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Web Services Primer



Overview

Introduction
The View from 30,000 feet

Quickly into a little detail . . .
SOAP and REST?



Requests and Responses

1 - Client requests 
a Web page.

2 - Server gives
a Web page 
back.

Web Browser

Web Server



Communication Layers

HTTP Conversation

IP Address: 
221.74.147.217

IP Address: 
123.45.3.145

Server Hardware

H
TTP      S

erver   (softw
are)

• Files
• RDBMS
• Images
• Etc.

TCP/IP

request

response



Web Services

Server Hardware

S
erver   (softw

are)

• Files
• RDBMS
• Images
• Etc.

XML  Request Message

XML Response Message



Web Services – The Functional Stack

Function Description 
Discovery What potentially relevant resources exist?
Description What does each resource look like?
Packaging How does the resource package its response to the client?
Transport What rule sets apply to the request and response behaviors?
Network 
Infrastructure

Wires, optical fiber, switches, modems, etc.



Surfing the Web

Function Description

Discovery Search engine of choice
Description Site description in search engine results list
Packaging Generally HTML
Transport TCP/IP + HTTP



Surfing the Web

H
TTP S

erver
Discovery

Search Engine

H
TTP S

erver

Description

Web Site

Packaging



Why SOAP/XML?

A Web Service should be self describing and discoverable.

-The SOAP specifications provide for these requirements and more.

- In the REST model you get to build from the (HTTP) ground up.

In general, the specifications underlying the REST model are human centric 
where the SOAP model is application or service centric.



SOAP/XML

SOAP – Simple Object Access Protocol

Discovery UDDI – Universal Description, Discovery, and Integration
Description UDDI & WSDL – Web Service Description Language
Packaging XML – requires schema design (data modeling)
Transport TCP/IP + SOAP – Offers several layers of error checking handling



The SOAP Sequence H
TTP S

erver

UDDI

Web Service

S
erver S

oftw
are

WSDL

fxn(x)

Package & Transport



SOAP/XML – The Dark Side

• The UDDI specification is onerous and  
very infrequently fully implemented.

• You just about have to be a programmer 
to use a SOAP service. Your browser 
won’t do.

• It is all XML. Unless you’re a machine, 
you won’t want to read it.



REST

REST – Representational State Transfer

Discovery Not specified.  Community must agree on or build some form of 
registry of target servers. Google, Yahoo, dogpile?

Description Not defined. Community must agree on some strategy to support 
service descriptions.

Packaging Highly variable
Transport HTTP (usually)

• Avoids much of the complexity of SOAP.  No UDDI.  No WSDL
• Are much less well defined or specified by any significant standards body



GeoSpatial Data and 
Web Services



What are geospatial web services?
• Geospatial Web Services – distributed, interoperable 

geospatial data and functionality

• Consuming – Accessing other peoples data

• Hosting – Providing an interface to access your data

Geospatial Data and Web Services

Consumer Host
Host

Data

Data

Host Data



What are geospatial web services?

• Geospatial Web Services can be:
• Simple XML based web services with geospatial context

• SOAP
• REST
• geoRSS

• Data/Map Services for use in GIS Analysis
• ESRI ArcIMS/ArcServer maps services, Arc Web Services
• OGC services (WMS, WFS, GML, KML)

• Geospatial mapping API’s
• Google Maps
• ESRI ArcGIS JavaScript/FLEX API’s
• MetaCarta OpenLayers 
• MS Virtual Earth

• Even FTP…

Geospatial Data and Web Services



Simple XML based web services 
with geospatial context

Geospatial Data and Web Services



Simple XML based web services 
with geospatial context

Geospatial Data and Web Services

SOAP 
Simple Object Access Protocol

COOPS Waterlevels - opendap.co-ops.nos.noaa.gov/axis/ 

NOAA CSC Implementation with RSS output 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�












CLIENT SENDS THIS XML TO SERVER

<?xml version="1.0" encoding="UTF-8" ?> 
<soapenv:Envelope xmlns:soapenv="http://schemas.xmlsoap.org/soap/envelope/" 

xmlns:xsd="http://www.w3.org/2001/XMLSchema" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"> 
<soapenv:Body> 

