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Presentation

* Probe data background

* Applications in performance measurement
— Freeways: Maryland Mobility Report
— Arterials: Maryland Mobility Report
— Weather Impact and Recovery
— Work Zones

* Newly Acquired O-D Data & Applications



Background -The World is
Changing

World Population | 6.3 Billion 6.9 Billion

Connected Devices 500 Million 12.5 Billior

Connected Devices Oi08

AND IT HAS A
GPS CHIP...SO0 I'LL
ALWAYS KNOW WHERE
YOU ARE , MY DARLING/

\ (/
N\ -

©JONATHAN BROWN FOR CLOUDTWEAKS.COM

3.47 6.58

Per Person <= |

2003 t 2010

More connected
devices than people!

2015 2020



Data Source

@ INRIX provides Internet services and mobile aps pertaining to road
traffic and driver services (speeds, travel times, traffic counts)

e INRIX collects terabytes of data from over 250 million mobile phones,
cars, trucks, vans and other fleet vehicles via GPS

OHA

State Tofnvay

Administrati

e INRIX sold 4 months of trip O/D data to Maryland SHA

e 20 million trips, which include 1.4 billion waypoints
o 112 GB of data

Markovi¢ & Sekuta (CATT, UMD) Visual Exploration of GPS Traces August 31, 2016



Background - Historical
Significance of “Big Data”

The Heliocentric System
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Background: Vehicle Probe Data

* Private data vendors collect and fuse data from several
sources, including GPS probes
 Datais reported every minute on Traffic Message Channels

(TMC)

Cloud

Computing

o Fols

Differential
Correction Station

Transmisson

e —

Probe Vehicle Control Center/Dispatch




Background: Incoming raw GPS data

(Source: INRIX)
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Background: Validation

effort

Through July 2015

11states
55 evaluation reports

57 deployments, 829 days
sensors on the road

1282 centerline mile (994 mile
freeway, 288 mile arterial)

95,706 hour worth of ground
truth data resulting from 13
million Bluetooth observations

-89S CORRIDOR

COALITION

State
CT
DE
FL
GA
MD
NC
NJ
PA
RI
SC
VA

Validation rounds

o O - = O ¥

13

10

Reports are available on: http://www.i95coalition.org/projects/vehicle-probe-project/



Background: Graphical output

TMC:PAD1-0001
95 SOUTHBOUND ending at F476/EXIT 7 (1.1215648651123 miles)
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Mobility Reporting: National

and State Level

* National
— Urban Mobility Report (TTI)
— Since 2010 based on probe speed data

* States
— Washington (WSDOT)
* The Gray Notebook

— Maryland (SHA)
* Mobility Report (Since 2012)
— Indiana (IDOT)




Mobility Reporting :

Performance Measurement

e Congestion: Travel Time Index (TTI)

— Refers to the ratio of expected (average) travel
time to the (minimum) free flow travel time of the
segment

 Uncongested (TTI<1.15)
e Light (1.15<TTI<1.3)
* Moderate (1.3<TTI<2.0) =

eeeeee

congested (TTI < 1.15)
Moderate (TTI 1.15 - 1.3)
[ ) V r > Heavy (TTI 1.3-2.0
L] Severe (TTI > 2.0
Notes

- Based on 1), the ratio of the average
travel time to the free flow travel time of the segment
- For example, a TTi of 1.5 means that a trip that takes 10
minutes in uncongested conditions will take 15 minutes in

Baltimore-Washington Region Freeway/Expressway Congestion Map
2013 AM Peak Hour (8AM-9AM)

Esri, HERE, DeLorme, Mapiyindia, © OpenStréetMap cofitributors. and the GIS user community




Mobility Reporting:

Performance Measurement
* Reliability: Planning Time Index (PTI)

— Refers to the ratio of extreme (95th percentile)
travel time to the (minimum) free flow travel time

* Reliable (PTI<1.5)
* Moderately Reliable (1.5<TTI<2.5)
+ Unreliable (PTI>2.5) T~

