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OverviewOverview

� Congestion: Impact and Solutions
� Why Dynamic Congestion Pricing
� Sensor Web definition, configuration
� Use Case Scenario
� Elements of SWS Strategic Plan 
� Distinguishing SWS Features
� Project Progress Status
� Component tests: GPS,StreetSmart 
� Conclusion 
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Congestion: Impact and Solution ApproachesCongestion: Impact and Solution Approaches

� Congestion costs the U.S. $ 78 Billion per year†:
� Loss of 4.5 billion hours
� 6.8 billion gallons of fuel wasted
� the impact on ports compounds congestion costs where thousands of days of 

delay are encountered in the delivery of goods to enterprises
� Ineffective mechanisms to effectively manage capacity utilization
� Accurate live road conditions, predictions and impact on surrounding road 

alternatives is crucial to mitigating congestion
� Current traffic information and dissemination techniques are ineffectual for lack of 

incentive or enforcement
� Modern road monitoring techniques are expensive and do not deliver a complete 

accurate information picture.
� Adding lanes in urban areas costs ~$10 million a mile and funds from gas taxes 

during rush hours returns ~$60,000 per year
� Transportation funding by Feds and States have not kept up with inflation
� Congestion Pricing under Intelligent Transportation Initiative by DOT is a first step 

in an approach to addressing traffic congestion. 

†Texas Transportation Institute, 2001
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Congestion Pricing(CP) Solutions and 
Technologies

Congestion Pricing(CP) Solutions and 
Technologies

� CP attempts to shift discretionary rush hour traffic to alternate 
modes at off peak hours. (used by airlines, cell phones, 
electricty charges)

� Strategies:
- Use of variable express HOT toll lanes along non toll

lanes at fixed times of day using RFID technology,
- Impose tolls on entire highway during rush hour with toll 

facilities,
- Cordon charges entering fixed area within city
- Use or per mile charge on all/ some area roads of

congestion based on GPS and cameras (~$500/vehicle)   
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Dynamic Congestion Pricing (DCP)Dynamic Congestion Pricing (DCP)

� DCP addresses solutions arising from causes other 
than rush hour that can create congestion even on 
HOT lanes such as accidents, fire, weather related 
events, maintenance, public events, freight flow, etc.

� Focus of this study will be on maximizing freight 
flow from ports based on applying an adaptive DCP 
model that integrates real time ground and satellite 
based sensor webs along with GIS and event 
calendars.

� Optimal solution for freight carriers may not be 
optimal for all vehicles.  
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Sensor Webs vs WSNsSensor Webs vs WSNs
� Definitions:
� A wireless sensor network (WSN) is a wireless network consisting of spatially distributed autonomous 

devices using sensors to cooperatively monitor physical or environmental conditions, such as 
temperature, sound, vibration, pressure, motion or pollutants, at different locations (Wikipedia)

� A Sensor Web is a type of GIS for environmental
monitoring and control, (Wikipedia)

� Sensor Webs are collections of sensor devices that can be
deployed over land or water to collect information, (Google)

� Sensor Webs are groups of fixed or mobile pods (box es, satellites,
chips,etc.) that collect and assimilate information  into
models, communicate with nearby pods and outside
devices wirelessly, and initiate actions in respons e to
information, model predictions, and governance poli cies, 

(NASA-JPL,GSFC)

� Applications: Precision agriculture, remote exploration,  
battlefield surveillance, environmental control of bldg’s, 
security, water contamination, transportation, etc.



4/3/2007 7
Pres by M.Halem

Pertran 07
.

Motivating ExampleMotivating Example
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SWS Use Case ScenarioSWS Use Case Scenario
� An Intermodal Freight Flow Unloading at Port of Baltimore.

