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Decisions

* Smart decision making
* How to reduce crash frequency on streets?
When, how and where to retrofit a road segment?
Traffic impact of “complete streets” ?
How to reduce bus bunching?
What are the optimal parking prices?
How to regulate Uber?
Design first/last mile mobility services?



What to sense?

e Supply — Infrastructure

* E.g., infrastructure performance using structural health monitoring, incidents,
signage inventory

* Demand — Travelers’ behavior
* E.g., Traffic flow using traffic cameras



How to sense?

e Supply
e Demand



Infrastructure monitoring using smartphones

* Mertz Navlab CMU




Infrastructure monitoring using smartphones
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How to sense?

* Supply
e Demand



Network flow

* Road segment 3 Others?
Highways/Arterial roads - Parking
- Vehicle class
FLOW (veh/hour). - Vehicle occupancy
DENSITY (veh/mile) - Transit ridership by stops

SPEED (miles/hour)
Travel time (min)

Intersections

Turning flow (veh/sec)

P?deSt?lanS Spatio—temporal flow
Bicyclists




Fundamental diagrams

* Flow rate Q — density D — speed U

. FD of first order models
* Two regimes 1o

+ sensor data
— EQUilibrium curve Qe(g)
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http://puglish.illinois.edu/shimao-fan/research/generic-second-&&é\s%ﬁels/



http://publish.illinois.edu/shimao-fan/research/generic-second-order-models/

* Inductive loop detectors

* \Video image processing

* Magnhetometers

* Pneumatic tubes

* Acoustic/Ultrasonic sensors

e Cell tower
e GPS




Smart sensing

* Traditional sensors used in a smarter way

* New sensors: traditional measurements are made more reliable and
accurate

* New sensors: new measurements



Inductive loop detectors

* Intersections with traffic-actuated signals
* Freeway entrance with ramp metering

* Freeway and arterials segment

* Gated parking facilities

Lo
; P
b=
i
H:HZ £
-\ £ S 7
i‘;"”é w ,éf::?"--»\_/"
W O] STOPBAR A7
w0 ¥ H1’- A [ JJJUNCTION BOX
ol | : i oot i Biear 2
| ¢ N / \
II ¥ I iy [--i\.;- ‘
d 12'\‘-. / ' | =

/] TN ey
ﬂ \ Cj 0o ' | EDGE OF PAVED
‘ A ~ | sHOULDER

(a) Schematic design of loop detector design

(b) Physical representation of loop detectors



Inductive loop detectors

e A coil of wire embedded in concrete

* When a vehicle enters the loop, the metal body provide a conductive
path for the magnetic field.

* Loading effect causes the loop inductance to decrease

* Resonant frequency exceeds
a threshold, switch to ‘ON’




Inductive loop detectors

* Time-varying 0-1 indicating ‘non-occupied or occupied’.

 (Classified) traffic counts, instantaneous speed, headway
(~density)

* Speed measurement is very rough, but can be enhanced by
coupled loop detectors

Reliable under all weather and lighting conditions

Moderately expensive to maintain, fixed cost™ $800

A lifetime of 5-10 years

Can fail due to snow and ice




Inductive loop detectors

38,000 loops in California freeways/highways
* In California PeMS system, on average 40% are unhealthy

Detector Health (7]

Statewide Goal: 90%
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PeMS

PeMS ..

Mainline VDS 311974 - 15th St.

Current Location
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Maps: Real-Time | Performance | Inventory

US50-E @ CAPM L1.35 (Abs PM 4.5)
District 3, Sacramento County , City of
Sacramento

Station Details

Aliases MS ID TA-102
LDS 311905
Owner Caltrans
Assoc. Traffic
Census Station Nane
Comm Type (LDS) Wireless
Speeds Estimated
190.2 veh/Min
VER ERT: (07/30/2010)
Vehicle Classification N/A

Lane Detection
Lane Slot Sensor Tech Type

1 1 Dual Loop Mainling
2 2 Dual Loop Mainline
3 3 Dual Loop Mainline
4 4 Dual Loop Mainline
5 5 Dual Loop Mainline
Diagnostics

