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1.0 Executive Summary 
 

1.1 Study purpose 
 
It is necessary for municipal planning organizations (MPO) to maintain an accurate, up 
to date regional transportation model in order to conform with State and Federal 
regulations for air quality and transportation projects.  MPO’s update and calibrate their 
models using current information on the roadway network, area development, and other 
relevant characteristics such as travel time and speed data.  The Pima Association of 
Governments updates their travel time and speed data periodically. 
 
The primary purpose of this year’s 2002-2003 Travel Speed Study was to calibrate and 
validate the regional planning model.  A secondary purpose was to compare this year’s 
data with data from previous years to identify trends in congestion and travel time in 
order to identify problem locations for possible improvements. 
 
The Pima Association of Governments contracted with Carter & Burgess to collect 
roadway characteristics and field-measured travel time and speed data for use in 
calibrating and validating the regional transportation model.  Carter & Burgess 
expanded the scope within the budget to include a major GIS enhancement, digital 
video, queue lengths at intersections, and congestion index (% of posted speed). 
 

1.2 Study Method 
 
The 2002-2003 Travel Speed Study was conducted similarly to previous studies, but 
with enhancements to the data collection and analysis methods.  The study was 
conducted so that results could be compared with the results of previous efforts in order 
to identify trends and changes in the roadway network and characteristics. 
 
The roadways were mapped to establish centerlines and record relevant roadway 
features.  Features located in the mapping process included:  speed limits, school 
zones limits, and intersection control.  Other elements were added using reference 
materials provided by PAG.  Those include:  area type, facility type, intersection 
geometry, and city limits. 
 
Travel speed data was collected from April 2003 through June 2003 on Tuesdays, 
Wednesdays, and Thursdays, during the morning and afternoon peak, and during the 
midday off-peak period as follows: 
 

·  Morning Peak Period:  6:30 to 8:30 AM 
·  Midday Off-Peak Period:  9:00 to 11:00 AM 
·  Afternoon Peak Period:  4:00 to 6:00 PM 

 
Travel time runs were conducted using the floating car method, as was used in the 
previous studies.  Roadways included arterials and freeways.  There were a total of 20 
runs in each direction (8 in each direction in the AM/PM peak and 4 in the midday) on 
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each roadway included in the study.  The number of runs was assigned by the MPO.  
Digital video was recorded for the majority of runs.  The data collection process took 
three months. 
 
Intersection delay for through vehicles was recorded at signalized intersections and 
compared with criteria in the Highway Capacity Manual to determine level of service.  
Queue lengths were measured for intersection approaches, measured from the 
intersection back to the point the test vehicle slowed to less than 3 mph.  The actual 
queues may have been longer than the queue lengths documented if additional vehicles 
added to the queue after the test vehicle, but the results are useful for reference. 
 
Previous travel time studies documented the observed speed on roadways without 
regard to the posted speed limit.  This method distorts the information, and can make it 
appear that a roadway is congested, when in reality, traffic is traveling at the posted 
speed limit.  In order to differentiate between congested roadways and roadways with 
low speed limits, a new method for illustrating the data was incorporated into the 2002-
2003 Travel Speed Study.  This method uses a ratio of actual travel speed to posted 
speed limit and is referred to as the Congestion Index (CI). 
 
This study used digital video for quality control and referenced in GIS to review travel 
time runs.  In the GIS system, a user can click on any point along a corridor and view 
the digital video from a travel time run, starting at that point.  This enhancement 
provides benefits including:  identification of problems, illustration at public meetings, 
and use in future projects. 
 
Figure 1  is included to illustrate the detailed data summarized over 0.1 mile segments.  
This figure for the PM Peak period of the core of Tucson, includes the average speed 
for the period aggregated for each 0.1 mile segment directionally on each route.  Table 
1 provides summaries of the travel time runs for each time period including: 

·  Travel Speed – average speed for all routes 
·  Speed Limit – weighted average speed limits for each run performed, may vary 

by time period depending on the number of runs on various routes 
·  % Posted Speed Limit (CI) – represents the ratio of Travel Speed to Speed Limit 
·  Stop Delay – average amount of time spent < 3 mph per mile 
·  Segment Delay – Delay encountered over all segments less than the theoretical 

time to traverse the segments 
 
Table 1 – Travel Speed, CI, Running Speed, and Dela y by Time Period 

Time Period  

Travel 
Speed       
(MPH) 

Speed 
Limit       
(MPH) 

% Posted 
Speed 

(CI) 

Running 
Speed             
(MPH) 

Stop Delay 
(sec/mile)  

Segment 
Delay 

(sec/mile)  
6:30-8:30 AM 42.1 46.0 91.7% 44.1 11.9 21.7 
9:00-11:00 
AM 42.5 45.3 93.9% 44.2 9.3 16.8 

4:00-6:00 PM 41.9 46.2 90.6% 44.2 15.7 26.7 
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2.0 Introduction 
 
It is necessary for municipal planning organizations (MPO) to maintain an accurate, up 
to date regional transportation model in order to conform with State and Federal 
regulations for air quality and transportation projects.  MPO’s update and calibrate their 
models using current information on the roadway network, area development, and other 
relevant characteristics.  The Pima Association of Governments updates their travel 
time and speed data periodically. 
 
The primary purpose of this year’s 2002-2003 Travel Speed Study was to calibrate and 
validate the regional planning model.  The area encompassed by PAG is currently within 
air quality attainment levels.  A secondary purpose was to compare this year’s data with 
data from previous years to identify trends in congestion and travel time in order to 
identify problem locations for possible improvements. 
 
For this 2002-2003 study, PAG contracted with Carter & Burgess to collect roadway 
characteristics and field-measured travel time and speed data for use in calibrating and 
validating the regional transportation model.  However, in addition to collecting this vital 
information, Carter & Burgess was able to expand the scope of the study without 
increasing the cost to include a major GIS enhancement, digital video, queue lengths at 
intersections, and congestion index (% of posted speed). 
 
The main purposes of the Travel Speed Study are to calibrate and validate the regional 
transportation model and to compare current data to historical data to identify trends; 
however, the data collected in this 2002-2003 Travel Speed Study has a variety of 
additional uses.  Because the information is all housed in the GIS system, queries can 
group data by city for use in individual planning processes.  The digital video in some 
cases can substitute for field visits, saving time and money for the MPO and City staffs.  
The database can be used for background information for signal timing projects, signing 
and pavement marking projects, school zone issues, and other transportation related 
projects.   
 
The following report describes the 2002-2003 Travel Speed Study.  Section 3 focuses 
on the methodology and includes a set of assumptions and caveats, definitions for 
terms used throughout the report, the method for route selection, and the process used 
to actually collect and manipulate the travel speed data.  Information is provided 
regarding quality control, data analysis, data aggregation, and problems encountered 
during the data collection process.  Section 4 documents the results of the data 
collection showing various aggregations such as travel speeds by functional class, 
travel speed by jurisdiction, and other relevant combinations.  Section 5 focuses on 
intersection delay. 
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3.0 Methodology 
 
3.1 Assumptions 

 
Several assumptions had to be made in order to conduct the study.  These assumptions 
are stated below along with a few caveats to aid in interpretation of the data. 

The morning and afternoon peak periods are 6:30 AM to 8:30 AM and 4:00 PM to 
6:00 PM for all roadways that were included in the study. 
 
The queue lengths measured from the intersection back to the test vehicle are 
representative of average queue lengths. 
 
The differentially corrected GPS 1-second points with 10-foot accuracy is 
adequate for study purposes. 
 
Seasonal variation in speeds and congestion in the region do have an impact.  
This was considered when scheduling the runs.  For example, runs in the core 
area were completed prior to the end of the semester for the University. 
 
Test vehicles traveled with the flow of traffic, where traffic was present; however, 
if traffic was not present, the test vehicles maintained the speed limit. 
 

3.2 Definitions and Data Dictionary 
 
Several terms are used throughout this report and are defined here for clarification. 
 

Term Definition 
Afternoon Peak Period  The time period from 4:00 PM to 6:00 PM on a typical weekday 

Average Queue Length  This is the distance between the test vehicle and the intersection from the 
point where the speed of the test vehicle drops below 3 mph.   

Congestion Index  The ratio of the actual speed to the posted speed limit. 
Approach Delay  Segment travel time minus the theoretical travel time 

Theoretical Travel Time  Time it takes for a vehicle to travel a given section of roadway at the posted 
speed limit.   

Free Flow Speed Speed Limit or weighted average speed limit. Weighted by length of speed 
zones where the speed limit changes between intersections.   

Mean Running Speed  Speed calculate from the time the vehicle is traveling at > 3 MPH 
Mean Travel Speed  The distance divided by the mean travel time of several trips. 
Midday Off Peak Period  The time period from 9:00 AM to 11:00 AM on a typical weekday 
Morning Peak Period  The time period from 6:30 AM to 8:30 AM on a typical weekday 

Space Mean Speed Speed calculated from the distance traveled over the time to travel that 
distance 

Spot Speed  The instantaneous measure of speed at a specific location on a roadway. 
Time Mean Speed  The arithmetic average of 1 second GPS speed within the segment. 
Peak Period  Two hour time period 
Time Period  A shorter time interval within one of the two hour periods 

 

3.3 Route Selection 
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The 2002-2003 study included all arterials and freeways within the study area.  All 
signalized intersections on these routes were included in the study for delay calculations 
as well.  The included routes are shown in Figure 2.  
 

3.4 Project Methodology 
 

The 2002-2003 Travel Speed Study was conducted similarly to previous studies, but 
with enhancements to the data collection and analysis methods.  The study was 
conducted so that results could be compared with the historical results in order to 
identify trends and changes in the roadway network and characteristics; however, 
additional data and improved data collection methods allowed for more detailed 
traditional analyses as well as analyses that had previously not been provided. 
 
First, the roadways were mapped to establish centerlines and record relevant roadway 
features.  The Carter & Burgess geographic information system (GIS ) utilizes a linear 
reference system (LRS) for the basis of all roadway and travel speed data.  Features 
and data within a linear reference system 
use position along a route instead of a 
x,y coordinate system.  The route 
features contain measures or distance 
along the route.  For this travel time 
study the route network contains all 
streets included in the study.  The routes 
are polylineM features with one route for 
each travel direction and the beginning 
measures start at 100,000 ft.  Dynamic 
segmentation allows the display and 
analysis of route events: points or line 
segments along a route.  Route events 
are stored in a tabular format.  A point 
event (speed limit sign) is represented in 
the LRS with a route identifier (RouteID) 
and measure along the route.  A line 
event (speed limit zone) is represented 
with a route identifier, a start measure 
(StartM) and an end measure (EndM).  
An offset value is used to display the 
route event a specified distance from the  
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route.  An example Linear Reference System is shown in adjacent illustration.  The 
route 1st Ave – NB has a route identifier of 2049.  Point events along the route in the 
northbound direction include the intersection at Main St (Measure = 101607.9), a speed 
limit change to 35 MPH (Measure = 102332.9) and the intersection at Broadway Blvd 
(Measure = 103672.1).  Line events are created from the point events using database 
programming since the points are stored as a table of events.  The 45 MPH speed limit 
segment is created by setting the start measure equal to the first speed limit point on 
the route (45 MPH at Measure = 100000) and the end measure equal to the next speed 
limit event in the route direction (35 MPH at Measure = 102332.9).  The intersection 
segment events provide the best way to summarize the GPS point data from a traffic 
analysis standpoint.  The intersection segments have start and end measures of 
consecutive intersection point events along the route.  One advantage of storing data in 
a LRS is the speed limit within an intersection segment; the weighted average speed 
limit is calculated based on the location of the speed limit change within the intersection 
segment.  The speed limit change is independent from the end points of the intersection 
segment; speed limit changes do not always occur at an intersection.  Other 
independent line event data is also used to analyze or summarize the GPS point data; 
advisory speeds; school zones, construction zones, number of travel lanes, area type, 
and functional class. 
 
Then travel speed data was collected.  Details on the data collection are found in the 
following section.  Previous studies used GPS equipment.  The 2002-2003 study used 
both GPS equipment and digital video for a more thorough analysis.  The travel time 
studies were completed using eight test vehicles, fully equipped with GPS and digital 
video equipment, and one trained technician.  Digital video was recorded for selected 
travel time runs. 
 
In previous studies, intersection stop delay was calculated.  For the 2002-2003 study, 
because data was recorded every one second using GPS equipment, intersection delay 
could be and was calculated for all signalized intersections within the study area.  Delay 
calculations were provided for through vehicles only.  No analyses were conducted for 
turning movements.  The number of seconds delay was then compared with the 
Highway Capacity Manual criteria for level of service for signalized intersections.  These 
criteria categorize vehicle delay into levels of service ranging from LOS A, meaning less 
than or equal to 10 seconds delay, to LOS F, meaning more than 80 seconds of delay.  
The intersections with poor levels of service (long delay) were marked and illustrated in 
the GIS system. 
 
Queue length was measured for each approach of each intersection.  A test vehicle was 
determined to be in a queue if the speed of the vehicle dropped below 3 mph.  The test 
vehicle may not have been the last vehicle in the queue, since additional cars could 
have joined the queue after the test vehicle.  Because of this, the measured queue 
length does not necessarily represent the maximum queue, but can be used as a 
representative measure or indication of site conditions. 
 
Previous travel time studies documented the observed speed on roadways without 
regard to the posted speed limit.  This method distorts the information, and can make it 
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appear that a roadway is congested, when in reality, traffic may be traveling at the 
posted speed limit.  In order to differentiate between congested roadways and roadways 
with low speed limits, a new method for illustrating the data was incorporated into the 
2002-2003 Travel Speed Study.  This method uses a ratio of actual travel speed to 
posted speed limit called the Congestion Index (CI).  A CI of 1.0 or greater indicates 
free flow speed, where traffic is traveling at the speed limit or higher.  Municipalities can 
define levels of CI to indicate free flow, average flow, and congested flow.  This 
information can be used in the planning process to better appropriate funds for needed 
improvements. 
 
