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2003 - 2011 (Univ. of Texas at Austin)
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Colleagues

More than 40 funding sponsors
including

U.S. NSF, ARC, U.S. FHWA, U.S. DOT,
TfNSW, Advisian, GoGet Carshare in
addition to many other government
agencies, software companies,
infrastructure firms, advisory firms,
banks, insurance companies,

startups, etc.



Our two core pillars of research and development
Emerging Technologies
Automation Connectivity
Applied Al Infrastructure Digitisation
Blockchain Digital Twin
Evolving Social Consciousness

Result in new behaviour , tools and solutions

We need models and simulations that can represent
all of these changes to inform future planning and
management of transport solutions for mobility

Today: Background/State of the Art , Automated Planning
and Digitising Social Values ( ethical metrics )
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Theoretical, but also practical

Thanks to 40+ industry/government sponsors  (incl.):

Australia Research Council ($2.3m+) incl.
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U.S. National Science Foundation  ($1m+) incl.

Industry -University Cooperative,Research Center
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U.S. Federal Highway Admlnlstratlon($1 m) incl. 5
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Transport for New South Wales ($1.5m) incl.
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Background and Earlier Work

On Faculty at UT -Austin until 2011 Scientific Representation of Models
0 From Assistant Professor to Full Professor Underlying mathematical definitions, often of behavior

Opens up new questions from model explanatory capability

Relocated to UNSW in 2011

0 Took up the Evans & Peck Chair of Transport Innovation Model and Simulation Computational Performance
0 Founding Director of Research Centre for Transport Innovation (rCITI)

6 Head of School of Civil and Environmental Engineering Faster, bigger models (across macro/micro/meso)

0 Deputy -Dean of Faculty of Engineering Opens up new questions from scale

0 Lighthouse Professor and Chair of Transport Modeling and Simulation

What does the model attempt to explain

Z 0O ——4—vvCxwn-—0Q

0 Simultaneous Professorship at the Australian National university
Opens up new questions into non-traditional fields

When | arrived to Sydney in 2011, | provided the first of
many talks and collaborations with Evans & Peck/Advisian
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My very first talk in 2011, covered the subsequent topics
3 Displaying the actual slides used back in 2011
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1. Electric Vehicles

Very early research in the area of

Studying the future behavior of travelers with the emerging
reality of electric vehicles

Our work began on this topic in 2007

Collaborative with Prof. Mladen Kezunovic (Chair in
Electrical Engineering, NAE Member)

The NSF Center continued following my relocation

Additional projects and research contributions made
over the subsequent years

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Slide 5

Center for Transportation and

Electricity Convergence

® Awarded August, 2010
* UT-Austin lead with Texas A&M

+ Additional universities and agencies/companies planning to join

* National Science Foundation Industry and University
Cooperative Research Center (NSF IUCRC)

= Renewable up to 15+ years, approx. $7.5M+

® Industry/agency members include:

Texas DOT
Innovd Inc.
CenterPoint Energy

Texas Transportation Institute
North Central Texas Council of Governments

City of Austin
NRG Energy

City of Houston

Research Overview

® Multi-disciplinary
Transport

Electrical
Engineering
Sustainability

Built
environment

Business
development

Socio-economic
Policy
Behavioral

s
[«

Environmental Studies

ic
’ Systems
Communications

Managed System Integration

2011
Slide

—

Foﬂr & Behavioral
Incentives Modek’l

2011
Slide



2. Environmental Justice Across
Protected Groups

One of the early quantifications of EJ for Transport
Network Planning in the literature (2008)

With my former PhD student, Dr. Jen Duthie (now
head of Innovation for Cintra)

The primary research paper on the work won the
U.S. Transportation Research Board Fred Burggraf
Award

TRB is a division of the US National Academy of Science,
Engineering and Medicine

While the work was mathematical in nature, it
was also highly practical for usage
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Environmental Justice, Emissions,

Sustainability and Uncertainty

® Quantifiable engineering tools for properly
accounting for
= Environmental justice considerations
= Optimizing network improvements for emission reduction
= Sustainable planning accounting for uncertainty

" Sponsors
North Central Texas Council of Governments (Dallas MPO)
Southwestern University Transportation Center
National Science Foundation 2011
FHWA Slide

Definitions difficult. One EJ variation is: Avoid disproportionality
and maintain/improve access for protected groups

.

min Z(v'(g). £) M

gE{DI}
si.z,gﬁ =8 €& total # of improvements (2)

el
v'(g) =argmin ) JI..'ﬁI:;r)dx (3)

Yolel g

st.v=dAh 4
d=Bh (5
d=d” +d™ +...+d™ +d"* =0 (6)

_[Lif 7is improved
& oow.