Threshold Set Urban
Flow = 0, Occ > 0 (Intermittent] 2%
High Flow Threshold 20
High Occ Threshold 7
High Occupancy (High Val) 20%
Occ = 0; Flow > 0 {Intermittent) 50%
Repeat Occupancy (Constant) 50

Occupancy = 0 (Card Off) 59%

Change Log Performance * | Data Quality ¥ | Events «

Performance > Aggregates > Time Series +  aeouT THIsS REPORT
Time of Day

From To
21[=] [2013[=] [0 [~] oct [=] [28]] [2013+] @Al
ﬂ%gﬁ (2013[=] [0 [+] oct [+] [28[+] [2013[w] [17 ] R e

Include Days

Fsu FimMo FlTu Flwe Flth MlFr Wsa Holidays

‘Quantity Granularity Lanes

| Flow [] Hour  [+] A1 F2 M3 @45
Second Quantity

| ~Naone - [=]

BB vIEwW TRELE Pal E4PORT TERT [ [Fd EHPORT tc

Flow {Veh/Hour)
11,100 Lane Points (89% Observed)
Mainline WDS 311974 - 15th St. - US50-E
Mon 10/21/2013 00:00:00 to Mon 10/28/2013 17:59:59

2000 T _ T T 3 T T T T

Flow [Weh/Hour)

Lane 1 Flow (Veh/MHour) —+—
Lane 2 Flow (Veh/Hour) ——

¥-Scale: @ Auto ©) Min I:I Max |:|

DUH EE OFF TO 2 EE OFF TO RTE 5 EE ™F T0 15 & EE ON FROM X =T EE ON FROH STOC

Lane 3 Flow (Veh/MHour) —#—
Lane 4 Flow (Veh/Hour) —&—

Lane 5 Flow (Veh/MHour) —%—

VI Lines [¥points [V Grid

[Related Aggregates Reports: Time Series « Time of Day = Day of Week » Quantity Relationships ]




Vehicle classification

e Data used for traffic and pavement management

(1) Motorcycle | (2) PassengerCar | (3)Two Axie, 4-Tire Unit |
&0 o ﬁmm
)Two Axle, 6-Tire Unit__|  (6)Three Axie Single Unit | (7)Four or More Axles Unit | (8)Three or four Axles Trailer
(9) Five Axie Single Trailer 0) Six or More Axles, Single Trailer

aL._.J-m.ﬁw e

(11)Five or Less Axles, Multi-Traller (12)Six Axies, Multi-Traller

et | s et

(13)Seven or More Axles, Multi-Trailer




Vehicle classification

* Intrusive

WIM Platform WIM Controller Enclosure

Weigh-in-motion

Imaging based




Video image processing

* Traffic camera
* Monitoring camera
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Video image processing

* Traffic camera
* Mounted overhead above the roadway
* A cable to transmit streams to the image processing system
* Process frames of a video clip to extract traffic data

* Low resolution, still, requires calibrations




Video image processing

* Monitoring camera
* One for each intersection or freeway segment
 Surveillance footage can be transmitted to TMC

* High resolution, can remotely control the extent/scope
e Detect incidents/accidents



Video image processing

 (Classified) traffic counts, instantaneous speed, headway (~density)

* Speed measurement could be accurate under labor-intensive calibration
* Data + monitoring

* Flexible in setting up detection zones

* Very expensive to install and to maintain, fixed cost™~ $5,000

* Vulnerable to visual obstruction, e.g., weather, shadows, poor-lighting conditions,
strong winds, etc.



Pneumatic tubes

e A rubber tube with a diameter of about 1 cm

* When a vehicle passes, the wheel presses the tube, and the air inside
is pushed away.