This study for the first time uses digital video for quality control referenced digital video 
in GIS to review travel time runs.  All data collected as part of this project was 
incorporated into the MPO’s GIS system.  A user can now click on any point along a 
corridor and view the digital video from a travel time run, starting at that point.  This 
enhancement allows the user to view the exact conditions encountered by the 
technicians during their travel time runs and provides benefits including:  identification of 
problems, illustration at public meetings, and use in future projects. 
 

3.5 Data Collection  
 
3.5.1 Equipment and Training 
 
Mapping was conducted using a Trimble PRO-XRS GPS unit with sub-meter accuracy.  
The GPS unit was attached to a test vehicle and roadway features were coded using 
Trimble software on a laptop computer.  
 
Travel time runs were conducted using Trimble Pathfinder Pockets.  These units are 
significantly less expensive than the Trimble PRO-XRS and provide accuracy to 10-feet 
after being post-processed differentially corrected, which is more than adequate for the 
travel time runs.  The GPS data was collected and stored on PDA’s. 
 
The technicians were well trained prior to initiating the travel time runs.  Project and task 
managers from Carter & Burgess provided the training to the technicians and the data 
collection supervisors.  The Carter & Burgess managers have significant experience 
both with this type of study and with the equipment used.   
 
The Carter & Burgess managers trained and rode with technicians on example routes.  
The training occurred over two days, and each technician was tested by the managers 
before being permitted to work on the project.  Training consisted of an overview of the 
project, the equipment being used, the floating car method for travel time runs, and 
safety.  In addition to personal instruction by the project managers, each technician was 
provided with documentation on how to use the equipment and troubleshooting.  The 
data collection supervisors were trained thoroughly so that they could instruct their 
technicians and troubleshoot problems without consulting the project managers. 
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The global positioning system (GPS) uses multiple satellites to triangulate position.  
Four satellites are required for an accurate reading.  Because the satellites are in orbit, 
different satellites are available for use over the course of the day. 
 
3.5.2  Procedure 
 
The first step in the study process was to map the roadways using GPS equipment to 
establish centerlines and code relevant roadway features.  Centerlines were mapped by 
driving in one direction and using an offset distance from the travel lane to code the 
centerline.  Features documented in the mapping process included:  speed limits, 
school zones limits, intersection control, and construction areas.  Other elements were 
coded in GIS using layers provided by the MPO.  Those included area type, facility type, 
and city limits.  The area and facility type were used to compare similar roadways, 
speed limits and school zone speed limits were used to calculate the Congestion Index 
to determine whether roadway segments were congested, intersection control was 
collected to supplement the GIS system, and construction areas were noted so that low 
speeds in these areas could be filtered.  The City Limit lines were collected so that 
information could be organized by City.  This data greatly enhanced the MPO’s existing 
GIS system. 
 
Next, travel speed data was collected.  Again, the Trimble Pathfinder Pocket GPS units 
were used.  The equipment automatically collected location and time data every 1-
second.  This information was used to calculate speeds and travel times.  Figures 3-9  
illustrate the various elements coded during the mapping process or supplemented 
using models provided by PAG. 
 
For the 2002-2003 Travel Speed Study, data was collected from April 2003 through 
June 2003.  The data was collected on Tuesdays, Wednesdays, and Thursdays, during 
the morning and afternoon peak, and during the midday off-peak period.  Runs were 
conducted on Tuesday through Thursday because they more consistently represent 
average conditions.  Later in the project, runs were added for the Monday PM and 
Friday AM period to accelerate the schedule.  The study time periods were as follows: 
 

·  Morning Peak Period:  6:30 to 8:30 AM 
·  Midday Off-Peak Period:  9:00 to 11:00 AM 
·  Afternoon Peak Period:  4:00 to 6:00 PM 

 
Travel time runs were conducted using the floating car method, as was used in the 
previous studies.  The floating car method is described in detail in the Manual of Traffic 
Engineering Studies published by the Institute of Transportation Engineers.  The test 
vehicle travels within the flow of traffic, passing as many vehicles as pass the test 
vehicle.  In this way, the test vehicle is representing the average vehicle. 
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Travel time runs were conducted on 47 routes that comprised 510 centerline miles of 
arterials and freeways.  The roadways were broken down into 1,399 segments and 40 
runs were made on each segment, including 8 runs in each direction during the morning 
peak, 4 runs in each direction during the midday off peak, and 8 runs in each direction 
during the afternoon peak, resulting in over 20,000 miles of travel time runs.  The 
number of runs was assigned by the MPO.  Each week, technicians produced 180 
hours of data.  This data resulted in over 2.3 million data points and hundreds of hours 
of digital video.  When the runs were completed, a statistical analysis was performed to 
determine the resulting confidence level and error of the data.  If the confidence level 
was at least 85% with a 5 mph error, the runs were considered satisfactory.  The 510 
centerline miles of roadway were divided among the 6 incorporated communities and 
towns including Pima County. 
 

City 
Directional 

Miles 
GPS Miles 

AM 
GPS Miles 

MD 
GPS Miles 

PM 
GPS Miles 

Total 
Marana 71.0 607.5 360.7 622.5 1590.7 
Oro Valley 37.8 339.1 226.8 325.3 891.1 
Pima County 415.5 2935.7 2046.0 2901.6 7883.3 
Sahuarita 20.3 141.5 101.7 173.0 416.2 
South Tucson 3.0 29.6 16.1 26.2 72.0 

Tucson 448.1 3789.8 2461.8 3844.1 10095.7 
    Total 20949.0 

 
3.6 Data Monitoring and Quality Control  
 
The centerline mapping and travel time runs produced an enormous amount of data.  
Each week, the data collection supervisors would gather the PDA units and digital video 
from the ten test vehicles, and transmit them to Carter & Burgess.  The project manager 
in the Carter & Burgess Dallas office then downloaded all the information to the Dallas 
network for the quality control process. 
 
The position information was differentially corrected using an established base station in 
Tucson to bring the accuracy from 50 feet to 10 feet.  This corrects any errors that may 
have occurred in the satellite readings.  These files were then exported into a shape file 
for viewing in GIS.  This shape file was used for further QAQC.    
 
Each data filename was reviewed to make sure it was an appropriate name for the route 
and run it represented.  For example, the first four digits of the filename are the route 
identifier.  Each file was then checked to make sure it was a complete run with no mid-
block breaks.  This was done by measuring an offset from the centerline to the GPS 
points.  If the distance was more than 100 feet, the run was flagged for manual 
inspection.  Usually, this meant that a test vehicle pulled off to the side of the road or 
turned off their route, but in some cases, a distance of more than 100 feet could have 
meant a detour due to construction.  Only a visual inspection of the data points and the 
digital video could provide accurate information.   
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The remaining quality control was done automatically with computer algorithms and 
queries.  They first checked each filename to make sure there were no duplicates in the 
system.  If the filename had already been used, the program assigned it a new 
appropriate filename.  The filenames were also checked to make sure they represented 
the run correctly.  For example, odd numbers were used for eastbound and northbound 
runs, while even numbers were used for westbound and southbound.  If the filename 
did not match the direction of the run, it was flagged for manual inspection.  The 
filename would be renamed manually to the correct direction, and then the data was 
rerun though the quality control process. 
 
In order to determine beginning and ending points and times for each segment, the data 
was checked to make sure there was at least one data point within 200 feet of the 
beginning and ending points of a segment.  If no point existed within that distance, a 
point was manually created by extrapolation, if possible.  If it was not possible to 
extrapolate a beginning or ending point from the data available, the travel time run was 
repeated for that segment. 
 
Technicians carried a tape recorder on their travel time runs, and used them to note 
problem areas if encountered.  While stopped, a driver would record the run number, 
the type of incident or problem, and the time it occurred down to the second.  Examples 
of incidents or events that technicians would record are:  construction, accidents, school 
zones, trains, overflowing left-turn queues, school bus stops, emergency vehicles, 
signal preemption, and pedestrian crossings.  The comments collected by the drivers 
are shown in Figure 10  and are differentiated by comment type. 
 
Technicians reviewed the tapes after their runs and manually input the information into 
the database.  These problem areas could then be seen in GIS, and the person 
conducting quality control would review the comment, review the digital video, and 
determine whether the incident was recurring or non-recurring.  If the incident was 
determined to be non-recurring, the data for the segment was flagged so that it was not 
included in the calculation of averages. 
 
Once the data had gone through the quality control process, it was uploaded to the 
project website so that team members and PAG staff could view the data.  Data was 
transferred and reviewed weekly, so the website was also updated on a weekly basis.  
The information on the website included everything completed to date and could be 
viewed but not edited.  Only the project manager could edit the data on the website.  
The data collection supervisor would review the information, and from that, prepare a 
schedule for technicians for the next week.  This ensured that no runs were repeated 
unnecessarily.  PAG staff could use the website to view the progress to date as well as 
data summaries including speeds and levels of service. 
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3.7 Data Analysis 
 
The data analysis includes various levels of review, automated QAQC, and manual QAQC.  The 
steps taken to process the large amounts of data are shown below step-by-step. 
 

·  Delete all extraneous speed points > 90 mph 
·  Remove any duplicate GPS points that have the same datafile, routeID, date, time, and 

measure. 
·  Check the direction of travel – measure increases with time 
·  Check if a GPS point exists with 300 feet upstream and downstream of an intersection 

point 
 
 

·  Assign segments for aggregation purposes 
o intersection segment 
o speed limit 
o school zone speed (if applicable) 
o tenth of a mile segments 
o number of lanes 
o ATFT 
o Jurisdiction 

 
·  Create summary records for each datafile and intersection segment (tblISsegQCok) 

o Remove excluded data (tblExclude) 
o Find the minimum measure at the minimum time 
o Find the maximum measure at the maximum time 
o Calculate travel time as the difference in min and max time 
o Calculate free flow travel time as the difference in min and max measure divided 

by wavgSL. 
 
·  Calculate average SMS and TMS.  Set avgSpeed = SMS unless the segment is 

<1000 ft than TMS 
·  Calculate the queue measure as the first point in the segment where the speed <= 3 

MPH 
·  Calculate the stop delay as the count of one second GPS points where the speed 

<=3 MPH 
·  Calculate the segment delay as the difference between travel time and free flow 

travel time.  Negative delay is set to zero. 
·  Look up the LOS based on delay and speed parameters 
·  Create summary records for each datafile and tenth of a mile segment 

(tblGPSsegQCok) 
·  Remove excluded data (tblExclude) 
·  Find the minimum measure at the minimum time 
·  Find the maximum measure at the maximum time 
·  Calculate travel time as the difference in min and max time 
·  Calculate free flow travel time as the difference in min and max measure divided by 

wavgSL. 
·  Calculate average TMS.  (segments too short for SMS) 
·  Calculate the stop delay as the count of one second GPS points where the speed 

<=3 MPH 
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·  Calculate the segment delay as the difference between travel time and free flow 
travel time.  Negative delay is set to zero. 

·  Average by intersection segment 

 
3.8 Data Aggregation 
 
The summary data has been aggregated on various levels.  Data can be viewed from levels as 
detailed as the raw 1-second point data to the intersection segments.  This allows the data to be 
presented in various forms depending on the audience.  One additional summary that was 
proposed by PAG, was to aggregate the data by ~0.1 mile segments.  This provides for the user 
to compare segments directly to one another since they will have comparable lengths.  This is a 
powerful approach.  Prior to this, the intersection segments were primarily used, but the varying 
lengths raised questions when comparing segments.  The longer the segment, the more 
opportunity for delay to be watered down, thus reducing the impact of localized bottlenecks. 
 
Figure 11  illustrates the segmentation of the data for the Intersection Segments. 
 

3.9 Problems in Data Collection 
 
In a project as large as this travel time study, data collection challenges are expected.  
Construction was an issue in several locations.  Travel time runs could not be conducted on 
roadways that were under construction because the data would not be meaningful to the 
project.  Technicians noted areas of construction during the mapping process.  If construction 
was completed, travel time runs were conducted on those roadways as they became available.  
Otherwise, they are noted as being under construction and travel time runs were delayed if at all 
possible. 
 
Another challenge was hiring, training, and maintaining enough technicians to expeditiously 
conduct the travel time runs.  Although only ten drivers were required, not all technicians were 
available at all times.  It was necessary to hire and train a pool of technicians to ensure 
coverage for any given day. 
 
Other problems included accidents or other incidents that distorted the typical conditions and 
accidents involving test vehicles.  Locations where accidents or incidents prevented collection of 
typical data were noted at driven at a later date during typical conditions.  One major accident 
that involved one of our student drivers resulted in a fatality.  This accident was highly 
unfortunate.  At that time, the project team took some time off to regroup and time for team 
members to spend with the family members.  A couple of weeks were taken before proceeding 
with a new group of drivers. 
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4.0 2002 Speeds and Travel Times 
 
There was an enormous amount of data collected for the 2002-2003 Travel Speed Study.  The 
easiest way to present and assimilate the information is in tables, charts, and graphs.  This 
section presents the results of the study in visual format, allowing the reader to reach individual 
judgments at their discretion, and proffering summary conclusions only, by section. 
 
The following sections display the relationship between speeds and functional class for the 510 
centerline miles of roadway included in the study.  This section displays all information collected 
for this study for evaluation, interpretation, and use in developing and prioritizing future projects. 
 

4.1 Travel Speeds and CI by Area Type and Functiona l Class 
 
Figures 12-16  summarize the data for each of the time periods.  Tables 2-4  include the 
summaries of the average speed and corresponding CI organized by roadway 
functional classification and area type.  One observation of the time period tables is the 
variation in speeds.  In most cases, the difference in speeds by time period compared to 
those in the midday or off-peak vary by less than 4 mph.  The largest variations occur 
during the PM peak period on the major arterials.  This is expected due to the through 
volumes, land use density, driveway spacing, side street volumes, and signal 
operations. 
 
