Research Center

End-to-End Data Platforms

ceatWorl =) TransDec 2
e MediaQ
Applications B

Fundamental Research

AMIA’16, ECCV’16, SIGKDD’16, SIGSPATIAL'16, VLDB’16,
BigMM’17, ICDE’17, SDM’17
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e Transport-
ation

Input Traffic Data

46 MB/min

Rl"i'rS —

Ly F\.HEELEB Lk Ty

Highway (4500+ sensors)
Arterial 4700+ 9500 sensors)
Bus & Rail 2000+ buses)

Event (~400 per day)

Ramp meter

CMS

USC Viterbi

@ ADMS:
An Exclusive Contract w LA-Metro

Streamlinsight

Storage

Transit Ridership Data
4years of 1M rows

Truck (WIM) Data
3 years of 10M rows

Inrix Probe Data
1 year of 400M rows

Analysis
&Visualization

E.g., Traffic Forecasting
(ICDM’13, KDD 16, SDM’17)




e Transport-
ation

2011
ADMS RFP
(Awarded to USC)
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ADMS Public Release

2011-2015
ADMS Developed

Data Stoes

Ciusry Ersgin

(Research/Prototype by USC)

Infaafass

2015-2016
ADMS Extension
(Awarded to USC)

2016-2021
ADMS Production
(Awarded to Parsons/USC
Tech Transfer of ADMS)

frysse=s
Regional Integration of Intelllpen Transpostation Systems (RITTS)
Mndernizabon

EFFRo. Pa2lom

Archives Dara Managerosnt System Maimenance
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e Transport-
ation

Policy- ADMS

* Collaboration between IMSC and Sol Price School of Public Policy

L.A. Expo Line hasn't reduced co
promised, a study finds

* Did Expo Line increase transit patronage?

* Did Expo Line impact traffic performance? e e
® Qu as i -eXp e ri me nta I d es i g n: Befo re/a fte r - w:.rralr':t"-.e predictions used to promote the first phase of the Expo light rail line
c between downtown and Los Angelss’ Westedde, a new study las found that the
a N d Wlt h/Wit h o ut sogo-million project has done little to relieve traffic congestion in the area

USC Viterbi




Transport-

ation Data Driven Journalism e e e i

About the collaboration :I

The USC Annenberg School of Jovrnalism and the USC Viterbi Sc

massive and ever-growing database about traffic In Los Angeles. | X { Life in the Slow Lane

signais aboul the economy, quality of [fe, safety, and social and e WOERE DT IMANTEING 0T, FEREEATE SN MSEN CORAEATER THAR IVIN,
Viterkl faculty and students in computer science, data managemeg

of information, The Annenberg side was charged with figuring out

tedl us about the city we [hi in

Most of the data is generated by The Los Angeles Metropolitan Tralg
Integrated Media Systems Center to curate the data penerated by
County. In addition, Metro supplies the GPS data ransmitied by [
of thousands of accident and Incident reports collected by the Ca

possible through the generous support of The Annenberg Foundail

USC Annenberg USC Viterbi

Schisd Boe Conttitinirrcat b Schoal of Engince: gy
ard leurmalies Jeed 1_...-...' Mesfian Bpissme
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Sta rt u p : Ta I IyG O I@ United States Patent and Trademark Office

.'I.l..‘lb'l.'l'h.';ul'.'ll|||. gt of {smmerce

US Patent No. 9,286,793
Traffic prediction using real-

world transportation data

* New business model (API) March 150D

* LAFD Deployment

. AT N Target is Series-A funding in 2017 T
TrafficCameras  Self-driving Cars Hierarchical & exact fastest
path computation in time-

dependent spatial networks
February 2014

":F" 0%

Time-Dependent Time-Dependeant
Routing Mearest Mejghbor Search

US Patent No. 8,566,030
Efficient K-nearest neighbor
Tt search in time-dependent
fmider:n E:T;;:Eemim TR spatial networks

October 2013
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Research: Traffic Forecasting

Single sensor

Time series analysis
ICDM’2012

Multi sensor
Latent Space -- SIGKDD’2016
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e Transport-
ation

Open Problem

Client

* Current: Optimize for single vehicle

!

