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Summary

= Let’s start with the use case: requirements and delivery

= Use of Dynamic Traffic Assignment models in mobility
management centres

" Formulation and solution of Dynamic User Equilibrium to
obtain route choice probabilities

= Dynamic Network Loading via General Link Transmission
Model for Rolling Horizon simulation in real-time

= Towards more data and model integration
= Some real world application
= QOpen issues
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A USE CASE:
REQUIREMENTS AND DELIVERY
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Goal of the project
traffic prediction and infomobility

SAPIENZA

7 UNIVERSITA DI ROMA

= Real time traffic monitoring of flow and speed
= Real time traffic forecast

= Simulation of events

= Parallel simulation of interventions

" Provide current and forecasted speeds to the national
journey planner of the VAO project -> HyperPath

-
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Real-time feeds
FCD and loop detectors
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Real time monitoring and
event management
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Challenges and solutions

= Very large network

¢ Half-automatic methods to build, update, simplify and calibrate
¢ The DNL in 1 minute on the “assignment” network

= Traffic events received in standard EU format (DATEX2) and
geo-referentiated to the national graph called GIP

¢ Automatic calculation of event impacts starting form the type of
the event and its standardized description

= Data fusion of FCD coming from city cabs (about 3000) and
loop detectors (about 1000)
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Congestion downstream
15 min forecast
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SAPTENZA Congestion upstream

o 15 min forecast
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GEH statistics to monitor and
evaluate the prediction
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USE OF DTA MODELS
FOR TRAFFIC MANAGEMENT

Los Angeles, 19.11.2015
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An operative system for mobility
management and traffic control
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Dissemination
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Why models in a control room:
from data to information
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= Traffic data Amplifier = Real time Decision Support
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Augmented infomobility
in space and time
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- FORECASTING FOR 7:30 AM FROM DTA MODEL
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SAPTENZA Dynamic Traffic Assignment
UNIVERSITA DI ROMA to road networks

= Use cases of DTA models
¢ transport planning and management through off-line equilibrium

¢ traffic monitoring and control through real-time network loading

= Main advantage
¢ explicitly reproduce vehicle queues along links and their spillback
at intersections

e thus overcoming the weak representation of congestion by volume delay
functions in static assignment models

¢ react to unpredicted events (accidents, road works) and control
countermeasures (vms, traffic lights)

e thus overcoming the weak sensitivity of pattern recognition models

-
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SAPIENZA DTA models for traffic forecast:
UNIVERSITA DI ROMA DNL and DUE
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FORMULATION AND SOLUTION OF

DUE BASED ON ARC PROBABILITIES
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Fixed-Point schema of DTA model
with implicit path enumeration
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Variables:
functions of time
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" PugalT) probability that, at time t€T, users of class ge G directed
toward deZ choose to enter arc aeA conditional on being at its tail

" d,4,(t) demand flow of class geG travelling from origin oeZ to

destination deZ and departing at time teT
= J,(t) characteristic vector of arcacA at time teT

" Qu4(7) flow of class geG users entering arc a€A at time teT directed
to destination deZ

= g,(t) volume entering arc acA at time teT
= 0,(t) exit time of arc a€A for users entering at time teT
" C,,(7) cost of arc aeA perceived by class ge G users entering at teT

- agd(’l?) expected disutility perceived by users of class ge G entering

arc acA at time teT and directed toward destination deZ
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Travel times and vehicle flows in
dynamic macroscopic models
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Sequential Route Choice Model
based on random utility e.g. DSP
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Flow Propagation Model
based on arc probabilities
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Functionals
of the fixed point problems

= ACM — Arc Cost Model
- =z 487 @)
= RCM - Route Choice Model
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Mm Vaez[+ )

@ )
DO O Do)

* FPM =Flow-Propagation-Model

D=0 3009 E? Qb

= NCM — Network Congestion Model @r):ﬁa (1:)
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SAPIENZA Varlatlonal.lr.\eguallty prob!em
for deterministic route choices

= Focus on local choices at each node ie N among its forward star made
by users of class ge G directed toward each destination deZ

= VI problem defined on probabilities

= Feasible set is a simple polytope
= (Cost functional does includes the solution of DNL