Table 2 – AM Weighted Average Speed 
 

Functional Classification Area Type Lanes  
1 - Freeway  CI 2 - Parkway  CI 3 - Major Arterial  CI 4 - Minor Arterial  CI 

1 -   -   -   -   
2 48.2 88% -   26.7 77% 25.4 75% 

1 - High 
Urban 

3 -   -   28.5 84% -   
1 51.1 113% -   32.3 82% 31.1 84% 
2 61.8 100% 37.3 83% 34.0 86% 30.8 86% 
3 59.2 108% -   34.7 88% 23.8 57% 

2 - Medium 
Urban 

4 -   44.6 99% 33.8 84% -   
1 -   -   34.6 82% 36.3 84% 
2 70.8 103% 45.9 104% 37.3 88% 34.2 80% 

3 - Low 
Urban 

3 -   -   40.2 89% 37.2 83% 
1 -   -   -   43.4 93% 
2 73.4 100% -   48.4 96% 40.2 89% 4 - Suburban  
3 -   -   -   -   
1 -   -   -   51.7 107% 
2 75.6 101% -   -   -   5 - Rural 
3 -   -   -   -   
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Table 3– Midday Weighted Average Speed 

Functional Classification Area Type  Lanes  
1 - Freeway  CI 2 - Parkway  CI 3 - Major Arterial  CI 4 - Minor Arterial  CI 

1 -   -   -   -   
2 60.9 111% -   27.7 80% 27.1 80% 

1 - High 
Urban 

3 -   -   29.1 86% -   
1 54.4 121% -   34.5 87% 30.4 82% 
2 62.8 101% 40.8 91% 33.7 85% 32.0 89% 
3 58.1 106% -   36.5 92% 29.7 71% 

2 - Medium 
Urban 

4 -   46.3 103% 35.4 88% -   
1 -   -   36.0 85% 37.7 87% 
2 70.6 103% 46.6 105% 38.2 90% 36.4 85% 

3 - Low 
Urban 

3 -   -   40.6 90% 36.7 82% 
1 -   -   -   44.7 96% 
2 72.6 99% -   48.2 96% 40.5 90% 4 - Suburban  
3 -   -   -   -   
1 -   -   -   51.9 107% 
2 74.9 100% -   -   -   5 - Rural 
3 -   -   -   -   

 
Table 4 – PM Weighted Average Speed 

Functional Classification Area Type Lanes 
1 - Freeway  CI 2 - Parkway  CI 3 - Major Arterial  CI 4 - Minor Arterial  CI 

1 -   -   -   -   
2 61.9 113% -   24.8 72% 23.6 70% 

1 - High 
Urban 

3 -   -   26.3 78% -   
1 46.4 103% -   31.4 80% 29.0 78% 
2 63.5 102% 36.8 82% 31.3 79% 29.6 83% 
3 60.7 110% -   32.0 81% 23.3 56% 

2 - Medium 
Urban 

4 -   47.5 106% 29.7 74% -   
1 -   -   31.2 74% 36.6 85% 
2 70.8 103% 44.3 100% 36.7 87% 36.2 84% 

3 - Low 
Urban 

3 -   -   38.9 87% 31.0 69% 
1 -   -   -   44.7 96% 
2 72.3 98% -   48.4 96% 40.7 90% 4 - Suburban  
3 -   -   -   -   
1 -   -   -   53.5 110% 
2 77.2 103% -   -   -   5 - Rural 
3 -   -   -   -   
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4.2 Running Speeds by Area Type and Functional Clas s 
 
Running speed is defined as the segment length divided by the segment travel time 
minus the stopped time (time less than 3 mph).  Table 5 summarizes the running speed 
for each time period organized by roadway functional classification and area type.   
 
Table 5 – Weighted Average Running Speed 

Functional Classification Area 
Type 

Time Period 
1 - Freeway  2 - Parkway  3 - Major Arterial  4 - Minor Arterial  

6:30-8:30 AM 48.5 - 30.5 27.5 

9:00-11:00 AM  60.9 - 31.2 28.9 1 

4:00-6:00 PM 61.9 - 29.3 26.6 

6:30-8:30 AM 61.0 45.7 36.8 33.6 

9:00-11:00 AM  62.0 46.4 37.2 34.3 2 

4:00-6:00 PM 62.4 47.6 35.0 32.7 

6:30-8:30 AM 70.8 46.2 40.4 38.6 

9:00-11:00 AM  70.6 46.9 40.9 39.6 3 

4:00-6:00 PM 70.8 44.3 39.8 39.1 

6:30-8:30 AM 73.4 - 50.1 44.7 

9:00-11:00 AM  72.6 - 49.3 45.5 4 

4:00-6:00 PM 72.3 - 50.5 46.1 

6:30-8:30 AM 75.6 - - 51.9 

9:00-11:00 AM  74.9 - - 52.2 5 

4:00-6:00 PM 77.2 - - 53.8 

 

4.3 Speed Limits (Free Flow Speed) by Area Type and  Functional 
Class 
 
For the purpose of calculating delay, the weighted speed limit of a segment is 
considered the unconstrained travel speed.  Table 6 summarizes the average posted 
speed limit for each respective roadway functional class by area type and number of 
lanes.  The speed limits and corresponding travel times are used to calculate delay and 
congestion index.  The average speeds shown are weighted by the length of each 
segment including those instances when the speed changes mid-block. 
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Table 6 – Average Speed Limits (Free Flow Speed) 
Functional Classification Area Type Lanes  

1 - Freeway  2 - Parkway  3 - Major Arterial  4 - Minor Arterial  
1 - - - - 
2 55.0 - 34.6 33.8 

1 - High 
Urban 

3 - - 33.9 - 
1 45.0 - 39.5 36.9 
2 62.1 45.0 39.8 35.9 
3 55.0 - 39.6 41.9 

2 - Medium 
Urban 

4 - 45.0 40.0 - 
1 - - 42.1 43.2 
2 68.7 44.2 42.3 42.9 

3 - Low 
Urban 

3 - - 44.9 45.0 
1 - - - 46.7 
2 73.7 - 50.2 45.0 4 - Suburban  
3 - - - - 
1 - - - 48.5 
2 75.0 - - - 5 - Rural 
3 - - - - 

 
 

4.4 Travel Speed, CI, Running Speed, and Delay by T ime Period 
 
Table 7 illustrates the combined values for travel speed, speed limits, % of posted 
speed (CI), running speed, stop delay, and segment delay by time period.  This table 
combines the values of previous tables for all functional classes, area types, and 
number of lanes. 
 
Table 7 – Travel Speed, CI, Running Speed, and Dela y by Time Period 

Time Period  

Travel 
Speed       
(MPH) 

Speed 
Limit       
(MPH) 

% Posted 
Speed 

(CI) 

Running 
Speed             
(MPH) 

Stop Delay 
(sec/mile)  

Segment 
Delay 

(sec/mile)  
6:30-8:30 AM 42.1 46.0 91.7% 44.1 11.9 21.7 
9:00-11:00 
AM 42.5 45.3 93.9% 44.2 9.3 16.8 

4:00-6:00 PM 41.9 46.2 90.6% 44.2 15.7 26.7 
 

4.5 Travel Speed by Jurisdiction and PAG Functional  Class 
 
Table 8 includes the summary data for all summary statistics by jurisdiction.  As would 
be expected, the rural locations resulted in higher speeds, higher speed limits, and 
higher CI.  They also included lower delays due to the longer distances between 
controlled intersections and lighter traffic volumes. 
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Table 8 – Average Speed, CI, Running Speed, and Del ay by Jurisdiction 

Jurisdiction 

Travel 
Speed       
(MPH) 

Speed 
Limit       
(MPH) 

% Posted 
Speed 

(CI) 

Running 
Speed             
(MPH) 

Stop 
Delay 

(sec/mile)  

Segment 
Delay 

(sec/mile) 
Marana 55.0 58.2 94.4% 56.2 8.3 14.2 
Oro Valley 40.9 45.0 90.8% 42.6 6.7 16.5 
Pima County 46.0 48.3 95.1% 47.7 7.7 14.0 
Sahuarita 61.5 60.4 101.9% 61.7 0.3 1.9 
South Tucson 29.4 34.4 85.6% 31.3 23.6 47.8 

Tucson 36.5 41.6 87.7% 38.9 18.3 31.4 

 
 
5.0 Traffic Delay at Intersections 
 

5.1 Intersection Delay 
 
Historically, three types of delay have been measured at signalized intersections: 1) 
stopped delay, 2) control delay, and 3) approach delay.   

·  Stopped delay is the duration that a vehicle is physically stopped waiting for the 
queue at the signalized intersection.  Figure 17  conceptually illustrates stopped 
delay as the flat part (t2 to t3) of the distance-time trajectory.   Since vehicles 
must accelerate and decelerate some discretion must be exercised with regard to 
when a vehicle is considered stopped.  For measuring purposes, a vehicle is 
considered stopped if the speed is below some threshold – say 3 mph.  Although 
somewhat labor intensive, this measurement could historically be obtained quite 
easily with the use of a stopwatch.  Consequently, it was used almost exclusively 
up until the late 1980’s in most traffic engineering texts and the highway capacity 
manual.   

·  Control Delay is the total delay a vehicle experiences when progressing through 
a section of road influenced by a traffic signal.  This includes the delay 
experienced while decelerating (t1 to t2), the time spent stopped (t2 to t3), and the 
delay experienced after the vehicle leaves the intersection, but has not 
accelerated to the free flow speed (t3 to t4).  Recent advances in measurement 
technology make it quite easy to obtain control delay using GPS or distance 
measuring equipment.  Furthermore, control delay is a better measurement 
because it reflects the entire delay caused by a traffic signal, not just the duration 
a vehicle is stopped.  Consequently, the traffic engineering literatures and 
highway capacity manual have used this measurement since the mid 1990’s. 

·  Approach Delay is a subset of control delay and only includes the delay 
experienced while decelerating (t1 to t2) and the time spent stopped (t2 to t3).  It 
excludes the delay experienced after the vehicle leaves the intersection, but has 
not accelerated to the free flow speed (t3 to t4). 
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Figure 17 : Delay Measurements at Signalized Intersections 
 
While this conversion from stopped delay to control delay was in process in the 1990s, 
traffic engineering professionals used the approximation that control delay was 
approximately 30% larger then stopped delay.  A rather extensive study was undertaken 
at Louisiana State University (3) to verify that.  In general the 30% was confirmed to be 
reasonable, but secondary effects due to cycle and offset make the relationship more 
complicated than a simple linear multiplier.  In that study, very rigorous procedures were 
applied to precisely measuring the control delay from the GPS trajectory data, 
particularly with regard to identifying acceleration and deceleration points.   
 
Although these procedures could certainly be repeated in the PAG study, such precision 
at identifying points 1 and 5 in Figure 17  is not warranted.  A more efficient approach 
would be to define physical locations upstream and downstream of each signal that 
denote sections of roadway that will not be influenced either by deceleration for a 
queue, a queue, or acceleration after the signal.  As long as these points are selected 
such that probe vehicles will not be in the area of influence, the control delay can be 
calculated using the following equation: 
 

Control Delay= Actual time to travel from Location 1 to Location 5  –   (eq. 1) 
Theoretical time to travel from Location 1 to Location 5 

 
or  

 
Control Delay=t5-t1 – (L5-L1)/(Speed Limit *(22/15))     (eq. 2) 
 

For completeness, approach delay can be calculated as 
 

Approach Delay=t4-t1 – (L4-L1)/(Speed Limit *(22/15))    (eq. 3) 
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For the purposes of obtaining control delay, the precise location of points 1 and 5 will 
not influence the results, provided point 1 is before deceleration begins (Figure 17 ) and 
point 5 is after acceleration is completed (Figure 17 ).  To illustrate this point, consider 
what would happen if point 1 is shifted further upstream of the signal.  In that case, the 
increase in additional actual travel time would exactly be offset by the additional 
calculated theoretical travel time (eq. 1 and eq. 2).  Figure 17  graphically illustrates this 
point as the projected free flow trajectory (dashed line) is if point5 is shifted further 
downstream. 
 
Consequently, to calculate control delay, the following procedure could be used: 

·  Examining color coded maps showing speed deficit (posted speed-actual speed) 
for multiple runs, define point 1 on a direction basis for each intersection in the 
network.  This point 1 will be selected so that it is upstream of any documented 
speed deficit. 

·  Examining color coded maps showing speed deficit (posted speed-actual speed) 
for multiple runs, define point 5 on a direction basis for each intersection in the 
network.  This point 5 will be selected so that it is downstream of any 
documented speed deficit. 

·  Prepare a database query that checks to make sure no upstream distance from a 
signal extends further then the next signalized intersection.  When such cases 
arise, they are probably due to intersection spillback and engineering judgment 
will have to be exercised to locate point within the segment between intersections 
(Most likely point 5 will be a short distance downstream of its respective signal 
and will be collocated with point 1 for the downstream signal.  Notes of these 
situations will be made, as we will want to tabulate control delay for “groups” of 
signals that have spillback separately because it will be difficult to attribute 
control delay equitably to individual signals.  

·  Prepare a database query that calculates the upstream distance of point 1 for 
each intersection and tabulate in a histogram of these distances.  This will be a 
good Q/C check. 

·  Prepare a database query that checks to make sure no downstream distance 
from a signal extends further then the next signalized intersection.  Similar 
procedures to the upstream case will have to be followed when these cases are 
identified. 

·  Prepare a database query that calculates the downstream distance of point 5 for 
each intersection and tabulate in a histogram of these distances.  This will be a 
good Q/C check. 

 
Following completion of this procedure, tables could be constructed to compute 
summary statistics summarizing the control delay experienced at study intersection 
approaches.   
 

