Project Final Report Template
Reporting Years: October 1, 2003– August 1, 2010
GENERAL INFORMATION

This form contains 4 sections 
· Project & Personnel Information 

· Executive Summary and Research Information
· Educational Information, and 
· Outreach information. 

Each section has multiple questions that will help us generate an integrated report for both the RESCUE and Responsphere Annual and Final Reports. Please answer them as succinctly as possible. However, the content should contain enough details for a scientifically-interested reader to understand the scope of your work and importance of the achievements.  As this form covers both an annual and final report, the form asks you to provide input on the past year’s progress as well as overall progress for the entire 7-year program.
DEADLINE
The RESCUE and Responsphere reports are due to NSF by June 30, 2010.
Completed forms MUST be submitted by May 15th, 2010.  (Obviously, publications can be submitted through the website (www.itr-rescue.org) as you get papers accepted.).  It is crucial you have this finished by this date, as the Ex-Com will be meeting (some are flying in) to finalize the report.
SUBMISSION INSTRUCTIONS

The completed forms must be submitted via email to: 

· Chris Davison – cbdaviso@uci.edu  
Publications need to be submitted to our website in order for us to upload to the NSF:

http://www.itr-rescue.org/pubs/pub_submit.php
Auxiliary Material 

To help you complete this form, you should refer to both the RESCUE Strategic Plan which identifies the overall goal of the program (this information is needed in order for you to explain how your research helps to achieve the goals of the RESCUE program) and the RESCUE annual reports for Years 1 through 6, plus the strategic plan.  You can find these documents on the RESCUE projects website Intranet: http://www.itr-rescue.org 
SECTION A:  Project & Personnel Information

Project Title:  SAMI: Situational Awareness from Multi-modal Input
Names of Team Members: 
(Include Faculty/Senior Investigators, Graduate/Undergraduate Students, Researchers; which institution they’re from; and their function [grad student, researcher, etc])

UCI Graduate Students: Pouria Pirzadeh, Stella Chen, Rabia Nuray-Turan, Jon Hutchinson, Vibhav Gogate
UCI Faculty and Senior Investigators: Naveen Ashish, Sharad Mehrotra, Dmitri Kalashnikov, Jay Lickfett, Chris Davison

List of Collaborators on Project:

(List all collaborators [industrial, government, academic] their affiliation, title, role in the project [e.g., member of Community Advisory Board, Industry Affiliate, testbed partner, etc.], and briefly discuss their participation in your project)
· Government Partners:
(Please list)

City of Ontario Fire Department – CAB member

Orange County Fire Authority – CAB Member

NASA Ames Research Center: Test-bed partner in evaluating information extraction technology. 
· Academic Partners:
(Please list)

UCI Center for Biomedical Informatics (CBMI): Research partner
· Industry Partners:
(Please list)

SECTION B:  Executive Summary and Research-Related Information
 (This summary needs to cover the entire 7-year period of the grant.  However, information on recent research progress must also be provided. Please discuss the progress of your research within the context of the following questions.  Where possible, please include graphics or tables to help answer these questions.)

Executive Summary

Executive Summary: Describe major research activities, major achievements, goals, and new problems identified over the entire seven-year period:
(This will be the MAJOR section of your report.  The rest of this template will provide more detailed information for the subsections of the final report).

Project Summary: (Introduction and description of project, challenges, goals, and research).

Activities and Finding: (Research, collaborations, projects, etc.).
Products and Contributions: (Artifacts, 1st Responder adopted technologies, impact, and outreach).
Project Achievements: (This is where you get to tout the success of your project as well as new problems identified):

Research Activities 

(Please summarize major research activities over the past 7 years using the following points as a guide)
Describe how your research supports the RESCUE vision

(Please provide a concise statement of how your research helps to meet RESCUE’s objectives and overarching and specific strategies – for reference, please refer to the Strategic Plan).

The development of situational awareness technologies has been one of the (5) key thrust areas of the RESCUE project and its strategic objectives. As part of the SAMI project we have worked actively to achieve the vision of general purpose situational awareness (SA) systems that can be applied to multiple applications or instances in disaster response. Specifically we have contributed to:

· The development of an architecture for general purpose SA systems.

· The realization of all the three different “layers” in this architecture namely that of (i) Information extraction and synthesis from multi-modal data, (ii) Situational data management, and (iii) Analysis and visualization. 

· The application to real-world SA tasks and transition of the SA technology to prototype systems and artifacts/

,How did you specifically engage the end-user community in your research?
How did your research address the social, organizational, and cultural contexts associated with technological solutions to crisis response? 

Research Findings 
(Summarize major research findings over the past 7 years).)
Describe major findings highlighting what you consider to be groundbreaking scientific findings of your research. 
(Especially emphasize research results that you consider to be translational, i.e., changing a major perspective of research in your area).
The SAMI project has indeed resulted in several ground breaking scientific findings in the course of the research. We wish to emphasize the following such findings and breakthroughs:

· We developed an approach to general purpose situational awareness systems for awareness applications, much akin to how the concept of relational database systems was developed in the 80s, as a general purpose solution to enterprise applications. 

· We pioneered the theme of systematic representation and exploitation of semantics in complex information processing and synthesis tasks. We developed, realized, and demonstrated the effectiveness of this approach in a number of specific challenging tasks ranging from information extraction from text to speech recognition to data disambiguation. 

Our work has evolved into new projects, a key example of which is the FICB that is essentially a situational awareness system based on many of the SAMI technologies.
Over the course of the Rescue project, we have made significant research progress in the many different areas in SAMI. Many of the different projects are now at a sufficiently mature stage in the research. Below we provide a summary of our progress in the areas of the Disaster Portal, The fire incident command board (FICB), Sensor data visualization, Localization technologies, Situational awareness information integration, Semantic information extraction from text, Situational awareness from text, and Automated event detection. 
The Disaster Portal

The Disaster Portal (www.disasterportal.org) is an easily customizable web portal and set of component applications which can be used by first-responders to provide the public with real-time access to information related to disasters and emergency situations in their community. Current features include a situation overview with interactive maps, announcements and press notifications, emergency shelter status, and tools for family reunification and donation management. The Disaster Portal dramatically improves communication between first-responders/government agencies and the public, allowing for rapid dissemination of information to a wide audience.

The development of the Disaster Portal is based on two primary considerations. While we aim to provide practical applications and services of immediate utility to citizens and emergency managers, we also strive to significantly leverage many relevant pieces of IT research within RESCUE.  The advanced technologies that are currently incorporated into the Disaster Portal include components for customizable alerting, family reunification, scalable load handling, unusual event detection and internet information monitoring.

 

Recent development on the Disaster Portal software has focused on documentation and packaging for additional deployments by other city or county governments. Support of the original pilot deployment for the City of Ontario, California has been transitioned to city IT resources, and a new deployment is being made by Champaign, IL.  The team is in discussions with the County of San Diego for a possible large scale deployment to that region.  

FICB

The Fire Incident Command Board (FICB) is a situational awareness system intended to aid fire department incident commanders during emergency response activities.  It accomplishes this by providing integration of a variety of data streams into a single, easy to use dashboard.  The data provided via the FICB includes data collected in real time from diverse sensors (both fixed and mobile) deployed at the incident scene (e.g. video cameras, speech / other audio, physiological sensing, location sensing), as well as precompiled data (e.g. GIS / maps, building floor plans, hazmat inventories, facility contact information).  The FICB provides the ability to monitor, query, and store the data from these diverse sensors in a user friendly manner. 

A prototype implementation of the FICB has been created.  The prototype has been implemented by combining elements of some existing systems developed by RESCUE (e.g. SATware streams system) with new components (EBox prototype, computer aided dispatch system).  The SGS-Darkstar toolkit has been used an integration platform in order to implement the FICB incident model which is comprised of the elements of the firefighting domain such as personnel, equipment, physical infrastructure, etc.  FICB merges the data streams appropriately so that they may be represented with the relevant portions of this model in the user interfaces in order to provide a view of the overall situation to the incident commander in real-time.

We have performed several assessments of the FICB.  These include a situational awareness assessment using the SAGAT methodology conducted during an exercise held at UCI on May 12th.  In the simulated hazmat incident, one IC had access to the SAFIRE system while the other relied on more traditional technologies (radio).  The results of this experiment are being analyzed for inclusion in an article or technical report. A SAFIRE usability study was conducted at the May 17th SAFIRE firefighter forum as part of a tabletop exercise, in order to evaluate improvements in decision making due to enhanced situational awareness provided by the SAFIRE system.  Results indicate a high degree of both usability as well as decision making impact (by virtue of increased information and enhanced situational awareness) in those respondents with Incident Command experience.  Qualitative feedback was also captured in the study.
SATViewer

SATViewer is system for visualizing information captured in the SATware database which stores data collected from multiple sensors in the Responsphere IPS. The purpose of this project is to provide an interface for saving sensor data and visualizing it after the saving session. The system is implemented for SATware middleware and uses installed sensors for such middleware.  The key challenge in designing a visualization tool for such a pervasive system is that of information overload - limitations in user perception and in available display sizes prevent easy assimilation of information from massive databases of stored sensor data. For instance, in the Responsphere setting, there over 200 camera sensors deployed at two buildings; even a very simply query for monitoring these buildings will have to visualize 400 streams (audio/video) for any given time.

This work attempts to address the information overload problem using two key strategies: 

(i) Ranking relevant sensor streams 

(ii) Summarization of selected sensor streams


In particular the focus is on the capability to `link' multimedia data to a spatial region, and to a specific time, as well to synchronize diverse sensor streams so as to visualize them effectively. The application allows us to record data from sensors using a map or a list of the sensors. Moreover, it allows for querying saved sensor data by specifying sensors of interest and the time interval. Finally it allows adding new sensors in the system.
Localization framework 
The problem we address is the definition of a general framework in which any location detection technique can fit, being modeled as a generic location component. The main purpose of such a framework would be to answer location queries with the best trade-off between accuracy and precision, choosing the fittest location technology or the best combination of technologies to solve each query. The following steps were taken to address the problem: 
· Definition of a localization component interface, which is a model for a generic localization technology. The component is modeled as a black-box which is able to provide a non deterministic location prediction modeled as a probability mass function (PMF) on a set of locations. 

· Definition of a taxonomy of location queries which best applies to the most common localization problems. All types of queries were then formalized inside the framework. 

· Definition of an aggregation algorithm capable of elaborating answers coming from one or more localization components and aggregate them. Answers from different components are sorted by their relevancy as regards the current query. The answers are then progressively aggregated into one single PMF using Bayesian inference. The algorithm detect when an answer does not bring improvement to the global PMF, and it discards it. 

The framework has been implemented for SATware middleware. A Nokia N95 smart-phone was used to provide information to the implemented components. Several components and the aggregation algorithm were incorporated in a number of SATware mobile agents. SATware middleware is suitable to host the defined localization system, because the modularity of the framework, defined formally, is preserved. Several localization techniques have been adapted to fit in the framework (i.e. to provide probabilistic answers). Components involving the following localization techniques were implemented:

· Wi-Fi fingerprinting: a database matching technique based on wireless LAN. . This technique involves a nearest-neighbor search on a data space of previously collected signal strength readings (fingerprints). Distances from the fingerprints in the data space were used to calculate a probability for each location.

· GPS: the coordinates provided by a GPS receiver were used to build a Rayleigh distribution based on the accuracy value provided by the receiver itself.

· Bluetooth: Bluetooth technology was used to implement a simple anchor-based proximity localization system. This component outputs a uniform truncated PMF around fixed Bluetooth anchors.

· Speech: a simple natural language parser was written to extract location information from recognized speech. These information are used to retrieve PMFs which were previously written and which are stored in a database 

· Historic: this component uses previously calculated PMFs as a prior. Movement information coming from an accelerometer is also used to better exploit location information from the past. 

EBox

Our work on the FICB system as a decision support system has motivated our work in progress on the “Software EBox”. Essentially, the EBox is an information integration system targeted towards situational awareness (SA) applications. In literally any SA system, including one for fire response, one requires access to a variety of different data of different types from different data sources. For instance in the context of FICB it is beneficial to have (integrated) access to information such as maps of the area, floor plans of various buildings, knowledge of building entrances and exits, knowledge of the presence of hazardous materials and chemicals, key personnel at the site and their contact information, etc., Besides many urban sites these days typically have buildings or other structures instrumented with sensors, such as say surveillance cameras, that can also be exploited for real-time situational information. 