ZZ Z Z J- Wadg pADGT’ (padg( )—Padg (’E))'dTSO VP apet ES;DGT

deZ geGieN—daci™ T
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Zpadg( )=1,YieN-d,vdeZ,VgeG
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ADGT _
S,

ZZI kq(pK(“T pkg( ) pkg(T))'dTSO ’vpKGTGS;,«;T

keK getG T

Erovzdfto bel eguwaﬁr;[cjéo path Pror € p ()20, VKK Vg <G
ased formulation o Sk Z b (1)=1,Vod e Zx 2, g G
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Gap function:
revisit the classical convergence
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= Measures how close we are from a dynamic user equilibrium
= Ranges from 1 to O (equilibrium)

= How much better users can do if they could choose again their local
route without changing costs

= Small cost variations can imply large flow variations
" Local equilibrium implies global equilibrium

yy y jwidg(p*ADGT,’r)-d’c

v (p;DGT ) —1 deZ geGieN—{d} rcT

NS Y Y [ Wiy (Paer ) Py (1) -d

deZ geGieN—{d}aei* 1T
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= |fc, and ¢, are equal, then
we have equilibrium and
the search direction is null

* When heading towards the
equilibrium we do smaller
moves

" Proper scaling e.g. with
c=1/c

= No derivatives available for
Quasi-Newton

min

* The cost operatoris a
(macroscopic) simulator

Los Angeles, 19.11.2015

Search probability direction with
Gradien Projection

(‘1/2().59 1/20.5)
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Critical modelling choice: supply
How does traffic look like?
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= Traffic model (types of congestion)
¢ Under saturation - queues only in front of signals, but vanishing every cycle
¢ Qver saturation on the link - persistent queues
¢ Spillback - queue spillovers to backward links
= Granularity (time and space)
¢ Microsimulation, Mesoscopic, Macroscopic

= Several possible compromises can be useful depending on the use
case to address
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Link Transmission Model for DNL
with fixed splitting rates

—> Senc.injg Flows OD demand
Receiving Flows
1 v
[ Link Model Node Model }
A 2 ":‘_e._(_fé.ﬁrr.‘r
b= e
W
Exit Flows -y
%
Entry Flows Splitting Rates
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Node Model
Merging
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= Partition of scarce resource (receiving flow) among BS links,
based on turn capacities and priorities

= |f a sending flow does not fully exploit the assigned
resource the rest is shared among hungry links

1200

[SSAGREFEWN e—__1000 i
. Turn Capacities 1000
Exit Flow | 5 . >| Receiving Flow|

00
Exit Flow Vrurn Priorities Entry Flow
I o 1°"° 1000
800
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Node Model
Diversion

B SAPIENZA

UNIVERSITA DI ROMA

= Assuming FIFO
= Min ratio between receiving and splitted sending
= Splitting rates (not destination specific) come from

¢ route choice, for each destination
¢ demand flow propagation on the network

500
2000 PRPEIAERRn 1000 — [RECENIRGFON]
_ ® _______)____ 500 Entry Flow

500 Entry Flow

1000

Los Angeles, 19.11.2015 Guido Gentile - Real-time traffic prediction by means DTA models 35

Exit Flow Splitting Rates
1000 1000




Splitting Rates:

= SAPIENZA . .
‘ aggregation of route choices

UNIVERSITA DI ROMA

>
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Necessary extensions of the
node model for real applications

SAPIENZA

] UNIVERSITA DI ROMA

= Generalizations
¢+ Mixed merging and diversions
¢ Lane intersection topology
¢ Traffic signals

= Conflicting maneouvers
¢ Solved as merging plus diversion

= Partial FIFO violation at diversions to match microsimulator
¢ Early lane change by blocking vehicles (smart polite)