£
'r.r["ugf)zi}(ﬂ}x{l+a{ Y ]], wiel (T)

U+ gy

#
¥ = potential capacity increase ',{(w ]=r,(0}><[l+a{i] } wie '] 20]&}
“ Slide



3. Study of Disease Spreading in Transport Networks

P
I‘l

disease through transport networks = Collaborative with
very early (2005 onward ) = Prof. Sahotra Sarkar (Integrative Biology)

= Dr. Lauren Gardner
“ Ecological, transport, water networks
® Current proposal efforts for

Epidemiology and Transport
We began studying the spread of

PhD (2011) thesis topic of Prof. Lauren = National Institute of Health
= National Science Foundation fralAX Va2,
Gardner (former PhD StUdent at UT = Airport Cooperative Research Program
Austin and colleague at  rCITI, UNSW) - Bill and Melinda Gates Foundation () ez
Prof. Gardner would go on to create the well - Example from work AP
known COVID19 Dashboard after her relocation evaluating risk related to
to Johns Hopkins University Dengue from Air Travel 2011
(network-level regression) Slide
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4. Automated/Autonomous Vehicles

Jointly conducted first large (over
$1.8m) project globally to study

How AVs would function in a transport system

Comparison with traditional traffic
management

Travel behavior changes

This project was collaborative work
with Computer Science Professor
Peter Stone (beginning in 2006 )

And core work of PhD student Kurt Dresner
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Automated/Autonomous Vehicles

®"US FHWA Project: FHWA-PROJ-07-0026
"Intersection control for AVs

#2007 - 2013

® Approx. $2M research budget

®One of the first functional system
evaluations for autonomous vehicles

Image MARVIN, automated vehicle
2 the Uriversty of Texas at Austn
developed by coresearchers

2011
Slide



The Present and Future: Evolution and Progress

From these emerging topics (all pre -2010):

Electric Vehicles

Environmental Justice Including Impact Across Protected Groups

w N

Pandemics in Transport Networks

4. Automated/Autonomous Vehicles

Also, my own PhD thesis topic(2000) and NSF CAREER Award which led to

1. Adaptive Network Equilibrium Under Information Provision (due to emerging data )

Now and onward

0 Trying to better understand emerging technology on mobility systematically

2 In particular, automating transport planning (much of my current work)

AgpbZeLlI SK 182 p 9SIjelrs$SK jZpRgos&Zs ] &7

3 e.g., road traffic carbon, equity, environmental justice, etc.
ESggZBDPpSHgl SK QxSElI B P2 pB p »%gBSgZegl
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Modelling Transport Network Behaviour to Inform
Strategic Decisions

We need approaches

that work up to scales

at least this large or
even much larger

(multi -national)

We must capture
network re -routing
behavior

AS
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City Layouts Iby LuisDilgerlicensed and modified under CC B¥C 4.0

TECHNISCHE
@ UNIVERSITAT Slide 10
DRESDEN


https://www.behance.net/gallery/29790343/City-Layouts-II
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. Formulation (Beckman, 1956)
min & ff.(Wdw

S.t.
ah=a, "1,S
k
ho20 "k 1S
X, =aaahd, "a
r s k

This formulation (and the resulting
algorithms & software) are what
permit transport planners to analyze large networks
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Increasing realities for Network Behaviour

Numerous advances over the past 60+ years

Stochasticity

Dynamics

Multiple classes of travel behaviour
Pricing

Network design

Signal design

Connectivity and Information

Demand/Supply integration

Automated Veh IC|€S Average Difference of Travel Time == Average Difference of Trip

Many others g

0 S

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Regardless, some concept of equilibrium remains v

Lin et al. (2007)
Integration of ABM and DTA
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Model Representation

Electric Vehicles: Traveller Behavior
and Infrastructure Funding

Automated Vehicles
Mobility as a Service

Congestion management

All impact
Behavior
How mobility is priced
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Congestion pricing is an old problem
Example: A.C. Pigou (1920)