Assume that the State of Maryland has instituted planned 4 EZ pass toll lanes , two in each 
direction alongside a 5 mile stretch of I 95 free lanes and 2 toll lanes on I-695. 
Assume there is an accident during evening rush hour traffic just South of the Fort McHenry 
tunnel on I-95.
Assume two large container ships have delivered two thousand containers to Seagirt docks 
in the past 48 hours. 
Assume that the CSX rail at the Seagirt docks have instituted dynamic market pricing for 

their rail use at Seagirt.
� Sensor Web System Response.

Congestion is detected by the reduced flow at the Ft. McHenry toll plaza, road based sensors 
and reports from both VeriWise and Traffic  navigational devices. MDOT command center 

raises the toll on I-95 to discourage use of that route. I-895 Harbor Tunnel and I-695 
Harbor Bridge reduce cost for freight to encourage alternate route choices by the freight 
truckers. CSX reduces their rail prices. Fee change is posted on electronic road signs, radio 
broadcasts and  transmitted to vehicle navigational devices. Command center launches a 
mini UAV to monitor Traffic on I-95 and alternate routes. Historical satellite data bases
querried to determine which tolls should be incentivized. Command center issues all clear.
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Major Subsystems of the SWSMajor Subsystems of the SWS
� Modeling Intermodal Pricing Behavior.

Simulation of a graphical front-end for the configuration control, command,

communication and decision pricing and congestion analysis and visualizations. 

� Space Networks for Regional Validation at and around Congestion.

Use a variety of commercial and national satellites (Ikonos,Spot, Orbview-3, Landsat 7,

EO-1,etc.) to acquire high resolution remote sensing images of traffic over the greater
Baltimore corridor. Deploy mini UAVs utilizing electric propulsion and miniaturized sensor 
systems offer the ability to conduct high resolution local scale measurements at low costs with
flight endurances of well over an hour. UAV’s can fly anywhere in Class C airspace (non-
restricted).

� Ground-based Spatial Information Systems for Real Time Identification of

Local Congestion.
GPS and cell based mobile navigational devices like VeriWise, RFID’s, and HD

Video cameras and surface monitoring devices from distributed ground

platforms.  SW3C will receive forecast data from NCEP and will integrate the 

DynaMIT traffic simulator employing the high resolution NAVTECH GIS maps.
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Mini UAVMini UAV

� Low cost

� Light
� Long flight time

� Telemetry
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Elements of Sensor Web SimulatorElements of Sensor Web Simulator

· Models or utilizes actual observed conditions to 
simulate real observation data at a specific time, location and 
event

· Allows an observing system to collect simulated 
measurements and derived data products, such as image data 
from Satellites, UAV’s, traffic data from VeriWise and other 
spatial ground systems

· Makes use of DynaMITs simulation processes to 
generate synthetic data with realistic characteristics

Simulated 
Observation 
Generator

· Uses detailed GIS data Models how a sensor web 
is structured and behaves

· Composed of several large subsystems that 
perform data collection of the environment, data assimilation 
and traffic predictions, congestion analysis, observation 
targeting, and communication and asset command

Simulation 
Decision Analysis

· Drives the simulation process using a discrete 
event engine

· Simulation engine advances the model of the 
sensor web in time

Simulation 
Control

· Provides an interface to configure and control a 
simulation experiment

· Allows user to visualize the simulation and view 
analysis results

User Interface
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DCP Simulation Studies for Port Freight Flow DCP Simulation Studies for Port Freight Flow 

� Information Modeling of Freight Traffic Flow from Ports in Baltimore Corridor.
Focus is on well-known chronic congestion points in the Baltimore area that we model
assuming fixed capacities of road lanes and freight movement rates.

� Simulation Plan for Modeling Freight Flow at Critical Gateways.
Timely delivery, transit times, freight rates and delivery time reliability are
considered the primary factors governing the economics of freight
transportation. Other parameters like inventory storage costs, fuel cost, dwell

times further affect the overall logistic cost.

� Perform traffic micro-simulations using traffic simulators like DynaMIT.
Incorporates real-time data information for a macro-level view of regional
conditions provided by UAV networks, Satellite and ground-based Sensor Web.

