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ABSTRACT 

This report describes the contents of the Roadway Epochs Database, which is a collection of 
tables providing indices for users to access vehicle data from the 100-Car and Second Strategic 
Highway Research Program (SHRP 2) Naturalistic Driving Studies based on the characteristics 
of the roadways traveled by study vehicles. This document is designed to give an overview of the 
organization of the tables as well as a brief introduction to the available vehicle and 
infrastructure data. The document opens with a section outlining intended uses and general 
information regarding the Roadway Epochs Database. The database contains 35 tables 
containing data from five state Departments of Transportation (DOTs), Nokia/Navteq, the 
SHRP 2 Roadway Information Database (RID), and the Federal Highway Administration 
(FHWA) Office of Highway Performance Monitoring. Epochs of naturalistic data are tied to 
information such as the number of lanes, average annual daily traffic counts for heavy trucks and 
light vehicles, International Roughness Index scores, vehicle miles traveled, functional class, and 
identified features such as transition zones, frontage roads, bridges, and tunnels. The document 
closes with a few sample queries and a brief introduction to Structured Query Language (SQL). 
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CHAPTER 1. WHAT IS THE ROADWAY EPOCHS DATABASE? 

A systems approach to understanding surface transportation safety integrates considerations of 
the driver, the vehicle, and the roadway. The naturalistic data sets housed by the Virginia Tech 
Transportation Institute (VTTI) are rich resources for understanding the interactions of these 
three subsystems. The use of naturalistic data began primarily in the domains of driver and 
vehicle research. More recently, those with a background in roadway infrastructure have been 
turning to naturalistic data sets for answers to research questions. In light of this, there is an 
opportunity to increase the accessibility of naturalistic data to researchers in roadway 
infrastructure. 

The Roadway Epochs Database expands access to the available naturalistic data sets by 
introducing roadway- and infrastructure-centric indexing. In order to do this, several road-related 
data sets were combined with naturalistic driving data from two studies. The resulting Roadway 
Epochs Database provides a series of variables that can be used to locate sensor and camera data 
in the driving databases for each of the included collections.    

The Roadway Epochs Database contains pointers to driving epochs that have already been 
associated with kinematic data in naturalistic data sets. In other words, this database provides a 
shortcut for researchers to locate driving data that correspond to roadway features of interest. 
Using these pointers, researchers can rapidly locate driving data, but the driving data from the 
naturalistic studies are not duplicated in the Roadway Epochs Database. This approach was taken 
to not overburden researchers with data, to minimize redundancies in data storage, and to 
simplify database management by not requiring version control of multiple copies. A conceptual 
illustration of the database is provided in Figure 1.  
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Figure 1. Chart. Conceptual outline of the Roadway Epochs Database. 

The Roadway Epochs Database currently includes naturalistic data from two studies: the 100-Car 
Naturalistic Driving Study (NDS) and a sample of the naturalistic driving portion of the Second 
Strategic Highway Research Program (SHRP 2). The 100-Car NDS data were collected in 2003 
and 2004 as a first-of-its-kind, large-scale naturalistic driving study. One hundred vehicles were 
outfitted with data acquisition units recording an array of sensor and video data. The equipped 
vehicles were located in northern Virginia, Maryland, and the Washington, DC, metro area. Over 
the course of data collection, more than 2,000,000 miles and 43,000 hours of data were amassed 
from 245 primary and secondary drivers (Neale, Dingus, Klauer, Sudweeks, & Goodman, 2005).  
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The SHRP 2 project is the largest naturalistic driving study ever performed. It included 3,147 
drivers in six states and resulted in over 31 million miles of driving data that took place over 
5,000,000 key-on-to-key-off trips. The Roadway Epochs Database provides data from 6,000 of 
those trips, representing 1,000 randomly sampled files from each of the six installation locations. 
For more in-depth information about the SHRP 2 data, the reader is encouraged to visit the 
SHRP 2 naturalistic data website (https://insight.shrp2nds.us).  