* The air pressure moves the membrane and engages the switch




Pneumatic tubes

e (Classified) counts, instantaneous speed, flow direction
* Very portable, ideal for short-term studies

e System can be reused at other locations

* Fast installation

* Moderately expensive

 Limited lane coverage, not intended for long-term



New inventions: Magnetometers

* Developed by Sensysnetworks
* 5 min installation

e 10 years battery life

* Reliable measurements

* Water proof

* Under test




Magnetometers
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Magnetometers

Ferrous o bject

Earth’s magnetic field

Distorted field
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Magnetometers

z axis measurement as vehicle goes over no
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Two sensors separated by fixed distance can measure speed
and travel time
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GPS/Cell tower

* Trajectories of individuals

* New measurements
* Origin, destination, spatial info by time of day

* Translating GPS data into activities remains a big challenge



GPS/Cell tower

AS LONG AS A MOBILE PHONE IS ACTIVE on the cellular network, Airsage receives
wireless signals and uses them to anonymously determine location. With AirSage’s carrier

° A' S and partner relationships, we have nationwide coverage — more than any other location-
I r age based services (LBS) provider.

WIRELESS NETWORK - _
OPERATORS e b, RN e
signal = i L .
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=3
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Click image to enlarge

AjrSage anonymously collects and analyzes wireless signaling data — processing more than
15 billion phone locations every day — and turns it into meaningful and acticnable
informaticn, conveniently time- and date-stamped. Businesses, Jovernment agencies and
other organizations can use this aggregated information 1o meodel, evaluate and analyze
the movement and flow of commuters and consumers.



oogle map/ INRIX / Uber
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Now what? Some use cases



Travel time prediction and reliability analysis

* What causes/relates to day-to-day and within-day
travel time variation?
* INRIX/HERE
* Counts
Weather
Incidents
Events

All in high spatial and
temporal resolutions
(5-min, lat/log)




Bottlenecks
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Dashboard Documentation

Cranberry Township: Green Light Go

—~

Real-Time Traffic Monitoring and Prediction for Cr

Contingency traffic plan

w1

Current time:
2019-01-21 22:59:03

Last update:
2015-01-21 19:30:20

Mo signal plan is recommended (free-flow on IT3/76 highways)

Map control
Map scale

Cranberry Township ® Pittsburgh

Forecasting horizon

30 min

Traffic predictions

Congestion rate

Speed prediction for 104-06224

Speed (Mph)
&

w
=
=

25

-20 -10 a 1 20 30

(1]
Forecasting horizon (min)

=t | STM pradicions === Observed data
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Cranberry Township traffic map
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# RCRS incidents
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La " . o
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Coraopolis West View Oakmont ® e okl
-40%
L) = mberland S ellevue Bl 500
RCRS incidents * TN & illvale o 2U%
\Waze alerts - onto ® % _iglcomfield
Di ( i AT Leaflet | Map files by Stamen Design, CC BY 3.0 — Map data® OpenSireeiMap
RCRS incidents
Show|2 ¥ entries Search:
Reported time ¥ Road name ¥ Direction ¥ Cause ¥ Lanestatus s
1 2019/01/2119:29:09 PA-153 both directions crash traffic disruption
2 2019/01/2119:12:42 WHISKEY RD / HUNTERS RD / CHRISTIAN CAMP RD both directions disabled vehicle closed
Showing 1 to 2 of 139 entries Previous 1 2 3 4 5 100 Next
aze alerts
Show|2 ¥ entries Search:

Road name

Reliability %

1 Plum Run Rd ROAD_CLOSED ROAD_CLOSED_EVENT 6
2 Shuman Hill Rd ROAD_CLOSED ROAD_CLOSED_EVENT 6
Showing 1 to 2 of 884 entries Previous 1 2 3 4 5 442 Next



Bikability score

macheinz.cmu.edu/traffi X

& (&) | @ mac.heinz.cmu.edu/traffic/bike/

HOME WEATHER PARKING CLOSURE CAMERAS TRAFFIC COUNTS ~ TRANSIT ~ TRAVEL ~ CRASHES INCIDENTS EV STATIONS TWITTER INCIDENT MAP BIKABILITY MULTISOURCE CRASH ANALYSIS ~ 4 DOWNLOAD LOGOUT

Bikeability Parameters

Origin:
Destination:
"] HealthyRide Rental \ v
/
O.

