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Data Data Everywhere!
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How Much Transportation Data in RITIS?
• RITIS System Today:

• Traffic accidents:                                  80,000  records per day:         0.002 Gb/day

• Traffic detectors:                          35,000,000  records per day:         5 Gb/day

• Probe vehicle data:                 6,300,000,000 records per day:    550 Gb/day  (expected to jump to 8 Trillion)

• CCTV, weather, radio, etc:   NO,STA,TSK,EPT records per day:    ??? Tb/day

• V2X & Automation data:  ?,???,???,???,??? records per day:    ???  ?b/day  (Starting in 1.5 years)



Those are big numbers!!!

10 Pallets
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10,000 
pallets
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Why care about data visualization?

• Data is becoming an increasingly 
salient part of our lives

• Being able to make sense of and 
present data is becoming a 
necessary skill
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Why Visualization?

• Visual bandwidth is enormous
• Human perceptual skills are remarkable

• Trend, cluster, gap, outlier...

• Color, size, shape, proximity...

• Human image storage is fast and vast 8

Visualization is so effective and useful because 
it utilizes one of the channels to our brain that 
have the highest bandwidths: our eyes.

- Robert Kosara



An Experiment:

On the next slide, tell me the 3 
countries with the largest values beside 
them.

You have 3-seconds.
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What did you see?
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Same Experiment:

On the next slide, find me the 3 
countries with the largest values over 
them.

You have 3-seconds.
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What did you see?
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Basic visualizations

• The basics are familiar

• Low barrier to entry

• But they don’t always tell the story how you want to tell it
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Beyond the Basics
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InfoGraphics

InfoVids

Visual Analytics

Augmented Reality

Serious Gaming



Presentation vs. Visual Analytics

17

Vs.



Visual Analytics
• Not just about pics and graphs…

18

• Visual Analytics provide the 
freedom to:

- Explore data in new ways
- Ask meaningful questions 

that you wouldn’t have 
normally thought to ask

- Develop new hypothesis
- and realize new solutions



The Visual Analytics Goal

• Provide tools to make data
• easily accessible, 

• usable, 

• Understandable, and

• allowing for insights discovery

To domain experts or the general public

19
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The Visual Analytics Design Mantra

• Overview, zoom & filter, details on demand

• Overview, zoom & filter, details on demand

• Overview, zoom & filter, details on demand

• Overview, zoom & filter, details on demand

• Overview, zoom & filter, details on demand

• Overview, zoom & filter, details on demand

• Overview, zoom & filter, details on demand

• Overview, zoom & filter, details on demand

• Overview, zoom & filter, details on demand

• Overview, zoom & filter, details on demand
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Real-world Example time!

Safety Analysis

Congestion 
Analysis

Trend Analysis &
MAP-21 Reporting

Weather
Analysis



Incident Clustering Explorer
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https://ice.ritis.org/


VMT & Fatalities

23

http://cattlab.umd.edu/vmt-explorer/


Bridge Conditions

24

http://labs.cattlab.umd.edu/Datacomb/


Congestion Reporting Examples

• System Performance Reporting

• Problem Identification

• Project Prioritization

• After Action Incident Review

• Before & After Studies

• Operations

• Travel Time Analysis

• Work Zone Monitoring

25



Project Identification & Prioritization

26



Statewide Reporting

• You’ve been asked to provide a monthly state-wide 
congestion report to the Secretary.  This report only 
needs to cover the interstates, but it needs to 
highlight where the worst congestion occurred (top 
10 locations) and some basic stats about the severity 
of the congestion at each of these locations.  You also 
need to let the Secretary know if the congestion is 
about the same, better, or worse than the previous 2-
weeks.  What do you do?

27



View video demos of these tools at

www.vpp.ritis.org/suite/screencast
28

http://www.vpp.ritis.org/suite/screencast


System Performance Reporting (MAP-21)
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Performance Measures & the NPRM

4/26/2016 I-95 Corridor Coalition TISPTC Meeting 30



Performance Measures & the NPRM

4/26/2016 I-95 Corridor Coalition TISPTC Meeting 31



Sys Performance for the NPRM

4/26/2016 Powered by:
7 I-95 Corridor Coalition TISPTC Meeting 32



Creating a MAP-21 Dashboard (Query Screen)

Map-21 Test Case

Powered by:
7

The inset shows how an Urban Area - such as the City of Trenton – would  appear on the Reference Map.