The roadway data indexed in the Roadway Epochs Database consist of a combination of 
attributes from multiple sources, including the Federal Highway Administration (FHWA) 
Highway Performance and Monitoring System (HPMS), multiple state Departments of 
Transportation (DOTs), digital maps, and the Roadway Information Database (RID) currently 
being developed as a part of the SHRP 2 program. The data also include weather data from the 
National Oceanic and Atmospheric Administration (NOAA), such as temperature and 
precipitation values for the date and time a trip occurred. For a full list of available data, see 
Table 1.  
 
In general, two types of questions are answerable using the Roadway Epochs Database. The first 
of those is a question of scope. Questions of scope simply query the database to find the total 
number of epochs that meet particular criteria. For instance, a researcher may be interested in 
identifying how many epochs occur on a tollway with a particular traffic count. The second type 
of question may wish to combine information from the Roadway Epochs Database with 
naturalistic data from either of the two included studies. For instance, a researcher might query 
an infrastructure-related table in the Roadway Epochs Database to locate epochs in an 
infrastructure category of interest (e.g., specific Roughness Index) and pair that with vehicle 
variables such as braking or vehicle speeds.  

Driver information related to each of the epochs in the Roadway Epochs Database is stored in a 
separate table organized according to the file in which it was collected (file_id), rather than 
individual epochs. More than one epoch can be pulled from each file. The driver information 
table includes information such as gender, age range, and vehicle type. Driver information 
entries are discussed in more detail on page 14. Outside of the file table, each record (i.e., row) in 
the database table indicates an epoch of driving.  

COMMON COLUMNS FOR EACH TABLE 

To facilitate understanding, every table in the database shares a common set of variables, as 
described below. 

file_id  The file ID is a unique number identifying the trip file within the original 
study collection. One trip file is typically one key-on-to-key-off ignition 
cycle, but sometimes trips are divided into multiple files. Currently, files 
cannot be rejoined into a single trip, but that is not a concern for the 
Roadway Epochs Database, which provides data in much shorter 
windows.  

study  The collection ID indicates which study contains the epoch in question. 
The value may be an “h” for 100-Car or an “s” for SHRP 2. 

https://insight.shrp2nds.us/
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timestamp_1  Timestamp 1 is the point in the trip where the epoch of interest was 
entered in either milliseconds or video frames depending on the 
collection (video frames for 100-Car, milliseconds for SHRP 2).  

timestamp_2  Timestamp 2 is the timestamp corresponding to the end of an epoch in 
the file. 

install_location  Install location indicates the location where the data acquisition system 
(DAS) was originally fitted to the vehicle and corresponds to the postal 
abbreviation of the state (i.e., VA., PA, WA, NY, FL, NC, IN).  

CREATING THE ROADWAY EPOCHS DATABASE 

Data Selection 

The Roadway Epochs Database was created by taking input from civil engineers and roadway 
designers around VTTI, finding data sets that addressed that input, and then translating those 
data sets into usable epochs in the database. Input was gained via interviews with three 
researchers specializing in signage and lighting, two researchers specializing in pavement, and 
one graduate student with a background in civil engineering. The interviews were intended to 
identify the types of data that civil engineers and infrastructure researchers considered valuable 
for use in research. Requests from prospective users ranged from income brackets for particular 
areas traversed (roadway planners) to roughness indices for pavement (pavement specialists). 
The commonly mentioned content gleaned from those interviews guided the search for DOT and 
FHWA HPMS data, as well as which digital map data should be included.  

The variable set represented in the Roadway Epochs Database represents a compromise between 
what was available and what was feasible. The database is intended as an initial iteration for 
researchers to gain familiarity with both content and structure. It can easily be expanded in both 
the number of trips and available infrastructure tables, depending on user needs. The following 
sections provide a brief description of the method used to join the infrastructure and naturalistic 
trip data, along with suggestions for further reading regarding the process.  

