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1 Introduction
1.1 Background
The traffic management centers (TMCs) in the metropolitan areas of Florida utilize SunGuide
system, a combination of both software and hardware developed for the Florida Department of
Transportation (FDOT) for their daily operations. The SunGuide system creates a daily text file
containing the basic data produced by each of its sensors at a specific time interval. In one of the
FDOT-sponsored projects(BD545-37, “Development of a Central Data Warehouse for Statewide
ITS and Transportation Data Phase II: Proof of Concept”), the Statewide Transportation
Engineering Warehouse for Archived Regional Data (STEWARD) was developed, which
processes the raw data obtained from the TMC’s, organizes the processed data in an Oracle
database system, creates a number of useful traffic information and traffic data diagnostic (based
on traffic flow principles) reports, and provides web interface for data users to access and
retrieve the traffic data and reports.
While the hardware and software implementation of STEWARD was generally sufficient for a
prototype application, it became clear that the prototype configuration imposed too many
limitations on the system for it to be completely useful in a production mode. Some of the issues
included: the storage capacity of the system reaching its limit due to the increasing amount of
data being supplied by the FDOT TMC’s; the data processing and uploading of the data to the
STEWARD database taking a very long time, requiring the web-server to be taken off-line for
unacceptable lengths of time; and a considerable lag between the current date and the date of the
most recently available data on the STEWARD system.
Thus, the FDOT funded the “FDOT Central Data Warehouse Enhancements” project (BDK-75934-05) to make software enhancements to the system to improve STEWARD’s performance
and usefulness, among other tasks. At the same time, the University of Florida’s Center for
Multimodal Solutions for Congestion Mitigation (CMS) upgraded all of the hardware for
STEWARD, which resulted in the realization of significant performance gains for the system.
The following section provides an overview of the STEWARD enhancements made in the last
enhancements project.

1.2 STEWARD Enhancements
As part of FDOT project BDK-75-934-05 and the CMS-funded hardware improvements, the
software and hardware aspects of STEWARD were enhanced in order to improve the system
availability, data availability, and the system performance. The FTP (File Transfer Protocol)
server of the STEWARD system was upgraded to a faster computer and additional storage
capacity (4TB) was included. This storage capacity is in the form of internal SATA drives,
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replacing what was a daisy-chain of several USB-interfaced external hard drives, resulting in
significant performance gains. A professional-grade server computer was also bought to replace
the desktop-based computer that hosted the database and web-interface. The database server of
the STEWARD system was upgraded with Windows Server 2008 (previously Windows Server
2003) as the operating system and Microsoft Internet Information Services as the web server.
A utility application was developed that reads the daily incoming data feeds from the FTP server,
then processes the raw data using the ETL (Extraction, Transfer and Loading) utility, and
uploads the data directly to the database server. The application is run on the FTP server during
the day time after all the raw data is received and the data is uploaded during the late-night
hours. The creation of this automatic utility application allowed the system to take better
advantage of the improved hardware performance, as well as make the entire process of getting
processed data onto the server and available to the user much more efficient. The end result was
that the lag time for the data availability from TMC’s to the users was reduced to two days. To
further enhance the system performance, the customized reports are also now updated
automatically.
While this enhancements project was a good start to making the STEWARD system more useful
in a production mode, there are still several improvements that can be made to the system.
Furthermore, there is the ongoing need for system maintenance. The following section describes
the objectives and tasks of this follow-on project (BDK77-TWO934-11) that provided additional
improvements and continued maintenance.

1.3 Further Development of STEWARD System
With the implementation of the automatic utility application on the STEWARD system,
STEWARD has reached a self-sustainable stage and is up-to-date with every district’s detector
network (except the Turnpike district). However, the system is not yet self-expandable and there
could be other issues and concerns that may arise while operating and maintaining the system in
the long-term. These issues, briefly, are:
•

It is anticipated that STEWARD user activity levels will increase as more data become
available and awareness of STEWARD increases as it transitions from the research and
development phase to the operational phase. With the increase in the number of users of
the STEWARD system, other FDOT districts’ data should be included in the future since
it is not self-expandable. And as the districts currently included in the system continue to
update their facility information and expand their network on a regular basis, it is
necessary that these changes are incorporated accordingly in a timely manner.