QE p ZI'KLDPE2 eL3BgS RgpBQZg 8§
against road B would

eZgbbg pbS YpZDrjlel p®E BlIDopbIl :

But the measure of differentiation must be rightly
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Disruption : Networked Information

Google/Telecommunications/Apps
A Ubiquitous
A Potentially multi -modal

A Operational/statistical challenges for some
applications

Social Media
A Understanding human text

Financial

A Also ubiquitous
A Reveals economic drivers
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Destinationchoica

Socio demographic and
economicattributes

.. Travel attributes:

fIickr location, time

Travel attributes:
location time

é]hstoqmm duration, purpose,
El

mode of transport
wnsqums

TH Rashidi;A Abbasi;M Maghrebi;S Hasan;ST Waller (2017)
'‘Exploring the capacity of social media data for

modelling travel behaviour: Opportunities and
challenges ', Transportation Research Part C: Emerging
Technologies, vol. 75, pp. 197 - 211.




Networked Mobility Information
Google Map Outreach Grant

While at rCITI@QUNSW we were the first non -US group to have the  Google Maps Outreach Grant

Multiple recent and ongoing initiatives
Introducing and validating new planning methodologies that account for adaptive traveller behaviour
Explored novel traffic management strategies with  TINSW, RMS, & US FHWA
Worked in India and elsewhere to leapfrog with digital infrastructure

ROHINI S
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Disruption : Networked Information Destmanonchoicﬁ

Google/Telecommunications/Apps
A Ubiquitous

A Potentially multi -modal

A Operational/statistical challenges for some
applications

Socio demographic and
economicattributes

.. Travel attributes:

fIickr location, time

Social Media
A Understanding human text

Travel attributes:

- location time
FinanCiaI thgtaqmm durgtior}, purpose,
mode of transport
A Also ubiquitous @mu‘ms
A Reveals economic drivers
|nf0rmati0n iS Bl direCtiOnal' TH Rashidi;A Abbasi;M Maghrebi;S Hasan;ST Waller (2017)

'‘Exploring the capacity of social media data for

: : : : modelling travel behaviour: Opportunities and
Analytics is half the problem/opp_ortunlty. Inf_ormatlon challenges -, Transporiation Rusearch Part C: Emerging
also transfers out, changing behaviour .

Technologies, vol. 75, pp. 197 - 211.
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Shortest Path with Information
From Waller and Ziliaskoupolos (2002)

If we have information at point B

We now have 5 Hyperpaths
A OCOD

A OB/1 OCOD

A OB/1 OD

A OB/2 OCOD

A OB/2 OD

T T

To To To Do Do

A Optimal strategy
A AOB/1 M = 2 (with probability .5)
A AOB/2 CC M = 3 (with probability .5)
A Expected cost = 2(.5) + 3(.5) =2.5

A Information and adaptivity
reduced the expected cost

A from 3to 2.5
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Online Shortest Path Algorithm: 1 of 3
Waller and Ziliaskopoulos (2002)

SLp—l ., . 3 Algorithms are presented for
E[d|i,s]=0 " Il G*(d), 4 Sit variants of spatial, temporal and
E[n|i,s::0 " nl N/d, 1 Gl(n), d S combined dependency
SE:=¢
Issue
Step 2. .
: Only works for fixed costs
while SE A g |
Remove an element, n, from the SE But, costs are a function (change

with flow)

for eachi G(n), d Sin, ji Gn)
plnli,s|= & pip' (¢ +ELjIn,K])

ki'S, |
If plnli,s]<E[nli,s], therg[nli,s]:=p [nli,s]
SE:=SEC{j| G(i)}



User Equilibrium with Recourse: Model A
Unnikrishnan and Waller (2009)

fiijru

CONVEX Min Z[F(H)]=a {P.Ci. ;. (x)dx

iju x=0
FOIRMIDLATTION Subjectto F=DH t=BH H2O0

H'[P'C[DH]- B'u]=0

EQUILIBRIUM o BTz o
CONDITION [DH]- B'u

H20
INSIGHTS

A All used hyperpaths will have equal (and minimum) expected cost.