� Mitigation Studies of Cost Incentive Models  for Modifying Freight Flow
Test  cost models to mitigating freight congestion including local road events, public event calendars, road 
segment maintenance and congestion patterns. Conduct I V and V tests. 
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Progress Status of SWS for DCPProgress Status of SWS for DCP
� Maryland Port Authority and MDOT developing MOU with 

UMBC to begin prototype development of Sensor Web 
Simulator for Dynamic Congestion Pricing. 

� Developing Observing Sensor Data Integration S/W
� Acquired DynaMIT Model and porting it to UMBC Cluster
� Field Testing UAV’s with Lidar Sensor and cameras
� Initiating data base archive of satellite data images for 

Baltimore Port  Area 
� Conducting Individual Component tests of SWS:

(E.g. GPS tracking, StreetSmart Traffic, SW Simulator,
DynaMIT modeling, Pricing Models, etc.) 
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Service Oriented GPS tests Service Oriented GPS tests 

� Global Positioning System (GPS) is a series of satellites originally set up by 
DoD, but is now available for public use

� Each satellite has an atomic clock and an RF transmitter on board
� Each satellite constantly broadcasts its number and its local time to GPS 

receivers on the ground
� When a receiver collects the data from at least 3 satellites it can triangulate 

its position (longitude, latitude, altitude) by calculating the difference in time 
obtained from these satellites

� If a ground GPS receiver is also equipped with an additional wireless link to 
a data repository, it can report its position

� Depending on the application of the GPS receiver, it may have access to 
supplementary data. For example a receiver for a vehicle’s navigation 
system might read diagnostic data (like the state of the engine light). This 
can also be reported to the repository

� We can retrieve the reported data from the repository and apply analytics to 
interpret it

� For more information about how GPS works, see: 
http://en.wikipedia.org/wiki/GPS
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GPS Project DescriptionGPS Project Description
� Security of the service can be achieved in a number of ways...

� For a secure channel between the service and the consumer
� a direct VPN connection
� an SSL connection

� To verify only paying and/or registered users are consuming the services
� require a username and password in the SOAP header
� require an additional parameter for each service call with authentication information

� If competing companies use the GPS Service, they should not be able to see details about other 
companies' vehicles or devices

� restrict viewing access based on user permissions

� Performance
� We added indexes to certain columns in the database for faster queries
� Clustering of J2EE application servers can give multiple servers access to the same memory pool 

while still giving the speed of many machines
� disadvantage is cross-talk between servers to share memory resources

� Load balancing if shared memory resources isn't necessary (in our case it's not) or can be done 
using an RDBMS

� Consider REST web services since SOAP adds additional overhead in the packet size and 
requirements of parsing XML documents for each request, with the disadvantage of lacking a  
standardized protocol that strictly enforces variable typing

� Consider using asynchronous calls to service, so that client calls will be non-blocking
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Implementation - OverviewImplementation - Overview

� GPS library
� Standalone Java library
� Object oriented design
� Data storage and retrieval via MySQL database
� Conforms to Java web service standards

� Remote-able
� Externally accessible input and output classes are Java Beans

� JUnit unit level tests written to test library code
� Tomcat/Axis integration

� When GPS Library is built and deployed to Tomcat/Axis, it becomes the 
published GPS web service

� JUnit system level tests written to test web service
� GPS Client

� Windows C++ executable that uses GPS web service
� Dynamically creates a proxy for the GPS service, given the GPS WSDL
� Uses the proxy to implement a GUI based on our service
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� Objectives
� Situation awareness for smart-vehicles 

� adapt to current conditions
� optimal utilization of surface transport infrastructure

� Provisioning context sensitive travel information loca lly 
and directly

� a growing need to provide context-sensitive information to mobile handheld devices 
and car-computers with travel related information)

