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EXECUTIVE SUMMARY

In recent years, highway monitoring and performance measure requirements have been
increasingly emphasized for federal transportation funding mandates such as MAP-21. The
provisions in these mandates have led to an increased need for the reporting of system performance
at both state and local levels. It is highly likely that future bills will trend toward requiring data-
driven performance measurement. Historically, this has been a challenge due to the data collection
infrastructure required for any such wide-scale deployment efforts. To meet this data need,
advances in connected and probe vehicle technologies have made available an unprecedented
amount of data through third-party commercial vendors for agencies to procure and use. However,
this data must be transformed to adapt to the goals and objectives of the agency so to be well-
suited for analyzing performance on their systems.

In May 2016, the Pennsylvania Department of Transportation sponsored a 12-month research
project at Purdue University to develop, implement and assess three web dashboards and a data
system that make use of the commercial probe data licensed by Pennsylvania to produce arterial
performance measures for engineers and stakeholders to evaluate and monitor traffic conditions.
Traffic speed data was downloaded in real-time as well as historic data from INRIX to populate
roadway speeds nominally at 1-mile spatial resolution. The dashboards mapped the speeds to 138
“super-critical” corridors in the five-county region of District 6, including Bucks, Chester,
Delaware, Montgomery, and Philadelphia counties, and produced travel time and reliability
metrics, cross-corridor rankings, and a congestion monitoring tool on a web-enabled user platform.
The three dashboards are summarized below:

e Arterial Travel Time Comparison Tool. This tool allows the user to perform a
comparison of travel times on a selected corridor for specified “before” and “after” date
ranges that can be filtered by day of week and time of day. The tool produces cumulative
frequency diagrams (CFDs) of the travel times that illustrate the difference between the
before and after conditions. This tool is instrumental for assessing the effects of
maintenance, operational changes, capital programs and adaptive deployments.

e Arterial Ranking Tool. This tool enables the user to view performance of several
corridors for a specified date range, and to rank the corridors according to their travel time
characteristics, including both the median travel time and the interquartile range (IQR), a
measure of the travel time variability. The tool produces sorted bar charts based on either
performance measure, or a scatter-plot using both criteria axes.

e Arterial Congestion Ticker. This tool produces a chart of speed distributions on selected
arterial routes over time. Users can interact with the chart to focus-in on specific instances
in time and display on a map the segments where the speeds are observed.

These web dashboards were accompanied by a research paper that assessed over $30 million in
user travel time and emissions benefits derived from a combination of signal retiming and adaptive
system deployments. That paper was presented at the Transportation Research Board 96" Annual
Meeting. Looking ahead, the groundwork laid by this project will aid the development of new
business processes for assessing road network performance using emerging data sources to align
with requirements of upcoming government mandates on performance measures.

xii



1. INTRODUCTION

A central concept of system engineering is to define the goals and objectives of the system, then
measure the outcomes of the system performance to determine whether those goals and objectives
are being adequately met. In the operation of coordinated traffic signal systems, these are
determined by the operating environment of the system and the needs of the stakeholders.

Corridor progression is acommon objective of traffic signal system operations, particularly
for arterial highways. Travel time is perhaps the most common performance measure used to
evaluate the quality of progression. This can be measured by a number of techniques, such as GPS
travel time runs (1) or vehicle re-identification (2, 3); or estimated by the analysis of segment speed
data sampled from connected vehicles from private-sector data providers (4-7). Several
researchers have recently explored the viability of private sector speed data for analysis of arterial
travel times (4-6). While results have varied, the growing consensus is that such data is viable on
corridors with higher traffic volumes. A recent study demonstrated the scalability of this data set
by applying the method to a large inventory of corridors on a state-wide level, ranking them by
travel time and travel time reliability metrics for multiple times of day (7).

Adaptive signal control is one application where such analysis tools are essential to
evaluate the return on investment. In 2013, the University of California, Berkley evaluated
adaptive signals based on field data collected through Bluetooth detectors (8). For this particular
corridor, the implementation of adaptive signals had a detrimental effect, which was attributed to
suboptimal splits and offsets for specific intersections. A recent study by the Virginia Department
of Transportation (9) explored six adaptive control deployments and observed reductions in travel
time averaging about 25%, with a 16% improvement in travel time reliability, using private-sector
speed data spatially segmented using the Traffic Message Channel (TMC) scheme.

There is clear consensus that outcome assessment is an important part of any traffic signal
modernization or adaptive control project. However, the techniques used in past studies are
relatively labor intensive. To address the need for an assessment tool, the Pennsylvania Department
of Transportation (PennDOT) initiated a project to adapt the corridor ranking tool (7) to a district-
wide level web tool incorporating 138 corridors. That ranking methodology was further extended
to visualize before and after effects in terms of both travel time and travel time reliability. Of these
corridors, five recently incorporated adaptive deployments that varied from full-corridor to partial-
corridor deployments, are evaluated. In this study, the more spatially detailed “XD” segmentation
scheme is used. Results are examined for each hour of the day from 6:00 a.m. to 8:00 p.m. for all
five corridors, and the annualized user benefits are calculated.



2. PROJECT SCOPE
2.1 District/Counties overview with maps

The location of this analysis was determined by the Pennsylvania Department of Transportation
(PennDOT), concentrating on analyzing and ranking high-volume signalized arterial corridors
around the Philadelphia area. This region is defined as District 6 and consists of 5 counties: Bucks,
Chester, Delaware, Montgomery, and Philadelphia. Figure 1 shows a map of the eleven districts
in Pennsylvania, while Figure 2 shows District 6 in more detail. Within District 6, there are 138
corridors, stretching along 766 miles, and totaling 2,184 signals. In the past few years,
Pennsylvania has accelerated its investments in signal infrastructure with its “Green Light Go”
program, which has led to a number of improvements including several signal retiming projects
and adaptive control deployments (10).
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Figure 1. Overview of engineering districts in Pennsylvania




Delaware

Figure 2. The five counties comprising District 6

2.2 List of agency-side data elements produced

The Purdue team acquired necessary data elements from PennDOT at the beginning of the project.
This data included various GIS files, corridor information files, and signal timing plans. The

comprehensive list is below.

e GISFiles

O O O O O O O

©)

Supercritical Corridors Shapefile
Pennsylvania Shapefile Version 14.2
Pennsylvania Shapefile Version 15.1
Pennsylvania Shapefile Version 15.2
Pennsylvania Shapefile Version 16.1
Pennsylvania Shapefile Version 16.2
Pennsylvania Shapefile Version 17.5
Spat Int Speed Limit Data shapefile

e Corridor Information Files

o

o

District 6 Supercritical Corridor PDF

= Number signals, corridor length, AADT
All District Supercritical Corridors Excel File

= Number signals, corridor length, AADT

¢ Signal Timing Plans

o

o

o

Bucks County

= 9 corridors
Chester County

= 2 corridors
Delaware County

= 2 corridors
Montgomery County

= 4 corridors

Philadelphia



2.3 Corridor List and Attributes

From the files listed above, corridor information was aggregated for the 138 corridors. Data used
most frequently in the analysis was corridor length, AADT, speed limits, and number of signals.
The complete list of data from all 138 corridors can be found in Appendix V — Corridor List and
Attributes

3. INRIX XD DATA OVERVIEW
3.1 Corridor Mapping

Travel times were evaluated using private-sector probe vehicle speeds. These speeds are obtained
on a minute-by-minute basis from an aggregation of individual vehicle speeds determined from
timestamped positions of GPS-enabled devices, including fleet telematics and cellular phones. For
this study, segment definitions from the data provider were used, each approximately 0.3 mile in
length for evaluating arterials known as “XD segments.”

Corridor analysis requires the mapping of XD segments to match individual corridors. This was
accomplished using a manual mapping process using ArcMap 10.3.1. In this process, two shape
files (PennDOT super-critical corridors and INRIX XD) are superimposed as separate layers and
manually matched to obtain the appropriate XD segments. The XD segments are sorted by position
along the roadway for the two different directions of travel. In some cases, the endpoints of the
corridors might not align with the endpoints of the XD segments. In such cases, the XD segments
were trimmed to match the corridor end points. Figure 3 shows a snippet of the CSV data file
produced from the mapping process.

1 county corr_no Corr_name xdsegid bearing xd_pos trim_first trim_final
2 Bucks 46004 PAG3Welsh Rd 3934216 W 1 4205
3 Bucks 46004 PAG3/Welsh Rd 3934204 W 2

4 Bucks 46004 PAG3/Welsh Rd 3934205 W 3

3 Bucks 46004 PAG3/Welsh Rd 3934206 W 4

6 Bucks 46004 PAG3 Welsh Rd 3934207 W 5

7 Bucks 46004 PAG3/Welsh Rd 3934208 W 6

8 Bucks 46004 PAG3/Welsh Rd 3934209 W 7

9 Bucks 46004 PAG3 Welsh Rd 3934210 W 8

10 Bucks 46004 PAG3/Welsh Rd 3934211 W 9

11 Bucks 46004 PAG3/Welsh Rd 3934212 W 10

12 Bucks 46004 PAG3Welsh Rd 3934882 W 11

13 Bucks 46004 PAG3/Welsh Rd 3934883 W 12

14 Bucks 46004 PAG3/Welsh Rd 3934884 W 13

15 Bucks 46004 PAG3Welsh Rd 3934885 W 14

16 Bucks 46004 PAG3/Welsh Rd 28301857 W 15

Figure 3. Data extracted from corridor mapping

The manual mapping was performed for each direction of travel on the 138 super-critical corridors.
The time consumed for manually mapping a corridor took between 10 to 20 minutes. A detailed
step-by-step procedure of the mapping process can be found in Appendix Il — Mapping Corridors,
Timing Plans and Database Management.



3.2 Shape files and versioning system

INRIX releases a new shape file every six months to incorporate new roads and segments. The XD
segments have some variation across the shape files in terms of where the endpoints terminate and
numbering of the segments. As a result, the XD segments that comprise a corridor may not be
consistent over a study period that spans multiple shape file versions. To overcome this, multiple
mappings of each corridor were maintained across all the shape file versions within the current
project timeline. The shape file update process requires version management within the SQL
Server database in the [__version] table and corresponding [version] columns in the [ xd] and
[xdpaths] tables with the effective starting date of the shape file version as the version identifier.
These data structures maintain the specific XD segment definition sets needed to represent the
corridors over time. A tutorial of the shapefile update process is in Appendix Il — Updating
Shapefile Versions.

Six XD segment shape file versions were used through the course of this project, as shown in Table
1. The nomenclature for the versioning was based on the year and the month during which the
release took place. If the user queried for a date range within a particular shapefile, the XD
segments belonging to the respective shape file for the appropriate time period would be returned
for analysis.

Table 1. Shape file versions

Shape File Name | Start Date | End Date
vl4 09 01/01/1900 | 03/20/2015

vl5 03 03/20/2015 | 09/20/2015

v15 09 09/20/2015 | 03/20/2016
v16_03 03/20/2016 | 09/20/2016
v16_09 09/20/2016 | 05/09/2017

v1l7 05 05/09/2017 09/2.0/2017
(estimated)

3.3 Real-time download process

The INRIX web Application Programming Interface (API) is used to retrieve real-time speed data
for the segments pertaining to corridors defined by the mapping process. A Windows service
application called INRIX XML Ingester Multithreaded automates the process on the server and
performs the data retrieval once-per-minute. The API is first called at the endpoint
http://api.inrix.com/Traffic/Inrix.ashx to retrieve a token for accessing INRIX data as well as the
Uniform Resource ldentifier (URI) for the subsequent calls.

29 <eC

The initial call is made with three parameters: “action”, “vendorid,” and “consumerid”, and are
sent as a GET request. The action value is “getsecuritytoken” and the vendorid and consumerid
are provided by INRIX. Once the token and URI are retrieved, subsequent calls to the URI are
made with the “getsegmentspeed” action value and the “token” parameter with the token supplied
by the initial call. In addition, a separate parameter “segments” is supplied with its value of a
comma-separated string of XD segment identifiers provided by the corridor mapping information

5


http://api.inrix.com/Traffic/Inrix.ashx

in the database. Once the call is made, an XML document is returned with the list of segments and
their current respective speeds. The automated service then stores the speed data into the database.
Since there is also a limit on the number of segments that can be requested at once, the process
also batches the requests in sets of 200 segments at a time.

e GetTokenAndURI()

tokenURL = "
WebRequest request = WebRequest.Create(tokenURL);

e = request.GetResponse();

Reader));

spath inrix.AuthResponse.ServerPaths)

(spath.type == "API" && spath.region == "NA")

Figure 4. C# .NET function to initially retrieve a token and URI from the INRIX API.
3.4 Archive backfill process

Every three months, INRIX makes available the archived speed data for the previous quarter. An
Excel sheet with a set of links for each month is provided, or compressed CSV files are provided
as links directly. In the former scenario, each link directs to a zip file on the Amazon Web Service
(AWS) where the archived data is stored. There are around 60 to 70 links for a given month. A
semi-automatic process was developed by the Purdue team using the .NET framework to download
the zip files, extract, process, and finally bulk insert them to their respective data tables in the SQL
database. The process for backfilling using CSVs is detailed in Appendix IV — Archived Speed
Data Import.

4. SERVER OVERVIEW

One blade server and one license of Microsoft SQL Server Enterprise Edition was procured for
this project. The server was procured by Purdue University and operated within the Purdue
network for the duration of the project. The platform hosted software for data retrieval and storage,
application development and testing, and web production interfaces for Pennsylvania stakeholders,



and was the vehicle for product delivery by the Purdue team. The server was delivered with the
aforementioned software packages to the PennDOT Harrisburg server farm on April 19, 2017.

4.1 Hardware System

The hardware procured for this project is a Dell PowerEdge R730 chassis with an Intel Xeon E5-
2637 v3 processor running at 3.5 GHz. There are 15 megabytes of L3 cache on the processor,
running at 9.6 giga-transfers per second (GT/s) with QuickPath Interconnect (QPI) and Hyper-
Threading (HT) technology. There are four physical cores on the processor with eight total threads.
The system operates at 135 watts.

There are 128 gigabytes (GB) of memory installed on the system in the configuration of four 32
GB modules. The disk configuration consists of two 400 GB solid-state (SSD) 2.5 inch SAS drives
alongside six 1.8 TB 10,000 RPM 12 gigabits-per-second (Gb/s) SAS mechanical drives. The disk
array operates on a Dell PERC H730P RAID controller with 2 GB of NV cache. The mechanical
disks are configured as RAID 10 with 5.4 TB usable space, split between the operating system C:
drive and the data store D: drive. The two SSDs are configured as RAID 1 and holds the database
transaction log data.

The network daughter card for the system is an Intel Ethernet X540 module that can operate up to
10 Gbfs.
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Figure 5. View of the Windows Task Manager on server.
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4.2 Software System

4.2.1 Operating System

The operating system (OS) installed is Windows Server 2012 R2 Standard edition. For the duration
of the project, the OS operated on a Purdue-wide license and has since been transferred to a
Pennsylvania license after the delivery and installation of the server on PennDOT premises.

Guest accounts are disabled on the operating system and the remote desktop feature is enabled.
The administrator group on the OS contains three users at the time of delivery.

Internet Information Services (11S) module version 8.5 is installed for the OS, with the web
applications bound to port 80 for HTTP. Simple anonymous authentication is enabled to allow for
password protecting the web dashboards. The physical path of the web applications is located at
C:\inetpub\wwwroot. The front-end modules are in the Apps subfolder while the server-side .NET
modules are in the net subfolder.
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Figure 6. Windows Server System panel on server.



4.2.2 SQL Server

The server is running Microsoft SQL Server 2014 64-bit Enterprise Edition for the relational
database management system (RDBMS). The licensing method is core-based and the memory
configuration is set to consume a maximum of 124,000 MB. Services of the RDBMS includes the
SQL Server service, SQL Server Agent, SQL Server VSS Writer, and SQL Full-text Filter Daemon
Launcher.

Both SQL Server and Windows Authentication is enabled for the RDBMS. All users in the
Administrator group in the OS are enabled for accesses, as well as SQL application users.

The primary database that stores the data is inrix_xd_penndot. There is also a testing database
inrix_xd_penndot_beta. The data files are located in the folder D:\USER_DB and the log files are
located in the folder E:\Microsoft SQL Server\MSSQL12.MSSQLSERVER\MSSQL\DATA.
Simple recovery model is used.

4.2.3 Node.js and npm

In addition to the 11IS HTTP web service and corresponding .NET services, the server also has
Node.js installed, which is an event-based, server-side JavaScript environment. This environment
is for operating the highcharts-export-server software used deliver client-side chart graphics,
generated from each application, to be savable by the user on his or her local PC.

Node.js comes with npm, which is a package manager application. The package manager is used
for the setup and installation of the highchart-export-server package into Node.js. The package
was installed using the command npm install highcharts-export-server —g from the command
prompt running as an administrator. The installed package then resides in the C:\Users\<user
account>\AppData\Roaming folder to be usable by other applications.

4.2.4 Dashboard Software (Deliverables)

The set of software deliverables are installed on the server as either front-end modules, e.g. HTML,
CSS, and Javascript files, or server-side .NET applications. All client-facing application files are
stored in C:\inetpub\wwwroot for the production interface. The database connection information
is stored in the Web.config file in the C:\inetpub\wwwroot\net subfolder. Similarly, all client-
facing application files for the development/beta site are stored in C:\inetpub\wwwroot\dev. The
database connection information is stored in the Web.config file in the
C:\inetpub\wwwroot\dev\net subfolder.

Additionally, a set of service modules are installed on the server to facilitate the real-time retrieval
and processing of the data. The services are located in the C:\inetpub\services folder and operates
on a scheduled basis. The services start with Windows automatically, running as the Local System
account, and logs daily activity in the folder C:\inetpub\logs\<service name> as flat files.

Three services are the ingest service, the aggl5 service and the Highcharts export server service.
The ingest service is a minute-by-minute automation application that fetches current speeds for the
active set of XD segments defined in the server database ([xdpaths] table), from the INRIX API.
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The agg15 service is a service that runs every 15-minutes to generate aggregated statistics for each
XD segment’s speeds for the data retrieved over the previous 15-minute interval. The dashboards
currently run on the aggregated 15-minute statistics data for improved performance. Finally, the
Highcharts export server service is a wrapper service for the highcharts-export-server Node.js
application, installed under the 1i895 user account. The service launches and keeps alive the
application to listen on port 7801 for incoming requests for generating client-side chart graphics.
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Figure 7. The INRIX XD speeds ingester installed as a Windows Service.

The configuration file for the ingest service, including database connectivity, is located at
C:\inetpub\services\penndot.net.ingest.service\penndot.net.ingest.service.exe.xml.

The configuration file for the aggl5 service, including database connectivity, is located at
C:\inetpub\services\penndot.net.aggl5.service\penndot.net.agg15.service.exe.xml.

The configuration file for the Highcharts export server service is located at

C:\inetpub\services\penndot.net.highchartsexportserver\penndot.net.highchartsexportserver.exe.
xml.
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Figure 8. Log of ingester service. Fetch and ingest times are provided in milliseconds.

4.2.5 Ingestion Process Overview

Figure 9 shows an overview of the workflow of the real-time Windows services to bring in minute-
by-minute INRIX XD speed data. First, a connection to the INRIX API is established with the
PennDOT credentials, from where a token is received. The token is then used to make subsequent
calls to the API. Speeds for XD segments defined in the [xdpaths] table for the current version at
the time of ingestion is retrieved in batches of 150 segments, sent to INRIX in 16 parallel threads,
and the resulting speeds are saved in the database in the [xdspeeds] table. In addition, every 15
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minutes a service is run to aggregate statistics within the previous 15-minute period for each
segment. This process generates the median speeds used for the client-facing applications.

INRIX API
" inthe cloud

Minute-by-minute data
retrieval process

Performance metrics
algorithms

15-minute statistical
aggregation process

b

Performance measure dashboards ( web)

Figure 9. Overview of the real-time ingestion process
5. DASHBOARDS OVERVIEW

A splash page linking to the three web applications and supporting documents that were developed
for PennDOT provides a gateway for the monitoring of the performance of the super-critical
corridors. A screen shot of the splash screen is shown in Figure 10 with the Executive Summary.
In addition, links to guides on dashboard use and technical processes, PDFs of two Purdue-hosted
webinars, publications, posters, code, and final report is provided on this page. The below section
gives a high-level view of the applications and their intended purpose. Details on usage of the web
applications can be found in Appendix | — How To Use Dashboards.
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Probe Data Performance Measures

PURDUE

Jump to: Travel Time Comparison Tool Ranking Tool Congestion Ticker

Guides Webinars Publications Posters Code Final Report

In recent years, highway monitoring and performance measure requirements have been increasingly emphasized for federal transportation funding mandates such as MAP-
21. The provisions in these mandates have led to an increased need for the reporting of system performance at both state and local levels. Itis highly likely that future bills
will trend toward requiring data-driven performance measurement. Historically, this has been a challenge due to the data collection infrastructure required for any such wide-
scale deployment efforts. To meet this data need, advances in connected and probe vehicle technologies have made available an unprecedented amount of data through
third-party commercial vendors for agencies to procure and use. However, this data must be transformed to adapt to the goals and objectives of the agency so to be well-
suited for analyzing performance on their systems.

In May 2016, the Pennsylvania Department of Transportation sponsored a 12-month research project at Purdue University to develop, implement and assess three web
dashboards and a data system that make use of the commercial probe data licensed by Pennsylvania to produce arterial performance measures for engineers and
stakeholders to evaluate and monitor trafic conditions. Traffic speed data was downloaded in real-time as well as historic data from INRIX to populate roadway speeds
nominally at 1-mile spatial resolution. The dashboards mapped the speeds to 138 “super-critical” corridors in the five-county region of District 6, including Bucks, Chester,
Delaware, Montgomery, and Philadelphia counties, and produced travel time and reliability metrics, cross-corridor rankings, and a congestion monitoring tool on a web-
enabled user platform. The three dashboards are summarized below:

« Arterial Travel Time Comparison Tool. This tool allows the user to perform a comparison of travel times on a selected corridor for specified “before” and “after” date
ranges that can be filtered by day of week and time of day. The tool produces cumulative frequency diagrams (CFDs) of the travel times that illustrate the diference
between the before and after conditions. This tool is instrumental for assessing the efiects of maintenance, operational changes, capital programs and adaptive
deployments.

« Arterial Ranking Tool. This tool enables the user to view performance of several corridors for a specified date range, and to rank the corridors according to their travel
time characteristics, including both the median travel time and the interquartile range (IQR), a measure of the travel time variability. The tool produces sorted bar charts
based on either performance measure, or a scatter-plot using both criteria axes.

