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Executive Summary  

This document represents the final report for FHWA Contract DTFH61-10-P-00127, Integrating Clarus Data 
with the 511 New York Traveler Information System.  This project involves the design, development, and 
implementation of an intelligent transportation system that collects real-time Clarus Road Weather Information 
System (RWIS) data and other pertinent weather alert data from various sources on selected roadways in New 
York State and integrates the information for display to the end-user through a modified 511 New York (511NY) 
traveler information website.  The collected data can also be integrated into other traveler information systems 
such as the New York Connected Vehicle system currently under development. 
 
The goal of this project is to demonstrate the feasibility of collecting, integrating, and disseminating various 
types of current and forecast location-specific weather alert data for use by traffic managers and motorists to 
help make better travel decisions, reduce congestion, and improve safety. 
 
The Clarus system provides a location-specific data source for road weather information based on state Road 
Weather Information System sensors scattered across North America.  There is concern that some sensors 
are not evenly distributed; some are within a few miles of each other while others are hundreds of miles apart.  
To address this problem, the weather information from Clarus can be supplemented with additional real-time, 
location-specific weather data sources to provide a continuous weather picture at various locations. 
 
Through this project, the Telvent project team integrated Clarus data into the Telvent road segment alerting 
engine.  This product, called SiteWatch, is a patented system that analyzes multiple weather factors against 
specific road segments along a transportation corridor.  If weather conditions exist that can cause issues with 
the transportation system, an alert is generated for the individual road segments that are affected.  These road 
segment alerts are integrated into the 511NY pre-production system to provide enhanced, detailed, localized 
road weather condition information, including information from Clarus.  In addition, the road segment alerts are 
provided through a data feed for use by the New York Connected Vehicle system. 
 
The coverage area for this project includes the New York transportation corridors of the Long Island 
Expressway (I-495) and I-87 west of the Hudson River to the Canadian border.  Since the number and location 
of the RWIS sensors along the project corridors are limited, Telvent extended a radius of influence around the 
locations for eight miles.  This means that only road segments within this area will be candidates for Clarus-
based road weather alerts. 
 
To supplement the RWIS data received from Clarus, weather information from a number of other data sources 
was accessed and integrated into the resulting system, including National Weather Service Surface 
Observations, Doppler Radar, Storm Corridors, and National Weather Service Bulletins. 
 
System Development Process 
 
A structured System Development Lifecycle (SDLC) approach was used to develop the system created for this 
project.  The first step in the project was to define a set of technical requirements for the system to be 
developed and maintained during the course of the project.  The goal of this effort was to ensure a common 
understanding between all parties on the expected functionality of the resulting system.  The requirements 
were gathered from the original request for proposal for the project, Telventôs proposal, and additions and 
clarifications based on discussions between FHWA, NYSDOT, and the Telvent project team. 
 
The next step in the system development lifecycle was to design the system.  The Telvent team produced a 
Design Specification that defines the various sub-systems comprising the overall system and how each of 
these sub-systems is configured from existing software products and developed for new system functionality. 
 
Development of the system proceeded in accordance with the system design.  Although most of the 
development focused on new system functionality, there were opportunities to utilize existing system tools.  For 
example, the base SiteWatch road segment alerting system already included interfaces to existing weather 
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data sources such as the National Weather Service.  In addition, the current 511NY pre-production website 
infrastructure was used as the base platform to develop the user interface for displaying the weather alerts. 
 
Testing of the resulting applications was conducted in multiple phases.  In the first phase (unit testing), each 
component was individually tested to ensure independent functionality was operating properly, e.g., to test the 
SiteWatch retrieval of RWIS data from the Clarus system.  Unit testing was performed in a lab/system 
development environment.  The second testing phase (integration/system testing) was performed against a 
fully integrated system to verify that interactions between all system components operated properly. 
 
The final phase of testing, System Acceptance Testing (SAT), was based on the development of a Test Plan 
that defines the plans and a set of procedures used to verify that the integration of the Clarus data and related 
weather alerts into the 511NY pre-production website complies with the functional system requirements 
defined in the Requirements Specification document. 
 