Information integration technology indeed addresses some of the problems in achieving the kind of information integration envisioned above, however (i) The integration assembly can be slow and requiring a high level of expertise, (ii) There is no mechanism to incorporate real-time sensors, and (iii) Problems of access control and authorization in such a data sharing environment have not been addressed. In the commercial space there are several vendors offering custom information assembly solutions, however the cost of such solutions is upwards of $2M per site.

We are developing the EBox technology which is a general purpose information integration system for SA applications. The novel features of the EBox framework include: (i) A new data integration approach for rapidly building new applications without requiring much assembly expertise, (ii) An approach for integrated access to real-time sensors via the SATWare framework and (iii) Mechanisms for access control in data sharing. 
Semantic Extraction from Text

We have continued our work on techniques for automated extraction and synthesis of information of text. In prior work in RESCUE we developed an approach for information extraction using the framework of uncertain databases. Motivated by the application of information extraction, we have further explored the incorporation of semantic information – in the form of database integrity constraints, for improving the quality of extraction. The incorporation of integrity constraints into uncertain databases is a problem of general interest, as the additional knowledge in the constraints can be used to reduce the uncertainty in the original database – thus improving the accuracy of retrieval over the database. The problem of incorporating even very simple constraints into uncertain databases however is intractable as we identified. We have developed an approach for the efficient and effective incorporation of integrity constraints into uncertain databases using approximation techniques While addressing the general problem, we have evaluated this approach in the specific task of information extraction and demonstrated it to be very effective in ultimately improving the quality of extracted data.  
Situational Awareness from Text
Situational awareness (SA) applications monitor the real world and the entities therein to support tasks such as rapid decision-making, reasoning, and analysis. Raw input about unfolding events may arrive from variety of sources in the form of sensor data, video streams, human observations, and so on, from which events of interest are extracted. Location is one of the most important attributes of events, useful for a variety of SA tasks. We considered the problem of reaching situation awareness from textual input. We proposed an approach to probabilistically model and represent (potentially uncertain) event locations described by human reporters in the form of free text. We analyzed several types of spatial queries of interest in SA applications. We designed techniques to store and index the uncertain locations, to support the efficient processing of queries. Our extensive experimental evaluation over real and synthetic datasets demonstrated the effectiveness and efficiency of our approach.

Entity Resolution
Entity Resolution (ER) is an important real world problem that has attracted significant research interest over the past few years. It deals with determining which object descriptions co-refer in a dataset. Due to its practical significance for data mining and data analysis tasks many different ER approaches has been developed to address the ER challenge.

We proposed a new ER Ensemble framework. The task of ER Ensemble is to combine the results of multiple base-level ER systems into a single solution with the goal of increasing the quality of ER. The framework we proposed leverages the observation that often no single ER method always performs the best, consistently outperforming other ER techniques in terms of quality. Instead, different ER solutions perform better in different contexts. The framework employs two novel combining approaches, which are based on supervised learning. The two approaches learn a mapping of the clustering decisions of the base-level ER systems, together with the local context, into a combined clustering decision.  We empirically study the framework by applying it to different domains.  The experiments demonstrated that the proposed framework achieved significantly higher disambiguation quality compared to the current state of the art solutions. 

Web People Search
Nowadays, searches for webpages of a person with a given name constitute a notable fraction of queries to web search engines. Such a query would normally return webpages related to several namesakes, who happened to have the queried name, leaving the burden of disambiguating and collecting pages relevant to a particular person (from among the namesakes) on the user. To address this challenge, we developed a Web People Search approach that clusters webpages based on their association to different people. Our method exploits a variety of semantic information extracted from Web pages, such as named entities and hyperlinks, to disambiguate among namesakes referred to on the Web pages. We demonstrated the effectiveness of our approach by testing the efficacy of the disambiguation algorithms and its impact on person search.

We also have investigated a new server-side WePS approach. It is based on collecting co-occurrence information from the Web and thus it uses the Web as an external data source. A skyline-based classification technique is developed for classifying the collected co-occurrence information in order to make clustering decisions. The clustering technique is specifically designed to (a) handle the dominance that exists in data and (b) to adapt to a given clustering quality measure. These properties allow the framework to get a major advantage in terms of result quality over all the 18 methods covered in the recent WePS competition. 

Speech
Associating textual annotations/tags with multimedia content is among the most effective approaches to organize and to support search over digital images and multimedia databases. Despite advances in multimedia analysis, effective tagging remains largely a manual process wherein users add descriptive tags by hand, usually when uploading or browsing the collection, much after the pictures have been taken. This approach, however, is not convenient in all situations or for many applications, e.g., when users would like to publish and share pictures with others in real-time. An alternate approach is to instead utilize a speech interface using which users may specify image tags that can be transcribed into textual annotations by employing automated speech recognizers. Such a speech-based approach has all the benefits of human tagging without the cumbersomeness and impracticality typically associated with human tagging in real-time.  The key challenge in such an approach is the potential low recognition quality of the state of the art recognizers, especially in noisy environments. In our work we explored how semantic knowledge in the form of co-occurrence between image tags can be exploited to boost the quality of speech recognition. We postulate the problem of speech annotation as that of disambiguating among multiple alternatives offered by the recognizer. An empirical evaluation has been conducted over both real speech recognizer's output as well as synthetic data sets. The results demonstrate significant advantages of the proposed approach compared to the recognizer's output under varying conditions.

In addition we have studying the retrieval aspect of the problem. Modern data processing techniques such as information extraction, entity resolution, data cleaning, and automated tagging often produce result consisting of objects whose attributes may contain uncertainty. This uncertainty is frequently captured in the form of a set of multiple mutually exclusive value choices for each uncertain attribute along with a measure of probability for each alternative value. In our work we study the problem of retrieval on top of such a probabilistic representation. Unlike existing approaches on probabilistic databases (Trio, MayBMS, etc.) that provide a probabilistic answer to user queries, our goal is to offer a deterministic answer that maximizes an application specific quality measure. In particular, we explore application metrics such as precision, recall, and Fa in the context of retrieval queries. Deterministic answering of retrieval queries over probabilistic representation is a problem similar in nature to that of index term selection studied extensively in the context of document collections -- it poses similar tradeoffs between measures such as precision and recall. We formalize the resulting optimization problem, and develop techniques for optimal answering of queries. The empirical evaluation over three different domains demonstrates the significant advantage of the proposed solution over the state of the art techniques. 

Event Detection 

In this last year we began a collaboration with a group of transportation engineers from the Institute of Transportation Studies (ITS: http://www.its.uci.edu/) at UC, Irvine.  Together, we are partnering with the California Department of Transportation (Caltrans) on a project to characterize the spatiotemporal signature of traffic accidents using loop sensor data.  We have extended the algorithms developed during the last several years of the Rescue project to find normal traffic patterns and detect and characterize unusual traffic conditions using additional measurements.  The extended model uses both a flow measurement (a count of vehicles passing over the sensor) and an occupancy measurement (a measure of the fraction of time the sensor is covered by a vehicle).  We have applied this new model to a large group of sensors on several southern California freeways.  This extended model is sensitive to smaller changes in traffic flow, and has led to interesting analysis of delay due to traffic incidents.  We are currently consolidating our findings into a report that will be submitted to a transportation journal.

We also started a second project this last year where we attempt to predict the flow profile of freeway on and off ramps using census information.   There are many stretches of highway where there are no functional  loop sensors.  Large scale problems such as dynamic population density estimation require inference over this missing data.  We imported census data into a Google maps application, created boundaries around the geo-locations of the ramp sensors, and extracted information relative to each sensor.  We have developed a model of the ramp profile given information about the area surrounding the sensor.  We are currently in the analysis phase of this project.

We are also working on another extension to the model where spatial links are modeled explicitly, and will soon be applying the event detection models on web traffic data.
Sensor Data Collection Scheduling

A distributed camera network allows for many compelling applications such as large-scale tracking or event detection. In most practical systems, resources are constrained. Although one would like to probe every camera at every time instant and store every frame, this is simply not feasible. Constraints arise from network bandwidth restrictions, I/O and disk usage from writing images, and CPU usage needed to extract features from the images. Assume that, due to resource constraints, only a subset of sensors can be probed at any given time unit. This paper examines the problem of selecting the “best” subset of sensors to probe under some user-specified objective - e.g., detecting as much motion as possible. With this objective, we would like to probe a camera when we expect motion, but would not like to waste resources on a non-active camera. The main idea behind our approach is the use of sensor semantics to guide the scheduling of resources. We learn a dynamic probabilistic model of motion correlations between cameras, and use the model to guide resource allocation for our sensor network.

Although previous work has leveraged probabilistic models for sensor-scheduling, our work is distinct in its focus on real-time building-monitoring using a camera network. We validate our approach on a sensor network of a dozen cameras spread throughout a university building, recording measurements of unscripted human activity over a two week period. We automatically learnt a semantic model of typical behaviors, and show that one can significantly improve efficiency of resource allocation by exploiting this model.

Highlight major research findings in this final year (Year 7).
Please discuss how the efficacy of your research was evaluated. Through testbeds? Through interactions with end-users?  Was there any quantification of benefits performed to assess the value of your technology or research?  Please summarize the outcome of this quantification.
Responsphere - Please discuss how the Responsphere facilities (servers, storage, networks, testbeds, and drill activities) assisted your research. 
Research Contributions 

(The emphasis here is on broader impacts. How did your research contribute to advancing the state-of-knowledge in your research area? Please use the following questions to guide your response).
What products or artifacts have been developed as a result of your research?
· The FICB is a prototype situational awareness system for fire fighter decision support. It is currently being developed and evaluate in drills with the Fire department

· The XAR information extraction system has further evolved and is being used by the research community

· WePS is a toolkit for data disambiguation being used by the research community.

· SATViewer is a new artifact for multi modal sensor data visualization.

How has your research contributed to knowledge within your discipline?
How has your research contributed to knowledge in other disciplines?
What human resource development contributions did your research project result in (e.g., students graduated, Ph.D., MS, contributions in placement of students in industry, academia, etc.) 

Stella Chen (PhD), Rabia-Nuray Turan (PhD), Ravi Jammalamadaka (PhD) – Need more here
Contributions beyond science and engineering (e.g., to industry, current practice, to first responders, etc.) 

Please update your publication list for this project by going to: 
http://www.itr-rescue.org/pubs/pub_submit.php
(Include journal publications, technical reports, books, or periodicals). NSF must be referenced in each publication. DO NOT LIST YOUR PUBLICATIONS HERE. PLEASE PUT THEM ON THE WEBSITE.
Remaining Research Questions or Challenges 

(In order to help develop a research agenda based on  RESCUE after the project ends, please list remaining research questions or challenges and why they are significant within the context of the work you have done in RESCUE.  Please also explain how the research that has been performed under the current RESCUE project has been used to identify these research opportunities).

Success Stories / Major Scientific Achievements 

(Use this section to highlight what your project has achieved over the last 7 years.  This is your opportunity to publicize your advancements and look back over our many years together and find those nuggets that really made a difference to science, first responders, etc.)

SECTION C: Education-Related Information
Educational activities:
(RESCUE-related activities you and members of your team are involved in.  Include courses, projects in your existing courses, etc.  Descriptions must have [if applicable] the following: quarter/semester during which the course was taught, the course name and number, university this course was taught in, course instructor, course project name)

Training and development:

(Internships, seminars, workshops, etc., provided by your project.  Seminars/workshops should include date, location, and presenter.  Internships should include intern name, duration, and project topic.)  What PhD students have graduated?
Education Materials:

(Please list courses introduced, taught, tutorials, data sets, creation of any education material of pedagogical significance that is a direct result of the RESCUE project).
Course Number: ICS 192

Course Name: Semantic Extraction

Quarter: Fall 2007, Winter 2008

University: UCI

Instructor: Sharad Mehrota, Naveen Ashish and Dmitri Kalashnikov

Internships: 
(Please list)
SECTION D:  Outreach Related Information
Additional outreach activities: 
(RESCUE-related conference presentations, participation in community activities, workshops, products or services provided to the community, etc.)
Conferences:
(Please list)
Group Presentations:
(Please list)
Impact of products or artifacts created from this project on first responders, industry, etc.    
(Are they currently being used by a first-responder group? In what capacity? Are they industry groups that are interested in licensing the technology or investing in further development?).
SAMI Year 6 Annual Report

Project 1: Situational Awareness from Multimodal Input (SAMI)

Project Summary

The SAMI project is focused on research and technology development to realize the nextgeneration

of situational awareness systems. Our ultimate goal is to develop an end-to-end

situational awareness “engine” that can be used for particular situational awareness

applications, primarily in the area of disaster response. Situational awareness, in the context of

disaster response can be broadly viewed as consisting of the past (knowledge), present

(comprehension), and future (prediction) state of the resources, infrastructure, entities (people),

and the incident. Our research is aimed at addressing technical challenges in three key areas,

namely information extraction and synthesis from raw sensory data, situational data

management, and analysis and visualization technologies for decision making and support. The

key technical approach we have investigated in extraction and synthesis is exploitation of (a)

multimodality, and (b) semantic knowledge in extracting and interpreting data. The key

challenges in situational data management addressed include representation and reasoning

with uncertainty. In the context of data analysis our focus has been on understanding patterns of

human behavior over time. Examples include analysis and understanding of Web access logs,

event detection and prediction with vehicular traffic and accident data, and classifying human

activities from low-cost observation modalities used for ubiquitous sensing such as RFID, video,

et cetera.

