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Instruction Team

Instructor: Teaching Assistant:
Zhiyong Cui Sam Ricord

Office: More 101 (STAR Lab) Office: More 101 (STAR Lab)
Email: zhiyongc@uw.edu Email: samuelsr@uw.edu

Office hours: 3:30 - 4:30 PM on Monday Office hours: 2:30 - 3:30 PM on Thursday

Instruction Time: 8:30 - 9:50 AM on Wednesday and Friday
Computer Lab: typically on Friday (MOR 001)
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Today's Outline

Why is this course offered?

What is covered in this course?

How is the course organized?

Course survey
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Why Is This Course
Offered?




Why Is This Course Offered?

Origin of this course

eScience Institute
ENVIRONMENTAL ADVANCING DATA-INTENSIVE DISCOVERY IN ALL FIELDS

ENGINEERING

Handling and managing data is necessary

@ reddit Someone mentioned data science job will disappear.

Quora The lines blur between data science and product management
and other related roles at a lot of companies.
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Transportation Workforce Challenge

As of 2003:
o More than 50 percent of the state transportation
THE agency workforce will be eligible to retire in the
WORKFORCE next 10 years.

CHALLENGE

> Meanwhile those qualified for transportation
jobs have been decreasing over years.

° Data management and analysis are among the
top desired skills for transportation workforce.

RECRUITING, TRAINING,AND
RETAINING QUALIFIED WORKERS FOR
TRANSPORTATION AND TRANSIT AGENCIES
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OW...

Transportation Challenges and Opportunities: A Colloquia Series

e Smarter Cities: Turning Big Data Into Insight

Big Data Analytics:
Driving Value
Beyond the Hype

-

City Planning and Operations ?rcm_spo?tatim chxl_ytic_s
OCTOBER 2, 2012 $1 Trillion 50 Hours

CAMBRIDGE, MASSACHUSETTS global annual savings could be attained by
optimizing public infrastructure.

on average, by travelers.
Source: McKinsey
P P $57 Trillion ! 30 Billion

in infrastructure investments will be people all over the world travel
needed between 2013-2030. approximately 30 billion miles per
Si : McKi 2 3 i

WE ARE IN THE MIDST OF A BIG DATA EXPLOSION, in volume and SRIEERENY e L

velocity. The challenges for Federal agencies, industry, and other organizations are to figure

out how to manage and analyze Big Data to create value, increase accurate predictions, and \

provide approaches that drive sound decision making. / ( >

Big Data Analytics in Transportation? Commercial and research oriented smart cities initiatives2

of traffic delays per year are incurred,

1. Big Data Analytics: Driving Value Beyond the Hype - Roundtable Summary. (2012). Volpe & The U.S.
Department of Transportation Research and Innovation Technology Administration.
2. IBM Smarter Cities Initiative
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Congestion Is a Nationwide Problem

Congestion is not just a problem for big cities:

o Congestion in small urban area peak hour travel grew from 21% to 27% of
total VMT between 2000 - 2011

46% of peak period travel is congested, 64% in Seattle!

Seattle area fuel use attributable to congestion: more than 47 million
gallons/year?!

4.3 billion hours wasted

Indirect effects:
o air pollution, travel cost, etc.

1. Texas A&M 2012 Annual Urban Mobility Report
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Data Is Critical for Modern Transportation

Modern Transportation Requires Intelligent Transportation Systems (ITS)

ITS Requires Intelligence = Intelligence Requires Information = Information
Requires Data

Smart cities and smart transportation means:
o Ubiquitous sensing
o Data analytics
° Open data sharing

o Data-driven decision making

Data Acquisition, Management, and Interpretation Require Combination of
Technologies from Transportation and IT Fields.
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We Need Traffic Information

@D — N 45t S Y

-

sky
dium

COvdE~LL N

Glaa et
,'\!vjad‘isor‘ s
 \Park [

e Wishings

|
L

«

Laurelhurst

) 5 o PR

LoJaels M| 1 i 84 dien
| w= Madison
gl ¢ ! Park Dock

IealZ =

1T

)
) '
3|

A -_’-;194;
h

{

N

s Madison

=] ,' BTy
| tj".l-“a-q"";‘- | = Park Beach
of Seattle =i ™™

. "IL‘,"-"

Lake
Washington

National Traffic Signal
Report Card 2012

Management

Traffic Signal Operations

Signal Timing Practices

Traffic Monitoring
and Data Collection

Maintenance

OVERALL

1/8/2020

CEE 412 / CET 522

10



We Need Traffic Information

Key Arterial Performance
Measurement

*On SR-99

=Participants:

@ SDOT

Seattle Department of Transportation

verizon’

LicensPIate Reader| Wi

SV \Rlak

Smart Transportation Applications & Res

(d)

1/8/2020

CEE 412 / CET 522



We Need Traffic Information

............. T

Transportation Database




Advanced Traveler Information Systems
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http://www.cityofbellevue.org/trafficcam/

Importance of Transportation Data
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Importance of Transportation Data

..............

