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OBJECTIVE - Reconfigurable, resilient, monitoring, forecasting & control with ad hoc distributed simulation

RESEARCH CHALLENGES - Ad hoc distributed simulation, client/server and infrastructure-less architectures,
statistical assessment, client simulation area, adaptive learning, aggregation of sensor data and simulator predictions,

and reconfigurable system test bed
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ODbjectives

ARES-CI - to include dynamic collections of interacting autonomous
simulations continuously running in a real-time distributed environment.

e Mitigation of recurring and non-recurring congestion
e Collaborative use of information by system operators and users

e Situational awareness during emergencies - emergency response planning and
visualization

e Transform traffic management and operations from centralized to decentralized
processing and analysis

e Providing feedback to autonomous agents within a system

e Broad applicability of the ad hoc distributed simulation concept to a wide variety of
systems
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Objectives - Simulation

e Historically, distributed simulation and statistical analysis separate
areas

— Distributed simulation concerned with synchronization algorithms that
produce same results as a single sequential simulation run

— Output analysis concerned with statistical analysis of results from
multiple runs
e An integrated approach
— Ad hoc distributed simulations: new synchronization algorithms produce
results statistical equivalent to multiple replicated runs
o Benefits

— New approach to on-line, embedded distributed discrete-event
simulation

— Novel synchronization protocols attack long-standing problems of
traditional distributed simulation algorithms (e.g., Time Warp, Chandy-
Misra-Bryant algorithm), providing greater efficiency

— Distributed execution enables large-scale models residing in close
proximity to data sources, improving robustness

— Resilient approach, adapting quickly to changes and localized failures
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Objective - Transportation

Today widespread deployment of sensors, computers, and communications in vehicles
and roadways is creating new challenges and opportunities to effectively exploit the
wealth of newly realized real-time data and information
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Components

Ad Hoc Distributed Traffic Simulation

A Real-Time, Data-Driven Transportation
Simulation

Vehicle-To-Vehicle (V2V) Data Dissemination



Ad Hoc Distributed Traffic
Simulation
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In-Vehicle and Roadside
Simulation

e Execute localized simulations close to data sources via in-
vehicle and roadside online simulators
— Collect sensor data from environment
— Construct current system state from sensed data
— Predict future system states from current state and projections of
future conditions
e Advantages
— Reduces infrastructure costs, enabling wider deployment
— Potentially high fidelity by utilizing local, detailed real-time data
— Opportunity for short response time for local decision making

— More robust, resilient to failures (e.g., broken communications)
compared to centralized approaches

- Complementary to other simulation techniques, e.g., automated
calibration, coercible simulations, grid computing
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Ad Hoc Distributed Simulations

State prediction of each simulator
= must adapt to

e Live sensor data indicating

gu}ﬁ&'\%& current system state
so-o Predicted state provided by

other simulators

Individual Vehicles
Simulate Local Area
of Interest

e An ad hoc distributed simulation is a collection of autonomous, self-
configuring, online simulators connected by a network, where each
simulator models a portion of the physical system and the union of the
simulators predicts future states of the overall system

- Area modeled by each simulator may vary over time
- Areas modeled by different simulators may overlap; some areas may not be
modeled at all

e Constructed “bottom-up,” in contrast to conventional distributed
simulations constructed “top-down” by partitioning overall system

e Hybrid of replication and conventional distributed simulations

Georgialis s NSF EFRI ARES-CI PROJECT
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State Prediction

Using a collection of interacting localized
simulations to provide accurate predictions of the
overall system state

e Static prediction: Given a current snapshot of the state of
the system, derive a prediction of the future state

e Dynamic prediction: Given a new snapshot of the state of
the system, derive a revised prediction of future system
state

— Adapt to unexpected events (e.g., crashes)

| Georgialnsiinis NSF EFRI ARES-C| PROJECT
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Execution Mechanism
Space-Time
memory

e System state: Space-Time Memory
— Time stamp addressed memory
— Stores current and predicted system state

[ e Autonomous simulators
Roadside — Read current, predicted state from STM
Server — Compute future state predictions

/[ \ — Provide updates to STM

e Optimistic synchronization (Rollback)
In-Vehicle

. . — Prediction errors arise when
Simulations _ o
e Sensor readings do not match predictions
e Predictions from other simulators change

(other levels of hierarchy, e.q.. — If error sufficiently large, roll back

regional, traffic management simulator and re-compute new projection
center not shown)

E
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Experiment

e Single TSM, one Reference World simulator, and eight LPs
e Each LP models 3-by-3 network
e RW simulates 3-by-6 network
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Incident

e Incident at time 10min
e Incident duration 20min
e Incident detected in real-time on impact link

Hunter, Fujimoto, Alexopoulos,
Guensler, Southworth
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Travel Time
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Incident Results

Ad hoc simulation approach approximates reference world
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Real Time Prediction
Demand Increase

Volume Increase: 20-40min at entering point
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A Real-Time, Data-Driven Transportation
Simulation
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Online, In-Vehicle Simulation

e Vehicles equipped with GPS and on-line traffic feeds

e In-vehicle simulations, fed by real time data predict future
network states
— Driven by sensor data

— Models a portion of the road network, based on current location
and planned route

— Mobile: as the vehicle moves, the region modeled by the simulator
changes

e In-Vehicle simulations must be configured with:
— Static Information - Road network topology

— Dynamic Predictable Information — Signal control information,
Routing decisions, Vehicle Distributions etc.