Real-time Traffic Data Feed

Traffic
Prediction

Application Interface

(Mobile, In-Car)

T

A
A 4

A

v

Routing
Engine
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Future: City Flow Optimization & Control Utilization System
Tech h Reports

SBE - Algorithm parameter

amazon g =

Sensed [ Measured

O] patabases C |ty F 0 C U S ” Actuating
LADOT
Current {sensed) &
historical (archived) Control Mechanism
flow of traffic on the Salva Messaging
road network LA-Metro
LA-Metro & USC - ' '
Tramlt;, accident & Navigation & Routing Persuasion Algorithms Routing
trajectory data Shahabi Dughmi LA-Metro

WAZE
; J Policy (Congestion reduction Social &&hﬂulwal
Geospatial Analysis Safety, Environment) Analysis Sensed / Measured
Boarnet

Chiang LA City, DOT & Metro
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From 2.5G (up to
Network 384Kbps) to 3G (up

6.5 billion mobile Smartphone's

Technology

Ubiquity of subscriptions, 93.5% advances o sensors. e.g., :
mobile users of the world bil video : bandwidth to 14.7Mbps) and
: FHORBIES Improvements recently 4G (up to
population [1] cameras y p
: 100 Mbps)

Carbon Monoxide

USC 11 te rhl _



Social
User-Generated Videos (UGVs)

-

ngh update rate

La rge- scale

YouTube Hours of Vldeo Uploaded per

Moblle Video Traffic Growth Minute, 6/07 — 5/13

5/09 3/10 11/10 5/11 5/12 5/13
Source: YouTube

< 2
= 2009-2014 S
s l S 100
g 2500 52 =
>
£ 1500 gE
2 §y = S 40
3 > 5 20 L
® 500 l 5o
>
o
I

-500 2009 2010 2011 2012 2013 2014
Source: Cisco

N “

-

USC Viterbi USC \ terb1




@ UGV and its Spatiotemporal Metadata

Metadata from Sensors

Record video using
Camera with sensors
(Mobile Apps)

GPS, Compass, Clock

—

(A

A. S. Ay, R. Zimmermann, and S. H. Kim. Viewable Scene Modeling for
Geospatial Video Search. In ACM Intl. Conf. on MM, pages 309318, 2008.

oo &

USC Viterbi

Q)

Model Geographical
Coverage of Video Scenes

: camera location
- camera direction vector
: viewable angle

D timestamp



Social
Media

FOV Queries

Problem of Problem of
UGV search FOV search

Spatial queries on UGVs

* Range queries .
— E.qg., search videos overlapping with an area at > Wi o
Y- 7 W
USC. AR A
e Directional queries

— E.g., search videos directed towards the North. Range query in MediaQ
[Kim et al. MMSys14]

USC Viterbi USC \ iterbi
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MediaQ Demo

http://mediaq.usc.edu/

[THL 1 terbl :




: Press Release 15-029

National Science Foundarion g %
w.I.IE RE D rslc oV ER.E“E JE[E. N New U.S.-Japan collaborations bring

|

Za Big Data approaches to disaster

I‘ESPDHSE

NSF and the Japan Science and Technology Agency
announce joint support for 6 projects to improve future
disaster management

Application with Societal Impact
Disaster Response =l H

USC's spatial crowdsourcing platform, MediaQ, collects
pictures and videos during disasters.
Credit and Larger Version

[TFT{‘ R'Ii-.tﬂfbi March 30, 2015

When disaster strikes, it is critical that experts, decision makers
and emergency personnel have access to real-time information in




GeoQ on GitHub - What we have
accomplished so far

Launched April 4th 2074

Opan Englnearing for Data, Applications, Interlaces, Measuremant end more

Transparency: Engaging af levels of governmant, industry, academia, and oihars through
nderstanding, ideas, insight and kessans learmed

GeoQ — NGA’s Disaster Response Platform

WPEC CBS12 News

Watch Liva: Presidant Obama @POTUS gets update on #Hurricane season from @MNOAA
wto N oo WBsAmMmODHPT

YouTube Video
Crislz Suppart GitHub Reposfories: Geoll, GaoEvants, AFI Generator, Gamification Servar, 3
Chef nstallers

I The: Mews, Tk Videao, Whits Housa Brieding, Forbes, Washinglon Poat, World Bani,

Humaniaran Upen sreat Map eam (H T Summit 2015, GEQINT Symposium 2074

FaoEnsrgy Surmmit, Top 30 Finalksts for Igniting innowvation 3004, FEW Federal 100 Award

2018, 2015 Nexi Gov Bold Awerd 2015 and Peoples Choloe and over TS alher nrticles

r

Gaald is in the top 10 govamment repos ionas on GitHub
Gaold Telaoon
GooQ GitHub Map