<water:getWaterLevelVerifiedHourly xmlns:water="http://opendap.co-
ops.nos.noaa.gov/axis/webservices/waterlevelverifiedhourly/wsdl"> 

<stationId>8454000</stationId> 
<beginDate>20051201</beginDate> 
<endDate>20051201</endDate> 
<datum>MLLW</datum> 
<unit>0</unit> 
<timeZone>0</timeZone> 

</water:getWaterLevelVerifiedHourly> 
</soapenv:Body> 

</soapenv:Envelope> 





SERVER REPLIES WITH THIS XML

<?xml version="1.0" encoding="utf-8" ?> 
<soapenv:Envelope xmlns:soapenv="http://schemas.xmlsoap.org/soap/envelope/" xmlns:xsd="http://www.w3.org/2001/XMLSchema" 

xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance">
<soapenv:Body>
<WaterLevelVerifiedHourlyMeasurements xmlns="http://opendap.co-

ops.nos.noaa.gov/axis/webservices/waterlevelverifiedhourly/wsdl">
<data>

<item>
<timeStamp>2006-02-01 00:00:00.0</timeStamp> 
<WL>0.975</WL> 
<sigma>0.0</sigma> 
<I>0</I> 
<L>0</L> 

</item>
<item>

<timeStamp>2006-02-01 01:00:00.0</timeStamp> 
<WL>1.478</WL> 
<sigma>0.0040</sigma> 
<I>0</I> 
<L>0</L> 

</item>
-
-
-

</data>
</WaterLevelVerifiedHourlyMeasurements>

</soapenv:Body>
</soapenv:Envelope>





Geospatial Data and Web Services

SOAP 
What you should know about SOAP?

Hosts Consumers
Well defined structure Data you need might only be available

via SOAP
Integrated into .net Some publishers don’t have clean xml
Might be more complex than some 
users can handle

Requires a messaging client software 
to interact with server

Seems to be declining as more 
REST services become available

Try Soapclient.com’s generic SOAP 
client for testing

Simple XML based web services 
with geospatial context

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

REST
REpresentational State Transfer

Google Geocode REST API
http://code.google.com/apis/maps/documentation/geocoding/index.html

Simple XML based web services 
with geospatial context

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�




Geospatial Data and Web Services

REST
REpresentational State Transfer

Google Geocode REST API
http://code.google.com/apis/maps/documentation/geocoding/index.html

http://maps.google.com/maps/geo?q=2234+South+Hobson+Ave,+Charleston
,+SC&output=kml&oe=utf8&sensor=false&key=your_api_key

Simple XML based web services 
with geospatial context

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


<?xml version="1.0" encoding="UTF-8" ?>
<kml xmlns="http://earth.google.com/kml/2.0"><Response>
<name>2234 South Hobson Ave, Charleston, SC</name>
<Status>

<code>200</code>
<request>geocode</request>

</Status>
<Placemark id="p1">

<address>2234 S Hobson Ave, North Charleston, SC 29405, USA</address>
<AddressDetails Accuracy="8" xmlns="urn:oasis:names:tc:ciq:xsdschema:xAL:2.0">

<Country>
<CountryNameCode>US</CountryNameCode>
<CountryName>USA</CountryName>
<AdministrativeArea>

<AdministrativeAreaName>SC</AdministrativeAreaName>
<Locality>

<LocalityName>North  Charleston</LocalityName>
<Thoroughfare><ThoroughfareName>2234 S Hobson Ave</ThoroughfareName></Thoroughfare>

<PostalCode><PostalCodeNumber>29405</PostalCodeNumber></PostalCode>
</Locality>
</AdministrativeArea>

</Country>
</AddressDetails>

<ExtendedData>
<LatLonBox north="32.8514752" south="32.8451800" east="-79.9360520" west="-79.9423472" />

</ExtendedData>
<Point><coordinates>-79.9391996,32.8483276,0</coordinates></Point>

</Placemark>
</Response>
</kml>



Geospatial Data and Web Services

REST
REpresentational State Transfer

Google Geocode
http://code.google.com/apis/maps/documentation/geocoding/index.html

http://maps.google.com/maps/geo?q=2234+South+Hobson+Ave,+Charleston
,+SC&output=kml&oe=utf8&sensor=false&key=your_api_key

Geocode result in maps.google.com

Simple XML based web services 
with geospatial context

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�




Geospatial Data and Web Services

REST
REpresentational State Transfer

ESRI ArcGIS Server
http://resources.esri.com/arcgisserver/index.cfm?fa=samples

Simple XML based web services 
with geospatial context

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�










Geospatial Data and Web Services

REST
What you should know about REST?