Infrastructure variables included in the final product originate from four sources: HPMS data 
from the FHWA, the Roadway Information Database (RID; collected from state DOTs and 
aggregated by FHWA), state DOTs, and digital maps. RID variables include on-ramps, 
roundabouts, tollways, tunnels, and bridges. FHWA HPMS data include variables such as 
federally reported annual average daily traffic (AADT) and road ownership. Digital map data 
include information such as the number of lanes, speed limit ranges, and paved versus unpaved 
segments. State DOT data vary by state, but most include some traffic count variables. In 
addition to the four sources of infrastructure data, the NOAA provided a source for precipitation 
data, which was processed into a table listing the trips in the Roadway Epochs Database that 
were in the general area and timeframe of precipitation. While the naturalistic data were 
collected over several years spanning from 2003 to 2012 depending on the study, data 
represented in the state data tables, unless otherwise indicated, are from the year 2012.  
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Joining Infrastructure Data to Trips 

Epochs within the database are defined by the time a driver spends traversing a section of 
roadway with the specific infrastructure properties of interest. Multiple infrastructure data 
sources were associated with trip data via digital maps that characterize the road network as a set 
of links. The four infrastructure data sources either already had these links identified or were 
associated with the digital map links as a first step in this work. Vehicle position data (latitude 
and longitude) over the course of the trips were matched to the same digital map links through a 
matching algorithm developed at VTTI. The matching algorithm provides advantages over 
standard spatial join techniques. First, through awareness of the underling road network 
connectivity, the matching algorithm significantly reduces matching errors typical of classical 
spatial join techniques that rely on the proximity of points to roads. Second, the matching 
algorithm is able to process large data sets much more quickly than classical spatial join 
techniques. The matching algorithm identifies each digital map link that was traversed in a trip as 
well as the timestamps at the beginning and end of the traversal. At the time of this document, all 
of the SHRP 2 and 100-Car trips have been matched to digital map links. These data are stored 
with the naturalistic collections. For a full review of the matching process please see Naturalistic 
Driving Study: Linking the Study Data to the Roadway Information Database (McLaughlin & 
Hankey, 2015).  

Naturalistic driving data were joined to the infrastructure data in one of two ways. Two of the 
infrastructure sources (the RID and Nokia/Navteq digital maps) were already associated with 
links that were the same as those used to describe the driving data. In those cases, a relational 
join across databases allowed epochs of trips to be associated with roadway links using their 
digital map link identifiers. FHWA and state DOT data were downloaded from their respective 
sources as shapefiles to be interpreted in ArcMaps version 10.0.  
 
The federal and state DOT shapefiles are made up of lines describing sections of roads with a 
constant attribute value (e.g., the same value of AADT). A section of road based on a constant 
attribute value may be longer or shorter, or even slightly a different shape, than the 
representation of the same section of road in the RID and Nokia/Navteq data. In other words, the 
two approaches to mapping divide up roads along their lengths differently. Inclusion of federal 
and state DOT information in the Roadway Epochs Database required that the state and federal 
links be translated to the common link system used by the VTTI matching algorithm, the RID, 
and the Nokia/Navteq digital map data. Each of the DOT and FHWA HPMS data sets were 
joined with digital map data via intersecting spatial joins and subsequently associated with trip 
information through relational joins.  
 
Figure 2 provides an illustration of how the data appeared prior to the spatial join. Road 
centerline data are provided by the Virginia DOT shapefile. The lines in red represent roads that 
participants traveled, as identified by the VTTI matching algorithm output and translated into 
spatial objects. The lines in gray represent roads where no naturalistic driving occurred. The 
table resulting from the spatial join can be queried for all trips passing over the resulting links. 
The following section outlines the procedure used for joining the data sources.  
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Figure 2. Map. Trips (in red) overlaid on VDOT infrastructure data (gray) prior to joining 

the two data sources.  

State DOT and FHWA HPMS shapefiles were imported into ArcMap version 10. The data 
source shapefile layers were then overlaid one atop the other with matching projections. Where 
the spatial objects based on the matching algorithm output and infrastructure data matched, an 
intersecting join was performed. The spatial join resulted in the DOT and FHWA data taking on 
the unique identifiers of the links used in the RID, Nokia/Navteq, and the VTTI matching 
algorithm data.  