Our work in the last several years has significantly increased our ability to extract and

synthesize vital information from raw multi-modal data streams that are often available during

disasters. The use of semantics has resulted in pioneering approaches that help to address

traditionally complex data extraction problems. We have developed probabilistic models that

learn patterns of human behavior that are hidden in time series of count data.

Many of the research outcomes of this project have been incorporated into RESCUE artifacts

with Disaster Portal being the most prominent. For instance, technologies for entity

disambiguation and extraction from text are the driving force behind the family reunification

component of the portal. Likewise, predictive modeling techniques are the driving force behind

occupancy forecasting.

Activities and Findings

Overall, and in Year 6, we have made significant research progress in the many different areas

in SAMI. Many of the different projects are now at a sufficiently mature stage in the research.

Below we provide a summary of our progress in the areas of the Disaster Portal, The fire

incident command board (FICB), Sensor data visualization, Localization technologies,

Situational awareness information integration, Semantic information extraction from text,

Situational awareness from text, and Automated event detection.

Major findings for Year 6 include:

• Completely developed approach to integrating integrity constraints in uncertain

databases.

• WeST toolkit developed for data disambiguation.

• Developed toolkit for automated image tagging.
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• Developed next generation techniques for person localization by combining multiple

location detection techniques.

• Developed next generation information integration system for SA applications.

Products and Contributions

FICB

The Fire Incident Command Board (FICB) is a situational awareness system intended to aid fire

department incident commanders during emergency response activities. It accomplishes this by

providing integration of a variety of data streams into a single, easy to use dashboard. The data

provided via the FICB includes data collected in real time from diverse sensors (both fixed and

mobile) deployed at the incident scene (e.g. video cameras, speech / other audio, physiological

sensing, location sensing), as well as precompiled data (e.g. GIS / maps, building floor plans,

hazmat inventories, facility contact information). The FICB provides the ability to monitor, query,

and store the data from these diverse sensors in a user friendly manner.

A prototype implementation of the FICB has been created. The prototype has been

implemented by combining elements of some existing systems developed by RESCUE (e.g.

SATware streams system) with new components (EBox prototype, computer aided dispatch

system). The SGS-Darkstar toolkit has been used an integration platform in order to implement

the FICB incident model which is comprised of the elements of the firefighting domain such as

personnel, equipment, physical infrastructure, etc. FICB merges the data streams appropriately

so that they may be represented with the relevant portions of this model in the user interfaces in

order to provide a view of the overall situation to the incident commander in real-time.

We have performed several assessments of the FICB. These include a situational awareness

assessment using the SAGAT methodology conducted during an exercise held at UCI on May

12th. In the simulated hazmat incident, one IC had access to the SAFIRE system while the

other relied on more traditional technologies (radio). The results of this experiment are being

analyzed for inclusion in an article or technical report. A SAFIRE usability study was conducted

at the May 17th SAFIRE firefighter forum as part of a tabletop exercise, in order to evaluate

improvements in decision making due to enhanced situational awareness provided by the

SAFIRE system. Results indicate a high degree of both usability as well as decision making

impact (by virtue of increased information and enhanced situational awareness) in those

respondents with Incident Command experience. Qualitative feedback was also captured in the

study.

SATViewer

SATViewer is system for visualizing information captured in the SATware database which stores

data collected from multiple sensors in the Responsphere infrastructure. The purpose of this

project is to provide an interface for saving sensor data and visualizing it after the saving

session. The system is implemented for SATware middleware and uses installed sensors for

such middleware. The key challenge in designing a visualization tool for such a pervasive

system is that of information overload - limitations in user perception and in available display

sizes prevent easy assimilation of information from massive databases of stored sensor data.

For instance, in the Responsphere setting, there over 200 camera sensors deployed at two

buildings; even a very simply query for monitoring these buildings will have to visualize 400

streams (audio/video) for any given time.

This work attempts to address the information overload problem using two key strategies:
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(i) Ranking relevant sensor streams

(ii) Summarization of selected sensor streams

In particular the focus is on the capability to `link' multimedia data to a spatial region, and to a

specific time, as well to synchronize diverse sensor streams so as to visualize them effectively.

The application allows us to record data from sensors using a map or a list of the sensors.

Moreover, it allows for querying saved sensor data by specifying sensors of interest and the

time interval. Finally it allows adding new sensors in the system.

Localization framework

The problem we address is the definition of a general framework in which any location detection

technique can fit, being modeled as a generic location component. The main purpose of such a

framework would be to answer location queries with the best trade-off between accuracy and

precision, choosing the fittest location technology or the best combination of technologies to

solve each query. The following steps were taken to address the problem:

• Definition of a localization component interface, which is a model for a generic

localization technology. The component is modeled as a black-box which is able to

provide a non deterministic location prediction modeled as a probability mass function

(PMF) on a set of locations.

• Definition of a taxonomy of location queries which best applies to the most common

localization problems. All types of queries were then formalized inside the framework.

• Definition of an aggregation algorithm capable of elaborating answers coming from one

or more localization components and aggregate them. Answers from different

components are sorted by their relevancy as regards the current query. The answers are

then progressively aggregated into one single PMF using Bayesian inference. The

algorithm detect when an answer does not bring improvement to the global PMF, and it

discards it.

The framework has been implemented for SATware middleware. A Nokia N95 smart-phone was

used to provide information to the implemented components. Several components and the

aggregation algorithm were incorporated in a number of SATware mobile agents. SATware

middleware is suitable to host the defined localization system, because the modularity of the

framework, defined formally, is preserved. Several localization techniques have been adapted to

fit in the framework (i.e. to provide probabilistic answers). Components involving the following

localization techniques were implemented:

• Wi-Fi fingerprinting: a database matching technique based on wireless LAN. . This

technique involves a nearest-neighbor search on a data space of previously

collected signal strength readings (fingerprints). Distances from the fingerprints in the

data space were used to calculate a probability for each location.

• GPS: the coordinates provided by a GPS receiver were used to build a Rayleigh

distribution based on the accuracy value provided by the receiver itself.

• Bluetooth: Bluetooth technology was used to implement a simple anchor-based

proximity localization system. This component outputs a uniform truncated PMF

around fixed Bluetooth anchors.

• Speech: a simple natural language parser was written to extract location information

from recognized speech. These information are used to retrieve PMFs which were

previously written and which are stored in a database

• Historic: this component uses previously calculated PMFs as a prior. Movement

information coming from an accelerometer is also used to better exploit location

information from the past.
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EBox

Our work on the FICB system as a decision support system has motivated our work in progress

on the “Software EBox”. Essentially, the EBox is an information integration system targeted

towards situational awareness (SA) applications. In literally any SA system, including one for fire

response, one requires access to a variety of different data of different types from different data

sources. For instance in the context of FICB it is beneficial to have (integrated) access to

information such as maps of the area, floor plans of various buildings, knowledge of building

entrances and exits, knowledge of the presence of hazardous materials and chemicals, key

personnel at the site and their contact information, etc., Besides many urban sites these days

typically have buildings or other structures instrumented with sensors, such as say surveillance

cameras, that can also be exploited for real-time situational information.

Information integration technology indeed addresses some of the problems in achieving the kind

of information integration envisioned above, however (i) The integration assembly can be slow

and requiring a high level of expertise, (ii) There is no mechanism to incorporate real-time

sensors, and (iii) Problems of access control and authorization in such a data sharing

environment have not been addressed. In the commercial space there are several vendors

offering custom information assembly solutions, however the cost of such solutions is upwards

of $2M per site.

We are developing the EBox technology which is a general purpose information integration

system for SA applications. The novel features of the EBox framework include: (i) A new data

integration approach for rapidly building new applications without requiring much assembly

expertise, (ii) An approach for integrated access to real-time sensors via the SATWare

framework and (iii) Mechanisms for access control in data sharing.

Semantic Extraction from Text

We have continued our work on techniques for automated extraction and synthesis of

information of text. In prior work in RESCUE we developed an approach for information

extraction using the framework of uncertain databases. Motivated by the application of

information extraction, we have further explored the incorporation of semantic information – in

the form of database integrity constraints, for improving the quality of extraction. The

incorporation of integrity constraints into uncertain databases is a problem of general interest,

as the additional knowledge in the constraints can be used to reduce the uncertainty in the

original database – thus improving the accuracy of retrieval over the database. The problem of

incorporating even very simple constraints into uncertain databases however is intractable as

we identified. We have developed an approach for the efficient and effective incorporation of

integrity constraints into uncertain databases using approximation techniques While addressing

the general problem, we have evaluated this approach in the specific task of information

extraction and demonstrated it to be very effective in ultimately improving the quality of

extracted data.

Situational Awareness from Text

Situational awareness (SA) applications monitor the real world and the entities therein to

support tasks such as rapid decision-making, reasoning, and analysis. Raw input about

unfolding events may arrive from variety of sources in the form of sensor data, video streams,

human observations, and so on, from which events of interest are extracted. Location is one of

the most important attributes of events, useful for a variety of SA tasks. We considered the

problem of reaching situation awareness from textual input. We proposed an approach to

probabilistically model and represent (potentially uncertain) event locations described by human

reporters in the form of free text. We analyzed several types of spatial queries of interest in SA

applications. We designed techniques to store and index the uncertain locations, to support the
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efficient processing of queries. Our extensive experimental evaluation over real and synthetic

datasets demonstrated the effectiveness and efficiency of our approach.

Entity Resolution

Entity Resolution (ER) is an important real world problem that has attracted significant research

interest over the past few years. It deals with determining which object descriptions co-refer in a

dataset. Due to its practical significance for data mining and data analysis tasks many different

ER approaches has been developed to address the ER challenge.

We proposed a new ER Ensemble framework. The task of ER Ensemble is to combine the

results of multiple base-level ER systems into a single solution with the goal of increasing the

quality of ER. The framework we proposed leverages the observation that often no single ER

method always performs the best, consistently outperforming other ER techniques in terms of

quality. Instead, different ER solutions perform better in different contexts. The framework

employs two novel combining approaches, which are based on supervised learning. The two

approaches learn a mapping of the clustering decisions of the base-level ER systems, together

with the local context, into a combined clustering decision. We empirically study the framework

by applying it to different domains. The experiments demonstrated that the proposed

framework achieved significantly higher disambiguation quality compared to the current state of

the art solutions.

Web People Search

Currently, searches for webpages of a person with a given name constitute a notable fraction of

queries to web search engines. Such a query would normally return webpages related to

several namesakes, who happened to have the queried name, leaving the burden of

disambiguating and collecting pages relevant to a particular person (from among the

namesakes) on the user. To address this challenge, we developed a Web People Search

approach that clusters web pages based on their association to different people. Our method

exploits a variety of semantic information extracted from web pages, such as named entities

and hyperlinks, to disambiguate among namesakes referred to on the web pages. We

demonstrated the effectiveness of our approach by testing the efficacy of the disambiguation

algorithms and its impact on person search.

We also have investigated a new server-side WePS approach. It is based on collecting cooccurrence

information from the Web and thus it uses the Web as an external data source. A

skyline-based classification technique is developed for classifying the collected co-occurrence

information in order to make clustering decisions. The clustering technique is specifically

designed to (a) handle the dominance that exists in data and (b) to adapt to a given clustering

quality measure. These properties allow the framework to get a major advantage in terms of

result quality over all the 18 methods covered in the recent WePS competition.