- Dynamic Information - Vehicle flow rate, Vehicle position, Vehicle
speed etc.; rely on historical data

Goal: Model Arterial in Real-Time

| Georgialnsiinis NSF EFRI ARES-C| PROJECT
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Conceptual Framework
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Methodology - Overview

e Network and Detectors

— Arterial street network

— Point sensors (transmission capability important)
e Data Processing and Communication

— Central processing unit

— TRTI — HLA inspired communication framework
e The Simulated Environment

— VISSIM and its COM Interface
e Algorithms

— Real time calibration and future state estimation
e Information Dissemination

— Output the information to be consumed
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Preliminary Results and Analysis

Experiments:

#1- Demonstrate the feasibility of the proposed
methodology in a simulated environment

#2- Examine the data-driven simulation
framework using temporary detectors

#3- Evaluate the functionality of a real-world test
bed of the developed framework

#4- Conduct a “"pseudo” field test using NGSIM’s
Peachtree Street dataset to answer additional
questions about the method’s feasibility

| Georgialnsiinis NSF EFRI ARES-C| PROJECT
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Preliminary Results and Analysis

Experiment #3: Real-world test bed
Evaluation

e The goals:

— Establish the foundation for a real-world test
bed

— Evaluate the ability of vehicle detections and
traffic related data extractions

— Test real-world feasibility of a data-driven
microscopic traffic simulation model
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Test Bed

e 10 cameras mounted in Technology Square
e Video transmitted via cable and fiber optics to a laboratory
e Note: equment funding provide by GT match to NSF
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Preliminary Results and Analysis

Sample Field of Vision:
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Preliminary Results and Analysis

Using Video Stream to Drive VISSIM
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Preliminary Results and Analysis

Travel Time Comparison: VISSIM vs. Field
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TT along Route #4
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Preliminary Results and Analysis

Travel Time Comparison: VISSIM vs. Field
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Preliminary Results and Analysis

Experiment #4: A Pseudo Field Test — Simulating
NGSIM’s Peachtree Dataset

The goals:

— Given "“perfect” detection, will a data-driven simulation be able
to more accurately estimate field performance measures?

— If there are discrepancies in these estimates can they be
addressed through an extensive model calibration process?

- How would one represent real-time arterial performance
measure?

-3
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Preliminary Results and Analysis

NGSIM Dataset:

e 2 sets of 15-minute
individual vehicle trajec-
tories

e Signal phase information

e O-D pair of each vehicle

e Turning movement
percentages

o Sufficient supplemental
data to repeat field test
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Preliminary Results and Analysis

* Results: Density Plots - NGSM vs. VISSIM Default Parameters
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Preliminary Results and Analysis

* Results: Time-Space Diagrams
— NGSIM (field) Trajectories
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Preliminary Results and Analysis

* Results: Time-Space Diagrams
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Embedded Distributed Simulation for
Transportation System Management

Applying the Advanced Calibration
Method

e Calibrating the NGSIM Peachtree Street model
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Field Camera View
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Wireless Communications
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Communications Performance
Impacts

<> 402m | i
[ [
H §H= Simulation tests performed using developed data
- 250m dissemination scheme for performing client-server
A . . . . .
( ) distributed computations over mobile multi-hop
I vehicular ad hoc networks*
i
I
1
1:2 122 O3 Client Messages |—|
0 L] B8 Client Messages a 80 1| B Server Messages |_
@ Server Messages 0 1|
ey =
e
10 +—
18 1 _ _ . . i i ° 1 I 3 I 5 I | 7 I | 10
Penetration (%) Retry Count

e As penetration ratio increases, message loss rate decreases

e However, as retry count increases loss rate decreases,
message latency and overheads increase (not shown)

* Seshasayee, B., H. Wu, M. Hunter, R. Fujimoto, R. Guensler, K. Schwan (submitted). Information Dissemination for Client-Server
Applications in Vehicular Ad Hoc Networks, Transportation Research Part C, Special Issue: Vehicular Wireless Communication, 2008.
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Communications Performance
Impacts
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e Loss rate increases with obstructions

e Ad Hoc approach resilient up to approximate
50% loss rate
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V2V Data Distribution

T

<% Non-participating veh
<% Participating veh

AT TN { 3 Comm. radio range
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V2V Model Evaluation

Signalized traffic network — Incident Scenario

1.8 mile
) =

1.8 mile
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V2V Model Evaluation

Example Communication Groups
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V2V Model Development

Data dissemination process
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V2V Model Evaluation

Data Dissemination Speed
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Average saved travel time (sec./veh.)

V2V Model

System performance (average saved travel time)

Participating vehicle
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Re-routing participating vehicle
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Embedded Distributed Simulation for Hunter, Fujimoto, Alexopoulos,
Transportation System Management Guensler, Southworth

Future Research

e Calibration of in-vehicle simulations, towards
automated on-line calibration

e Improved accuracy of ad hoc simulations under
over-capacity conditions

e Dynamically constrained boundary conditions in
in-vehicle simulations

e Extension to other data sources (instrumented
vehicles, video detection w/ tracking, pedestrian
detection and tracking, Bluetooth device tracking,
etc.

e Infrastructure-less system evaluation
e Power aware simulation

|
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Questions