Trenton, NJ

The completed Query Form and associated Reference Map:

When satisfied with your query, 
click the + Add widgets button…

4/26/2016 33



Maps, Graphs, and Exports

Powered by:
9 34



MAP-21 Dashboard (Map Widget Anatomy)

Here’s a rundown of the features and query results for your map widget:

Powered by:
10

Use Settings to show or hide Map 
Controls or turn the segment colors 
on/off for each value range (see       )

Edit your query

Go to MAP-21 Dashboard Help
Your MAP-21 widget’s Name (to change, click the Edit button)

Your selected Data source The last time your widget was Updated

The Legend Bar shows the value range color scale 
for each reporting segment on the map, as well 

as a definition of your target

1

432

5

4

These Map Controls 
allow you to zoom in or out 
and re-center the map on 
your selected geography.

Click on any reporting 
segment on the map to see 
a tooltip with detailed 
information.   

1

2

Note: map screenshot exports are not supported at this time. Use your PrtScn button to save screenshots of maps

1

Clicking on Settings
opens the menu:

Uncheck reporting segment 
ranges you wish to hide:

The Map will update to 
show only those ranges  
still checked:

3

2

3

3
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MAP-21 Dashboard (Graph Widget Anatomy)

Here’s a rundown of the features and query results for your Graph widget:

Powered by:
9

Edit your query

Save as an Excel file or Screenshot

Go to MAP-21 Dashboard HelpYour MAP-21 widget’s Name (to change, click the Edit button)

Your selected Data source The last time your widget was Updated

Click here to show or hide the reference map

Your Geographic Area & 
MAP-21 Performance 
Measure

Your analysis year Target
threshold  (at least 56% of 
your System provides 
acceptable travel time 
reliability).

The selected year (2015) 
System Travel Time 
Reliability measure for your 
defined geography, showing 

58.6% of your System 
provides acceptable travel 
time reliability. 

A green box and “thumbs up” 
is used to indicate this 
percentage is better than 
your target or at least 56%.

1

432

5

4

1

2

3

Hovering over each bar in 
the graph updates the Month
box with that month’s 
measure. Click on a bar will 
make it the selected month.

In this example, for May 2015 

55.8% of the System 
provided acceptable travel 
time reliability. 

A red box with a “thumbs 
down” is used to indicate this 
percentage is worse than 
your target.

A dotted reference line 
across the graph indicates the 
minimum Target threshold. 

The direction of the arrow 
indicates the measure’s 
desired trend. 

4

5
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We’re here to help: cattlab.umd.edu/map-21 

• Explore the NPMRDS

• Work with other data sources

• Give guidance and feedback

• Test hypothesis/alternatives

• A forum for discussion

• A place to ask question

• How to provide us your volume and speed data

• What else can we do for you?  

Powered by:
9 37



We’re here to help: cattlab.umd.edu/map-21 

Powered by:
9

4/26/2016 I-95 Corridor Coalition TISPTC Meeting
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Understanding Responder Actions and Implications 

39



A bad day…

• A high level manager in your department just arrived at 
work and complained about an accident that occurred 
along his commute this morning around 7:00 AM.   The 
media and some public officials are calling the office, too, 
to try to get more information about what happened. 

• This manager wants you to find out the details about this 
incident, but specifically, to figure out how long the 
bottleneck grew, and how long the delays lasted.  Any 
additional info you can glean would make his day (which 
isn’t off to a good start.)   

40



Historic Analysis

41



..and what about the weather? (looking back )time)



Understanding Responder Actions & Implications



Before & After Studies
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I just spend $200M, and all I got was this…

• You just spent $200M on a 6-month major road 
widening project along that corridor you (and 
everybody else) hate.  Some commuters are now 
complaining that things haven’t improved---in fact, 
they claim things have gotten worse. You can see the 
headlines now:  “$200M fattens road, shrinks 
commuter patience!”  