However the above procedure would be quite labor intensive to identify Locations 1 and 
5 in Figure 17  for every intersection in the study area and a more efficient procedure is 
needed to economically process the PAG travel time data.  The above process can be 
simplified, if one assumes the incremental delay associated with accelerating after a 
vehicle crosses the stop bar (Figure 17 , Location 4) to the posted speed (Figure 17 , 
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Location 5) is fairly constant.  For example, in Figure 18 , the time between points c-d, 
g-h, and k-l are all approximately the same duration.   Consequently, along a signalized 
arterial with a constant speed limit, the control delay could be approximated quite 
closely by calculating the difference between the observed travel time between 
intersections (via GPS) and the theoretical travel time (distance/posted speed). 
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Figure 18 : Distance vs. Time Profile 

 
5.2 Queue Measurement  
 
One of the questions that has been raised regarding probe GPS data, is “can queue 
length be measured.”  Strictly, speaking the answer to this is no, because the sampling 
procedure will be biased.  To illustrate this point, consider the time-space diagram 
shown in Figure 19 .  As one can observe, a probe vehicle would only sample the queue 
at the middle intersection during periods bounded by the bands defined by start of 
through green and end of through green at an upstream signal.  In general, this is less 
then 50% of the cycle.  Furthermore, quite frequently, the worst queuing often occurs 
adjacent to an intersection with a very heavy minor street movement onto the arterial.  
In such situations, a probe vehicle would probably not “observe” that queue and the 
queue data would be biased. 
 
However, if one acknowledges the above limitations, it is certainly feasible to report 
maximum, minimum, and average queue length for a time period provided the data is 
qualified with a statement like “This data would be based upon queue length observed 
by through arterial traffic, it does not reflect queue conditions that may occur during 
minor movements”.  Queues measurements would be subject to the following 
assumptions: 
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·  The back of the queue would be defined as the point where the speed fell below 
3 mph. 

·  Probe vehicles are uniformly distributed in the green band. 
 

 
 
Figure 19 : Time Space Diagram 
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Travel Speed Survey Design 
 
This document will outline the study procedures in detail and will include information of 
the following: 

1. Number of runs for each segment 
2. Time periods of runs 
3. Description of the floating car method 
4. List of routes included in the study 
5. List of the route segments defining their endpoints and lengths 
6. Explanation of how the segments were defined 
7. Detailed procedures for data collection 
8. Definition of terms 
9. Method for calculating approach delay 
10. Procedures for handling construction, accidents, and incidents 
11. Situations that require a re-run 
12. Training of data collectors 
13. Procedures for quality control 

 
1. According to Scope of Services defined by PAG, 8 travel time runs shall be made 

in each direction of travel during the AM and PM peak periods and 4 runs in each 
direction during the off-peak period. 

 
2. The eight travel time runs in each period will be completed over a multiple days.  

This will provide a better representation of a typical day.  The times for the runs 
will be as follows: AM Period (7:00 a.m. to 9:00 a.m.) and PM Period (4 p.m. to 6 
p.m.) and for the Midday Period (to be determined). 

 
3. In the Floating Car Procedure, the driver of the test car is instructed to pass as 

many vehicles as pass the test car.  In this way, the average position of the 
vehicle in the traffic stream is maintained, and measurements tend to reflect 
average conditions within the traffic stream.  The drivers will be instructed to pass 
as many cars as pass them and to drive the speed limit if there are no cars 
impeding them.  The driver will avoid continued driving in the curb lane unless the 
road only has one lane in each direction.  This will provide consistent data 
between drivers 

 
4. The routes included in the study are attached on the following pages 
 
5. The listing of the segments as defined between signalized intersections are 

included in the following pages. 
 
6. The segments are defined as links on the routes bound by a signal, stop sign or 

in some cases major cross streets that are unsignalized.  For those routes on the 
freeway, major cross streets will define the segment nodes. 
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7. Detailed Procedures for data collection (daily procedure documentation 
attached).  The travel speed data collection will be conducted using the floating-
car technique in accordance with the Manual of Traffic Engineering Studies.  This 
is consistent with the methods used to collect travel speed data in previous 
studies.  Using this technique, the driver floats with traffic by passing an equal 
number of vehicles as pass the test car.  This approach applies GPS methods 
that included a single person (the driver) collecting date, time, vehicle position, 
and point velocity every two-seconds.  Technology improvements also allow the 
application of the GPS data against a linear referenced roadway centerline.  
Therefore, extensive programming outside of the GIS environment was required 
to evaluate the results and graphically present the data. 

 
Recent technological developments have allowed the use of GIS and supporting 
tools to greatly enhance the processing power for the large amounts of data 
generated in a project of this scale.  Additional developments by Carter & 
Burgess include the application of geo-referenced video recorded during the 
travel speed runs and later used to strengthen the QA/QC process. 
 
Carter & Burgess will use ten vehicles to collect travel time data.  Each vehicle 
will be equipped with a trained data collection technician, a GPS system and an 
audio tape recorder. 
 
Travel time runs will be conducted on Tuesdays, Wednesdays, and Thursdays, 
but not on holidays or days when school is not in session.  Travel time runs will 
be conducted eight times in each direction during the morning and afternoon 
peak periods (7:00 a.m. to 9:00 a.m. and 4:00 p.m. to 6:00 p.m.) and four times 
in each direction for the midday period (to be determined).  The technician will 
use the custom data collection software on a Compaq iPAQ that automatically 
notes the route and beginning location.  PAG will provide Carter & Burgess with 
information on facility type, jurisdiction, and area type for inclusion in the 
database.  GPS data will be used to determine the segment length. 
 
The project manager will work with TRA to develop a travel time run schedule 
using a GPS almanac to avoid times when satellite coverage is limited. 
 

8. Definition of terms: 
 

·  Free Flow Speed – posted speed limit over a roadway segment or a 
weighted average if it changes between segment ends 

·  Travel Speed – speed for a vehicle to travel over a roadway segment in a 
time period 

·  Approach Delay – difference between the time used by any vehicle to 
travel the length of the defined segment and the free flow time associated 
with that distance. 

·  Peak Period – 7:00-9:00 AM and 4:00-6:00 PM Tuesday – Thursday 
·  Off Peak Period – to be determined 
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·  Geo-Referenced Digital Video – digital video of selected runs that is geo-
referenced to the GPS points to allow indexing and viewing of the video 
accurate in time and location 

·  Average Travel Speed – all runs found to be with acceptable standard 
deviation will be averaged by time period, AM/PM combined average, and 
compared with off peak travel runs 

·  Facility Type – each roadway is identified by PAG 
·  Area Type – provided by PAG that identifies the density of development 

along a route 
·  Jurisdiction – each roadway segment is identified. 
 

9. According to research by Quiroga and Bullock, “Approach delay is defined as the 
difference between the time used by any vehicle to travel a fixed distance from a 
prespecified point upstream of an intersection to the intersection” check point 
“and the free-flow time associated with that distance”.  The “prespecified point 
upstream” will be the beginning point of the segment and the “intersection check 
point” will be the ending point of the segment.  The beginning and ending point 
will both be the centerline of the cross street at signalized or major un-signalized 
intersections.  The “free-flow” speed will be the posted speed or the weighted 
speed if the posted speed changes within the limits of a segment. 
 

10. In those cases where construction, accidents, or other incidents occur, the data 
collector will be instructed to continue the run and make note of the apparent 
cause of the non-recurring delay.  In the case of construction, every effort will be 
made to schedule the runs around construction and if possible allow time for 
short-term construction to be completed prior to collecting the travel time info for 
that route.  When an occasional accident or incident occurs, the run will continue.  
This will allow comparison of that isolated run with the other samples to 
demonstrate the impact of accidents and the importance of a quick return to 
normal conditions.  If there is a major incident that will impact the runs for much 
of the sampling period, an alternative route will be run. 

 
11. The need for reruns will be limited to the following cases: 

·  Equipment malfunctions or incomplete data that can not be reconstructed from 
the video or other sources 

·  Major incidents that impact the traffic flow for more than 30 minutes 
·  Inappropriate data collector driving as judged by the project manager after 

review of the data and video 
 

12. Training of data collectors 
 

The technicians will be trained on the use of the equipment and proper 
procedures for the floating car travel time runs in the field by the project 
manager.  Technicians will ride along on an example run to observe, and then 
make several practice runs with the project manager.  This will ensure that the 
technicians understand the study procedures and use of the equipment.  They 
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will be instructed to pass as many cars as pass them and to drive the speed limit 
if there are no cars impeding them.  The driver will avoid the curb lane unless the 
road only has one lane in each direction.  This will provide consistent data 
between drivers.  Each driver will be provided written documentation of the 
procedures, and operational instructions for each piece of equipment. 

 
Technicians will use audio tape recorders to note their observations relating to 
the cause of delay and other relevant information.  Technicians will summarize 
their findings daily. 
 
Drivers will complete one segment per day, and forward the data to the task 
manager for immediate QA/QC and input into the database.  Travel times will be 
conducted over multiple days to provide more confidence that the data is 
representative of “typical” traffic conditions. 

 
13. Quality Control 
 

The Carter & Burgess Team will follow a quality control plan for this project that 
will include data collection and data analysis. 
 

 Data Collection 
 

The technicians will be specifically trained for this project.  Training will 
include a review of the floating car method, review of the survey design, 
and hands on training on the GPS applications designed for this study.  
Technicians will observe several practice travel time runs and will be given 
checklists to ensure all steps are properly followed and the data will be 
consistent.  Each technician will be tested on a practice run with the 
project manager or his assignee observing before beginning work on the 
project. 
 
Each driver will be furnished with audio recorders.  These will be used to 
note the location, type, and time of any abnormal traffic conditions or 
problems each may encounter. 
 
The GPS method of data collection provides an initial level of quality 
control.  Location and time information is automatically marked and stored 
on the computer.   

 
Data Analysis 
 

Quality control in data analysis will be accomplished by recording and 
manipulating data electronically, automated queries, and by spot-checking 
results.  Calculations for travel time and delay will be performed within the 
database.  Results will be pulled into tables directly from the database so 
that no errors are made in transferring data to the tables and any changes 
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in calculations will be automatically updated in the tables.  Calculations will 
be checked manually. 

 
Roadway Segments Between Signalized Intersections 

 
Main Road Between Route # 

Sandario Rd Avra Valley Rd and Ajo Hwy �������

Thornydale Rd Tangerine Rd and Orange Grove Rd 2003/4 

La Cholla Blvd Tangerine Rd and Ruthrauff Rd 2005/6 

La Canada/Flowing Wells Tangerine Rd and Miracle Mile 2007/8 

Mission Rd Congress and Valencia Rd 2009/10 

12th Ave Valencia Rd and I-10 2011/12 

Oracle Rd Pima County Line and Ina Rd ��������

Stone River Rd and 18th St ������	�

6th Ave Irvington Rd and 18th St ���
����

Kino/Campbell Valencia Rd and Skyline ��������

Country Club Aviation and Prince ��������

Palo Verde Valencia Rd and Aviation ��������

Alvernon Aviation and Ft. Lowell ������	�

Swan Rd Golf Links Rd and Sunrise Rd ���
����

Craycroft Golf Links Rd and Sunrise Rd ��������

Wilmot Rd Golf Links Rd and Grant/Tanque Verde Rd 2031/32 

Kolb Rd Tanque Verde Rd and Sunrise Rd ��������

Kolb Rd I-10 and Grant/Tanque Verde Rd 2035/36 

Pantano Pkwy/Pantano Rd 22nd St and Wrightstown Rd 2037/38 

Harrison Rd Irvington Rd and Wrightstown Rd 2039/40 

Houghton Rd I-10 and Snyder Rd ��������

Sabino Canyon Rd Kolb Rd and Sunrise Rd ��������

La Canada Sahuarita Rd and Continental Rd 2045/46 

Old Spanish Trail Broadway Blvd and Camino Loma Alta 2047/48 

Euclid/1st Ave Aviation and Ina Rd ��������

Tangerine Rd I-10 and Oracle Rd ��������

Ina Rd/Sunrise Picture Rocks Rd and Sabino Canyon Rd 2053/54 

Orange Grove Rd I-10 and Sunrise Rd ������	�

River Rd Orange Grove Rd and Sabino Canyon Rd 2057/58 

Prince Rd I-10 and Country Club Rd 2059/60 

Grant Rd Silverbell Rd and Kolb/Tanque Verde 2061/62 

Speedway Blvd Silverbell Rd and Houghton Rd 2063/64 

St. Mary's/5th/6th St Silverbell Rd and Wilmot Rd ��	��		�

Broadway Blvd I-10 and Houghton Rd 2067/68 

22nd St I-10 and Houghton Rd 2069/70 

Golf Links Aviation and Houghton Rd 2071/72 
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Main Road Between Route # 

Ajo Hwy Kinney Rd and Alvernon Rd 2073/74 

Irvington Rd Mission Rd and I-10 2075/76 

Irvington Rd Kolb Rd and Houghton Rd 2077/78 

Valencia Rd Mission Rd and Houghton Rd 2079/80 

Tanque Verde Grant/Kolb and Houghton Rd 2081/82 

Sahuarita Rd I-19 and SR 83 2083/84 

Silverbell Rd Rattlesnake Pass and Congress St 2085/86 

I-10 Pima County Line and Irvington Rd ��������

I-19 I-10/I-19 Interchange and Continental Rd 2093/94 
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DAILY ROUTINE 
 
START-UP (BEFORE AM AND PM RUNS) 

·  Cars parked in designated spaces and gassed up from previous day 
·  Check-in with TRA staff and get assigned a vehicle, key, and route(s) (with Route ID) 
·  Pick-up container for assigned vehicle (PDA Dell Axim), Video Camera (4 tapes), GPS, 

voice recorder (2 tapes), and folder/clip board) and computer bag 
·  Proceed to vehicle to install equipment 

�  Start the car 
�  Make sure Power Inverter is in the off position 
�  Plug Inverter into the cigarette lighter 

 
 
 
 
 
 
 
 

�  Turn Power Inverter ON 
�  Place GPS antenna between front and rear passenger doors about 1 foot 

from the edge of vehicle 
�  Plug PDA cable into GPS (yellow) 

�  Place computer in front seat and plug in power cord (white) 

�  Plug in Firewire to the front slot on the computer (red) then to camera 
(green) 
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�  Insert tape (1-4) in Camera by pressing the eject button located under the 
top panel with the VCR controls (leave tape door open), plug in power 
cord to camera (blue), mount camera on tripod, turn camera ON, open 
LCD display on the side, align camera, and check that focus is set on 
manual infinity (mountain symbol).  If not, push the focus button on the 
back of the camera and rotate the dial below the button until the mountain 
appears.  The mountain should be the only symbol shown at the bottom of 
the screen. 

