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Overview of Selected Projects
The Purdue Multimedia Support Infrastructure project has built the necessary networking and database infrastructure to support experiments on end-to-end delivery of multimedia data.  During the five years of this project, we have designed and built several prototype systems to experiment with and demonstrate tools and algorithms for streaming databases and Quality of Service (QoS) enabled networks.  Four of these systems are briefly described here.  Profs. Walid Aref, Elisa Bertino, Chris Clifton, and Sunil Prabhakar are senior personnel on this project and have conducted and supervised the database projects listed below.
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Figure 1:  The OpenSesame tool allows users to view real-time content over resource limited networks.
The most recent quality-of-service tool, OpenSesame, is a legacy-compatible scalable real-time content distribution system that allows turnkey, high-performance, user-sensitive multimedia streaming.  Presently, OpenSesame is available to selected members of the Purdue Computer Science Department who use it to receive cable TV on their desktop, laptop, or handheld computer.

OpenSesame allows resource contention algorithms to be benchmarked and evaluated with real users, continuing in the broadband wireless arena where Berkeley's influential INDEX project left off.  Resources under contention include shared cable channels, bandwidth, and QoS.  System-wide stability, efficiency, and user satisfaction are being studied under a range of policies, including market-oriented priority control.

The Nile System
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Figure 2: The spatio-temporal application using the Nile system.

We have developed STEAM, a stream database system that allows for the processing of continuous and snap-shot queries over data streams. Specifically, we focus in this report on the query processing engine, Nile. Nile extends the query processor engine of a prototype object-relational database management system, to process continuous queries over data streams. Nile supports extended SQL operators that handle sliding-window execution as an approach to restrict the size of the stored state in operators such as join. More specifically, Nile supports the following features: (1) Efficient and correct pipelined execution of sliding window queries over multiple data streams. The correct execution is enforced by two novel pipelined scheduling approaches: the Time Probing approach and the Negative Tuple approach. (2) Scalability in terms of the number of queries and the number of data streams. (3) Access control to accept/register new continuous queries and new streams. (4) Providing guarantees for Quality of Service and Quality of Answers. (5) Online stream summary manager. (6) Integrating online data mining tools in query processing over data streams. (7) Approximate window join processing and joining in a network of data streams.

Nile uses several approaches to schedule the pipelined execution of sliding window operators. The first approach (Time Probing) uses window-based operators; the second approach (Negative Tuple) uses a special operator, W-Expire, to emulate tuple addition to and subtraction from the window content. In addition, the Negative Tuple approach alleviates the operators from checking the window constraint. The third approach (Hybrid) approach uses a mix of the first two approaches. Nile introduces several window operators, besides window join, such as sliding window DISTINCT, Aggregate, and Set operations. In addition, Nile implements each operator as a separate preemptive system-scheduled thread. The operators communicate with each other through a network of FIFO queues.  

Nile provides flexile interface to define new streaming sources and execute sliding window queries. Based on the Nile system, we have integrated retail applications, spatio-temporal applications, and video security systems. The applications use real data sets that include retail transactions from Wal-Mart stores, spatio-temporal data, and video data streams.

The VDBMS System
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Figure 3:  The Video Database Management System (VDBMS).

The VDBMS video database management system is designed to support a full range of functionality for video as a well-defined abstract data type, with the goal of providing video-based applications with all the powerful functionality generally provided by database management systems. In particular, VDBMS supports query processing for content-based query, search and retrieval of video data. An efficient high-dimensional indexing mechanism was implemented in VDBMS to handle searching against video content, and new operators were defined for video query processing, such as nearest neighbor search and query by sample image for processing  similarity queries. The VDBMS query processor has been designed to consider video methods and operators in generating, optimizing, and executing query plans. Additional supporting components are developed to complete the system, including a stream manager, query-based buffer management policies for effective real-time streaming, and pre-processing tools to generate visual features and other video metadata for the content representation used in video query processing. The VDBMS framework ensures that video-based applications are provided with full video data processing functionality.

We have extended the VDBMS concept of the video data type (VDT) to handle general data streams, and the capabilities of VDBMS have been advanced to support a new VDBMS stream data type (SDT). This includes the development of a new stream manager to operate as an interface between outside stream-producing devices and internal processing, a StreamScan operator, operators for handling continuous queries, and support for multiple continuous query optimization and execution. Since video data can be represented as a sequence of consecutive image frames, then video data can be viewed as a data stream, where each data item represents a single image frame. Video query processing can then be regarded as an example of stream query processing and we can express video streaming operations (such as the blurring of specific regions of frame content and fast forwarding) as continuous queries over data streams. From this viewpoint, video processing emerges as an application of stream data processing. Numerous complex operations over video data can be expressed as continuous queries over streams. In fact, with increasing research in online video analysis and online feature extraction, a wealth of information can be streamed in parallel with the stream of video frames.

