Week 7

Trieste and Mobility:

Mobility Asymmetry Matrices
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IMPORTANT QUESTIONS TO ASK

» Where is public transit failing
its riders?

« How many hours are wasted
commuting when using
modes of transport other than
personal vehicles?

» How can city planners identify
and prioritize the most
important trips/routes to fix?

Image From


https://nowtoronto.com/lifestyle/the-school-commute-is-a-barrier-to-success-for-students

PUBLIC TRANSIT ROLE IN AN EFFICIENT TRANSPORTATION SYSTEM

CONSTRUCTION COST CONSTRUCTION COST
< Traffl c cong estion PER SQUARE FOOT PER PARKING SPACE

o . . UNDERGROUND | ABOVEGROUND | UNDERGROUND | ABOVEGROUND
% Parking congestion $/50 FT $/50 1 G $/SPACE
an 1) 2 (3)=(1)x330 | (4)=(2)x330

< Pollution emissions

Boston $95 $75 $31,000 $25,000
’ . . Chicago $110 $88 $36,000 $29,000
< EXcessive energy Consumptlon o 78 55 $26.000 £18.000
B Tl’affiC aCCidentS Honolulu $145 $75 $48,000 $25,000
Los Vegas $105 $68 $35,000 $22,000
< R|S|ng fuel prices Los Angeles $108 $83 $35,000 $27,000
New York $105 $85 $35,000 $28,000
% Rising roadway expansion costs s o | o | e || cim
X3 Ag|ng population San Francisco §115 $88 $38,000 $29,000
Seattle $105 $75 $35,000 $25,000
< Mob|||ty for non-drivers Washington, DC $88 $68 $29,000 $22,000
Average $103 $74 $34,000 $24,000

Source: Shoup, 2021. Quick review of his findings at this link


https://www.shoupdogg.com/wp-content/uploads/sites/10/2016/05/Cutting-the-Cost-of-Parking-Requirements.pdf

FALLING TRANSIT RIDERSHIP POSES AN ‘EMERGENCY’ FOR CITIES
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Source: APTA Fact Book Analysis 2021

2011

2012

2013

2014

2015

2016

2017

2018

2019

12,000,000
11,000,000
10,000,000
9.000.000
8.000,000
7,000,000

6,000,000

5,000,000

Annual Ridership (000s)

4,000,000
3,000,000
2,000,000 w— AL Modes

— B us

R ail

1,000,000

0
1985 1990 1995 2000 2005 2010 2015 2020

Source: National Transit Database



IMPORTANT TERMINOLOGIES

< Skim matrix (a.k.a network skimming):

provides impedences between locations/zones/neighborhoods

E".j = eXp(,B ti.j)

F: Friction fromitoj
B: Parameter (negative value)
t: Travel time fromitoj

Describes how difficult it is to get from one 0a -

place to another place. Commonly calculated as

travel time, distance, costs, or a combination g” |

thereof called generalized costs

1] 5 10 15 20 25 30
Travel Tiene (min)

Source: https://tfresource.org/topics/Impedance.html



https://tfresource.org/topics/Impedance.html

IMPORTANT TERMINOLOGIES

% Highway Skims
o Can be simple ‘generalized cost’ between each OD zone pair or complex taking into account single-occupancy

vehicles, shared-ride 2,3+, time of the day (peak vs. non-peak hours)

< Transit Skims

o Attributes to consider: travel time, route fare, schedule, headway, speed, etc.



IMPORTANT TERMINOLOGIES

< Traffic Analysis Zone (TAZ)

O

A special area delineated by state and/or local transportation officials for tabulating traffic-
related data.

These TAZs (which also stands for travel, transportation, or traffic analysis zones) may have
several uses, depending on how a travel model is structured, including: storing information about
the people and places in each zone, serving as origins and destinations of trips, and calculating
travel times between (and within) zones.

Source: tfresource.com



https://tfresource.org/topics/Traffic_Analysis_Zone.html

IMPORTANT TERMINOLOGIES

% Travel Demand Modeling/Forecasting

o Travel Demand Forecasting is the process used to predict travel behavior and resulting demand
for a specific future time frame, based on assumptions dealing with landuse, the number and
character of tripmakers, and the nature of the transportation system. Source: CDOT

« How many trips will be made in the future?
« Which transportation systems will become congested in the future?

* How much ridership will a new transportation service attract?


https://portal.ct.gov/DOT/PP_SysInfo/Travel-Demand-Forecasting#:~:text=Travel%20Demand%20Forecasting%20is%20the,nature%20of%20the%20transportation%20system.