CUSTOM SCORE

MISCE HiLL

O
e X Speed: 35 mph b 4
£ O 1 Slope: 0.02 degrees o o S ze
y: A Average crashes per year:1.40 - s -
Average crashes welght: Average injuries per year: 0.40 o A o
= Bus frequency: 7 buses/hour

25% Total score: 58.59/100 WEST OAKLANI (©)
Average Injury weight: - 10 e {

25% O o bsoumgenii

/ | {
>

Bus frequency weight:

25%

[15.00 [ so 4500
Time of day:
8:00 AM

REENFIELC

3 P Leafle | © OpenStreetMap contributors, © CarloDB




Pittsburgh Public Parking

TRAVEL ~ CRASHES INCIDENT: EV STATIONS

CAMERAS TRAFFIC COUN

HOME WEATHER PARKING

| + | Tip:
Shift click to select multiple streets. ® Grayscale
parking info L‘: Press enter to view summary. Allegheny Cemetery Sticels
|#! Terminals

Hover over a street to check occupancy
¢! Parking Lots

#| Street Parking

- Truck Parking

®
. %
Select date and time range for inquiry: R 4 S, k ] LARIMER

FRIENDSHIP

From: 10/2/2015 [3] To: 10/2/2015 [5]

From: 2:30 PM ® To: 2:30PM ()

Mellon-Park

,

Select weekdays for inquiry:

¥ Sun ¥ Mon ¥ Tue ¥ Wed ¥ Thr ¥ Fri ¥ Sat

Or
%, PARK PLAC
%
Check future occupancy: Pick a delay
. Homewood Cemetery
ENTRAL
(LAND 1.2
|-
eor
Schenley Park - —
L
I. REGENT SQUAF
REL HILL
FOUR-MILE'RUN
Grandview Park
Seldom Seen Greenway: GREENE
® ERS
South Side Park
85%
= 2 B ~ ARLINGTON DUCk Leaflet | © OpenStreetMap contributors, © CartoDB

POWER>3

22 Counties : 4 States + 1 Viisn

a | contact us



Pittsburgh transit system

Ol

IME PERFORMANCE ~ WAITING TIME ~

Bus Travel Time

Route: 61D

Stop 1: FORBES AVE AT HAMBURG v

Stop 2: BROWNS HILL RD OPP PAR v

%X CLEARALL

Start Date:

01/01/2014 B
End Date: 01/31/2014 ]
Start Time: = 4:00 PM [©]
End Time: 6:00 PM o]

Q REALTIME Q HISTORICAI

Bus Travel Time Distribution of Route 61D (Outbound) between Stop: FORBES AVE AT HAMBURG BLDG(E19280) and BROWNS HILL RD OPP PARKVIEW BLVD(E10970).
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Count 10+
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Surge pricing prediction

r 0.3
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model advantage
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r 0.1

L 0.0



Issues of ML applications in transportation

* Fusion. Bias. Sparsity. Computation. Unexplored space.
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Unexplored space

” Non-recurrent traffic

Desired recurrent traffic

Feature 1



A possible solution: data + physics

\

Flux, density, speed...?

A

Final goals: evaluation and intervention

m z: link flow (flux, density, speed...)
m f: path flow (flux, density, speed...)
m C: system states (cost, time, emissions...)

Given z9, f9, c? and supply, learn (z, f, c) = G(supply, demand)



A machine of G

m Use OD demand g to approximate demand
m Define user behavior G

G : (supply; 9) = (2, f, c)

m Given z°, f?, c? and supply, estimate g
m Calibrate G, estimate/predict (z, f, ¢)




Statewide City
mainlines streets

RITIS

511PA

Google Map
MAC

Data
sharing

Data
learning
and
forecast

Transportation
system
management




MAC data sets

GIS, demographics, economics, weather

Traffic counts
* Highways, major arterials
Travel time/speed
* INRIX, HERE, TomTom, AVI, BT
Transit
 APC-AVL, Park-n-ride, incidents

Parking

* Transactions of on-street meters and occupancy of garage

Incidents
« RCRS/PD/911/311/PTC/PennDOT Crash/Road closures
Social media (Twitter)



Ultimate goal

Irip planner

Network model

Air quality and

energy use

Incident

management

Planning

Roadway

Transit

Parking

Walking

Biking

Trucks




