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Flexible Transport Markets -

* Real-time matchmaking between demand and supply =>
mobility as a service

Passengers Transport

services providers

’ Challenges:

* huge number of entities
 complex interdependencies
* dynamism




Layered Approach

Data Integration, Visualization and Analysis

Agent-based Simulation (What-if)

Planning, Coordination and Optimization




Data Integration and Analysis



Main Data Sources
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Transport Network Analysis
(BP Jan Nykl)

* Input: Timetables & stops of
the PTN

* Qutput: Various PTN metrics

— (duration of journey, number
of interchanges, harness,
PTN area and length etc.)

 Two modes of analysis
— Many-to-many
— One-to-others

 Time-expanded graph & - ).
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Simulation



What-If: Simulation Modeling

Estimate the behavior of the transport system under different circumstances

what if?

model

abstraction
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scenarios
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Simulation Inputs and Outputs

Policies: congestion charge, parking regulation,

Public transport: routes and schedules, ticket
prices
Scenarios < Planned events: big concerts, football matches

Unexpected disruptions: accidents, bad
weather

Novel transport schemes: ridesharing, car
sharing, bike sharing

Travel: travel times, costs, modal split, ...

Efficiency: utilization, energy consumption,
congestion

Environmental impact: emissions, noise,...

Metrics <
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Agent-based Approach




AgentPolis Framework: Fully Agent-Based
Mobility Modelling

Application models

Transportation
environment
primitives

Travel —related
reasoning modules

Data connectors
execution control

Agent-oriented discrete event
simulation engine

Java virtual machine

- core - tools

Visualization and Reporting
Experiment configuration and




AgentPoIis Framework
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Research Areas

e Simulating transport environments (physics of transport)
— abstractions for transport system models
— efficient execution via discrete-event simulation
— massively repeated journey planning (caching)
 Modeling human decision making (psychology of transport)
— activity scheduling
— plausible decision models
— plausible memory models
— cooperation with Centrum dopravniho vyzkumu (CDV)

* Simulation-aided Design of ITS



AgentPolis Models

* Multi-modal Urban Mobility

* Fare Inspection

* Real-time Ridesharing

* Auction-based Dynamic Taxi Pricing
e (Urban Parcel Delivery Logistics)

16



Fare Inspection Model

Metro:0 l“}(-"’:‘

Metro3i(H1)) s

Inputs

M Inspe...
M Pass...
W Inspe...
M Pass...
B Pass...
M Inspe...

Transport services
ﬁ data (lines, schedules,

capacities)

Performance indicators (e.g.

revenues, costs)
Detailed statistics (.9.

inspections per station0

Passengers

Passenger data and
models (travel flows,
demographics, utility

functions)

Q -\ T amV(OA

Tiram 25 (0)

Inspection data and
strategies

(numbers, schedules,
capabilities)

- TramM(M j o S
. liramii4.(0) iram=25.((1))
W
o) Norwa\
GEBCO

Q oogle .

Imagery Date: 3/8/2011 : lat ' 33.930058% lon’= 118 “3""Lv8" elev 5 Eye alt * 27.93km (ﬂ,

17



Transport Planning, Coordination
and Optimization

18



Multi-Criteria Multi-Modal Journey
Planning

(Real-time) Situation: traffic
conditions, PT service status,
weather

User preferences and

constraints
\ A 4

Matchmaking

and journey
planning

Environmental
impact

(Near-) optimum
journey plan

Journey request
(origin, destination, time)

l
&

Service availability and Mobility policies
cost
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Multi-Critics Journey Planning

» Separates plan search control from plan evaluation

implement standard critic
interface

Critics

L User satisfaction
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Planning Graph

Example

elsinki statistics:
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Example: Journey Response
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Open Bicycle Route Planner
(BP Marcel Nemet)

* Problem: Find a bicycle-friendly trip from origin to destination
— Take into account trip duration & elevation

* Data
— OSM maps

— recommended routes for
cyclists (by Auto*mat)

— SRTM elevation data
e Solution approach: A*

.....



Multi-Agent Transport
Coordination
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Ride Sharing on Timetablec

| part 3
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Taxi Ridesharing

(BP Petr Mezek)

e Real-time coordination of shared taxi rides

Cestujici

Odeslani pﬂ;hd:\d(l; S
o pfepravé

Pfijm uti ndvrhu jizdy

Oznam eni
rozhodnuti o pfijmuti

Pijmul nabidla?

Pfijm uti potvizeni TR
nebo zrudeni jizdy

lJizdda poturzena? E x

bedeaan P Pfijm uti pafadavku
cestujiho

L} BRG] Oznameni vysledku

Dispcink

volném taxi

i e Vytvofeni ndvrhu
jizely

Vytvoreni nahicky

prace

2]

- - Frijmuti odpovadi
cestujiciho

Pfijmuti odpovéadi
fidice

g

vyjednavani
\_

Prijmuti oznamenio 4~ -~ 1"

4 4@) —

A

Ridi¢

Oznameni o dekani
na prici

.| Plijm uti ndvrhu jizdy

Potvizeni nebo
zruseni nabidky

Nabidly pfijmuta?
w 'I
ano
Vykonani jizcly

*?
14 #11
&3 @13
‘9
o2 7 @10 WS
PARS]
L& 6
Ho@ g R
PINE]
@3 L
&5
on
&1

P12

26




Auction-based Dynamic Pricing

(BP Jan Zikes)

Transporters waiting for the job

 Auction-based taxi

Transporterl ifeCycleActivity Auction

allocation
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o

PassengerlifeCycle

initTransporter() :

* Passengers willing to
pay more travel first in
the peak time

* Passengers willing to
wait travel cheapers

setAuction{) _ :

. placeBid()
T e
A timeExpired()
i evaluste() 2

i setAuction{data) _ E

returnPrice{)
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T o =l
timeExpired()
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book()

—interval (1,100)
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Flexible feeder services
(BP Tomas Grubhoffer)

 Find feeder shared rides
connecting to scheduled train
service

* Solution approach

— Find a single-agent plan for
each agent

— Cluster agents into groups for
the first mile according to (First
PT stop, Departure time,
Location of origin)

* Find ajoint plan for each group
of agents
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Conclusions
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Simulation-aided Design of ITS

algorithm /
mechanism

deploy JJ

evaluate and refine

abstraction

target system

model
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SUPERHUB

SUstainable and PERsuasive Human Users moBility in future cities =%

We believe that in a great mobility project
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Our role

— Dynamic mobility matchmaking
and Ecoplanner

— Policy-aware mobility simulator
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RODOS i
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