A This implies that those network users who follow a UER solution without options, still
receive precisely the same benefit as those users who actually experience the options.
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Adaptive Equilibrium No information: 12 Travellers from A -D

. g

» LN R A 3 Paths

Path 1: AOC
Path 2: A OB OD
Path 3: AOB OC D
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Adaptive Equilibrium No information: 12 Travellers from A -D

3 Paths
Path 1: AOC D
Path 2: A OB OD
Path 3: AOBOC D

Without information
Take average cost of ink B GC
Expected Cost of Tg-= 16.2

Equilibrium solution
Path 1 Flow = Path 2 Flow
No one uses link B -C
Cost=X+10=6+10=16

Everyone in the system has a cost of 16
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With information: 12 Travellers from A -D

There are 5 Hyperpaths
H1. A-C-D

Adaptive Equilibrium

7 L™
~.W =gl - H2: A-B/1-C-D & A-B/2-C-D
) j‘ TBD- 10 . &t H3: A-B/1-C-D & A-B/2-D
L. H4: A-B/1-D & A-B/2-D

H5: A-B/1-D & A-B/2-C-D

O 5"‘)' Tco

Toc=1(Wp z)
20 (wp .8) =

si
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With information: 12 Travellers from A -D

Adaptlve Equ|l|br|um There are 5 Hyperpaths

T —_— H1: A-C-D
7 R 3 < D H2: A-B/1-C-D & A-B/2-C-D
g j‘ TBD- 10 2 . ,_, 7 H3: A-B/1-C-D & A-B/2-D

H4: A-B/1-D & A-B/2-D
H5: A-B/1-D & A-B/2-C-D

# Equilibrium solution

< g HYPERPATH FLOW EXP COST
: " d H1 4 18
" |

& f")' TCD

=1 (wp 2)
20 (wp .8)

H2
H3
H4
HS

20.8
20.8
18
18

o |lw|[oOo | o

Everyone in the system has a cost of 18!
Tragedy of the commons again!

TECHNISCHE
@ UNIVERSITAT Slide 24
DRESDEN



Experimental
conomics

How do real people play this
game?

Examined with polling and
Incentivized games

Driving lab experiments

Also exploring global
pervasive data

TECHNISCHE
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Transport
Tools

DIXIT, V. V., ORTMANN, A., RUTSTROM, E. &
UKKUSURI, S. 2015. Understanding
Transportation Systems Through the Lenses

of Experimental Economics: A Review.
Available at SSRN

DIXIT, V. V. & DENANTBOEMONT, L. 2014. Is
equilibrium in transport pure Nash, mixed

or Stochastic? Transportation Research Part
C: Emerging Technologies, 48, 301-310

RAPOPORT, A., KUGLER, T., DUGAR, S. &
GISCHES, E. J. 2009. Choice of routes in
congested traffic networks: Experimental
tests of the Braess Paradox. Games and
Economic Behavior, 65, 538-57

LU, X., GAO, S., BENELIA, E. & POTHERING,
R. Information impactson B Z p O grdhte Z B
choice behavior in a congested risky

network. Transportation Research Board

91st Annual Meeting, 2012

Review of
Experimental
Economics

Experiment focusing
on Transport
Equilibrium

Experiment focusing
on Transport
Paradoxes

Focus on information,
but not equilibrium




Experimental Economic Analysis of Adaptive Equilibrium

K. Wijayaratna , V. Dixit, L. Denant -Boemont , and S.T. Waller

An experimental study of the Online Information Paradox: Does en-route information
Improve road network performance?

Plos Vol 12 Issue 9, 2017

29

A 144 participants
A Groups of six players
A 20 iterative periods
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Results : Learning to Equilibrate

No information case compared to information case
Individual traffic states shown below
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No Information

Information

Variation in Mean Path Flow: Treatment 1, No Information

Mean Total System Travel Cost {Units)
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Results: Online Information Paradox
Wijayaratna et al (2017)

Experimental results support the presence of the Online Information Paradox

Treatment 1: Treatment 2:
No Information Information Provided at Node B
State E(S1,S2) S1 S2
Cost of A-B-D 16.871 14.438 19.115
Cost of A-C-B-D 18.588 32.146 17.828
Cost of A-C-D 16.917 17.708 17.714
Observed TSTC 210.629 219.163
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Results: Online Information Paradox
Wijayaratna et al (2017)

Experimental results support the presence of the Online Information Paradox

Treatment 1: Treatment 2:
No Information Information Provided at Node B
State E(S1,S2) S1 S2
Cost of A-B-D 16.871 14.438 19.115
Cost of A-C-B-D 18.588 32.146 17.828
Cost of A-C-D 16.917 17.708 17.714
Observed TSTC 210.629 219.163

So, what does this all mean?
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* Consequence of Unnikrishnan & Waller (2009)

In the absence of deception, inducement or pricing,

the power of Information Is that it makes us more
efficient at being  selfish.