•

The STEWARD system receives approximately 1 GB of data every day. As the TMC’s
continue to expand their network detector coverage, the amount of data that must be
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transferred to STEWARD and then processed and loaded into the database will continue
to increase. It is necessary that this operation is regularly monitored with proper
maintenance of the hardware and timely review of the database and web-scripts.
•

As STEWARD gains increased user activity, there will be increased demand for
additional pre-configured reports to be provided on the STEWARD website. It is also
necessary that other updates, such as data availability and tools/resources availability
should be provided in a more user-friendly manner.

1.4 Research Approach
The objective of this project was to enhance the current STEWARD system configurations and
to improve the system performance. The tasks that were undertaken to accomplish this objective
are described briefly as follows:
•
•
•
•
•
•

Adding data from new facilities from Districts 1, 3, 4 and Turnpike
Adding arterial data to the STEWARD database
Improve the interactive maps on STEWARD
Calibrate detectors by comparing counts from ITS detectors with permanent station
counts
Critical review of STEWARD webpages
Monitor the progress of the system in a timely manner

1.5 Organization of Report
Chapter 1 provides an overview of the last enhancements to the STEWARD system, the
emerging issues in the STEWARD system and the research approach from the STEWARD
operators. Chapter 2 provides a detailed description of the various activities that were
undertaken during this project. Chapter 3 provides a summary of the activities performed, and
the potential activities to be undertaken in future.
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2 ACTIVITIES PERFORMED
This chapter describes the activities that were performed during this project. The objective of
this project is to expand the number of data sources available on STEWARD, implement
improved usability features, and continue the maintenance activities as needed.

2.1 Adding additional districts
The current STEWARD system included the ITS (Intelligent Transportation System) detectors
from five districts across Florida covering the regional areas of Jacksonville (District 2), Ft.
Lauderdale (District 4), Orlando (District 5), Miami (District 6) and Tampa (District 7). With
the increasing ITS detector network across other regional areas and districts within Florida, it
was proposed that new districts would be added to STEWARD. The new districts that were
proposed to be added to the STEWARD database included detectors from regional areas of Ft.
Myers/Naples (District 1), Pensacola (District 3), the counties covering Palm Beach, Martin, St.
Lucie and Indian River (referred thereafter as ‘new territories’) from District 4 and Florida
Turnpike (if available).
In the current system settings, the TMCs at each respective district transfer the archived raw data
files daily to the FTP (File Transfer Protocol) server at the University of Florida. To receive the
raw data from new districts, the research team contacted the respective TMCs to obtain the
necessary facility information, such as detectors’ geographical location, lane-mapping
configurations, description, mileposts, freeway segment speed limits, etc., for the detectors
installed on the roadways within the area limits of the respective TMCs. After exchanging the
files, the research team obtained the necessary information for the detectors in Districts 1, 3, and
4. The facility files pertaining to these districts were then prepared by the research team in a
format compatible with the STEWARD system. During the preparation of these files, several
edits and modifications were made to the detector details. These edits, upon approval from the
respective TMCs, were included to the facility files and were added to the STEWARD database
system. The details on the preparation of the facility files, and the steps undertaken to add them
to the database are provided in the resource section of the STEWARD website. With the help of
these facility files, the detectors from the districts 1, 3, and 4 were added to the STEWARD
database system.
While the addition of detectors from Districts 1 and 3 turned out to be a standard procedure,
additional efforts were required to include the new detectors from District 4. It came to the
attention of the research team that the raw data for the new territories were archived separately
and were not included in the existing archived data for District 4. Moreover, the SunGuide
system settings restricted the transfer of the data from new territories to the existing District 4
settings, and as a result, the data were sent to a different location at the FTP server. It meant that
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the inclusion of the data from new territories would require new district numerology within the
current STEWARD database architecture. This situation was obviously not desirable, as it
would have created complexity in the database, and would have confused the users.
To avoid this complexity, the research team decided to merge the raw data files from both the
existing District 4 network and the new territories of District 4, and to create a single raw data
file from District 4 before the ETL (Extraction Transformation Loading) process. Therefore, a
separate utility, ‘MergeUtility.exe’ was written in the C# programming language that merges the
two raw data files. This utility selects the raw data files from their respective locations on the
FTP server, and adds the data from one raw data file into the other raw data file on a row by row
basis. This led to the creation of an entirely new raw data file that contained the information
from all the counties in District 4. The new raw data file is then used in the ETL process. The
facility files from both the existing District 4 and new territories were also merged with each
other. The new facility file and their respective new raw data file were then integrated with the
automated utility. As a result, the data from the new territories were added to the STEWARD
database. It should be noted that the ‘MergeUtility.exe’ utility is also scheduled to run every day
via the FTP server system settings, once the raw data files from both the old territory and new
territories from District 4 are received.
The new facility files from Districts 1, 3, and 4 are currently integrated with the automated utility
of the STEWARD system for daily data transformation, and uploading. For Florida Turnpike,
the research team contacted the respective TMC, but due to the Turnpike District not having time
to set up the file transfer process, this task was not completed within the current project timeline.
It is expected that if the Turnpike District is able to set up the file transfer process in the future,
the detectors from the Turnpike will be added to the STEWARD database.