• What can you produce to show the true impact of this 
recent investment (positive or negative).

45



Answer #1: better or worse?
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Answer #2: show me the money
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Origin-Destination Data Analysis



INRIX O-D Data Analysis
• MD SHA has purchased 4-months of trip 

Origin-destination data for exploration

• We’ve been playing with it for a few weeks 
now.

April 21, 2016 50

Each waypoint has:
– Order ID (0, 1, …, n)

– Latitude and Longitude

– Time stamp (with sec)



Waypoints for a Single Trip

Each waypoint has:
• Order ID (0, 1, …, n)

• Latitude and Longitude

• Time stamp (with sec)

Waypoint Locations and Order
51

Waypoints:
• Non-uniform spacing

• OD locations possibly changed 
for privacy reasons



4.9 M trips (1 GB)
• Average distance: 14 miles

• Average duration: 29 min

• Average waypoints: 20

Trip records (July 2015)
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Trip Waypoints (July 2015)

100 M waypoints (7 GB)
• Average distance: 0.9 miles

• Average duration: ~1.5 min

Waypoint Locations

53



• Focus: OD of trips that 
originate and end in MD

• Most trips are within the 
same county

54

County OD matrix for 
MD-MD trips (July 2015)



• Most trips originate and end 
in MD

• Other links are thus less 
represented
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• MD-MD trips are filtered out

• Focus: traffic between MD 
and other states

56

State OD matrix visuals (July 2015)



• Trips with 
origins/destinations in MD 
are filtered out

• Focus: OD of trips that 
traverse MD

57

State OD matrix visuals (July 2015)



Descriptive statistics (July 2015)

58

Fewer trips on 

weekends.



Descriptive statistics (July 2015)

59

Most trips 
originate and 
end in MD.



Descriptive statistics (July 2015)
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Next Steps:  Interactive, Dynamic, Analytics
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Work Zone Analytics

62



Performance Monitoring
Three disparate audiences and corresponding goals identified:

• Audience: Project Engineers and Managers
• Goals:

• Real time performance
• Alerts when thresholds exceeded
• Potential actions based on identified performance

• Audience: Public Relations
• Goals:

• Real time and historical performance
• Responding to complaints and inquiries

• Audience: Planners and Decision Makers
• Goals:

• Closure costs
• Review of previous performance

63
Individual work zone performance

Corridor performance

Regional performance

(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Work Zone Dashboard
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Overview

List

Critical

Map Delay
(C) 2015 Michael L. Pack, University of MD CATT Laboratory
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Current Work Zone List

(C) 2015 Michael L. Pack, University of MD CATT Laboratory
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Critical Work Zones

(C) 2015 Michael L. Pack, University of MD CATT Laboratory
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Critical Work Zones

(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Critical Work Zone Parameters

68(C) 2015 Michael L. Pack, University of MD CATT Laboratory



UDC Information

69(C) 2015 Michael L. Pack, University of MD CATT Laboratory



UDC Information

70(C) 2015 Michael L. Pack, University of MD CATT Laboratory



UDC Options and Corridor Selection

71(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Map Layers and Options

72(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Map Layers and Options

73(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Individual Work Zone Profile

Map

L
A
N
E

Perf. Charts

Delay

Settings

(C) 2015 Michael L. Pack, University of MD CATT Laboratory 74



Individual Work Zone Profile

75(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Lane Profile Interaction

76Segment Speeds

Live CCTV & DMS

Bottlenecks & Nearby Events

(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Individual Work Zone Profile

77(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Performance Charts: Interactivity

78(C) 2015 Michael L. Pack, University of MD CATT Laboratory
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Adjusting Parameters

(C) 2015 Michael L. Pack, University of MD CATT Laboratory
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Individual Work Zone Profile

(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Individual Work Zone Profile: Filtering

81(C) 2015 Michael L. Pack, University of MD CATT Laboratory
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Individual Work Zone Profile: UDC

(C) 2015 Michael L. Pack, University of MD CATT Laboratory



I don’t have time to watch the 
Dashboard all day long!

