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I. Introduction

After SEACOOS data are collected and aggregated, visualization procedures are implemented to represent this data for constituent user groups.  These procedures provide immediate feedback and validation of SEACOOS data aggregation efforts, quickly addressing integration issues about data projection and resolution.  These procedures are built using open source solutions where possible.  The methods presented below encompass a significant amount of development work that has coalesced into a robust data visualization effort.  This effort is an initial step toward leveraging SEACOOS project data into national and international ocean observing efforts.

 This documentation is intended to serve as both an overview of the SEACOOS data visualization efforts and a technical reference (under development).  Each section contains a topical overview followed by sections on technical details and implementation requirements.

II. Database Specs

SEACOOS uses the open source PostgreSQL relational database to store in-situ and remotely sensed data collected from project partners.  PostgreSQL can be accessed by a number of front-end applications and can also be enabled for spatial querying and mapping.  This enablement is achieved using the PostGIS extension for PostgreSQL.  PostGIS adds several geometric objects to the supported datatypes in PostgreSQL.  This combination can then function as the spatial database engine for all subsequent SEACOOS data visualization.   

A. PostgreSQL database


SEACOOS data is stored in two PostgreSQL database instances at the University of South Carolina (USC).  One instance contains the in-situ observations and remotely sensed data.  The other contains model output data and duplicate in-situ observations, used for “round-robin” updating.  The databases are partitioned into separate tables for each in-situ observation variable, remotely sensed raster layer, and model variable layer per hour.  The remotely sensed tables do not house the actual images but pointers to the image files and their ancillary boundary files.  The database is used to execute raster queries, which require the image RGB values to be referenced against a look-up table of actual variable measurements.  

1. Remote Sensing idiosyncrasies (content under development)

Processing by Charlton – e.g., composite procedure, etc
Storage – file system with pointer stored in PostgreSQL?


Access by mapfile – lookup tables and projection files?
2. Implementation details (content under development)
PostgreSQL database schema

Database massaging for visualization purposes - fields added?

How to access the PostgreSQL instances for mapping


“Data” parameter in mapfile

B. PostGIS Geospatial Enablement 

The PostgreSQL database is “spatially enabled” using the PostGIS extension, creating a back-end spatial database.  This extension converts the raw locations of SEACOOS observation data and stores them in a GIS-accessible geometry column, enabling mapping and spatial query functionality.  GIS mapping applications then point to these new columns to render the geometric topologies they contain.  PostGIS fields can also be populated from other common GIS data formats such as ESRI shapefiles.    

1. Implementation Details (content under development)
PostGIS commands

Shapefile to PostGIS conversions
C. Software Installation and configuration (CBC, JC, and CP help)

Installation Process – precursor configurations/libraries ready?
Servers and connections

PostgreSQL database: http://www.postgresql.org/
PostGIS extension: http://postgis.refractions.net/
III.  Web Mapping with MapServer

Visualization of SEACOOS data over the web utilizes an open source mapping platform known as MapServer.  MapServer is well adapted for use with PostgreSQL/PostGIS and can power open web mapping services within a flexible, scriptable environment.  Although MapServer can parse ESRI data formats, these are not required and open source customization is encouraged.  MapServer utilizes a “mapfile” (*.map) to setup parameters and control map images for each map instance.  Elements of this mapfile may then be manipulated via URL query statements, giving MapServer its web mapping flexibility.  The instance powering SEACOOS maps is housed at USC, local to the SEACOOS aggregate database. 

A. Mapserv CGI

MapServer is used in two modes to map SEACOOS data.  For more basic applications, the mapserv CGI is used.  The gives control over basic elements of the mapfile via a URL query: toggling map layers on/off, adjusting the map size, and panning the map extents.  More detailed changes require editing the MapServer mapfile served from USC.  For custom GIS applications, GUIs are created that generate URL query strings, which control the map images from the USC MapServer.  The mapserv CGI powers the OGC web services (WMS and WFS) available from USC. 