Speech Processing

Associating textual annotations/tags with multimedia content is among the most effective

approaches to organize and to support search over digital images and multimedia databases.

Despite advances in multimedia analysis, effective tagging remains largely a manual process

wherein users add descriptive tags by hand, usually when uploading or browsing the collection,

much after the pictures have been taken. This approach, however, is not convenient in all

situations or for many applications, e.g., when users would like to publish and share pictures

with others in real-time. An alternate approach is to instead utilize a speech interface using

which users may specify image tags that can be transcribed into textual annotations by

employing automated speech recognizers. Such a speech-based approach has all the benefits
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of human tagging without the cumbersomeness and impracticality typically associated with

human tagging in real-time. The key challenge in such an approach is the potential low

recognition quality of the state of the art recognizers, especially in noisy environments. In our

work we explored how semantic knowledge in the form of co-occurrence between image tags

can be exploited to boost the quality of speech recognition. We postulate the problem of speech

annotation as that of disambiguating among multiple alternatives offered by the recognizer. An

empirical evaluation has been conducted over both real speech recognizer's output as well as

synthetic data sets. The results demonstrate significant advantages of the proposed approach

compared to the recognizer's output under varying conditions.

In addition we have studying the retrieval aspect of the problem. Modern data processing

techniques such as information extraction, entity resolution, data cleaning, and automated

tagging often produce result consisting of objects whose attributes may contain uncertainty. This

uncertainty is frequently captured in the form of a set of multiple mutually exclusive value

choices for each uncertain attribute along with a measure of probability for each alternative

value. In our work we study the problem of retrieval on top of such a probabilistic representation.

Unlike existing approaches on probabilistic databases (Trio, MayBMS, etc.) that provide a

probabilistic answer to user queries, our goal is to offer a deterministic answer that maximizes

an application specific quality measure. In particular, we explore application metrics such as

precision, recall, and F_a in the context of retrieval queries. Deterministic answering of retrieval

queries over probabilistic representation is a problem similar in nature to that of index term

selection studied extensively in the context of document collections -- it poses similar tradeoffs

between measures such as precision and recall. We formalize the resulting optimization

problem, and develop techniques for optimal answering of queries. The empirical evaluation

over three different domains demonstrates the significant advantage of the proposed solution

over the state of the art techniques.

Event Detection

In this last year we began a collaboration with a group of transportation engineers from the

Institute of Transportation Studies (ITS: http://www.its.uci.edu/) at UC, Irvine. Together, we are

partnering with the California Department of Transportation (Caltrans) on a project to

characterize the spatiotemporal signature of traffic accidents using loop sensor data. We have

extended the algorithms developed during the last several years of the Rescue project to find

normal traffic patterns and detect and characterize unusual traffic conditions using additional

measurements. The extended model uses both a flow measurement (a count of vehicles

passing over the sensor) and an occupancy measurement (a measure of the fraction of time the

sensor is covered by a vehicle). We have applied this new model to a large group of sensors on

several southern California freeways. This extended model is sensitive to smaller changes in

traffic flow, and has led to interesting analysis of delay due to traffic incidents. We are currently

consolidating our findings into a report that will be submitted to a transportation journal.

We also started a second project this last year where we attempt to predict the flow profile of

freeway on and off ramps using census information. There are many stretches of highway

where there are no functional loop sensors. Large scale problems such as dynamic population

density estimation require inference over this missing data. We imported census data into a

Google maps application, created boundaries around the geo-locations of the ramp sensors,

and extracted information relative to each sensor. We have developed a model of the ramp

profile given information about the area surrounding the sensor. We are currently in the

analysis phase of this project.
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We are also working on another extension to the model where spatial links are modeled

explicitly, and will soon be applying the event detection models on web traffic data.

Sensor Data Collection Scheduling

A distributed camera network allows for many compelling applications such as large-scale

tracking or event detection. In most practical systems, resources are constrained. Although one

would like to probe every camera at every time instant and store every frame, this is simply not

feasible. Constraints arise from network bandwidth restrictions, I/O and disk usage from writing

images, and CPU usage needed to extract features from the images. Assume that, due to

resource constraints, only a subset of sensors can be probed at any given time unit. This paper

examines the problem of selecting the “best” subset of sensors to probe under some userspecified

objective - e.g., detecting as much motion as possible. With this objective, we would

like to probe a camera when we expect motion, but would not like to waste resources on a nonactive

camera. The main idea behind our approach is the use of sensor semantics to guide the

scheduling of resources. We learn a dynamic probabilistic model of motion correlations between

cameras, and use the model to guide resource allocation for our sensor network.

Although previous work has leveraged probabilistic models for sensor-scheduling, our work is

distinct in its focus on real-time building-monitoring using a camera network. We validate our

approach on a sensor network of a dozen cameras spread throughout a university building,

recording measurements of unscripted human activity over a two week period. We automatically

learnt a semantic model of typical behaviors, and show that one can significantly improve

efficiency of resource allocation by exploiting this model.

SAMI Year 5 Annual Report

2.1 Research Projects

Project 1: Situational Awareness from Multimodal Input (SAMI)

Project Summary

The SAMI project is focused on research and technology development to realize the nextgeneration

of situational awareness systems. Our ultimate goal is to develop an end-to-end

situational awareness “engine” that can be used for particular situational awareness

applications, primarily in the area of disaster response. Situational awareness, in the context of

disaster response can be broadly viewed as consisting of the past (knowledge), present

(comprehension), and future (prediction) state of the resources, infrastructure, entities (people),

and the incident. Our research is aimed at addressing technical challenges in three key areas,

namely information extraction and synthesis from raw sensory data, situational data

management, and analysis and visualization technologies for decision making and support. The

key technical approach we have investigated in extraction and synthesis is exploitation of (a)

multimodality, and (b) semantic knowledge in extracting and interpreting data. The key

challenges in situational data management addressed include representation and reasoning

with uncertainty. In the context of data analysis our focus has been on understanding patterns of

human behavior over time. Examples include analysis and understanding of Web access logs,

event detection and prediction with vehicular traffic and accident data, and classifying human

activities from low-cost observation modalities used for ubiquitous sensing such as RFID, video,

et cetera.

Our work in the last several years has significantly increased our ability to extract and

synthesize vital information from raw multi-modal data streams that are often available during

disasters. The use of semantics has resulted in pioneering approaches that help to address

traditionally complex data extraction problems. We have developed probabilistic models that

learn patterns of human behavior that are hidden in time series of count data.

Many of the research outcomes of this project have been incorporated into RESCUE artifacts

with Disaster Portal being the most prominent. For instance, technologies for entity

disambiguation and extraction from text are the driving force behind the family reunification

component of the portal. Likewise, predictive modeling techniques are the driving force behind

occupancy forecasting.

Activities and Findings

As part of SAMI, solutions to many diverse and often traditionally difficult problems have been

developed that are allowing research teams to realize their goal of achieving situational

awareness using raw data. We have addressed many problems using different modalities

including text, audio, sensor, and video and have applied these modalities to multi-modal

information extraction and synthesis. In situational data management, we have developed

event data models and data management systems at the level of events. We have also

developed solutions to efficiently manage complex probabilistic data – motivated from the

application of managing location uncertainty in situational awareness. The end use of

situational awareness is through analysis and visualization in which we have created many

advanced capabilities for end-user decision making. Some examples include a next-generation

open Web scale GIS search engine motivated by the emergency response domain, a graph7

based semantic visualization framework for events, a predictive modeling framework that can

provide route predictions in travel, a detector for anomalous events over sensor data, and

advancements to real-time damage assessment technologies for disasters.

Information extraction and synthesis. In this area, the SAMI project examined what are

traditionally considered complex problems in raw data extraction and synthesis. To address this

problem, the research team adopted a novel approach where semantics were applied in a basic

and fundamental way. The result was to significantly enhance our ability to more accurately

extract higher quality information from text, audio, video, and sensor data. In text data

extraction, we created a next-generation extraction framework that facilitates the integration of

semantic information with traditionally-used text processing. In doing so, we took a broad

approach in extracting information from text where we also addressed problems that result from

incomplete or erroneous data or from the presence of redundant and ambiguous information. In

SAMI, we have also pioneered the development of a relationship-based approach to address

the data quality problem. The outcome is a graph-based disambiguation solution (a RelDC

relationship-based disambiguation framework) that is significantly more advanced when

compared to other data cleansing approaches. The solution is scalable, domain-independent

and uses a self-tuning framework that can be applied to several practical tasks such as the

disambiguating entities on the We – this task has direct benefit to the family reunification system

of RESCUE (which is part of the Disaster Portal Artifact discussed later in the report). The

theme of semantics is also present in audio information synthesis. Here, we have developed an

approach that improves the quality of audio tags (provided in the context of images taken via a

cell-phone) by using semantics in the form of frequencies and correlations across particular

keywords. In each of the areas we have applied semantics to – text extraction, image tagging,

entity disambiguation, location disambiguation, activity recognition – the fact that semantics can

help interpret data is not surprising (it is rather expected). What is novel about our work and

which we consider to be a breakthrough technology is that we have developed a principled

probabilistic framework that is quite general (works in diverse application settings) and yet

efficient (can be used for real-time or near real time interpretation of data in order to support

situational awareness). The approach is based on representing domain knowledge in the form

of a semantic entity relationship graph and mapping data interpretation/analysis tasks to an

equivalent graph analysis task.

Our work in multi-modal event extraction has also resulted in an innovative approach to

situational awareness in ubiquitous computing. The basic idea here is that in an environment

with many audio communication devices, the location, timestamp, and user identification

information are augmented along with the actual audio and shared in a reliable and intelligent

fashion. Finally video event detection work has resulted in a comprehensive object and event

tracking framework where one can track objects in video streams at a higher semantic object

level (such as persons, buildings or vehicles of interest). This ability can be fundamental in

developing robust situational awareness solutions.

Situational data management. Key outcomes in this area include earlier work on SAMI in

which a semantic event model, E, was developed and where an event-based data management

model was built on top of E. Furthermore, we developed an approach to interpret and manage

location uncertainties (in a scalable manner) when the uncertainties arise because of colloquial

references to location in speech or text. The work in this area overlaps with the SAT-Ware

effort which is a comprehensive multi-modal sensor data collection and management platform.

SAT-Ware is described in a separate section of the report.

8

Analysis and visualization. The focus here has been on pushing the state-of-the-art in

analysis and visualization systems by developing powerful and intuitive-based solutions that

specifically address improved decision making. Our earlier work resulted in a graph-based

analysis framework to visualize and analyze relationships between events in particular disaster

situations. An important component in this framework is GIS data. Our major contribution in

this area is the development of a next-generation GIS search engine that scales to the open

Web. Our work addresses some of the limitations encountered in locating relevant GIS data on

the open Web by maintaining metadata about the various data sources. This work also includes

histogram-based indexing techniques that allow the approach to easily scale to hundreds of

thousands of GIS data sources on the open Web.

Our work on analysis techniques includes predictive modeling where sensor data (loop

information) are used to predict route movements for people and cars and to determine whether

certain travel activities represent anomalous or unusual movements. Similar techniques are

used to predict occupancy levels of building exploiting people counter data. To address these

questions, mixed Bayesian networks and high quality approximate sampling techniques are

employed.

Specifically, in Year 5, we extended our work to link multiple people count sensors in a building.

This model has shown to be effective at estimating the occupancy of the building; overcoming

the bias introduced by sensor noise and missing and corrupted measurements which confound

the simple counting techniques. Our results show that our proposed approach provides much

more accurate estimates than the simpler baselines. A fault-tolerant extension of the original

model was developed found to be effective at finding predictable traffic patterns and detecting

unusual behavior when applied to a large network of over 1700 sensors and 100 million

measurements. The model provided useful insights about an urban data set considered difficult

to analyze. Both of these examples show how the original probabilistic framework can be

extended and built upon without major changes to the implementation. This work has resulted in

a general statistical framework for unsupervised learning of both recurrent patterns of human

behavior over time as well as characteristics of unusual events (Ihler, Hutchins, Smyth, 2006,

2007; Ihler and Smyth, 2006).

