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Abstract 
 
The CUAHSI Hydrologic Information System (HIS) Project is developing information 
technology infrastructure to support hydrologic science.  One of the components of the HIS is a 
point Observations Data Model (ODM), which is a relational database schema that was designed 
for storing time series data.  The purpose of ODM is to provide a framework for optimizing data 
storage and retrieval for integrated analysis of information collected by multiple investigators.  
The CUAHSI HIS ODM is being implemented by a number of local work groups throughout the 
country, and these work groups are using the ODM as a mechanism for publication of individual 
investigator data and for registering these data with the National HIS.  At many of these sites, 
investigators are collecting continuous datasets in real time using sensor networks and telemetry 
systems.  This document provides the design specifications for a set of software tools that will 
allow administrators of local instances of the ODM to automate the loading of these continuous 
data streams into the ODM.  The main objective of the Streaming Data Loader is to provide 
administrators of work group instances of the ODM with tools that can be used to map their 
continuous data to the ODM schema and schedule the automated loading of the data into the 
ODM.   
 
Introduction 
 
The Consortium of Universities for the Advancement of Hydrologic Science, Inc. (CUAHSI) is 
an organization representing over 100 universities that is supported by the National Science 
Foundation to develop infrastructure and services for the advancement of hydrologic science in 
the United States.  CUAHSI’s mission has several components, one of which is the development 
of a Hydrologic Information System (HIS) to assemble and synthesize hydrologic data to support 
hydrologic science development (Maidment, 2005).  The CUAHSI HIS is being developed as a 
geographically distributed network of hydrologic data sources and functions that are integrated 
using web services so that they function as a connected whole.  One aspect of the CUAHSI HIS 
is the development of a standard database schema for use in the storage of point observations in a 
relational database.  This is referred to as the point Observations Data Model (ODM) and is 
intended to allow for comprehensive analysis of information collected by multiple investigators 
for varying purposes (Tarboton et al., 2006).  It is intended to expand the ability for data analysis 
by providing a standard format to share data among investigators and to facilitate analysis of 
information form disparate sources, both within a single study area or hydrologic observatory 
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and across hydrologic observatories and regions.  Although designed specifically with 
hydrologic observation data in mind, this data model has a simple and general structure that it is 
hoped will also accommodate a wide range of other data, such as from other environmental 
observatories or observing networks.   
 
A significant objective of HIS is establishing the cyberinfrastructure foundation, or digital 
environment required to support experimental watersheds or hydrologic and environmental 
observatories.  The role of the ODM within this objective is to serve as the local repository for 
point observations data.  The CUAHSI HIS ODM is currently being implemented by a number 
of local work groups throughout the country (i.e., at experimental watersheds, test bed project 
locations, and at hydrologic or environmental observatories), and these work groups are using 
the ODM as a mechanism for publication of individual investigator data and for registering these 
data with the CUAHSI National HIS.  These investigator datasets include those generated by 
sensor networks and telemetry systems, which in many cases are updated continuously and in 
real time. 
 
A significant level of time and expertise are required to load data into ODM.  This time is 
compounded for data streams that are updated continuously.  Because of this, and because the 
characteristics of these data streams generally do not change over time (i.e., the observation 
date/time and value change, but the site, variable, offset, etc. do not change) continuous data 
streams are ideal for automated data loading.  There is a need for a simple set of tools that will 
allow ODM administrators, regardless of their level of skill, to automate the process of loading 
these continuous data streams into their instance of the ODM.  Under these premises, this 
document provides the design specifications for a set of software tools that will allow 
administrators of local instances of the ODM to automate the import of continuous data streams 
to their local instance of the ODM.  These tools will facilitate the mapping of the continuous data 
to the ODM schema and the scheduling of the data importing so that it is consistent with the data 
collection frequency. 
 
CUAHSI ODM Streaming Data Loader 
 
This document describes the design specifications for a software application that will be called 
ODM Streaming Data Loader, which will subsequently be referred to as the “ODM SDL.”  This 
application will be developed in such a way that it is consistent with and compatible with the 
CUAHSI HIS ODM Version 1.0, which is being released as part of the CUAHSI HIS Version 
1.0 package currently under development by the CUAHSI HIS Team.  The following sections 
describe the major features and functionality that will be included in ODM SDL. 
 
Features and Functional Requirements 
 
It is anticipated that a variety of sensors, datalogger, and telemetry systems will be used within 
and across the WATERS network of test beds and the planned network of environmental 
observatories.  Because of this, the concept for ODM SDL is that the collection and transmission 
of the streaming data to a central location will be controlled by whatever proprietary or third 
party software is required to manage the sensor network.  It is also anticipated that the majority 
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of these third party software systems are capable of storing the data once they have been 
retrieved from remote monitoring sites in a table-based delimited text file.   
 
Once the streaming data have been transmitted to a central location and stored in text files, these 
text files can then be made available to the ODM SDL for periodic automated upload to an 
instance of ODM.  Figure 1 illustrates this process.   
 

 
Figure 1.  Schematic of ODM SDL functionality. 
 