@ /""'O SIEMENS VDO

KD NAVEGOR NGO GARMIN.
KENWOOD  AxD  mINI A

AVIS w . @M Clarion” DELPHI

N'M - % atat Qs relena

Sprint )' ﬁua,,dang(, NOKIA )

;ﬁ?os

Microsoft ~ MAPQUEST - (3 Total Tiaffis

o Ymsowesxd ajerts WS1
Fleet & Commernciyl

)'(0ra 9 Telogis [ deCarta BE=="" @

@ BMW uBECKER

s }
w PBS]

o tuzewe [ JACOBS SAMBRIDGE @3

1/8/2020 CEE 412 / CET 522



Importance of Transportation Data

Google Map Based Arterial Traffic Performance System
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Importance of Transportation Data
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Importance of Transportation Data
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Data Is Crucial for the Success of ITS
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When will We Have a Fully Instrumented
System?

Where we need to be
in the future

&

Where we need to

1990 - 6% Instrumented
1997 - 16% Instrumented
1999 - 22% Instrumented
2015 - 100% Instrumented?

Where we are now

ITS Infrastructure Deployed

Time

Source: Christine Johnson, 2001
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: Conventional sources
: Manual collection
: Accident records

: Construction records

o

Data Archive

: Non-conventional sources:
: i Mobile devices

: Commercial data companies
Self-reporting

: i Remote sensing

Sensors
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Example: Architecture for ATIS

ATIS: Advanced Traveler Information System

Data Warehouse

Back end server

Application Application Application
........................ : Database Model 1 Model 2 Model n
: Server EL T e
packed data Application
— Server
: LT e ! _ ] .
: £ @
: °S
E Traveler o
: real time O]
! measurements
: - :
: e -
$eccccccccsccccsccccccccc Station {-
Detectors .
Cabinet —
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Why Have Intermediate Procedures?

Direct outputs of transportation sensors may not be in a form easy
to understand.

For example, a loop detector typically outputs nothing but a series of
“high” or “low” voltage that can be represented in binary form.

Voltage

high

low

Tn th1 tho th3 Tn+l Time
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Single Loop Measurements Are Very Useful

1/8/2020

Example of Raw Data:
00001010
00001010
00001000
00001000
00001100

00000100 ST 1 < 1) 2810514 412 WD

N

Processed Loop Data:

Time Volume Occupancy Speed o smues; f :::T:

00:00:00 2 1.36% 68.2 U“:::d b B

00:00:20 1 0.06% 70.2 -

00:00:40 3 1.90% 67.4 e =
Downtown Seattle

Factoria

Coal Creek

Many On-Line ATIS are based on N\
single loop data! [
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Loop Detectors in Greater Seattle Area

Over 7000 loop detectors in WSDOT'’s northwest region alone.
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Combine Other Data Sources
. AnalysisTOéI %

Microsoft*

SQL Server

PostgreSQL

Linking Tabl

g Tabe P%itGIS

IR e O I IV 3¢
. : "| - - “:-“h*: "\ ‘é'\"‘ - K 3 *er
A & : « N AN N4 .L.’é‘-.é!,"l.. +
Loop Detector Data INRIX Data HERE Data Verizon Speed Data Weather Data Other Data Sources
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How To Handle These Data?

If loop measurements are archived every 20 seconds, and each record requires
20 bytes to store it, then 8,000 single loop detectors require

24 * 3600 /20 * 20 * 8000 = 660 MB storage space per day!

Remember this is just data from loop detectors on freeways. We have also probe
vehicle data, accident data, freight data, video data, ..., to deal with!

CEE 412 / CET 522 28
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What about Other Sources of Data?

Example: INRIX

o 175 million devices

o 4 million miles of road

> 40 countries

o Terabytes of data per day

> Real time traveler information, analytics, and decision support

Source: https://Inrix.com
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Benefits of Well-Managed Data?
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Efficiency for data processing and query can be very different
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Benefits of Well-Managed Data?