Our research was evaluated using two real-world data sets – car counts from loop detectors

located on California freeways, and people counts from optical sensors in a building on the

campus of UCI. Validation sets were created with the help of the building events coordinator

and from the baseball season schedule for the stadium near the loop detector. The efficacy of

our models was largely judged by quantitatively assessing the accuracy of our model’s

predictions (e.g., checking how well the model predicted known events that were known for

evaluation, but not known to the model during training) and simulating missing/noisy data and

evaluating how well the model could recover such data.

While the algorithms and tools we have been developing have focused on analysis of

occupancy within instrumented buildings and on loop sensor data, it can be used as a

component of much larger situation assessment tools that can quickly and accurately assess

how many people are in a given location from very noisy sensor measurements and also

determine whether any unusual patterns are present or not. To this effect, we have initiated

incorporation of our algorithms into the disaster portal artifact to provide first responders with

occupancy information (useful in response planning) as well as to the public at large (useful for

route planning in evacuations).
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Finally, we have focused our research on developing methods to estimate damage and impacts

in a real-time sense using sensor data from regional seismic networks. For the past decade,

real-time information on seismic ground motions has been available through the U.S. Geological

Survey. However, the ability to use this information to rapidly predict damage and impacts to

communities has not been available. Using specially-developed techniques that allow the

efficient application of GIS functions in a web-based environment, the research team has

successfully developed a real-time earthquake damage assessment system for the entire State

of California, which is currently being tested by several State and Federal agencies. This

system – which has been integrated with the popular VirtualEarth interface – was used during

the recent Chino Hills earthquake which occurred on July 26, 2008.

Products and Contributions

Much of the research under the SAMI project has resulted in software products that can be

used, at least at a prototype level, by the research or end-user community. Some of these

products have also matured to the level of being part of key RESCUE artifacts, such as the

Disaster Portal. Key products include:

􀂃 XAR - XAR is an open-source text extraction system that allows integration of semantic

information with existing off-the-shelf extractors. This is currently available with a Creative

Commons license. An application of this extractor is a module for online internet monitoring

which is part of the RESCUE Disaster Portal.

􀂃 RelDC - RelDC is a domain independent, self-tuning disambiguation system.

􀂃 Multi-modal Audio Event Extraction Toolkit - This toolkit can be used in ubiquitous

environments where the sharing of auxiliary information such as location, times, and

speaker identifications along with the audio information is needed.

􀂃 Video Object and Event Tracking System - This was developed by the UCSD CVVR

group. It enables situational awareness by facilitating the tracking of semantic objects such

as persons, buildings, vehicles, etc, in videos.

􀂃 GAAL - This product is a graphical analysis algebra toolkit that creates visualization

relationships amongst events in an intuitive fashion.

􀂃 The Travel Route Planner - The route planner can predict travel routes and destinations for

a person given his origin and other contextual information such as day of week, time of day,

etc.

􀂃 Anomalous Event Detection Toolkit - A toolkit to detect unusual events based on an

analysis of California Highway loop sensor data. An unusual traffic and highway events

detector is being integrated into the Disaster Portal.

􀂃 Prototype, Next-generation GIS Search Engine - A search engine for GIS data that is

significantly more comprehensive when compared to general purpose search engines or

specialized one-stop portals. Work is currently underway to make this GIS search engine

available as a module in the Disaster Portal.

􀂃 InLET Real-time Disaster Damage Assessment Tool - A rapid damage assessment tool

that utilizes U.S. Geological Survey data on real-time strong ground motions for California

earthquakes. Has been used in several recent earthquakes including the July 26, 2008

Chino Hills event.

􀂃 Casualty Estimation Instrument – A casualty estimation instrument that uses "scale-up"

survey methods taken from social network research. The method uses reports from persons
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tangentially affected or not directly affected by disasters to capture casualty information on

third parties. The instrument can be employed in online surveys (analogous to the USGS

Did You Feel It? system) for rapid assessment of casualties and other adverse outcomes

(including injury, displacement, and property loss) in the immediate post-impact period.

􀂃 Machine Learning Repository. The loop detector data and people-count data used in our

earlier RESCUE work (Ihler, Smyth, Hutchins, 2006, 2007) along with the validation data are

also publicly available via the UCI machine learning repository at

http://archive.ics.uci.edu/ml/.

Future Research Directions

Our work on SAMI has opened many new opportunities many of which will be pursued outside

the scope of RESCUE. First and foremost, our work has established the possibility of a generic

principled approach to exploiting semantics for online data interpretation tasks. While RESCUE

has enabled us to conduct some preliminary work in this direction, achievement of the lofty goal

requires significant new research. For instance, can one develop a systematic classification of

diverse interpretation tasks which can then be addressed together, can spatial and temporal

reasoning as well as reasoning in the form of rules be incorporated in the semantic-based

approach to data interpretation, can one make such semantic approaches truly self-tuning, etc.

Similar challenges can be identified with our work on statistical interpretation of sensor data.

While many of these questions that our research on SAMI has raised will be realized through

other derivative projects, our focus in the near future will be two folds:

(a) incremental steps towards extending our basic research. For instance, the next logical

direction for statistical mining of sensor data would be to spatially link the traffic loop

sensors. In the urban case study, we saw evidence of unusual event activities that had

spatial signatures. This model would be used to determine the spatial and temporal

signature of unusual activity, such as those caused by traffic accidents or other

emergencies. Another interesting direction is performing large-scale dynamic population

density estimation. This was one of our original goals for the traffic data set. The faulttolerant

extension of the model has helped us overcome some of the initial roadblocks

we encountered with this important problem, especially in the context of situation

assessment and emergency response. In the context of exploiting semantics for data

interpretation, we would like to explore systematic ways to capturing and representing

association and correlation amongst data. Exploiting ontological reasoning and

incorporating that within our framework is also another obvious direction for future work.

(b) focus on incorporation of the techniques we have developed so far into an end-to-end

situational awareness system in the context of RESCUE artifact (viz. Disaster Portal). In

addition, the research team will work closely with our government partners to ensure the

effective use and adoption of the SAMI technology in real emergency response settings.

SAMI Year 4 Annual Report

2.1 Research Projects

Project 1: Situational Awareness from Multimodal Input (SAMI)

SAMI research has focused on three areas: 1) signal analysis, interpretation, and synthesis; 2)

situational data management; and 3) analyst tools. The major findings in each of these areas in

Year 4 are described below.

Signal analysis, interpretation, and synthesis. Here, our focus is on techniques for extraction of

higher-level information such as facts or events from low-level input signals in text, audio, video,

sensors, etc. In the area of information extraction from text, we have developed XAR, a nextgeneration

extraction platform which provides a richer feature space for extraction applications.

One of the key distinguishing features of our work on extraction from text is the exploitation of

semantics in extraction. This stems from our ongoing work initially in the context of data

disambiguation. We have continued work on our earlier developed approach to disambiguation

of data based on relationship graphs. Over the past year, we have developed techniques for the

automated learning of relative weights for different kinds of relationships in such graphs. New

directions include the application of disambiguation techniques for Web people search, location

disambiguation, and the exploitation of external sources (such as Wikipedia) for disambiguation.

In the area of audio event extraction, we continued our work on robust beamforming, developing

variants of the “constrained robust Capon” beamformer. We have also initiated work on
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beamforming algorithms that factor in speech quality information; new algorithms and approaches

such as those based on Independent Vector Analysis (IVA) are being investigated as well. A

scheme for detecting undesired stationary and non stationary events, as well as multiple

speakers, has been formulated and tested. In the area of visual event extraction, we have

developed multiple view based homography binding methods which provide view-invariant

features of tracked objects -- including persons and vehicles in outdoor environments -- such as

their footage area, velocity, location, and inter-object configuration. Support for view switching

between multiple cameras is also provided. Finally, an integrated adaptive mechanism for multiview

switching and multi-level switching has been developed to better understand and analyze

video events. In the multi-modal information fusion area, an iterative technique for information

fusion from multimodal sensors based on the theory of turbo codes has been developed to

achieve situational awareness.

Situational data management. The work in this area over Year 4 has focused primarily on the

development of the SAT-Ware immersive environment; this is now housed under the privacy

project.

Analyst tools. In the predictive modeling area, we worked on several problems centered on

challenges in Bayesian networks with determinism. These include: 1) development of posterior

estimation techniques; 2) development of SampleSearch, a new technique which guarantees that

all samples generated will never be rejected or thrown away, thereby circumventing the rejection

problem; 3) a new scheme addressing the counting problem for Bayesian networks with

determinism, combining the above-mentioned SampleSearch scheme with the importance

sampling framework and outperforming the state-of-the-art schemes by an order of magnitude; 4)

generating random samples from a Bayesian network with determinism; and 5) improving the

expressive power of Bayesian networks using stochastic grammars. In graph analysis, we

developed techniques for multi-dimensional analysis for annotated objects (specifically

documents and events). We also developed techniques for semantics-based ranked graph

pattern matching. In this work, we addressed graph pattern queries where graph matching is

imprecise. In GIS, we developed scalable techniques for compact representation and efficient

querying of meta-data describing very large numbers of GIS data sources on the open Web.

Primarily, we have developed techniques for 1) compressing the data sources with minimal

information loss; and 2) indexing the data sources that can quickly retrieve relevant data sources.

Challenges. In audio-visual extraction, we are developing new approaches and algorithms to

address object segmentation and tracking challenges by integrating model-based and

appearance-based methods. Also, situational awareness requires systematic abstraction of

semantic concepts from low-level signal processing to high-level information processing. We will

develop a general model that can encompass the two processing levels in a systematic semantic

pyramid. In information disambiguation a major challenge is the (lack of) availability of

benchmarks for evaluation of the work. Also there is a challenge in the area of obtaining

applicable ontologies for graph analysis in disambiguation.

Immediate Future Directions. In audio extraction, we plan to work on robust ICA; in visual event

extraction, we will investigate methods that can relax the requirement of synchronized multiple

camera inputs for homography binding; in multi-modal information fusion, we plan to implement

the audio-visual fusion technique for meeting scene analysis with multiple people. In extraction

and disambiguation (over text), we will continue to explore the applicability of constraints and

more general semantic information in extraction. In predictive modeling, we plan to finish the work

on modeling the “Travel Density Estimator and Travel Planner” artifact using stochastic

grammars. Over the last year, we have developed algorithms to lower bound the counting task. In

the future, we plan to use inequalities from statistics and the “AND/OR search scheme” to
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achieve high-confidence upper bounds on the counting problem. In the GIS area, we will work on

data compression techniques for GIS data. We will also develop an algorithm for finding top-k

sources using the indexing techniques developed. Finally, we will explore the area of automated

meta-data extraction to enable more meaningful indexing of GIS data sources on the open Web,

with the ultimate aim of improving accuracy for GIS data search.

Key Technologies. The key technology pieces developed include: (1) The XAR information

extraction system; (2) A portable two-channel microphone array speech separation system

prototype; (3) An “Origin Destination Predictor” which based on a probabilistic model, given a time

and the current GPS reading of an individual (if available), can predict the destination and the

route to destination of the individual; and (4) A “Travel Density Estimator and Travel Planner”

which given time of day, day of week and the specific highway (e.g. I-405 from Irvine to LAX), can

robustly estimate how many people are on a section of a road (both currently and in future).

Project 2: Robust Networking and Information Collection

The grand challenge of this project is to develop research solutions and artifacts that can make

today’s communication networks perform better during crises situations. To achieve these

objectives, five sub-projects were formed: (1) theoretical research; (2) Extreme Networks System

(ENS); (3) Adaptive Information Collection System (AICS); (4) Adaptive Cellular Network System

(ACNS); and (5) system integration. ENS and Peer-to-Peer Information Collection and

Dissemination systems are the two artifacts developed under this project.

Activities and Findings. As part of our theoretical research, we proposed the concept of Sentient

Networking to bring humans and computer networks closer. Our example sentient system

studied a new networking approach that could recognize the emotion content in voice packet

streams and prioritize voice packets originating with distressed speakers. Up to 60%

performance differentiation is provided to voice streams from these sources. The proposed

scheme also contained an approach for detecting the packet type in wireless networks by utilizing

the spectral properties of packets instead of using the traditional approach of explicit identification

of the information contained in the packet. This technique was also used for detecting network

data packets without using any information from packet headers.

Another important theoretical research topic was the t non-asymptotic capacity analysis for

wireless mesh networks. We developed two solutions: (a) Maximum Throughput Partition (MTP)

and (b) Maximum Throughput Partition with Hops’ number Constraint (MTPHC). In MTP, the ideal

throughput is achieved by optimally partitioning the network with a proper number of backbone

nodes. In MTPHC solution, an additional constraint on the average number of hops in the

backbone network is considered. These results showed that it is critical to find an appropriate size

of the backbone network for a wireless mesh network, especially when the hops’ number

constraint is imposed.