¢ Late lane change by blocked vehicles (sneaking)
¢ Compressed virtual lanes
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Concave Fundamental Diagram

b SAPIENZA
e heterogeneous speed reaction time
$e s=NL/k
A flow
Q ____________
“C{q): vi(q)
L Y S r : +
i | V*’ (q) g
| l ; ‘\
V() §
b | | y
[\ , | W [1311:-112-
(@) 0k(q) Ik k*(q) VAL

hypocritical Ihypercritical
flow states | flow states
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SAPTENZA Fundamental diagrams with

memeten - different shapes and parameters
1.2 —x— del castillo negative power
i —=—greenshield quadratic
—=—underwood exponential
——greenberg logarithmic
1 — gentile polynomial
—e— gentile polynomial with delay
—+— newell triangular
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Forward wave propagation of
hypocritical flow states

B SAPIENZA
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H(x, o)y = FO) + A7) - x - (1 wo(AD) - 1/ vo(AD) = F(1) - x - 1 °( A1)

A space

dx

EQ) (

wW/(q

vehicle trajectories | :

forward kinematic wave dy/v (q)

P {le
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Backward wave propagation of
hypercritical flow states
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G(x,’c) =Lt (L-x)-e(t)-[-1/wi(e(t)) + 1 /v (e(r)] =E(t)+ (L -x)-y"(e(n))

‘ space
backward kinematic wave

vehicle trajectories

time

L
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Newell Luke Minimum Principle:
lower envelope of cumulative flows

SAPIENZA
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> Z

N
increasing flow 1 decreasi ng flow

fan of waves_-~

Y

fan of wavegx’

e

shockwave

7’

e shockwave

z

time time
> >
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Shockwave based algorithm
for piecewise constant flows

HiﬂHi'/ﬁ

SAPIENZA
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A O

A x

Tin Ti-1 Ti Ti+1
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CAPIENZA Link Model
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= Newell’s solution of Kinematic Wave theory

spillback queue free flow

Vehicles S(t) = H(1) - £(1)

vields sending and receiving flows

Vertical Storage | R(1) = G(1) - F(1) _S P .
Spaces - Entry Exit back propagation
lmmlmum hypocritical hypercritical
Entry Capacity > <
‘l’ .—)

r(t)-dt=min{R(t) + dG(1), u(t)-D-drjs(t)-dt = min{S(t) + dH(1), n(t)-®-dr}

1

Exit Capacity

minimum 4

Entry forward propagation
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Vertical Queue
Vehicles - Exit

44




Estimate of the queue length
assuming a constant flow

SAPIENZA

Y UNIVERSITA DI ROMA

N(t) = F(1) - E(1) S(1) = H(1) - E(1)
LST(T)
ol(1) = 5(1) / (R(7) +5(1)) ’\;G’rtical queue

k'(g) y=L(l-a(t) __.--="
free flow density -

.-””’ k+(q) ) x:L
- queue density

R() L-o(t)-k'(q)=35(1) +L-o(1) - k(q)

vertical storage

R(T) _ G(T) _ F(T) N)+R(t)=L - k'(q) N(1)-S(t) =L - k°(q)
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HOW TO USE DUE AND DNL
OFF-LINE AND IN REAL-TIME

Los Angeles, 19.11.2015
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SAPIENZA Plfferent simulations for
| Traffic Forecast and Management

tactical
splitting rates

sensors and control informed
probes devices rerouting

g 1 T
management traffic state
Eeal t‘mj | strategies | forecast
[ on-line injected f rolling <@
calibration I traffic states __horizon DNL @
E t i__) network & " DUE for 1 §Z equilibrium
hystoric demand day types gayy splitting rates
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Rolling horizon approach
with sequential simulations

SAPIENZA
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Current simulation Current simulation
Timeline start time end time
X =5 min X + 30 min
\\ l Simulated time
Traffic Previous
MEasures simulation

Current
simulation
launch time

X P

Current
simulation

A4
Launch instants

Initial conditions of current
simulation derived from
corresponding conditions of

previous simulation

Los Angeles, 19.11.2015 Guido Gentile - Real-time traffic prediction by means DTA models 48



SAPIENZA

UNIVERSITA DI ROMA

NUMERICAL EXAMPLES
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Dipole with bottleneck

The first battery of tests is performed on the simple dipole network of Figure 4,
where it is possible to have expectations on the solution. All links share the following
characteristics: free flow speed of 90 km/h, link capacity of 1800 veh/h, jam density of
150 veh/km, jam wave speed of 30 km/h, parabolic hypocritical branch of the
fundamental diagram, linear hypercritical branch. All links have a base length equal
length of 1 km. Travel demand is constant for 40 min with entry: di4 = 1500 veh/h.