IMPORTANT TERMINOLOGIES

Four-Step
< Travel Demand Modeling/Forecasting Regional Travel .
Forecasting ! I
o Four-Step Travel Model Hodel i
: ﬂ Trip
. . generation
o Activity-Based Model ;
1
1
| Ve Sy P
% Main Sources of Data l
" Highwey
o Household Travel Survey AT
o Transportation Metrics Providers o Tip // o /
assignment volumes
Congested traffic speeds

Source: MWCoG


https://www.mwcog.org/transportation/data-and-tools/modeling/four-step-model/

TRANSPORTATION METRICS SERVICE

Google ~ gIfEETHenToaa INRIX TOMTOME ‘td




IMPORTANT TERMINOLOGIES

< Mode Imbalance

o The difference in travel time when using two different modes of transport (for example car vs.
public transit).
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PROBLEM CAUSED BY MODE IMBALANCE

Those who can afford a car
will be more likely to buy
and use one. This leads to
problems with:

% Sustainability

% Urban sprawl

% Higher segregation

% Traffic congestion

% Parking demand,




PROBLEM CAUSED BY MODE IMBALANCE

Those who cannot afford a
car will be limited in
their choice of:

% Home location
< Jobs/hobbies

% Interpersonal
relationships




DIAGNOSING MODE IMBALANCE
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Mode Imbalance



Overview

% How to get Google API key
% How to get OD matrices for transit and drive from Google Distance Matrix API
% How to create matrices

o
%

*

Analyze asymmetry matrices and mode imbalance

% Compare travel time with demand data

% Use graph convolutional neural networks to understand how the travel mode imbalance

for a given a trip is influenced by other nearby trips.



Getting Google API
Key

https://mapsplatform.google.com/maps-products/

Q Sooghe Macs Patfom W Cxape Trcourm R g T Routes

Find the right products I~
for your custom map N9 ‘ R Q

[

. Deractian Matrix
L Prowice desctons foe wanat, Bng, Caoutate trawl imes nod distances for
Fing, o walking beowoen mutipio murpie dewinaton
13
Maps Routes Dcotions
A A e P v £ a1, Ay b (A o oy el (et
W detawd € st et ners smepen of Irowoont with duiwe ¢
s : «

Distance Matrix I »”
APl =

Got Started


https://mapsplatform.google.com/maps-products/

After Finishing with Payment Info Page

0 Google Cloud Platform

Welcome Sadegh!

Your iree ingl mcudes 5300 i credt (o spend over the next 59 days, To heip us serve
o Detter, pleade anewer & questions.

@ What best describes your organization or needs?

© What brought you to Google Cloud?

Pleate scieut *

NEXT

© What are you interested in doing with Goagle Cloud?

© What best describes your role?




Creating a Project and API Key

88
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Free trial status: $300.00 credit and 91 days rematning - with a full account, youll get unhimited access 10 all of Google Cloud Platform

Google Cloud Platform

Google Maps Platform

Overview

APis

Metrics

Quotas

Credentials

Support

Solution Library
Map Management

Map Styles

Credentials

Trieste ¥

Distance Matrix APl ¥

Credentials compatible with

To view all credentials visit Credentials in AP|

A Remember to configure the OAutt

API Keys

Name

No AP keys to display

Q Search Products, resources, docs (/)

<+ CREATE CREDENTIALS
API key
Identifies your project using a simple AP1 key to check quota and access

OAuth client ID

Requests user consent S0 your app can access the user's data

Service account
Enabie

server-to-server, app-level authentication using robot accounts

Help me choose
Asks a few questions 10 heip you decide which type of credential to use

Creation date Restrictions 4

Key

DISMISS ACTIVATE

W DISABLE

CONFIGURE CONSENT SCREEN

Actions

LEARN

= Home X
Recommended for you

Maps Console Quick Tour

An overview of the different pages of the Maps
Console
Tutorials

Restrict your AP key

Learn how to prevent unauthorized usage of
your AP| key by restricting it,

Tutotlals @3 min

Maps Customization

Learn how to use the new Maps customization
features
Tutorfals @5 mir

You might also like B

=] Tutorials

Walk ughs and gu

Resourc:
=] ‘”ES? es

Pricing, release

API & references

API and command-ine resources

<>
+  Support

Product support lopics

All product documentation 2

Not seeing what you need? Give feedback



Copying and Storing the API Key

AP key created
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Distance Matrix AP



OVERVIEW OF HOW TO WORK WITH DISTANCE MATRIX API

https://developers.google.com/maps/documentation/distance-matrix/overview

? Google Maps Platform Cverview Procuces Pricing Documentation » oy Communty » Q Search @ English ~ Yignm