Can’t you just tell me where the 
problems are?



Work Zone Alerts

84(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Work Zone Alerts

85(C) 2015 Michael L. Pack, University of MD CATT Laboratory



Hierarchical Data Analysis (airline passengers)
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https://treeversity.cattlab.umd.edu/
https://treeversity.cattlab.umd.edu/
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Virtual 
Weigh 
Stations

© 2013 Michael L. Pack, UMD CATT Laboratory



Shorten my commute…

• Your DOT is starting an innovative campaign to 
encourage commuters to be flexible in their working 
hours to shift demand on a heavily congested corridor 
in your region.  As part of your campaign, you’ve been 
asked to choose a small corridor and compare travel 
times during the AM commute each day to show how 
much of a shift in your commute start can impact your 
average travel time on that corridor.

92
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What is the annual weekday speed (or travel time) 
variability on that Corridor?



Resources (give me your card or send me an email)

• List of Visualization Research Labs

• 21 Visualization Blogs and Review Websites

• Tools (both free and not-so-free)

• Job Descriptions for InfoGraphics and Visualization Experts

95

give me your card or send me an email
PackML@umd.edu

mailto:PackML@umd.edu


Break

• After the AVAILabs Presents their work, we will return with another 
presentation on:

• Ethics in Data Visualization

• How to communicate to the public and elected officials using visualization

96



Thank you!

• Michael L. Pack

PackML@umd.edu

301.405.0722

97
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Story Telling 
& Ethics



Guess the story

A broken family is reunited after the children enlist in the military, unaware 
that their father is a high ranking official within the enemy force.

4



In Transportation, our stories are usually about performance…

Good performance measures are like a really 
good movie

• They (1) tell a compelling story from beginning 
to end  (2) about a compelling issue, and they 
(3) make important discoveries/observations 
along the way.

• There is no single number that can do this!

• You need several key measures that, when 
combined, point out the state of your system 
in a meaningful, and easily understood way.

5

Performance Measures = 
Story Telling



Who is your audience?

Vs.

6

- Engineers
- Planners
- Operators

- Legislators
- Media

- Decision Makers
- Public



Remember this from earlier?

7

InfoGraphics

InfoVids

Visual Analytics

Augmented Reality

Animations & Serious Gaming



InfoGraphics
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Nutrition Labels

9



Rethinking Nutrition Labels
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InfoVids
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Four day’s pay, for one day’s work…

14

http://www.nytimes.com/interactive/2008/09/19/nyregion/20080920_LIRR_GRAPHIC.html


Olympic Records

15

http://www.nytimes.com/interactive/2012/08/05/sports/olympics/the-100-meter-dash-one-race-every-medalist-ever.html


Ethics in Data Viz



Ethics in InfoViz

• Graphics are powerful, but they can be misused!

• Colors matter, fonts matter, location matters, size matters (no matter what she says)

• Cold War example.

17

Great Resource!!!
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Don’t break expectations

http://www.businessinsider.com/gun-deaths-in-florida-increased-with-stand-your-ground-2014-
2

21



Iraq’s Bloody Toll
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Avoid These Common Mistakes

23



Chart junk
• Pros

• Enhances memory (if done right)

• Cons
• Distracting

• Can obscure data

24



Presentation guidelines

•Avoid
•3D when not useful
•Axis label rotation
•Clashing colors
•Using                the options



GreenSpace & 3D
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Population Density (NY)
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Multiple time series

0
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5

6

5:00 5:01 5:02 5:03

Thing A

Thing B

Thing C

A small number of time series can be plotted on the same chart



Too many time series!
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This is not a good solution…



Small multiples

A series of related charts can be more powerful than one dense chart



Things not to 
do with 
categorical data
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Survey results

Don’t treat ordinal data as continuous!
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Do Provide context

• Explain unfamiliar data 
ranges



Visualization & Infostethics

• Complexity is your enemy!

• Great visualizations are
• easy to use & understand!

• Are powerful because they  tell a 
story or explain a difficult concept.