2013 AM Peak Hour (8AM-9AM)




Mobility Reporting:
Corridor Level Example

ILA.10

J WTERSTATE §
@ Capital Beltway

Trends®

PM Peak
Travel Time M Bonk £
ndex”
measure of " 16t
average delay

T

PM Peak
Planning Time .
Index*® o
measwre of

worst-case delay

2014 Maryland State Highway Mobility Report

“ to Wiksca Bridge

42 miles carrying 183,000 vehicles every day

1495 -
from American Legwoa Brdge

cLockamse

é

el

¢ !
TIAM JAW GAM GAM AN 10MM T2PM IFM APN GFM AR 10PN 1AM

b ol 2wy

0+
120

COUNTERCLOCKASE

2 4AM CAV BAM IDAM TPU IPM 4PN EFM OFW 10PW 1AM
e sty

M3

Rank Q
1 1495 CW @ -270/Exit 35 Innericop 172
7 1495 CCW @ Greenbelt Metro Dr/Exit 24 Outerlocp 88
17 |-4950CW @ MD-185/Connecticut Ave/Exit 33 Outerlocp 68
20 1435 CCW @ MD-97/Georgia Ave/Exit 31 Outerlocp 78
21 1495 CW @ MD-214/Central Ave/Exit 15 Innerlcop 65
30 1-4950CW @ US-50/Exit 19 QOuterlocp
0 2950W@MD4/Pennsyhvania Ave/Exit1l  Innerloop 46
4 1-495CW @ 1270 Spur Innericop )
4 1495 0W @ Woodrow Wilson Memorial Bridge  Innerloop 51
ST 1-495CCW @ MD-295/MD-193/Exit 22 Outedocp 25

L )

L «

28 1338 $
105 %0 133 108 s2 B §
& 6 1w 62 19 B § 4
39 14 102 35 14 % § 2
157 m n 60 14 3 § %
1 113 £l % 13 i1 § 4
103 @ n 74 11 » 4 n
50 4% 1683 13 1.0 B 4 =
) 63 9% 50 10 a §

30 2 . 84 09 57 0

Notes
3 - Paak HoUrs 378 GonG0aTad 38 B-0am and 5-6pm

b - Travel Time Index (TT1) Is the rato of the svevage travel ime during the peak hour to the time required under free flow
¢ - Planning Time Index (PTI) 5 the ratio of the worst-case travel time (95th percentiie) during paak hour to the free-flow time.
d - Typical work day speeds, caluicuated as the average spaed of all weekdays for the entire year and shows & as vares by ime-of-day.

e- Varabilfty of worst-case trave! experience along faciity for each day of year, shown as plot of PTI by day of week and month, showing seasonal and weekly trends

1 - Top 10 bottienecks on the faciity, ranked by Impact factor

Impact factor is muttiplication of 1otal annual numbar of bottianack cccurences by air average duration and bv tnsnr average lngth
gamomrﬁs amﬁsjm.m Qccur wh ‘when spnas mmp bala-v was of free-flow speed for a period longer than 5 minul




Mobility Reporting:

Samples of Arterial Corridor Performance

& & o US 1 ot Laufel (198) guire 05" —.
MD 32 Iy e o LT Ze
2 i Limits: MD 410 to MD 198 e B ranihd y A
Limits: MD 108 (Clarksville Pike) to MD 26 (Liberty B f) e, ¢ FSouth Laurel
: Road) £ Corridor Length: 10.7 miles
@) sl 4 / Patuxd
- . : J 4 ») Paty
Corridor Length: 16.3 miles Speed Limit: 35.50 MPH §¢ é,;( 4 (B5) ,:EJBM@’
White Dak & ' =}
Speed Limit: 40 - 50 MPH Travel Lanes: (2 - 4) Northbound (2 - 4) Southbound p = Bejpsille T97)
Woodstock Hillarvdsle (197
» (=) -
Travel Lanes: (1 -2) Northbound (1 - 2) Southbound % ) Patapsco Valey Signal Controlled 40 L i
-‘f_, Eﬁ;) @ State Park Intersections: (133) Ad i Bowie
Signal Controlled ¥ Friagiily.Jod). g =%
Intersections: " E o Grade Separated 3 i fe
& rwanis
o Wallas Park ® @ Interchanges: fet =i £
Grade Separated 3 L @ Ellicol [ 45:
Interchanges: MD 410, MD 183, 195, Rhode Island Ave, ‘r*"q‘;;'n 150 & g
Major Cross Streets: Ewing Rd, MD 212, Muirkirk Rd, Hyattsville | Ha
e % Contee Rd, Chemy Lane
Major Cross Streets: MD 108, Bum ds Rd, it (158) X " - ‘
: (ice) =
MD 144, MD 26 = Routes Avg. Daily Ri ip 0] Fid
. ¥ nr Green Line Greenbelt 8757 N} & Lan
Ridershi ClarkEvilla .4
Routes Avg. Daily F o Routes and Green Line College Park 4,454 CaY
_ _ HNIA MNIA Peak Hour e N METRO 86 4,868 Peak Hour
Routes and Ridership 2013 AADT Trucks Traffic . METRO 87 04 2013 AADT Trucks Traffic
20,000 - 26,000 vpd T%-11% 8% METRO 88 ond 19,000 - 49,000 vpd 3% - 7% B.5% - B5%
METRO 20M 803
Segment Operations Segment Operations
. - Northbound Southbound Int tion O . Southbound
Intersection Operations AM /PN AM ! PM ntersection Operations AMIFH
Signalized Intersections®: AM Peak Hour PM Peak Hour Level of (Miles of (Miles of Signalized Intersections*: AM Peak Hour PM Peak Hour Level of (Miles of
Service Roadway) Roadway) Service

LOS 'E' Intersections
U3 1 at Edgewood Rd [ Ramp & from -85 SB (AM) US 13t MD 410 (AM,PM)

US 1 (NBIL) at MD 198 (Talbott Ave] (PM) US 1 at Cheny Hill Rd (AM)
US 1 at Edgewood Rd / Ramp & from -85 S8 (FM)

[ LOS 'E' Intersections | 0S 'F Intersections

= ™
Functional Ciass Roadway Segmert Lengtn Functional Ctass ot te South Pt

—_——— = ‘Gorman Ave (MD-108) - Chemy Ln_ 08
Urban Other Principal smg:uk; |'MI}B}51':p..‘:‘:-Ddu:ky R:eﬂ{anrliﬁeﬂ}d uj? Chemy L:' “Crpress St o7
Arterial ' - Cypress 5t. - Contee Rd. 0.5
Sandosky Fid Raindiffe Rd. - Friendship Rd. (MD-851) 0.2 Contes R~ Murkik Rd 3
Friendship Rd. (MD-851) - River Rd. 1.7 Muirkirk Rd. - Riz Way 0z
Rural Minor Arterial River Rd. - Old Frederick Rd. (MD-29) 13 Ritz Way - Powder Mill Rd. (MD-212) 1.8
Oid Frederick Rd. (MD-28) - I-TOU540 08 Urban Other Principal Powder Mll Rd. (MD-212) - Rhods Istand Ave. 08
L70/US-40 - Frederick Rd. (MD-144) 04 Rhode Island Ave. - 1485/1-85 1.0
Rural Other Principal Arteriall Frederick Rd. (MD-144) - Burntwoods Rd ./ Andrea Dr. an 1-405/1-05 - Cherry Hill Rd 03
Bumtwoods R/ Andrea Dr. - Clarksvile Fike (MD-103) 54 Cherry Hill Rd. - Greenbelt R/ Metzerott Rd. [
| = Improvement from 2013 W = Worsenad from 2013 (blank] = No significant change from 2013 Greenbex F0.f Mezeralt Rd. - Campus Or.f Faint=a Branch FRuy o7
PTI: planning time index (95th percentile travel time / freeflow teavel time) T travel time index (S0th percentile travel time/ freeflow travel time) Campus Dr./ Painted Branch Plowy - Gudford Rd/Dr 08
Guitford Rd/Dr - East West Hwy (MD-410) 0.8

I = Improvement from 2013 W = Worsaned from 2013 [blank) = No significant cnange from 2013