DRIVE Net:

> WSDOT has massive data resources, but struggles to apply much of it in
performance reporting and decision support

o Organization, data integration, spatial conflation, data sharing, etc. are
disjointed and often done “as needed” for specific tasks

> To WSDOT, DRIVE Net represents a an automated data management and
integration platform

Well managed data: Maintenance and analysis is simplified

Poorly managed data: often the work associated with making it
useable outweighs the benefit of using it
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Extracting Useful Information

Transportation Data Analysis
o Data analytical methods for transportation data analysis

Transportation Data Visualization
o Proper data visualization tools to generate charts, graphs, maps, etc.
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Data Visualization

Data Visualization
o Graphical representation of information and data

> Common types:
o Charts, Tables, Graphs, Maps, Infographics, Dashboards

Benefits from Data Visualization

o Pattern discovery
° Trends, outliers, patterns in data

o Efficient to see the big picture
o Support the decision-making process
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Importance of Data Visualization

TRANSPORTATION
CLUSTERS

3.200 airports
60.000 routes

GEOGRAPHICAL LAYOUT

Color = Longitude
Size = Number of routes
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CC-BY martingrandjean.ch 2016
Data: openflights.org
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Importance of Data Visualization
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Importance of Data Visualization
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That's Why We Offer CEE 412/CET 522

> The quantity and variety of data sources available for
transportation management and decision making is rapidly
Increasing

o Storing and retrieving transportation data efficiently is crucial

> Proper visualization of processed data and analysis results can
benefit the decision-making process
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What Is Covered In
This Course?




Data Management Concepts and Tools

> Relational Database Design and Management

o Structured Query Language (SQL) - special purpose database
programing language

> Microsoft SQL Server — Enterprise database management system
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Data Visualization

> R - a software package used for statistical analysis

o Data visualization concepts and tools

> Data Sharing and visualization using R Shiny package

> Creating a data pipeline: analysis, visualization, and
communication
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How Is This Course
Organized?




Week Day Date Topic Room Notes Homework

1 Wed Jan. 8 Introduction and Course Overview More 220 Course Survey
Fri Jan. 10 Excel Data Model Practice More 220 A#1 Out
2 Wed Jan. 15 No Class (TRB Meeting) More 220 TRB Week
Fri Jan. 17 Introduction to Databases More 220
3 Wed Jan. 22 E/R Diagram More 220 A#1 Due, A#2 Out
Fri Jan. 24 Relational Data Model More 220
4 Wed Jan. 29 Structured Query Language (SQL) | More 220 A#2 Due, P#1 Out
Fri Jan. 31 SQL Practice More 001 Exercise
5 Wed Feb. 5 Structured Query Language (SQL) Il More 220
Fri Feb.7 SQL Practice More 001 Exercise A#3 Out
6 Wed Feb. 12 Midterm 1 More 220
Fri Feb. 14 Advanced SQL & Introduction to R More 220 P#1 Due, P#2 Out
7 Wed Feb. 19 Transportation Data Analysis More 220
Fri Feb. 21 R Practice More 001 Exercise A#3 Due, A#4 Out
8 Wed Feb. 26 Data Visualization More 220
Fri Feb. 28 Data Visualization in R & Shiny More 220
9 Wed Mar. 4 Data Visualization & Shiny Practice More 001 Exercise A#4 Due
Fri Mar. 6 Guest Lecture - Data Management & More 220
Visualization
10 Wed Mar. 11 Midterm 2 More 220
Fri Mar. 13 Shiny Practice More 001 Exercise
11 Wed Mar. 18 Final Project Presentations (8:30-9:50 AM)  More 220 P#2 Due
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Assignments and Projects

Written assignments
o Assignment #1: Data Analysis Using Excel (exercises)
o Assignment #2: Database Modeling (SQL basics)
> Assignment #3: Database Modeling (Advanced SQL)
o Assignment #4: Data Analysis (SQL + R)

Around 6 in-class exercises

Submit online through Canvas as separate files (please don’t submit
zip files)

Projects: Team projects with functional products
> Project #1: Excel + SQL Server Project

> Project #2 (Final project): SQL + R + Shiny Application Development
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Policy

No late assignment/project will be accepted.

If extreme circumstances come up, it needs to be discussed before
the assighment due date.

Class attendance is expected, not required.

Grading:

o Assignments: 30%

> Midterm Exam: 30%
o Projects: 40%
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Other Class Notes

Canvas — everything will be uploaded before lectures/exercises
o Except for the Question & Answer discussion board: Piazza

Readings will be assigned as needed

No class on next Wednesday (because of the annual TRB meeting)
> Optional online quiz for extra credits.

Assignment 1
o Complete and turn in Exercise 1 (with some simple questions).
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Instruction Team

Instructor: Teaching Assistant:
Zhiyong Cui Sam Ricord

Office: More 101 (STAR Lab) Office: More 101 (STAR Lab)
Email: zhiyongc@uw.edu Email: samuelsr@uw.edu

Office hours: 3:30 - 4:30 PM on Monday Office hours: 2:30 - 3:30 PM on Thursday
Instruction Time: 8:30 - 9:50 AM on Wednesday and Friday
Computer Lab: typically on Friday (MOR 001)

When you send emails to the instructor/TA, | would
recommend you name the email begin with [CEE412] or
[CEE412_CET522].
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