Hosts Consumers
Less required structure than SOAP Easier to access than SOAP
Requires the developer to pay more 
attention to documentation

Concise, no additional transport layer

More accessible to non-programmer 
users

Lacks standards support for security, 
but security is available

Simple XML based web services 
with geospatial context

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

GeoRSS
Geospatial Really Simple Syndication

Hurricane Andrew GeoRSS

Simple XML based web services 
with geospatial context

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�




<?xml version="1.0" ?> 
<rss version="2.0" xmlns:georss="http://www.georss.org/georss">
<channel>
<title>Hurricane Andrew 1992</title>

<item>
<title>Andrew 08/22/92 06:00</title>
<description>Category 1 Hurricane, 65 mph, 994 mb</description>
<georss:point>25.60 -67.00</georss:point>

</item>
<item>

<title>Andrew 08/22/92 18:00</title>
<description>Category 2 Hurricane, 95 mph, 969 mb</description>
<georss:point>25.70 -69.70</georss:point>

</item>
<item>

<title>Andrew 08/23/92 12:00</title>
<description>Category 5 Hurricane, 145 mph, 933 mb</description>
<georss:point>25.40 -74.20</georss:point>

</item>
<item>

<title>Andrew 08/23/92 18:00</title>
<description>Category 5 Hurricane, 150 mph, 922 mb</description>
<georss:point>25.40 -75.80</georss:point>

</item>
-
-
-
</channel>
</rss>



Geospatial Data and Web Services

GeoRSS
Geospatial Really Simple Syndication

Hurricane Andrew GeoRSS

GeoRSS in maps.google.com

Simple XML based web services 
with geospatial context

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�




Geospatial Data and Web Services

GeoRSS
What you should know about GeoRSS?

Hosts Consumers
Easy to develop Consumable by lots of clients

(Google maps, Yahoo maps, etc)
Supports simple data types (point, 
line, polygon) elevation is also 
available

Usable by lots of non-geo clients 
(iGoogle, Yahoo, browsers, etc)

Useful for displaying small scale 
temporal data

Simple XML based web services 
with geospatial context

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

Data & Map Services 
for use in GIS Analysis



Geospatial Data and Web Services

ArcIMS Map Services
Consumed by ArcMap

NowCoast
http://nowcoast.noaa.gov

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Demo Time



Demo Time



Geospatial Data and Web Services

ArcIMS Map Services
What you should know about ArcIMS Map Services?

Hosts Consumers
Already publishing ArcIMS? Your 
work is done.

There are a lot of IMS sites out there 
that you can connect to

Do you want people using your maps 
on their maps?

Do the hosts want you connecting to 
them?

Are you keeping logs of map 
requests? Your weblogs won’t count 
these requests.

If the host goes down and your re-
hosting the data in ArcIMS, your  
mapservice will crash!

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

ESRI ArcGIS Online services
Consumed by ArcMap

http://resources.esri.com/arcgisonlineservices/

ESRI Street Maps
Terrain
Imagery

More

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�






Geospatial Data and Web Services

What you should know about ArcGIS Online Services?

Hosts Consumers
Are you re-publishing their data? 
Different prices for in-house and 
public apps.

Good quality map base data.

Using ArcIMS? If the server goes 
down, so does your mapservice.

Not as many data variation options 
as you might think.

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

Open Geospatial Consortium (OGC)

• Non-profit, international standards organization
• Develops standards for geospatial and location based services

• Thank OGC for the proliferation of WFS, WMS, GML, KML, and 
more…

Data & Map Services 



Geospatial Data and Web Services

OGC WFS
Web Feature Services

OpenLayers Consuming WFS

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�




Geospatial Data and Web Services

OGC WFS
Web Feature Services

EPA WFS Layers

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�




Geospatial Data and Web Services

What you should know about WFS?

Hosts Consumers
Good for hosting filtered sets of 
feature data

WFS is REST based

Can be really slow to serve unfiltered
datasets

Do you really need the features, or 
just a map?