« Arterial Congestion Ticker. This tool produces a chart of speed distributions on selected arterial routes over time. Users can interact with the chart to focus-in on
specific instances in time and display on a map the segments where the speeds are observed.

These web dashboards were accompanied by a research paper that assessed over $30 million in user travel time and emissions benefits derived from a combination of
signal retiming and adaptive system deployments. That paper was presented at the Transportation Research Board 96th Annual Meeting. Looking ahead, the groundwork
laid by this project will aid the development of new business processes for assessing road network performance using emerging data sources to align with requirements of
upcoming government mandates on performance measures.

Figure 10. Splash screen of Probe Data Performance Measures Dashboard.
5.1 Travel Time Comparison Tool

The travel time comparison tool compares samples of travel times on any of the 138 super-critical
corridors during a user-specified before-and-after time range. The performance metric used in this
dashboard is the cumulative frequency diagram (CFD) of all estimated travel times within the
selected periods, typically shown as two before-and-after curves on a single chart. A screenshot of
the application screen is shown in Figure 11. Corridors can be selected from the interactive map,
or using the dropdown menu. A selected corridor will become highlighted on the map to verify the
selection choice.

After a single corridor has been selected, the user can then customize parameters including date
ranges, the days-of-week, hour ranges, and travel time axis bounds. The “Dates” tab menu includes
before-and-after calendars to choose the desired ranges. The “Timing” tab menu allows for the
toggling of any day-of-week to be included in the analysis. In the hour section of the “Timing”
menu, users can customize the hours to be included, such as the entire 24-hour period, hourly,
generic rush hour, and custom hour range sliders. Any timing plans defined in the
[signal_time_plans] table in the database is automatically loaded into the “Timing” menu when a
participating corridor is selected. Finally, the axes section allows for the customization of the travel
time limits on the horizontal axis (x-axis) of the generated graphs.
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After the user has set all of his or her customization choices, clicking on the “Generate Graphs”
button will generate a series of travel time charts based on the user-defined parameters. One
column of graphs will be produced for each direction of travel associated with that corridor. In
addition, each column will contain one graph for each timing period selected. Each graph will
contain a red line to represent the before date range, and a green line to represent the after range.
Improvements are represented by a leftward shift of travel time in the before line to the after line.
Users can also export the graphs as an image, or the CSV data in quartiles or raw format. The
interpretation of these charts is explained in the next section in more detail.

Dates Corridor

o
£
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=

Figure 11. Travel time comparison tool
5.2 Travel Time Comparison Tool — Metric Explained

The CFDs can be used to perform a quick before-and-after assessment of the travel times on a
corridor. This could be used, for example, to evaluate the impact of a signal retiming project,
comparing the travel time samples for a period before the retiming and a period after the retiming.
The CFDs are plotted with the travel time along the x-axis and the cumulative frequency
percentage, i.e. the percentage of travel time samples taken within the evaluation period sorted by
fastest to slowest travel time, along the y-axis. A near-vertical curve suggests the range of travel
times are narrow, and therefore more consistent throughout the analysis period, whereas a wider
curve suggests a higher range of travel times across the samples. The latter indicates a less reliable
travel time experienced by users during the period.

Figure 12 shows a set of hypothetical before-and-after curves plotted on a CFD graph depicting a
study before and after a signal retiming. The figure suggests an improvement in the travel time of
the system, with the after (green) curve shifting to the left.
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Figure 12. Before and after CFDs

To produce the CFD, travel time samples converted from speeds obtained from the INRIX API for
the before and after analysis periods must be available in the SQL database. A typical analysis uses
travel time samples at 1-minute intervals. However, for a better user experience and performance,
the dashboard applications developed for this project uses a 15-minute median value. In other
words, for every 15 speed samples within a 15-minute period, only one median value is used to
construct the CFD. Figure 13 shows the 1-minute travel time samples observed on a corridor from
Monday to Friday, with all sampled points across the five days combined together and displayed
on a single 24-hour chart. The color-coded boxes represent the durations of the timing plans
operating during the day, which reflects different traffic signal control parameters that were in
effect during each period. For example, Timing Plan 5 operates between 15:00 and 19:00, which
represent the “PM Peak” for this particular corridor.
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Figure 13. Travel times on a corridor during a 24-hour period

The cumulative frequency diagram for Timing Plan 5 can be produced by taking all travel time
samples during the defined time-of-day over the five weekdays, and sorting the samples by fastest
to slowest travel time. Each of the sorted travel time values are then assigned a percentage value
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that represents its position in the travel time ordering, relative to the rest of the samples in the
period. With the travel time representing the x-axis value and the percentage representing the y-
axis value, the data are plotted as a curve, such as that shown in Figure 14. In this chart, a
distribution of the individual travel time measurements binned in one-minute intervals are also
presented as green bars to show how the data would be represented as a histogram, in additional
to the cumulative frequency curve (shown as a black line).
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Figure 14. Plotting CFDs from Timing Plan 4

In a common scenario, PennDOT would need to evaluate the impacts of signal retiming on a
specific corridor for each of the timing plans that were retimed. The CFDs can be generated for
the before and after period (Figure 15) to quantify the impacts. The before and after diagrams can
then be superimposed to determine how travel times changed (Figure 16). In this case, there was
a median travel time reduction of nearly 1 minute after the signal retiming, which is demonstrated
by the green “after” curve being positioned to the left of the red “before” curve with a separation
of 1 minute along the x-axis, at the median (50%) line indicated by the green arrow in Figure 16.
This is the type of figure generated by the Travel Time Comparison Tool.
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Figure 16. Median travel time improvement of 1 minute after signal retiming
5.3 Multi-criteria Arterial Ranking Tool

The Multi-criteria Arterial Ranking Tool graphs the median and interquartile range (IQR) of
normalized travel times for one or more corridors of the 138 super-critical corridors identified in
District 6. A screen shot of the application is shown in Figure 17. This application is geared
towards users who would like to evaluate the performance of multiple corridors in a county or
region at once, and compare corridors to each other objectively by using posted speed limits in
each corridor. This dashboard ranks corridors by both the central tendency of travel time, using
the median value, and the reliability of travel time, using the IQR, which is defined as the
difference between the 75" and 25™ percentiles. A larger IQR indicates more variable and less
reliable travel time. The travel times in this tool are normalized to the speed limit travel time to
facilitate comparison among multiple corridors.

The Multi-criteria Arterial Ranking Tool allows the user to select one or more corridors from the
“Corridor” menu or directly from the map. The “Corridor” menu lists corridors in submenus
defined by each of the counties that comprise District 6. Buttons in each county submenu allows
the user to select the top 10 highest ADT corridors, or all corridors at once. In addition, the “Dates”
menu allows the user to identify the date range of analysis, days-of-week, and hour of day to
analyze.

One date range can be selected for a single analysis, or an additional date range can be added for
a before-and-after analysis by checking the “Compare Two Date Ranges” option. In single date
range analysis, corridor travel times in the scatter plot are represented by individual points, one for
each direction. The included corridors are also identified in the map with the same color. In
multiple date range analysis, the resulting scatterplot shows data for each corridor-direction with
two connected points. The circular point represents the before value, and the triangular point
represents the after value. A corridor that has improved median and IQR travel time is colored in
green, while a corridor that has deteriorated median and IQR travel time is colored in red. Corridors
where one axis shows improvement while the other has deteriorated is shown in yellow. The same
coloration is used on the map for the corridors analyzed after the “Generate Graphs” button is
clicked.

By clicking the “Generate Graphs” button, a two-dimensional scatter plot is generated on the left-
hand panel. The x-axis represents the median travel time of a corridor as a percentage of the speed
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limit travel time, e.g. at 100% the travel time is at the posted speed limit. The user can also plot a
one-dimensional column graph by unchecking one of the “Display Axes” options to visualize only
the normalized IQR or median travel time. In addition, a table that ranks corridors in terms of their
normalized median and IQR travel times is produced. The ranking methodology is explained in
more detail in the next section.
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Figure 17. Multi-criteria arterial ranking tool
5.4 Multi-criteria Arterial Ranking Tool — Metric Explained

The Multi-criteria Arterial Ranking Tool uses posted speed limit values stored in the SQL database
to normalize travel times of each corridor. Typically, corridor travel time performance can be
evaluated by developing distributions of measured travel speeds and extracting metrics from
percentiles of the distribution or other statistical properties (12), as used in the before-and-after
CFDs of the Travel Time Comparison Tool. However, because the speed limits and the lengths of
individual corridors vary, comparisons between different corridors require that the travel times be
normalized. In this tool, the normalization is done by expressing the travel times as a percentage
of the speed limit travel time. In the case that a corridor has multiple posted speed limits along its
route, a distance-weighted average of all posted speed limits is used. The speed limit travel time
1s not necessarily equivalent to a “free flow” travel time, since free flow may occur at faster (or
slower) speeds than the posted speed limits. Instead, it represents the ideal travel time for a vehicle
traveling at the legal maximum speed, if unimpeded by delays due to traffic control, road work,
congestion, weather, geometry, or other causes.

Another normalization method is to divide the travel times by route distance in order to derive a
metric such as “minutes per mile” for individual corridors. This type of metric is helpful for use
cases such as deciding between alternative travel routes. This method was not selected for the
corridor ranking tool because of the degree to which speed limits vary among corridors in the
region. A distance-weighted metric would necessarily have higher (worse) values for corridors
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with lower speed limits, which might have resulted in a corridor exhibiting poor performance even
though vehicle speeds may have been near the posted speed limits.

5.4.1 Speed Limit Travel Time Normalization

Consider the travel times on two separate corridors over a study period. The days-of-week
analyzed are Monday through Friday. The first corridor, Newton Bypass, runs over a length of 4.2
miles with 11 signals and an AADT of 35,015. The second corridor, US-1/State Rd/Township Line
Road/City Ave, runs over a length of 10 miles with 40 signals and an AADT of 35,628. The speed
limits on Newtown Bypass and US-1 are 45 mph and 55 mph respectively. Figure 18 shows their
median measured travel times and speed limit travel time over a 24-hour analysis period on both
directions of travel. Because of the different lengths and speed limits of the corridors, without
normalization the two corridors are difficult to compare.
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Figure 18. Median travel time and speed limit travel time on Newtown Bypass (shown in
black) and US-1 (shown in red) for the study period 12/5/2016 to 12/10/2016

To rank their performance irrespective of their distances and posted speeds, it is necessary to
convert the travel times to a normalized metric. As mentioned earlier, one way to do this that
allows for an objective comparison of corridors with different posted speed limits is to divide each
travel time sample by the speed limit travel time. The normalized travel time (TT) is computed as
follows:

Median TT

Speed limit TT (1)

Normalized TT =

Figure 19 shows the normalized travel times of the two corridors from Figure 18. The blue line
signifies the travel time at the speed limit at 100%, after normalizing for each corridor’s distance
and speed limit.
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Figure 19. Normalized travel time, with Newtown Bypass (shown in red) and US-1 (shown
in black)

The travel time over any study period for a particular corridor can then be expressed as a
percentage of the speed limit travel time. For example, a value of 100% represents travel time that
would be equivalent to that of a vehicle traveling at the posted speed from end to end, while a
value of 150% would indicate that the travel time is 50% longer than that of a vehicle traveling at
the posted speed. This perspective enables several corridors to be ranked, providing a means of
prioritizing corridors for allocation of resources. Figure 20 shows an example where the top 10
AADT corridors in Philadelphia County were ranked on the basis of the speed limit travel time,
using weekday AM (0600-0900) data between March 27 and March 31. In this case, travel time
on the southbound direction of the 52" St. southbound corridor was 292% of the speed limit travel
time. This graph was generated using the “Export Graph” feature in the Multi-criteria Arterial
Ranking Tool.
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Figure 20. Ranking the corridors based on the speed limit travel time

5.4.2 Interquartile Range (IQR) Normalization

The interquartile range (IQR) is the difference between the 75" and 25" percentile travel time for
a period of analysis, and can be used to quantify the reliability of travel time of each corridor.
Figure 21 shows the 75" and 25™ percentile values obtained from a hypothetical CFD.
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Figure 21. 25" and 75" percentiles

The posted speed limit of the corridor is then used to normalize the IQR. The normalized IQR is
calculated as follows:



(75" percentile TT - 25" percentile TT)

Normalized IQR = —
Speed Limit TT @)

IQR ranking of multiple corridors can be performed in a similar way as the normalized speed
limits. Higher percentages denote lesser reliability on the corridor. In Figure 22, the IQR for the
same 10 corridors in Philadelphia County are plotted for the same time period. The 52" St.
southbound corridor was found to be 120% of the speed limit travel time, indicating low reliability.
In other words, the range of likely travel times varies by as much as 120% of the travel time at the
speed limit.
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Figure 22. Ranking the corridors based on the interquartile range

5.4.3 Speed Limit and IQR Normalization

The speed limit and IQR normalization metrics can be combined together in a two-dimensional
scatter plot to identify corridors with higher travel time tendencies and lower reliability. Figure 23
shows such a plot. Here, corridors in the upper-right-hand region are relatively slower and less
reliable than corridors in the lower-left-hand region. The further upward the scatter point, the less
reliable is the travel time of the corridor. The further to the right, the higher the central tendency
of the travel time for the corridor. Note the 52" Street southbound corridor in the upper-right hand
corner of the plot, which was previously found to have both the highest median and the highest
value of IQR from among this group of corridors during the weekday AM time period.
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5.5 Travel Delay Monitor Tool

The third web application tool is the Travel Delay Monitor Tool. It is also referred to as the
“congestion ticker.” A screen shot of the tool is shown in Figure 24. The tool generates time-series
plots for one or more selected corridors that show the cumulative miles of the corridor(s)
proportionally colorized by the speed at which the corridor is operating over the selected period.
The tool is ideal for users who would like to evaluate a corridor over a specific date range at-a-
glance. The chart allows the user to visually identify trends or “spikes” in the profile that can be
correlated to specific times that they occur. The tool can also display a ticker for an “after” date
range, one on top of the other, to facilitate comparison of two time periods.

The color gradients represent a speed profile at each time instance, represented by eight intervals:
greater than 35 MPH (dark green), 30 to 34 MPH (green), 25 to 29 MPH (lime), 20 to 24 MPH
(yellow), 15 to 19 MPH (orange), 10 to 14 MPH (red), 5 to 9 MPH (pink), and less than 5 MPH
(purple). This tool can be used to identify specific times of heavy congestion on a corridor over a
linear time period, and how many miles of a corridor are operating at a certain speed range.

The left-hand panel allows the user to select one or more corridors from a list, or the corridors can
be selected directly from the map itself. The “Date Range” menu allows the user to select the
before and after date range. Clicking the “Generate Graphs™ causes the ticker charts to appear.
There are four graphs generated per corridor: two for each direction and two for the before-and-
after analysis. The user can then click on a specific 15-minute “slice” of time on any graph to zoom
in on the corridor. The corridor segments are also colorized based on the speed profile colors
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during the selected time slice. Finally, both the graph and the raw data can be exported using the
“Export Graph” and “Export CSV” buttons on the top of the right-hand panel.
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Figure 24. Travel Delay Monitor

5.6 Travel Delay Monitor Tool — Metric Explained

The stacked-area plot in the Travel Delay Monitor Tool is a visual representation of the number of
miles within a corridor that fall within different speed categories. The top edge of the chart
represents the total length of all the segments and is therefore representative of the length of the
corridor. The order of the segments along the corridor is not relevant to this particular chart. Rather,
the chart provides a visual illustration of the overall severity of congestion and delay as it varies
over time.

Figure 25 shows the Travel Delay Monitor Tool for the northbound direction on Ben Franklin
Parkway and Kelly Drive between Friday, January 27 and Thursday, February 2. For the majority
of the period, the corridor operates above 24 MPH for about 5 out of the 6 miles. Callouts in the
figure point to instances where more than two miles of the corridor had speeds under 25 MPH.
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Figure 25. Travel delay monitor graph over a 1-week period
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To further explain how to interpret the figure, Figure 26 shows a further breakdown of a time slice
represented in the Travel Delay Monitor Tool. Here, the vertical slice from the graph is represented
as a pie chart. Each slice of the pie represents the percentage of the corridor’s total length that is
operating at the specified speed range. The entire pie graph represents the total length of the
corridor. For example, during this particular time period, 40% of the total roadway length had
speeds of 35 mph or greater, and 60% of the roadway length had speeds under 35 mph.

5-9 mph
6%

—

20-24 mph
16%
15-19 mph 30-34 mph
6% 1%

Figure 26. A 15-minute slice of the graph generated by the Travel Delay Monitor Tool, and
its respective speed breakdown over the entire length of the corridor

6. USER BENEFITS METHODOLOGY
6.1 User Cost Savings Due to Improved Travel Time

The calculation of user benefits is achieved through the use of existing annual average daily traffic
(AADT) data provided for the corridors in combination with information found in the 2014
Pennsylvania Traffic Data Report (14).This report provided data on hourly vehicle and truck traffic
percentages. These numbers are determined for 92 study locations across the state. Each of these
locations are categorized into 10 traffic pattern groups. The five corridors in this study are defined
as “TPG 3, Urban — Other Principle Arterials.” Additional user benefit design values were adapted
from the 2015 Urban Mobility Scorecard (15), including vehicle occupancy, commercial vehicle
operating cost, and average cost of time. The time period selected for the analysis is from 6:00 AM
to 8:00 PM.

The hourly volumes are estimated by equation (3)
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VOIi = AADT *kl *d

©)
where,
voli = estimated volume for hour i
AADT = annual average daily traffic
ki = hourly vehicle percentages from (14)
d= directional distribution (assumed to be 0.5)

The difference in travel time for each hour, before and after the adaptive signal deployment is
calculated using the following equation

ATTi =TThefore,i ~ ' Tafter,i (4)
where,
TTreforei = median travel time during the before period for hour i
TTaeri = median travel time during the after period for hour i

The user benefit for trucks during each hour is then calculated using equation (5)

user, = voli *ATTi *%Ti * PPVt *VOTt

truck,i (5)
where,
%Ti= percentage of truck traffic for hour i, from (14)
PPV = number of passengers for commercial vehicles (1 for trucks)
VOT: = time value of money for commercial vehicles, $94.04/vehicle-hr from (15)
Similarly, the user benefits for passenger cars were computed using equation (6)
user,, j =Vol; *ATT; *%C; * PPV *VOT¢ (6)
where
_ . : (1-%T)
%Ci = percentage of car traffic for hour i, assumed as '
PPV = number of passengers, 1.25 for cars from (15)
VOT, = time value of money for passenger cars, $17.67/person-hr from (15)

6.2 Carbon Dioxide Savings

In addition to the user costs, changes in carbon dioxide (CO2) emissions are computed using the
method adopted by Day et al. (16). Using conversion factors from the Argonne National
Laboratory, a passenger car is expected to consume 0.87 gal of gasoline per hour. This number is
conservatively used to determine the fuel consumption, as given by equation (7)

fuel = ATT *vol *igal
hour 7)
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Equation (8) computes the CO2emissions in tons. According to the U.S. Environmental Protection
Agency (EPA), the amount of CO> emitted when a gallon of gasoline burns is approximately 19.6
Ib/gal (17).

_ fuel »1961b  1ton

COZ emissions
gal 2,000 Ib (8)

The EPA also estimates the social cost of CO. as $36/ton (18) and the cost of CO; is determined
using equation (9).
836

ton (9)

CC=CO

2 emissions

7. CASE STUDIES
7.1 Five-Corridor Before-and-After Analysis
7.1.1 Location

Five corridors where adaptive signal control was deployed within the past 12 months were selected
for before-and-after analysis. Table 2 provides a listing of these corridors and their characteristics.
These five arterials account for over 180,000 vehicles per day in total, and are highlighted in Figure
27. The density of signals on these five corridors is roughly 3.3 signals per mile on average. Some
of these corridors are particularly long, and included a mixture of segments with conventional
signal control as well as other segments with adaptive signal control. Altogether, 61 out of 186
signals had adaptive control installed on these five corridors during the study period (Figure 28).

This study analyzes the impact of these adaptive deployments on arterial travel times using minute-
by-minute representative speeds from probe vehicles along pre-defined roadway segments over
the targeted date ranges defined in Table 2. The before date range indicates the period prior to
adaptive deployment, and the after period samples the effect of the deployment on the travel times.
The speed limits of the segments were also tabulated for each segment to determine travel times
in absence of congestion or control delay. The speed limits along the corridors varied between 25
and 55 mph and were accounted for in the analysis.
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Table 2. Corridor Information

Average | Signal
Corridor . Length | Speed Count Before After Date
ip | CorridorName | AADT | b | imit | (Adaptive | Date Range | Range
(mph) Signals)
PA 132/ Street 10/12/2015- | 1/4/2016—
Al Rd 339651 152 |45 | S0(2L) | 49930015 | 2/15/2016
PA 332
2/22/2016— | 4/25/2016—
A2 (Newtown 35,015 4.8 53 12 (12) 41412016 6/6/2016
Bypass)
US 1/State
. 10/12/2015- | 3/7/2016-
A3 ‘Rd/Township 35,268 | 10.0 36 40 (4) 11/23/2015 | 4/18/2016
Line Rd/City Ave
us
o 9/4/2015- | 1/4/2016-
A4 202/V¥:<Ivrc)|/ngton 46,553 8.6 45 16 (9) 10/26/2015 | 2/15/2016
PA 611/0Id York 4/27/2015- | 1/4/2016-
AS Rd/EastonRd | 0919 | 163 | 42 | 6819 | ggppn15 | 2/15/2016
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Figure 27. Selected corridors in Greater Philadelphia area
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7.1.2 Travel time distributions for a single corridor

Figure 30 illustrates two cumulative frequency diagrams (CFDs) for corridor A3 comparing a six-
week period in October/November 2015 (before adaptive control deployment) and another six-
week period in March/April 2016 (after deployment), for the two directions of travel. The analysis
period includes weekdays during the hours of 17:00 and 18:00 representative of the PM peak
period, avoiding holidays and periods where winter weather was likely to affect the operation. The
eastbound and westbound sections are composed of 21 and 22 travel time segments, respectively
(Figure 29). The vertical dotted line in each figure represents the travel time in each direction at
the speed limit without stops, while the red and green curves represent the observed distribution
of estimated travel times over the before and after periods respectively, during the specified hours.