2.2 Inclusion of arterial data
In the same manner that freeway data are included in the STEWARD system, it was proposed
that the arterial data from District 5 would also be included in the STEWARD system. As the
raw data for the arterials were already included in the existing District 5 archived data, there
were no additions/changes made to the FTP server system settings. While the arterial raw data
were reviewed, it was realized that the format in which the arterial data are archived is different
from the format in which the freeway data were archived. To understand the nature of this
format, the research team contacted the District 5 personnel, and were informed that the arterial
data are collected for vehicles with SunPass tags only. This meant that the data would not
include the traffic information for all vehicle types that pass through the detector location. This
also meant that only little information can be collected from these detectors, and it may not be of
great value to FDOT. Therefore, after further discussions with the project manager, it was
decided that the arterial data would not be included in the STEWARD database at this time. The
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possibility of including traffic data for vehicles with only SunPass tags may be undertaken in a
future project provided the information is useful to FDOT.

2.3 Customized Interactive Maps for each district
To improve the usability features of the interactive maps, the research team modified and edited
the scripts for all district maps. The previous interactive maps allowed the users to view the
detector details via a scroll-mouse-over feature. Through this feature, the users were able to
view the detector details like geographic location, description, etc., when the systems’ cursor was
rolled over the detectors’ place mark on the map. Although useful, this feature only allowed the
users to view this information for a limited period of time, which was not enough to gather all
necessary information in a single attempt. This motivated the research team to improve this
usability feature, and other features as well in this project.
After investigating, and testing several other features, the research team decided to implement
the ‘balloon blip’ feature on the interactive maps. This feature, provided by Google Maps,
allows the users to view the detector details in a separate window, and view the detector details
for an indefinite time until the user chooses to close the window. The motivation was to ensure
that the detector details are available on screen for a longer time, which otherwise was available
for only a limited time in the previous interactive maps. This feature also gave an opportunity to
the research team in providing the detector details in a more user-friendly format. Apart from
the detector-id, description, and geographic location of each respective detector, the lane-type
details were also provided in this balloon blip feature.
To include the lane-type details, i.e., whether a lane is a general purpose lane or an auxiliary lane
or managed lanes, the lane-by-lane information at each detector location was added to all district
maps. The research team prepared the lane type details for each detector in a district with the
help of Google Earth. To ensure accuracy, a detailed review/investigation at all detector
locations was performed manually. The possibility of automating this process was ruled out as
these details were not provided by the respective TMCs. As a result, the research team reviewed
all the detector locations across Florida visually through Google Earth, and prepared the
respective files. To implement this feature, the scripts associated with the interactive maps were
modified by updating the API (Application Programming Interface) key used in the Google
maps, and subsequently, the lane-type details were also added to the respective interactive maps.
The old scripts were replaced with the modified scripts, and currently the balloon blip feature is
implemented in all the interactive maps on the STEWARD website. This feature now allows the
users to differentiate the lane types at each detector location, and helps the users in identifying
the lane details without the need to refer to any other source. A snapshot of the balloon blip
feature is provided in Figure 1.
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Figure 1: Snapshot of the detector location in District 4 depicting the lane-by-lane details in the
interactive map