Provide the documentation about 
your service if you want it used.

WFS can be overkill in a lot of 
situations.
WFS brings all visible data to the 
client.

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

OGC WMS
Web Map Services

The Marine Geoscience Data System (MGDS)
http://www.marine-geo.org/

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�




Geospatial Data and Web Services

OGC WMS
Web Map Services

U.S. Marine Cadastre 
Uses MGDS topobathy data sets

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�




Geospatial Data and Web Services

What you should know about WMS?

Hosts Consumers
Relatively easy to host with ESRI or 
MapServer and others

REST based

Might not provide enough access to 
data for some users needs

Better for big datasets than wfs

Can give you a map (and data behind 
features on request)

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

OGC KML
Keyhole Markup Language

National Weather Service Data
http://www.srh.noaa.gov/gis/kml/

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�




Geospatial Data and Web Services

OGC KML
Keyhole Markup Language

Large Datasets? Use KML Regions

Tiles2KML
Arc2Earth

Google Regionator

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


KML Regions

Data & Map Services 































Geospatial Data and Web Services

What you should know about KML?

Hosts Consumers
Simple file based data, easy as pie to 
host

Data can be plugged into Google Maps 
directly

KML data can be indexed by Google KML is everywhere

Big datasets can be slow to serve, use 
Regions

ESRI does not read directly, but they’ll 
convert it to personal gdb for you

Data & Map Services 

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

Geospatial
Application Programming Interfaces (APIs)



Geospatial Data and Web Services

Application Programming Interface

• Not a programming language
• A set of functions or routines built on an existing language
• Most Geo APIs today are built on JavaScript

Geospatial APIs



Geospatial Data and Web Services

Google Maps & API

maps.google.com - My Maps

Google Maps API

Geospatial APIs

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services



Geospatial Data and Web Services



Geospatial Data and Web Services



Geospatial Data and Web Services



Geospatial Data and Web Services

GoogleMaps & API

maps.google.com - My Maps

Google Maps API
http://code.google.com/apis/maps/

Geospatial APIs

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services



Geospatial Data and Web Services

<!DOCTYPE html "-//W3C//DTD XHTML 1.0 Strict//EN" "http://www.w3.org/TR/xhtml1/DTD/xhtml1-strict.dtd"> 
<html xmlns="http://www.w3.org/1999/xhtml">
<head>

<meta http-equiv="content-type" content="text/html; charset=utf-8"/> 
<title>Google Maps JavaScript API Example</title> 
<script src="http://maps.google.com/maps?file=api&amp;v=2&amp;key=abcdefg&sensor=true_or_false" 
type="text/javascript"></script> 
<script type="text/javascript">

function initialize() { 
if (GBrowserIsCompatible()) {

var map = new GMap2(document.getElementById("map_canvas")); 
map.setCenter(new GLatLng(37.4419, -122.1419), 13); 
map.setUIToDefault(); 

}
} 

</script>
</head>
<body onload="initialize()" onunload="GUnload()"> 

<div id="map_canvas" style="width: 500px; height: 300px"></div> 
</body> 
</html>



Geospatial Data and Web Services

Microsoft Virtual Earth

Virtual Earth Interactive SDK
http://dev.live.com/virtualearth/sdk/

Geospatial APIs

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" "http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd">
<html xmlns="http://www.w3.org/1999/xhtml">

<head>
<meta http-equiv="content-type" content="text/html; charset=utf-8"/> 
<title></title> 
<script type="text/javascript" src="http://dev.virtualearth.net/mapcontrol/mapcontrol.ashx?v=6.2"></script>

<script type="text/javascript">
var map = null;

function GetMap()
{

map = new VEMap('myMap');
map.LoadMap();

}
</script>

</head>
<body onload="GetMap();">

<div id='myMap' 
style="position:relative; width:400px; height:400px;"></div>

</body> 
</html>





Geospatial Data and Web Services

What you should know about Microsoft Virtual Earth API?