The CFDs in Figure 30a show an overall reduction in estimated travel times after adaptive control
was deployed. For the 25" percentile, median, and 75" percentile, 3.5, 3.6, and 3.7 minutes of
respective improvements are estimated in the eastbound direction. The travel times range from
22.8 to 46.9 minutes in the before period, compared to 21.0 to 38.9 in the after period, indicating
that travel times were more reliable, with less variation and a slightly steeper curve. Figure 30b
shows an even more significant improvement in the westbound direction, with 3.6, 5.6, and 7.7
minute reductions for the 25" percentile, median, and 75" percentile respectively. The travel time
ranges from 21.9 to 61.2 minutes in the before period, compared to 18.9 and 42.2 minutes in the
after period, showing a substantial improvement in reliability.
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7.1.3 Arterial ranking

Figure 31 shows the before and after change on the five study corridors based on both speed limit
and IQR normalization. For each directional route, distinct 6-week “before” and 6-week “after”
periods were used to assess the changes in performance associated with the deployment of the
adaptive systems. The performance of the “before” period is plotted as a dot, while the “after”
period is plotted as a triangle. A line is drawn connecting the two periods associated with the same
route. Routes that had decreases in both the median and IQR are colored green, while routes that
had increases in both median and IQR degradation are colored red. Corridors with mixed results
are colored orange. The corridor with the largest improvement from an adaptive implementation
was westbound A3, which had a 34.2-percentage point decrease in the normalized median travel
time and a 24.9-percentage point decrease in the normalized IQR travel time. This corresponds to
the CFD that was shown earlier in Figure 30b.
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Figure 31. Travel Time and Reliability Trends for Adaptive Installations.
Data is shown for Weekdays, 17:00-18:00, for before and after periods indicated in Table 2.

7.1.4 Hour-by-hour median and IQR evaluation

To effectively characterize a corridor’s change in travel performance, it must be analyzed over the
entire day. For this analysis, one-hour intervals were analyzed throughout the week, including
weekends, from 6:00 AM to 8:00 PM. The travel times before and after the adaptive
implementation were evaluated based on median travel times and comparisons of IQR. Before and
after evaluation periods were selected to be six weeks in length to compile a more consistent
database for comparison. Through these evaluation metrics, a comprehensive and quantitative
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analysis of the travel times can be represented. However, visual representations of improved travel
times can be seen in Figure 32 and Figure 33.

Figure 32 shows that, in general, the greatest improvement in adaptive signals can be made during
weekday rush hour. Only corridor A1 saw major improvements during non-rush hour periods.
Corridor A2 had the least amount of improvement, however, the existing condition of the signals
already had a consistently uniform distribution throughout the day, even during rush hour. Corridor
A3 appears to have had the biggest improvement during the weekday rush hours. In fact, for nearly
every weekday hour, travel time decreased by 25%. Corridor A4 had an interesting outcome, as,
throughout the corridor, the 25% travel time did not decrease. However, overall corridor
performance increased with increased reliability through a reduction in the 75% travel time. The
opposite is true for corridor A5 evening rush hour, which saw the greatest degradation of all the
corridors. Similar increases in travel times were experienced during the morning rush hours in both
directions.

Figure 33 shows that a majority of weekend improvements come in the afternoon and evening
hours, as is expected. The greatest improvements for weekend traffic can be seen in corridor Al
and southbound A4. As with the weekday travel times, weekends for corridor A2 were very
consistent throughout the day. Corridor A3 appears to have the largest evening impact, with travel
times increasing by ten minutes when comparing 1 PM to 4 and 5 PM. Corridor A5 continued to
have reliability issues throughout the weekend, especially for northbound evenings.

33



(2]
ol
(2}
[3;]

50 - | DAfter 50 |
E 45 L | OBefore E 45 1
o mbaaatinbiin £ phgenanabhig,
25 + 25 &
20 20

6 7 8 9 10 11 12 13 14 15 16 17 18 19 6 7 8 9 10 11 12 13 14 15 16 17 18 19

a) Corridor Al, Eastbound b) Corridor A1, Westbound
14 + 14 1
,512 T ?12 T
E10 4 E10
Pnr ks et e o p R e R
2 1 2 L
0 t t t } } } } } } } } } } 0 t t t t t t t t t t t t t
6 7 8 9 10 11 12 13 14 15 16 17 18 19 6 7 8 9 10 11 12 13 14 15 16 17 18 19
¢) Corridor A2, Eastbound d) Corridor A2, Westbound
55 55
50 + 50

_'g45; _'g45: g

E4OW E40~ H@
i:35” E35,

Eigf BQEHEE%%%%%EEEEBEBE Eigﬁ EHHEEE%%EEEEEEBE HEBE

20 + 20
15 t t t 15 t t t
6 7 8 9 10 11 12 13 14 15 16 17 18 19 6 7 8 9 10 11 12 13 14 15 16 17 18 19
e) Corridor A3, Eastbound f) Corridor A3, Westbound
35 35
?30 T ’630
£ g
25t 22 ¢
E 20 + H} E 20 + EH
E &
':15— H}EHEEEEEEEEHEIEEEEHE EE Fis | H]EEEQEEEQEEEQEEBEHH EE
10 10
6 7 8 9 10 ll 12 13 14 15 16 17 18 19 6 7 8 9 10 11 12 13 14 15 16 l7 18 19
g) Corridor A4, Northbound h) Corridor A4, Southbound
55 55
50 1 50 -
£45 + Eﬁﬁﬂﬁ} £45 ¢
@40 + s EH @40 | EH EE EE H}
E357 H}ﬁﬁ}EHEHH}EH EE E35,, ﬁ HJHHHHHHEEHH EE
=2 T iff
T 30 T30 F
= =
25 4 25
20 t t t t t t t t t t t t t 20 t t t t t t t t t t t t t
6 7 8 9 10 11 12 13 14 15 16 17 18 19 6 7 8 9 10 11 12 13 14 15 16 17 18 19
j) Corridor A5, Northbound k) Corridor A5, Southbound
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Figure 33. Weekend Median & IQR by hour
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7.1.5 User benefits and CO; savings

Analysis was carried out separately for weekdays and weekends, and the user cost/benefits results
are shown in Figure 34. Table 3 gives the weekday and weekend savings as well as emissions for
COz. All corridors saw improvements in annual user benefits and CO2 savings, except corridor A5.
Altogether, these corridors accounted for a $32.0 million annual user benefit and a $369,000 CO>
yearly savings. The greatest improvements are reflected by weekend totals of $5 million and
$58,000, compared to weekday totals of $27 million and $312,000. Of these five corridors, Al and
A3 had the highest user benefit savings and CO: savings, totaling $24 million and $277,000. As
mentioned previously, corridor A2 had reliable travel times before the adaptive installation and
signal retiming activities, and, therefore, had the least amount of travel time impact and cost
savings. Corridor A4 had a similar weekend impacts as Al and A3, but was not as effective for
weekdays. Negative user benefit and CO> savings from corridor A5 result from increased travel
times after the changes. This may be due to unanticipated maintenance and construction activities
ongoing during the “after” evaluation period. Overall, the investments showed a positive return
for user benefits on four of the five selected corridors.

$10 OWeekday O Weekend

Annual User Cost Benefit
-
N

$1

8
-$2

Al A2 A3 A4 A5

O Weekday $9,716,000 $1,995,000 $8,917,000 $7,238,000 -$904,000
O Weekend $2,030,000 $378,000 $3,370,000 $1,247,000 -$2,001,000

Figure 34. Summary of annual user cost/benefits for the five study corridors

Table 3. Summary of Annual CO2 Emission Reductions for the Adaptive Signals

. Weekday CO: Savings Weekend CO: Savings
Corridor

Tons Dollars Tons Dollars

Al 3120 $112,000 650 $23,000
A2 640 $23,000 120 $4,000
A3 2890 $104,000 1080 $39,000
A4 2320 $84,000 400 $14,000

A5 -310 -$11,000 -650 -$23,000
Total 8660 $213,000 1610 $58,000
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7.2 Incidents

The Travel Time Comparison Tool and Travel Delay Monitor Tool developed as part of this
project were applied for travel-time analysis following two incidents. The tools make it possible
to compare “atypical” traffic patterns due to an incident or special event with a baseline “typical”
travel period, and quantify the travel time and speed profile difference. The same procedure can
be used to analyze the effects of scheduled maintenance and construction activities.

7.2.1 Gulph Road

Dates and times from major incidents along Philadelphia-area interstates were selected and used
to compare against the same date and times of days without incidents. Corridors near the impacted
interstates were selected to analyze travel time impacts on those corridors. Varying delays on the
arterials were observed. One area that experienced a very extensive impact was 1-76 West along
the Gulph Road corridor, as shown in Figure 35.

King of Prussia &

Figure 35. 1-76 West accident impact (red) and expected Gulph Rd detour (blue)

The red line represents the total length of the accident impact along 1-76, and the blue line is the
full length of the Gulph Rd corridor. This incident was reported as a multi-vehicle accident that
occurred on Tuesday, April 19, 2016. Police arrived on the scene at 16:02 and left at 20:49. The
travel time impacts of this incident on the Gulph Rd corridor are highlighted in Figure 36 using
the Travel Time Comparison Tool for the before and after periods.
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Date Eastbound Westbound Date

16:00 to 21:00 16:00 to 21:00

~2.5 min
increase in WB
travel time

Travel Time (min) Travel Time (min)

Before After Before After

Figure 36. Travel time impacts on Westbound Gulph Rd

As illustrated by the graph, there was a 2.5 minute increase in the travel time at the median during
the detour in the westbound direction. The eastbound direction also experienced greater travel
times for the upper-75" percentile. Figure 37 shows the effects of the detour in the westbound
direction using the Travel Delay Monitor Tool. From the graph, a much larger percentage of the
corridor length was operating below 25 MPH during the time of the incident (top graph) compared
to the week before the incident (bottom graph).

Ml . A
: ~1 mile of
f speeds 5-9 mph

i 04 Thu 04/21

< 5 mph 5-9 mph 10-14 mph 15-19 mph

H 20-24 mph B 25-29 mph 30-34 mph 35 mph or greater InCident
Date

Wed 04 /27 Thu 04/28
Comparison
Date

10-14 mph 15-19 mph
B 20-24 mph E 25-29 mph 30-34 mph 35 mph or greater

Figure 37. Congestion heat map of Westbound Gulph Rd
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Figure 37 shows that, for a short period of time, there was nearly a mile of traffic having speeds in
the 5 to 9 mph range. For reference, speed limits on this corridor range from 35-45 mph. This 1-
mile impact affected nearly 20% of the 5.2-mile-long Gulph Road corridor.

7.2.2 Belmont Avenue

The following example shows an incident with a different degree of impact in the arterial travel
times. Figure 38 shows the location of the incident.
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Figure 38. 1-76 East accident impact (red) and Belmont Ave. detour (blue)

The incident was reported as a single-vehicle accident that occurred on Saturday, August 13, 2016.
The police arrived on the scene at 09:28 and left at 11:58. Effects of this incident on the Belmont
Ave corridor are shown in Figure 39 and Figure 40.
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N .
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Figure 40. Congestion heat map on Southbound Belmont Ave

The CFDs (Figure 39) show that the travel times on the detour route increased by approximately
1.5 minutes in the southbound direction. The congestion heat map (Figure 40) shows a brief
instance of slowed traffic at 15 to 19 mph. Though this travel time impact is not as extreme as the
other corridor example provided in Figure 39, the delay is still considerable, especially for a
Saturday morning. As is illustrated above, Saturday morning delays were equivalent to those of
Friday morning and evening rush hours. The heat map also shows that traffic usually travels below
30 mph on this corridor, even though the speed limits range from 35 to 45 mph. Additional data,
including AADT or signal timing plans could help in explaining these effects. Comparisons at

40



different times of day, days of week, and events surround the region could also be considered in
the analysis. These case studies show the various use of the web tools and also stimulate ideas to
include future information to improve the analysis.

7.3 List of Application Uses
Below is a table that lists uses of the developed dashboards.

Table 4. List of Application Uses

Type of Event Travel T_ime Arter_ial Travel _Delay
Comparison Ranking Monitor

Signal timing plan degradation X X

Signal maintenance and retiming X X

Adaptive installation X X X
Construction activities X X X
Special events X X
Crash X X
Winter storm X X
Land use changes X X

8. ENGAGEMENT

Throughout the course of this project, the research team was actively engaged in providing
technical support and maintenance of the web applications. Webinars and workshops including an
introduction to the data, a conceptual overview of the analysis methodology, and a tutorial
explaining how to use the dashboards, were conducted to train PennDOT personnel and other
relevant users. These active engagements provided an opportunity to fine-tune the dashboards
based on stakeholder input.

8.1 Webinars

Two webinars were conducted on November 15, 2016 and November 30, 2016. The materials
discussed in the webinars included:

e Introduction to INRIX data
e Concepts and methodology on the data analysis
e Live demonstration of the three web applications
e Corridor mapping process
e Importing data to the SQL database
List of participants that attended the webinars can be found in Appendix V.
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8.2 TRB 2017

The manuscript titled “Outcome Assessment Using Connected Vehicle Data to Justify Signal
Investments to Decision Makers” (Paper #17-00314), based on preliminary analysis and results
from the three web applications, was selected as a practice-ready paper and accepted for poster
presentation at the 96 Annual Transportation Research Board Meeting held from January 8 to 12,
2017 at Washington D.C. The Purdue research team presented the poster on January 9, 2017, with
many PennDOT personnel in attendance (Figure 41).

Figure 41. PennDOT employees and Purdue researchers at the TRB Poster Session on
January 9, 2017, Washington D.C.

8.3 PennDOT Workshop

On January 12, 2017 researchers Howell Li and Jijo Mathew from Purdue led a workshop at the
PennDOT District 6 Office at King of Prussia, PA to train the PennDOT staff and other users on
the use of the dashboards. The live demonstration of the web applications was followed by an
interactive question and answers sessions as well as user experience of the dashboards. Based on
input from the users, a number of changes were made to the web applications, detailed in the
following section. Items that were beyond the scope of the current research project was also
documented.

8.4 Implementation of User Feedback

Several updates and changes were made to the three web applications as a result of user feedback
following the workshop. In total, 40 suggestions for changes were documented, and 25 of those
suggestions were implemented. One recommendation was not directly implemented, but the use
case was accommodated in an alternate manner. The remaining 14 recommendations were
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classified as beyond the scope of the present project. The following table details the results of the
changes. “In-scope” items were addressed as part of the maintenance and support task of the
project.

Table 5. List of Recommendations from User Feedback

Recommendation In- Comments
scope
Add. US-202 Parkway Yes | The corridor has been added to the database.
corridor to the maps
Add splash page Yes | The splash page has been added.
Add data reconciliation (Oct. Yes The data reconciliation document from Oct. 18 has
18) document to splash page been added.
Add executive summary The executive summary has been added to the splash
document to explain Yes age
dashboards to splash page Page.
Definitions of functionality L N
in the tools with external Yes Tooltips giving definitions and usage has been added to
all of the dashboards on mouse hover.
summary document
Add example studies to the vy Link to publications of the case studies have been
es
splash page added to the splash page
. _— Corridor limits have been added to the segments shown

Show corridor limits on map, . o

o Yes | onthe map overlay as solid (beginning of segment) and
both directions )

hollow (end of segment) circles.
Map corridor highlighting vy Corridors selected now automatically surfaces to the
: es :
with no overlap top layer on selection for all dashboards.
Traffic signal locations need Yes Traffic signals layer has been added to all dashboards
to be identified for a narrow zoom level.
Use standard format for all Yes The user interface has been updated to improve
graphics consistency and usability.
(Travel Time) Corridor . - .
identifiers to be listed to the Yes Thls has been clarified by the user interface
. improvements.

right once selected
(Travel Time) Colorize
"Before" and "After" on Yes This has been implemented in the calendar selection
calendar selection to menu.
correspond to graphs
(Travel T|r_ne) Add Ieg_end A legend has been added for speed limit travel time
for speed limit travel time Yes line
line '
(Travel Time) Export
Quiartiles and Export Raw Yes | The bug has been fixed.
buttons not functioning
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In-

Recommendation Comments
scope
(Trayel T ime) Updating Documentation covers how to update traffic signal plan
traffic signal plan Yes | . i
. - information.
information
(Arterial Ranking)
Tabularized results including | Yes | A sortable table is now generated as part of the results.
road name, number, and rank
(Art_erlal Rgnl_qng) Colorize Corridors are now colorized distinctly as the graph is
corridors distinctly when Yes
generated.

selected on map and graphs
(Arterial Ranking) No date
selection (re-work Ul for Yes | The user interface has been reworked for clarity.
clarity)
(Arterial Ranking) Evaluate
corridors quickly to Yes A percentage change of corridor performance has been
determine a % change in added as a column in the tabular display.
trend from normal
(Arterial Ranking) Export
graphs with graph points Yes | Graph points are now identified in the exported chart.
identified
(Arte_rlal Ranking) Export Yes | Data is now exportable as a CSV.
data in tabular format
(Arterial Ranking) Add
"Select by top 10 ADT" Yes | Feature has been added.
feature for district
(Arterial Ranking) No export The user interface has been reworked for clarity so that

Yes .
feature the export feature can be found with ease.
(Tra_v eI_DeIay Mon_ltor) Corridor limits have been added to the segments shown
Beginning and ending . g

Yes | on the map overlay as solid (beginning of segment) and
segments need to be )
e hollow (end of segment) circles.
identified
(Travel Delay Monitor) The dashboard now produces a before and after graph
Before and after comparison | Yes | for each corridor and direction based on a set of two
similar to travel time date ranges.
Subdividing corridors No Further d|V|_s!or} of corridors will require additional

data reconciliation effort(s).

Incorp(_)rate Road\_/vay Requires additional data automation and user interface
Condition Reporting No develooment
Information (RCRS) P '
Automated reports No Requires new specification and metrics to be defined

for the reports.
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Recommendation

In-
scope

Comments

Corridor identifiers in greater
detail

No

Requires additional data reconciliation effort.

Corridor identifiers to

include State or Local Route No | Requires additional data and data reconciliation effort.
numbers
_Use consistent corridor No | Requires additional data and data reconciliation effort.
identifiers
Include sub-corridors No | Requires additional data and data reconciliation effort.
(Travel Time) Export
emissions/gas consumption, No The automation of the TRB study requires additional
$ benefits information integration of data and development effort.
directly to Excel sheet
(Arterial Ranking) Add
support for multiple districts No | Requires additional data and data reconciliation effort.
and regions
(Travel Delay Monitor) This feature is similar to the University of Maryland
Linear diagram showing No “VPP” tool that graphs mile marker over time.
relation of travel time to Developing this dashboard will require additional effort
length and signal locations and resources.
(Travel Delay Monitor)
Show events on the map No | Requires additional data and data reconciliation effort.
such as incidents, work
zones, etc.
Incorporate real-time high- No Requires signal systems data, user interface integration,
resolution data from signals and automation.
Dashboard that provides
answers to a summary of Additional specifications and development efforts need
questions based on user- No .

i . to be defined.
defined parameters within
these evaluations

This feature was not directly implemented. A

(Arterial Ranking) Add user- performance-improvement feature was added to allow
defined top corridors to Yes | fast processing of all corridors within a county to

select at once

reduce the need to specify the exact number of
corridors selected at once.
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Figure 42. Howell Li and Jijo Mathew leading the workshop at PennDOT District 6 on
01.12.2017

9. IMPLEMENTATION PLAN

The implementation plan will cover action items to be undertaken at and after the end of this
project to sustain the Probe Data Performance Measure dashboards. This includes the delivery of
the server, adjusting the Windows Server licensing, maintaining production and beta sites, user
logins, bi-annual map updates, and generating user cost/benefit calculations.

9.1 Server Delivery

For the duration of the project, the server hardware was operated within the Purdue University
network. Before the end of this project, the physical server hardware that operates the database
software and houses the data, user-interface and backend ingestion code was delivered to
PennDOT headquarters in Harrisburg, PA for installation and network connectivity.

9.2 Server Operating System (OS) Licensing

The server operated on Windows Server 2012 R2 within the Purdue University network at the time
of project conclusion and used a Purdue license. After the server was delivered, it was transferred
to a Pennsylvania-owned license.
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9.3 Maintaining Production and Beta Sites

Two versions of the Probe Data Performance Measure dashboards are available on the server. One
version is for production use, located in C:\inetpub\wwwroot\Apps, and stores the data and
structures in the database inrix_xd_penndot. The beta dashboards are located in
C:\inetpub\wwwroot\dev\Apps and stores the data and structures in inrix_xd_penndot_beta.
Following the deployment of the server hardware to the Pennsylvania network, internal
Commonwealth of Pennsylvania (CWOPA) URIs will be used as follows: <URI>\Apps and
<URI=>\dev\Apps, respectively. New development or testing of the data system or Ul code should
be performed on the beta site before publishing to the production site.

9.4 User Logins

There are two separate logins for the production and beta site. The authentication method used is
the Windows Internet Information Services (I11S) Basic Authentication using the HTTP 401
Challenge on both application site directories. The separate user permissions are folder-level
permissions that allow unrestricted access to each site. To implement a more sophisticated
authentication system for multiple users, groups, and their respective program-level access rules,
Integrated Windows Authentication can be used in conjunction with role logic that must be coded
at the application level.

9.5 INRIX XD Map Updates

INRIX releases a new shapefile for Pennsylvania every six months, typically provided by an
INRIX Public Sector representative. These releases implicate changes to the XD identifier set,
location of XD segments, and other geometric and non-geometric attributes. The Probe Data
Performance Measures system developed by Purdue is designed to house multiple versions of
shapefiles in the system at once. However, the updating of any new shapefiles must be performed
in conjunction with the release cycle to ensure proper operation of the applications — i.e. all
segments that makeup a corridor is consistent. This update includes the following steps:

1. Shapefile download — retrieve shapefile from INRIX sources;

2. Shapefile copy to SQL Server table — import shapefile data using ArcMap software to the
[ xd] table, adding version column information;

3. Remapping corridors — Identify any shifts in the existing corridor set by checking for
corridor completeness and length consistency. Removed, adjusted or added segments
introduced in the new version typically shifts corridor starting and ending positions, and
total length. Adjustments to the corridor mapping, corridor summary, and speed limit
mapping may be required. Additional instructions are provided in Appendix Il.

10. SUMMARY

This report presented results from a 12-month project where arterial analysis tools based on probe
vehicle segment speed data were developed and implemented into a web-based dashboard. Three
tools were developed:
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e An arterial travel time comparison tool, showing superimposed CFDs for a “before” period
and an “after” period for the same corridor. This facilitates before/after comparisons of
travel time and travel time reliability.

e An arterial ranking tool, where travel times for several different corridors can be ranked
according to travel time metrics that are normalized to account for differences in posted
speed limits, as well as varying corridor lengths.

e An interactive arterial congestion ticker showing the distribution of speeds over time for a
given corridor.