In collaboration with CogNet project, we developed an emergency response framework for

exchanging critical network environmental information across nodes in a cooperative manner.

Based on this approach, we designed a MAC protocol which shares contention information to

optimally choose the parameters. Using a simulator platform, we found that a system throughput

improvement of 50-60% can be achieved.

As part of the adaptive information collection systems research, we created a sophisticated

vehicle telematics system that can track, and control vehicles or similar objects. This system is

integrated and demonstrated with the Responsphere truck. The tracking and telematics system is

implemented to support various location tracking technologies, including GPS, Assisted GPS

(AGPS), and GPS with WAAS. A WAAS-capable receiver provides position accuracy of better
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than three meters 95 percent of the time. We compared the standard GPS system, AGPS, and

GPS with WAAS especially the availabilities and accuracy of location tracking for both indoor and

outdoor. The standard GPS does not work indoors. AGPS works indoors with an accuracy of 50

to 100 meters. GPS with WAAS works indoors when the receiver is close to window. In the

outdoor environment, GPS with WAAS has better accuracy than standard GPS and AGPS.

As part of our adaptive cellular networking system research, an early simulation model based on

the UMTS system was built based on the OPNET simulation platform. The impact on delay and

blocking on services was analyzed when base stations were put out of service due to damage to

the infrastructure.

As part of our system integration efforts within the research products of RESCUE networking, we

created a rich service-based architecture that incorporates data acquisition services tailored to

the collaborators’ instruments and feeds. The central data store is a service within a rich servicebased

architecture. It stores data from each of the collaborator sources, and is structured so that

new collaborators and feeds can be added with minimal effort. We also created a documentation

framework that readily accepts data source definitions and promotes data usage by potential

integrators, analyzers, and visualizers, thereby encouraging the use of this data by investigators

other than the original researchers. At present, we have integrated the vehicle telematics system

and peer-to-peer traffic information dissemination system in a single framework.

Going forward, several challenges remain. The biggest challenge in sentient networking is the

development of a generic framework for a host of sentient capabilities that can be enabled on to

today’s networking infrastructure. One of the challenges that adaptive information collection

systems face, as part of the vehicle telematics system is the complexity of the specific vehicle

electronic system which needs to be considered in order to integrate the telematics device. For

example, different car manufacturers may have a different specification for their vehicle data bus.

In ACNS, the biggest challenge is the design of integration interfaces that are not fully exposed.

Although the mechanisms and interactions within MetaSIM have been identified, integration

needs more clarification for APIs. In current networks, the main technical challenge was limitation

in standard RACH mechanism in cellular network (basic Slotted-ALOHA). Although proposed

solutions will theoretically sort out the problem, integration into real systems and standards within

real carrier networks will remain an issue.

Plans for Year 5: As part of the theoretical research, we plan to accomplish the following: (1) 3

months: evaluate throughput capacity regions for finite wireless mesh networks with fixed or

random back-bone topology; optimize the design of back-bone network topology; design a first

responder radio with cognitive capabilities, (2) 6 months: complete the simulation platform for

cognitive first responder networks; create simulation platforms for non-asymptotic transport

capacity in finite node topologies for wireless mesh networks; create new applications for

networked signal processing concepts proposed as part of the sentient networks, and (3) 12

months: evaluate the potentials for early prototypes for cognitive first responder networks;

capacity analysis of spatial multiplexing; and spatial diversity based MIMO ad hoc wireless

networks, and build new simulation platforms and prototype models for sentient networking. We

also expect a number of educational outcomes include research platforms, simulation models,

publications, technical reports, and other hardware and software products.

As part of the adaptive cellular network systems research, we plan to achieve the following: (1) 

months: Finalize the simulations;, (2) 6 months: Integrate the Cellular Simulation into MetaSIM;

and (3) 12 months: Analyze and create results for a simple disaster with MetaSIM; Share the

results with operators and promote its use.
As part of our System Integration activity, we plan to achieve the following in the next one year:

(1) 3 Months: addition of Cal-Mesh and voice systems to data source list; refactoring prototype

into production system; Deployment of initial production system on public-facing servers;

improvement of Google Maps ad-hoc query interface; (2) 6 Months: documentation of system;

documentation system encouraging users to access data; portlets for Google and Yahoo allowing

public access to data; crosscutting security/authorization functionality; direct support for Google

Earth; initial implementation of ODBC external interface; demonstration of interoperability with

Microsoft Office production deployment; and (3) 12 Months: video stream support; integration into

Irvine-based web site; introduction to disaster community at large; completion of ODBC external

interface; production deployment maintenance.
SAMI Year 3 Annual Report
2.1 Research Projects 
Project 1: Situational Awareness from Multimodal Input (SAMI) 
We have progressed significantly towards realizing the SAMI goal of developing technologies that dramatically improve situational awareness for first-responders, response organizations, and the general public in each of the three technology areas identified in our strategic plan, namely signal analysis, interpretation, and synthesis; situational data management; and, analysis tools. 

In signal analysis, we have made significant progress in areas that include audio-visual event extraction and synthesis where new approaches and algorithms for speech recognition (i.e., specifically in multi-microphone speech recognition and stream segregation of audio streams) are being developed. We have also developed an approach to emotion detection from audio signals. In video event detection, new capabilities for analyzing video data, (e.g., algorithms for crowd estimation and vehicle estimation from video surveillance data) are being created. In addition, a comprehensive architecture for a semantic text event extraction and management platform is being developed. In situational data management, a multimodal event model and a corresponding event data store is being developed. As part of this research, techniques for extraction and probabilistic representation of spatial expressions along with efficient indexing mechanisms for spatial querying are being created. In analysis tools, researchers are focusing on a new approach for document analysis by defining and implementing new operators to query document data. We are developing new approaches for GIS data searches, and are also creating innovative (probabilistic) frameworks for detection of anomalous events from sensor data. 
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Amongst current challenges, we are developing approaches that address complex computational and scalability issues associated with speech algorithms. Researchers are developing a formal query language and algebra for event querying. We are also completing the development of various analysis tools (for GIS and predictive modeling) and integration these tools into a situational awareness (SA) system. Future work in Years 4 and 5 will focus on completing development of robust and scalable speech recognition algorithms; development of a mobile vision platform that is part of an integrated spatial awareness system; development of semantic event extraction and management platform; development of a sensor data management system that is part of a comprehensive event analysis framework; and extending event detection to multiple sensors, prototype applications, and a GIS search engine. 

Notable artifacts include a prototype version of an EvacPack mobile reconnaissance system that can capture audio, video, GPS, and text data. We have also made progress in developing a situational information dashboard, manifested as two disaster information portals. Specific progress on tasks associated with this project can be found in the Appendix. 

Project 2: Robust Networking and Information Collection 
The Robust Networking and Information Collection project is progressing well in each of its sub-projects: (a) Extreme Networking System, (b) Adaptive Cellular Networking System, and (c) Adaptive Information Collection System. In the Extreme Networking System, we designed and created the GLQ mesh networking testbed and used it successfully during the Mardi Gras event in February 2006 in downtown San Diego. As part of this deployment, we developed a hybrid wireless networking architecture with several innovations including a dynamic addressing scheme; identified important issues with the 802.11 MAC protocol that restrict the MAC protocol from being dynamic enough to work with link dimensions; made significant progress in the design of routing protocols that use dynamic diversity approach; identified essential services and design of such essential services is in progress; and identified the effect of MAC layer contention resolution mechanism on the end-to-end throughput in a wireless mesh network with string topology. 

Progress in the Adaptive Cellular Networking System included: design of the InLET1-based simulator for networks, now in the early stages of development and being restructured along the lines of MetaSIM development; development of resource management strategies for use in today’s cellular networks during pre-, in-progress, and post-crisis situations; and development of a cellular networking simulator, also under restructuring along the lines of MetaSIM. 

Researchers have made significant progress in the Adaptive Information Collection System: we developed a prototype for a peer-to-peer information collection and dissemination system, and a cellular phone-based location tracking system. A significant change in the networking research group in Year 3 necessitated the addition of two project themes: theoretical research and project integration research that spanned across all the different sub-areas. The theoretical research group is studying the capacity problem in wireless mesh networks and is developing a new networking paradigm which acts on the emotional content in the data that is transferred across the network. The project integration group is effectively integrating the cellular location tracking system with a management portal. The key artifact that is being developed as part of this project is the ENS (Extreme Networking System), which is a portable, easy to deploy, reliable, and highly dynamic hybrid networking platform which can be used for facilitating communication networks on ground zero during a disaster. 

1 Internet Loss Estimation Tool 
Our progress in this project is on schedule and is consistent with the strategic plan, as far as the three sub-projects are concerned. In sub-project (a), we plan on achieving a modular routing framework that makes the ENS artifact highly flexible and hot swappable as far as networking protocol goes. In sub-project (b), we plan on integrating the InLET platform with the cellular network simulator within MetaSIM. We also plan on developing new solutions for improving the scalability of cellular networks during crises. In sub-project (c), we plan on developing the existing prototypes into production versions with more sophisticated trust algorithms built-in. The theoretical research group will focus on both building long-term theoretical solutions and a knowledge base in wireless mesh networking. Finally, one of the goals of Year 4 is the integration of the sub-projects into a single robust networking and information collection solution

SAMI Year 2 Annual Report

A1 MULTIMODAL ANALYSIS AND EXTRACTION

A1.1 Multi-modal Speech Recognition (UCSD/ B. Rao, M. Trivedi)

Cell phones are now equipped with cameras and microphones; in the future we could

expect hand-held devices that can collect data from multiple modalities: audio and video.

Audio speech recognizers, based on the acoustic waveform produced by a speaker,

have been extensively investigated, while visual speech recognizers – movements of the
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lips, tongue and other facial muscles of a speaker – have not. The goal of our research

was to improve robustness of speech-recognition systems by incorporating the

information from audio and visual domains into the speech-recognition framework.

We developed effective, real-time speech recognizers in the audio and video domains,

and a new framework to merge the audio and video recognizers. The video-assisted

audio speech recognizer we developed is robust to background noise which drastically

affects the performance of the audio speech recognizer, and does not break down in the

absence of any one of these streams of information. A general merging technique will

enable us to incorporate the possible inclusion of gesture and context-based speech

recognition in the future.

A1.2 Topic Extraction from Text (UCI/ P. Smyth)

In Year 2, topic extraction algorithms were successfully applied to news reports obtained

from the Web that were related to the December 2004 tsunami disaster, and the

resulting topic models were used as part of the framework for a prototype "tsunami

browser."

A1.3 Video Data Analysis (UCI/ P. Smyth)

We developed a general framework, including statistical models and learning algorithms

that automatically extract and learn models of trajectories of individual pedestrian

movement from a fixed outdoor video camera. This work was reported in a technical

report by student Sridevi Parise.

A1.4 Information Extraction from Text (UCI/ A. Meyers)

Natural language engineering methods were applied to extract information primarily from

three data sources: (a) tsunami web data set; (b) 9/11 World Trade Center police

transcripts; and (c) UCI Facilities problem reports. Extracted information supported

various research projects, including topic extraction, the “tsunami browser,” and a

facilities report browser. In some cases, databases were automatically constructed and

updated by the IE systems, and IE systems formed part of end-to-end integrated

demonstration systems. Extraction products included data

cleaning/normalization/conversion, categorization, bag-of-words, semantic cases

(entities, actions, spatial, temporal and other features), and events.

A1.5 Entity disambiguation

Unlike information sources that are based on sensory data, extracting information from

human-generated reports in free text can be problematic. The raw datasets in this latter

context are often inherently ambiguous, i.e., the descriptions of entities and relationships

are not sufficient to uniquely identify or “disambiguate” entities. For example, if a

particular report refers to a person named “J. Smith,” the challenge is to decide which J.