System Description 
 
The 511NY pre-production system configuration is divided into functional groups consisting of data collection, 
data integration or fusion, and data dissemination.  The data collection group requests and receives inbound 
XML-based data streams from SiteWatch on a configurable, periodic basis and forwards the received data 
flows for data storage and analysis.  The data dissemination group distributes the processed information 
through to the public web platform.  
 
Only RWIS observations that pass both Telvent and Clarus quality control checks will be candidates for a 
weather alert.  These RWIS observations are checked against gross and climate ranges, compared to similar 
sensors in the area, and analyzed against previously reported observations as a way to assess 
reasonableness and quality. 
 
During the course of the project, Telvent ingested and analyzed numerous incoming NYSDOT RWIS 
observations from Clarus utilizing these quality control checks.  Analysis of the data quality shows that some 
key parameters that would have been candidates for observation-driven weather alerts routinely fail the quality 
control checks.  While there are several other datasets that drive weather alerts, the list of possible RWIS 
parameters from the NYSDOT RWIS network used to drive these weather alerts is relatively small.  In general, 
only quality pavement temperature readings are routinely available from Clarus for the available NYSDOT 
RWIS stations. 
 
Early in the project, the project team determined that the following Clarus RWIS sensor readings would be 
most applicable for delivery of potential hazardous weather condition alerts: 
 

 Pavement Temperature  

 Wind Speed 

 Surface Status (i.e., Ice Warning, Snow Warning, Ice Watch, Snow Watch, Frost, Chemically Wet, Wet, 
Trace, Absorption Dew, Absorption, Dew) 

 Precipitation Rate 

 Precipitation Situation (i.e., Slight/Moderate/Heavy Unidentified/Snow/Rain/Frozen Precipitation) 
 
The system categorizes the received weather conditions for each roadway segment/link and prioritizes and 
displays them on the 511NY pre-production website map as a section of roadway color-coded to a specific 
weather condition category or textually via a tool tip message.  The tool tip contains supporting textual 
information associated with the primary link condition.  The selected colors are configurable.  The map 
includes existing pan-and-zoom capabilities with the ability to select a specific 511NY region for display.   The 
integrated data represents a combination of roadside weather alert information including roadway temperature, 
roadway condition and wind speed, as well as National Weather Service (NWS) alerts and detection of 
possible severe weather.  The weather alerts are depicted through a separate layer on the 511NY pre-
production public website map titled ñClarus Weatherò and categorized as follows: 
 

 Wet 

 Snow/Ice 
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 Severe Snow/Ice 

 High Winds 

 Severe Weather Alert 

 Severe Weather Detected 
 
System Evaluation 
 
A three-month evaluation phase of the resulting system followed immediately upon completion of system 
acceptance testing in late March 2011.  This was the final phase of the project completed in June 2011.  This 
timeframe was selected in order to capture weather alerts from the late winter season through spring 2011. 
 
Evaluation of the system was conducted by FHWA staff, NYSDOT staff, and members of the Telvent project 
team.  The evaluation process consisted of exchanges of observations and feedback through e-mail and 
teleconferences over the three-month period.  To help guide the process, the project team also developed an 
evaluation survey that was completed by FHWA and NYSDOT staff in early May 2011. 
 
The system produced a wide range of results representing varying weather conditions and alerts during the 
evaluation phase, although it was observed that a relatively small number of alerts were based on Clarus 
RWIS data.  Most of the valid Clarus RWIS alerts were only for roadway surface temperatures (e.g., below 
33° F) during the late winter and early spring seasons.  There were also some valid surface condition readings 
(e.g., from the Schodack RWIS station), but most other readings were flagged as erroneous by the Clarus and 
SiteWatch quality control checks. 
 
In general, the representation of weather alerts on the 511NY pre-production website was accurate, clear, and 
easy to understand, although there was some concern that some results could be misinterpreted by the public. 
 
The information from the system was also very useful from a traffic management perspective as it can help 
transportation managers alert motorists of upcoming weather disturbances and provide assistance in readying 
public safety and incident management staff and resources for impending weather conditions that could 
negatively affect the transportation system. 
 
