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InLab FIB es un laboratorio de innovacion e investigacion de la
UPC especializado en aplicaciones y servicios basados en las
tecnologias de la informacion.

Areas de experiencia:

Modeling, simulation and
optimization Smart Cities

Mobile Apps and GIS

Data analysis and

management IT learning environment &
services

Security and ICT Collaborative Internet
Infrastructures
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Connected Car project (Summary)

Explore the use of data provided by regular car sensors to
estimate traffic state as the basis to develop a lane-level route
guidance mobility service.

Realistic and large scale fleets of equipped cars 2 a simulation-based assessment
study:

1. Undertaking a field test data collection in Barcelona: 3 cars x 5 day x 8 h/day, based
on adhoc experimental design.

2. Developing and validating using field collected data, a C++ APl emulator of data
collection from equipped car sensors

3. Using microscopic traffic simulation to simulate traffic dynamics reproducing peak-
period traffic conditions

Using L'Eixample in Barcelona as a simulation test area

5. Defining simulation scenarios according to %equipped cars and proposed traffic
variable estimates.

6. Evaluating the defined scenarios in terms of ad-hoc KPls

7. Implementing lane-based guidance estrategies to benefit customer vehicles from
estimated traffic conditions
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V2V TRACKED EQUIPPED VEHICLES “AWARE” OF SURROUNDING
VEHICLES= TRAJECTORY RECONSTRUCTION

Traffic Data Center

- GPS Equipped E’ N Unequipped
- Bluetooth Equipped - Cooperative Vehicle
v

*The relative distance d_, between the
equipped and the observed car

*The relative speed v, between the
equipped and the observed car

*The map-matched position (X.,Y,)
and speed v, of the equipped ca.

A CASE STUDY ON COOPERATIVE CAR DATA FOR TRAFFIC STATE ESTIMATION IN AN URBAN NETWORK 5
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« Extension of Leader Approach of. Seo, T., T. Kusakabe, and Y. Asakura.
Estimation of flow and density using probe vehicles with spacing measurement
equipment. Transportation Research Part C: Emerging Technologies, Vol. 53,
2015, pp. 134-150. To a Leader-Follower approach.

 Objectives:
— Probe-vehicle based estimation method for volume-related variables
— Validation of the method under actual traffic conditions
 The method does not rely on exogenous assumptions (e.g. fundamental
diagram)
e One-way multi-lane corridor with merging/diverging sections

e Inputs for the method:
— Space headway between the probe vehicle and its leader
— Space headway between probe vehicle and its follower
— Position and speed of the probe vehicle
— Relative speeds for leader/follower vehicles

e Assumptions:

— Error free measures
— Random distribution for probe vehicles
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METHODOLOGY IMPLEMENTATION ()
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Space x

v’ Time-space discretization

v’ Eulerian rectangles
v Common discretization

v’ Example of a subregion A

= P — n=12
P 33/

Time ¢

A CASE STUDY ON COOPERATIVE CAR DATA
FOR TRAFFIC STATE ESTIMATION IN AN
URBAN NETWORK
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ANALYSIS OF MEASURED DATA FROM PROBE CARS

1. Data was collected on three cooperative cars driving eight hours/day
during 5 weekdays in November 2014

2. An exploratory analysis was performed to identify meaningful trends,
covering the equipped as well as observed vehicles (position, heading,
speed and acceleration).