Along with the balloon blip feature, efforts were made to improve the other usability features of
the interactive maps. The research team added a ‘search’ feature in all interactive maps that
allows users to search for a particular detector within that district. With the help of this feature,
the detectors can be identified via a keyword. The keywords could be anything from
STEWARD’s detector ID, roadway name, or the geographic location. Upon entering the
keyword, the system returns a list of all possible matches, and asks the user to select the
respective detector. Once the user selects the detector of interest from the list of returned
matches, the user can view the detector location and the balloon blip window with the detector
details. This feature has proved to decrease users’ time to search/look for a particular detector
location while navigating the maps. This feature has been tested for various cases, and appears
to be working well. A snapshot of this feature (as designed on the interactive map webpage) is
shown in Figure 2. These two features appear to have improved the usability features of the
interactive maps, and it is expected that more features could be added to the interactive maps
depending upon FDOTs’ requirements.
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Figure 2: Snapshot of the detector location in District 2 showing the search feature in the
interactive maps

2.4 Improvements to the STEWARD website
The scripts associated with the STEWARD website were critically reviewed to identify possible
performance bottlenecks. While the database review was completed in the last enhancement
project, several other issues associated with the web server were identified that decreased the
system’s performance: 1) the delay in the system’s response when the homepage was accessed;
2) the delay when users tried to access the reports webpage; 3) the delay while selecting the dates
in the calendar, and 4), the delay in the system’s response during data retrieval. All these issues
were found to be associated with the webpage scripts written in .ASP (Active Server Pages)
programming environment. Therefore, in an attempt to improve the system’s performance, a
detailed review of these scripts was performed. After the completion of review procedures, two
critical bottlenecks were identified that accounted for significant delays in the website’s response
time. It appeared that these two bottlenecks caused a significant amount of delay during the
loading and navigation of the website. The nature of these bottlenecks and the solutions to
remove them are briefly described next in the report.
STEWARD Homepage bottleneck
The first bottleneck that appeared to have significantly affected the system’s performance was
when the system’s homepage was accessed, or whenever the homepage of the STEWARD
website was loaded. More specifically, the left column of the homepage that enables the user to
select districts and the reports page, took a significant amount of time to load up. As a result, the
overall performance of the system was decreased. To remove this bottleneck, the research team
UF Transportation Research Center
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reviewed the scripts associated with the homepage. During the review process, it was observed
that a query involving the two largest database tables of the STEWARD system was executed,
which requires full scanning of these tables. To improve this bottleneck, the research team
decided to modify and edit the scripts in such a manner that it avoids the full scanning of the
database tables.
To avoid the full scanning of the database tables, the research team created a new temporary
table that contained all the necessary information used repeatedly during the webpage loading.
This new table, ‘TSS_1HR_STATION’, keeps all the necessary information from the largest
database tables that are used during the full scanning. As a result, whenever the left column of
the homepage is accessed, the data from this temporary table are fetched and the full scanning of
the largest database tables is avoided. However, it also becomes necessary to update the
information in the temporary table. To update this, a PL/SQL (Procedural Language/Structured
Query Language) script is scheduled to run on the first day of every month. With this query, the
temporary table is loaded with new information, and gets updated automatically. The creation of
the new temporary table is found to have significantly improved the website’s performance, and
the homepage gets loaded without the need of full scanning of the database tables. The details of
the modified scripts, and the components added to the scripts are beyond the scope of this report.
Calendar Dates Selection bottleneck
The second bottleneck that appeared to have significantly affected the website’s performance
was when the dates were selected from the to-and-from calendars displayed on the reports
homepage. The selection of dates from these calendars is one of the most important things
during the data retrieval process, and hence it is necessary to improve this selection process.
These calendars are displayed such that it indicates the dates with available data to the users.
The dates with available data generally appeared in ‘bold style’, and the dates with no data were
generally grayed out. To differentiate the availability of data within the dates, a data validation
query was written in the scripts associated with the reports homepage. The scripts were written
in such a manner that they accessed the system’s database tables, and indicated the presence of
data for that date by the color scheming. These scripts, written in .ASP programming language,
appeared to execute every time the reports homepage was accessed. Although useful, as this step
informs the user on data availability, this step was found to delay the system’s response time, and
resulted in significant delays during the data retrieval process.
The research team reviewed the scripts in an attempt to avoid or skip the validation step during
the data retrieval process. After further investigation, it appeared that this validation step could
be avoided. However, removing this validation step meant that the information on available data
dates will no longer be present in the calendar section of the reports homepage. This also means
that all the dates in the calendar will be displayed in ‘bold font’ even if data were not available
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for those dates. This approach removed a useful feature of the data availability on the reports
homepage, but the performance of the system’s response to any user query was found to be
significantly better. Therefore, it was decided to remove the validation step from the calendar
scripts. During the data retrieval process, if the user selects dates with no data, a message
appears at the end of the process about the non-availability of data. Also, to maintain the
information on the data availability, a separate section is created in the STEWARD website that
indicates the dates with no data.
All other queries of the STEWARD website were analyzed for possible bottlenecks or
optimizations. The execution plan of several queries was veriﬁed in order to avoid any unnecessary full-table scans. At the end of this project, no further scope of enhancing the website
was identified. However, once the system expands, and the scope of including other reports is
possible, further reviewing of the scripts may be performed.