Smith the report is referring to. Similar challenges exist for city names. In Year 2, we

have made significant progress in designing several event disambiguation methods. For

example, a novel Relationship-based entity Disambiguation (RED) framework has been

developed that is currently capable of addressing two important disambiguation

challenges, that is, “reference disambiguation” and “object consolidation.” While

traditional methods, at the core, employ feature-based similarity to techniques to

address these problems, RED enhances the basic features of these techniques by also

analyzing relationships that exist between entities. Preliminary experiments using two

real datasets show that the analysis of relationships is significantly improved when RED

is employed.
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A1.6 Ontology Driven Event Extraction from Text

Event information needs to be extracted from reports, our initial focus being on text

reports. While information extraction has been a research and technology area for

decades, extracting events poses unique new challenges. We have initiated an

approach to event extraction from text that is powered by semantics-based technologies

such as ontologies. We are developing new, more expressive extraction methods using

ontologies, and leveraging on existing information extraction work from the information

retrieval (IR) and natural language processing (NLP) communities. Dr. Ashish who has

recently joined RESCUE is spearheading this effort.

A2 EVENT AWARENESS

A2.1 Event DBMS (UCI/ Mehrotra, Venkatasubramanian, Kalashnikov)

Many contemporary scientific and business applications, and especially situation

awareness applications, operate with collections of events, where a basic event is an

occurrence of a certain type in space and time. Applications that deal with events might

require the support of complex domain-specific operations that involve querying of

events; in many instances, the manipulation of information on events is common across

domains. Events can also be very diverse from application to application. However,

despite these diversities, commonalities can be found which link these events together,

e.g., type, time and location. We argue that many of such applications can benefit from

an Event Database Management System (EDBMS). Such a system should provide a

convenient and efficient way to represent, store and query large collections of events

that often evolve over time. The EDBMS is a core element of our situation awareness

toolkit. In Year 2, we have made progress in identifying the challenges that must be

overcome in order to create the system and have designed a high-level representation of

EDBMS, i.e., EventWeb view. The following discussions highlight progress in specific

areas of situation awareness and monitoring.

A2.2 Event Disambiguation (UCI/ Mehrotra, Venkatasubramanian, Kalashnikov)

Event disambiguation refers to the general problem of determining if two events

extracted from raw sensor information (including textual reports) refer to the same

incident. The problem of entity disambiguation described in A1.5 is a part of this event

disambiguation problem. Ambiguity in event descriptions may also arise from location

ambiguity, ambiguity in attribute values, ambiguity in relationships, etc. We have recently

initiated our work on disambiguating events which generalizes our work described in

A1.5. Our approach exploits context, knowledge of relationships and domain-knowledge

for disambiguating among events. The work is preliminary and the ideas are being

tested on 9/11 data sets we have collected. We hope to make significant progress on

this over the next year.

A2.3 Spatial Awareness from Reports (UCI/ Mehrotra, Venkatasubramanian,

Kalashnikov)

Situational awareness (SA) applications monitor the real world and the entities therein to

support tasks, such as rapid decision-making, reasoning and analysis. Raw input about

unfolding events may arrive from a variety of sources in the form of sensor data, video

streams, human observations and so on, from which events of interest are extracted.

Location is one of the most important attributes of events useful for a variety of SA tasks.

We are proposing an approach to model and represent (potentially uncertain) event

locations described by human reporters in the form of free text. We will analyze several
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types of spatial queries of interest in SA applications. We plan to design techniques to

store and index uncertain spatial information, to support the efficient processing of

queries. Our experimental evaluation over synthetic and real datasets will demonstrate

the efficiency of our approach.

A2.4 Knowledge-Driven Event Reasoning (UCI/ Mehrotra)

For analyzing and reasoning with events, we have the situational event information from

a particular instance. In addition, prior knowledge of the domain may prove to be useful

in analyzing or reasoning with events. For instance, prior specialized knowledge about

toxic chemicals may be useful in reasoning about a particular chemical attack or

dispersion situation. We are working on an approach to representing and reasoning with

such domain knowledge when reasoning with events. Semantics-based approaches,

such as ontologies, appear as suitable tools at this point.

A3 PEOPLE AWARENESS

A3.1 Modeling Car-Travel Activity of Individuals (UCI/ Dechter)

In Year 2, the research team has developed a probabilistic model, that given a time and

current GPS reading of an individual, can predict the destination of this individual and

his/her route. We are using the Hybrid Dynamic Mixed Network framework for modeling

this application. Some important features of the model include: a) inference of locations

where a person spends a significant amount of time; b) inference of an Origin-

Destination matrix for an individual that will also contain the number of times a user

moves between given locations; and c) answers to queries such as where a person will

be after 10 minutes or, whether a person is heading home or picking up his/her kids from

a day-care center. In the future, we will be seeking to extend this model to compute

aggregate Origin-Destination models for a region/town and model the behavior of

individuals in situations that involve traffic jams or accidents.

A3.2 Inferring “Who is Where” from Sensor Data

We have begun developing an archive of time-series data from the UCI campus that

relates to human activity over time on campus. Commercial "people-counter" devices

and software (based on IR technology for door entrances and exits) have been ordered

and will be tested in Year 2. If these devices work as planned, a small number will be

installed to collect data (in an anonymous manner) at the main CALIT2 building

entrances. To date, the following activities have been completed: (1) we have obtained

preliminary internet and intranet network traffic data from ICS support and NACS, such

as sizes of outgoing email buffer queues every 5 minutes, indicating email activity on

campus; (2) electricity usage data for the campus, consisting of hourly time series data,

has been collected; (3) current and historical class schedule and class size information

has been collected from relevant UCI Web sites; and (4) we have had detailed

discussions with UCI Parking and Transportation about traffic and parking patterns over

time at UCI and obtained various data sets related to parking. We have conducted

preliminary exploratory analysis of the various time-series data sets, including data

verification and interpretation, data visualization and detection of time-dependent

patterns (e.g., daily usage patterns). We have also developed an initial probabilistic

model (a Bayesian network) that integrates noisy measurements across multiple spatial

scales and that can connect measurements across different times. We are currently

working on how to parameterize this model and test it on simple scenarios.
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A4 DOMAIN INDEPENDENT DECISION SUPPORT TOOLS

A4.1 Graph Analysis Methods (UCI/ Mehrotra)

Events in the EDBMS model form a web (or graph) that is based on linkages

representing different relationships. The graph view of events, referred to as EventWeb,

provides a powerful mechanism to query and analyze events in the context of disaster

and/or situation assessment. Our goal has been to study general-purpose graph

languages and graph algebra that would allow the creation of EventWeb, and facilitate

analytical queries on top of it. We have developed a graph language called GAAL that

provides analytical capabilities to graphical data.

A4.2 Hybrid Bayesian Networks (UCI/ Dechter)

Hybrid Bayesian Networks are the most commonly used modeling framework for

characterizing real-world phenomena using probabilistic information on discrete and

continuous variables. However, when deterministic information is present, its

representation in Hybrid Bayesian Networks can be computationally inefficient. We have

addressed this problem by introducing a new modeling framework called Hybrid Mixed

Networks that extends the Hybrid Bayesian Network framework to efficiently represent

discrete deterministic information.

A4.3 Hybrid Dynamic Bayesian Networks (UCI/ Dechter)

Most real-world phenomena like tracking an object/individual also require the ability to

represent complex stochastic processes. Hybrid Dynamic Bayesian Networks (HDBNs)

were recently proposed for modeling such phenomena. Fundamentally, these are

factored representations of Markov processes that allow for discrete and continuous

variables. Since they are designed to express uncertain information, they represent

deterministic constraints as probabilistic entities which may have negative computational

consequences. We have addressed this problem by introducing a new modeling

framework called Hybrid Dynamic Mixed Networks that extend Hybrid Dynamic Bayesian

Networks to handle discrete, deterministic information in the form of constraints. A

drawback of the frameworks above is that they are not able to represent deterministic

information on continuous variables or a combination of discrete and continuous

variables. We are currently seeking to overcome this drawback by extending our

modeling frameworks with a special emphasis on addressing these variants.

A4.4 Approximate Algorithms for Inference (UCI/ Dechter)

Once a probabilistic model is constructed, a typical task is to “query” the model. In the

literature, this is commonly referred to as an “inference problem.” In Year 2, we have

focused on the development of various inference algorithms that will support the network

frameworks above. Since the general inference problem is NP-hard in Hybrid Mixed

Networks, we have resorted to approximate algorithms. Two commonly used

approximate algorithms for inference in probabilistic frameworks are Generalized Belief

Propagation and Rao-Blackwellised Importance Sampling. We are seeking to extend

these algorithms to Hybrid Mixed Networks. Extending Generalized Belief Propagation

to Hybrid Mixed Networks is straight-forward, however, a straight-forward extension of

Importance Sampling results in poor performance. To address this problem, we are

working on a new sampling algorithm that uses Generalized Belief Propagation as a preprocessing

step. Our results so far indicate that our new algorithm performs better than

the straight-forward extensions of Generalized Belief Propagation and Importance

Sampling, when viewed in terms of approximation error. This new algorithm also allows

a balancing of time with accuracy in a systematic way. We are also adapting the
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algorithms above to Hybrid Dynamic Mixed Networks that model sequential stochastic

processes.

A5 DOMAIN-DRIVEN DECISION SUPPORT TOOLS

A5.1 A Centralized Web-Based Loss Estimation Methodology

(ImageCat/ Eguchi, Huyck, Chung, Mio, Cho)

In Year 2, significant progress has been made in creating a centralized web-based loss

estimation and transportation modeling platform that will be used to test and evaluate the

efficacy of Information Technology (IT) solutions in reducing the impacts of natural and

manmade hazards on transportation systems. The web-based simulation platform

(INLET for Internet-based Loss Estimation Tool) incorporates a Geographic Information

System (GIS) component, a risk-estimation engine, and a sophisticated transportationsimulation

engine. When combined, these elements provide a robust online calculation

capability that can estimate damage and losses to buildings and critical transportation

infrastructure in real time during manmade or natural disasters. A Beta version of this

internet web-based program has been developed using Active Server Pages (ASP) and

Java Script to dynamically generate web pages, Manifold IMS as a spatial engine, and

Access as the underlying database. The basic components of this system have been

tested and validated in the calculation of building losses and casualties for a series of

historic earthquake events in Southern California. Preliminary system models have been

created that are based on two major components: disaster simulation and transportation

simulation. These two components interact with an information-acquisition unit which is

where the disaster event is detected and where disaster information is distributed. The

information-acquisition unit also represents where the IT solutions will emerge in the

Transportation Testbed. The Transportation Simulation component represents where

detailed modeling takes place and where transportation system performance is

assessed based on data and information collected on the extent and severity of the

disaster. In the Disaster Simulation component, the impact of the disaster in terms of

economic losses and other impacts (such as casualty levels) is calculated. In this

scheme, the results of the disaster simulation will also feed directly into the

transportation simulation engine to identify damage to key transportation components

and to assess probable impacts (such as traffic delays or disruption) to the

transportation system.

Loss Estimation. Immediately following a significant disaster, it is difficult to obtain a

clear vision of the magnitude and spatial distribution of damage. In the years following

the 1994 earthquake, many earthquake researchers focused on the development of loss

estimation tools to address this deficiency. INLET serves not only as a tool for simulating

events to test the integration of technology into emergency response; it will become the

first online real-time loss estimation system available to the emergency-management

and response community. The loss-estimation utility uses simplified damage functions

from freely-available models and restructures publicly-available GIS databases to

harness SQL for all calculations. The result is an online loss-estimation tool optimized for

speed. Additionally, INLET will use scripts triggered by an actual earthquake to estimate

losses from USGS ShakeMap ground motion estimates.

Transportation. INLET incorporates the functionality of a full stochastic dynamic

network assignment model with destination choice, and incorporates additional research

addressing traffic disruption following manmade and natural disasters. For example, the

model currently illustrates how awareness of a disaster scenario and familiarity with

routing alternatives can impact traffic congestion and evacuation time. Additionally, the
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model will also estimate bridge damage and the economic impacts associated with

disruption of transportation systems.

A5.2 Optimal Routing of Emergency Vehicles (UCI/ Shinozuka)

In Year 2, relevant data on search and rescue activities, ambulance availability,

highway/street conditions, hospital conditions and capacities has been collected and is

being analyzed. This research is directed at defining research priorities and issues

associated with post-disaster transportation. In one context, the movement of

emergency vehicles (ambulances) is considered for a particular area in Orange County.

In order to demonstrate the efficacy of these models, a large earthquake on the San

Joaquin fault has been modeled. Earthquake was selected because it represents an

event that can damage and cause disruption to many parts of a transportation network.

To support this platform, researchers are working on simulation techniques for routing

injured people to acute hospital facilities using optimized linear programming techniques.