deviation

bottleneck

Figure 4. Topology of the dipole network.
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Hypocritical congestion
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Figure 5. Dipole network with hypocritical congestion. The links of the deviation 2-5
and 5-3 have length of 600 m each. The bottleneck 2-3 has exit capacity of 1200 veh/h.
|
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SAPIENZA

NS DO Queue congestion
1600 600
1400 m bottleneck bottleneck
500
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Figure 6. Dipole network with queue. The links of the deviation 2-5 and 5-3 have
length of 5 km each. The bottleneck 2-3 has an exit capacity of 500 veh/h.
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Spillback congestion
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Figure 7. Dipole network in spillback. The links of the deviation 2-5 and 5-3 have
length of 15 km each. The bottleneck 2-3 has an exit capacity of 500 veh/h.

-
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The effect of capacity drop

without with (20%)
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SAPIENZA

Convergence results

penm o for different COngEStiOn level
1.E+00 1 1.E+00 T T T ]
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1E-01 —H iterations | 4 5 | iterations
1.E-02 - —— hypocritical 1.E-02 ] YWV UWWA —— hypocritical
queue queue
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— spillback = spillback
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Guido Gentile - Real-time traffic prediction by means DTA models

Figure 8. Convergence pattern for the dipole network — EGP outperforms MSA.
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TOWARDS MORE DATA AND
MODEL INTEGRATION
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SAPIENZA Key technology for ITS:
rrmsmeten - GPS + Wireless TC = Map Matching
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Big Data
for modelling 2.0

SAPIENZA

Y UNIVERSITA DI ROMA

Big Data (historical) on traffic

/ \

Computer Science Transportation
Operation Research Engineering
. , “modelling”
stat1§t1c’?l/mach1ne approach +
learning” approach calibration

N\ /

Modelling 2.0
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Data driven model offline:

e
3 steps functional overview

4 )
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Calibration issue: why measured
traffic states differ from estimates?

B SAPIENZA

UNIVERSITA DI ROMA

= What is going on here?

there is a big queue
o D -

estim. 800 veh/h , 70 km/h  meas. 1000 veh/h , 15 km/h

= We are reading the downstream capacity instead of demand flows

" To calibrate OD flows in DTA through an assignment matrix we shall
use the number of vehicles on links

= Or we should re-run (at least) the DNL for each demand vector
= Derivative free algorithms can help (SPSA, Nelder-Mead, ...)

= Not many shots available (e.g. 1000)
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Calibration of the DTA model
in real-time: measure injection

SAPIENZA

UNIVERSITA DI ROMA

= Static models
¢ can be easily calibrated with respect to flows (not time)
¢ have a hard time in simulating networks with heavy congestion

" |n dynamic models
¢ vehicle counts maybe almost uncorrelated with the demand flows
¢ not really interested in a complete reconstruction back in time
¢ want to forecast what happens next, for different scenarios

= We adopt a simpler approach

¢ Measure injections in the network loading model
+ Modify flow, speed and density directly on links
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Flow correction:
injection and propagation

SAPIENZA

X/  UNIVERSITA DI ROMA

traffic data e

% hypocritical flow
only forward
propagation

congestion propagation flow propagation
from model from field
hypercritical flow
. also backward
propagation
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SAPTENZA Exit flow consistent with measure
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[EN TrafficSupervisor Logged as dan

Map: Map01l | Tools: & | Search:

Search street

Matching is not always possible
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Speed correction:
fundamental diagram distortion
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/ A hypo state

hyper state
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SAPIENZA Shall model speed follow the
measured speeds?