For mobility, this can lead us to the classic
QObZpKoBHIE2g e 3 R Rost&®Be.



Automated Modeling for Rapid Planning

Given the importance of network equilibrium

How can we cut the time to deploy such models?

By doing so, we create space to grow their use and usefulness
Standardize across regions
Increase transparency and engagement

Incorporate novel metrics
0 Equity
Sustainability
Environmental impact/justice
Resilience
'E

Qx ox ox o«

Critical Note:

aS gsI'SK pEE §] PLI'B- o§g RoeBDP Ssb EBg bBLjgl

If we lose this, we lose our purpose in the planning process.

To plan is not simply to analyse. It is not just data analytics.

We would like t
acknowledg
collaboration witl

NVIDIA.



Rapid Planning Methodology

A network supply model is automatically built from OSM

The trip estimation combines evolutionary algorithms with embedded network User
Equilibrium (UE)

Each fitness function evaluation requires UE to be solved

Google POI and other demographic data (e.g., WorldPop ) help to devise initial
solutions

*ST Waller, S Chand, A Zlojutro, D Nair, C Niu, J Wang, X Zhang, and VV Dixit M | " & N Q%¥%pzlI §gRA ! S30J @ OBOIES PRI §BDOPRPHPY ¢§BI KK SusiidabiltyBl Og DZ
(Switzerland), vol. 13, pp. 11171 011171.

D Ashmore, ST Waller, K Wijayaratna, and ATessler M .~ ° N Q! o DS RpDPgg ° EpSSISK X8§Z CLg ADPZpDPGgKl e xpSpKgRGg SAustralasianCrapspoB Reséaidh A 2 T
Forum Proceedings 28 -30 September, Adelaide, Australia.

S Chand, ST Waller,and D Ashmore M , > > N Q; QI &JI SK pSg ; §SeLRpZol SK FzQl PpEE§ aS] Zp BDZ gPelibyBiej for ABBGaE8BInclustve, Rdsitient,fapdd ¢
Greener Infrastructure Investment and Financing, T20 Summit, Indonesia.

* ST Waller, M Qurashi, A Sotnikova, L Karva, SChandM™ =~ * N Q! Sp &2 Ul SK pS§ $ggCE SK Sgbos DZpOYgE zpbBYLBBY § 07§ BB BILGY EBZ ]l
Transportation Research Record, Volume 2677, Issue 10,

R Amrutsamanvar, S Chand, M Qurashi, and ST Waller (2023) "Rapid Planning: Opportunities with Pervasive Data for Sustainable Mobility" IEEE Smart Cities Symposium, Prague.


https://doi.org/10.3390/su132011171
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4191661
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4203715
https://doi.org/10.1177/03611981231161622

Rapid Transport Planning . Methodological Framework
Waller et al. (2021)

A Use crowd sourced and Supply Inference . Transport Network -
pervasive data (Data-driven ruleset) (zones, link functions, etc) Ra p Id
Planning
A Network inference tools to F ramewo rk

automatically develop planning _
network from OSM and historic oDatgt' OtSMM
data on transport capacities. (Open Street Maps)

Network y .
T Forecgsted Data: Travel Time
Equilibrium Metrics rata
. . M d I —— (e.g., Google API)
A A Machine Learning, vioael . (Flows, Times, etc)

Evolutionary Algorithm, Data: Geographic
implemented to infer _ (e.g, Google API) v
aggregate origin -destination v
travel demand forecast from
observed data.

o 09. K ®

- ™ . o
Demand Seeds Travel Demand EV0|UU.0”arV
(Data-driven ruleset) ' (origin-destination flows) ® Algorlthm

. ® o
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Sample of Our Past & Ongoing Evolutionary Algorithm Applications in Mobility