At this point, due to the differences in the length of objects between the sources, the length 
attribute from the federal and state sources no longer reflected the length of the new entity as 
illustrated in Figure 3. Figure 3 displays a single hypothetical epoch with multiple combined data 
sources. The epoch is defined as the time between the two timestamps defined by Nokia/Navteq 
digital map data (top line) and is shared with the SHRP 2 RID data (red). State DOT and HPMS 
data (orange and brown) may overlay a portion of the epoch or extend beyond an individual 
epoch. Overlaying the links output from the matching algorithm with the digital infrastructure 
data from other sources has one other potential source for error. It is possible that cases exist 
where the state DOT, HPMS, or digital map links use a different shape. For instance, a curve in 
Virginia DOT data may use five points to describe the roadway geometry while RID and 
Nokia/Navteq data may use three. In that instance, the incongruency of the two geometries 
would lead to a failure for the two segments to intersect even though they are the same stretch of 
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roadway. In the Roadway Epochs Database, driving epochs will not be identified where the two 
map sources fail to intersect rather than attempting approximations to eliminate those errors.  

 
Figure 3. Chart. Combining data sets into a single epoch (time between timestamp 1 and 

timestamp 2) based on Navteq/Nokia links and joined across multiple data sets. 
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CHAPTER 2. DATABASE CONTENTS – NATURALISTIC COLLECTIONS 

The two naturalistic driving studies currently included in the Roadway Epochs Database provide 
researchers multiple options in regard to trip and sensor data. This section will outline a small 
portion of available sensor data for the two collections (i.e., SHRP 2 and 100-Car). For the full 
set of variables for each collection, please refer to the appropriate study’s primary documentation 
and literature (100-Car: Dingus et al., 2006; SHRP 2: https://insight.shrp2nds.us). The sensor 
data discussed in this chapter are held separately from the Roadway Epochs Database and reside 
with their naturalistic driving collections at VTTI. Access to sensor data from either the 100-Car 
or SHRP 2 study will require approval from the Institutional Review Board (IRB) for work with 
human subjects. Access to SHRP 2 data will additionally require a data use license 
(https://insight.shrp2nds.us). Required IRB forms may be found at http://www.irb.vt.edu. Please 
check with your local IRB regarding their rules of data access; requirements beyond those 
implemented by VTTI may apply. Additionally, access to personally identifiable information 
such as face cameras will require additional stipulations. 

100-CAR VEHICLE AND SENSOR DATA  

Accelerometer variables include lateral and longitudinal accelerations recorded at a standard rate 
of 10 Hz. Note: 100-Car acceleration and gyroscopic measurements do not follow the SAE J670 
standard. 

Lateral Accelerations (labeled as x-axis): Acceleration values range from −6g to 6g. 
Lateral movements from the right of the sensor are recorded as positive. 
 
Longitudinal Accelerations (labeled as y-axis): Acceleration values range from −6g to 6g. 
Forward motions are recorded as positive. 
 

GPS variables include speed, heading, latitude, and longitude, and were recorded once per 
second.  

Latitude: The data conform to WGS84 with 0 to 90 degrees north cataloged as positive 
values, and 0 to 90 degrees south as negative.  

Longitude: The data conform to WGS84 with 0 to 180 degrees east indicated by positive 
values, and 0 to 180 degrees west indicated by negative values.  

Speed: GPS speed is reported in km/h with an accuracy of ±1 km/h and a resolution of 
0.02 km/h. 

Heading: Heading is reported in degrees ranging from 0 to 359 and represents the 
compass heading of the vehicle taken every second with an accuracy of ±1.5 degrees.  

A gyroscope located in the DAS recorded yaw rates at 10 Hz.  

Yaw Rate: Yaw rate is recorded angular velocity around the vertical (z-axis). It was 
recorded at 10 Hz in deg/s.  

 

https://insight.shrp2nds.us/
https://insight.shrp2nds.us/
http://www.irb.vt.edu/
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Timestamp: Timestamps for 100-Car are reported as video frames since the beginning of the trip. 
 
