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* Motivation

« Aggregated modeling with multi-sensor data
» Application to San Francisco

* Field implementation in Melbourne, Australia
» Aggregated Modeling for bi-modal networks
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Goal:

« Mitigate congestion in transport networks via appropriate
control policies and by using multi-sensor data

Approach:
» Understand what causes congestion (+gridlocks)

» Urban road networks: Meter the input flow to the system and
hold vehicles outside the system if necessary (to maintain
maximum throughput, e.g. number of trip completion)

* Motorways: Meter the input flow to the on-ramp (merging
area) and hold vehicles outside the motorway if necessary (to
maintain maximum throughput in the mainline)
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No control Ramp metering
(nature) (control of the entrance point)
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Funnel experiment

» Poor rice into a funnel using two different strategies:
— Poor as much rice into the funnel as possible without spilling
— Try to limit the inflow such that there is “no queue of rice”

Which strategy is quicker or maximises the output?

Funnel = merging traffic infrastructure

Rice = vehicles

Output = number of trips completed

ora| Unuversity : _
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Dump all rice into the funnel on the left slowly pour rice into the funnel on the
right

The rice passes through the
right funnel much faster.
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» Fixed sensors: 500 detectors (Occupancy and Counts per 5min)

* Mobile sensors: 140 taxis with GPS; Time and position (stops,
hazard lights etc)

« Geometric data (detector locations, link lengths, control, etc.)

Maximum ] ]
throughput Optimum operational
0.15 - pOint
A oA .Ii ] (,/
AR SRR ey N
g 0128 » Dy # _‘5_‘ St
: e I, SR e
2 01 Hml\," .~ L\-“:__ f,'_‘.rp_'..',‘ ”
‘§ Yokohama o Tk >i::\\_‘_' 1::'/./5 """"""
;:' 0075 R A \-;J/ B
: ; A R AT
o ‘ A E '¢m2" T ;
¥ 005 o . . (i T e AT
: Critical density or | S o o
. ) L e \ - Yyt 5
k- ;E accumulation SRt o 0 P A EREES Bl RN &
0.025 - ‘ : : : "
'/ Geroliminis & Daganzo, 2008, TR Part B
0 . v . .
0 0.02 0.04 0.06 0.08 0.1
Network Density, k (veh/lane-m) 7

University

of Glasgow Problem

Problem

* A single-region city exhibits consistent aggregated
traffic behavior (Macroscopic or Network Fundamental
Diagram) if congestion is homogeneously distributed

» How the concept of aggregated traffic behavior be
applied to:
— Multi-region cities with multiple centers of congestion?
— Mixed bi-modal (cars and buses) multi-region networks?

« Can we observe a similar aggregated traffic behavior if
we collect heterogeneous multi-sensor data?
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» A single-region city exhibits consistent aggregated traffic
behavior: Macroscopic Fundamental Diagram (MFD)

* Network flow (q) vs. Accumulation (n) or Density (k): g = O(n)

0(n) Optimum
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0}‘ C; JS(TO\’\ Modeling: City-wide, heterogeneous, multi-region (1)

* A heterogeneous large-scale city can be partitioned in a
small number of homogeneous regions
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Figwe 1 Partitioning at © = 70 by Neut (1.2:1.8), merging (1.9-1.14) and boundary adjustment(1.15)
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Modeling: City-wide, heterogeneous, multi-region (2)

A heterogeneous large-scale city can be partitioned in a small
number of homogeneous regions

Finding: Each reservoir i exhibits an MFD with moderate scatter
Heterogeneity: Each reservoir reach the congested regime at

different time

San Francisco Aboudolas & Geroliminis, 2013, TR Part B
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Application: Downtown of San Francisco, CA

Aboudolas & Geroliminis, 2013, TR Part B
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MFD for the original network MFDs for each reservoir
W ; . , . " ' ' — . 10 45
e ’:***-.-«- 10:45
F] & - ! Vd‘# NG .
é 15 i ..:.—. i\ " é
% 15 i _-.:: z:;', §
i i \ |2
Rl + R3Y » R!:. = BRI =« RS -«
F L, R2 v A4 Ak RS : RID « |
0 2000 4000 000 #0000 10000 12000
Number of Vehsces (veh) Number of Vohices iveh)
Experiments: Findings:
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No control Feedback perimeter control
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Perimeter control (somewhat adaptive drivers)
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Feedback perimeter control
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Rasarvosr Flow (vehvh) - 10w+4

Rosorvoir Flow (vervh) 10044
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15.4% respectively
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Results: Perimeter and boundary control effect

TTS and space-mean speed are improved in average 11.7% and

FPC: creates temporary queues at the perimeter of the network
FPC: maintains the overall throughput to high values during rush
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« Simulation with OD + DTA: improvement in average 45%

« Comparison with Bang-bang control: Improvement 10%

* FPC: No temporal queues at the perimeter of the network
* FPC: maintains throughput; respect reservoirs’ homogeneity
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Stonnington area, around 120 intersections
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- 7:07:30 am

7:38:00 am

» Progression of
congestion from
7:00 am to 9:00

am
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* Motivation
» Aggregated modeling with multi-sensor data

» Application to San Francisco
* Field implementation in Melbourne, Australia
« Aggregated Modeling for bi-modal networks
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Flow-bi-Accumulation MFD = 3D-vMFD Speed-bi-Accumulation 3D-vMFD

V (km/h)

Composition of traffic AFFECTS the shape of the 3D-vMFD

Geroliminis, Zheng, Ampountolas (2014) TR Part C
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Ampountolas, Zheng, Geroliminis, 2016; TR Part B (under review)
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« Time-space diagram for bus trajectories in several public

(a) Pre-time control

simulation time (h)
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(b) Perimeter control
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Other sensor data: Speed-flow relationship by NO,

Traffic flow / speed curve by NO,
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