EduMed
EduMed is a prototype of a medical education system to support rapid classroom access to online, interactive multimedia medical materials for teaching and learning.  The system handles ad hoc video queries based on keywords assigned to video clips, returning representative (key) frames to identify selected clips, and providing quality streaming playback for retrieved video clips. 
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Figure 4: The EduMed system provides medical students and educators with content-based access to a database of instructional video sequences.
The EduMed project has brought together researchers, medical practitioners, educators, service providers, and product developers to create an infrastructure for the research, development and delivery of multimedia medical data that could support (1) management and use of multimedia data, (2) annotation of medical video data with text and audio commentaries by physicians, (3) content-based search and retrieval of video data using indices built from the annotations, (4) image-based search and retrieval of video data using meta-data generated by image processing techniques, and (5) coordinated storage and retrieval of video data from remote sites. 

The development of this prototype was based on four separate activities: (1) the technology transfer of advanced multimedia functionality to the database engine, TITANIUM, marketed Micro Data Base Systems, Inc., (2) joint efforts with Indiana University Centers of Medical Education to produce relevant, high quality medical education videos, compress them into MPEG format and apply semantic- and image-based processing to create appropriate medical meta-data to describe video clip content, (3) collaborations with faculty from the IU School of Medicine to determine user requirements and functional specifications, and (4) multidisciplinary applications-oriented research and development at Purdue University to create a viable prototype. Cooperative efforts with the Technology Transfer Initiative (TTi) of the Krannert Graduate School of Management produced a commercialization plan for EduMed.

This extensive effort, especially the development of the central core Video Database Management System, could not have been possible without the support of this National Science Foundation grant.

Summary of Equipment Purchased To Date
	MSI-NSF Equipment Summary
	
	
	

	
	
	
	
	
	
	

	Networking
	
	
	
	
	

	Cisco routers for QoS experiment
	
	$235,300.00
	

	Intel Workstations
	
	
	
	$112,162.00
	

	Sun Workstations
	
	
	
	$10,982.00
	

	Intel-based portables laptops and tablets
	
	$40,385.00
	

	Handheld Devices
	
	
	
	$6,243.00
	

	Networking equipment 
	
	
	$21,929.00
	

	
	
	
	
	
	$427,001.00
	

	
	
	
	
	
	
	

	Databases and Storage
	
	
	
	

	Sun E450/A1000 database servers
	
	$53,197.00
	

	Sunblade 1000/2000 equipment
	
	
	$89,532.00
	

	Intel-based storage server
	
	
	$67,190.00
	

	Dell-based multimedia servers
	
	
	$20,858.00
	

	Intel-based workstations
	
	
	$54,704.00
	

	Intel-based portables laptops and tablets
	
	$35,161.00
	

	Sun workstations upgrades/PCI cards and memory
	$4,112.00
	

	Apple Computer equipment
	
	
	$23,397.10
	

	
	
	
	
	
	$348,151.10
	

	
	
	
	
	
	
	

	Image Compression
	
	
	
	

	Intel-based workstation
	
	
	$5,653.00
	

	SGI high resolution Display
	
	
	$2,335.00
	

	KVM equipment
	
	
	
	$6,065.00
	

	Dell Workstation
	
	
	
	$1,466.64
	

	Dell Optiplex
	
	
	
	$2,596.00
	

	Plasma displays/LCD monitors
	
	
	$33,616.60
	

	Networking equipment-Data racks
	
	$3,250.00
	

	Camera equipment
	
	
	
	$338.00
	

	
	
	
	
	
	$55,320.24
	

	
	
	
	
	
	
	

	Applications
	
	
	
	
	

	Futuretel MPEG-2 encoder
	
	
	$5,520.00
	

	Sony camcorder
	
	
	
	$7,104.00
	

	Video accessories
	
	
	
	$2,900.00
	

	Laptop computer for distance learning
	
	$10,146.00
	

	Laptop accessories-
	
	
	
	$3,600.00
	

	Workstation/printer accessories
	
	
	$1,062.00
	

	Videoconferencing stations and streamer
	
	$22,398.00
	

	Printers
	
	
	
	
	$1,700.00
	

	
	
	
	
	
	$54,430.00
	

	
	
	
	
	
	
	

	ECE-Ghafoor
	
	
	
	$135,489.00
	

	
	
	
	
	
	
	

	
	
	
	
	TOTAL
	$1,020,391.34
	

	
	
	
	
	
	
	


The Nile Demo: Application #1 Traffic Monitoring





Specify monitoring query





Specify region of interest





Queries result





Specify threshold





Traffic Simulation for the City of Lafayette, IN.
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