The analysis tools are demonstrated by application to a study of five corridors in the Philadelphia
area (District 6) where investments were made including signal retiming and deployments of
adaptive control, in various combinations. The travel times along the corridors were tabulated for
before and after periods, and used to estimate changes in user costs, based on traffic volumes from
corridor AADTSs and heavy vehicle proportions, and using basic assumptions of the value of time
and other related factors. The data showed a user benefit in four of the five corridors, with a total
user savings of $32 million. The report provides further discussion of use of the tools for incidents
where traffic is diverted from a parallel Interstate highway to the arterial. The resulting increases
in travel time can be visualized using CFDs and the congestion ticker, as demonstrated in the two
examples.

With the increasing emphasis on data-driven, outcome-oriented performance analysis, tools such
as these are likely to become essential for transportation agencies to align their practices with
federal initiatives. The tools delivered as part of this project are one means for agencies to be
prepared for future reporting needs, as well as to develop better intelligence about their operations,
make well informed decisions about system investments, and independently evaluate the outcome
of those investments.
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APPENDIX | - HOW TO USE DASHBOARDS
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TRAVEL TIME COMPARISON TOOL
1. Link

> Go to http://pdprvpmapp01.penndot.Icl/Apps/travel time/
» Supported browsers

€ Google Chrome (Version 54.0.2840.71 m)

<2 Mozilla Firefox (Version 49.0.2)

< Internet Explorer (Version 11.0.9600.18499)

2 Microsoft Edge (Version 38.14393.0.0)

2. Selecting Corridors, Date Ranges and Timing
2.1. Corridor Summary
I.  Mouse hover any of the corridors to view the corridor details

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25
Mon Tues Wed Thurs Fri Sat Sun

US 1/State Rd/Twp Line Rd/City Ave
Signals: 40, County: Del

i laware
Speed Limit: 35-45mph, AADT: 35268
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http://pdprvpmapp01.penndot.lcl/Apps/travel_time/

2.2. Corridor Selection

2.2.1. Using Mouse
I. Left click on any of the corridors to select it

[ Vi Novce Trsmer | 19 I3 Blackbosrd Leam (3 Save 2 Mendeley

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25 Max: ™ Trim Data

Mon Tues Wed Thurs Fri Sat Sun

X-Axis Travel Time Options

Wilmingtan By o ;

Carpeys Point

US 1/State Rd/Twp Line Rd/City Ave

g Signals: 40, County: Delaware
Google Speed Limit: 35-45mph, AADT: 35268

ii.  Left click on the “Corridor” tab to view the selected corridor

= I Slackbosrd Loam (3 5

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25 Min: Max: S ® Trim Data

Mon Tues Wed Thurs Fri Sat Sun

(G

Corridor

X-Axis Travel Time Options

Trenton

w5

P ‘ Piphia
. ’, ‘@smden Cherry Hil

Wilmington

Carneys Point
Tomnsh

Vineland

A vacet
Google o S Sdacz tn 2016 Goouie T SAM Lot | Teenss of Use'] Reoorta mag e
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2.2.2. Using the “Corridor” Tab

i.  Left click on the “Corridor” tab

1P D Blackbosrd Leam 3 Save to Mendeley

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25
Mon Tues Wed Thurs Fri Sat Sun Max: (EES ® Trim Data

X-Axis Travel Time Options

Vineland

Muddictonn sy

andaeton E Avse Map data £2016 Googl

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25
Mon Tues Wed Thurs Fri Sat Sun

Update Axes

Vineland

" it
Goog :

andaston
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2.3. Date Range

I. Left click on the “Dates” tab. For this example, let us select the date range from the TRB
paper (Before: 10/12/2015 to 11/23/2015 and After: 3/7/2016 to 4/18/2016)

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25
Mon Tues Wed Thurs Fri Sat Sun

Wwilmington W
Careys point

v !
Nt €a
o Bue
o
¢ US 1/State Rd/Twp Line Rd/City Ave
A Signals: 40, County: Delaware
Google Speed Limit: 35-45mph, AADT: 35268 Absecon Map data £2016 Google  §Km L | Terms of Use | Report @ map erfoe

