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ABSTRACT

Video can be a relatively low impact and effective tool for collecting fisheries-related information. As more studies employ video data, it is essential to have an efficient system for managing the ensuing hundreds or thousands of hours of video and the associated video annotation information. MBARI’s Video Annotation and Reference System (VARS) is a working example of a system for managing large amounts of video data.


The Monterey Bay Aquarium Research Institute (MBARI) uses high-resolution video equipment to record over 300 remotely operated vehicle (ROV) dives per year. Over the past sixteen years, 16,000 videotapes (equates to over 12,000 hours) have been archived and managed as a centralized institutional resource. MBARI has developed a custom software and hardware system, VARS, to facilitate the creation, storage, and retrieval of video annotations based on ROV dive tapes. The VARS components reference a knowledge database of over 3500 biological, geological and technical terms. This hierarchical information allows for consistent and rapid classification, description, and complex querying of objects observed on video. MBARI currently has over 1.8 million annotations stored in the VARS system. These annotations have been used in over 200 professional publications and presentations, in addition to numerous education and outreach projects. These publications span multiple sub-disciplines within biology, geology and chemistry.


An operational VARS suite consists of a relational database, a videotape recorder (VTR) that supports the Sony 9-pin protocol over RS-422, and the three VARS applications: Knowledgebase, Annotation, and Query. The relational database is used as a centralized repository for storing the knowledgebase data and annotations. Each VARS application is responsible for different aspects of the information stored in the database. The Knowledgebase application is used for managing the controlled vocabulary for creating and searching for annotations. Annotations and images captured from the video are added to the relational database through the Annotation application. The Query application provides simple, convenient access to the annotations, video images, and related ancillary data.


VARS was expressly designed so that other institutions could easily adopt it and in 2005 was released as open-source software. This presentation will give an overview of the capabilities of the VARS system and showcase examples of video analyses that could be applied to fisheries research. More information about VARS as well as a VARS demonstration application can be obtained at http://vars.sourceforge.net.
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INTRODUCTION

As technologies have improved and the costs of deploying systems capable of collecting underwater video have declined, video has become a common method for data acquisition in ocean sciences. For example, a search on Google Scholar [1] for ‘video fish’ returns over 46,000 references. Video has a number of appealing qualities as a tool for collecting fisheries data; most notably, it is a non-destructive method for assessing both target and non-target species in fisheries [2]. It is also a very effective tool for communicating complex information to researchers, policy makers and the general public. Video does have some drawbacks; one of which is that, if a video collection grows beyond a certain size, locating events or objects of interest becomes a challenge.  One technique for managing a video collection is to create video annotations. A video annotation is primarily composed of three pieces of information: a reference to the video source, an index to locate an object in the video source and a description of the object of interest. Most video is currently recorded onto videotapes, so the video source is a unique identifier for a particular videotape; the index is typically a time code.


The Monterey Bay Aquarium Research Institute (MBARI) uses high-resolution video equipment to record over 300 remotely operated vehicle (ROV) dives per year. More than 16,000 videotapes (equates to over 13,500 hours) have been archived and managed as a centralized institutional resource since 1989. MBARI’s mission emphasizes a peer relationship between engineers and scientist. Through this relationship, MBARI has developed a software system, Video Annotation and Reference System (VARS), to manage its video collection. VARS allows researchers to create, store and retrieve video annotations based on the ROV videotapes.
OVERVIEW of VARS

About VARS

In 2005, MBARI released VARS as a freely available open-source software project [3]. Any individual or organization is free to set-up and use VARS to manage video collections. An operational VARS system (Fig 1) typically requires a relational database server, a web server, a professional-grade videotape recorder (VTR), an optional video-capture card and the three VARS applications: Knowledgebase, Annotation and Query. For smaller video collections or for organizations with simple video management requirements VARS can be run with only the three VARS applications, a small database server that comes bundled with the VARS software, and a professional grade VTR.

The relational database server is the centralized repository for storing all data created and used by the VARS applications including the annotations, user settings and the knowledgebase data. The knowledgebase data is the core of the VARS system. It consists of a hierarchical tree of concepts, where a concept is a single node in the knowledgebase hierarchy, which can be used to create annotations. The shared knowledgebase provides several benefits when used to create annotations. First, annotations are always correctly spelled, greatly increasing the reliability of searches of the annotation database. In addition, the knowledgebase allows several names or terms to be applied to a particular concept. This allows annotations to be created using terms that are familiar to an individual researcher. For example, the terms ‘market squid’ and ‘Loligo opalescens’ are equivalent in MBARI’s version of the knowledgebase and can be used interchangeable in the VARS applications. Finally, the hierarchical structure of the knowledgebase allows for modelling of phylogeny. This greatly extends the power of searchers and allows observed organisms to be annotated down to species level while still preserving the ability to retrieve them in more generic searches. For example, a search for the term ‘squid’ can be extended to return all species of squid stored in the knowledgebase. 
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Figure 1: VARS Deployment Diagram

VARS is currently designed to annotate videotapes, although we expect to add the ability annotate video files in 2007.  In order for VARS to associate an annotation with a particular frame on the videotape, a method of communicating with a VTR is essential. The most common protocol for communicating with a VTR is the Sony 9-pin protocol over RS422. This protocol is supported by many professional-grade VTRs. VARS uses this protocol for: controlling the VTR operations, reading time code information, and for reading and writing UTC time and date to a track on the video tape. When a video is annotated after being recorded, VARS can read the time from this track and use it to note the moment in time when a video frame was recorded. Annotations that have date and time information can be linked to other scientifically relevant data, such as latitude, longitude and depth. 


MBARI researchers have found that associating images captured from the video with an annotation is very useful. VARS supports image capture with any QuickTime [4] compatible frame capture card. Captured images can be uploaded to a web server by VARS. By hosting the images on a web server, images can be retrieved using the Query application.

VARS User Interfaces


The VARS applications, Knowledgebase, Annotation, and Query, each perform a distinct function for interacting with the relational database server that stores the knowledgebase and annotation data. These applications are cross-platform and can be run on a variety of computer operating systems.

The Knowledgebase application is used to create and modify the knowledgebase data. The knowledgebase data functions as a dictionary of terms and defines the relationships between concepts. The knowledgebase also stores detailed descriptive information for each concept such as physical descriptions, taxonomic history, references and images.
The Annotation Application is used for creating annotations and capturing images. Annotations can be created using only the concepts found in the knowledgebase. One of the design goals of the Annotation application was to allow users to create annotations in both real-time and after the video has been recorded. To facilitate this goal, the Annotation application features a customisable user interface; concept can be dragged from the knowledgebase onto tabbed panels allowing the user quick access to frequently used terms. 

Annotations can be retrieved using the Query application. The Query application allows for complex querying and sub-setting of the annotations. Researchers can search using common names or synonyms and ancillary data, such as position, salinity, and temperature, which are associated with an annotation can be retrieved. At MBARI, the Query application is available using Java Web Start [5]. This allows the Query application to be deployed throughout an institute without requiring the end user to manually install any software applications. The results of a query, including textual data and images, can be saved to a local computer.  MBARI makes a subset of the archived video annotations available to the public; the public Query application can be launched from http://varspub.mbari.org/webstart/varsquery.jnlp.

Obtaining VARS


VARS was released as open-source software in 2005 under the LGPL license [6] and is free for anyone to use. The VARS software can be downloaded from http://vars.sourceforge.net [3]. Directions for installing and modifying VARS can also be found at that web site. The download comes with a database server suitable for small deployments and testing. It also includes Knowledgebase data that can be extended and modified to suit individual needs. 
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