During the evaluation phase, a number of recommendations were developed to help improve the usability and 
effectiveness of the system in terms of alert prioritization, data quality, and information clarity.  In addition, the 
project team defined a series of potential next steps beyond this project including presentation of the project 
results at upcoming conferences, integrating weather alerts into the NY Connected Vehicle system, and 
exploring options to integrate weather alerts and related data into the 511NY production system. 
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1 Introduction  
This document represents the final report for FHWA Contract DTFH61-10-P-00127, Integrating Clarus Data 
with the 511 New York Traveler Information System.  This project involves the design, development, and 
implementation of an intelligent transportation system that collects real-time Clarus Road Weather Information 
System (RWIS) data and other pertinent weather alert data from various sources on selected roadways in New 
York State and integrates the information for display to the end-user through a modified 511 New York (511NY) 
traveler information website.  The collected data can also be integrated into other traveler information systems 
such as the New York Connected Vehicle system currently under development. 
 
The goal of this project is to demonstrate the feasibility of collecting, integrating, and disseminating various 
types of current and forecast location-specific weather alert data for use by traffic managers and motorists to 
help make better travel decisions, reduce congestion, and improve safety. 
 
This document includes the following: 
 

 Background information on the types of data collected and project coverage area; 

 The methodology used to design, develop, test, and implement the system; 

 A description of the resulting system, including the system architecture, data collection/fusion process, and 
system outputs; and 

 An evaluation of the system detailing the evaluation process, results, and potential areas for improvement 
and expansion. 

 References to supporting documentation produced during the course of the project; 

 
This document was prepared by Telvent for the Federal Highway Administration (FHWA) and New York State 
Department of Transportation (NYSDOT). 
 

1.1 Project Background  

The Clarus system provides a location-specific data source for road weather information based on state Road 
Weather Information System (RWIS) sensors scattered across North America.  There is concern that some 
sensors are not evenly distributed; some are within a few miles of each other while others are hundreds of 
miles apart.  To address this problem, the weather information from Clarus can be supplemented with 
additional real-time, location-specific weather data sources to provide a continuous weather picture at various 
locations. 
 
Through this project, the Telvent project team integrated Clarus data into the Telvent road segment alerting 
engine.  This product, called SiteWatch, is a patented system that analyzes multiple weather factors against 
specific road segments along a transportation corridor.  If weather conditions exist that can cause issues with 
the transportation system, an alert is generated for the individual road segments that are affected.  These road 
segment alerts are integrated into the 511NY pre-production system to provide enhanced, detailed, localized 
road weather condition information, including information from Clarus.  In addition, the road segment alerts are 
provided through a data feed for use by the New York Connected Vehicle system. 
 
The coverage area for this project includes the New York transportation corridors of the Long Island 
Expressway (I-495) and I-87 west of the Hudson River to the Canadian border.  This area is shown by the 
highlighted roadways in Figure 1-1, below. 
 



 

Integrating Clarus Data with the 511 New York Traveler Information System  Page 5 

 

Figure 1-1 ï Project Coverage Area  
(Source: Telvent)  

 
As mentioned above, Clarus utilizes data from RWIS sensors throughout the United States.  Figure 1-2, below, 
is from the Clarus website that shows the location of the RWIS sensors in the NYSDOT RWIS network.  The 
five large red circles identify the locations of the RWIS sensors to be used for this project.  These locations are 
as follows: 
 

 Medford 

 Greenvale/CW Post 

 Schodack 

 Albany Toll Plaza 

 Clifton Park 
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Figure 1-2 ï NYSDOT RWIS Network  
(Source: www.clarus -system.com ) 

 
 
Since the number and location of the RWIS sensors along the project corridors are limited, Telvent extended a 
radius of influence around the locations for eight miles.  This means that only road segments within this area 
will be candidates for Clarus-based road weather alerts.  Below are graphical representations of the eight-mile 
radius of influence for both the Long Island Expressway and I-87. 
 