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-04 to 2015-10-06
Before dates: ] 7 After: 2015-10-23 to 2015-10-25
Mon Tues Wed Thurs Fri Sat Sun

~~~~~~

After dates: FiIB
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US 1/State Rd/Twp Line Rd/City Ave

X-Axis Travel Time Options
Before: 2015-10-12 to 2015-11-23

Reading
After: 2015-10-23 to 2015-10-25 Min: EEEEE Mox: SN ® Trim Data
3 Mon Tues Wed Thurs Fri Sat Sun
o
™ E
© 15
D

5 8

1213 14 15 16 17 5
1819202 22320 2 2 25 26 27 2
% 262082903

After dates:

iv.  Similarly select the after date range from 3/7/2016 to 4/18/2016. Use the forward and
backward arrows to cycle through the months.

[ Penndo e g |
€ c
# 4 )
1 (Restopons]  (BpotGrpts)  [(EportQuaties]  (Export Raw]
US 1/State Rd/Twp Line Rd/City Ave
% R X-Axis Travel Time Options
WA Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18 Min: Max: W Trim Data
4 Mon Tues Wed Thurs Fri Sat Sun
o
¥ =
©

1B 19 22 n
%267 820N

Use these to cycle
through the months

31415
00 228 UB% 77 18

E i 13 5
o 7 82 0N 4\,1

1 17 18 18
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2.4. Timing
I.  Click on the “Timing” tab

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25 : Max: ™ Trim Data

Mon Tues Wed Thurs Fri Sat Sun

Corridor

X-Axis Travel Time Options

Dates

o
£
£

US 1/State Rd/Twp Line Rd/City Ave
Signals: 40, County: Delaware
Goqgle Speed Limit: 35-45mph, AADT: 35268

2.4.1. Signal Timing Plan Available
ii.  Choose the required timing plan from the dropdown menu. A preloaded timing plan is
then loaded from the Signal Timing Plan dropdown, which populates a set of TOD Period
ranges.

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18
Mon Tues Wed Thurs Fri

Signal Timing Plan |[ESIE

@ All Days ® Wct e
SuM TWThF Sa
BnuunuAae

Select hours to group by:

® Al day

® Hourly

® Default Analysis Hours
6:00-9:00,9:00-15:00,15:00-17:00,17:00-22:00
© 70D Period

W Overnight
i
® Overnight

...........
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i.  Click on the “Add Range” button to add a custom range. Use the sliders to set the time of
the day range.

US 1/State Rd/Twp Line Rd/City Ave

v o X-Axis Travel Time Options
‘Réoding A, = Before: 2015-10-12 to 2015-11-23
i - : 2 After: 2016-03-07 to 2016-04-18 : EEEN ™ Trim Data

Mon Tues Wed Thurs Fri

Signal Timing Plan |

Timing

® All Days ® Weekdays ® Weekends © Custom
S TWThF Sa
mnEuae

a

Select hours to group by:
® All day
® Hourly
® Default Analysis Hours
6:00-9:00,9:00-15:00,15:00-17:00,17:00-22:00
© 70D Period

® Overnight
i Co - EnTa
® Overnight

2.4.2. Signal Timing Plan Not Available
ii.  if the signal timing plan is not available for a particular corridor, the dropdown will show

“No corridor timing plan found”

3 4 Retrieving Data as X

Allentown

Ridge Pk

Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18 N Mox: SE ® Trim Data

Mon Tues Wed Thurs Fri
[Reset

[

X-Axis Travel Time Options

Dates

Reading

Select hours to group by:

® All day

® Hourly
Default

Analysis Hours
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2.4.3. Setting the Timing to a Custom Range
Click on the “Custom” button, then the “Reset” button under “TOD Period” and use the
sliders to set the required range. For this example, set the timing range to 17:00 — 18:00 on all
weekdays.

I.  Click on “Weekdays”

Ie D pe n purdue edu

Y NewTab 4y Retrewng Data 2z X [§] GPSV R0 Using Excelwith O[3 Z table - Normai D NE - R [ Slackboerd Lewm

~Corridor

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18 3 : EXS ™ Trim Data

Mon Tues Wed Thurs Fri Sat Sun
| Reset | | Update Axes |

X-Axis Travel Time Options

Dates

Signal Timing Plan |

® All Days © Weekdays ® Weekends ® Custom

«ll‘lw"lfsa

Select hours to group by

® All day
® Hourly

® Default Analysis Hours
6:00-9:00,9:00-15:00,15:00-17:00,17:00-22:00;
© 70D Period

™ Overnight

Google 7
I ocgle Bridge brec

ii.  Click on “Reset” under the “TOD Period” to reset the timing plan

I(- n purdue.edu w W

i apps [ Y NewTab 4 RetnevingDataas X! [@] GPS Visusizer Map + (] Using Excel with Oth- Y Z table - Norma D NE-RC A« [E] Mini Nowice Tramer 1P [ Slackbosd Lesrm  [Y) Save to Mendeley Other boskmarks

US 1/State Rd/Twp Line Rd/City Ave
Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18 in: Max: ® Trim Data

Mon Tues Wed Thurs Fri Sat Sun
[

Corridor

X-Axis Travel Time Options

Dates

Select hours to group by

® All day
® Hourly
® Default Analysis Hours
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~Corridor

US 1/State Rd/Twp Line Rd/City Ave
Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18

Mon Tues Wed Thurs Fri Sat Sun

Dates

® All Days © Weekdays ® Weekends @ Custom
SuM TWThF Sa

Select hours to group by:

® All day

® Hourly

® Default Analysis Hours
6:00-9:00,9:00-15:00,15:00-17:00,17:00-22:00]
© 70D Period

Vineland

I Goqgle X/

6Google 5 km ‘erms of Use

s

2.5. Generating Graphs and Adjusting Axes
I.  To generate the graphs, click on “Generate Graphs”.

NewTab 4 Retrieving Data

C &[] Mins Novice Triner

JS 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18 SN Mox: EEZNE ™ Trim Data

Mon Tues Wed Thurs Fri Sat Sun

1P D Blackbosrd Leam 7 Save to Mendeley

Corridor

X-Axis Travel Time Options

Reading

Dates

Signal Timing Plan

® All Days © Weekdays ® Weekends ® Custom
SuM T WThF Sa

Select hours to group by:
® All day
® Hourly
Default Analysis Hours
0-9:00,9:00-15:00,15:00-17:00,17:00-22:00)

Chesapsske 0 Pittegrov
Tsinborc Tomneh

Vinetand

A Mcdietown v
Google

Bridget Map data £2016 Google 5 km
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This will generate the graphs as shown below. The red line shows the CFD’s for the
before period whereas the green one shows the CFD’s for the after period. The travel

time at speed limit is depicted by the dotted blue line.

~Corridor

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18
Mon Tues Wed Thurs Fri

Eastbound

17:00 to 18:00 17:00 to 18:00

t
40 s o 2 30 40

30

Travel Time (min) Travel Time (min)

Eefore After Before After

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18
Mon Tues Wed Thurs Fri

Corridor

Dates

Eastbound

iming

17:00 to 18:00
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iv.  To adjust the travel time axis limits, use the “X-Axis Travel Time Options” tab to set the
minimum and maximum limits. For this example, in order to set the maximum time limit

on x-axis to 55 minutes, type in 55 in the “Max” section.

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18
Mon Tues Wed Thurs Fri

Eastbound

17:00 to 18:00

30 40
Travel Time (min)

Eefore After

v.  Click on the “Update Axes” to view the updated charts.

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18
Mon Tues Wed Thurs Fri

Eastbound

17:00 to 18:00
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30 40

Travel Time (min)
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X-Axis Travel Time Options
Min: Max: EEE ® Trim Data
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Westbound

17:00 to 18:00



3. Export Options
3.1. Graphs
i.  Click on the “Export Graphs” button to export the graphs

) NewTab < Retrieving Data s X

& [ Mis Novice Trainer 19 D Slackboord Leam  [7 Save to Mendeley Other boskmarks

Map satelite
S
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3.2. Quartiles
I.  Click on the “Export Quartiles” button to export the quartile values

w Tab ) Z table - Normal D: 1P D Blackbosrd Leam  [7 Save to Mendeley

US 1/State Rd/Twp Line Rd/City Ave

Before: 2015-10-12 to 2015-11-23
After: 2016-03-07 to 2016-04-18 in: S Mox: G ® Trim Data
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X-Axis Travel Time Options
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Save as type: Microsoft Excel Comma Separated Values File - 1 oty B ‘ pe——ulsm  §
o - -
o 10 20 30

File pame:  export_quartiles -

 bode Folders

Travel Time (min)

Voorhees Evesram Before After

Township Township

-
et
ford
et St
pman
Slassboro
Newark Morvoe 2]
A i Township I
-
A4 Bewr oty
Mo Eset R0 C s R Franisn
Chesapeske . g v
¥ Vineland
A Takdetonn s
Google srgetor

64



export_quartiles - Excel
Inset  Pagelayout  Formulas  Data
Ll T
| o Cut Calibri S - A A General - o’ Normal Bad Good Neutral
ER Copy -
Paste B I U- . Merge & Center ~ - 94 s | %g gg Conditional Formatas m Explanatory ... [Input Linked Cel
- ¥ Format Painter = 2 $ > | Formatting~ Table~
Clipboard o Font o Alignment [} Number [} Styles
B12 N F
| A B C | D E | F | G | H | 1 | J | K | L | M | N |
1 |Corridor Hour Range  Bearing Before Min | Before 25% Before 50% Before75  Before Max  AfterMin  After25
2 |US 1/state Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound

After 50 After75 After Max
24.8299953 30.77427033 32.903951087 35.91463028 62.650148739 22.08523065 27.36421793 29.29121041 31.63332423 43.36411883
3 |US 1/State Rd/Twp Line Rd/City Ave 17:00to 18:00 Westbound 26.97719795
a

36.2760809 39.86446569 44.69326414 62.33093059 23.90596938 30.9123344 32.95188792 35.46002105 46.40389926

~ o u
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3.3. Raw
I.  Click on the “Export Raw ” button to export all the raw values

) NewTsb 4 Retrie

e [) Z table - Normal D 9 D Blackbosrd Leam 7 Save to Mendeley
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Page Layout

Formulas

Data

Review

View

export_raw -

Q
W

Tell me what you want to

“D g;i:;y ) Calibri 11 - A A T == £- EeWapTe General - |:=—| Q Normal
" fomba | B 7 U0 A S22 EE Beeacans - | § - % 2 |95 Srion o [T
Clipboard ] Font ] Alignment ] Mumber ]

Va4 b I

A B | C | D | E | F | G |
1 |Corridor Hour Range  Bearing Date Range Speed Limit Travel Time Observed Travel Time Percentile
2 |Us 1/state Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 22.08523065 0.053763441
3 |Us 1/State Rd/Twp Line Rd/City Ave 17:00 to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 22,13023138 0.107526882
4 |Us 1/State Rd/Twp Line Rd/City Ave 17:00 to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 22,15598274 0.161290323
3 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 22,24870638 0.215053763
6 |Us 1/State Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 22.29696548 0.268817204
7 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 22,3810018 0.322580645
g |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 22.6361663 0.376344086
9 |us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 22.75600585 0.430107527
10 |US 1/State Rd/Twp Line Rd/City Ave 17:00 to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 2293929803 0.483870968
11 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.00425334 0.537634409
12 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.08082057 0.591397849
13 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.09974322 0.64516129
14 |US 1/State Rd/Twp Line Rd/City Ave 17:00 to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.10731212 0.698924731
15 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.12162737 0.752688172
16 |US 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.14620824 0.806451613
17 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.45618818 0.860215054
18 |US 1/State Rd/Twp Line Rd/City Ave 17:00 to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.46985816 0.913978495
19 |UsS 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.53387402 0.967741935
20 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.54616571 1.021505376
21 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.57858323 1.075268817
22 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.60434002 1.129032258
23 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.76023826 1.182795699
24 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.7843987 1.23655914
25 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.7939042 1.290322581
26 |US 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.83243703 1.344086022
27 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.8429979 1.397845462
28 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.85334657 1.451612903
29 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.85807754 1.505376344
30 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.87029766 1.559139785
31 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.89826023 1.612903226
32 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 23.95186338 1.666666667
33 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 24.0165725 1.720430108
34 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 24.07143562 1.774193548
35 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 241029088 1.827956989
36 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 2411262338 1.88172043
37 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 24.20132907 1.935483871
38 |Us 1/5tate Rd/Twp Line Rd/City Ave 17:00to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 24.22055488 1.989247312
39 |Us 1/State Rd/Twp Line Rd/City Ave 17:00 to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 24.22573111 2.043010753
40 |US 1/State Rd/Twp Line Rd/City Ave 17:00 to 18:00 Eastbound 2016-03-07 to 2016-04-18 16.42 24.23835392 2.0967741%94
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MULTI-CRITERIA ARTERIAL RANKING TOOL
1. Link

» Go to http://pdprvpmapp01.penndot.Icl/Apps/trends

» Supported browsers (Optimized for Google Chrome)
€ Google Chrome (Version 54.0.2840.71 m)

Mozilla Firefox (Version 49.0.2)

< Internet Explorer (Version 11.0.9600.18499)

< Microsoft Edge (Version 38.14393.0.0)

<
@

2. Selecting Corridors, Date Ranges and Timing
2.1. Corridor Summary

I.  Move the cursor over any of the corridors to view the corridor details

68


http://pdprvpmapp01.penndot.lcl/Apps/trends

2.2. Corridor Selection

2.2.1. Using Mouse
i. Leftclick on the corridors to select/deselect it. A maximum of 50 corridors can be
selected at once.

West Grove

2.2.2. Using the “Corridor” Tab
i. Left click on the “Corridor” tab
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. Click on the County to view corridors within the county
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. To select a corridor, click on it. For this example, first click on “Delaware” county and
then click on “US 1/State Rd/Twp Line Rd/City Ave”
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2.3. Date Range
I.  Click on the “Dates” tab

D) NewTob % Retrieving Data a5 X 0 Using Excel with O Nommai D [ Save to Mendeey Other bookmarks
M1 Penn L i Sumneytown 3 ¥ = @3 -
tlord 3ot Map |

aiffion 2l & IbMNgville Earlington

Souderton’ L

Display Axes: B interquartile Range (IQR) @ Median Travel Time

SIOpLLIOD
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iii.  Select the date range (for example from 10/12/2015 to 11/23/2015)

Display Axes: 8 Interqua

Selected 2015-10-12 15 20151123

kdays @ weekends ® Custom
T WTh F Sa

iv.  To compare over 2 date ranges, check the “Compare Two Date Ranges” option which
pops up the before and after date ranges

Ot [ Ztable - Nommal Dist (@ HOB!

Aty

Lorane
Before Date iﬁ After Date Ran

1wwe Two Date Ranges

© All Days ® weekdays ® Weekends ® Custom
SuM T WTh F Sa

analyze
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v.  Select the before and after date ranges (Before: 10/12/2015 to 11/23/2015 and
After: 3/7/2016-4/18/2016)

20160418

vi.  Other options include:

All days: Includes all days in the date range
Weekdays: Selects only the weekdays in the date range
Weekends: Only selects the weekends

o 0o T

Custom: Select custom days for analysis. Use the checkbox to select the desired days.

Corridors Custom Parameters e 1S Reiffton (62)

Before Date Range: After Date Range:

2015-10-12 to 2015-11-23 2016-03-07 to 2016-04-18

Compare Two Date Ranges

® All Days ® Weekdays ® Weekends © Custom
SuMTWThF Sa

Select hours to group by:

—6:00 to 9:00
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2.4. Timing

I.  Use the slider to set the time of the day. The below screen scrape shows the time of the
day set to 17:00 — 18:00 hours

[ PennDOT Avtenal Rank: X

C | @ pen

[3 Trsficwse admin [ NewTab % Retieving Datoas X' (@] G M #0m [3 Ztable - Nomal Dt (B HOBE

tecn.purdue.edu,

Display Axes: B interquartile Range (IQR) B Median Travel Time

SI0pLLIOD

re Date ii After Date éi

@ Compare Two Date Ranges

® All pays © weekdays @ weekends ® Custom
SuM T WTh F Sa

Hours to analyze

Cherry Hill ©

Haddo
) Townshio

rd v
Deptiord 2
le 2 km s Terms of Use | Report 3 map-error

3. Graphs
i.  Click on “Generate Graphs”

[ PennDOT Arte

ICEE zerMap (B0 Using Excel with Ot [ Z table - Normal Dt {9 HOBS)

Generate Grapes | (BN B

Display Axes: @ interquartile Range (IQR) @ Median Travel Time
After Date Range

@ Compare Two Date Ranges

@ All Days © weekdays ® weekends @ Custom
SuM T WTh F Sa

iladelphia

Bh
@ @ international
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ii.  This pops up the trends graph as well as the ranking table based on the median and IQR
normalization. The below plot is for the date range (Before: 10/12/2015 to 11/23/2015
and After: 3/7/2016-4/18/2016), all weekdays and time range 17:00-18:00.

| || Ll
ox  20m  ziw  zdox 2% [

Median as a % of Speed Limit TT

4 Med. § Cha.$ I10R § Cho.¢ RN
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iv.  Selecting more than 1 corridor, generates the graphs and tables color coded by the
median and IQR values (Routes that had decreases in both the median and IQR are
colored green, while routes that had increases in both median and IQR degradation are
colored red. Corridors with mixed results are colored orange)

K.D PennDOT Arteral Rankis X Y [} pm.‘ x

C | ® penndot
BT

140%

edian as a % of Speed Limit TT

Tisi 4 Med. § Cha.4 IQR 4 Cho. ¢ R
17.5
156

RA/City Ave (W) 17.7

V.  To view the arterial ranking based on IQR range, check the “IQR Range” and uncheck
the “Speed Limit TT”. Generating the graphs again will show the IQR for the corridors
(color-coded by corridor) during the particular date ranges.

[ PennDOT Artenal RRRIRY, [) PennDOT Arterial Rank - X
E

(R B0

it Tt [

TisL$ Med. § Cho.$ 10R ¢ Cho.¢ AN
1.5
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vi.  Similarly, to view the ranking based on the speed limit travel time, check the “Speed
Limit TT” and uncheck the “IQR Range”.

) PenrDOT AGSRM AN [) PennDlaT Arenal Rank - x

C | ® penndotecn.purdue.edu, 4

[) Tffcwse admin [ NewTab 4 et

Display Axes: M interquartile Range (IQR) & Median Travel Time
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wpIlne IRl Avel ()R T
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eI,

)

Corridor TIsL$ Med. § Chg.4 QR 4 Cho.4
Baltimore Pk (E) 17.5
Baltimore Pk (W) 156
US 1/State Rd/Twp Line Rd/City Ave (E) 16.8
ate Rd/Twp Line Rd/City Ave (W) 17.7
US 30/Lancaster Ave (E) 36.2

US 30/Lancaster Ave (W) 36.1

Romansvile  parghaliion

vii.  To view all the above graphs for only the before date range, uncheck the “Compare Two

Date Ranges” in the Dates tab. Notice that the change (Chg.) column in the table resets to
Zero.
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4. Export Options
I.  Click on “Export Raw” to export the raw data

[) PennDOT Aesal REBRIN XY, [ PennDOT Arterial Rank X
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. Similarly, to export the graphs, click on “Export Graphs”
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TRAVEL DELAY MONITOR
1. Link

> Go to http://pdprvpmapp01.penndot.Icl/Apps/congestion_ticker
» Supported browsers (Optimized for Google Chrome)
€ Google Chrome (Version 54.0.2840.71 m)
<2 Mozilla Firefox (Version 49.0.2)
< Internet Explorer (Version 11.0.9600.18499)
< Microsoft Edge (Version 38.14393.0.0)

2. Selecting Corridors and Date Ranges
2.1. Corridor Selection

2.1.1. Using Mouse
i. Leftclick on the corridors to select/deselect it. A maximum of 5 corridors can be selected
at once.

26th St & University Ave

Date Range &

52nd St

56th St

84th StHook Rd
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http://pdprvpmapp01.penndot.lcl/Apps/congestion_ticker

2.1.2. Using GUI
i.  Click on the corridor name to select/deselect it. You can select up to a maximum of 5
corridors at a time

VD 0T ARSIRSIRY [ PennDOT Trovel Deloy 1 X

C | @ penndotecn purdue.edu

ops [} Troffcwaseadmin [) NewTeb $ Retricving Deta o= X I Slackbosrd Leam [} Save to Mendeley
) .
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- 2 s
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2.2. Date Range
I.  Click on the “Date Range” tab
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ii.  Select the date range

PA 926/Steet R

Paper Mil Rd Selected: 2016.10-17 10 20161021
Princeton Ave
Providence Rd

Rhawn St

Ridge Ave

Ridge Pk

Ridge Pk

Rising Sun Ave

Robets Ave

South Ave

Springteid R

State Rd

Stenton AvalGodirey Ave
SusquehamnaRd
Township Line Rd

US 1/Baitimore Pk

US 1/Roosevelt Blvd

I US 1/State Re/Twp Line RA/City Ave

US 13 & US 30(Girard

US 13Chester Pk
US 13Frankford AvelBristol Pk

US 13Macdade Bivd

US 202/Buckingham Rd & PA 179/Bridge St
US 202/Dekalb Pk

U

2/Dekalb Pk

US 202Wilmington P Geliman
US 30Lancaster Ave
US 322/Conchester Hivy

US 322/Downngtown Pk

u, | W

 Retrieving Data 2 X 75 Veusizer: Mop « (R Using € : -Re o . m [} Save to Mendeley

Y NewTab

Dates Examined:
PA 926/Steet R

Paper Mil Rd Selected: 2016.10-17 10 20161021
Princeton Ave
Providence Rd

Rhawn St

Ridge Ave

Ridge Pk

Ridge Pk
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Robets Ave

South Ave

Springteid R

State Rd
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US 1/Baitimore Pk
US 1/Roosevelt Blvd
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US 322/Downngtown Pk
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Generale Graphs |
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iii.  Move the mouse over the graphs to view more details
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USER COST/BENEFIT CALCULATION
I.  From the Travel Time Comparison Tool, select a corridor (Newtown Bypass shown)

Corridor: [EERETES

Newtown Bypass

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25

Corridor

Mon Tues Wed Thurs Fri Sat Sun