ODM SDL will consist of two separate executable applications.  The first executable, which will 
be called the ODM SDL interface executable, will provide the user interface, the interactive data 
mapping functionality, and all of the general setup functionality.  The second executable, which 
will be called the ODM SDL data import executable, will have no user interface and will be 
designed to be scheduled for execution by the Windows Task Scheduler.  The following sections 
describe in more detail the specific functionality that is required to automate the process of 
parsing streaming data into the ODM. 
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Establishing a Connection to an ODM Database 
 
ODM SDL will provide functionality for connecting to a local or remote ODM database 
implemented in Microsoft SQL Server 2005.  Functionality will be provided for using Windows 
or SQL Server authentication in the database connection. 
 
Mapping Attributes of Streaming Data Series to Required Fields in ODM 
 
Streaming data produced by a sensor are inherently data series.  They are sequential observations 
of a single variable at a single site using a single method.  Because of this, the attributes of a 
streaming data series can be mapped to ODM once, after which the only thing that remains is to 
add the data values and value level attributes to the database as they are generated.  Generally, 
most of the data series level attributes required by ODM are not stored in the streaming data file 
generated by the datalogger and telemetry system.  These files typically contain date/time and 
value pairs with very simple column headers that describe the data in the files.  Because the 
series level attributes cannot be discovered from the data files themselves, an interactive process 
is needed by which users can create all of the required data series attributes within ODM prior to 
the streaming data series being loaded. 
 
ODM SDL will use an interactive, wizard based process for mapping the attributes of each 
streaming data series to required fields in ODM.  This user interface will allow users to map 
streaming data series to sites, variables, methods, etc. that already exist in the ODM database as 
well as allowing users to create new sites, variables, methods, etc. where they do not already 
exist in the database.  When user interaction with the wizard is complete, the wizard will write 
all of the required data series level attributes to the ODM database in preparation for loading the 
data series values.  This first step essentially ensures that the ODM database is populated with all 
of the required series level attributes so that the data values for that data series can be added to 
the database.  This interactive interface will be part of the ODM SDL interface executable. 
 
Creation of the XML Configuration File 
 
The behavior of the automated data loading features of ODM SDL will be controlled by an XML 
configuration file.  This configuration file will contain the connection information for the ODM 
database and all of the required information about and attributes of each data series to be 
imported to the ODM database by the ODM SDL.  The configuration file will be written at the 
same time the data series level attributes are being added to the ODM database by the mapping 
wizard.  The configuration file will be created the first time a data series is added for import to an 
ODM database, and the configuration file will be updated each time a new data series is added 
for import.  The creation and management of the XML configuration file will be part of the 
ODM SDL interface executable. 
 
The configuration file will essentially store the list of data series to be loaded, information about 
the location of the streaming data text files on disk or on a network drive, and enough 
information to create new records in the DataValues table of ODM from the date/time and data 
value pairs stored in the streaming data text files.  This configuration file will enable the 
complete automation of the actual data loading task (i.e., once the configuration file is created, 
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no user interaction is required to load the streaming data into the ODM database).   The ODM 
SDL data import executable will read the configuration file, find the data files containing data to 
be loaded, and then merge the data series attributes stored in the configuration file with the 
dates/times and data values for the data series that are stored in the streaming data text file.  The 
combination of these two will be used to write the new data to the DataValues table of the ODM.   
 
Displaying and Editing the Contents of the XML Configuration File 
 
ODM SDL will provide functionality for displaying or listing the contents of the XML 
configuration file.  This information includes:  1) a list of the mapped streaming data series, 2) 
information about the text files where the data for these streaming data series are being written 
by the telemetry system and their location, 3) information about the mapping of each streaming 
data series to ODM (i.e., site information, variable information, method information, etc.), 4) the 
schedule for data import for each data series, etc.  This functionality will be useful for tracking 
and managing which data series are being imported to ODM and the mapping information for 
each. 
 
ODM SDL will also provide functionality for editing the contents of the XML configuration file 
that controls the automated data import.  This is necessary in cases where data series are to be 
removed from the scheduled data import, or where the characteristics or location of a streaming 
data text file have changed and need to be updated.  The XML configuration file display and 
editing capabilities will be part of the ODM SDL interface executable. 
 
Displaying the Status of Data Imports for Mapped Data Series 
 
ODM SDL will provide functionality for displaying the status of data import for streaming data 
series that have been mapped to ODM and that are included in scheduled data import.  Status 
information will include the date and time when the last successful import was run, the number 
of data values successfully imported to ODM, etc.  This functionality will allow data managers 
to monitor the status and performance of the data importer and troubleshoot any errors that may 
arise (for example if a datalogger quits reporting new data for upload there is likely something 
wrong with the monitoring site and it will become apparent when no data are uploaded).  The 
capability to display the status information will be included in the ODM SDL interface 
executable. 
 