Cameras: There were five camera views monitoring the driver’s face (blurred in this report) and 
driver’s side view of the road, the forward road, the rear road view, the passenger side road view, 
and an over-the-shoulder view for the driver’s hands and surrounding areas. Camera views are 
shown in Figure 4.  

 

 
Figure 4. Photo. A compressed video image from the 100-Car Study data. The driver’s face 

(upper left quadrant) has been blurred to protect the driver’s identity. The lower right 
quadrant is split between the left-side view (top) and the rear view (bottom). Definition of 

camera views, image, and caption from Dingus et al., 2006.  

SHRP 2 SAMPLE 

SHRP 2 sensor data conform to the SAE J670 standard for vehicle dynamics. Lateral movement 
is indicated on the y-axis, longitudinal movement is indicated on the x-axis, and vertical 
movement is indicated on the z-axis. A graphical representation of the coordinate system is 
provided in Figure 5. Definitions of sensor variables conform to the SHRP 2 Time Series Data 
Dictionary. A few of the driving-related variables from the SHRP 2 collection that are available 
in the Roadway Epochs Database are presented in the following section. The reader is 
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encouraged to see the SHRP 2 data dictionary on the Insight Data Access website 
(https://insight.shrp2nds.us). 

 
Figure 5. Diagram. SAE standard axes (SAE J670). 

Sensor Data 

GPS variables include speed, heading, latitude, and longitude, and were recorded once per 
second from a portion of the DAS mounted on the windshield near the rearview mirror.  

Latitude: The data conform to WGS84 with 0 to 90 degrees north cataloged as positive 
values, and 0 to 90 degrees south as negative.  

Longitude: The data conform to WGS84 with 0 to 180 degrees east indicated by positive 
values, and 0 to 180 degrees west indicated by negative values.  

Speed: GPS speed is reported in km/h with an accuracy of ±1 km/h and a resolution of 
0.02 km/h. 

Heading: Heading is reported in degrees ranging from 0 to 359 and represents the 
compass heading of the vehicle taken every second with an accuracy of ±1.5 degrees.  

Accelerometer variables include lateral and longitudinal accelerations recorded at a standard rate 
of 10 Hz. 
 

Lateral Accelerations (labeled y-axis): Acceleration values range from −6g to 6g. Lateral 
movements from the right of the sensor are recorded as positive. 

https://insight.shrp2nds.us/
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Longitudinal Accelerations (labeled x-axis): Acceleration values range from −6g to 6g. 
Forward motions are recorded as positive. 

 
A gyroscope located in the DAS recorded yaw rates at 10 Hz.  
 

Yaw Rate: Yaw rate is recorded angular velocity around the vertical (z-axis). It was 
recorded at 10 Hz in deg/s.  

 
A front-mounted radar unit provided target information for up to eight targets, recorded at 12 Hz 
for the x- and y-axes. 
 

Target Identification: An integer value that increases with each new identified target, 
beginning with 1. The value is used to differentiate one radar target from others. 
 
Range Forward (x-axis): Range information on forward targets measured on the x-axis in 
meters. Range values span between 1.5 and 240 meters with a resolution of 1.8 meters 
and a 0.5-meter accuracy up to 10 meters.  
 
Range Lateral (y-axis): Range information to targets measured on the y-axis. Laterally to 
the left of the radar is recorded as a negative value, and to the right is positive. Range 
values span between 1.5 and 240 meters with a resolution of 1.8 meters and 0.5-meter 
accuracy up to 10 meters. 
 
Range Rate Forward (x-axis): Range rate to forward radar targets on the x-axis. Values 
are coded positive for separating vehicles and negative for closing vehicles. Values are 
between −250 km/h and 250 km/h with an accuracy of 0.25 km/h and a resolution of 0.2 
m/s.  
 
Range Rate Lateral (y-axis): Range rate to forward targets measured on the y-axis. 
Positive values indicate laterally separating vehicles, and negative values laterally closing 
vehicles. The data may span from −250 to 250 km/h with a resolution of 0.2 m/s and 
accuracy to 0.25 km/h.  