Traffic Signal Optimization

Sun DBenekohaRF; Waller S(R003 'Multi -objective traffic signal timing optimization using hedominated
sorting genetic algorithm 1} Lecture Notes in Computer Science, vol. 2724, pp. 22201,
http://dx.doi.org/10.1007/3540-451102_143

Sun DBenekohaRF; Waller ST, 2008j-level programming formulation and heuristic solution approach for
dynamic traffic signal optimizatiohh ComputerAided Civil and Infrastructure Engineering, vol. 21, pp.-338,
http://dx.doi.org/10.1111/j.14678667.2006.00439.x

Transport Network Design

Jeon, K., J.S. LeeURkusurj and S.T. Wall€2009) New'Hpproach for relaxing computational complexity of
discrete network design problem usingglectorecombinativegenetic algorithn®lournal of the Transportation
Researh Board, Vol 1964, Issue 1, pp-903, 2006 https://doi.org/10.1177/0361198106196400111

Lin DY; Unnikrishnan A; Waller (@009 'A genetic algorithm for blevel linear programming dynamic network
design problem Transportation Letters, vol. 1, pp. 28294, http://dx.doi.org/10.3328/TL.2009.01.04.28194

Lin DY; Waller 2009 'A quantuminspired genetic algorithm for dynamic continuous network design
problemQTx. Letters, v. 1, pp. 8193, http://dx.doi.org/10.3328/TL.2009.01.01.893

Rapid Transport Modelling (including network and trip estimation)

Vending Machine Allocation

Grzybowskad; Kerferd BGretton C; Travis Waller @020 ‘A simulation-optimisation genetic
algorithm approach to product allocation in vending machine systénisxpert Systems with
Applications, vol. 145ttp://dx.doi.org/10.1016/j.eswa.2019.113110

ReadyMixed Concrete Delivery

Maghrebi, M. Periaraj V., Waller, S. T., &ammuE / & SolvingMReathiMixed Concrete
Delivery Problems: Evolutionary Comparison between Column Generation and Robust Genetic
Algorithm®é Ly w® L-@Goinputing B Ridl @kl Building Engineering. Orlando, US2§ 23
Jun 2014 https://doi.org/10.1061/9780784413616.176

Maghrebi M; Waller SBammutC(2014) 'Sequential MetaHeuristic Approach for Solving Large
Scale ReadWlixed ConcreteDispatching ProblenisJournal of Computing in Civil Engineering, vol.
30, pp. 0401411704014117 http://dx.doi.org/10.1061/(ASCE)CP.19583887.0000453

Waller ST; Chand Zlojutro A; Nair D; Niu C; Wang J; Zhang X; Dixit VV, 2021Rapidex: A novel tool to estimate origiri destination trips using pervasive traffic
data, Sustainability (Switzerland), vol. 13, pp. 112711171 http://dx.doi.org/10.3390/su132011171

(Preprint)Waller, Travis andQurashj Moeid and Sotnikova, Anna ariiarva, Lavinaand Chand, SagAnalyzing and modeling network travel patterns during the
Ukraine invasion using crowdsourced pervasive traffic dat@(August, 2022).SSRN:https://ssrn.com/abstract=4185753
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http://dx.doi.org/10.1007/3-540-45110-2_143
http://dx.doi.org/10.1111/j.1467-8667.2006.00439.x
http://dx.doi.org/10.1016/j.eswa.2019.113110
http://dx.doi.org/10.3390/su132011171
https://ssrn.com/abstract=4185753
https://doi.org/10.1061/9780784413616.176
http://dx.doi.org/10.1061/(ASCE)CP.1943-5487.0000453
https://doi.org/10.1177/0361198106196400111
http://dx.doi.org/10.3328/TL.2009.01.04.281-294
http://dx.doi.org/10.3328/TL.2009.01.01.81-93

Travel Origin -Destination Demand Estimation
Waller et al. (202 1)