Importing Streaming Data to ODM 
 
ODM SDL will use a separate executable application for performing the actual data value 
loading operations.  The primary reason for this is so that there is no user interaction required to 
run the actual data value loading functionality.  This is critical due to the continuous and 
unattended nature of streaming data.  Once the initial mapping of the streaming data series 
attributes to ODM is complete, there is no longer a need for any user interaction, and the data 
value uploads can be run periodically as new observations are made and new data become 
available.  The ODM SDL data import executable will be designed such that it checks the 
database for the latest data and then only imports data values that are newer than those that are 
already in the database.   
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The ODM SDL data import executable will be designed so that it can be scheduled to run on a 
user defined schedule via the Windows Task Scheduler (i.e., users will be able to schedule the 
executable to run hourly, daily, or on some other time interval depending on what is most 
appropriate for the data to be loaded).  As a final step in the data series import, the SeriesCatalog 
table in the ODM will be updated so that it always reflects the most recent data in the database. 
 
Scheduling of Data Series Imports 
 
As stated above, the ODM SDL data import executable will be designed so that it can be 
scheduled to run periodically using the Windows Task Scheduler.  The schedule upon which data 
imports are run will be user defined such that it can be tailored to the specific needs of the 
streaming data series to be imported.  For example if all of the streaming data series to be 
updated are on satellite telemetry with data being downloaded only once per day, it would not 
make sense to schedule the ODM SDL data import executable any more frequently than once per 
day. 
 
Log File Generation 
 
Because the ODM SDL data import executable will run as a Windows scheduled task with no 
user interaction, it will be programmed to generate a log file with intuitive messages about the 
outcome of data loading transactions.  This log file will be useful in troubleshooting any 
problems with the data import.  Information contained within the log file will include which data 
series updates were successful, which ones were unsuccessful and error messages indicating 
where problems were encountered, numbers of data values added to the ODM database, times at 
which the uploads were run, etc. 
 
Support for Multiple ODM Databases 
 
The ODM SDL data import executable will assume that an XML configuration file contains 
instructions for adding a list of streaming data series to a single ODM database.  However, the 
ODM SDL data import executable will be designed such that it can be launched using any 
properly formatted XML configuration file.  This means that if streaming data are to be imported 
to two separate ODM databases by ODM SDL, two separate XML configuration files will be 
created and two separate tasks will be set up in the Windows Task Scheduler – one for each 
ODM database/XML configuration file combination. 
 
Technical Requirements 
 
The following sections detail specific technical requirements for the ODM Streaming Data 
Loader: 
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Development Environment and Source Code 
 
ODM SDL will be built as a Microsoft Windows application in the Microsoft Visual Studio 2005 
development environment.  The ODM SDL application and its source code will be made freely 
available according to the CUAHSI HIS software policy. 
 
Operating System Support 
 
ODM SDL will be tested for use on Microsoft Windows XP and Windows 2003 server (32-Bit 
Version). 
 
Support for Streaming Data Files 
 
ODM SDL will support loading data from any table based streaming data file that is formatted as 
a delimited text file (i.e., table-based data logger files).  Multiple data series contained within a 
single text file will be supported, provided that each data series is contained within a separate 
column in the file.  The following is an example streaming data file with multiple data series in a 
single data file. 
 

 
 
The streaming data files to be processed can be located locally on the same machine as the ODM 
SDL application, in shared folders on a local area network, or in a web directory accessible via 
http or ftp.  The files and the ODM SDL application will not need to be co-located on the same 
machine with the ODM SQL Server database. 
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Database Support 
 
ODM SDL will be designed to connect to an instance of the CUAHSI HIS ODM Version 1.0 
implemented in Microsoft SQL Server 2005 (including SQL Server 2005 Express).  The 
application will provide the user with a simple interface for creating a connection to the database, 
including server and authentication information.  ODM Tools will support connection to either 
local or remote database servers (i.e., users will be able to install the ODM SDL application on 
their own PC and connect to either a local or remote server running Microsoft SQL Server 2005). 
 
Third Party Software Components 
 
Rather than recreating specific functionality that can be obtained through free or inexpensive 
third party software development components, ODM SDL will use existing components where 
possible.  Where possible, freely available or open source components will be used so that 
developers who wish to edit or recompile the source code for ODM SDL will not have to 
purchase licenses for any third party software components. 
 
User Interface Requirements 
 
ODM SDL will be a Microsoft Windows-based application.  It will have two separate 
executables.  The first will be for the user interface and will allow users to create a configuration 
file that maps their data to the ODM schema by interacting with their ODM instance.  For 
example, users will be able to assign their data to an existing site by selecting a site that already 
exists in their ODM database from a list.  This process will take place through a series of 
windows, menus, and buttons, and will not require any programming by the user.  The second 
executable will perform the actual data loading given the configuration file(s) created by the user 
interface.  The upload executable will not require any user intervention and will not have a user 
interface.  It will be designed such that it can be scheduled to run on a user defined schedule 
using the Microsoft Windows Task Scheduler. 
 
Installation and Configuration 
 
ODM SDL will be delivered via an executable installation file that can be distributed via 
compact disk or downloaded from the ODM website at http://water.usu.edu/cuahsi/odm/.  The 
software installation will install all of the necessary components and files for the ODM SDL 
application to work.  It should be noted, however, that the software installation for ODM SDL 
will install the software application, but it is left to the user to create an appropriate instance of 
ODM Version 1.0 within Microsoft SQL Server 2005 for the ODM SDL application to attach to. 
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