Hosts
Birdseye view imagery

Microsoft isn’t going anywhere

Browser based development testing sandbox

Geospatial APIs

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

MetaCarta OpenLayers

OpenLayers Samples

OpenLayers with Google Chart API

Geospatial APIs

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" "http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd">
<html xmlns="http://www.w3.org/1999/xhtml">

<head>
<meta http-equiv="content-type" content="text/html; charset=utf-8"/> 
<title></title> 
<script src="http://openlayers.org/dev/examples/OpenLayers.js"></script> 
<script type="text/javascript">

map = new OpenLayers.Map('map');
map.zoomToMaxExtent(); 

</script>
</head>
<body onload=“init();">

<div id="map" class="smallmap“></div> 
</body> 
</html>







Geospatial Data and Web Services

MetaCarta OpenLayers

OpenLayers Samples

OpenLayers with Google Chart API

Geospatial APIs

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�




Geospatial Data and Web Services

What you should know about MetaCarta OpenLayers API?

Hosts
Can use most of the other companies api basedata 

A lot of functionality for a web based mapping api

OpenLayers is picking up excitement

Geospatial APIs

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

ESRI ArcGIS Server

JavaScript API
http://resources.esri.com/arcgisserver/index.cfm?fa=JSAPIs

Geospatial APIs

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services



Geospatial Data and Web Services

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" "http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd">
<html xmlns="http://www.w3.org/1999/xhtml">

<head>
<meta http-equiv="content-type" content="text/html; charset=utf-8"/> 
<title></title> 
<script src="http://openlayers.org/dev/examples/OpenLayers.js"></script> 
<script type="text/javascript">
dojo.require("esri.map"); 
var myMap, myTiledMapServiceLayer; 
function init() { 

myMap = new esri.Map("mapDiv"); 
myTiledMapServiceLayer = new esri.layers.ArcGISTiledMapServiceLayer 

("http://server.arcgisonline.com/ArcGIS/rest/services/ESRI_StreetMap_World_2D/MapServer");  
myMap.addLayer(myTiledMapServiceLayer); 

} 
dojo.addOnLoad(init); 
</script>

</head>
<body onload=“init();">

<div id="mapDiv" 
style="width:900px; height:600px; border:1px solid #000;">

</div> 
</body> 
</html>



Geospatial Data and Web Services

What you should know about JavaScript API?

Hosts
Free to host the API

You need ArcServer to host your data, if you have ArcIMS now you probably 
have the license to run server

Google Maps-like interface is more intuitive to users than ArcIMS templates

Client-side inclusion of external data makes for a more reliable client

Performance seems to be faster and more stable than ArcIMS (At first look)

Extensions available for Google Maps, Microsoft Virtual Earth

Geospatial APIs

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Geospatial Data and Web Services

What you should know about GoogleMaps API?

Hosts
Can consume kml, wms, georss, text, json

A lot of sample code available (see a Google Map, click view source)

Do you want end users knowing how you’re doing what you’re doing

Do you want end users knowing where your data is coming from

Based on javascript, pretty easy to code

* Most of the accuracy issues have been dealt with *

Geospatial APIs

http://opendap.co-ops.nos.noaa.gov/axis�
http://opendap.co-ops.nos.noaa.gov/axis�


Summary

Geospatial Web Services:

• XML Web Services with Geospatial Context

• Data & Map Services for Use in GIS Analysis

• Geospatial Mapping API’s

Geospatial Data and Web Services



Practical Data Modeling for 
Web Services



Data Model – Bases for Interoperability



Data Provider Perspective



Data Consumer Perspective



Common Interoperability Challenges

Taxonomy of Data – Semantic/Syntactic

Data Transport Infrastructure – (API and format)



Web Service != Interoperability



What Is a Data Model?



Data Model Characteristics

RDBMS Model: Tables, Relationships

Spatial Models: Geometries (all kinds)

Web Service Models: Feature, Coverage, JSON

Community Models: CUAHSI, S-100, ArcMarine

Project Models: CO-OPS, IOOS 

W
ea

k 
S

tro
ng

#1 Start with a strongly typed data model



Data Models for Different Purposes

#2 Tune your data model to the situation



1.0 Data Model – Parts

Content
Structure
Format



Content Requirements

Name
Type
Size
Units
Obligation
Domain

#3 Define your content standard early



Standards Organizations

Internal Organization for Standards (ISO TC211)