1. Implementation Details (content under development)
Mapfile details 


“data” parameter: SQL to hit PostgreSQL DB


WMS and WFS instances and links

Getting images into MapServer

Remote Sensing mapfile and visualization details – lookup tables

B. PHP-MapScript  

A second mode of function for MapServer utilizes an additional module called MapScript to control the same base mapfile.  SEACOOS uses the PHP variant of MapScript because of PHP’s ability to work with HTML.  This functionality enables much more control over the mapfile from a web browser.  Most parameters in the mapfile can be controlled and specified via the URL query string.  In addition to the abovementioned CGI functionality, URL queries can be constructed to adjust the size and location of the scalebar, move the legend placement, change layer unit settings, and place watermark images.  This functionality works behind the GUI products driving the Interactive Observations Map, the Interactive Model Display, and the Remote Sensing Development Map now served at USC (links below).  Components of this functionality have been leveraged to drive some of the internal data exploration efforts mentioned below.

C. Product Links:

Interactive Observations Map: http://seacoos.org/Data%20Access%20and%20Mapping/
Interactive Model Display:  http://seacoos.org/Model%20Output%20and%20Mapping/
Remote Sensing Development Map:  http://nautilus.baruch.sc.edu/portal_rs/
1. Implementation Details (content under development)
PHP MapScript Code?


SEACOOS region extents

D. Support Applications 

Several other open source solutions are used to graph, animate, and query SEACOOS data.  GIFsicle and AnimationS (AniS ) are used to create and control data animations over the web.  ImageMagick (and perl::ImageMagick) is used for image manipulation and to execute raster data queries.  Mouseover query functionality is enabled with the searchmap component of MapServer, creating an imagemap of the existing map image for queries.  Graph Plotting Module for Perl (GD::Graph) is used to generate time series graphs.  All of these tools are scriptable and run behind the SEACOOS interactive maps.   

1. Implementation Details (content under development)
ImageMagick details for image manipulation and raster queries

Animation Routine – user details

E. Software Installation and Configuration (content under development)

Installation Process – precursor configurations/libraries ready?

MapServer: http://mapserver.gis.umn.edu/
IV. Data Exploration Applications

Further data exploration and visualization has been enabled to allow researchers quick access to the SEACOOS database.  These tools are web pages that rely on PHP to interact with the PostgreSQL database and MapServer, presenting database content ranges and simple maps.  The following pages are in use by SEACOOS researchers and are updated in near real time: 

A data overview page displays a list of min and max timestamps for all SEACOOS interactive map data (model input data and observations data).  It also provides links to individual pages for each data layer displaying the specific time slices available for each individual layer.  Access is also available to map images of each layer and each time and date stamp, across 3 selectable regions.  While these pages are not intended for the general public, they provide on-demand access and visualization to the entire SEACOOS database for a distributed research community.

http://nautilus.baruch.sc.edu/seacoos_misc/show_sea_coos_obs_time_ranges.php
The data animation page takes URL query string parameters and creates animations of data ingested by SEACOOS.  The animation routine combines maps and graphs for most SEACOOS data. Users have control over the GIS layers, scale, platforms to graph, and time step.  These animations are then served via another PHP generated page with full animation movement controls.  These animations are created, stored, and served at USC until the user asks for them to be removed.

Output example: 
The flexibility of PHP – MapScript allows other SEACOOS institutions to utilize the USC database for further visualization development.  A cached observation page serves static images each hour for a variety of SEACOOS data layers and sub regions.  This page is supplied by a script that sends modified URL query strings to the USC MapServer and caches the map images that are returned. 

http://seacoos.org/Data Access and Mapping/cached-images/
V. OGC web services

External presentation of SEACOOS data is enabled compliant with standards set by the Open Geospatial Consortium (OGC).  OGC web mapping services are XML based and are intended to be platform independent, web-enabled, representations of GIS data.  The services can be accessed, controlled, and presented by web browsers as well as other GIS software platforms (i.e. ESRI Interoperability toolbar, GAIA application).  SEACOOS OGC compliant services rely on the mapserv CGI engine.  SEACOOS provides a Web Mapping Service (WMS) and Web Feature Service (WFS).  The WMS feed returns a static, georeferenced image to a user’s browser or GIS platform, while the WFS feed returns actual feature data, allowing visualization control over these data externally.

A. External Web Service Audience

Other ocean observing research projects currently ingest SEACOOS OGC feeds, the OpenIOOS project (www.openioos.org) and the GoMOOS project (www.gomoos.org).  Several other local GIS projects also display SEACOOS data via WMS feeds.  This method of integration is a critical step in the desired aggregation of ocean observing data across regional, national, and global scales.

1. Implementation details (content under development)
Wrapper script around a mapfile with set of metadata requirements

Open Geospatial Consortium: http://www.opengeospatial.org
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