Web Services > Distance Matrix AP

Guides Suppert

m enen

Datanco Matro ASY On thin page
Dverview hmredussun
Get Started Mome » Products ¥ Googl Mupe Matiorn 3 Doounentaton » Wb Sereces » Oistance Matro A9 Wecthishaptiy 5 &F Eelore yoo begn
. Daxtance Matitx roguesty
ot Overview 0O Send fesdbach SR
S wp in Clad Console Regueed parametirs
Unng AP Koy destnasany
* Tivs service m wa0 avelnbie oy part of the oot gide Maps Juvaloiat AP or foc merver-side une with: the Java Cheen Pyihan Clery
¥ ogng
4y Gl goed Notle |y Clant for Soonin M vice
Best Practcen Optivwal perarmetery
Web Service Bt Practices wial_trre
Clhant Lidratien o)
s Aprey
Introduction SR
Bling and Monferng lnguage
Usagu und Blkng mose
Rece i v i The Dsstance Malrix AP! is & service that provides traved distance and time for 8 matrix of ofiging and destinaticns, The
ering L U] epon
AP returns information based on the recommended route between start and end points, as calculated by the Google A
' Maps APL, and congisis of rows contaning duration and distance values for each pair
Pelities ared Torms Iranse mode
Pobicies trumslt_routing poeference
T of Service Q Mote: Tha servce doet not netam detalled route sdormation Foute nlormaton can Se otdaned Dy peeeng the gemred angle urily
onge und Sevtinaton 10 the Dicectinng APL Destance Matr examdes
Other Web Service AP TipiSe information
Orections A% Location Medlers
foutes Prefcesed AM Before you begin Dxstance Matim rezponzes
Blevolion AR DustanceMain silesconse
; 1
000 AR This document is intended for developers who wish to compute travel distance and time between a number of paints o P
Geciocation ARt within maps provided by one of the Google Mapz APIz. I provides an introduction 1o using the A1 and reference Oistanceldatn oW
Pones AP material on the avadable parameters o —
Roads &7 s Fare
Before you start developing with the Distance Matrix AP|, review The authentoation requirements {you need an AP! joey)
Time D . ceMutrvslermontSt;
rve Zone AN and the AP usage and billing mformation (you need 1o enable biling on your project). D¥iane o
TesrvaheOtyect


https://developers.google.com/maps/documentation/distance-matrix/overview

FORMAT OF REQUESTING DATA

https://developers.google.com/maps/documentation/distance-matrix/overview

Distance Matrix examples

The following example uses latitude/longitude coordinates to specify the destination coordinates:

URL cURL JavaScript Python Java Ruby Go Postman

€0

import requests

url = "https://maps.googleapis.com/maps/api/distancematrix/json?origins=468.6655181%2C-73.8918896999

payload={}
headers = {}

response = requests.request("GET", url, headers=headers, data=payload)

print(response,text)

* Note: Snippets generated from OpenAPi specification g on GitHub _@ :



https://developers.google.com/maps/documentation/distance-matrix/overview

FORMAT OF REQUESTING DATA

https://developers.google.com/maps/documentation/distance-matrix/overview

import requests

url = "https://maps.googleapis.com/maps/api/distancematrix/json?origins=40.6655101%2C-73.89188969999998
&destinations=40.659569%2C-73.933783%7C40.729029%2C-73.851524%7C40.5860072%2C-
73.6334271%7C40.598566%2C-73.7527626&key=YOUR_API_KEY"

payload={} %2C means , (comma)
headers = {} %7C means | (pipe character)

_ " " _ Learn more about URL Encoding:
response = requests.request("GET", url, headers=headers, data=payload) https://www.w3schools.com/tags/ref_urlencode.asp

print(response.text)


https://developers.google.com/maps/documentation/distance-matrix/overview
https://www.w3schools.com/tags/ref_urlencode.asp

IMPORTANT CONSTRAINTS

1. Length of URL (see this link)

Note: URLs must be properly encoded to be valid and are limited to 8192 characters for all web services. Be aware of this
limit when constructing your URLs. Note that different browsers, proxies, and servers may have different URL character
limits as well.

2. Time (same 1link)

Time should be in “Unix epoch” (or “seconds since epoch”), not human-readable
date.
3. Number of Elements Per Request (see this link)

Maximum 100 elements per server-/client-side request

Maximum of 25 origins or 25 destinations per request


https://developers.google.com/maps/documentation/distance-matrix/overview
https://developers.google.com/maps/documentation/distance-matrix/usage-and-billing#:~:text=While%20you%20are%20no%20longer,elements%20per%20client%2Dside%20request.

Graph neural networks



Estimated time of arrival prediction (Deepmind)

Predictions

' Google Maps
API

Analysed Training

data

Surfaced
Google'Maps Candidate Google Maps
rouuing user routes 2
system A+B

The model architecture for determining optimal routes and their travel time.



Estimated time of arrival prediction

https://deepmind.com/blog/article/traffic-prediction-with-advanced-graph-neural-networks



GNNs: The basics

https://snap-stanford.github.io/cs224w-notes/machine-learning-with-networks/graph-neural-networks

TARGET NODE

l

INPUT GRAPH



Graph attention networks

https://arxiv.org/pdf/1710.10903.pdf

concat/avg

=




Graph attention networks as diffusion

https://arxiv.org/pdf/1710.10903.pdf 8
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Estimating key links without demand data

https://arxiv.org/pdf/1710.10903.pdf %x(t) — (A(x(t)) — I)x(t) = A(X(t))x(t)
az-J
'ﬁﬁ
£
2

concat/avg
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