 
Vehicle Data 

Turn Signal Indicator: Indicates the state of illumination of the turn signals. Data are coded as 
0 = off, 1 = left, and 2 = right. The data were recorded at 1 Hz. 
 
Accelerator Pedal Position: Gives the position of the accelerator pedal collected from the vehicle 
network and normalized using manufacturer specifications. 
 
Brake Pedal Activation: Indicates an on or off press of the brake pedal. Data were collected at 2 
Hz and are coded as 0 = off and 1 = on.  
 
Steering Wheel Position: Gives the position and direction of the steering wheel from neutral 
position. Data were recorded in degrees at its native resolution with values ranging from −720 to 
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720 degrees. Clockwise rotations are recorded with positive values and counterclockwise as 
negative.  
 
Network Speed: Indicates the vehicle speed collected from the vehicle network. Values range 
from −80 km/h to 240 km/h and were collected at native resolution. 
 
 
Seat Belt Driver: Indicates whether or not the seat belt is being used by the driver; 0 = engaged, 
1 = not engaged. 
 
Timestamp: Millisecond timestamps for every recorded value. 
 
Cameras: Four continuously recording videos were captured that included views of the forward 
roadway, the driver’s face, center stack and pedal, and the rear view. There was also a periodic 
snap shot of the cabin that was blurred to allow things like the number of passengers to be 
identified. The views are shown in Figure 6. 
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Figure 6. Photos. SHRP 2 camera images from Perez, 2014. 

File Table 

The file table (Figure 7) provides vehicle and trip information for every epoch in the database. 
The information available varies by study, but at minimum a vehicle class and participant ID will 
be present. Other columns in the table include the year, make, and model of a vehicle where 
available, as well as the local date and time for when the trip occurred. Entries vary for 100-Car 
and SHRP 2 trips.  

File_id  The identifier within each study for an individual trip. 
Participant_id  Unique identifier for each participant in the study. 
Local_date_time  The local date and time for the beginning of a trip. 
Vehicle Make  The manufacturer of the participant vehicle. 
Vehicle Model The model of the participant vehicle. 
Vehicle Class  The type of vehicle driven in the study. 
Age  The age of the participant in years. 
Gender The gender of the participant, male or female. 
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Figure 7. Screenshot. Sample of file-specific table. 

 





 

17 

CHAPTER 3. DATABASE CONTENTS – INFRASTRUCTURE COLLECTIONS 

The infrastructure-related data available in the Roadway Epochs Database vary by location of the 
trips and the source of the data. Four high-level categories are available: general digital map 
data, roadway attributes from federal sources, roadway attributes from the SHRP 2 RID, and 
attributes accumulated from state DOTs. Digital map and federal data are available for trips that 
occurred in any of the contiguous 48 U.S. states. RID information is available for the six SHRP 2 
sites (Washington, Pennsylvania, North Carolina, New York, Indiana, and Florida). State DOT 
data are available for four of the SHRP 2 states and Virginia. 

This section is organized by data source and follows the structure presented in Table 1. Each 
infrastructure table is accompanied by a brief description as well as a screen capture of the table 
to familiarize the reader with the data present. Table 1 provides the reader with a general 
overview of the infrastructure tables present in the Roadway Epochs Database. An X indicates 
the presence of the variable for that particular study. It is important to note that if a vehicle from 
100-Car were to enter one of the SHRP 2 states or vice versa, that trip would have all the 
variables available to epochs from the study for which the location was originally included. That 
is, the infrastructure variables of interest are available to any trip which traversed those links, 
regardless of collection.  

The RID is composed of roadway data collected as part of SHRP 2 and is identified by the prefix 
“epochs_rid_” followed by a data label. Federal tables are identified by the prefix 
“epochs_federal_” followed by the variable ID (AADT, access_control, HOV, etc.). Epochs 
related to Navteq/Nokia digital maps are identified with the prefix “epochs_dmapping_” and the 
variable ID.  