�  Turn ON computer 
�  Login to the Computer using “field” (all lower case) with a password 
�  Log into “this computer” 

1. PDA 
a. Place PDA in cradle. Make sure the PDA is connected properly by checking if the 

orange light in the upper right corner is blinking or solid. 
b. Turn ON (top right corner silver button) 
c. Start GPS Travel Speed Program (bottom left silver button). Wait 10 seconds for 

the program to start.  Do not push the button again without waiting 10 seconds. 
d. Push TRACK to begin gathering satellite info 

e. Select ROUTE from the alphabetical listing (make sure the correct direction is 
chosen EB/WB/NB/SB, etc.) 
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f. Select PERIOD (AM/MD/PM) – morning (6:30-8:30), mid-day (9:00-11:00), or 
evening (4:00-6:00) 

g. Select RUN ID – choose A (unless you have already driven this route and 
direction in the selected period before, then choose B).  This is used to name the 
data file, if a file already exists with that name, you will be prompted in a later 
step to choose a different RUN ID. 

h. Select your name under EMPLOYEE. 
i. Select START 

j. You are prompted to START RECORDING VIDEO and to name the video a 
specific name. Write down the video filename on the Travel Speed Log Sheet 
and record the date, route, direction, and filename into the voice recorder. 
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2. COMPUTER 
a. Double click on “Windows Media Encoder” icon 

b. From the FILE menu, select D:\TRAVEL SPEED VIDEO.WME 

c. Maximize screen 

d. Select PROPERTIES 

e. Under the SOURCE tab, confirm: 
·  NAME field says SONY DCR-TRV140.  If not make sure you did not 

skip Step “b” above 
·  VIDEO field says MICROSOFT DV CAMERA AND VCR.  If this is 

not the display, check the cable connections to the camera and make 
sure the camera’s power switch is in the CAMERA mode 

f. Select the OUTPUT tab 

·  Change the FILE NAME field to match name specified on the PDA by 
clicking on BROWSE…  Make sure the file is saved in D:\PAG Video\.   
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·  Make sure that the check boxes, Limit by Size and Limit by duration are 
UNCHECKED. 

g. Confirm the video window ZOOM field is set to 25% 
h. Confirm the DISPLAY field is set to OUTPUT 
i. Check in with TRA Staff before saving file name or driving to assigned route. 

j. Drive to assigned route before continuing. 
 

 

 

D:\PAG 
Video\filename.wmv 
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START RUN 
 
REMINDER:  AS YOU DRIVE, DO NOT MONITOR THE EQUIPME NT OR REACT 
TO ANY ERROR MESSAGES.  ONLY DO THIS WHILE STOPPED AT A SIGNAL OR 
AFTER PULLING OFF THE ROAD. 

 
3. COMPUTER 

a. Select the START ENCODING button 

4. CAMERA 
a. Close the tape door.  Push the red button on the camera to record on the tape as a 

back-up to the digital file on the computer 

5. PDA 
a. Push OK on window after starting video 
b. You are prompted to RECORD CLOCK TIME.  Place the clock in front of the 

video camera to record time.  Watch on LCD screen to make sure the 
Hour:Minutes:Seconds are  visible for two seconds (don’t worry about the focus) 

c. Push OK 
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d. You are prompted to PRESS OK TO START when ready to begin driving.  To 

confirm that the GPS is operating correctly, make sure the number of GPS points 

that are displayed in the POINTS field is increasing. 
e. Drive the assigned route between the designated limits past the end point.  Take 

the first chance to turn left into a driveway or onto a side street where you stop 
the run and begin the next run, if applicable. 

f. Select STOP to end the collection of GPS points 

6. CAMERA 
a. Push red button on Camera to stop recording  
b. Eject tape.  Insert next numbered tape if you don’t have enough time remaining 

(elapsed time is displayed on the camera LCD screen in top right corner) to record 
next segment (tape length is 90 minutes). 
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7. COMPUTER 
a. Press STOP on media encoder 

b. Press PLAY OUTPUT FILE button on the encoding results window 

c. Compare the TOTAL TIME (MM:SS) from the lower right hand corner of the 
media player to that shown on the PDA as GPS ELAPSED TIME (HH:MM).  If 
they are not within 2 minutes, record the computer file name on the Travel Speed 
Log Sheet 

d. Close Windows Media Player window 
e. Close Encoding Results window 
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NEW RUN 
 

8. PDA 
a. You are prompted to start a NEW run.  You will need to select a new ROUTE and 

RUN ID.  Make sure the ROUTE DIRECTION IS CORRECT.   
9. COMPUTER 

a. Select PROPERTIES 
b. Select the OUTPUT tab 
c. Select BROWSE.  Change the filename to match name specified on the PDA 

10. REPEAT STEPS 3-9 UNTIL ALL RUNS FOR THAT PERIOD ARE COMPLETE 
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SHUT-DOWN (AFTER MID-DAY AND PM RUNS) 
 

IF RUNS ARE COMPLETE 
a. PDA 

·  Select FILE then EXIT at the bottom left corner of the screen (DO NOT 
CLOSE WITH THE “X” ON THE TOP RIGHT OF THE SCREEN) 

·  Turn OFF (top right corner silver button) 

b. COMPUTER 
·  Close Media Encoder 

·  When asked if you want to save the session before continuing say NO 
·  DO NOT TURN OFF THE COMPUTER 

c. CAMERA 
·  Turn power switch to the OFF (CHG) position 

 
·  If returning from a Mid-day run, be sure to fill up the car with gas before parking 
·  Come inside to check-in with TRA staff (Julie Heckler, Joe Kaluha, or Bob Medland). 
·  Staff will come to the car and check that all required files on the PDA and computer are 

present.  After checked, you can shut down computer using the Start button on the 
bottom left corner.  Do not unplug anything from the computer until it is completely 
shut down. 

·  Back the car into designated space 
·  UNPLUG POWER INVERTER FROM THE CIGARETTE LIGHTER 
·  Disconnect equipment (PDA (Compaq iPAQ), Firewire cable from computer and camera, 

power to camera and computer, GPS cable, Video Camera (4 tapes), GPS, voice recorder 
(2 tapes), and folder/clip board) and return to container.  Carefully return computer to 
bag being careful of the Firewire card sticking out the side 
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TROUBLSHOOTING GUIDE 
 
REMINDER:  AS YOU DRIVE, DO NOT MONITOR THE EQUIPME NT OR REACT 
TO ANY ERROR MESSAGES.  ONLY DO THIS WHILE STOPPED AT A SIGNAL OR 
AFTER PULLING OFF THE ROAD.  
 

1. GPS Errors 
a. Check for an orange light on the upper right corner of the PDA.  Reseat in cradle 

if necessary. 
b. Wait at least 2 minutes for the GPS to gather satellite info. 
c. If the PDOP is too high (you will get an error message on the PDA), continue 

driving, that is only a short term error and it will come back up in a few minutes. 
d. If the GPS receiver light is green when the Travel Speed program is not running 

(after selecting FILE, EXIT), reset the PDA.  Use the stylus to press the reset 

button on the bottom of the unit. Restart the Travel Speed program. 
2. Video Encoding Errors 

a. If VIDEO field under the SOURSE tab does not says MICROSOFT DV 
CAMERA AND VCR, the computer does not recognize the camera.  Close Media 
Encoder and make sure the camera is on before restarting.  Follow STARTUP 
step 2. 

b. If Media Encoder still does not detect the camera, shutdown the computer and 
change the PCMCIA slot of the firewire card before restarting.  Call TRA for 
assistance. 
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PAGTT Data Dictionary 
 

Feature/Table Field Name Data Type Description 
sdeRoute   Route PolylineM feature.  Base routes for directional Linear 

Reference System 
 RouteID Integer Route Identifier 
 Route varchar(100) Directional Route Name 
 StartInt varchar(50) Route starting point 
 EndInt varchar(50) Route ending point 
 OppRouteID Integer Opposite Direction Route Identifier  
sdeASpt   Advisory Speed point feature.  Adjacent pairs of Advisory 

Speed points define ASseg 
 AdvSpeed Integer Advisory Speed 
 Comments varchar(100) Field Comments 
 Begin_End varchar(20) Begin = Beginning of Advisory Speed 

End = End of Advisory Speed 
 RouteID integer Route Identifier for sdeRoute 
 Measure float Route Measure (ft) 
sdeATFTpt   Area Type / Facility Type point feature.  Upstream points on 

route define define ATFTseg 
 ATFT Integer [Area Type][FacilityType] 
 Measure float Route Measure (ft) 
 RouteID integer Route Identifier for sdeRoute 
sdeCTpt   City Limit point feature.  Upstream points define CTseg 
 City Varchar(50) Jurisdiction 
 Measure float Route Measure (ft) 
 RouteID integer Route Identifier for sdeRoute 
sdeCZpt   Construction Zone point feature.  Upstream points define CZseg 

properties 
 Begin_End varchar(20) Begin = Beginning of Advisory Speed 

End = End of Advisory Speed 
 Dates Varchar(100) Dates of Construction 
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Feature/Table Field Name Data Type Description 
 CZSpeed integer Construction Zone Speed Limit if different than SLseg 
 CZLanes integer Construction Zone Lanes if different than LNseg 
 Comments varchar(100) Mapping Comments 
 RouteID integer Route Identifier for sdeRoute 
 Measure float Route Measure (ft) 
sdeISpt   Intersection point feature.  An intersection point exists for each 

route.  Two consecutive intersection points on a route define 
intersection segments (ISseg) 

 CTsegID integer Jurisdiction (CTseg) identifier  
 City varchar(50) Jurisdiction of the intersection 
 Control varchar(20) Intersection Control: 

Signal 
Cross Street 
TWSC – Two Way Stop Control 
AWSC – All Way Stop Control 
Signal - No Stop – T intersection; continuous green 
Ped Signal 
SPUI – Single Point Urban Intersection 
Cross Section 
Jurisdiction 

 Intersection varchar(100) Name of intersecting street 
 IntID integer Intersection location identifier.  Intersection points for all routes 

at the same location have the same IntID 
 ISID integer Intersection record identifier.  Each intersection point has a 

unique ISID. 
 Measure float Route Measure (ft) 
 RouteID integer Route Identifier for sdeRoute 
sdeLNpt   Lane point feature.  Lane points are used to create lane 

segments (LNseg).  Upstream lane points define changes in the 
number of lanes along a route. 

 Lanes integer Number of lanes on [RouteID] for the route direction 
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Feature/Table Field Name Data Type Description 
 Measure float Route Measure (ft) 
 RouteID integer Route Identifier for sdeRoute 
sdeSLpt   Speed Limit point feature.  Speed Limit  points are used to 

create speed limit segments (SLseg).  Upstream speed limit 
points define changes in speed limit along a route. 

 SpeedLimit integer Speed Limit on [RouteID] 
 Measure float Route Measure (ft) 
 RouteID integer Route Identifier for sdeRoute 
sdeSZpt   School Zone point feature.  School Zone points are used to 

create School Zone speed segments (SLseg). 
 Begin_End integer Specifies the beginning or end of the school zone 
 SZSpeed Integ/er School Zone Speed Limit 
 School Varchar(100) School Name 
 AMBT Varchar(30) AM Begin Time for school zone speed 
 AMET Varchar(30) AM End Time for school zone speed 
 PMBT Varchar(30) PM Begin Time for school zone speed 
 PMET Varchar(30) PM End Time for school zone speed 
 Measure float Route Measure (ft) 
 RouteID integer Route Identifier for sdeRoute 
tblASseg   Advisory Speed Segment. 
 ASsegID integer Advisory Speed Segment identifier 
 AdvSpeed Integer Advisory Speed 
 RouteID integer Route Identifier for sdeRoute 
 StartM float Upstream route measure 
 EndM float Downstream route measure 
 Offset integer Offset from route for display as GIS event data 
tblATFTseg   Area Type & Facility Type Segments 
 ATFTsegID integer Area Type Facility Type Segment identifier 
 ATFT integer [Area Type][FacilityType] 
 AreaType integer Area Type 

1 = High Urban 
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Feature/Table Field Name Data Type Description 
2 = Medium Urban 
3 = Low Urban 
4 = Suburban 
5 = Rural 

 FacilityType integer Link Class 
1 = Freeway 
2 = Parkway 
3 = Major Arterial 
4 = Minor Arterial 
5 = N/A 
6 = Ramp 
7 = Frontage 
8 = N/A 
9 = Centroid Connector 