PTi: planning time index (35th percentile travel time / freeflow travel time) TTI: travel time index (SOth percentile travel time/ freeflow travel time)



Mobility Reporting:
Anticipated Arterial Probe Data
Effectiveness

Likely to have accurate probe Possibly accurate probe Unlikely probe data is accurate
data data

* AADT >40000 * AADT 20K to 40K * Low Volume, AADT < 20K
e 2+lanes e 2+lanes

e <=1 signals per mile e <=2 signals per mile e >=2 signals per mile

* Principal Arterials (HPMS) * Minor Arterials (HPMS)  * Major Collectors (HPMS)
e Fully or Partially captures e Should be tested * Not recommended

>75% slowdowns

* Probe data quality most correlated to signal density

* Increased volume aids probe data, but does not overcome issues
associated with signalized corridors

e Accuracy ANTICIPATED to improve with increased probe density
and better processing



Mobility Performance: Ex. Winter Weather

“Restoration Time” on I-695

Northwest Segment on 1-695

1oon Ending Time
160°%
Speed

130%
2

120%
; — 00
; 100% —\ ¥ &0 -—-Spv:cd
-]
g BO% e Beginning of the
& 20 Event

—Ending of the Event
%
20

Interval for Winter Road Restoration Time Beginning Time Ending Time Duration

1 17:32 25:00 7:28



Mobility Performance:
Work Zones

Exposure

— Volume

— Site specific data
Safety

— Volume

— Crash/incident data
Mobility

— Volume

— Speed (probe data)

Lve Swey



Sample Results

 Westbound I-70, East of Frederick

— WZ3: Speeds

Speed at Work Zone

[-70 WEST AT E SOUTH ST
Start time: 08-May-2012 20:08:00
End time: 09- May 2012 00:13:00

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

Upstream

Work Area
Downstream
Historic Upstream
Historic Work Area
Historic Downstream [

L

Lane

0
18:00

|
19:00

|
20:00

|
21:00

|
22:00
Time

|
23:00

|
00:00

| |
01:00 02:00




Mobility Performance:

Work Zone PM Dashboard

Work Zone Dashboard logged in as Kaveh Farokhi |
IRRENT WORK ZONES IN MARYLAND TOP CRITICAL WORK ZONES &
# OF NEARBY QUEUE USER DELAY QUEUE USER DELAY
REGION/EVENT INCIDENTS LENGTH (MI) COST (5) SEVERITY/EVENT LANE STATUS LENGTH (MI) @ COST (5)
+ Charles (2 a2 2 SR « Critical (1) 22 $1.5K
+ Dorchester (2) 5 5 s737 @ M0 %0 EAST AT ST MARTINS NECK RD I 1k 22 S
+ Frederick (13) 1 (1] $12.4K
» Harford (8) 34 0 $0.2M
+ Howard (6) 0 0 $2.0K
+ Montgomery (11) 0 0 $7.7K
~ Prince Georges (19) 2 0.1 523.4K WORK ZONE LOCATIONS USER DELAY COST BY CORRIDOR AND DAY OF WEEK
@ US 50 EAST AT EXIT 8 M. : 0 58 | Total User Delay Cost
@ 1D 210 NORTH BETWEEN 195 | 1695 | 1495 | wusso | 170 | ly Totals
@ LS U B £ T - 0 3570 $237.7K $234.5K $900.9K $131.9K $58.4K
@ s 1 souTH BETWERN C.. - 0
@ 105 NORTH AT SURRAT H
S Wed 701 $365.9K $339.7K $785.6K $190.6K $128.3K
@ MD 221 WEST AT CAPITA o 0
@ MD 5 SOUTH BETWEEN O - 0 $1.3K
i Thu 7/02 $491.7K $416.8K $318.2K $95.3K
@ 1-95 INNER LOOP AT EXIT s 1, 66K
@ 10 237 S0UTH AT UL - . y 5235 =
@ #0212 S0UTH AT EOND.. 1 . 1 591 % SR BHEER SIS SRZEE RLZEs
@ MD 4 WEST AT WALTERS : 0 511K B0t City
® MD 202 SOUTH BETWEEN B (] $2.4K ‘(_._“ $17.4K $13.4K $45.1K $80.4K $20.8K
@ MD 212 SOUTH AT BOND. 1 . 1 13K /
@ 1D 201 SOUTHINORTH B. - 0 5198 Sy A 7 St $314.0K ST.5K 565.6K §183.0K $122.9K -
@ Us 1 noRTH BETVERN C. : 0 11K [
. 0.1 .
@ 10 193 WEST AT RHODE : ' oK $168.6K $443.9K 5485.4K $129.4K §48.8K
@ US 1 SOUTH AT ALBION RD E 0
@ MD 650 SOUTH AT LEBA E 0 $1.1K 4 )
= \ $280.1K $355.4K $784.2K $100.4K $65.5K
@ MD 410 WEST BETWEEN . E 0 $1.6K =\ \
» Saint Marys (5) 6 0 $0.1M ‘
» Somerset (2) 0 0 $277 Highest  No Data