Speed chart (Street 543273421)
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When spillback is simulated in front
of a measure it is not possible

Speed chart (Street 780449598)
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How to represent traffic lights

SAPIENZA
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= Explicit representation

¢ Arc splitting

and node delays

Exit capacity
A —_Bj : Time

¢ Pulsing
" Fundamental diagram distortion e
¢ include in the equation of the speed / \ _
the additional travel time j

= Profile shifting
¢ Theory violation

Los Angeles, 19.11.2015

No. of vehicles

\\
\
Vertical
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\\
\

/
’
-delay

Time
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Flow from harmonized speed on
the urban fundamental diagram

SAPIENZA
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= Consider only
hypercritical flows
¢ otherwise too unstable

= Urban FD distortion

0.6 - = entile polynomial
¢ FiXEd delay ] - gentile polynomial with delay
¢ Signal delay 0-5
¢+ Max speed 0.4

flaw (vehfSec)

o
=

Los Angeles, 19.11.2015 Guido Gentile - Real-time traffic prediction by means DTA models 69



GAPTENZA Effects of traffic signals
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SAPIENZA Travel times
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The presence of traffic lights in
travel time measures

average speed

link speed
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REAL WORLD APPLICATIONS
HISTORY OF OPTIMA

Los Angeles, 19.11.2015

Guido Gentile - Real-time traffic prediction by means DTA models

73



The Cooperative Navigator...
simple only in principle
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VISSIM
link with ending signal

= Average density (number of vehicles)
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GLTM_O  WISSIM_O

Link Dynamics Link Dynamics
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= New phenomena
were added in the
DTA simulation

Los Angeles, 19.11.2015
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Dusseldorf Test
validation of base functionalities
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Links

Nodes 13000
Zones 560
OD components 2M
Count locations * 665

* with some counts
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Realtime monitoring with
loop detectors and FCD
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r
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Variables are functions
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Travel demand Origin-
Destination matrices

Road network with
speeds and turn
capacities

Macroscopic flow model
can reproduce queues
and spillback

Yields route choice as
splitting rates
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corrections on
monitored links wrt base

e forecast
Propagate on the
EE] network based on
' Sa— daytype time varying
- el splitting rates

This allows to estimate
congestion on all links
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Click on the link

Insert
¢ Event type
capacity reduction

from day and time
to day and time

In this case, 30
minutes block

Then click start
simulation

*

*

*
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Dusseldorf Test
performance evaluation
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= Traffic state forecasts

¢ up to 1 hour ahead every ten minutes

RAM requirements

Simulation 0,5 Gb
DB 4,7 Gb
Calculation times

Input & Initialization 4’39”
Import & Process Vehicle Counts 10”
Perform Dynamic Network Loading 1°39”
Export results into DB 19”
Total for a single run 2°08”
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Dusseldorf Test

aggregated quality evaluation
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Dusseldorf Test
guality evaluation by link

Unmonitored
location

Monitored
location
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Data Fusion and Warehouse
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Map interface with GIS layer tree
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Road layer:
link attributes and speed chart
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Event processing
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On a large network

Number of 795.000
Navteq Links

Model Links 268.000 (80.000 after
graph simplification)

Zones 2.000 internal zones
8 cordon zones

Tecnologie
Telematiche
Trasporti
Traffico
Torino
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Network Sensor Location Problem
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SAPTENZA .
Network Sensor Location Problem

Scenario % monitored % monitored % monitored
link flows OD flows OD relations

Current 1.10% 24.21% 66.36%
A 1.20% 36.60% 78.60%
B 1.30% 44.20% 86.30%
C 1.37% 49.38% 90.62%
L. L.
5 ' /); ‘.'\;": &
g 2 = :
X g
‘,. : Z8 { .“ ,w{ Az X .
et v o S
CURRENT SCENARIO /ﬂJSCENARIO A SCENARIO B SCENARIO C
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Transportation Model Builder
with guided map updates
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SAPIENZA VM5
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S APTENIA Edmonton Lab (VISSIM)
UNIVERSITA DI ROMA OPTIMA + BALANCE
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SAPIENZA London Pilot
OPTIMA to drive SCOOT

Comparison of KPls

Scenario 1 Scenario 2 Scenario 3 ‘ Scenario N
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Short term forecast
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_ Transportation Signal plan sets selected by operator
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SAPIENZA

Scenario evaluation and

oo comparison with KPI
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Hong Kong