 StartM float Upstream route measure 
 EndM float Downstream route measure 
 Offset integer Offset from route for display as GIS event data 
tblCTseg   Jurisdiction Segments 
 CTsegID integer Jurisdiction Segment identifier 
 CTseg Varchar(50) Jurisdiction 
 RouteID integer Route Identifier for sdeRoute 
 StartM float Upstream route measure 
 EndM float Downstream route measure 
 Offset integer Offset from route for display as GIS event data 
tblCZseg   Construction Zone Segments 
 CZsegID integer Construction Zone Segment identifier 
 CZSpeed integer Construction Zone Speed Limit 
 CZLanes integer Construction Zone Lanes 
 Dates Varchar(50) Dates construction zone is active 
 Comments Varchar(50) Field Comments 
 RouteID integer Route Identifier for sdeRoute 
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Feature/Table Field Name Data Type Description 
 StartM float Upstream route measure 
 EndM float Downstream route measure 
 Offset integer Offset from route for display as GIS event data 
tblEmployee   Employee Table 
 EmployeeID integer Employee Record Identifier 
 LName Varchar(50) Last Name 
 FName Varchar(50) First Name 
 Company Varchar(50) Company 
tblExclude   Specific exclusions from tblISsegQCok and tblGPSsegQCok 

records.  Summary data is deleted from these tables but still 
exists within tblSpeed 

 ExcludeID integer Exclusion table Identifier 
 Datafile Varchar(50) Travel Run Identifier [1234][5][67][8] 

[1234]=RouteID 
[5] = PeakID 
[67] = EmployeeID 
[8] = Character [A-Z] to prevent duplicate datafiles 

 IntSegID integer Intersection Segment Identifier based on intersection IntIDs:  

)()10000*( DownstreamUpstreami IntIDIntIDIntSegID +=  

 Comment nvarchar(255) Reason for excluding data 
 Category nvarchar(50) Exclusion Category: 

Construction 
Driver Error 
Incident 

tblGPSseg   Tenth of a Mile Segments (~528 ft).  To insure that the tenth of 
a mile segments coincide with the endpoints of the intersection 
segments, the actual length of the GPS segments between a 
given intersection segment is calculated as d: 
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Feature/Table Field Name Data Type Description 

��

�
��

� -
-

=

528
StartMEndM

Integer

StartMEndM
d  

Where: 
StartM & EndM from tblISseg 
 

 GPSsegID integer Tenth of a Mile Segment Identifier based on consecutive 
segments along a route.   

n
i iRouteIDGPSsegID 1)1000*( +=  

 GPSseg varchar ISseg 
 RouteID integer Route Identifier for sdeRoute 
 StartM decimal Intersection StartM for first GPSseg within a given ISseg 

EndM for subsequent GPSseg 
 EndM decimal StartM + d 
 Offset integer Offset from route for display as GIS event data 
 wavgSL decimal First Speed Limit encountered within GPSseg 
 SZwavgSL decimal School Zone weighted average speed limit. 
 FFTT decimal Free Flow Travel Time (sec).   

wavgSL
StartMEndM

FFTT
-

=  

tblGPSsegQCok   Summary data for each run grouped by tenth of a mile segment.  
Before data is entered into this table, the direction of travel is 
verified against the route direction, The time period is checked 
against tblPeriod, and records from tblExclude are deleted. 

 GPSsegQCID integer Record Identifier for tblGPSsegQCok 
 Datafile varchar Travel Run Identifier [1234][5][67][8] 

[1234]=RouteID 
[5] = PeakID 
[67] = EmployeeID 
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Feature/Table Field Name Data Type Description 
[8] = Character [A-Z] to prevent duplicate datafiles 

 GPSDate datetime GPS Date 
 RouteID integer Route Identifier for sdeRoute 
 GPSsegID integer Tenth of a Mile Segment Identifier based on consecutive 

segments along a route.   
n

i iRouteIDGPSsegID 1)1000*( +=  

 IntSegID integer Intersection Segment Identifier based on intersection IntIDs:  

)()10000*( DownstreamUpstreami IntIDIntIDIntSegID +=  

 PeriodID integer Time Period Identifier.  Several PeriodID’s can be within one 
PeakID 

 minT datetime Minimum GPS Time 
 maxT datetime Maximum GPS Time 
 minM decimal Minimum Route Measure 
 maxM decimal Maximum Route Measure 
 avgTMS decimal Average Time Mean Speed.  The arithmetic average of 1 

second GPS speed within the segment. 
 wavgSL decimal First Speed Limit within GPSseg 
 TT decimal Travel Time (sec) = maxT-minT 
 FFTT decimal Free Flow Travel Time (sec).   

wavgSL
StartMEndM

FFTT
-

=  

 segDelay decimal Segment Delay (sec)  FFTT-TT 
 stopDelay decimal Stop Delay (sec)  Amount of time speed is < 3 MPH 
tblISseg   Intersection Segments 
 ISsegID integer Intersection Segment Identifier based on consecutive 

intersection segments along a route.   
n

i iRouteIDISsegID 1)1000*( +=  
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Feature/Table Field Name Data Type Description 
 ISseg varchar [Upstream Intersection] to [Downstream Intersection] 
 RouteID integer Route Identifier for sdeRoute 
 StartM decimal Upstream route measure 
 EndM decimal Downstream route measure 
 Offset integer Offset from route for display as GIS event data 
 Control varchar Intersection Control: 

Signal 
Cross Street 
TWSC – Two Way Stop Control 
AWSC – All Way Stop Control 
Signal - No Stop – T intersection; continuous green 
Ped Signal 
SPUI – Single Point Urban Intersection 
Cross Section 
Jurisdiction 

 CTsegID integer Jurisdiction Segment identifier 
 City varchar Jurisdiction 
 wavgSL decimal Weighted Average Speed Limit.  Weighted by length of speed 

zones where the speed limit changes between intersections 

�
� ×

=

i

i
ii

d

dSL
wavgSL

 

where: 
SL = Speed Limit 
d = Length of Speed Limit zone within ISseg 

 SZwavgSL integer School Zone weighted average speed limit.  wavgSL including 
the length of the school zone and school zone speed within the 
intersection segment 

 FFTT decimal Free Flow Travel Time.   
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Feature/Table Field Name Data Type Description 

wavgSL
StartMEndM

FFTT
-

=  

 IntSegID integer Intersection Segment Identifier based on intersection IntIDs:  

)()10000*( DownstreamUpstreami IntIDIntIDIntSegID +=  

 ATFT integer [Area Type][FacilityType] 
 Lanes integer Number of lanes on [RouteID] for the route direction 
 AMpeakDir integer 1 if Peak Direction. Assumed lowest speed between opposite 

segments is peak direction 
 MDpeakDir integer 1 if Peak Direction. Assumed lowest speed between opposite 

segments is peak direction 
 PMpeakDir integer 1 if Peak Direction. Assumed lowest speed between opposite 

segments is peak direction 
tblISsegQCok   Summary data for each run grouped by Intersection Segment.  

Before data is entered into this table, the direction of travel is 
verified against the route direction, there must be a GPS point 
within 300 feet of the upstream and downstream endpoints 
(ISpt) , the time period is checked against tblPeriod, and records 
from tblExclude are deleted. 

 ISsegQCID integer Record Identifier for tblISsegQCok 
 Datafile varchar Travel Run Identifier [1234][5][67][8] 

[1234]=RouteID 
[5] = PeakID 
[67] = EmployeeID 
[8] = Character [A-Z] to prevent duplicate datafiles 

 GPSDate datetime GPS Date 
 RouteID integer Route Identifier for sdeRoute 
 ISsegID integer Intersection Segment Identifier based on consecutive 

intersection segments along a route.   
n

i iRouteIDISsegID 1)1000*( +=  
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Feature/Table Field Name Data Type Description 
 IntSegID integer Intersection Segment Identifier based on intersection IntIDs:  

)()10000*( DownstreamUpstreami IntIDIntIDIntSegID +=  

 PeriodID integer Time Period Identifier.  Several PeriodID’s can be within one 
PeakID 

 minT datetime Minimum GPS Time 
 maxT datetime Maximum GPS Time 
 minM decimal Minimum Route Measure 
 maxM decimal Maximum Route Measure 
 avgSpeed decimal Average Speed 

avgSMS if (EndM-StartM) ³  1000 ft 
avgTMS if (EndM-StartM) < 1000 ft 

 avgSMS decimal Average Space Mean Speed (MPH).  The average speed based 
on the travel time over the segment. 

TT
MM

avgSMS
minmax -

=  

 avgTMS decimal Average Time Mean Speed (MPH).  The arithmetic average of 
1 second GPS speed within the segment. 

 wavgSL float Weighted Average Speed Limit.  Weighted by length of speed 
zones where the speed limit changes between intersections 

�
� ×

=

i

i
ii

d

dSL
wavgSL

 

where: 
SL = Speed Limit 
d = Length of Speed Limit zone within ISseg 

 SZsegID integer School Zone Segment Identifier if the run is in an active school 
zone 

 TT decimal Travel Time (sec) = maxT-minT 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 FFTT float Free Flow Travel Time (sec).   

wavgSL
TT

FFTT
maxmin -

=  

 Qmeasure decimal The first route measure within a segment where the speed < 3 
MPH  

 Qlength decimal Position in Queue (ft) = EndM – Qmeasure 
 segDelay decimal Segment Delay (sec)  FFTT-TT 
 stopDelay decimal Stop Delay (sec)  Amount of time speed is < 3 MPH 
 LOS char Level Of Service from the Highway Capacity Manual. 

Value is from one of the following tables depending on the 
downstream control: 
tblSignalLOS 
tblUnSignalLOS 
tblUrbanLOS 

tblLNsegID   Lane Segments 
 LNsegID integer Segment Identifier for tblLNsegID 
 RouteID integer Route Identifier for sdeRoute 
 StartM float Upstream route measure 
 EndM float Downstream route measure 
 Lanes integer Number of lanes on [RouteID] for the route direction 
 Offset integer Offset from route for display as GIS event data 
tblPeriod   Time Periods.  Data outside these time period is not included in 

the summary tables or results 
 PeriodID integer Time Period Identifier.  Several PeriodID’s can be within one 

PeakID 
 StartTime datetime Time Period Start Time. Includes 5 minutes before dST if 

possible. 
 EndTime datetime Time Period End Time. Includes 5 minutes after dET if 

possible. 
 dST datetime Display Start Time for period 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 dET datetime Display End Time for period 
 Offset integer Offset from route for display as GIS event data 
 PeakID integer Peak Period Identifier 

1 = AM 
2 = Mid-Day (MD) 
3 = PM 

tblSignalLOS   Signalized Intersection Level Of Service.  The following 
intersection control applies for this LOS table: 
Signal 
Signal - No Stop 
SPUI 
Ped Signal 

 CtrlDelayLL decimal Control Delay Lower Limit (sec/veh) 
 CtrlDelayUL decimal Control Delay Upper Limit (sec/veh) 
 LOS char Level Of Service 
tblSLseg   Speed Limit Segments 
 SLsegID integer Speed Limit Segment Identifier based on consecutive speed 

limit changes along a route.   
n

i iRouteIDSLsegID 1)1000*( +=  

 SLseg integer Speed Limit (MPH) 
 RouteID integer Route Identifier for sdeRoute 
 StartM decimal Upstream route measure 
 EndM decimal Downstream route measure 
 Offset integer Offset from route for display as GIS event data 
tblSpeed   1 second GPS positions 
 SpeedID integer 1 second GPS position Identifier 
 RouteID integer Route Identifier for sdeRoute 
 Speed decimal GPS Speed in MPH 
 Bearing decimal GPS Bearing relative to last position 
 PDOP decimal Position Dilution of Precision – a measure of the current 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
satellite geometry. The lower the PDOP value, the more 
accurate the GPS positions. 

 GPSDate datetime GPS Date 
 GPSTime datetime GPS Time 
 Datafile varchar Travel Run Identifier [1234][5][67][8] 

[1234]=RouteID 
[5] = PeakID 
[67] = EmployeeID 
[8] = Character [A-Z] to prevent duplicate datafiles 

 Measure decimal Route Measure (ft) 
 Accel decimal Acceleration (ft/sec2) – calculated using a central difference 

scheme  

11

11

-+

-+

-
-

=
ii

ii
i tt

vv
a  

where: 
i = GPS point 
a = acceleration for GPS point i 
v = speed 
t = GPS Time 
 

 AvgAcc5pt decimal Five point moving average acceleration (ft/sec2) 

�
+

-

×=
2

25
1 i

i
iavg aa  

where: 
i = GPS point 
a = acceleration for GPS point i 

 Offset decimal Distance of GPS position from route (ft) 
 AvgOff5pt decimal Five point moving average Offset (ft) 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 

�
+

-

×=
2

25
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i
iavg OO  

where: 
i = GPS point 
O = Offset for GPS point i 

 ISsegID integer Intersection Segment Identifier based on consecutive 
intersection segments along a route.   

n
i iRouteIDISsegID 1)1000*( +=  

 IntSegID integer Intersection Segment Identifier based on intersection IntIDs:  

)()10000*( DownstreamUpstreami IntIDIntIDIntSegID +=  

 SLSegID integer Speed Limit Segment Identifier based on consecutive speed 
limit changes along a route.   

n
i iRouteIDSLsegID 1)1000*( +=  

 SL integer Speed Limit (MPH) 
 GPSsegID integer Tenth of a Mile Segment Identifier based on consecutive 

segments along a route.   
n

i iRouteIDGPSsegID 1)1000*( +=  

 Northing decimal Y coordinate (ft) of GPS position based on NAD 1983 State 
Plane Arizona Central FIPS 0202 Ft 

 Easting decimal X coordinate (ft) of GPS position based on NAD 1983 State 
Plane Arizona Central FIPS 0202 Ft 

 Height decimal GPS Elevation (ft) based on Height Above Ellipsoid 
tblSZseg   School Zone Segments.  School Zone times are not posted in 

the PAG region 
 SZsegID integer School Zone Segment Identifier 
 RouteID integer Route Identifier for sdeRoute 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 SZSpeed integer School Zone Speed Limit 
 AMBeginTime datetime School Zone Begin Time for the AM 
 AMEndTime datetime School Zone End Time for the AM 
 PMBeginTime datetime School Zone Begin Time for the PM 
 PMEndTime datetime School Zone End Time for the PM 
 Comment varchar(100) Field Comments 
 StartM decimal Upstream route measure 
 EndM decimal Downstream route measure 
 Offset integer Offset from route for display as GIS event data 
tblstat   two-sided t-distribution statistics used to compute probability of 

error 
 n integer number of runs  
 t99 decimal t-statistic for a 99% confidence interval 
 t95 decimal t-statistic for a 95% confidence interval 
 t90 decimal t-statistic for a 90% confidence interval 
 t85 decimal t-statistic for a 85% confidence interval 
 t80 decimal t-statistic for a 80% confidence interval 
 t75 decimal t-statistic for a 75% confidence interval 
tblUnSignalLOS   Stop Controlled Intersection Level Of Service.  The following 

intersection control applies for this LOS table: 
AWSC 
Flashing Red 
Roundabout 
TWSC 
Stop 