• Don’t require a PhD to use them.
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Let’s get into some examples!!!!



Integrating Output into Reports to 
“tell your story”

• Elevator Pitch Brochures

35
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Project Briefing Docs/Slides



40
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Press Releases

• after incident review 

• Pre-holiday notices



Winter Weather Worries

• Snowmageddon 2011.  There’s been a request from 
the Governor’s office to produce some examples that 
depict how bad traffic was during the January 26th, 
2011 snow storm compared to normal weekday 
traffic.  What can you show in just a few minutes? 

43
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Press Releases: Pre-Thanksgiving traffic vs. normal 

2PM Wed. Before Thanksgiving 2PM Normal Wednesdays in November



2-hour delayed Opening

• It’s winter.  Yesterday there was concern about icy 
roads in the morning.  As a precautionary measure, 
the federal government (and most of the schools in 
the area) decided to open 2-hours late.  Traffic 
seemed better than usual in the AM, and there 
weren’t many accidents. Traffic even seemed better 
in the PM.  Several politicians (and the media) are 
calling to ask for some stats on how the commute 
compared to normal.  What are you going to tell 
them?

46



Normal Rush Hour

2-hour Delay

47



Defining and explaining congestion

• What’s the threshold for Congestion in:



Communicating Road Conditions



Resources



ABJ95: Visualization in Transportation Committee

• We are here to help you!

• We are a resource for you!

• We help to advance all forms of 
visualization through the 
identification of Research Needs



MAP-21 Resources

• www.cattlab.umd.edu/map-21

• www.ritis.org (click “request an account”)

http://www.cattlab.umd.edu/map-21
http://www.ritis.org/


Resources (give me your card or send me an email)

• List of Visualization Research Labs

• 21 Visualization Blogs and Review Websites

• Tools (both free and not-so-free)

• Job Descriptions for InfoGraphics and Visualization Experts 
• For if you want to hire your own experts

53

give me your card or send me an email
PackML@umd.edu

mailto:PackML@umd.edu


To Build or to Buy: Implementation Options

1. In house: do it yourself
2. In house: have someone build it 

and install it
3. Hosted:  have someone else build 

it and operate it.

Data & Analytics

InfrastructureCAD

Hosted

In-house

or



To build or to buy…

• In-house
• You own it
• You maintain it
• Complete control

• Limited by your staff 
(and/or your ability to hire) 

• Capabilities
• Numbers
• Internal IT policies

• Succession planning
• In-house may not 

always be cheaper, but 
it can be if you have the 
right skills

• COTS
• Quick deployment

• Less worry/work

• Functionalty (may be 
great, may not be)

• Hosting options

• The product is “what it is”

• Usually little or no control 

• Hybrid (customization or custom build)

• Pay someone to build it
• Pay someone to customize 

a COTS
• More control
• Options for hosting & 

O&M
• Faster deployment than 

“start from scratch”
• Can be cheaper over the 

long run, but usually more 
expensive than COTS



If you do go it alone

1. Identify your data (where is it, who is “in charge”
2. Meet with potential users
3. Identify needs (but realize you may not get the 

enthusiastic feedback from day 1)
4. Let your needs dictate technology, not the other 

way around.
5. Focus more on usability, the user interface, and the 

questions/problems you want to address.  



Outsourced recommendations

• Leverage what’s already been done, and build off of it if necessary.  Starting 
from scratch kills budgets and delays progress.

• Seek someone with visualization skills.

• Avoid black box approaches, if possible.

• Don’t overspend on hot-swappable redundancy if it isn’t needed.  



Tips to avoid failure…

• Contractors 
• Check references

• Demand live demonstrations as opposed to 
slide decks

• Overly Detailed Requirements will kill you

• Avoid specifying technologies of any sort

• Iterate, iterate, iterate

• Be open, honest, and communicative with 
your contractors.



Additional Information on Transportation Visual Analytics

To receive slide deck examples of 

Transportation Visual Analytics for Safety, 

Operations, and Congestion, along with other 

visualization resources please email:
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Michael L. Pack
CATT Laboratory

301.405.0722

PackML@umd.edu
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