ii.  Select a before and after date (June dates shown)

¢ Map  Saveane

Corridor

Newtown Bypass

Before: 2016-06-12 to 2016-06-18
After: 2015-06-14 to 2015-06-20

Before dates: Eijl
Mon Tues Wed Thurs Fri Sat Sun

Dates

After dates: EJB
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. Select time interval (8 AM — 8 PM shown)

‘Covrldor

Signal Timing Plan

© All Days ® Weekdays ® Weekenc
SuM T WThF Sa

Select hours to group by:

® Al day
Hourly

® Default Analysis Hours

6:00-9:00,9:00-15:00,15:00-17:00,17:00-22:00

© TOD Period

Overnight

ik =

E

o

W g
Lumbendlle~(52) Stacktor (=]

o
£
£
=

Hopewell
wnsho

Trenton - Hamitto

Momsville i
‘ownsh:
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Newtown Bypass

Before: 2016-06-12 to 2016-06-18
After: 2015-06-14 to 2015-06-20
Mon Tues Wed Thurs Fri Sat Sun

Newtown Bypass

Before: 2016-06-12 to 2016-06-18
After: 2015-06-14 to 2015-06-20
Mon Tues Wed Thurs Fri Sat Sun

Eastbound
07:00 to 20:00

Travel Time (min)

After

X-Axis Travel Time Options
e ® Trim Data

X-Axis Travel Time Options

: Max: XS ® Trim Data

Westbound
07:00 to 20:00

Travel Time (min)

Before After



v.  Export Quartiles

Export Quartiles
Button

Map Saeine Vurmbe A
= gt Kingweod ’
i | Newtown Bypass
D X-Axis Travel Time Options
& V Before: 2016-06-12 to 2016-06-18
etoun Eeohare L R After: 2015-06-14 to 2015-06-20 Min: EEN Max: XSS ® Trim Data
3 NS Mon Tues Wed Thurs Fri Sat Sun
Lumbecylle () Stackton y [ Rese |
a S Eastbound Westbound
s 07:00 to 20:00 07:00 to 20:00
P ‘
|
= /:5 IALV is g b’(l
Teavel Time (min) Travel Time (min)
Trenton . Hamiltof Befors Atter Before Afer
S ’ Townsh
@ W
Mansfiels
Sprogfied
oton )
Showall X
B o - expot_quarties.csv - Excel
Il vove s eaceLwvouT  FoRMuLAS REVEW  VIEW  ADDINS  TEAM
g, % cu Caibii TR = % pTent Genara Good
3 Copy -
P Format aint Ia-|B- 4 = Merge BCerter = § - % 1 3 Lo
Cipbosid 5 Font . Aignme = umber
¥4 - e
A ] < 0 E F G H 1 ) K M
1 Comidor Wourfange Beang  BeforeMin Before25% BeforsS0% Before7s  GeforeMax AflerMin  After2s  Afers0  Afer?s  AfterMax

2 Newtown Bypass 07:00to 20:00 Eastbound  5.75093397 7.632681382 8120347674 £.726320461 14.19558195 5.102065743 6.69612264 7.254827667 7.855925588 14.56858079
3 Newtown Bypass 07:00 to 20:00 Westbound 5.625453344 6.997350073 7.275052062 7.783000166 15.86561411 5.026965688 6383726242 6.868339933 7452508531 14.76817896

export quartiles .
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vii.  Open User Cost Template in Excel

A | B | ¢ |ole[Efeiufrja[x[tim| N ) [ [ s e Tjuv | w X | Y |z [ | me | Ac | AD |ae| AF A6
1 Before

2 |cor Name Hour Range __ Bearing__ Min 25% 50% 75% Max_Min 25% 50% 75% Max_Beg Date End Date Beg Date End Date AADT k-factor Delta TT Vol %Trucks %Cars PPV_truck PPV_car VOT_truck VOT_car Benefits_truck  Benfits_car Total Benefits fuel CO2 emissions reduction (tons) €02 Savings
3 000 0 33% 96se% 1 125 1767 $0.00 5000 0 000 000 0

4 000 0 336% 9se% 1 125 a0 1767 5000 5000 0 00 000 s0

s

6

7

Benefits Sum €02 Tons Reduction Total 02 S.VH!

Data copied

Data input Calculatedor Final Benefits
from .csv file

from user recorded data

viii.  Input data and get results

8 4 D EF G H I[1 K L M N o P QR s T ¥ z Ax a5 At A E aG

1 Before Aner

2 |Corr Name Hour Remge  Beasing  Min 25% 50% 75% Max Min 25% 50% 75% Max Beg Date £ndDate BegDate End Date AADT kfactor Delta TT Vol MTrucks %Cors PPV_tuck PPV _cor VOT truck VOT car Bemefits truck Beafits car Total Bemefies fuel (02 emissions reduction (lons]  CO2 Savings.
3 087 38 3N sEEK 1 135 si04 187 £17.15 511655 EETREE 105 2

4 039 I8 33N 966N 1 125 se0s 167 5766 55204 se0 212 002 51

5

6

Benefits Sum €02 Tons Reduction m.mmsmi

1 week benefit total benefits

Benefits Sum CO2 Tons Reduction Total CO2 Savings
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APPENDIX Il - MAPPING CORRIDORS, TIMING PLANS AND DATABASE
MANAGEMENT (WEBINAR TOPIC)

A detailed video showing the corridor mapping process using ESRI ArcMap and database
management using Microsoft SQL Server can be viewed at: https://youtu.be/VvaSRpIRIYM

To add a corridor to the database so it can be used in the application, the Pennsylvania
Supercritical Corridors shapefile, AADT data file, the speed limit shapefile, and the INRIX XD
Pennsylvania shapefile are needed. Additionally, the ArcMap program from ArcGIS is needed to
perform some of the mapping steps. SQL Management Studio is required to work with the
database, and Microsoft Excel is required to format the data.

Import the supercritical corridor shapefile into ArcMap

\

!

[3 ' “

(i{” / / Bifighamton. Catskill

v g \ Park
- l ’
Allegheny Add Data =
\) National
Forest ] Look in: {Ejsupercriﬁcal " 3| E " BECS® \ 7 N
‘| ) Supercritical.shp >:,, .
5 P
E’m”.‘ L
g o .2
Hows L B\ /\J}/
! L2a™
o b
) > =g r
¢ ¥ i
- { Yo~ i
1 o Name: Supercritical.shp
f A ”
l\ —- Show of type: | patasets, Layers and Results
AL
) ., | A

Frederick Towson. 7 7 Millville
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https://youtu.be/Vva5RpIRIYM

Open the attribute table and Select by Attributes

[Untitied - AhN ¥ —
File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help
DB@& L A1 x |2~ b 12207 ] DEEE T Fe abeing- 2 3 B ke [ |y

QAAQ 35 ¢ -5 KO 7B 2N E S TE g o » M| o 4 St ERFR =R
— L TR\ TR WL 3 N ) T -
& . ’
w[Ble8 i ! AT, 3 r&n s T ety fom: <Top-most layer>
5 £ Layers /R > {6 J é
5 E3 Dikjijo\work\researchiPennDOTIPENNDOT Fi 3 a5 LAY < R a3 o
'a_ - 1 " ) Y A ‘45 <Z w At - 1‘
= - X 4 0 oA AN g
Opent A o I % =l i . .
\ Vol s 1
: & A i ~ VLSS
Open Attribute Table. gy ¢ - 7 =
Open this layer'satrbute table. &
sible Shorteut; CTRL + double-click 3
e ORCIRE 20 X 2 # Location:
Use Symbol Levels £y g&w o y N ’ (Gick on or crag a box over a feature or piace on th
> lf i . | ety 1 atiutes wi be ted here.
Selection , Forest $ - \
= > z !&3 N/ 4 N Lise the crapdonn st to control which layes(s) wilt
Label Features , #;Q , .
> & v / 4 Press the SHIFT key to add features to the current
Edt Features v % g : i
-’{/f o D 3 g onfld
% Convert Labeks to Annotation. 44 7
e ) ¥ iage <
% Convert Features to Graphics... s
Convert Symbology to Representation... ] -~ 3
L N .
Data » by W A - > &
O Save AsLayerFile... - 7 e
© Creste Loyes Pociage... Q = . AT e
& Properties.. . s Z 2
% = 7
= , 8 o < - *
By P ' ¥ L
= &go .
e E -
g L f
», « e SF
t \-
p 2 H b ‘
[ A oyt Y £ B . L X A
o & & c s g
A A y ! 3
. ol 5 A
i =
§ = i) ' e L8 =l

P ————
DBES8 L ERx 0o (b 22m - [Z DR ey beings &4 B Ak [ -y
Q@ i« HE-TI KO/ BIRIMSS B estore | N |/ o G- IS ath 2 2 IHEIR

it r N =T (5
wEle 8 @ m » u“ : i'th SR AR
5 & layers \ N : o) g‘, ] s

Cl=] \PENNDOT Fi | ca ¥
EJEIP * . o
& OpenStreetMap

Click here

Select By Attributes.
FID | ZRT_NO _E‘I'V_m _us'mcr_n SEG_NO | SEG_LNGTH_ STREET_NAM Corridor_N
» Polyine 30015 0450 1694 | BLUE-GRAY HW 66001 E
Polyine 4| 0015 0500 2206 | BLUE-GRAY HW 66001
Folyine 13| 0202 0250 3374 | YORK RD 9005
Polyine 27 0112 2778 | SR 0222 SH 39005
Polylne 410222 0122 2562 | SR 0222 SH 39005
Polyine 59 | 0252 0220 1767 | NEWTOWN STREET RD 23008
Polyine 108 | 0202 0216 BUCKNGHAM RD 9005
Polylne 118 | 0291 0180 2234 | BROAD ST 67010
Polyine 122 | 0202 9 0260 3551 | LOWER YORK RD 9005
Polyine 123 | 0202 09 0270 3564 | LOWER YORK RD 9005
1 0 B2 0outors118 seiected)
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Input the Corridor Number to select the required corridor.
T

Select by Attributes

| Get Unique Values | Go To:
SELECT * FROM Supercritical WHERE:
"Comidor_N" = 46004

y R ;

Enter a WHERE clause to select records in the table window.




Import the INRIX Shapefile into ArcMap, Map INRIX XD Segments for the Corridor

us2uz

Hatfield pASH =
\ ¥ /
PA 152 -
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Horsham ,/ PA132
| X Hatboro s
CICCIC S€gments \ (50 VN
. " \ Willow Grove e — T —_ \
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PAT3 \ PA 152 /
T e \ ! PAZR
park( Wings Feld \ L 340° ) §
\> 0 rwan \ s b ST
) A 339%— g Bryn Athyn
rriton 4 ’M > J b
~ A et (e 1ol ol BN
B|&un <« =]
Table
ML R
Penn_v1509 selection x
FID | Shape* | OID_ XDSeglﬂ FRC | ToExport LinearlD Country State County PostalCode Miles SlipRoad SpecialRc »
4119 | Polyline 0| 3934886 3 0 1)63 Welsh Rd 44991795 | United States. i y | 19446 1.005978 0 F
4119 | Polyline 0| 3934887 3 0 1/63 W Main St 44991795 | United States. Y y | 19446 1.057439 0 3
4120 | Polyline 0| 3934388 3 0 1/63 E Main St 44991795 | United States. Y y | 19446 1.025777 0 3
4120 | Polyline 0| 3934389 3 0 163 E Main St 44991795 | United States y | 19454 1.073396 0
4120 | Polyline 0] 3934890 3 0 1]63 Welsh Rd 44991795 | United States y [ 19454 1.108308 0 =T
4189 [ Polyline 0| 3941216 3 0 1]63 W Welsh Rd 44991795 | United States y y [ 19454 1.024258 0
4314 | Polyline 0| 3945003 3 0 163 W Welsh Rd 44991795 | United States Y y | 19454 0.101318 0
4314 | Polyline 0| 3945008 3 0 163 W Welsh Rd 44991795 | United States Y y | 19454 1.240591 0
5719 | Polyline 0| 61605102 3 0 163 E Welsh Rd 44991795 | United States y | 19002 0.032951 0 v
< n | »

[E|3 | Goutofi6 selected)

| Supercritical | Penn_v1509 | Penn_v1509 selection |
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Copy selected XD segments to Excel and provide County, Corridor Number, Corridor Name,
and Bearing information. For each corridor, order the XD records in the direction of travel in a
position column (xd_pos below). In some cases the XD segments and supercritical corridors may
not have the same end points. Add number of feet to trim the XD segments to match the corridor
definition. Complete the Excel sheet for all corridors desired.

1 County Corr # Corr Name XD5eglD Bearing xd_pos Trim first Trim Final

230 Montogmery 46019 Matsonford Rd 3936211 N/E 4

231 Montogmery 46019 Matsonford Rd 48420652 N/E 5

232 Montogmery 46019 Matsonford Rd 3934571 N/E 6 4790
233 Montogmery 46004 PA 63/Welsh Rd 3934216 W 1 4200
234 Montogmery 46004 PA 63/Welsh Rd 3334204 W 2

235 Montogmery 46004 PA 63/Welsh Rd 3934205 W 3

236 Montogmery 46004 PA 63/Welsh Rd 3934206 W 4

237 Montogmery 46004 PA 63/Welsh Rd 3934207 W 5

238 Montogmery 46004 PA 63/Welsh Rd 3934208 W 6

239 Montogmery 46004 PA 63/Welsh Rd 3934209 W 7

240 Montogmery 46004 PA 63/Welsh Rd 3934210 W 8

241 Montogmery 46004 PA 63/Welsh Rd 3934211 W 3

242 Montogmery 46004 PA 63/Welsh Rd 3934212 W 10

243 Montogmery 46004 PA 63/Welsh Rd 3934882 W 11

244 Montogmery 46004 PA 63/Welsh Rd 3934883 W 12

245 Montogmery 46004 PA 63/Welsh Rd 3934884 W 13

246 Montogmery 46004 PA 63/Welsh Rd 3534885 W 14

247 Montogmery 46004 PA 63/Welsh Rd 28301857 W 15 1900
248 Montogmery 46004 PA 63/Welsh Rd 3934886 E 1

249 Montogmery 46004 PA 63/Welsh Rd 3934887 E 2

250 Montogmery 46004 PA 63/Welsh Rd 3934888 E 3

251 Montogmery 46004 PA 63/Welsh Rd 3934889 E 4

252 | Montogmery 46004 PA 63/Welsh Rd 3934830 E 5

253| Montogmery 46004 PA 63/Welsh Rd 35341216 E ]

254 Montogmery 46004 PA 63/Welsh Rd 35945003 E 7

255 Montogmery 46004 PA 63/Welsh Rd 35945006 E g

256 Montogmery 46004 PA 63/Welsh Rd 61605102 E 9

257 Montogmery 46004 PA 63/Welsh Rd 3945007 E 10

258 Montogmery 46004 PA 63/Welsh Rd 3945008 E 11

259 Montogmery 46004 PA 63/Welsh Rd 3945009 E 12

260 Montogmery 46004 PA 63/Welsh Rd 3345010 E 13

261 Montogmery 46004 PA 63/Welsh Rd 61605103 E 14

262 | Montogmery 46004 PA 63/Welsh Rd 3934213 E 15

263 Montogmery 46004 PA 63/Welsh Rd 3934214 E 16

264 Montogmery 46022 Gulph Rd 3927477 E 1 1370
265 Montogmery 46022 Gulph Rd 3927478 E 2

266 Montogmery 46022 Gulph Rd 3935990 E 3
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Import Corridor Data into SQL Server

Import the Excel sheet into the corridor_xd_map table in the database.

File Edit View Debug Tools Window Help
Pl e LT el | G NewQuery [T 1y () (T
Object Explorer v QX
Connect~ ¥ 33 m T 2] .4
= | penndot.ecn.purdue.edu (SQL Server 12.0.4459.0 - purd)
= [ Databeses
# (3 System Detabases
% 3 Datebase Snapshots

=

@ G Dotobase Digfll o Dxtabase..

= 3 Tables New Query
% @ SystemT Script Database as
& (@ FileTable,  ———

Tasks
& & dbo._vet = ' Detach...
(3 dbo._xd Policies » Take Offline
& [ dbocortl | Facets ey
@ [ dbo.cormill — 9
® [ dbo.corri Start PowerShell Shrink »
# (3 dbo.inter
Reports 4 Back Up...
# [ dbo.signi i ssiabil s
# [ dbosigni  Rename Restore R
% [ dbosubs’ | Delete Mirrorn.
dbo.xd

= g dhzl;;' Refresh Launch Database Mirroring Monitor..
5 [ dbodsp) Properties Ship Trensaction Logs...

E 3 Views - Generate Scripts...
=3 Synonyms

Extract Data-tier Application...
Deploy Database to Windows Azure SQL Database...

@ 3 Programmability
3 Service Broker

i (3 Storage Deploy Database to a Windows Azure VM...
[ S it
s Jh e Export Data-tier Application...
7 [ Security

Register as Date-tier Application...
Upgrade Data-tier Application...

5 [ Serves Objects

5 [ Replication

31 [ AlwaysOn High Availability
%) (23 Management

Delete Data-tier Application

3 (3 Integration Services Catalogs Import Data...
@ [ SQL Server Agent Bxport Data...

Copy Database...

Manage Databsse Encryption..

Connect - %) %) = L
= |0} penndot ecn purdue.edu (SQL Server 1204459 - purch
5 [ Dstabozes
6 (3 Sywem Databsses
i 3 Database Snapshots

J inix_xd_penndet

1 (24 Dstabase Diagrams

5 [ Tebles
System Tables
FileTables
dhio,_version
dhe_xd
e, com._summary bl
e comidor sdt
dho comidor xd map
g inter_ud
o.signial_data
e sigral_time,plar:
e subspesds
g speed. limit
dwoxdpiths
doadspends
7 2 Views
1 (4 Symomyms
1 [ Programmabiity
1 (3 Service Broker

UUUHOUUUOUUlE

1 (3 Stoage
1 (3 Securty cor_pame wimgd  bewny wipes bmfet twmjnd -
(3 Security 1 PAELWeshFd HMEE 1 MU NULL
[ Server Objects 2 PAGMWNeshRe M7 E 2 ML WL
i (3 Repiication 3 PABVWash R M3 E CR TR T
@ (3 AbwaysOn High Availability 4 PAGMNashRd 19M809 E 4 NULL NULL
% [ Management 5 PA 63/ Weish Rd E 5 NULL NULL
@ (2 Integration Senices Catalogs 6 Mortconey 45004 E 6 N L
@ [ SQL Server Agent 7 Morlogney 4504 PAELWeshRd E 7 NULL NULL
B Moriogrey 45N PAEVWesRY IS E B NUL WL
5 Motogney DM PAGMWesRG GIG0SI2 E 5 NUL MU
W Mortcgmery 45004  FAGMWeshRd 345007 E o NULL NULL
T Moriogney 450M  PAEVWesRd ISM5008 € TONNL WL
12 Mortcomery 454 PAGMWeshRd IMSN9 £ 2 NULL  NULL
10 Moricgney 46004 PAEVWeshRd TSI E T TR T
W Moriogmery 46004 s E TR
15 Morkogney 40M  PARMWesnRd TMZI WML N
16 Moricomen iS4 PAEVWeshRd MU E ® NN WL
T Mortooney 460 PAGVWesRY BMZIE W 1 an o N
18 Morlogmery 45004 PABIWeshRd 3534204 W 2 NULL NULL
19 Moconey 4004 PAGVWesRd WM W 3 NUL  NUL
W Moriogney 4600 PAEVWesRd MG W 4 NUL ML i
7 W + 1D Query executed successhully: penndot.ecn.purdueedu (12... purdue_sa (58] invcx_xd_penndet 00:0000 31 rows
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Copy Corridor Data to [xdpaths] Table

Run the following query from the SQL Management Studio console, replacing <version> with
the correct version map (default is ‘7900-01-01°):

INSERT INTO xdpaths
SELECT
<version>,

xdsegid, corr_no, bearing, xd_pos,
(CAST(CASE WHEN trim_first IS NULL THEN @ ELSE trim_first END AS float) +
CAST(CASE WHEN trim_final IS NULL THEN © ELSE trim_final END AS float)) / 5280

FROM
corridor_xd_map

Object Explorer MLl SQLQueny3.sql - pe...ot (purdue sa (68))" %

Connect~ 3 3l w7 (2] .5

= [} penndot.ecn.purdue.edu (SQL Server 12.0.4459.0 - purds
= 14 Databases
[ System Databases
3 Database Snapshots
= [ inrb_xd_penndot
[ Database Diagrams
= 3 Tables
[ System Tables
[ FileTables
3 dbo._version
= dbo._xd
= dbe.corr_summary
= dbo.corridor_adt
= dbe.corridor_xd_map
= dbo.inter_xd
= dbo.signal_data
& dbo.signal time_plans
E dbo.subspeeds
=1 dbouxd_speed_limit
= dbo.xdpaths
= dbo.xdspeeds
4 Views
3 Synonyms
[ Programmability
1 Service Broker
[ Storage
3 Security
3 Security
3 Server Objects
3 Replication
3 AlwaysOn High Availability
[ Management
[ Integration Services Catalogs
[ 5QL Server Agent

BEEEHEHBABAB

H ®

®

Jreeees script for SelectTopNRows command from SSMs *

=ISELECT *

from xdpaths

where corr_no=46884
order by bearing, pos

Denotes the version
number of INRIX
shape file

SQLQueryS.sql - pe.

Combines the trim_first and trim_last columns
from corridor_xd_map and converts them to
miles from feet

ages
version xdid

1500-01-01 00:00:00.00 3934886
1500-01-01 00:00:00.00 3934887
1500-01-01 00:00:00.00 3934888
1500-01-01 00:00:00.00 3934883
1500-01-01 00:00:00.00 3934830
1500-01-01 00:00:00.00 3941216
1500-01-01 00:00:00.00 3945003
1500-01-01 00:00:00.00 3945006
1500-01-01 00:00:00.00 61605102
1500-01-01 00:00:00.00 3945007
1500-01-01 00:00:00.00 3945008
1500-01-01 00:00:00.00 3945008
1500-01-01 00:00:00.00 3345010
1500-01-01 00:00:00.00 61605103
1500-01-01 00:00:00.00 3934213
1500-01-01 00:00:00.00 3934214
1500-01-01 00:00:00.00 3934216
1500-01-01 00:00:00.00 3934204
1500-01-01 00:00:00.00 3934205

18MMAT AT ANANAR AN 2624308

com_no
45004
45004
45004
45004
45004
45004
45004
45004
45004
45004
45004
45004
45004
45004
45004
45004
46004
46004
46004
AENNA
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pos  miles_reduce 4

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
nAAnAnn



Adding Corridor AADT Data

Generate the corridor AADT table (Excel) from the statewide supercritical corridor report.

Super-critical Corridors

MONTGOMERY COUNTY 473 Signals on 38 Super-critical Corridors (184.7 miles)

| Corridor #: 46004 | PA 63/Welsh Rd: PA 463/Forty Foot Rd to PA 611/0Id York Rd

40 Signals 14.5 Miles 10 Municipal Signal Owners | AADT: Avg: 17,388 Avg./Lane: 7,198 Max 25,476
Signals on Corridor:
461032073 WELSH RD & RALPHS CORNER SHPNG Hatfield Township, Towamencin Township Google Maps
46103612 WELSH RD & ORVILLA RD Hatfield Township, Towamencin Township Google Maps
462162361 WELSH RD & OAK BLVD Hatfield Township, Lansdale Borough, Google Maps
Towamencin Township
46103813 MAIN ST & S VALLEY FORGE RD Hatfield Township Google Maps
1| ID# Corr Name ADT County
2 | 9004 PA263/York Rd 21281 Montogmery
3 | 9024 OldUs202/Butler Ave 17552 Montogmery
4 | 46001 PA 23/valley Forge Rd 16711 Montogmery
5 | 46002 PA 23/River Rd/Conshohocken State Rd 15674 Montogmery
[ 46003 PA 63/Forty Foot Rd & Sumneytown Pk 24366 Montogme
I 7 | 46004 PA 63/Welsh Rd 17388 Montogmeryl
§ | 46005 PA 63/0ld Welsh Rd/Philmont Ave 17810 Montogmery
9 | 46006 PA 73/Philadelphia Ave 16675 Montogmery
10| 46008 US 202/Dekalb Pk 40620 Montogmery
11| 46011 PA 309/Cheltenham Ave & Ogontz Ave 33207 Montogmery

Import Excel sheet to the corridor_adt table in the database (results shown below).

SQLQueryS.sql - pe...ot (purdue_sa (71))* x [EoIaNEIN
miselect

where county-'Montgomery’
order by corr_no

00% ~ ¢

I3 Resuts |[7y Messages

| - pe...ot (purdue_s

J*=***== Script for SelectToplNRows command from SSMS ***=*=/

#ROM [inrix_xd_penndot]. [dbo]. [corridor_adt]

5))  SQLQueny7sql - pe...of (purduc_s

SQLQuery6.sq! - pe...ot (purdue_s

1 - pe..

ot (purdue.

Gemantown Pk 21397

comno  cor_name con_adi courty

1 S04 PA263YakRd 21281 Monigomery
2 26001 PA23AValey Forge Rd 16711 Monigomery
3 46002  PA23/River Rd/Conshohocken Siate Rd 15674  Montgomery
4 465003 PAGMFortyFoot Rd&Sumneytown Pk 24356 Montgomery
5 ZE004 "} PA63/Wekh Rd 17388 Monigomery
6 46005 PAG3/OK Weish Rd/Phimont Ave 17810 Montgomery
7 46005  PA73/Phiadeohia Ave 16675 Montgomery
3 46008 US202/Dekab Pk 40620 Montgomery
9 46011  PA30S/Chettenham Ave & OgontzAve 33207 Monigomery
10 46012 PA303/Bethelem Pk 35240 Monigomery
11 46013 PA363Toper Rd 28720 Monigomery
12 46014  PA463/Cowpath R/Horsham Rd 19961 Montgomery
13 26016 PAG11/0ld York Rd & Easton Rd 30919 Monigomery
14 26017 MainS/Rdge Pk 20090 Montgomery
15 46018 Chemical Rd 27457 Montgomery
16 46019 Matsonford Rd 22019 Montgomery
17 46020 PAT73/Skppack Pk 17176 Montgomery
18 46021 Erdgepon Bypass & Markey St 26948 Monigomery
19 4602 GuphRd 22358 Monigomery
20 25023

Montgomery

(@ Query executed suceessfully.
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Add Speed Limit data into the [xd_speed_limit] Table

The xd_speed_limit table is used to generate the base/speed limit travel time. Speed limit data for
most of the corridors were available from the given data.

e Spatint — Lines from the shapefile 2015 06 25 PA_GIS_(Arterial_Evaluation).shp
contains the speed limit data;

e Spatial join speed limit data with available XD segments using STBuffer(),
STIntersection() and STOverlaps() functions. Query is listed below:

SELECT
p.xdid, OBJECTID, SPEED_LIMI,
x.geog.5TBuffer(18@) .5TIntersection(l.Shapeg).5TLength() AS intersecting_length, 1.Shapeg.STLength() AS speed_limit_ length
FROM
xdpaths p
INNER JOIM
_ xd x ON x.[version]=p.[wversion] AND x.XDSegID=p.xdid
LEFT JOIN

SELECT
OBJECTID, Shapeg, SPEED_LIMI
FROM
SPAT_INT2
) AS 1 ON 1.Shapeg.STIntersects(x.geog.STBuffer(188))=1;

For XD segments where speed limit data are not available, use Google Street View.
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For XD segments with multiple speed limit values, a distance weighted measurement was used
to compute final speed limit value.

w A & o

y o %, ", 7
L4 b “ & &
8 & . L% # =

Final speed limit = (45*0.8 + 30*0.5)/(0.8+0.5) = 39.23 ~ 40mph

-

Then, generate an Excel sheet with the speed limit values for each XD segment obtained from
the previous steps and import to the xd_speed_limit table in the SQL Server database.

Connect~ 3 %} = T 7] .5
= [ penndot ecn purdue.ed (SQL Sever 120,459 - purd
= Ca Drtabases
5 3 System Databases
3 Datebase Srepshots
= 0 m dat

select
from xd_speed_Linit

& L3 Dotabas

= (2 Tables
5 2 System Tables
@ (3 FleTables

@ 71 dbouxd_spesd fmit
@ 21 dbo.xdpath:

) (8 Server Objects
& (3 Repli

2
3
4
5 MR ]
]
[]

wews
7 e 4
e
s mmm  w
n owser
o s
12 3348848 L]
13 w208 %
Womme
15 M L
® wne  w
7 w8
w o mne s
W owme s
a m s

+ 1@ ey executed successiuy, penndot.ecn purdue.edu (12... | purdue_sa 00) | ini_sd_penncat | 000000 | 2322 rows
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Adding Corridor Summary Information to corr_summary Table

The corr_summary table is used to generate the corridor summary during mouse hover on the
dashboard. Data for this table should be inserted with the format as follows:

Connect- &} & @ F [7]:5

= (2 Detabases
® Ca Satem Dtaiaies
+ 4 Database Snapshots
1 invie e pendat
% (23 Detabase Disgrams
= (3 Tables
@ (3 System Tables