� Distributed control and fault tolerance
� ensure continued functioning in face of infrastructure failures arising from natural 

calamities or terrorist attacks

� Prevalent Enabling Technologies
� Smart cars with arrays of sensors (GPS, cameras, etc.)
� Multimodal wireless communication (GSM, WiFi etc.)
� Distributed sensor networks embedded in the transport 

infrastructure

Embedded Sensor-based Devices for Real Time Dynamic Traffic MonitoringEmbedded SensorEmbedded Sensor --based Devices for Real Timebased Devices for Real Time Dynamic Traffic MonitoringDynamic Traffic Monitoring
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The StreetSmart Traffic SolutionThe StreetSmart Traffic Solution

� Participating cars use GPS navigation to collect traffic information
� Use clustering to compress traffic information
� Exchange unexpected traffic patterns over a Vehicle Ad-Hoc Network 

(VANET)
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GPS satellite

Onboard Computer 
with various sensors:
•GPS location
•Cameras
•Engine Condition
•Tire pressure etc.

Localized and distributed
Wireless 

Access points
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Situation Awareness allows Adaptation

Location
& directions

GSM, GPRS, 
EDGE, E-VDO
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Detours,

Inclement weather,
Road conditions,

Traveler info.

VANET 
connectivity Update propagation
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Centralize Model AnalysisCentralize Model Analysis

� Pros
� Near universal coverage.
� Coverage not dependant on speed or proximity of other 

devices.
� Can offer quality of service guarantees.
� Can test nodes for trustworthiness.

� Cons
� Cost of connection
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Peer-to-Peer ModelPeer-to-Peer Model
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Peer-to-Peer AnalysisPeer-to-Peer Analysis

� Pros
� Free connections

� Cons
� Cannot guarantee a quality of service
� Connection dependant on speed and proximity of other 

devices
� Hard to ensure honesty among nodes
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ConclusionsConclusions

� Dynamic Congestion Pricing applicable to a wider  range of factors
causing traffic congestions other than excess highway capacity during
rush hours.

� Contributions of SWS concept
� SWS provides functionality for GIS data management, traffic modeling, data 

assimilation,  pricing  analysis, and decision based reporting and execution

� Innovations in service oriented computing architecture  used
� Loose coupling between components, to allow interoperability between vastly 

different platforms

� Web availability used to provide the same functionality to project team 
� Allows centralized command and control center operators to benefit from 

access to real time web based data stores and services anywhere.
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BackupBackup



4/3/2007 30
Pres by M.Halem

Pertran 07
.

NASA Hurricane Ensemble ForecastsNASA Hurricane Ensemble Forecasts

� Ensemble forecasts are designed to capture 
the probabilities for weather events and the 
range of uncertainty inherent in each forecast

� NASA evaluating models for contribution 
“offline” via Florida State University 
SuperEnsemble

� Three versions of the Goddard Earth 
Observing System (GEOS) Atmospheric 
General Circulation Model for use as a “real 
time” forecasting tool (V4, V5, DAS)

GSFC Project was intended to exercise major NASA capabilities
� Atmospheric data assimilation and prediction: Goddard Earth 

Observing System – Data Assimilation System (GEOS-DAS)
� High performance computing capabilities of Project Columbia at 

NASA/ARC and the NASA Center for Computational Sciences at 
NASA/GSFC
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Katrina - Extensive Damage Inland Along Major Emergency Supply 
Corridors

Katrina - Extensive Damage Inland Along Major Emergency Supply 
Corridors



4/3/2007 32
Pres by M.Halem

Pertran 07
.

UMBC / NASA Goddard Space Flight Center 
Collaboration  

UMBC / NASA Goddard Space Flight Center 
Collaboration  

� Unifying model forecasts and highway information can aid 
emergency management operations by providing 
prepositiong information and alternate route assessment for 
planning and recovery 

� Real time access to high spectral and spatial resolution of 
satellite data of hurricanes, floods,  fires, volcanoes, 
earthquakes, terrorism attacks  for tiled wall displays 
superimposed on highway maps and other GIS data.

� Distribution of the NASA National Hurricane Ensemble 
Operational Forecasts 4X daily at global(25km) and regional 
(2km)   