191 15 Metadata

191 11 Spatial Reference

8601:2004 Date / Time

6709:2008 Point Locations

Open Geospatial Consortium

Universal Resource Names

GML Simple Dictionaries

Catalogue Services

…many more

#4 Use ISO and OGC when possible



Federal Geographic Data Committee

Cadastral
Orthoimagery
Elevation
Geodetic Control
Government Units
Hydrography
Transportation

Metadata
….and more 

#5 FGDC standards are a good starting point



Community Content Standards

#6 Work with well defined communities



2.0   Data Structures

Spatial Attributes
Non-Spatial Attributes

#7 Use common geometry types



Type Mapping

#8 Data types determine the web service



Database Modeling

#9 Maintain an independent storage architecture



Web Service Data Modeling

#10 Objects should reflect real world phenomena



Optimize for Users

#11 Account for end user tool requirements



3.0  Data Encodings

XML Dialect
Schema
Generate XML



Geography Markup Language

<gml:featureMember>
<gml:Point>

<gml:pos>38.93141667 -74.90672222</gml:pos>
</gml:Point>

GML Profiles by Restriction

Simple Features Profile
KML
GeoRSS

GML Profiles by Extension

Observation & Measurement
Sensor ML
Climate Science ML

#12 Use GML profiles when possible



Schema = Template

#13 Avoid making a custom schema



Helping Users Decode Your Data

#14 Tune your model for easy decoding

COTS translators (ArcGIS, Excel, MatLab)
XML/GML libraries
Extensible Stylesheet Language Transformations



Recommendations

#1 Start with a strongly typed data model

#2 Tune your data model to the situation

#3 Define your content standard early

#4 Use ISO and OGC when possible

#5 FGDC standards are a good starting point

#6 Work with well defined communities

#7 Use common geometry types

#8 Data types determine the web service

#9 Maintain an independent storage architecture

#10 Objects should reflect real world phenomena

#11 Account for end user tool requirements

#12 Use GML profiles when possible

#13 Avoid making a custom schema

#14 Tune your model for easy decoding



Web Services in an 
IOOS Context



Overview

Introduction

Revisit the Web Services Primer

IOOS – What Is It?

The Coastal Services Center 
Data Transport Laboratory

Lessons Learned?



RESTing on the Web

H
TTP S

erver
Discovery

Search Engine

H
TTP S

erver

Description

Web Site

Packaging



Integrated Ocean Observing System (IOOS)
IOOS is a system of systems 
that routinely and 
continuously provides quality-
controlled data and 
information on current and 
future states of the oceans 
and Great Lakes from the 
global scale of ocean basins 
to local scales of coastal 
ecosystems. It is a 
multidisciplinary system 
designed to provide data in 
forms and at rates required 
by decision makers to 
address seven societal goals. 
(www.ocean.us/what_is_ioos)



Data Management and Communications (DMAC) defines the 
data transport strategy, architecture, and specifications.

(www.ocean.us/what_is_ioos)



CSC Data Transport Laboratory (DTL)

• DMAC guidance is evolving, but incomplete.

• Data providers are left to try to anticipate and choose appropriate 
technologies.

• The aim of the DTL is to foster a convergence of data transport 
implementation practices among IOOS partners resulting in a consistent 
set of SOA interfaces to their data holdings.

• The DTL is an objective testing facility for candidate technologies.

• For more on the DTL, see www.csc.noaa.gov/DTL/.



DTL Use Context

National Data Transport
(DMAC)

National Aggregation/Assembly Center

Regional Data Transport

Regional Aggregation/Assembly Center

Local Observatory (1 of many)

Archive
Center

Sensor 2

Sensor 1

Sensor 3

Sensor (n)

Standardized Interfaces

Local Data 
Repository

Server(s)

Data Ingest

IOOS Standardized Interfaces

Aggregated 
Holdings

Server(s)

Data Ingest

request
data

data
request

request data

IOOS Standardized Interfaces

Data Ingest
National

Aggregated 
Holdings

•  SOA-based approach

•  Handling in-situ physical and 
chemical data

•  Facilitates transport between 
a data collection facility (i.e. a 
local observatory) and an 
aggregation facility.

•  Should be minimally invasive 
to data collection facilities 
systems and processes.