5 2 FileTables
# O dbe._vession
@ 21 dbe_sd
& 21 dbo.con_summary

(4 penndot.ecn purdue.edu (SQL Server 1204590 - purd

SQUQueryd sq) - pe-.ot (pusdue_sa (55)) |G

e |

, [bearing]
[eorr_nane]

| [signal_count]
[xd_map_count]
[speed_Linits]

[adt]
FRon [inrix_xd_penndot] . [dbo]  [corr_summary]

Data from the statewide

..ot (purdue_sa (7))

. —— itical i From the From the
3 0 doaintered supercritical corriaor .. .
- prevte el xd_speed_limit table | corridor_adt table
S e report
5 71 dbosdpaths
5 3 donssperss
3 SeceBrker | ERTY
& 0 Storage corm_ beswg _con_rame f e ot spesd bt
5 B Securiy ©O[EMI0 [N PAEIAPAZIVBN R It ) 3152025305
23 Security 2 Emw s PAEI1 4 PA231/Eroad It k3 4035.30.25,20553530 Rt
% (2 Server Objects 3 w0 E US 30/ Lancaster Ave. 85 2 45,40,30,85,35, 4035, 30,35, 30,253530.40,35.30 1067 \
& G2 Replication T TR TP A VAR SR R e e e L
+ AlwaysOn
: jh\m:izn com_no  bearing com_name signal_count  xd_map_count | speed_limits adt
2 : sasener) 130 46002 N PA 23/River Rd/Conshohocken State Rd 5 7 30,3545 T8I
131 46003 E PA 63/Forty Foot Rd & Sumneytown Pl 13 12 45,35,40,45,35,.45.40.45 12183
132 46003 W PA 63/Forty Foot Rd & Sumneytown Pk 13 12 4540,45,40,45,3545 12183
133 46004 E PA 63/ Welsh Rd 40 16 45,35,30,40,45,40.45.40.35 8654
134 46004 W PA 63/ Welsh Rd 40 15 35,45.40,45.40,30.40.45 2654
135 46005 E PA 63/0ld Welsh Rd/Philmont Ave 5 5 35 8305
136 46006 W PA 63/0ld Welsh Rd/Philmont Ave 5 5 35 8305 = z
52 %) | inficd_penndot ows
137 46006 E PA 73/Philadelphia Ave 5 2 30,35 8337
138 46006 W PA 73/Philadelphia Ave 5 2 40,35 8337
135 46008 N/E U5 202/Dekalb Pk 10 ] 45,3545 20310
140 46008  S/W U5 202/Dekalb Pk 10 6 45 20310
141 46003 N PA 232/Hurtingdon Pk/Coford Ave/2nd 5. 50 21 25,35,40,35,45,35,40,45.40,35 9258
142 46003 S PA 232/Hurtingdon Ple/Chford Ave/2nd 5. 50 20 40,35,40.45,40.45,35.40,30.25 5258
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Adding Signal Timing Plans to the signal_time_plans Table

Data from this table is used to generate the signal time plans in the Timing menu of the Travel
Time Comparison dashboard. Generate the below excel sheet with available timing plan
information from all corridors:

1 if the timing plan runs
on a particular day, else 0

Cycle length in seconds
-lifitis free

1 | corr_no I sunday_on monday_on tuesday on wednesday on thursday_on friday on saturday_onltempjlan plan_name hours_start hours_end cycle_length
2 15006 0 1 1 1 1 1 o o 65Rev 3 " o600 " 000 50
3 15006 0 1 1 1 1 1 0 0 65 Rev 3 " osoo " 1500 80
4 15006 0 1 1 1 1 1 o o 65Rev 3 " 1500 " 2000 100
5| 1008 0 1 1 1 1 1 0 0 65 Rev 3 " 2000 " o000 -1
[ 15006 1 o o o o o 1 o 65 Rev 3 I 0600 f 1900 80
7| 15006 1 0 0 0 0 0 1 0 65Rev 3 " 100 " 000 -1
8 15006 o 1 1 1 1 1 o o 66 Rev 3 f 0600 r 0900 90
a 15006 0 1 1 1 1 1 o o 66 Rev 3 " 0s00 " 1500 80
10 15006 o 1 1 1 1 1 o o 66 Rev 3 f 1500 r 2000 100
11 15006 0 1 1 1 1 1 o o 66 Rev 3 " 2000 " 0600 -1
12 15006 1 o o o o o 1 o 66 Rev 3 f 0600 M 19500 80
13 15006 1 o 0 ] o 0 1 o 66 Rev 3 " 1300 " 0600 -1
14 15007 o 1 1 1 1 1 a a June 2015 System #10001 f 0530 M 0930 110
15 15007 0 1 1 1 1 1 o o June 2015 System #10001 " o930 " 1200 110
16 15007 o 1 1 1 1 1 a a June 2015 System #10001 I 1200 i 1500 120
17 15007 0 1 1 1 1 1 o o June 2015 System #10001 " 1300 " 2300 110
18 15007 0 1 1 1 1 1 1) 1) June 2015 System #10001 " 2300 " o530 -1
19 15007 1 o o o o o 1 o June 2015 System #10001 I 0800 f 2300 110
20 15007 1 o o o o 0 1 o June 2015 System #10001 " 2300 " 0800 -1
21 23002 o 1 1 1 1 1 o o 1-0158 Apr 2015 f 0700 r 0730 115
22 23002 0 1 1 1 1 1 o o 1-0158 Apr 2015 " o730 " 0815 115
23 23002 o 1 1 1 1 1 o o 1-0158 Apr 2015 f 0815 M 1000 115
24 23002 0 1 1 1 1 1 o o 1-0158 Apr 2015 " 1000 " 1130 110

Import the Excel sheet to the signal_time_plans table in the SQL Server database.

Oject Explarer

Comnect~ 3/ 3} u [ 2]

"3 Ditsbases
5 (3 System Databases
5 3 Database Snapshots
3 inric_ud_penndot
(3 Databaze Diagrams.
& (3 Tables
6 (32 System Tables
5 (2 FileTables
5 3 dbo._vension
@ 3 dbo._xd
3 1 dba.com_summary
5 1 dbo.comdor_adt
4 21 dbo.comdor_xd_map
& 31 dbanter_xd
5 3 dbosignal data
& 1 dbo.signal_time_plans
5 T dbasubspesds
5 1 dbosd speed Jimit
4 01 dbasdpaths
o 21 dbosdspeeds
5 3 Views
5 L3 Symonyms
[ (23 Programmabilty
(3 Service Broker

& (3 Sever Objects
# (4 Replication

) (28 AlwaysOn High Avsilsbility
) (3 Management

() L3 Integration Services Catalags
5 [ SQU Server Agent

=1 ) penndot.ecn purdue.cdu (SQL Server 12.0.4452.0 - purd

ol 5L Quen2sa - pe.. ot (purdue._sa

CT TP 1008 [<orr_no]
[sunday_on]
[monday_on]
[tuesday_on]
[uednesday_on]
[thursday_on]
[#riday_on]
[saturday_on]
[temp_plan]
[plan_name]
[hours_start]
[hours_end]
[cycle_length]

#Ron [4nrix_xd_penndot] 6] . [signs]_tise_plans]

11| @ Query executed successtuly.

conpo  wndayon  monday on fuadayn  wednesdsy on thusday on fiday_on

ey on  tep_plan
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e 2015 System #I0001
e 2015 System 20001
A= 2015 System 410001
Le 2015 Syatem #1001

houn_end _ cycls length
=

1500 ]
2000 00
500 1
1500 o
600 1
%0 0
1500 o
2000 00
500 1
1900 0
600 1
320 i)
1200 m
1500 12
2300 o
530 1

penndot.ecn purdueedu (12...  purdue_sa (2] inx_sd_penndot | 000000 67 rows




Timing Plan Selection in Travel Time Comparison Tool

For corridors without any timing plan information, No corridor timing plan found will be
displayed in the Signal Timing Plan dropdown under the Timing menu. Select a corridor on the
map, or from the Corridor dropdown menu. All days of the week will be selected by default, and
the Default Analysis Hours will be selected. Optionally, custom Time-of-Day (TOD) Periods can
be created using the options.

X-Axis Travel Time Options

’ 015-10-23 to 2015-10 Min: (XS Max: XSS ® Trim Data

Click corridor
selection

PA 73/Skippack Pk

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25
Mon Tues Wed Thurs Fri Sat Sun

Corridor [

Dates

S — No Timing Plan for
© All Days ® ::‘c;kd'ay:'o"‘w:e;:nds ® Custom that co rridor in
database

Select hours to group by:

® All day

® Hourly

© Default Analysis Hours
0,9:00-15:00,15:00

Defaultsto All Days
and Default
Analysis Hours
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Corridor

PA 73/Skippack Pk

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25 i 2 ® Trim Data

Mon Tues Wed Thurs Fri Sat Sun
[Foee

X-Axis Travel Time Options

Dates

Weekdays ® Weel
SuM T WTh F Sa

TS R Select customized
& Founy hour ranges

fault Analysis Hours
9:00,9:00-15:01

01500

‘Add Range’ adds
additional sliders
to customize

Map

Generate graphs for Before: 2015-10-04 to 2015-10-06 X:Asda Travel e Opttons
After: 2015~1E3-23 to 2015-10-25 - = B Trim Data
H Mon Tues W Thurs Fri Sat Sun
given hour ranges

Eastbound
‘_g Signal Timing Plan 04-00 to 09:00 04:00 to 09:00

© All Days ® Weekdays ® Weekends ® Custom
SuM T WThF Sa

Select hours to group by:

® All day

® Hourly

® Default Analysis Hours o

6:00-9:00,9:00-15:00,15:00-17:00,17:00-22:00, s 2
Travel Time (min) Travel Time (min)

W Overnight e’y Al

13:30 to 18:00 13:30 to 18:00

By { ! J | |
sdkiphia owns 2 5
. P y 0 s
Travel Time (min)
Camden Cherry Hill

After Betore

Haddoo
@B ) Townzhip

Haddoof

Atport

Google
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For corridors with existing timing plan data loaded into the database, the Signal Timing Plan
dropdown will be populated. In the below example, US 202/Wilmington Pike is selected from
the “Corridor” menu dropdown. A preloaded timing plan is then loaded from the Signal Timing
Plan dropdown, which populates a set of TOD Period ranges.

Corridor: NSFTIIEREYS

US 202/Wilmington Pk

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25
Mon Tues Wed Thurs Fri Sat Sun

Alternative
dropdown corridor
selection

Esmere Wilmington
@

Manc

@

Corridor

US 202/Wilmington Pk

Before: 2015-10-04 to 2015-10-06
After: 2015-10-23 to 2015-10-25
Mon Tues Wed Thurs Fri Sat Sun
‘‘‘‘‘‘

Select hours to group by:

® All day

® Hourly

® Default Analysis Hours
00,9:00-15

6:00-9:00, 15:00-17:00,17:00-22:00

If timing plans are
found in database,
pre-populate days
of week and hour
sliders
automatically
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Below shows an example of two timing
database.

Database results
used to generate
dropdown options
for each corridor

where corr_r|

W% ~ 4
[ Resutts

m

7‘_1 Messages

plans and their respective records in the SQL Server

Z =7 ]
I”e ‘-\ i,

=

Cianal Timing Plan IR S EET S Ei A
1-0039 Jun 2015—Mon, Tues, Wed, Thurs, Fri

® All Days ® Weekaays
SuMTWTh F Sa

on tuﬂ on wednﬂ on_ thursday on  friday on  saturday on  temp_plan lan_name hours_start _hours_end le_length
1 1 1 1 0 ] 10035 Jun 2015 600 500 130
1 1 1 1 0 ] 10039 Jun 2015 500 1500 120
1 1 1 1 0 ] 10035 Jun 2015 1500 1900 130
1 1 1 1 0 ] 10039 Jun 2015 1500 2200 120
1 1 1 1 0 0 1-0035 Jun 2015 2200 600 130
] 0 0 ] 1 ] 10039 Jun 2015 1000 1400 130
1] i} n 1] 1 1] 10038 . Jun 20151400 1000 120

Finally, select the dates and click the Generate button to display the graphs in the before and

after period.

® All Days ® Weekdays ® Weekends © Custom

SuM T WTh F Sa
munnooe

Select hours to group by

® All day

® Hourly

® Default Analysis Hours
6:00-9:00,9:00-15:00,15:00-17:00

Generated from
database timing
plans

Google

Corridor

vates

09:00 to 15:00

-
[ |

Travel Time (min)

s

W Overnight
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APPENDIX 1l - UPDATING SHAPEFILE VERSIONS

Remap all the corridors (as shown in Appendix Il — Mapping Corridors, Timing Plans and
Database Management (Webinar Topic)) for the new shapefile and generate the following csv
files:

e corridor_xd_map.csv
e speed_limit.csv

Import the above csv files to the SQL database (as shown in Appendix 1) and append them to
the corridor_xd_map and speed_limit tables respectively

Update the “xdpaths” table in the database by running the

1 [corridor_xd_map] to_[xdpaths].sql script. Please note that the version number on the script
should match the version number of the new shapefile. For example, we will use the new
shapefile version as “2016-09-20".

£ 1 cordor xd mepl i pathelaal
File Edit View Query Project D
e | L NewQuery

Set the version number to that of
the new shapefile being imported

in_first E0 AS real case wieN trim final THEN @ ELSE trim final END AS real 5289 25 real

Press F5to run

00% -« 0
itsdbl ecn purdue.edu (120..  purdue 33 (60) inrixd 000000 O row

" ammabily
0 v % connectes 1) n .
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Import the shapefile data from ArcMap to the database by following the below steps:

Open the new shapefile in ArcMap.

 Unttied - Archap B Pl - .
DE2ES | "B x 0~ &\ maesas -2 EEESO ".
Qaf0Eien ®-1 /EIRNSS T
x ety *x
Ao8 = ety from: Top-most layes> -s
= 8
= ¥ Bmemap
@ OpenSereethap. 2|
. . £
Click this dropdown
and select Add Data
_ ED
2dd Dwn ) { o i
o=y T BT L) e L e T Lo
IXD_16_2_USA_PAshp
Press the S-IFT key to add features 1o e aurent lst.
mei2a :‘:.‘-

Open the Arc Catalog and establish the connection with the server.

File Edt View Bookmarks Insent Selection Geoprocessing Customize Windows Help

N s S
Table Of Contents ax 2
=[@je8 3 S gy §
H e~ — 2
| e o 3

@ Opmnatoy H
]

Double click on the “Add
Database Connection”
! i [ LY
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Enter the relevant credentials.

Database Connection l} M1
atebse Platform: SQL Server 7 Enter the server name
o
Instance: penndot.ecn. purdue. edu /
Authentication Type: Database authentication v] Enter the Credentials
|User name; purdue_sa g
Password: seenseesl 1
Save user name and password
Database: inrix_xd_penndot &:A Select the
ﬁ‘ inrix_xd_penndot databse
About Database Connections [ oK J [ Gancel l -
/\
7
Click OK

Expand the connection to view the tables in the database.

[
Fie E0 W

Bookmarks Insent  Selection

Table Of Conte
3G 8 o
S Layers
[ Fkggo\workiresesrch\Pe

= R

@ OpenStreetap

Expand the connection to
view the tables

beta dboxcspeeds_ag:
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Right click on the connection >> Import >> Feature Class (Single).

DBES Lt 2@ x (9~ - junEs X EGERO R,
QAN N e B- I RO/ B2ASE T,
x

Tl O Compers
=Ples8 3
= & Layers.
= 3 FAlgo\work\research\Pe
= 2 g
B OpenStreethap

Right click on the
connection >> Import >>
Feature Class (Single)

—— s e e w e

Select the shapefile from the drop down for Input Features.

34539122083 11677177734 Meters

Fle Edt View Bockmads lwet Selection Geoprocesng Cumomie Windows Help

DBES L 58 x (90 & TMEs - EGEEDNG
QPO NN e B-I RO/ B2ASS T D
e
=Pes8 3
= & Lagers.

= B Filggo\workvesearch\Pe

- o DR

’ Select the shapefile from

the drop down for Input
Features
=

L P D LR =

—|
wves oo )
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Name the output feature classto [ xd__staging].

e Windows Help

EEEEO,

OpenStreethap

., Feature Class to Feature Class. =

ot Featres

[¥0.16 2.UsAPA = &
OutmtLocaton
Database Connections\Comecton to fmeather,ecn.purde edu sde =
Ot Featre o
_)D_STAGHG
Expresson (optonal)

Enter “__XD__STAGING”
in the Output Feature
Class field

Y

fem K=

_ x| cme |{emomens.,] [ S

\

Click OK to import the
shapefile to the database

|8
L

Vmei e«
~36227388.754 -§363399.967 Meters

Please wait for a pop-up to indicate the successful import of the shapefile.

File  Edt Bookmarks Insent Selection Geoprocessing  Customize  Windows  Help

N2Ees ) L) & - 1185120066 ! EEERO

QAFO il e M- U KO/ DL s
Table Of Contents 9’ x @
A8 o -
Layers 3
3 indix xd_penndot
2] e pennot 08 =

1 Fkggo\workiresearchiPe
5 @ XD.16.2 USA PA

@ OpenStreethap

A green tick mark
indicatesthe successful
import of the shapefile
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Refresh the tables on the SQL database to view the newly imported [ xd_staging] table.

B

Eie Edt View Project Debug Tools Window Help

P31 -0 | L NewQuey (5 TB(B (5] 6 &) 9 -0 - D00 3] b
§ 3 12| [mrsxd_penndot ¥ Eeeute b Debug 8 o 33 & QU 4
Object Explorer = # | 5QLQuery1.s0) - ts..dot (purdue.sa 71" X
Connect- 3/ %) w T 5.5 i cselect 4|
5 (3 itmwesther.ccn purdue.edu (SQL Server 13044110 2 [ from _)0_sTaGING 2
- (3 Databases
1 (23 System Databases
&1 (2 Database Saapshots
5 1§ camerafeed
5 1 invoxdpenndat
& (2 Database Disgrams
5 (2 Tables
5 2 System Tables
3 2 FleTables
5 3 dbe.
I
& 22 dbo.comdor_sdt
5 3 dbo.coridorxd_map
5 O dbointerxd
5 03 dbosignal dsts
5 21 dbo.signaltime_plans
4 21 dbo.subspeeds
i 1 dboxd speed_Smit
5 03 dboxdpaths
5 0 dbosdspeeds %
% 03 dbosdspeeds 3915
] m:m;:eed;_f (0 Reauts |3 Spatialreats | 13 Messoges
@ 02 Views D_ Swe 001 XDSeyD FAC Fosdlumber Foadtame  LneadD  Courty Qe Conty Dt e Spfosd  Specalfoa Fosdlt
& 3 Synonyms 1 3 ] e ISER6 WETTT 2 60 A% 12803517 Unted Sateecl Amwica  Pemmpvaria  Delsware  Bethe Towrao 1O1STE01S% 0 #A261.Deer )
@ (3 Programmabilty 2ai 3 OKES10000001040000000FIBTAFDATZOES2CORZSGTIREF . WS71%5 006754 2 Setrbecge Ford 1260306 Unted Sescf Amerca  Pammpvana Deiswan  Chestor Hsghts Townahp  D2502TSE3871376 0 Sneroecge e
3 (3 Senvce Broker 3y T8 WK 2 Sethbecge Fosd 12003306 Unied Stmesof Amesca  Permspraria Deiswam  Consd Townsho 1020ssaEssee O Sntrtecin
@ 0 Storage i WCCASZERTO. 154202 W2 2 Sethbndge Rosd 12803207 Unted Stesof Amerca  Penmajveria  Delowse  Concd Townsho \zssTezeEsz8E 0 Sntrbecie e
5 (23 Security 5 s SECIBHED. 195952 NS 2 Setrindoe Road | 12303807 Unked Saes ol Ammsca  Pemafvenia  Deswa  Conoord Tomnship LRI O E—"
5 (3 weatheresps 6 s OFOGSCEATEE 163210 38%72 2 Settescge Road 12803506 Unded Sitesof Amerca  Parnpveria Delswars  Concond Towneio 108120875432% 0 Soertecn A
@ 3 Securty - 2 W 2 Setrtecge Road 12803807 Unked Stesof Anerca  Paofvana Dolawans  Concaed Townahip 1233000235288 0 Snervecge B
a1 3 Server Objects s 8 ONFEAXCCIE THR19 8T 2 Setrbecge Road 12803306 Uneed Siescf Amerca  Pampraria  Delawams  Conand Townahp 1062726505%5%8 0 Strbece B
@ 3 Replication =) 1308265 38676 2 261 PAZS! 1280355 Unfied Smescf Amenca  Pennnfvaria  Delsware  Bethel Towranp 1082745515712 0 PA261Gamat
@ (O Adway:On High Ausitabiity 0 w0 1540417 3836765 1 21 PAE1 12803554 Unted Sttes of Amescs  Pennsyivania Delswae  Bethel Townshp 102 0 DE261PAZS
@ O Management non DAT4FSOSE25 1517838 3836757 0 202 us2m 12803518 Unded Siter of Amenca  Pennnivaria Deloware  Chodds Ford Townshp 1056026545152 0 Us202
B i Integration Swvices Catslogs: 2 2 0. 1038 BT 0 202 us2 1203518 Unted Stescl Ammica  Pennsjveria Deloware  Chadds Ford Towrsho 1 00654085278504 0 us202
6 [ SQL Server Agent noB MOCESFOFDIEF.. 1545269 3836768 2 Concortoad 12803954 Unted Stes o Ameica  Penovaria  Deloware  Bethel Towraho 152208022358 0 Concard Road
u o 7 %R WER 2 % A1 12803517 Urted Satencf Ameica  Pommaria  Doware  Bethe Towranp 08B 0 oAz
5 15 OTTIOEISER. 1200 WRTE 2 Setrindge Rosd 128005 Uried Swescf Amercs  Pemaprana Dosware ChodsFord Towrahp 1| 0SESTISAS8T2 0 2218\ Setrte
6 SCATROEF. VRIS WKTA 2 Settiecoe Foxd 1280307 Uneed Stmes o Amenca Pennmprara Delswaw  Concand Towraho 1w 0 Strbocige B
v v DOEE. 121G WS 2 Setrinoe Road | 12303907 Ubnted Smes ol Amescs  Pemapvaris Deiwse  Chadds ford Towrshp 1 07IATISSIE O Srerveace e
] 181048 3675 2 Sethicoe Rosd 12803805 Urded Sitesc Amence  Pepvoria Delowse  Chadds Fod Towrnhe  102068136722024 0 Sreriecoe B
v = D Query executed succesfully. towestherecn purdue.edu ... purdue_sa @7) i penndot 00002 74166 rows

Append the data from [ xd__staging] table to [ xd] table by running the
inrix_xd_penndot_xd_copy_from_staging script. Please make sure that the version number

matches with that of the new shapefile (in this case “2016-09-20"). The version number should
also be consistent with the one used earlier to update the [xdpaths] table.

5

& (3 Databases
(32 System Databases

& (4 Database Disgrams

5 [ Tables
& 23 System Tables
3 2 FieTables
@ O dbo._version
% 0 dbo._xd
© 3 dbo_XD_STAGING
& 11 dbo.com_summary
& £ dbo.conidor adt
1 3 dbo.comdor xd_map
@ O dbo.nter xd
% 3 dbosignal dats
5 01 dbosignal time_plans
4 01 dbosubspeeds
4 21 dboud_speed_fimit

4 O dbo.xdspeeds_old
© (3 Views
© (3 Synonyms
@ (3 Programmability
5 (23 Senvice Broker
% 4 Storage
# [ Security
5 [ weather_eaps
@ (3 Security
a1 (3 Server Objects
@ (3 Repbcstion
& (3 AbwayzOn High Avalabilty
& (4 Management
(23 Integration Services Catalogs
i (75 SQL Server Agent

)
Edt Yiew Quuy Proje Debug Tooks Window Hep

s ATl | A NewQuey Ly ThB D] & 89 -0 L0 b
! Egecte b Debug ® v 37 3 <705 O

= ) tswesther.ecn purdue.edu (SQL Server 13044110

Please note to change the
version number according
to the shapefile

= INSERT INTO _7
seLect

3', 0ID_1, XDSegID
adhumber, Aosdieme, LinearID, Country, State. County
vert{real, Miles

SlipRoad, Specialfios, Rosdiist

Startiat, Startiong, Geography: ‘Point(Startiat, Startiong, 4326

Endlat, Endiong, Geography::Point(Endiat, Endiong, 4326
4326

@ 0 dboxdpaths Bearing, XDGrowp. i Shape, geography: :STGecaFromText (Shape, STASTEXt:
5 0 dboudspeeds FRow
@ O dboadspeeds 2gl5 _XD_STAGING:

Press F5 to run

w0% -
4/ Connected. (1/1)
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Haweather ecn purdue.edu |

- [R5
AT —et

purdue za (71)  ini xd_penndot  00:00:00 0 rows




Verify the appended data in the [__xd] table.

X
e Yiew Query Project Debug Tooks Window Help

J 1T | ey yHEBE] 82890 L

3242 [mvcrd perndot ]| 8 Fuscute b Debug & v 30 51 | P08 [N = 2 R4
SQLQueryl.5q! - its..dot (purdue_sa (B7))" X
(SQL Server13. &y |

o _xd
where version - '2016-89-20

Press F5 to run

@ [ System Tables
3 FieTables
@ dbo.

0 dbo._xd
[3 dbo._XD_STAGING

. version

% 3 dbo.con_summary
+

s

£2 dbo.comidor_adt

3 dbo.comidor_xd_map
03 dbo.nter xd

(3 dbosignal date

1 dbo.signal time_plsns
21 dbo.subspeeds

23 dboaxd_speed_fimit

[ dboadspeeds 2gq15
& 0 dboadspeeds old

@ 02 Views FAC Foadhmber  Foadiame Uneald  Couty Sae Caurty Spfosd  Specafios osdlet Satlat Satlo S+
& 00 Symonyine 1 i Camo Mostng Rosd 12603807  Untad Sttea of Amerca  Pervafvaria Delamare  1128630737564087 0 Camp Meatng Rod Smithbedgn Fosd 39 885550000000000 75 470460000000000  OxE

@ (3 Programmabilty 2 2 Smitbadge Fosd 1200307 Unted Stateaf Amenca  Ferraphana Delware 1 Q2897RZZ05S031 O oE

3 (3 Senvce Broker 3 2 Smibbodge Food 1200007 Uinted Staes f Avencs  Perraphna  Delware 1 0749T21SZ709561 O Stridge Foad 9I70520000000000 75 504800000000000 O

@ 0 Storage 4 2 Smibbodge Fod 1260007 Unted Statesf Amencs  Ferrans  Delaware | Q2029971220625 O o

5 [ Secusty 5 2 Smitbdge Fosd 12003007 Unked Saesof Amenca  Fervmnis  Delawre 1 UGGITISO7E20 O 3 o

5 (3 weathereaps 5 2 Sritbodoe Roed 12003007 Unked Saenof Amenca  Perrmbvania Delamare  1077314734458523 O Srttensge faad 39850550000000000 75 5573100000000
5 3 Securty 7 1605200000000 1%3200 XM 2 Sniteadge Foad 12003006 Unted Staleaf Amerca  Perrmvana Delaware 1 05B87BSR0202025 0 & ; e
@1 (3 Server Obgects & 2016032000000000 135148 BB 2 Smitbadge Foad 12803806 Unted States of Amenca  Pernayhana  Delaware  1020661370277405 0 tdge o€
@ 8 Replcatio S 2016092000000000 19707 X0 4 12803806  Unted States of Amenca  Perngyhvara  Delawore  1027820692263850 0 Smehbadge Rosd 39.854950000000000 75 544870000000000  OKE
& (9 Aleay=On High Auslabiity 10 2609200000000 1621 WA 2 Smibbndge Fosd 12003006 Uinted Statesf Amenca  Ferrmpnis  Delawre | 0272454750532 0 Snthidge Fosd 35.860010000000000  -75.526920000000000  E
& (08 Management N 016052000000000 183210 K2 2 Smitbndge Rosd 12603806  Unked States of Amenca  Perryhvarie Delawere  1058120608325773 0 Smthtodge Rosd 33868130000000000 75 S03900000000000  OxE
8 i Iagration Services Catalogs: 12 2016052000000000 TUTS 38673 2 Srthbodge Foed 12003006 Uinked Stsesof Amenca  Perembvaria Delamere  102014864910583 0 Settindge fzsd 33874370000000000  75.452280000000000  O<E
& B S0 SeveAgent T 1602000000000 USTIS BKI 2 SnitbdgeFoed 12003606 Unted Saes o Amerca  Pervavamia  Delawere  025027503005643 0 e o
14 16000000000 187 WK 0 2 us ;2 12803493 Unted Staes of Amanca a2 Ddawas 1021757960311 0 s 39835220000000000 75 542230000000000

15 2016052000000000 15384 WNTH 0 A s 12801518 Unted Saten f Amenca  Pervayvana Dolamare 1 00654056880453 0 usam 29.880830000000000 75 5677000000000 4