Source: RITIS



Data Sample: Single Trip

Clover Hill

“'Akers Acres

Fort Detrick =
&
(]
® (. Frederick
o T
2 )

Ballenger
Creek

&
=

Buckeystown

oaiuci

fis} Ceresville

—

(26)

e® \‘13
®14

Linganore-B

-
x

Monocacy
National Battlefield

ljamsvi

Urbana

Waypoint locat

Markovi¢ & Sekuta (CATT, UMD)

ions and order

Visual Exploration of GPS Traces

Trip

Unique Id

O/D locations and times

Vehicle: fleet, consumer, mobile

Q

o

@ Pedestrian or vehicle
Q

Q

Vehicle: weight class 1-3

Waypoints
@ Order: 0,1,...,n
@ Latitude and longitude

@ Time stamp (sec)

August 31, 2016



1.4 Billion Waypoints

Time Between Waypoints

|

! median: 1.0 sec

g average: 18.9 sec
[ st. deviation: 44.2 sec ||

[

{

{

Percentile of Data Set

0 10 20 30 40 50 60 70
Time [sec]

Spacing Between Waypoints

median: 28.2 m
average: 381.2m
st. deviation: 896.1 m

Percentile of Data Set

0 200 400 600 800 1000 1200 1400 1800

Waypoint locations (June 2015) Distance (]

@ Percentiles are based on a sample of 500 million waypoints from Feb and Oct

Markovié & Sekuta (CATT, UMD) Visual Exploration of GPS Traces August 31, 2016 8/23



Trip Attributes

\ {—g I \1D-VD ;f:f- [Fleet

I MD-External B Vehicles

I External-MD [ Pedestrians I Consumer
[ |External-External M [T [ IMobile

99% 59%

18%
17% 17% 18%

16%
Bl Weight C1 9%
[ IWeight C2 5%
[ Weight C3 -
Hﬂﬂﬂmm

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

C1 < 14,000 Ib, C3 > 26,000 Ib
Markovi¢ & Sekuta (CATT, UMD) Visual Exploration of GPS Traces August 31, 2016




Trips within MD

] — i " 1
o
‘('5‘ \K »-g}o
.]______=:=1_::::,‘3 (37
g’% ﬁ @)%

g g g
5 )
=]
&
2

Markovié¢ & Sekuta (CATT, UMD)

Visual Exploration of GPS Traces

%hq“x%"‘“

ij
HCL’C
T, qg
€y

Chord Diagram

@ Trips with O/D in
MD

@ Trips with a
waypoint outside
MD are filtered out

Observations

@ Most trips are within
the same county

August 31, 2016 12 / 23



Trips along 1-95
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©
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o
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Blue/Red trajectories are North/South bound (70k
trips during July)

o
S
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o
w

A
Wed
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Markovi¢ & Sekuta (CATT, UMD) Visual Exploration of GPS Traces August 31, 2016 15./ 23



Trips from Activity Zones
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Questions/Comments?

Thank youl!

For more information...

www.catt.umd.edu

Tom Jacobs, Director

UMD Center for Advanced Transportation
Technology & MD T2 Center
tjacobs@umd.edu

Office: 301-405-7328
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