 

Figure 1-3 ï Long Island Expressway RWIS Locations and Area of  Influence  
(Source: Telvent)  

http://www.clarus-system.com/
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Figure 1-4 ï I-87 RWIS Locations and Area of Influence  
(Source: Telvent)  

 
To supplement the RWIS data received from Clarus, weather information from a number of other data sources 
was accessed and integrated into the resulting system, including the following: 
 

 National Weather Service Surface Observations 

 Doppler Radar 

 Storm Corridors 

 National Weather Service Bulletins 
 
The specific data captured from all of these systems is described in Section 3.2, Data Collection. 
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2 System Development Methodology  
This section provides an overview of the methodology used to develop the system created for this project.  The 
system was developed using a System Development Lifecycle (SDLC) approach based on the following sub-
tasks: 
 

 System Requirements Analysis 

 System Design 

 System Development and Integration 

 System Testing and Rollout 
 
A project timeline is also included that depicts the overall schedule for the project. 
 

2.1 System Requirements Analysis  

The first step in the project was to define a set of technical requirements for the system to be developed and 
maintained during the course of the project.  The goal of this effort was to ensure a common understanding 
between all parties on the expected functionality of the resulting system.  The requirements were gathered 
from the original request for proposal for the project, Telventôs proposal, and additions and clarifications based 
on discussions between FHWA, NYSDOT, and the Telvent project team. 
 
Each requirement was tracked during the course of the project, and any changes were documented and 
submitted for approval by FHWA.  Technical requirements were traced through system design, development, 
and testing to ensure that each requirement was adequately addressed through the associated project 
deliverables. 
 
Approximately 35 system/functional requirements were defined covering the following areas: 
 

 System geographic coverage 

 Data sources to be used (e.g., Clarus, National Weather Service) 

 Types of data collected from each data source (e.g., pavement temperature, wind speed, precipitation type 
and rate) 

 Thresholds for weather alerts to be generated (e.g., wind gusts over 40 mph) 

 Type of data feed to the 511NY website and NY Connected Vehicle system (e.g., XML) 

 Data dissemination method (e.g., web-based map display of roadway segment-based weather conditions) 
 
The detailed requirements can be found in the project Requirements Specification.  These functional 
requirements served as the basis for the design of the system. 
 

2.2 System Design  

The next step in the system development lifecycle was to design the system.  The Telvent team produced a 
Design Specification that defines the various sub-systems comprising the overall system and how each of 
these sub-systems is configured from existing software products and developed for new system functionality. 
 
In particular, the Design Specification addressed several areas including the following: 
 

 System Architecture 
o Architecture diagrams 
o Definition of system components 
o Networking parameters 
o Data flows 
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o Security methods 
o Hardware platforms 
o External site connectivity mechanisms 

 

 Data Collection 
o Setup of project roadway segments and data points 
o Definition of SiteWatch data streams with external data sources 
o Quality control checks 
o Thresholds for alerts to be disseminated 
o Data update frequencies 

 

 Data Integration 
o Details on data interfaces to dissemination systems (data content, formats, refresh cycles) 
o Sample outputs 
o Data categorization and prioritization 
o Data storage methods 
o Error handling 

 

 Data Dissemination 
o 511NY pre-production website user interface (map display) and functionality 
o Website platform and architecture 
o Interface with NY Connected Vehicle system 

 
The Design Specification was also reviewed to ensure that all identified requirements were fully covered. 
 

2.3 System Development and Integration  

Development of the system proceeded in accordance with the system design.  Although most of the 
development focused on new system functionality, there were opportunities to utilize existing system tools.  For 
example, the base SiteWatch road segment alerting system already included interfaces to existing weather 
data sources such as the National Weather Service.  In addition, the current 511NY pre-production website 
infrastructure was used as the base platform to develop the user interface for displaying the weather alerts. 
 
System development included the following tasks: 
 

 Define and collect the roadway segment data on I-495 and I-87 in New York for alerting 
 

 Establish the Clarus data stream for the five selected RWIS sensors in the project coverage area 
 

 Ingest the Clarus data into the SiteWatch system.  Note that the SiteWatch system resides at the Telvent 
DTN hosting facility in Omaha, Nebraska. 
 