2.5 Maintenance of the current STEWARD system
As the activities related to the STEWARD system increases, it becomes necessary to closely
monitor the progress of the system from the hardware and software point of view. For a proper
functioning of the system, the research team made continuous efforts to maintain and update the
system on a regular basis. The maintenance activities that were covered during this project are
described briefly as follows:
Regular system maintenance
The computers that host the FTP server, database server, and web server were maintained and
monitored on a daily basis. The monitoring becomes necessary to avoid any kind of unnecessary
system breakdowns, for maintaining the security features of the system, and to ensure that all the
components/utilities of the STEWARD system are running fine. The task, but not limited to, that
was performed most frequently was to restart the servers during an event of power loss,
mandatory shut down of servers during automatic updates and any other unavoidable events.
While some of the utilities associated directly with the operating system are restarted
automatically, there are other features within the Oracle environment that need to be started
manually. This includes starting the data uploading processes in the Control Center of the Oracle
database design center. During any other event, all necessary steps were taken to ensure the
smooth functioning of the system.
Daily transmission of data
The raw data transmissions from the TMC’s onto the FTP server were monitored on a daily
basis. This includes monitoring the incoming data to their respective location on the FTP server.
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In an event of any missing data, the research team contacted the respective TMC to obtain the
missing data files, and upload the missing data onto the STEWARD database at a later time.
Since the SunGuide system is also updated on a regular basis, it is necessary to monitor the daily
transmission of the raw data files to the FTP server.
Updating facility information
The facility information that includes the details of the detectors, and their respective lanemappings, were regularly reviewed and updated during this project. As more roadways and
detectors are added to each district, it is necessary to monitor the addition of these new detectors
and update the facility files accordingly. The research team made efforts to update all the facility
files with new detectors in the SunGuide system, including any changes in the lane-mapping,
during this project. The raw data were reviewed every fortnight evening for any information on
additional detectors/lanes data. The modified facility information was sent to the respective
TMC for approval, and only then, the new facility files replaced the previous files in the
STEWARD system.
Enterprise Manager
As briefly mentioned in the last enhancement project, the STEWARD system is not yet selfsustainable because the table spaces, the virtual tables where the daily traffic data are stored,
requires regular size increments. With additional districts in the STEWARD system, the amount
of incoming data has increased, and therefore, it is necessary that the size of these table spaces
also increases in a timely manner. Incrementing the sizes of these table spaces are performed via
the Oracle Enterprise Manager (EM). The EM helps in maintaining these table spaces, the
database operations, and creating backups of the existing database. The research team made
efforts to automate the increment of these table space sizes, but due to unexpected system
configurations, this issue is not yet resolved. However, an alternate and easier solution to this
issue was found. This alternate solution increases the sizes of the table spaces by running a
PL/SQL query on the command prompt of the machine that hosts the STEWARD database. The
research team is still investigating the limitations of the system configurations that do not allow
the size increment via the EM. It is expected that, in the future, the system configurations and
the EM settings will be modified to automate the table space sizes.