• Focuses on non-federal data 
providers



Use Context

Regional
Data Transport



DTL Project 1: OPeNDAP + netCDF + CF
• OPeNDAP, or the Open-source Project for a Network Data Access 

Protocol, has been a significant data-sharing technology in the 
oceanographic community.  See www.opendap.org.

• netCDF (network Common Data Form) is a set of software libraries and 
machine-independent data formats that support the creation, access, and 
sharing of array-oriented scientific data.

• The Climate Forecast (CF) conventions define metadata that provide a 
definitive description of what the data in each variable represents, and the 
spatial and temporal properties of the data. This enables users of data 
from different sources to decide which quantities are comparable, and 
facilitates building applications with powerful extraction, re-gridding, and 
display capabilities.

• Recently adopted by the DMAC Standards Process.



DTL Project 1: OPeNDAP + netCDF + CF

A
pplication S

erver
O

P
eN

D
A

P S
erver 

client

HTTP Request

HTTP Response
netCDF files 

with CF 
Conventions

Demo - http://dods.ndbc.noaa.gov/thredds/dodsC/data/stdmet/32488/32488h9999.nc.html (.das)(.dds)

http://dods.ndbc.noaa.gov/thredds/dodsC/data/stdmet/32488/32488h9999.nc.html�
http://dods.ndbc.noaa.gov/thredds/dodsC/data/stdmet/32488/32488h9999.nc.das�
http://dods.ndbc.noaa.gov/thredds/dodsC/data/stdmet/32488/32488h9999.nc.dds�










OPeNDAP Findings
• Pro: Free and easily installed on supported operating systems
• Pro: Easily subset data on server side
• Con: The version 3 OPeNDAP servers are tightly coupled to the underlying 

data structure and semantics.  As the data models evolve, the underlying data 
store will have to continuously evolve.*

Local Observatory (1 of many)

Sensors

Standardized IOOS Interface(s)

Local Data 
Repository Data Ingest

Storage approach is 
dictated by local 

mission.  The only 
requirement is that it 

be sufficient to support 
the specified service.

IOOS Compatible Data Services

request response

Output format 
compatible with 
emerging data 

model.

Regional 
Data 

Aggregator

request response

Local Observatory (1 of many)

Sensors

Standardized IOOS Interface(s)

Local Data 
Repository Data Ingest

Storage format 
dictated by need 
to achieve output 

format.

IOOS Compatible 
Data Services

Output format 
compatible with 
emerging data 

model.

Regional 
Data 

Aggregator

request response

request

response

tightly 
bound

loosely 
bound

* Later versions of OPeNDAP servers add some flexibility.



DTL Project 4: OGC WFS/SFP + GML for 
Time Series In-situ Data (microWFS)

• WFS is a REST-based data transport 
specification that encodes results in GML.

• Geography Markup Language is an OGC XML 
dialect used to describe geographic features.

• Due to complexity, in order to facilitate use, the 
OGC created the Simple Feature Profile (SFP).

• The main emphasis of the project was to 
determine whether WFS/SFP could handle time  
series data.

• Neglected other WFS request types (getCapabilities, 
getFeatureType, etc.) 



DTL Project 4: OGC WFS/SFP + GML for 
Time Series In-situ Data (microWFS)

A
pplication S

erver 
getFeature()

Database 
View

Database

client

HTTP Request

HTTP Response



DTL Project 4 (microWFS): Demo

• getFeature returns data for that “feature” or sensor bounded by TIME and BBOX –
http://csc-s-ial-p.csc.noaa.gov/cgi-
bin/microwfs/microWFS.cgi?SERVICENAME=dtlservice&REQUEST=getFeature&SERVICE=
microWFS&VERSION=1.1.0&OUTPUTFORMAT=text/xml;subType=gml/3.1.1/profiles/gmlsf/1.0
.0/1&BBOX=-93.00,29.00,-95.00,30.00&TIME=2007-06-01T12:00Z,2007-06-
01T14:00Z&TYPENAME=waterTemperature