3. Headways and number of observed vehicles per equipped vehicle
were also considered.

4. Data were used to calibrate the simulation model and the cooperative
data collection (by means of ad hoc APIs) in the simulation model

Itinerary 2

Distribution of the distance to rear vehicles Itinerary 2

Distribution of the observed speed

density
o o

40
distance to rear vehicles

Data type ,:-:-1"::‘ Real Emnlaled
A CASE STUDY ON COOPERAIIVE CAR DAIA FOR IRAFFIC STATE ESTIMATION IN AN URBAN NETWORK 8
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U-SIMULATION EXPERIMENTS

» Simulation horizon 30 min.
» Design parameters
» Penetration rate (%): 5,10
» Time Window Length (s) : 91, 182, 364 (Time horizon
discretizations)
» Amount of reading registers
» Penetration rate of 5%: 209,969
» Penetration rate of 10%: 431,480
» Time horizon discretized into time Windows
» Space discretized into Aimsun’s sections
» For each time-space region:
» Check if an estimation can be provided
> If so, calculate and store the estimated fundamental
variables

A CASE STUDY ON COOPERATIVE CAR DATA FOR TRAFFIC STATE ESTIMATION IN AN URBAN NETWORK
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(@) (b) ()

(a) Barcelona’'s CBD (7,46 Km?, over 250,000 inhabitants)

(b) Physical data collection experiment (3 cooperative vehicles) Itinerary 2
(in blue) Arago Corridor

(c) Aimsun microscopic traffic simulation model of Barcelona’s CBD
(2,111 sections, 1,227 nodes, 120/130 generation/attraction centroids,
877 non-zero OD pairs) in red Arago Corridor in the model. Simulated

horizon 30 minutes with a total of 20,700 vehicle trips.
A CASE STUDY ON COOPERATIVE CAR DATA FOR TRAFFIC STATE ESTIMATION IN AN URBAN NETWORK 10
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SPACE SPEED ESTIMATION IN THE SPACE-
TIME DOMAIN: EXTENDED APPROACH

Estimated average speed
Penetration rate = 5 % / Time window length = 364 seconds Ground truth average speed
(Extended approach) Time window Iength = 364 seconds
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FUNDAMENTAL VARIABLES RMSNE ESTIMATION

Flow Density Speed

RMSNE (%)
NA
0-20%
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40-60%
60-80%
80-100%
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Time wind Den Sity Speed
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IMULATION
ESULTS

Distance (m)

4 5 8§
e window

Time window Time window

3
Tim

RMSNE heatmap for the Leader (Top) and Extended (Bottom) approaches with a
penetration rate of 10% -Leader and 5% - Extended and a time window length of 3’
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SIMULATION
RESULTS

DISTRIBUTION OF
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FLOW, DENSITY
AND SPEED !
ESTIMATES:
EXTENDED (LEFT)
VS LEADER
(RIGHT)
APPROACHES
(5% PENETRATION
RATE
6’ TIME-WINDOW)
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CONCLUSIONS AND FUTURE RESEARCH

The simulation experiments have shown that probe car data
open up a promising line of research for traffic state
estimation.

Probe car data can also be enhanced by data fusion
techniques that combine traffic data from several sources.

Market penetration in probe car technology Is increasing, and
this trend points positively to using probe car data to
characterize the traffic state at a low cost for traffic authorities.

Our results confirm the validity of the approaches in urban
arterials, and they further provide guidelines for improving the
Involved technology for traffic state estimation and
forecasting.

Nevertheless, the length of the sections involved in the
AIMSUN model seems to play an important role in the
estimate errors, since they increase as space discretization
decreases (shorter sections). A further study will be
conducted.

A CASE STUDY ON COOPERATIVE CAR DATA
FOR TRAFFIC STATE ESTIMATION IN AN 15
URBAN NETWORK
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Multiple Passenger Dynamic Ride Sharing (MPDRS)
Concept: Vehicle Routing Problem

The vehicles serving MPRS Concept follow
individualized routes that are calculated depending
on:

e the passenger’s initial position (pickup)
e the passenger’s final position (delivery)

e the passenger’s requirements on terms of time windows: (time intervals in
which the passenger must be picked up and delivered)

e the current traffic conditions

The calculated routes would also take advantage of
the available traffic information provided by the ICT.