% 2605200000000 1SR MW7 0 A2 sz 12001518 Unted Stten o Amenca  Pervapvoria Delaware 1 0S6026577549524 0 us 22 39 B6E660000000000 75 5431000000000 (e

17 ZIE092000000000 1% T 0 M@ us 22 12803518 Unted Sites f Amenca  Pervmvana Delaware  1435211720465814 5202 39.852040000000000 75 539470000000000

% 2016052000000000 1540617 NS 1 21 PAT 12603658 Unted Ststenof Amenca  Pervaytvarie Oelaware  1001712041044287 0 0E 26174281 39 833440000000000 75 4BSTO000000000 O _
i wsrmommensmes smmes sewe o e nases ©AMOANEE it o ok St Durnmen S S A Jeonaesseieseel e e

v - + |2 Query executes successty. owesther.ecnpurdue.edu ... purdue_sa 87)  invocsd penndot 00002 74166 rows

dt View Query Project Debug Took Mindow Help

D 15 @] NewQuey DB & DA 0 - @e L[] b

£ 80 22| [invinxd_penndot - ¥ Becte b Debug B v 1D = o 17450 Q)
Object Explorer ~ 3 % [ 5QLQueryl.sqi - 5--dot (purdue.sa BT)"
Connect~ &/ & m [ 7.5 Siselect
5 (3 itswesther.ecn purdue.edu (SQL Sever 13044110 o A 2
5 [ Databases
# [ System Datsbases
[ Database Snopshots
=
Select Top 1000 Rows
Edit Top 200 Rows
5 3 dbosigy | ScritTebleas »
% O dbosub | View Dependencies
@ 2 dbouxd_ Memory Optimization Advisor
5 [ dboxdp — g
® 0 dboadsill FullTo I v
i * 5 Sowairemas [ [y Meseages |
Pesces » 1| XDSegD FAC FRoschhamber Rosdhame LneariD Sae Couty SpRosd Speosifos Fosdlst Ery Statleng Sar ~
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@ | s bommmen 1 wwE 4 1203606 Unted Stesf Ameca  Pemspvaria Deows=  102720653385853 0 o [
@ 3 AhwaysOn High Av 1218 387 2 SmitbidgeRoad 12803606 Uinted Sistes of Amesca  Pemmpvia Dewss 1 062724547825382 0 o
@ OB Mansgement 1 2016052000000000 183210 3872 2 Srithbdge Foad 12003806 Unted Siteeof Amesca  Pennevania  Deiaware 1 05120608325773 0 Smtrbdge Rosd 39.68130000000000 -75503500000000000 O
B 0 Sebecinfon services Cataloge 12 6SNMWNN0 1HTH WK 2 SrubbadgeFosd 12803006 Unded Siteect Amesca  Peveana  Deswam 1020185310583 0 Snthinsge oad J9ETAI000000000  75.452280000000000 E
@ B SQU Server Agent 13 2016032000000000 1457195 38K 2 SmibbrdgeRosd 12003006 Lited Statesf Amesca  Penvmpvania Deiswae  0250275S30098343 0 3
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16 0603200000000 1517 BT 0 2w usam 12003618 Unted Steecl Amesca  Ponnevania  Deiaware  105602657754952¢ 0 us a2 39 966660000000000 -75544310000000000 O
17 0160500000000 18927% WHHE 0 2R us 202 12803518 Unted Siteoct Amosca  Penvfvania  Deawarn  1495211720466614 0 us 22 23.852040000000000  75538470000000000 O
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Update the [ version] table
Right click on the [__version] table >> Edit Top 200 Rows

[ VesioR ST

File Edit View Debug Tools Window Help

P)v e T L NewQuey [H0f (D5 4 D89 - - S5
- %

i3 ::Zﬁi’i:i - wer_start ver_end
: P 1900-01-01 2015-03-20
2016-09-20 2017-05-09
2015-09-20 2016-03-20
2015-03-20 2015-09-20
2016-03-20 2016-09-20
» 2100-01-01
# NULL NULL

Update the [ver_start] and [ver_end] columns to include the new version
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APPENDIX IV — ARCHIVED SPEED DATA IMPORT

Archive data should be requested from INRIX before the import is performed. Contact your
INRIX Sales Engineer to request the archived speeds data.

Download the CSV files to the desired location

older

| 4 File folder (2)

LE  PennDOT 2016 q4 subspeeds
£ f File folder File folder

4 Microsoft Excel Comma Separated Values File (11)

2016 01 2016 02 2016031 L, 2016032 2016 05

n Microseft Excel Comma Separate... u Microsoft Excel Comma Separate... n Microsoft Excel Comma Separate... Microsoft Excel Comma Separate... n mma Separate... Microsoft Excel Comma Separate...
6, 43368 41568 4 ! 51368
2016 06 2016.07 2016.08 2016.09 2016092

n Microsoft Excel Comma Separate.. u Microsoft Excel Comma Separate... n Microsoft Excel Comma Separate. n Microsoft Excel Comma Separate. n Microsoft Excel Comma Separate..
496 GB 51368 51368 3168 164 GB

Open SQL Server Management Studio.

£ Microsoft SQL Server Management Studio (Adminitrator

Pgle S id @ dNewuey (D H & 2B 9-~- -5
Object Explorer -3 %
Connect~ 3/ 4 =

Microsoft SQL Server 2014

Server type: [ Diatabase Engine

Server name: penndet ecn purdue edu

Authertication: [SQL Server Authentication

Login: penndot_datawriter

Password: E nter
[] Remember password credentials

Connect ][ Cancel H Help

Enter the detailsas shown
and then Connect
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Expand “Databases” and then expand [inrix_xd penndot]

4 (2 System Databases
& (3 Database Snapshots
3 infi_xd_peandot
(22 Database Diagrams
@ [ Tables
@ [ Views
@ [ Synonyms
# [ Programmability
& [ Service Broker
o (@ Storage
@ (3 Securty
@ 1§ inford_peandot_bets
5 3 Securty
5 (4 Server Objects
# (2 Replication
5 (23 AbwaysOn High Availability
& (3 Management
& 3 Integration Services Catalogs
5 (B SQUServer Agent

Right-click on “inrix_xd penndot” -> “Tasks” -> “Import Data”

oot
e (ot Yew Doty Jook findow tidp
Fale it ] ooy U ) 5 A

-3 x

BNkl

Cenea- 3/ 3w ([0S
4 panedot ecn purdee sty (S8 Server 12048530 - gurdve_sa)
3 Dutabeses
5 2 Sysmem Databeses
5 1 Databae Saagahits
]

Pew Database.
Mew Quary
Scopt Databare ax .
Toha » Oetach.
Bodces » Take Oftiew
Facets
§ pad s et Powedhet ek =
2 Secwr
% [ Sever Otjec Reperts » Back Up.
¥ (3 Raphcatcn . Rastore ’
% 3 AmeyiOn b
Deete Mavor
Refresh Lounch Database Mircring Mantor
Progerties Shvp Transaction Logs.

Genesate Scriges
Etinct Duta-tus Agphcation

Deploy Dutabese to Windoms Anwre SQU Databace
Deploy Databese 10 4 Wendows Aruse VAL

Expon Deta-ter Apphention.

Regrater o5 Date-er Apphcaton

Upgrade Duta ter Applcatssn.

Ivpert Oota
Expont Duta
Copy Databune

Mansge Database Encrypton
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Select “Flat File Source” from the “Data Source” dropdown.

Choose a Data Source
Select the source from which to copy data.

= Flat File Source

@ Met Framework Data Provider for Odbe

B Net Framework Data Provider for Oracle
ﬂ Net Framework Data Provider for SglServer
B Esri GeoDatabase OLE DB Provider

ConnectionString
4 MNamed ConnechonSiring

Dsn E* Flat File Source

4 Source €4, Microsoft Access (Microsoft Access Database Engine)
Diriveer & Microsoft Access (Microsoft Jet Database Enging)

B Microsoft Excel

Driver
The name of the ODEC Driver to use when connecting to the Data Source.

Help |

Choose a Data Source
Select the source from which to copy data

L)
Data source: I§‘> Flat File Source j
'J! General Select a file and specify the file properties and the file format.
] Columns File name: kil
=] Advanced L |D.Wl]o\wolk\researdﬂ\PennDOT\PENNE Bpil
= Freview Locale: [Engisn (Uniec States) =] T Unicode
Code page: [1252 (ANSI - Latin 1) |
Click Advanced Fomst (oo =
Text gualifier: Iq—mne>
Header row delimiter: |G ;I
Header rows to skip: [ =

¥ Column names in the first data row

Help <Back || Next> Finish >> Cancel |é||
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Select “DT_DBTIMESTAMP2” data type for the date and time.

.1 SQL Server Import and Export %zard = @] ® ]
Choose a Data Source
Select the source from which to copy data
N
Data source: |§> Flat File Source j r
1Y General ‘Configure the properties of each column.
[=] Columns
e 4 Misc
3 Preview XD Segment Mame Date Time
gz:e:{Mlles hour) ColumnDelimiter Comma {.}
Delimited
DataScale ]
_DBTIMESTAMP2] - |
Boolean [DT_BOOL] -
byte stream [DT_BYTES] Fl
cumency [DT_CY]
database date [DT_DBEDATE] =
database time [DT_DBTIME]
database time with precision [DT_DBTIMEZ]
database timestamp [DT_DBTIMESTAMP]
database timestamp with precision [DT_DBTIMESTAMP2] L Se | ect
database timestamp with timezone [DT?DBT\MESTAMPOFF -
date [DT_DATE]
decimal [DT_DECIMAL]
double-precision float [DT_RE]
siht byte signes tsger DT_18) ! from the drop down
New S
menu
Help | <Back | Nexts | Finish o e
= I/\\

DT_DBTIMESTAMPZ2

Select “SQL Server Native Client 11.0” from the “Destination” dropdown.

= ,

Click on Next

Choose a Destination

Specify where to copy data to.

| ) QL Server Native Client 11.0

Microsoft Access (Microsoft Jet Database Engine)
Mi ft Excel

ConnectionString

Dsn
Source
Driver

Named ConnechonSiring

@r Microsoft OLE DB Provider for Analysis Services 11.0
@r Micrasoft OLE DB Provider for Analysis Services 12.0
& Microsoft OLE DB Provider for Oracle

B Microsoft OLE DB Provider for Search

8 Microsoft OLE DB Provider for SQL Server

§ SQL Server Native Client 11.0

Driver

The name of the ODEC Driver to use when connecting to the Data Source.

Help |




Select “SQL Authentication” and enter the credentials to the database.

Choose a Destination
Specify where to copy data to.

Use SQL Server
Authentication

Enter server name

Destination: Ia SQL Server Native Client 11.0

Server name; Ipenndm ecn purdue edu

LY o] |4
W

A
™ Use Windows Authentication

{* Lse SQL Server Authentication

User name: Ipanndutdaiawriier
Password |“**““1
Database: - Refresh |

N

I
\Y\ \| Enter credentials

Select inrix_xd_penndot
database

Help <gack [ New>

Cancel |

Click on Next

=]

Select “[dbo].[xdspeeds]” from the “Destination” dropdown and click “Edit Mappings.”

-
L SQL Server Import and Export Wizard

= | B[S |

Select Source Tables and Views

Choose one or more tables and views to copy.

Tables and views:

FI Source:

I Destination: penndot.ecn purdue edu

W = ZAINRDXUINRIX_XD_DATA\2016_archiv.. &

dbo].[2016_01

[dbo] finter_sxd]

[dbao] [signal_data]

[dba] [signal_time_plans]
[dbo]. [subspeeds]
[dbo].ped_speed_limit]
[dbo]. pedpaths]

[dbo] pdspeads]
[dbo]. fxdspeeds_agg15] k

Help |

[] _—
] Select
| Click Edit Mappings
I Edit Mappings... | Preview... |
< Back | Mext = Finish >= | Cancel |




Ensure that the “Source” and “Destination” columns match. If not, use the dropdown from
“Destination” to match the “Source.”

., Column Mappings

[ESEER)

Source: ZANREAINRIX_XD_DATAZ016_archive\2016_01.csv
Destination: [dbo). [xdspeeds]
" Create destination table
" Delete rows in destination table " Drop and re-c e |
' Append rows to the destination table [~ Enable identity insert
L
| Mappings: I
S | t | | Source | Destination | Type | MNullable | Size | Precision | Scale |
elec Date Time tstamp datetime2 I 2
“" ” | i i
Ap pe n d ROWS XD Segment wid Ihigirt Il
| | SpeediMiles hour)  speed tirnyirt -
Score score vl tiryirt I3
W <ignore
score
I Click OK
Fource column: |Score string [DT_STR] (50)
i 4
ok | Cancel |
L =
: 113 29
Click “Next.
F ™
L SQL Server Import and Export Wizard I} E@g

Select Source Tables and Views
Choose one or more tables and views to copy.

Tables and views:
|7| Source: I Destination: penndot.2cn purdue edu
[ | ZAINRIXOINRIX XD_DATA\2016 archiv... = [dbo] dspeeds]

Click Next

Edit Mappings... I

<Eack\r Next = | Finish == |
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Click “Next” on the “Review Data Type Mapping” screen.
i L SQL Server Import and Export Wizard Elﬂlﬂﬂ

Review Data Type Mapping L\}
Select a table to review how its data types map to those in the destination and how it
handles conversion issues.

Table:

I Source I I Destination
T ZAINRDONRIX_XD_DATAN2016_archive’2.. =] [dbo] xdspeeds]

< 1 | »

Data type mapping:

| Source Column | Source Type Destination Co... | Destination Ty... | Convert | On Emor | !

@i Date Time database time...  tstamp datetime2

XD Segment string [DT_ST...  xdid bigint Ird Use Global
__';3 Speed{Miles h...  sting [DT_ST... spesd tirnyirt Ird Use Global
__':3 Score sting [DT_ST...  score tirmyirt v Uze Global
1 1 | 2

To view conversion details, double-click the row that contains the column source type to be converted.

On Error (global) Cl ick N EXt |Fai| ~|

On Truncation (global) [Fai |
Help | < Back || Mext = I Finish == | Cancel |
2
L

Check the “Run Immediately” option and hit “Next” in the “Run Package” menu.

v Fun immediately

Check

LCIick Next

j) In SGL Server Express, Web, or Workgroup, you can run the packg at the Import and Export
Wizard creates, but cannot save it. To save packages that the wizg ates, you must upgrade to
SQL Server Standard, Enterprize, Developer or Evaluation.

Help | <Back [[ Next> | Finish>sl | Cancel
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Click “Finish” to start the import process.

Complete the Wizard
erify the choices made in the wizard and click Finish.

Click Finish to perform the foll

Destination Location : penndet.ecn.purdue edu
Destination Provider : SQLNCLIT1

Copy rows from D:kjijo work ‘research\PennDOTWPENNDOT Files walk_through
“penndot_comdor_files%09_0132_comidor_XD_Map csv to [dbo] [comidor_sxd_map]

The new rows will be appended to the existing table.

The package will not be saved.
The package will be run immediately.

Click Finish

”_ﬁinish I Cancel |

] SQLSenvr Importand &
The execution was successful v
9
@ 11 Total 0 Error
Success 11 Success 0 ‘Warning
Details:
| Action | Status | Message |
@ Initializing Data Flow Task Success
@ Inttializing Connections Success
i@ Setting SGL Command Success
i@ Setting Source Connection Success
@ Setting Destination Connection Success
@ Validating Success
@ Prepare for Execite Success
() Pre-sxecute Success
() Executing Success
(D Copying to [dbo] [comidor_xd_map_staging] Success 53 rows transfered
(i) Post-execute Success
sop | Beport v |

Click Finish

Repeat steps for the other CSV archive files.
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APPENDIX V — CORRIDOR LIST AND ATTRIBUTES

O 00 N O L1 B WN -

T e S e g O = Y
O W NOULl D WN R O

Table 6. Bucks County Corridor Information

Bucks County Corridors

Corr Name

PA 132/Street Rd

PA 309/Bethlehem Pk & 3rd St
Oxford Valley Rd

Newtown Bypass

County Line Rd

PA 413/Veteran Hwy

Lincoln Hwy

PA 313/Dublin Pk/Swamp Rd
PA 663/John Fries Hwy

PA 332/Jacksonville Rd
Woodbourne Rd

Bristol Rd

US 202/Buckingham Rd & PA 179/Bridge St
PA 611/Easton Rd

PA 413/Newtown Langhorne Rd
PA 513/Hulmeville Rd

PA 413/Durham Rd

E Bristol Rd

Old Lincoln Hwy

ID#
09003
09006
09012
09007
09014
09008
09013
09009
09011
09015
09022
09020
09005
09019
09016
09018
09017
09021
09023

119

Length (mi) AADT Signals Speed Limits

15.2 33965 49 40-45
11.9 37061 19 35-55
1.4 32735 7 40
4.8 35015 11 45-55
11.8 19895 26 40-45
6.0 21787 14 35-55
5.9 21310 16 35-45
18.0 17223 26 30-55
6.5 20901 6 35-55
9.7 17655 13 35-45
4.1 17781 8 35-45
8.1 16851 8 40-45
9.8 16769 11 35-55
2.7 19120 5 45-55
4.3 17723 5 35-45
4.0 15089 10 35-40
2.8 15894 4 45
2.0 16454 2 35
2.0 15452 4 45-50



20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Table 7. Chester County Corridor Information

Corr Name

PA 3/West Chester Pk
US 1/Baltimore Pk

PA 100/Pottstown Pk
US 30/Lancaster Ave
PA 29/Morehall Rd

Chester County Corridors

ID#
23003
23001
15007
15006
15004

PA 724/Schuylkill Rd & PA 23/Valley Forge Rd 15002

Bus 30/Lincoln Hwy/Lancaster Ave
Boot Rd

PA 113/Uwchlan Ave

PA 41/Gap Newport Pk
High St

PA 401/Conestoga Rd

US 322/Downingtown Pk
PA 10/Octorara Tr

US 322/Horseshoe Pk
Limestone Rd

PA 926/Street Rd

15016
15014
15008
15003
15013
15011
15009
15001
15005
15015
15012

120

Length (mi) AADT Signals Speed Limits

19.7
15.8
32.7
21.4
2.6
13.8
10.2
2.7
12.8
22.2
4.3
1.9
5.1
2.1
3.5
0.8
5.5

32033
33248
23215
21348
25164
16942
15995
19845
17197
16142
17962
18486
17168
17678
19194
18154
13634

76
30
39
85
11
17
37

25-55
35-55
25-55
25-45
40-45
35-55
25-45
35-40
35-55
40-55
25-55
45
30-50
35-45
35-45
40
40-45



37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

Table 8. Delaware County Corridor Information

Corr Name

US 1/State Rd/Twp Line Rd/City Ave

US 202/Wilmington Pk
Baltimore Pk

PA 420/Wanamaker Ave/Woodland Ave

PA 320/Sproul Rd

PA 252/Providence Rd/Newtown Street Rd

Lansdowne Ave

US 322/Conchester Hwy

Macdade Blvd

Kerlin St

PA 352/Edgemont Ave
Springfield Rd

84th St/Hook Rd

US 13/Chester Pk
Marshall Rd

PA 452/Pennell Rd
Church Ln/69th St
Eagle Rd

US 13/Macdade Blvd
South Ave

Chichester Ave

Oak Ave

State Rd

Providence Rd
Concord Rd

Bishop Ave/Garrett Rd

Delaware County Corridors

ID#
23002
23007
23018
23014
23010
23008
23015
23011
23016
23019
23012
23020
67021
23004
67030
23013
23024
23017
23005
23023
23028
23022
23026
23021
23027
23025

121

Length (mi) AADT Signals Speed Limits

10.0
8.6
8.4
5.6
4.5

13.5
2.9
7.2
5.1
0.6

13.7
3.8
13
0.6
1.2
5.8
1.0
2.6
0.3
13
1.9
1.4
3.5
0.7
2.5
3.0

35268
46553
23694
22492
25632
21866
22183
27926
22058
26506
19741
17804
34336
27986
23573
18241
16549
18303
25267
16732
17953
15901
16084
16133
15864
17090

40
16
38
15
18
21
13
5

21
4

27
12
3

35-45
35-55
25-45
25-45
35-40
35-55
25-35
30-45
30-35
25
35-45
30-35
35
40
35-40
35-40
35-45
35
35
35
30-35
35-45
30-35
30
35-40
25-35



Table 9. Montgomery County Corridor Information

Montgomery County Corridors

Corr Name ID# Length(mi) AADT Signals Speed Limits

63 PA 309/Bethelem Pk 46012 8.0 35240 23 40-50
64 PA 611/0ld York Rd & Easton Rd 46016 16.3 30919 68 25-50
65 PA 63/Forty Foot Rd & Sumneytown Pk 46003 7.4 24366 19 35-45
66 US 202/Dekalb Pk 46008 2.4 40620 10 35-45
67 PA 309/Cheltenham Ave & Ogontz Ave 46011 2.2 33207 12 35

68 Germantown Pk 46023 4.7 21397 10 25-45
69 PA 463/Cowpath Rd/Horsham Rd 46014 11.3 19961 29 40-45
70 PA 73/Cottman Ave 67007 7.0 19461 39 30-45
71 US 202/Dekalb Pk 46027 7.6 19634 18 40-50
72 PA 263/York Rd 09004 10.2 21281 29 30-55
73 PA 363/Trooper Rd 46013 2.7 28720 5 35-45
74 Chemical Rd 46018 1.1 27457 5 35-50
75 Matsonford Rd 46019 1.4 22019 4 25-35
76 PA 63/Welsh Rd 46004 14.5 17388 40 30-45
77 GulphRd 46022 4.9 22358 17 35-40
78 Main St/Ridge Pk 46017 3.5 20090 8 35-45
79 EgyptRd 46042 3.5 21233 8 35-45
80 Armand Hammer Blvd 46044 0.7 18167 4 40

81 PA 73/Skippack Pk 46020 12.5 17176 18 35-50
82 0ld US 202/Butler Ave 09024 6.8 17552 13 35-45
83 Township Line Rd 46026 3.2 19732 8 30-45
84 Ridge Pk 46025 0.4 35955 2 35-40
85 Lewis Rd 46041 2.4 16705 7 35-45
86 Bethlehem Pk 46034 8.2 15589 19 35-50
87 PA 363/Valley Forge Rd 46028 8.9 17138 7 35-45
88 Bridgeport Bypass & Markley St 46021 1.9 26948 4 25-45
89 PA 63/0ld Welsh Rd/Philmont Ave 46005 2.7 17810 5 35

90 SusquehannaRd 46033 5.3 15808 16 30-45
91 Walton Rd 46039 0.9 18367 2 40

92 PA 23/River Rd/Conshohocken State Rd 46002 3.6 15674 9 30-45
93 PA 23/Valley Forge Rd 46001 1.7 16711 6 35-55
94 PA 113/Harleysville Pk 46024 4.3 17135 4 40-45
95 PA 73/Philadelphia Ave 46006 1.4 16675 5 30-40
96 Ridge Pk 46043 6.0 16048 8 40-45
97 Davisville Rd 46037 1.2 17362 3 35

98 Blair Mill Rd 46035 3.1 17445 3 40

99 Morris Rd 46030 4.9 14331 9 40-45
100 Paper Mill Rd 46036 1.4 16841 3 30-35
101 Allentown Rd 46029 31 14933 4 40-45
102 North Wales Rd 46031 1.1 15856 1 30-35
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Table 10. Philadelphia County Corridor Information

Philadelphia County Corridors

Corr Name ID# Length(mi) AADT Signals Speed Limits

103 Aramingo Ave/Harbison Ave 67019 6.3 27167 37 25-35
104 US 1/Roosevelt Blvd 67002 13.2 73305 50 35-50
105 PA 611 & PA 291/Broad St 67010 11.7 29554 119 15-35
106 Lincoln Dr 67034 1.2 29316 8 30-35
107 PA 3/Chestnut St & Walnut St 67003 3.8 32966 70 30-35
108 PA 532/Bustleton Ave 67009 7.6 26563 33 25-35
109 PA 232/Huntingdon Pk/Oxford Ave/2nd St Pk = 46009 14.5 18516 50 25-45
110 Ben Franklin Pkwy & Kelly Dr 67024 5.5 34574 15 25-35
111 Cobbs Creek Pkwy/63rd St 67025 0.7 28622 7 25-35
112 Cheltenham Ave/Crescentville Rd/Adams Ave 67011 3.00 24457 16 25-40
113 US 13/Frankford Ave/Bristol Pk 09002 16.2 20895 37 25-50
114 52nd St 67028 0.3 33072 3 35

115 26th St & University Ave 67022 2.5 36545 6 25-40
116 Henry Ave & Ridge Ave 67032 5.2 28051 21 35

117 Academy Rd 67015 1.1 33219 4 30-35
118 Bartram Ave & Essington Ave & Passyunk Ave = 67029 4.1 22560 21 25-40
119 Stenton Ave/Godfrey Ave 67041 6.0 18122 34 25-40
120 Delaware Ave (Columbus Blvd) 67018 4.0 22667 21 25-35
121 PA 291/Bartram Ave & Penrose Ave 67008 6.1 27222 14 25-45
122 Grant Ave/Welsh Rd 67016 2.7 31160 7 30-45
123 US 13 & US 30/Girard Ave 67004 1.5 21917 11 30-50
124 Welsh Rd 67038 2.0 20879 6 25-35
125 Island Ave 67026 1.2 33155 4 35

126 Castor Ave 67035 3.6 15898 18 25-35
127 Ridge Ave 67040 4.2 17366 21 30-35
128 Vine St 67020 0.5 25928 10 25

129 Princeton Ave 67037 0.4 18690 4 25

130 Belmont Ave 67023 3.8 18165 15 35-40
131 Roberts Ave 67042 0.8 17723 4 30-35
132 Rising Sun Ave 67013 33 15843 19 35

133 58th St 67027 0.2 25854 2 25

134 Verree Rd 67014 3.6 17211 10 30-35
135 Erie Ave/Torresdale Ave 67006 6.7 13904 45 25-30
136 Rhawn St 67039 4.0 15675 17 25-35
137 Levick St 67036 1.2 15784 10 25

138 Woodhaven Rd 67017 0.4 22104 0 55
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APPENDIX VI - LIST OF PARTICIPANTS

1. Webinar on 15 November 2016

Name Affiliation
Howell Li Purdue University
Jijo Mathew Purdue University

Lou Rymarscuk

Purdue University

Drake Krohn

Purdue University

Dan Farley PennDOT BOMO
Michael Bindie PennDOT Central Office
Ben Flanagan PennDOT Central Office
Steve Gault Michael Baker Int’l
Tony Tanzi PennDOT

Adam Dunlap PennDOT

Jon Bowman PennDOT

Jim Saylor PennDOT

Kevin Snyder PennDOT

Mike Buckner PennDOT

Jackie Baldwin PennDOT

Ashwin Patel PennDOT District 6
Matthew Anderson PennDOT District 6
Ted Lucas KMJ Consulting

2. Webinar on 20 November 2016

Name Affiliation
Howell Li Purdue University
Jijo Mathew Purdue University

Lou Rymarscuk

Purdue University

Drake Krohn

Purdue University

Dan Farley PennDOT BOMO
Michael Bindie PennDOT Central Office
Ben Flanagan PennDOT Central Office
Maurice Lee PennDOT Central Office
Doug Smith SPC Pittsburgh
Bridget Postlewaite KMJ Consultants
Zoe Neaderland DVRPC

Jesse DVRPC
Ashwin Patel PennDOT District 6
Matthew Anderson PennDOT District 6
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3. Workshop at PennDOT District 6 office on 12 January 2017

Name Affiliation
Howell Li Purdue University
Jijo Mathew Purdue University
Dan Farley PennDOT BOMO
Steve Gault Michael Baker Int’l

Bridget Postlewaite

KMJ Consulting

Paul Lutz PennDOT

Ted Lucas KMJ Consulting
Dave Adams PennDOT District 6
Nipul Patel PennDOT District 6
Manny Anastasiadis PennDOT District 6
Michael Crowley PennDOT District 6
Brian Keaveney Pennoni Associates
Lou Belmonte PennDOT District 6

Ashwin Patel

PennDOT District 6

Matthew Anderson

PennDOT District 6
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