• Input fields with typical input values for the microWFS were:
• SERVICENAME=dtlservice 
• REQUEST=getFeature
• SERVICE=microWFS
• OUTPUTFORMAT=text/xml;subType=gml/3.1.1/profiles/gmlsf/1.0.0/1
• VERSION=1.1.0
• BBOX=-93.00,29.00,-95.00,30.00
• TIME=2007-06-01T12:00Z,2007-06-01T14:00Z
• TYPENAME=waterTemperature

http://csc-s-ial-p.csc.noaa.gov/cgi-bin/microwfs/microWFS.cgi?SERVICENAME=dtlservice&REQUEST=getFeature&SERVICE=microWFS&VERSION=1.1.0&OUTPUTFORMAT=text/xml;subType=gml/3.1.1/profiles/gmlsf/1.0.0/1&BBOX=-93.00,29.00,-95.00,30.00&TIME=2007-06-01T12:00Z,2007-06-01T14:00Z&TYPENAME=waterTemperature�
http://csc-s-ial-p.csc.noaa.gov/cgi-bin/microwfs/microWFS.cgi?SERVICENAME=dtlservice&REQUEST=getFeature&SERVICE=microWFS&VERSION=1.1.0&OUTPUTFORMAT=text/xml;subType=gml/3.1.1/profiles/gmlsf/1.0.0/1&BBOX=-93.00,29.00,-95.00,30.00&TIME=2007-06-01T12:00Z,2007-06-01T14:00Z&TYPENAME=waterTemperature�
http://csc-s-ial-p.csc.noaa.gov/cgi-bin/microwfs/microWFS.cgi?SERVICENAME=dtlservice&REQUEST=getFeature&SERVICE=microWFS&VERSION=1.1.0&OUTPUTFORMAT=text/xml;subType=gml/3.1.1/profiles/gmlsf/1.0.0/1&BBOX=-93.00,29.00,-95.00,30.00&TIME=2007-06-01T12:00Z,2007-06-01T14:00Z&TYPENAME=waterTemperature�
http://csc-s-ial-p.csc.noaa.gov/cgi-bin/microwfs/microWFS.cgi?SERVICENAME=dtlservice&REQUEST=getFeature&SERVICE=microWFS&VERSION=1.1.0&OUTPUTFORMAT=text/xml;subType=gml/3.1.1/profiles/gmlsf/1.0.0/1&BBOX=-93.00,29.00,-95.00,30.00&TIME=2007-06-01T12:00Z,2007-06-01T14:00Z&TYPENAME=waterTemperature�
http://csc-s-ial-p.csc.noaa.gov/cgi-bin/microwfs/microWFS.cgi?SERVICENAME=dtlservice&REQUEST=getFeature&SERVICE=microWFS&VERSION=1.1.0&OUTPUTFORMAT=text/xml;subType=gml/3.1.1/profiles/gmlsf/1.0.0/1&BBOX=-93.00,29.00,-95.00,30.00&TIME=2007-06-01T12:00Z,2007-06-01T14:00Z&TYPENAME=waterTemperature�






DTL Project 4 (microWFS): Findings

• Pro: the WFS employing the Simple Feature Profile and the 
GML-based XML schema handled in-situ time series data 
competently. 

• Pro: for those partners with compatible database structures, 
creation of the necessary database view and installation of the 
server software was straightforward.

• Pro: both versions of the server software produced minimal 
response times, allowing for substantial data through put.

• Con: several partners either did not house their data in an 
RDBMS or their database structure was incompatible with the 
required database view.



Lessons Learned
• Consumers: 

• Know your options when using web services.
• You will have to learn whatever method the host is providing.

• Hosts: 
• Consider your users and how they'll use your data.
• Consider your user technical knowledge when deciding on a web services  

technology.
• Design your web services for performance.
• FTP is a completely valid method of providing data.

• Consider data providers and consumers in the data model development. 
• Plan your data model to be independent of the data storage or sharing 

infrastructure.
• Strongly typing data is a cost-effective method to enhance interoperability. 



Lessons Learned
• Adhere to classical SOA principles:

• A well-designed data model for internal storage. 
• Data type appropriate data storage technology (file, RDBMS, 

spatially enabled RDBMS, etc.).
• Employ separate complementary data storage and service layers.
• Employ adequate yet minimally complex data transport formats.

• For dense or gridded data types such as imagery or model output, 
use OPeNDAP and/or WCS.

• For lighter point/value data types such as in-situ physical and 
chemical measurements, consider WFS or SOS.

• The difficult issues are often more cultural/social/administrative than technical. 

• Invest in design and development of appropriate and effective storage 
solutions.  
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