SAPIENZA .
Off-line Event Impacts
= Real network e

aHW OO N0 R |

+ 30.000 links, 2000 zones

= Manual insertion of events

¢ link closure, capacity reduction,
speed reduction

= Simulation with drivers
rerouting each 5 minutes

BLOBE OTEZN* SN0 EBF0NNAHS|F g5
d4 444 ddddd ddddd 4444444

i
y

= Comparison of traffic
situation with respect to

¢ no-incident situation Bl sl

T

¢ no-rerouting situation (drivers are
unaware of the incident until they
stuck in it!)
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Infomobility portal
subscribe for allerts on forecast

éf\b' Oggi a Catania ax in Umidita: 74 % vento: 1.52 km/h
17°C poche nuvole

SAPIENZA

UNIVERSITA DI ROMA

Events reported

Nessun evento presente per le tipologie selezionate

15.15087, 37.48884

Featured news

D Want to receive alerts by SMS?

Add mobile phone number in your profile, it's free! ©13 Feb 2015 ©11 Feb 2015 ©7Feb 2015

< Test di prova 4> Calendari controlli Autovelox € Apertura Outlet Novi Ligure

Stiamo lavorando per voi 9 Febbraio 2015 Articolo di prova di Daniele Tiddi. 9
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namic Journey Planning of Rome
with HyperPaths

n et Vigria Slara 1k
- ) \ < €« C M [ romadspssistemaits.com % @ T AR Q
el 2 yol : ! Monte Sacro ) ﬁ - — = - . — =

SAPIENZA

UNIVERSITA DI ROMA

A |Via Gradoli, 12-64. 00189 Rome, Ital

B \Via della Caffarella, Parco Regionale

Monte Mario Alto

-~ r -, P
Fermate |+| |-| |Pulisci Ricerca| JToFevecen

Calcola Percorso
Mostra Opzioni Avanzate | \

gBaiduina

v-e.rsl ! ) 9
o R 'l!
"e:vw % San Gidvgonl |

&
N ralcannua)

Choose the desired time interval when to make

your trip
Select your travel preferences QFr;
Click the "Get Route” Button P S _Ciampige

Fm oGroM‘
navigate the route B Divine Amore
Click on a description text row to center the map |- f preironrEns
on that action onti-m
Diversion stops and boarding alternatives have a ' 12.22813,41.92476
red border hoi = ! » g

b\ ( F Fermata
\\m,ﬁ ™y 4 Via Nazionale
¢/ y ARRIVI 5
E partenza da via baldissera 66 roma ore: 09:14  all'arrivo: 45m 165 tratte a piedi: 1295 metri  mezzic 2 \\ L84 -
\

g viaggia a piedi da via baldissera 66 roma a PORTONACCIO/ARIMONDI  tempo diviaggio: 3m 575  distanza: 198 metri

<
ﬂ cammina:  tempo diviaggio: 335 distanza: 37 metri v ML
o
alla fermata PORTONACCIO/ARIMONDI , sali sul primo mezzo che passa delle seguenti linee: 409 (STAZ.NE TIBURTINA (MB)), 545 (VERANO)  ore; < N Preci ¥ Veliq
\ b\\ Campoleane R
‘n se sali sulla linea 409 (STAZ.NE TIBURTINA (MB)) , 545 (VERANO)  ore: 09:23  all'arrivo: 36m 365 tratte a piedi: 794 metri  mezzi: 2 o P
Avrita
viaggia: fermate:6 tempo diviaggio: 10m36s  distanza: 1734 metri [-] '

Los Angeles, 19.11.2015 Guido Gentile - Real-time traffic prediction by means DTA models 104




VAO Multimodal
Trip Planning of Austria
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ALY  UNIVERSITA DI ROMA

¥
2
CONCLUSIONS

AND OPEN ISSUES
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Some open issue in DTA
applied to real-time forecast

SAPIENZA

UNIVERSITA DI ROMA

= Many types of data and models are available

+ how to exploit big data in construction and calibration of offline
models?

¢ can the machine learning approach be used to also extend
measures?

¢ How to best integrate real-time data to correct the DNL model?
= DUE and DNL are robust paradigms

¢+ how much does traffic information play a role in elastic demand?
¢ what actually happens in real time with rerouting?

-
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