A prototype of this simulator will be integrated into the Transportation Testbed as module

in INLET. In addition to these routing algorithms, UCI researchers are developing

improved damage or fragility models for highway bridges. So far, we have quantified the

ductility capacity of various bridge damage states using data and information from the

1994 Northridge earthquake. These models will eventually be incorporated into INLET

as part of the network-simulation model.

A5.3 Bayesian Analysis of Informant Reports (UCI/ Butts)

Building on the informant-reporting model developed in Year 1, UCI has worked to

collect a data set for model testing and validation in the disaster context. In particular, a

systematic data-collection framework was created for monitoring news items posted to

English-language weblogs, based on a total sample of approximately 1800 blogs

monitored four times per day. This framework was in place at the time of the Boxing Day

Tsunami, and as such was able to collect initial reports of the disaster (as well as

baseline data from the pre-disaster period). Monitoring of the sample was continued for

the next several months, yielding a rich data set with extensive intertemporal information

(approximately 650,000 documents at more than 350 time points). In Year 3, this data

set will be used to calibrate and validate the intertemporal informant-reporting model for

crisis-related events.

A5.4 Vertex Disambiguation within Communication Networks (UCI/ Butts)

In Year 2, work has begun on statistical models for vertex disambiguation in the context

of data derived from communication transcripts. Transcripts of responder radio

communications at the World Trade Center (WTC) are being utilized as the test case for

this analysis. Based on heuristics developed by a human coding of the radio transcripts,

a discrete exponential family model has been developed for maximum likelihood

estimation of a latent multigraph with an unknown vertex set. This model utilizes

contextual features of the transcript (e.g., order of address, embedded name or gender

information, etc.) to place a probability distribution on the set of potential underlying

structures; the maximum probability multigraph is then obtained via simulated annealing.

This model has been applied to the WTC test data, where results appear to be roughly

comparable to human coding. Further refinement of the model in Year 3 is expected to

enhance performance vis-à-vis the human baseline.
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Information Analysis 
This thrust area involves related research activities that focus on extracting useful information (from the perspective of crisis workers) from raw data (sensor data, text, voice, and video streams) and assimilating/fusing data across multiple modalities to make higher-level observations. Specific research areas include: 

􀂃Event Extraction from Multimodal Data Streams – to develop analysis techniques that extract events useful for damage assessment and decision support from multimodal data streams (speech, video, sensor) collected as part of a human-as-sensors paradigm. 

􀂃Adaptive Filtering of Event Streams - to develop an adaptive filtering strategy for monitoring crisis-related event streams. 

􀂃Damage and Impact Assessment - to develop novel damage assessment strategies that exploit the aforementioned post-event information analysis and event extraction techniques for accurate loss estimation. 

Research Priorities: Techniques for classification and categorization of online text-based “event reports”; Techniques for integration of multiple reports over time into coherent events, using ideas from hidden Markov models, stochastic grammars, and dynamic Bayesian networks; Develop both real and simulated testbed datasets, such as freeform text from Web-based trouble-reporting systems, to support the empirical evaluation; Fragility models for loss estimation; Traffic simulation analysis tools; Simulation of natural and manmade threats; and Loss estimation models for large, transportation networks. 

Major Activities and Findings: 

􀂃Robust feature extraction methods are an important mechanism for developing robust speech recognition systems. Work at UCSD (B. Rao) is expanding on the MVDR framework of feature extraction. The MVDR method is a frequency and data dependent filter bank approach that provides a powerful mechanism for dealing with the dynamics associated with speech signals. This is in contrast to FFT-based methods that are frequency and data independent. The computational complexity of the MVDR method is also quite reasonable making them attractive. UCSD’s initial experimentation with this method has been quite promising. However, much remains to be done in terms of analytically quantifying the improvements. In addition, there are many other avenues for harnessing the MVDR framework for developing robust speech recognition systems and these will be explored in future work. 

􀂃UCSD (B. Rao) is also working on the development of multi-microphone based speech recognition systems. Spatial processing using multiple microphones provides an unique mechanism for dealing with environmental noise. UCSD work is beginning with a framework of joint spatial and temporal processing methods for robust recognition. This is in contrast to optimizing the spatial and temporal processing in a decoupled and independent manner. In addition to the signal processing, the experimental framework has to be developed as most databases available are single microphone based. UCSD has completed the background work necessary for transitioning into the development of robust multi-microphone based speech recognition systems. 

􀂃Significant progress has been made by ImageCat in transitioning loss estimation models from a desktop to online environment through the development of an open, non-proprietary online mapping system. Remote sensing technology is being integrated into this system as a new element, with the ultimate vision of using images from satellites or UAVs (unmanned aerial vehicles) to validate loss model estimates. In addition, there is a strong visualization element that will help portray results to end-user communities in more effective ways. Current efforts are beginning to address the next-generation of building damage functions, hazardous materials release and impact models, and transportation models that will support the implementation of emergency rerouting algorithms for large-scale disasters. 

􀂃Developing suitable filtering techniques is critical to the RESCUE project, especially in information sharing and dissemination. UCI (Mehrotra) is conducting research to adapt existing filtering algorithms in text information retrieval to apply in crisis settings. UCI has developed a set of new techniques that are specially designed for structured and semi-structured data. A demo system has been built to illustrate the basic ideas of adaptive filtering. The demo system has been connected to the CAMAS testbed, which uses UCI facility report data as initial events. A location map with geo-referenced information has been mapped to mobile devices (HP iPAQ) that are being used by field agents. The event server is able to receive new events and disseminate information on the events to individual mobile devices based on individual profiles stored on the server. Field agents are using the mobile devices to provide important feedback on the event back to server, and server updates the profile accordingly. 

􀂃Spoken language understanding and event extraction from speech has been a major focus of research being conducted at UCI (Mehrotra). A survey conducted by RESCUE researchers shows that representing events as text is not sufficient to achieve accurate results. More accurate representations that allow comparison of locations, times, involved parties and objects of the events must be developed. It is also necessary to develop similarity measures between the features of the event. The similarity may be domain dependent as well as context dependent within a domain. UCI is investigating the possibility of representing events in terms of their features rather than only the text features given in the report. Although the event features are based on text features, as the events evolve and new features about the event start to appear in reports, these features can be extracted and added to existing event features. Reports coming later may be compared against the features of the event rather than previous reports and similarity may be acquired more accurately. 

The proposed method may be useful especially with unstructured speech data such as phone calls to a 911 dispatch center. In contrast to speech transcripts from broadcast news, phone conversations do not originate from previously edited text and may contain a lot of incomplete sentences with grammatical, even logical errors. A full syntactic and semantic parsing may not be necessary and may not yield successful output due to the nature of the data. However, an event-based method such as the one presented above may capture considerable information from the reports. 

􀂃UCI (Mehrotra and Kalashnikov) is also working on data cleaning approaches. Current data cleaning methods concentrate on identifying the same records in two flat tables (or eliminating duplicates from a single table). To achieve this, these approaches rely on comparing values in the attributes of those records. However, many datasets can be viewed as a collection of entities linked via relationships. So far, these relationships are largely ignored by traditional data cleaning approaches. UCI views this research as a first step towards shifting from the paradigm of merging two flat tables to the paradigm of merging two databases in the context of data cleaning. They show how to combine the traditional data cleaning approaches with graph-based relationship analysis techniques to achieve higher disambiguation accuracy. UCI also views the underlying database as a graph of entities connected via relationships. 
At the core of this approach lie algorithms for computing the degree of connectivity between two nodes in the graph. UCI has studied such algorithms: one is defined by the weight-based model (WM) and the other is defined by the probabilistic model (PM). They have developed several optimization schemes that are crucial for scaling the approach to large datasets. UCI has shown that in this approach (for both WM and PM), a given data cleaning problem is reduced to a corresponding non-linear programming (NLP) problem. 

􀂃UCI (Mehrotra and Seid) is addressing complex analytical querying and mining of large attributed graph data, e.g., data in a wide variety of applications that are characterized by heterogeneous entities/events with heterogeneous relationships among them. Such data are best modeled as attributed graphs that can explicitly represent both attribute and structural (relationship) aspects. Examples of such data are found in intelligence link analysis, geographic information systems (e.g. spatially embedded graphs like transportation networks and various utility networks), social network analysis, web data mining, and bio-informatics. Although database systems can easily store such data, they do not yet provide a mechanism (language) to easily query such data. The first aim of this research is to design and implement a minimal, yet powerful query language for attributed graphs that can be incorporated in database systems. The research also aims to go beyond supporting ad hoc querying to develop novel data analysis operations that facilitate exploratory analysis as well as discovery (mining) of interesting patterns over attributed graphs. 

􀂃For video and pedestrian traffic data analysis, statistical learning and data mining techniques are being used by researchers at UCI (Smyth). Probabilistic generative models have been constructed for observed data using dynamic Bayesian networks whose structure captures both spatial and temporal constraints that are natural to both pedestrian and traffic movement. Statistical learning techniques have been used to fit the parameters of these models to observed time-series and video data. Since the models will typically be intractable from a computational viewpoint, Monte Carlo sampling techniques have been employed for model learning. Special-purpose inference and prediction algorithms are now being used to allow for real-time applications that combine the models of historical behavior with current data, enabling anomaly detection, situation assessment, and forecasting. Some key findings include: a) trajectories of individual pedestrian movement can be automatically and reliably extracted from outdoor video images; b) these trajectories can be used to construct stochastic models for pedestrian movement by decomposing each trajectory into local linear movements between landmarks in the scene – these models can simulate pedestrian motion in a manner that is virtually indistinguishable from real pedestrian motion; c) automatically learning the structure and parameters of these models from sets of trajectories is a challenging statistical learning problem; and d) researchers in this study have developed specialized algorithms that can detect anomalous and unusual trajectories by scoring trajectories according to their likelihood under the model, and make online predictions based on partial trajectories of what location an individual is likely to be moving towards. 

Possible applications of this research include simulation of motion in computer graphics, video surveillance, and architectural design and analysis. The models are based on a combination of Kalman filters and stochastic path-planning via landmarks, where the landmarks are learned from the data. A dynamic Bayesian network (DBN) framework is used to represent the model as a position-dependent switching state space model. UCI illustrates how such models can be learned and used for prediction using the block Gibbs sampler with forward-backward recursions. The ideas are illustrated using a real world data set collected in an unconstrained outdoor scene. 

􀂃UCSD (Jafarian, R. Rao) has developed an Enhanced Multimedia Messaging Service by adding capabilities to classify the incoming images sent to the server by users. Researchers would ideally like to know whether each image has good quality and correct orientation, whether it is a duplicate or not, what event it depicts, etc. This would enable the cell phone operators to remove all the spurious data that is clogging their servers. The service could essentially make each mobile user into a photographer whose reports would be available to the whole world. However, the received data would undoubtedly be unstructured and of widely varying quality. The server-side processing applied by the cell phone operators would simply dump all the incoming data into a single directory. Images of many different events and all of the events would be grouped together in a single depository and the bad quality images would be classified into another category or eliminated. 

􀂃UCI (Butts) has made significant progress in formalizing analysis procedures relating to informant reports. Effective decision making for crisis response depends upon the rapid integration of limited information from possibly unreliable human sources. In this project, a hierarchical Bayesian modeling framework has been developed for the analysis of informant reports which allows simultaneous inference for informant accuracy and for an underlying event history. This model permits use of information regarding classes of informants, as well as individuating information where available; thus, it can be deployed in environments wherein privacy or data collection constraints do not permit identification of informants at the individual level. Contextual information on events (including known dependencies in event timing, e.g., the geometry of storm tracks or fire spreading) is also included, as is covariate information linking informants to the events on which they report (e.g., distance from reported event, where informant localization is possible). Algorithms have been developed for obtaining both point estimates and posterior draws for the model, the latter via a random walk Metropolis algorithm (a Markov Chain Monte Carlo technique). 

This model has primary applications in situation assessment for complex crisis situations, reconstructive analysis of disasters, and prediction of ongoing hazards such as tornadoes and wildfires. Secondary applications include the analysis of data from unstructured interview or survey data, ethnographic observation, and studies with endogenous selection mechanisms. A preliminary evaluation of model behaviors has been carried out using Monte Carlo simulations with known event structures. Current efforts involve the collection of empirical data to validate the model, and refinement of the MCMC algorithm to reduce computational cost. 
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