 Configure SiteWatch alerting criteria for the Clarus data and other weather data 

 
 Develop the XML web service data interface containing the weather alerts from SiteWatch (note that this 

data interface is for use by the 511NY pre-production system and NY Connected Vehicle system) 
 

 Integrate all weather alert data into the 511NY pre-production system 
 

 Develop updates to the 511NY pre-production website to display the weather alert data 
 

 Configure the 511NY pre-production platform at the Savvis hosting facility in New Jersey to accommodate 
the modified 511NY website.  Note that this platform was segregated from the main 511NY pre-production 
platform so that each system could be updated and maintained separately in order to prevent conflicts 
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between the two systems.  References to the 511 NY pre-production platform in this document are for the 
segregated platform. 

 

2.4 System Testing  and Rollout  

Testing of the resulting applications was conducted in multiple phases.  In the first phase (unit testing), each 
component was individually tested to ensure independent functionality was operating properly, e.g., to test the 
SiteWatch retrieval of RWIS data from the Clarus system.  Unit testing was performed in a lab/system 
development environment. 
 
The second testing phase (integration/system testing) was performed against a fully integrated system to verify 
that interactions between all system components operated properly.  For example, tests were conducted to 
ensure that the data retrieved by the SiteWatch system was validated, then passed through the data interface 
to the 511NY pre-production website, and then properly displayed on the 511NY pre-production website map.  
Integration/system testing was conducted on the 511NY pre-production platform to identify any potential 
problems with the system configuration and confirm operation in the destination environment. 
 
To perform these tests, various test scripts were developed to exercise each system function.  Both simulated 
and actual data were used to validate the system under different scenarios. 
 
The final phase of testing, System Acceptance Testing (SAT), was based on the development of a Test Plan 
that defines the plans and a set of procedures used to verify that the integration of the Clarus data and related 
weather alerts into the segregated 511NY pre-production website complies with the functional system 
requirements defined in the Requirements Specification document.  These tests use a technique in which 
satisfaction of a requirement is verified by the use of a series of steps to test a component of the system. 
 
The following summarizes the primary areas of focus for the System Acceptance Testing verifications: 
 

 Ingest Clarus and related weather data into the SiteWatch road segment alerting engine and perform data 
quality checks 

 Publish validated Clarus and related weather alert data to the 511NY pre-production system and the NY 
Connected Vehicle system 

 Integrate Clarus and related weather alerts from SiteWatch into the 511NY pre-production public website 
via a new map layer 

 
System Acceptance Testing was conducted in the presence of FHWA and NYSDOT representatives according 
to the procedures in the Test Plan using the operational system on the 511NY pre-production platform.  Signoff 
by FHWA and NYSDOT on each test procedure signified formal acceptance of the system. 
 
Upon acceptance of the system, a three-month evaluation phase was conducted to operate the system and 
determine its effectiveness.  Any problems identified during this phase were addressed and tested by the 
Telvent team according to the development and testing methodology discussed above.  This Final Report was 
developed during this three-month evaluation period. 
 

2.5 Project Timeline   

The Clarus Integration projects spanned a period of approximately eight (8) months from November 2010 
through June 2011.  Below is an overview of the project schedule that delineates the system development 
tasks discussed above. 
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Figure 2-1 ï Project Timeline  
(Source: Telvent)  
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3 System Description  
A description of the system that was developed for the Clarus Integration project is provided in this section.  It 
defines the different components of the system and how they interact.  The system description is organized as 
follows: 
 

 System Architecture 

 Data Collection 

 Data Integration 

 Data Dissemination 
 
Additional details are provided in the project Design Specification. 
 

3.1 System Architecture  

The architecture for the project is divided into two primary sub-systems: the SiteWatch road segment alerting 
engine and the 511NY pre-production public website.  The two diagrams below depict the architecture of each 
of these sub-systems. 
 