 CtrlDelayLL decimal Control Delay Lower Limit (sec/veh) 
 CtrlDelayUL decimal Control Delay Upper Limit (sec/veh) 
 LOS char Level Of Service 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
tblUrbanLOS   Uncontrolled Intersection Level Of Service.  The following 

intersection control applies for this LOS table: 
City Limit 
Cross Section 
Cross Street 
Flashing Yellow 
Jurisdiction 

 SpeedLL float Average Speed Lower Limit 
 SpeedUL float Average Speed Upper Limit 
 FFSLL float Free Flow Speed Lower Limit 
 FFSUL float Free Flow Speed Upper Limit 
 LOS char(1) Level Of Service 
tblVoiceData   Driver Comments 
 VoiceID integer Record Identifier for tblVoiceData 
 Datafile varchar(50) Travel Run Identifier [1234][5][67][8] 

[1234]=RouteID 
[5] = PeakID 
[67] = EmployeeID 
[8] = Character [A-Z] to prevent duplicate datafiles 

 GPSTime datetime GPS Time 
 CommentType varchar(50) Comment Category: 

Bus 
Incident 
Ped Crossing 
Train 
School Zone 
Weather 
Accident 
Other 

 Comment text Driver Comment 
vwATFTLanePeakAvgSpeed   Summary of travel speed data grouped by Area Type, Facility 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
Type, Number of Lanes and Peak Period 

 PeakID integer Peak Period Identifier 
1 = AM 
2 = Mid-Day (MD) 
3 = PM 

 StartTime varchar(50) Peak Period Start Time 
 EndTime varchar(50) Peak Period End Time 
 ATFT  [Area Type][FacilityType] 
 AreaType integer Area Type 

1 = High Urban 
2 = Medium Urban 
3 = Low Urban 
4 = Suburban 
5 = Rural 

 FunctionalClass integer Link Class 
1 = Freeway 
2 = Parkway 
3 = Major Arterial 
4 = Minor Arterial 
5 = N/A 
6 = Ramp 
7 = Frontage 
8 = N/A 
9 = Centroid Connector 

 Lanes integer Number of lanes on [RouteID] for the route direction 
 Dist float Sum of segment distances in summary (ft) 
 wavgSpeed float Weighted Average Travel Speed (MPH).  Weighted by 

intersection segment length. 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
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=
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d

davgSpeed
wavgSpeed

 

where: 
avgSpeed = average speed over intersection segment (from 
tblISsegQCok) 
d = Length of Intersection segment (from tblISseg) 

 wavgSL  Weighted Average Speed Limit (MPH).  Weighted by length of 
speed zones where the speed limit changes between 
intersections 
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� ×

=

i

i
ii

d

dSL
wavgSL

 

where: 
SL = Weighted Average Speed Limit (from tblISsegQCok) 
d = Length of Intersection segment (from tblISseg) 

 CI Decimal Congestion Index or Percent Posted Speed =  
wavgSpeed/wavgSL*100 

 wavgRunSpeed  Weighted Average Running Speed (MPH).  Weighted by 
intersection segment length. 

�
� ×

=
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i
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d

ddavgRunSpee
edwavgRunSpe

 

where: 
avgRunSpeed = Average Running Speed over intersection 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
segment (excluding stop time) 
d = Length of Intersection segment (from tblISseg) 

 avgTTmi decimal Average Travel Time per Mile (sec/mi). 
 avgFFTTmi decimal Average Free Flow Travel Time per Mile (sec/mi) 
 stopDelayMi decimal Sum of Stop Delay divided by total miles traveled (sec/mi) 
 segDelayMi decimal Sum of Segment Delay divided by total miles traveled (sec/mi) 
vwATFTPeakAvgSpeed   Summary of travel speed data grouped by Area Type, Facility 

Type, and Peak Period 
 PeakID integer Peak Period Identifier 

1 = AM 
2 = Mid-Day (MD) 
3 = PM 

 StartTime varchar(50) Peak Period Start Time 
 EndTime varchar(50) Peak Period End Time 
 ATFT  [Area Type][FacilityType] 
 AreaType integer Area Type 

1 = High Urban 
2 = Medium Urban 
3 = Low Urban 
4 = Suburban 
5 = Rural 

 FunctionalClass integer Link Class 
1 = Freeway 
2 = Parkway 
3 = Major Arterial 
4 = Minor Arterial 
5 = N/A 
6 = Ramp 
7 = Frontage 
8 = N/A 
9 = Centroid Connector 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 Dist float Sum of segment distances in summary (ft) 
 wavgSpeed float Weighted Average Travel Speed (MPH).  Weighted by 

intersection segment length. 
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=
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d

davgSpeed
wavgSpeed

 

where: 
avgSpeed = average speed over intersection segment (from 
tblISsegQCok) 
d = Length of Intersection segment (from tblISseg) 

 wavgSL  Weighted Average Speed Limit (MPH).  Weighted by length of 
speed zones where the speed limit changes between 
intersections 
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where: 
SL = Weighted Average Speed Limit (from tblISsegQCok) 
d = Length of Intersection segment (from tblISseg) 

 CI Decimal Congestion Index or Percent Posted Speed =  
wavgSpeed/wavgSL*100 

 wavgRunSpeed  Weighted Average Running Speed (MPH).  Weighted by 
intersection segment length. 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
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edwavgRunSpe

 

where: 
avgRunSpeed = Average Running Speed over intersection 
segment (excluding stop time) 
d = Length of Intersection segment (from tblISseg) 

 avgTTmi decimal Average Travel Time per Mile (sec/mi). 
 avgFFTTmi decimal Average Free Flow Travel Time per Mile (sec/mi) 
 stopDelayMi decimal Sum of Stop Delay divided by total miles traveled (sec/mi) 
 segDelayMi decimal Sum of Segment Delay divided by total miles traveled (sec/mi) 
vwCityAvgSpeed   Summary of travel speed data grouped by Jurisdiction 
 City varchar Jurisdiction 
 Dist float Sum of segment distances in summary (ft) 
 wavgSpeed float Weighted Average Travel Speed (MPH).  Weighted by 

intersection segment length. 
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where: 
avgSpeed = average speed over intersection segment (from 
tblISsegQCok) 
d = Length of Intersection segment (from tblISseg) 

 wavgSL  Weighted Average Speed Limit (MPH).  Weighted by length of 
speed zones where the speed limit changes between 
intersections 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
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where: 
SL = Weighted Average Speed Limit (from tblISsegQCok) 
d = Length of Intersection segment (from tblISseg) 

 CI Decimal Congestion Index or Percent Posted Speed =  
wavgSpeed/wavgSL*100 

 wavgRunSpeed  Weighted Average Running Speed (MPH).  Weighted by 
intersection segment length. 
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where: 
avgRunSpeed = Average Running Speed over intersection 
segment (excluding stop time) 
d = Length of Intersection segment (from tblISseg) 

 avgTTmi decimal Average Travel Time per Mile (sec/mi). 
 avgFFTTmi decimal Average Free Flow Travel Time per Mile (sec/mi) 
 stopDelayMi decimal Sum of Stop Delay divided by total miles traveled (sec/mi) 
 segDelayMi decimal Sum of Segment Delay divided by total miles traveled (sec/mi) 
vwCityPeakAvgSpeed   Summary of travel speed data grouped by City and Peak Period 
 City varchar Jurisdiction 
 PeakID integer Peak Period Identifier 

1 = AM 
2 = Mid-Day (MD) 
3 = PM 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 StartTime varchar(50) Peak Period Start Time 
 EndTime varchar(50) Peak Period End Time 
 Dist float Sum of segment distances in summary (ft) 
 wavgSpeed float Weighted Average Travel Speed (MPH).  Weighted by 

intersection segment length. 
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where: 
avgSpeed = average speed over intersection segment (from 
tblISsegQCok) 
d = Length of Intersection segment (from tblISseg) 

 wavgSL  Weighted Average Speed Limit (MPH).  Weighted by length of 
speed zones where the speed limit changes between 
intersections 
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where: 
SL = Weighted Average Speed Limit (from tblISsegQCok) 
d = Length of Intersection segment (from tblISseg) 

 CI Decimal Congestion Index or Percent Posted Speed =  
wavgSpeed/wavgSL*100 

 wavgRunSpeed  Weighted Average Running Speed (MPH).  Weighted by 
intersection segment length. 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
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where: 
avgRunSpeed = Average Running Speed over intersection 
segment (excluding stop time) 
d = Length of Intersection segment (from tblISseg) 

 avgTTmi decimal Average Travel Time per Mile (sec/mi). 
 avgFFTTmi decimal Average Free Flow Travel Time per Mile (sec/mi) 
 stopDelayMi decimal Sum of Stop Delay divided by total miles traveled (sec/mi) 
 segDelayMi decimal Sum of Segment Delay divided by total miles traveled (sec/mi) 
vwDatafile   View of each Travel Speed Run. Can be viewed as GIS line 

event data 
 Route Varchar(100) Directional Route Name 
 RouteID Integer Route Identifier for sdeRoute 
 avgTMS decimal Average Time Mean Speed.  The arithmetic average of 1 

second GPS speed within the segment. 
 avgBearing decimal  
 avgPDOP decimal  
 GPSDate datetime GPS Date 
 minGPSTime Varchar(50) Minimum GPS Time 
 maxGPSTime Varchar(50) Maximum GPS Time 
 Datafile Varchar(50) Travel Run Identifier [1234][5][67][8] 

[1234]=RouteID 
[5] = PeakID 
[67] = EmployeeID 
[8] = Character [A-Z] to prevent duplicate datafiles 

 minM float Minimum Route Measure 
 maxM float Maximum Route Measure 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 EmployeeID integer Employee Record Identifier 
 LName Varchar(50) Employee Last Name 
 Offset Integer Offset from route for display as GIS event data 
vwExclude   View of tblExclude. Can be viewed as GIS line event data 
 Datafile Varchar(50) Travel Run Identifier [1234][5][67][8] 

[1234]=RouteID 
[5] = PeakID 
[67] = EmployeeID 
[8] = Character [A-Z] to prevent duplicate datafiles 

 IntSegID integer Intersection Segment Identifier based on intersection IntIDs:  

)()10000*( DownstreamUpstreami IntIDIntIDIntSegID +=  

 Comment Nvarchar(255) Reason for excluding data 
 Category Varchar(50) Exclusion Category: 

Construction 
Driver Error 
Incident 

 Route Varchar(100) Directional Route Name 
 RouteID Integer Route Identifier for sdeRoute 
 StartM Float Upstream route measure 
 EndM Float Downstream route measure 
 Offset Integer Offset from route for display as GIS event data 
vwGPSsegAvgSpeedPeak   Summary of all travel runs by tenth of a mile segment by Peak 

Period 
 RouteID Integer Route Identifier for sdeRoute 
 GPSsegID Integer Tenth of a Mile Segment Identifier based on consecutive 

segments along a route.   
n

i iRouteIDGPSsegID 1)1000*( +=  

 Route Varchar(100) Directional Route Name 
 GPSseg Varchar(100) ISseg 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 PeakID integer Peak Period Identifier 

1 = AM 
2 = Mid-Day (MD) 
3 = PM 

 StartTime varchar(50) Peak Period Start Time 
 EndTime Varchar(50) Peak Period End Time 
 Runs Integer Number of Travel Speed Runs 
 avgTMS Decimal Average Time Mean Speed (MPH).  The arithmetic average of 

1 second GPS speed within the segment. 
 avgTT Decimal Average Travel Time (sec) 
 avgFFTT Decimal Average Free Flow Travel Time (sec) 
 wavgSL Decimal First Speed Limit within GPSseg 
 CI Decimal Congestion Index or Percent Posted Speed =  

avgTMS/wavgSL*100 
 avgSegDelay Decimal Average Segment Delay (sec) 
 avgStopDelay Decimal Average Stop Delay (sec) 
 avgRunTime Decimal Average Running Time (sec) = avgTT - avgStopDelay 
 StartM Decimal Intersection StartM for first GPSseg within a given ISseg 

EndM for subsequent GPSseg 
 EndM Decimal StartM + d 
 LengthFt Decimal Segment Length (ft) = EndM – StartM 
 Offset integer Offset from route for display as GIS event data 
 City varchar(50) Jurisdiction 
 Lanes float Number of lanes on [RouteID] for the route direction 
 ATFT integer [Area Type][FacilityType] 
vwGPSsegSpeedRun   Summary of each travel runs by tenth of a mile segment 
 RouteID Integer Route Identifier for sdeRoute 
 GPSsegID Integer Tenth of a Mile Segment Identifier based on consecutive 

segments along a route.   
n

i iRouteIDGPSsegID 1)1000*( +=  



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 Route Varchar(100) Directional Route Name 
 GPSseg Varchar(100) ISseg 
 Datafile varchar(50) Travel Run Identifier [1234][5][67][8] 

[1234]=RouteID 
[5] = PeakID 
[67] = EmployeeID 
[8] = Character [A-Z] to prevent duplicate datafiles 

 PeriodID integer Time Period Identifier.  Several PeriodID’s can be within one 
PeakID 

 PeakID integer Peak Period Identifier 
1 = AM 
2 = Mid-Day (MD) 
3 = PM 

 StartTime varchar(50) Period Start Time 
 EndTime Varchar(50) Period End Time 
 avgTMS Decimal Average Time Mean Speed.  The arithmetic average of 1 

second GPS speed within the segment. 
 TT Decimal Travel Time (sec) = maxT-minT 
 FFTT Decimal Free Flow Travel Time (sec).   

wavgSL
StartMEndM

FFTT
-

=  

 wavgSL Decimal First Speed Limit within GPSseg 
 CI Decimal Congestion Index or Percent Posted Speed =  

avgTMS/wavgSL*100 
 segDelay Decimal Segment Delay (sec)  FFTT-TT 
 stopDelay Decimal Stop Delay (sec)  Amount of time speed is < 3 MPH 
 RunTime Decimal Running Time (sec) = TT - stopDelay 
 StartM Decimal Intersection StartM for first GPSseg within a given ISseg 

EndM for subsequent GPSseg 
 EndM Decimal StartM + d 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 LengthFt Decimal Segment Length (ft) = EndM – StartM 
 Offset integer Offset from route for display as GIS event data 
 City varchar(50) Jurisdiction 
 Lanes float Number of lanes on [RouteID] for the route direction 
 ATFT integer [Area Type][FacilityType] 
vwIntDelay   Summary of Intersection Delay for all approaches with data.  