17
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How does the svstem work?
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Test site: L'Eixample

L’Eixample in Barcelona

o Total area: 7.46 km?
o Population:
o Total: 262,485 hab.
o0 16% of the total city population

o Density: 35,185.46 hab/km?2

L’Eixample Aimsun’s Eixample model

o
O
o
O

Links: 1,720
Nodes: 528
Turns: ~ 3,000
Centroids: 207

19
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Framework based on traffic simulation

DYNAMIC TRAFFIC ) The d ynamic tra ffic

SIMULATOR

g ™! NI l_j . °
AIMSUNNG) simulator is used as a tool
|—| NEW ROUTING PLAN that:
{} ﬂ e Models the road network.
anmememanneaanaas ,  Generates databases of time-dependent
| pEp— link travel times.
i : : 'NAMIC ROUTE

| s s : EZ} 13 1}\'01;?1(15{21)0:'1]1{15 Z e Randomly generates events.
m‘ """"""""" =  Moves vehicles along the road network,
= x keeping track of their positions and state
T ck Vehicle Routing Models %) at every time step of the simulation.
QR Acivl of Vaich : and Heuristics Z * Guides vehicles through the network

- at Location ' . .

) i ; using the corresponding paths.

| | Delaysin Detivery | § ﬁ * Provides to the Dynamic Router and

| k| Scheduler the input data required by the

N prer— (N | INTERNALEVENTS algorithms.

: “Times T DYNAMIC MONITORING ] o " o~

: ¢ Microscopic simulator: )@m_gund
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 Experimental Design: Key factors

A set of experiments based on different key factors:

e Scenario: rush-hour

* MPDRS Demand: Number of requests in percentage
with respect to the total private demand of this scenario
(33108 trips).

* Fleet Dimension: The number of vehicles in the fleet.

e Time Window Duration: The width of the time interval
in which the demand requests must be served (pickup
and delivery time windows).

* Degree of Dynamism: The % with respect to the total
MPRS demand that is not known before the start of the
journey.

21
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MPDRS vehicle routing algorithm

1. Initial Solution using time-dependent routing algorithms
- Demand pre-assignment
- Construction of initial routes (using time-dependent information)
- Post-optimization procedures

Fleet Initial Demand Requests Initial routes solution

© @ o
Q INITIAL

© = sowron = g T 0
ALGORITHM =
@ @ ____________
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I\/IPDRS vehicle routing algorithm

2. Dynamic Routing Algorithm

When a new demand request arrives to the system, the algorithm checks the
current state of the vehicles and the traffic network state, selecting the
candidate routes for the least cost feasible insertion. If no feasible insertion is

possible, the demand request will be rejected. Otherwise, routes will be
adapted to serve the new demand.

Current State of the Routes

Car #1
_, DYNAMIC ]
@ - | =7 sowron @ gy
Car #1 S R 5 Car #1 ! §
AR . ALGORITHM o
________________ ° 0
L iye o

New demand request
arrives with Pickup (O) and
Delivery ( positions

28
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% Accepted demand requests (base case)

. 77.7%
Accepted requests (acc.)

@ 100% > acc. > 89%
90% >=acc. > 74%

® 75% > acc.
500- . 78.6% .

5% 10% 15%
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% MPRS demand over private vehicle
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The number of passengers that are travelling in the MPDRS
System at each instant of simulation time

Total number of passengers per time
1000-

750-

Le, 9% Demand
10% Demand
— 15% Demand

f p v ”}"‘“"’aﬁ 15% of coCar demand

# of passengers
(&)}
o
o

250

0 1000 2000 3000
Time (secs)
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Conclusions

 The waiting time spent by the MPRS users has emerged as a
critical factor: when this time is short, then the MPRS system
seems better than regular public transport.

Possible Next steps

« Modification of the existing routing algorithm in terms of adding
new customer or system requirements.

— The new requirements can be included extending the
already developed routing algorithm by adding new
constraints or changing the optimization objective function.

o Study of particular commuting scenarios where a most
simplified routing algorithm could be developed based on the

MPDRS Concept.

27
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