Briefed 1o POTUS [not bad for no funding)




TechTransfer: MediaQ = NGA’s GeoQ

USCViterbi




meagial)

NGA GeoQ — USC MediaQ Integration:
Use GeoQ user s map viewport to query videos from MediaQ
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Social
@ Media Data Collection and Analysis in Disaster

USNG Cells (US anly) MGRS Cells  Any Sized Polygons ~ Drag in a Shape File Boag sbuapatils frare 1000m
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[om Analytical Technologies to Objectively Measure Human Performance

(ATOM-HP)

Goal Evaluation of Human Performance in Cancer Patients

Peter Kuhn

Professor, Biological Sciences
The Bridge Institute at LISC

U":I._I)nm'-'.:{':_

Jorge Mieva, MD

Assn!:i_ate Prafessor of Clinical USC Norris C nmprl:hl. nsive

Medicine . Cancer Center
USC Narris Camprehensive Kok Wi o U

Cancer Center and Hospital

Paul Newton
Mathematics and Modeling

Joan E. BroderickSenior Behavioral
Scientist; Associate Director, Center
for Self-Report Science Center for
Economic & Social Research

l—ull."*-l'. Lraversicy of
Sy I|||'| Calfomils |

Cyrus Shahabi
Professor of Computer
Science & Electrical
Engineering

© Sanjay Purushotham
IMSC

Luciano Nocera
IMSC

USC 1 m. rhl APID
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Performance Status Scale

+ Performance Status remains best predictor of patient survival in patients with metastatic cancer:
better than genomics, blood based biomarkers, imaging

== Fvaluation limited to observations during visits

FLL PETERTS

ECOG Performance Status Scale

Grade Description

0 Normal activity. Fully active, able to carry on all pre-
disease performance without restriction.

Cormulabew Sarsies

1 Symptoms but ambulatory. Restricted in physically
strenuous activity, but ambulatory and able to carry out
work of a light or sedentary nature (e.g., light housework,
office work).

2 In bed <50% of the time. Ambulatory and capable of all
self-care, but unable to carry out any work activities. Up ,
and about more than 50% of waking hours. Assessor pair KPS ECOG

3 In bed >50% of the time. Capable of only limited self- = 1R {C
care, confined to bed or chair more than 50% of waking gonsu::an E_RMG %E l{g;} ;2 E;ﬁ%
hours. AOnsumiani—nurse o Y : 32 (W

i .

4 100% bedridden. Completely disabled. Cannot carry on ?N%]IHMﬁtlﬂnl ﬁ {gg} EE]I {ﬁj

any self-care. Totally confined to bed or chair. RM _nu:,s E;“ :"3‘; Eﬁﬂ% :‘ 3 E e ﬁ;
U—PI i<
S Dead. Nurse—paticent 28 (74) 45 (93)

USC Viterbi APID

Sduml o Ereincerig = = EAET!QH .
i ] Technology Office ¥




() pearn

ATOM-HP: Body Sensing

Band ’

(mean, peak, min)

Kinect

Raw files -> skeleton, face mesh, face
parameters (e.g., eye open, engaged)

Controlled environment
Walk and Talk

Sensors Data Task
Clinical |Band Calories, Step Count, Heart Rate In the field: 60 days 8AM-8PM
9 (mean, peak, min)
. . I \ — ¥ ¥ —
Kinect Raw files -> % Clinic: r ; &
skeleton data 7 7% |1 Chairto Table h :
Military Calories, Step Count, Heart Rate In the field: 5 days - all day

USC Viterbi
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O Research: Integrated Micro & Macro Data Analysis

Skeleton Data GFT features capture

[ rar
Happy : No
Engaged : Yes
WearingGlasses : No T = - |
£ | Aerh cpam
i
MnuthOpen : o < i 2
MouthMove fes : . e
LookingAway : No T ris
FaceYaw : -10 w7 i iy T 5 = i i
FacePitch : 0 — — — 5
FacenRoll : -5 — -]
e _ramie
& ARai ibamio dale @3
¥ SBebtweon chomo dates #1 and #d
B CRarms date @2
D LS - Mean Weekly Active Hours of All Subjects
30 ., 3500
=1 20 377 .34
20 1 3 2w ATT.3
: 14 BT5E]
o & 2500
& 10 5 apoan 18,195.14
=1 2 e 14, 240.03
i r_l v t LR}
Lal R
o = 00K
. | 3
W = FL) R
201 Mersy Sarmsor = !
= I} o Dals - ;
L v Pararmpnes Cyiclel Cycle2 Ciyded Cycled