The delay is a straight average and is un-weighted since the 
volume of each approach is unknown. 

 RouteID integer Route Identifier for sdeRoute 
 Approaches integer Number of Approaches summarized 
 PeakID integer Peak Period Identifier 

1 = AM 
2 = Mid-Day (MD) 
3 = PM 

 StartTime varchar(50) Peak Period Start Time 
 EndTime varchar(50) Peak Period End Time 
 IntID integer Intersection location identifier.  Intersection points for all routes 

at the same location have the same IntID 
 IntDelay decimal Average Delay for all approaches within included in the study 

(sec/veh) 
 stopDelay decimal Average Stop Delay (sec/veh)  
 Measure float Route Measure (ft) 
 IntName varchar(200) Intersection Name 
 Control varchar(50) Intersection Control: 

Signal 
Cross Street 
TWSC – Two Way Stop Control 
AWSC – All Way Stop Control 
Signal - No Stop – T intersection; continuous green 
Ped Signal 
SPUI – Single Point Urban Intersection 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
Cross Section 
Jurisdiction 

 LOS char(1) Level Of Service from the Highway Capacity Manual. 
Value is from one of the following tables depending on the 
downstream control: 
tblSignalLOS 
tblUnSignalLOS 
tblUrbanLOS 

vwISsegAvgSpeedPeak   Summary of all travel runs by Intersection Segment by Peak 
Period 

 RouteID Integer Route Identifier for sdeRoute 
 ISsegID Integer Intersection Segment Identifier based on consecutive 

intersection segments along a route.   
n

i iRouteIDISsegID 1)1000*( +=  

 IntSegID integer Intersection Segment Identifier based on intersection IntIDs:  

)()10000*( DownstreamUpstreami IntIDIntIDIntSegID +=  

 Route Varchar(100) Directional Route Name 
 ISseg Varchar(100) [Upstream Intersection] to [Downstream Intersection] 
 PeakID integer Peak Period Identifier 

1 = AM 
2 = Mid-Day (MD) 
3 = PM 

 StartTime varchar(50) Peak Period Start Time 
 EndTime Varchar(50) Peak Period End Time 
 Runs Integer Number of Travel Speed Runs 
 avgSpeed decimal Average Speed 

avgSMS if (EndM-StartM) ³  1000 ft 
avgTMS if (EndM-StartM) < 1000 ft 

 stdSpeed float Standard Deviation of avgSpeed 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 Error90 float 90% Confidence Interval based on the t-distribution.  There is a 

90% probability that the average speed is between [avgSpeed – 
Error90] & [avgSpeed + Error90] 

 Error85 float 85% Confidence Interval based on the t-distribution.  There is a 
85% probability that the average speed is between [avgSpeed – 
Error85] & [avgSpeed + Error85] 

 avgSMS decimal Average Space Mean Speed (MPH).  The average speed based 
on the travel time over the segment. 

TT
MM

avgSMS
minmax -

=  

 avgTMS decimal Average Time Mean Speed.  The arithmetic average of 1 
second GPS speed within the segment. 

 wavgSL Decimal Weighted Average Speed Limit.  Weighted by length of speed 
zones where the speed limit changes between intersections 
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where: 
SL = Speed Limit 
d = Length of Speed Limit zone within ISseg 

 avgTT Decimal Average Travel Time (sec) 
 avgFFTT Decimal Average Free Flow Travel Time (sec) 
 avgRunTime Decimal Average Running Time (sec) = avgTT - avgStopDelay 
 minQLength decimal Minimum Queue Position 
 avgQLength decimal Average Queue Position 
 maxQLength decimal Maximum Queue Position 
 CI Decimal Congestion Index or Percent Posted Speed =  

avgSpeed/wavgSL*100 
 avgSegDelay Decimal Average Segment Delay (sec) 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 avgStopDelay Decimal Average Stop Delay (sec) 
 avgSegDelayMi Decimal Average Segment Delay per Mile (sec/mi) 
 StartM Decimal Upstream route measure 
 EndM Decimal Downstream route measure 
 LengthFt Decimal Segment Length (ft) = EndM – StartM 
 Offset integer Offset from route for display as GIS event data 
 City varchar(50) Jurisdiction 
 Lanes float Number of lanes on [RouteID] for the route direction 
 ATFT integer [Area Type][FacilityType] 
 Control varchar(50) Intersection Control: 

Signal 
Cross Street 
TWSC – Two Way Stop Control 
AWSC – All Way Stop Control 
Signal - No Stop – T intersection; continuous green 
Ped Signal 
SPUI – Single Point Urban Intersection 
Cross Section 
Jurisdiction 

 LOS char(1) Level Of Service from the Highway Capacity Manual. 
Value is from one of the following tables depending on the 
downstream control: 
tblSignalLOS 
tblUnSignalLOS 
tblUrbanLOS 

vwISsegSpeedRun   Summary of each travel runs by Intersection Segment 
 RouteID Integer Route Identifier for sdeRoute 
 ISsegID Integer Intersection Segment Identifier based on consecutive 

intersection segments along a route.   
n

i iRouteIDISsegID 1)1000*( +=  



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 IntSegID integer Intersection Segment Identifier based on intersection IntIDs:  

)()10000*( DownstreamUpstreami IntIDIntIDIntSegID +=  

 Datafile varchar(50) Travel Run Identifier [1234][5][67][8] 
[1234]=RouteID 
[5] = PeakID 
[67] = EmployeeID 
[8] = Character [A-Z] to prevent duplicate datafiles 

 Route Varchar(100) Directional Route Name 
 ISseg Varchar(100) [Upstream Intersection] to [Downstream Intersection] 
 PeriodID integer Time Period Identifier.  Several PeriodID’s can be within one 

PeakID 
 PeakID integer Peak Period Identifier 

1 = AM 
2 = Mid-Day (MD) 
3 = PM 

 StartTime varchar(50) Period Start Time 
 EndTime Varchar(50) Period End Time 
 avgSpeed decimal Average Speed 

avgSMS if (EndM-StartM) ³  1000 ft 
avgTMS if (EndM-StartM) < 1000 ft 

 avgSMS decimal Average Space Mean Speed (MPH).  The average speed based 
on the travel time over the segment. 

TT
MM

avgSMS
minmax -

=  

 avgTMS decimal Average Time Mean Speed.  The arithmetic average of 1 
second GPS speed within the segment. 

 wavgSL Decimal Weighted Average Speed Limit.  Weighted by length of speed 
zones where the speed limit changes between intersections 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
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where: 
SL = Speed Limit 
d = Length of Speed Limit zone within ISseg 

 TT Decimal Travel Time (sec) = maxT-minT 
 FFTT Decimal Free Flow Travel Time (sec).   

wavgSL
TT

FFTT
maxmin -

=  

 RunTime Decimal Running Time (sec) = TT - stopDelay 
 QLength decimal Position in Queue (ft) = EndM – Qmeasure 
 CI Decimal Congestion Index or Percent Posted Speed =  

avgSpeed/wavgSL*100 
 segDelay Decimal Segment Delay (sec)  FFTT-TT 
 stopDelay Decimal Stop Delay (sec)  Amount of time speed is < 3 MPH 
 SegDelayMi Decimal Segment Delay per Mile (sec/mi) 
 StartM Decimal Upstream route measure 
 EndM Decimal Downstream route measure 
 LengthFt Decimal Segment Length (ft) = EndM – StartM 
 Offset integer Offset from route for display as GIS event data 
 City varchar(50) Jurisdiction 
 Lanes float Number of lanes on [RouteID] for the route direction 
 ATFT integer [Area Type][FacilityType] 
 Control varchar(50) Intersection Control: 

Signal 
Cross Street 
TWSC – Two Way Stop Control 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
AWSC – All Way Stop Control 
Signal - No Stop – T intersection; continuous green 
Ped Signal 
SPUI – Single Point Urban Intersection 
Cross Section 
Jurisdiction 

 LOS char(1) Level Of Service from the Highway Capacity Manual. 
Value is from one of the following tables depending on the 
downstream control: 
tblSignalLOS 
tblUnSignalLOS 
tblUrbanLOS 

vwQueue   Queue positions by Peak Period for display as GIS line event 
data 

 ISsegID integer Intersection Segment Identifier based on consecutive 
intersection segments along a route.   

n
i iRouteIDISsegID 1)1000*( +=  

 ISseg varchar(100) [Upstream Intersection] to [Downstream Intersection] 
 IntSegID integer Intersection Segment Identifier based on intersection IntIDs:  

)()10000*( DownstreamUpstreami IntIDIntIDIntSegID +=  

 Runs integer Number of Travel Speed Runs 
 minQLength decimal Minimum Queue Position 
 avgQLength decimal Average Queue Position 
 maxQLength decimal Maximum Queue Position 
 minQM decimal Downstream route measure for Minimum Queue Position 
 maxQM decimal Downstream route measure for Maximum Queue Position 
 avgQM decimal Downstream route measure for Average Queue Position 
 minOffset integer Route Offset for Minimum Queue Position 
 maxOffset integer Route Offset for Maximum Queue Position 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 avgOffset integer Route Offset for Average Queue Position 
 RouteID integer Route Identifier for sdeRoute 
 Route varchar(100) Directional Route Name 
 EndM decimal Downstream route measure 
 PeakID integer Peak Period Identifier 

1 = AM 
2 = Mid-Day (MD) 
3 = PM 

 StartTime varchar(50) Peak Period Start Time 
 EndTime varchar(50) Peak Period End Time 
vwSpeed   View of tblSpeed used to create GIS point event data 
 SpeedID integer Record Identifier 
 RouteID integer Route Identifier for sdeRoute 
 Route varchar(100) Directional Route Name 
 Speed decimal GPS Speed in MPH 
 Bearing decimal GPS Bearing relative to last position 
 PDOP decimal Position Dilution of Precision – a measure of the current 

satellite geometry. The lower the PDOP value, the more 
accurate the GPS positions. 

 GPSDate datetime GPS Date 
 GPSTime datetime GPS Time 
 Datafile varchar Travel Run Identifier [1234][5][67][8] 

[1234]=RouteID 
[5] = PeakID 
[67] = EmployeeID 
[8] = Character [A-Z] to prevent duplicate datafiles 

 Measure decimal Route Measure (ft) 
 Accel decimal Acceleration (ft/sec2) – calculated using a central difference 

scheme  



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
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where: 
i = GPS point 
a = acceleration for GPS point i 
v = speed 
t = GPS Time 
 

 AvgAcc5pt decimal Five point moving average acceleration (ft/sec2) 
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where: 
i = GPS point 
a = acceleration for GPS point i 

 Offset decimal Distance of GPS position from route (ft) 
 AvgOff5pt decimal Five point moving average Offset (ft) 
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where: 
i = GPS point 
O = Offset for GPS point i 

 ISsegID integer Intersection Segment Identifier based on consecutive 
intersection segments along a route.   

n
i iRouteIDISsegID 1)1000*( +=  

 IntSegID integer Intersection Segment Identifier based on intersection IntIDs:  

)()10000*( DownstreamUpstreami IntIDIntIDIntSegID +=  



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
 SL integer Speed Limit (MPH) 
 GPSsegID integer Tenth of a Mile Segment Identifier based on consecutive 

segments along a route.   
n

i iRouteIDGPSsegID 1)1000*( +=  

 Northing decimal Y coordinate (ft) of GPS position based on NAD 1983 State 
Plane Arizona Central FIPS 0202 Ft 

 Easting decimal X coordinate (ft) of GPS position based on NAD 1983 State 
Plane Arizona Central FIPS 0202 Ft 

 Height decimal GPS Elevation (ft) based on Height Above Ellipsoid 
vwVoiceData   View of tblVoiceData used to create GIS point event data 
 SpeedID integer 1 second GPS position Identifier 
 RouteID integer Route Identifier for sdeRoute 
 Measure decimal Route Measure (ft) 
 Offset decimal Distance of GPS position from route (ft) 
 GPSDate datetime GPS Date 
 GPSTime datetime GPS Time 
 Datafile varchar Travel Run Identifier from Driver Comment 
 CommentType varchar(50) Comment Category: 

Bus 
Incident 
Pedestrian Crossing 
Train 
School Zone 
Weather 
Accident 
Other 

 Comment varchar(100) Driver Comment 
 SpeedDatafile varchar(50) Travel Run Identifier from tblSpeed [1234][5][67][8] 

[1234]=RouteID 
[5] = PeakID 



 

 APPENDICES 

Feature/Table Field Name Data Type Description 
[67] = EmployeeID 
[8] = Character [A-Z] to prevent duplicate datafiles 

 EmployeeID integer Employee Record Identifier 
    
    
 

 