Initial Solutions

F |tn ess F un Ctl ons Acronym Method Name Governing Equation Notation

TTgbs

Travel time—free flow travel

. . - TEM time model. dps = E‘n‘:':TobuiS:t‘ed ‘(fr'gIB any [:l'er\jls‘i\-e platform)
Acronym Method Name Governing Equation Notation A ravel time between LU palr and s.
ot TT .—Observed free-flow travel time between
. ) TTest _Trobs Free flow travel ot OD pair rand s.
MAPE-ODTT ]:dlii::; E?S]Du iizﬁirf f;;:‘:‘%e E=Yd;- %[ . E—Error value. FDM time—distance model. drs = A D krs—Average shortest distance between the OD
] " i . TTE!' —Estimated (from a solution) travel time between OD TT: pair r and s when the network is empty.
. ; 5 G,—user-defined proportion value of zone r,
Root mean square error of - 3 ]:"“r;w and s. TDM Travel time distance model. dps = L},m D W‘l‘l(‘]‘(‘ TG =1 prop
RMSE-ODTT OD travel times E—1/ L (TTR -TTR") . TTy;*—Observed (from any pervasive platform) travel time Ln T A—user éefin.ed proportion value of zone s
i oD - - — —user- )
between OD pair r and s. ' oM Custom eravity model o e D where YA = 1.
. Nop— Number of OD pairs. : : gravit : s =y ek
MAPE-LF Mean absolute percentage E—y et —fos . L%”—Estimated (from a solution) flow between link i and j.
error of link flows. 7 f o . ﬂ}bs—Obser\-’ed (from loop detector or other sources) flow —
between link i and j.
Root mean square error of £ [fm —f””sjz . Ny—Number of links in the network where flow values are oD,
RMSE-LF link flows. E= —L= known. Calculate absolute
4 . f:}“' —Estimated (from a solution) travel time between link 7 ODA[ difference
and ,' oD ﬁ
Root mean square error of . 195 _Observed (from any pervasive traffic platform) travel =
RMSE-LTT link travel fi Yy L : oD
ink travel times. time between link i and j. BA
. Ni—Number of links in the network where travel time
Mean absolute percentage st _gobs v‘i:‘les are knovn. . . .
MAPE-LTT . . E=y LU . R&!'—Estimated (from a solution) travel time along a user Assign OD demand of the parent
error of link travel time. — pobs T . ) . .
J defined route/corridor i. Parent 2 Parent 2 with lower absolute difference
. Rfi's—Obs&‘rved (from any pervasive platform) travel time
Mean absolute | Rest —Rebs | along a user defined corridor i. 2o )
MAPE-C percentage error of E=% R . Nr—Number of user-defined corridors. oD Calculate absolute 20%
corridor travel times. f Nr AC difference ¢
Oqar ﬂ 13%
ODBA 7%
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Travel Origin -Destination Demand Estimation
Waller et al. (202 1)
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Figure 4. Observed vs. estimated OD travel times.

B

(o]
=]
S

Linear: y = 0.985"x + 0.945
80 R? =0.998

[ &
o (=1

8
Cumulative % demand (Rapidex) at every 1km trip length
3

Mean absolute percentage error (MAPE)
[\
(3,

a0t
20 a0t
15 20t
6. 10 |
10
0 10 20 30 40 50 60 70 80 90 100
5 = L L : - ! Cumulative % demand (HTS) at every 1km trip length
0 5 10 15 20 i) 30

Genetic algorithm generation number

Figure 5. Convergence of the genetic algorithm solution.
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Case Study 1: Sydney Region Generations Attractions
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Case Study HiTechCity, Hyderabad (India)

Project: needed to establish a model, with no data from agency, to evaluate traffic operational changes related to comstiraetv metro

Trip Gengrations Trip Attractions

10 3 =) 0 )
& ., * . ?
. 4 .R ‘V? - < 4
— % v 10
A

258 - 525
=525 - 5061
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First known paper on travel behavior during human conflict.

Models in Ukraine

Waller et al. (202 3) Focuses on those who remain in place rather than evacuation/refugee movements.
Analysis for 26 February 2022 to 12 April 2022 Applications being explored include:

) .. i Rapid estimation of reconstruction needs
Focusing on Coefficient of Variance (Std/Mean) Designing cities that are more resilient to human -conflict

Kyiv
0 Links: 4069
0 Nodes: 2224

Kharkiv
d Links: 2453
0 Nodes: 1017

Odesa
d Links: 1765
o Nodes: 800

Waller, Travis and Qurashi, Moeid and Sotnikova, Anna and Karva, Lavina and Charién&gizing and modeling network travel patterns during the
Ukraine invasion using crowdsourced pervasive traffic data Transportation Research Record: Journal of the Transportation Research,Bohb77, Issue
10, pp. 491507, 2023.
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