2.6 Calibration of the detectors
After the new detectors from Districts 1, 3, and 4 were added to the STEWARD database, the
research team decided to go ahead with this task. The motivation behind this task was to check
and improve the accuracy of the volume counts measured by the TMC microwave/loop detectors
by comparing the volume counts available from the FDOT installed permanent count stations.
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Only the detectors in close proximity to the permanent count stations were considered for this
task. The project manager narrowed the list of permanent count stations, and obtained the
volumes for these locations. To extract the volumes from the TMC detectors, the
‘ITSCounts.exe’ utility was used. During the initial extraction process, it was realized by the
project manager that the utility did not function properly. Therefore, the research team
investigated the associated scripts, and realized that the scripts used for this utility were not
properly written as desired. Due to time constraints and unavailable resources, the scripts were
not rewritten within the project timeline, and hence, this task was not completed. It is expected
that in a future enhancement project, this utility will be reviewed in detail and updated as desired
for detector calibration.
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3 SUMMARY AND FUTURE WORK
3.1 Summary
The various tasks that were performed during this project are summarized in this section. One;
as a part of this enhancement project, the detectors from Districts 1, 3, and new detectors from
District 4 were added to the STEWARD database. A new utility was created and implemented
to add the new detectors from District 4. All the utilities were integrated with the automated data
uploading application of the STEWARD system for daily processes. Two, the research team
investigated if arterial data from District 5 could be included in the STEWARD database, and
since the available information was not found to be in the necessary format and is of currently
limited value, the arterial detectors were not added to the system. Three, the interactive maps on
the STEWARD webpages were improved, and lane-by-lane details of all detectors were added.
A search feature was also added to the interactive maps that allow users to select detectors upon
entering keywords. Four, the homepage of the STEWARD website and other webpages of the
website were reviewed in detail. The bottlenecks that reduced the system’s performance were
removed and significant improvements in the system’s performance were observed. Five,
several tasks were performed in order to maintain the system configurations and for smooth
functioning of the STEWARD system. Last, the research team made efforts to calibrate
detectors by comparing ITS detector volume counts with counts from FDOT permanent count
stations. The limitations in the ‘ITSCounts.exe’ utility did not allow the comparisons, and as a
result, this task was not completed. The following section describes some important tasks that
could be undertaken in a future enhancement project.

3.2 Future Work
With the success of these enhancement projects, it is felt that there are other potential aspects of
traffic data that STEWARD can successfully cover, given the high performance server machines.
Furthermore, as the data are added to the STEWARD system on a regular basis, there is
obviously the need for system maintenance. However, there are other areas that STEWARD can
address before it is moved fully into a production mode. These areas, briefly, are:
•
•

•

Inclusion of Florida Turnpike data in the STEWARD system, and other available
roadways across the state.
The quality assurance procedures (as per FDOT’s guidelines) embedded in the ETL
(Extraction, Transformation, Loading) utility should be reviewed thoroughly to identify
any missing components from these QA procedures.
With increasing data in the STEWARD system, it is necessary to monitor the daily
operations of this system along with periodic maintenance of the hardware and timely
review of the database and web-scripts.
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•

•

•

•

STEWARD at present does not contain incident data, weather data, toll-rates data, etc.
The inclusion of these datasets could prove to be of great value to the transportation
community.
Since STEWARD forms a repository for huge datasets, additional outputs could be
created from these datasets for users. One example is to provide users with the capacity
value for a given freeway segment.
As STEWARD gains increased user activity, there will be increased demand for
additional pre-configured reports to be provided on the STEWARD website. It is also
necessary that other updates, such as data availability and tools/resources availability
should be provided in a more user-friendly manner.
The calibration of detectors could be assisted by comparing the counts obtained from
FDOT’s permanent count stations with volume counts from TMC detectors.
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