=30 L. - Inaciive Days

qm e —

o Chemo Cycle

=10
‘1'131 40— 3 2 1-|:|-|.ﬂ
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OSSN ATOM-HP Demo: SXSL 2016 at White House

_ 1\ . ATOM-HP

Live Recording Patient #1 Patient #2

a0 Frysician ECOG 1. Fatient BECOG 4 Phiyaician ECOG 1, Patent ECOHGE 1

Kineoteo Ensrgy nectic Energ
Nl Moty — - = L

Potontial Energy Potantial Enargy Potantial Encrgy

EE— |

Accaieration AoceierElion ACTRIEration

Lr\,_h__w uwr’fl"‘-w‘m,,,_ I i Ehmhguw__“ S




[OM ATOM-HP in the News

1 e~ |
Th e ATO IVI = H P I S a 3, Cevane o Migh-qeirdily pariermrandics: sOeEnis feack iy e aig for i

petients diering thernpy and bangsterm follow-up.

fo r m a I A jaint elorr berwesns NCI asd Dalr is aimed of improving dee ives of camsde)

padencs undergoing rrextment, as well as members of the miliney smempring

recommendation by L e ol oSS e s e
. threir abilaty o perform s they each face pocentinily [3Fe-threatendng
t h e W h Ite h O u S e . It : challénges. An nocuraze, quantiatine ::1-:-I".'..'|1|-nl:-.'q.'-.|lf_- prevent dacoes from
sending parenis for meatmyent U ore nod healthy enough 10 endise—:anul

Wa S p re S e nte d to rould help commaonding afficers avald sending miiisry pesannel an

AL lons ey are pol heasiny eigh v cofmplete, The Analyrical Toals o

. Dirjecively Mexsure Human Perfornsance (ATORM-HFY project will areate o

P res I d e nt O ba m a by high-aqualiny pertarmanos staniE Wacking sysiem lor enieer pacients during
therapy and kong-term follow ap. The goal is oo be able o assess, in ceal e

Vi Ce P re S i d e nt B i d e n 0 CANEET [INCHNCs expersenees with phyvsienl, pevcholegien], and

envircnnrental factors, among others, This is expected to advance the ways

i n Se pl 1 6 a S t h e fi n a I :::.;:;h:rll dornrs tan monbine core dynammics in caneer peibens on aoregula
outcome of the

moonshot. —_—
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m DSI Private Cloud

i B
IMSC Private Cloud
. ) . .
NeSQL || maTT SaL Spark Spark
Query oL Streaming

e spa

| | caandes 2 YARN o
: | :E ] {Clustar Rescurce Managemesnt) ‘L"E'IJ':J f
. HOFS T
(Distributed File System) "q.:::r::l";I
', ’

Moving all our datasets into a single platform for Data and Code Sharing!

USC Viterbi




m DSI Uniform Data Platform for loT
Data Management and Analytics

o2 rouine -
Analytics | Analytics | Processing

Data/Knowledge Predictive
Engineering Analytics

Publish/
Subscribe

l

Spark Streaming SparkSQL SparkR/MLib

L )

Real time
Analytics Apache Spark

> HDFS, Cassandra, ElastiCache

O J

(no gateway)

w«?/

(Heterogeneous Sensors)

USC Viterbi
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Impact — Workforce

Graduates in the last 5 years

* PhD

Afsin Akdogan Go 816
Huy Pham ORACLE’
Bei Pan Microsoft
Houtan Shirani-Mehr UBER
Ali Khodaei
Leyla Kazemi Microsoft
Ugur Demiryurek ®Apple
Ling Hu Google
Songhua Xing ORACLE’
Ali Khoshgozaran TIL FY

USC Viterbi
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Selected MS and Undergrad
Shireesh Asthana

Jiayun Ge

Yu Sun

Ashley Luo

Jingyi Du

Nicholas Bopp

Junyuan Shi

Colin Gu

Vanessa Kuroda

Ning Jiang

Microsoft

amazon

Microsoft
Microsoft
QUALCO/WW

JERADATA

e

PayPal




DSI Value Add to its Partners

e QOur vision, expertise, background & experience in
— Fundamental and applied research
— Multidisciplinary research
— Integrated system development

e Our test-beds
 Government/Federal customers
* Industry Partners

* Global Reach

 Educational Presence