 

Figure 3-1 ï SiteWatch  Architecture  
(Source: Telvent ) 
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Figure 3-2 ï 511NY Pre-Production Platform Architecture  
(Source: Telvent)  

 
Initially, GIS weather data shapefiles are periodically acquired from an FTP server and automatically loaded 
into a geodatabase.  These shapefiles are retrieved from a number of sources including NWS (National 
Weather Service) Doppler Radar, storm corridors based on NWS Doppler Radar, NWS bulletins, surface 
weather observations, and Roadway Weather Information Systems (i.e., Clarus System data) and are 
processed by the Telvent alerting engine, SiteWatch.  At the completion of SiteWatch processing, the 
information is made available at the http://its.dtn.com site for the 511NY and Connected Vehicle clients to 
process. 
 
The 511NY pre-production system configuration is divided into functional groups consisting of data collection, 
data integration or fusion, data dissemination, and administrative areas. The data collection group is 
responsible for termination of any inbound data streams from external data sources such as http://its.dtn.com 
and forwards the received data flows to the SQL server for storage of the data.  The data dissemination group 
distributes the processed information through to the public web platform.  
 

3.2 Data Collection  

The Data Collection module is based on the Telvent alerting engine, SiteWatch, where interstate highways 
(i.e., assets) as well as reference points (i.e., roadway nodes/landmarks) were added to the systemôs 
geodatabase.  The roadway nodes were initially defined based on the I-87 and I-495 roadway segments 
established in the 511NY system.  The assets and landmarks are factored into the SiteWatch processing of 
GIS Weather data shapefiles at Telventôs operations center in Omaha, Nebraska. 
 
Only RWIS observations that pass both Telvent and Clarus quality control checks will be candidates for a 
weather alert.  These RWIS observations are checked against gross and climate ranges, compared to similar 
sensors in the area, and analyzed against previously reported observations as a way to assess 
reasonableness and quality. 
 
During the course of the project, Telvent ingested and analyzed numerous incoming NYSDOT RWIS 
observations from Clarus utilizing these quality control checks.  Analysis of the data quality shows that some 
key parameters that would have been candidates for observation-driven weather alerts routinely fail the quality 
control checks.  While there are several other datasets outlined in this document that drive weather alerts, the 
list of possible RWIS parameters from the NYSDOT RWIS network used to drive these weather alerts is 

http://its.dtn.com/
http://its.dtn.com/
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relatively small.  In general, only quality pavement temperature readings are routinely available from Clarus for 
the available NYSDOT RWIS stations. 
 
Early in the project, the project team determined that the following Clarus RWIS sensor readings would be 
most applicable for delivery of potential hazardous weather condition alerts: 
 

 Pavement Temperature  

 Wind Speed 

 Surface Status (i.e., Ice Warning, Snow Warning, Ice Watch, Snow Watch, Frost, Chemically Wet, Wet, 
Trace, Absorption Dew, Absorption, Dew) 

 Precipitation Rate 

 Precipitation Situation (i.e., Slight/Moderate/Heavy Unidentified/Snow/Rain/Frozen Precipitation) 
 
Below is a sample of the Schodack RWIS sensor data from the Clarus website used for the project.  In this 
example, a red X indicates that the Clarus quality control checks identified invalid data for Surface Status and 
Precipitation Rate.  Note that only two of the five RWIS stations (Schodack and Albany Toll Plaza) are 
equipped to collect all of the above readings; the remaining three stations can only provide pavement 
temperature. 
 

 

Figure 3-3 ï NYSDOT RWIS Data from Clarus  
(Source: www.clarus -system.com ) 

 
As new weather data arrives, SiteWatch spatially intersects this new weather with known assets, i.e., the 
511NY roadway segments and landmarks.  If weather conditions at these intersections exceed predetermined 
thresholds, SiteWatch generates an alert (e.g., hazardous pavement temperatures) for each asset (e.g., I-87) 
and weather data type (e.g., RWIS observations) combination.  These thresholds are shown in Table 3-1, 
below.  Note that there are gaps in the thresholds between light, moderate, and heavy precipitation in this table 
as these readings are only provided in 5 dbz increments. 
 

http://www.clarus-system.com/











