The following sections describe the data that have been included in the Roadway Epochs 
Database. The tables are organized according to the predominant naturalistic data set in each 
table. No tables are exclusive to either SHRP 2 or 100-Car. The collection containing the epoch 
of interest is listed along with the file ID for each entry. While the SHRP 2 RID was collected 
predominantly for the SHRP 2 effort, there are many 100-Car traversals made by participants 
leaving the installation area (northern Virginia, Washington D.C., and southern Maryland).  

Table 1. Infrastructure tables by study in Roadway Epochs Database. 
 100-Car SHRP 2 
Nokia/Navteq Attributes    
dbo.epochs_dmapping_frontage X X 
dbo.epochs_dmapping_functional_class X X 
dbo.epochs_dmapping_lane_categories X X 
dbo.epochs_dmapping_paved X X 
dbo.epochs_dmapping_ramps X X 
dbo.epochs_dmapping_speed_limits X X 
dbo.epochs_dmapping_transition_areas X X 
     
FHWA HPMS     
dbo.epochs_federal_aadt X X 
dbo.epochs_federal_access_control X X 
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 100-Car SHRP 2 
dbo.epochs_federal_hov X X 
dbo.epochs_federal_international_roughness_index X X 
dbo.epochs_federal_ownership X X 
dbo.epochs_federal_route_sign X X 
dbo.epochs_federal_through_lanes X X 
dbo.epochs_federal_functional_system X X 
     
SHRP 2 Roadway Information Database    
dbo.epochs_rid_bridge_segments X X 
dbo.epochs_rid_functional_class X X 
dbo.epochs_rid_ramp_segments X X 
dbo.epochs_rid_roundabouts X X 
dbo.epochs_rid_tollway_segments X X 
dbo.epochs_rid_tunnel_segments X X 
     
State Departments of Transportation    
dbo.epochs_state_florida_2013_AADT  X 
dbo.epochs_state_florida_2013_traffic_percentages  X 
dbo.epochs_state_virginia_average_annual_weekday_traffic X   
dbo.epochs_state_virginia_traffic_counts X   
dbo.epochs_state_virginia_traffic_percentages X   
dbo.epochs_state_virginia_k_factor X   
dbo.epochs_state_pennsylvania_aadt  X 
dbo.epochs_state_pennsylvania_daily_truck_vmt  X 
dbo.epochs_state_pennsylvania_daily_vmt  X 
dbo.epochs_state_pennsylvania_percent_truck  X 
dbo.epochs_state_pennsylvania_traffic_count  X 
dbo.epochs_state_pennsylvania_truck_AADT  X 
dbo.epochs_north_carolina_percent_traffic_type   X 
   
Other   
dbo.epochs_precipitation  X 

 

NOKIA/NAVTEQ ATTRIBUTES 

The digital map tables utilize the underlying linking structure for the VTTI matching algorithm 
as explained in Chapter 1. The Roadway Epochs Database and the Nokia/Navteq data set share a 
common underlying link architecture. Every link traversal represented in the Roadway Epochs 
Database is present in the digital mapping tables, for a total of roughly 757,600 traversals. 
Digital mapping tables include the identification of frontage roads, a functional class system, the 
number of total lanes on a roadway, paved and unpaved links, identification of on- and off-
ramps, speed limits, and identified roadway transition areas. 

Frontage 

The frontage table (Figure 8) lists epochs that occurred on a frontage road. Epochs that were not 
matched to frontage links are not represented in this table. 



 

19 

 
Figure 8. Screenshot. Sample of digital map frontage road table. 

Functional Class 

The functional class variable represented in the digital map tables (Figure 9) is not the same 
functional class designation that is given in the federal tables. It is a unique functional class 
designation, ranked from 1 to 5, that loosely correlates to residential streets on one end (5) and 
major throughways, such as a controlled access interstate, on the other (1).  

 
Figure 9. Screenshot. Sample of digital map functional class table. 

Lane Categories 

The lane categories table (Figure 10) indicates the number of total lanes present on a link. The 
lane number applies to total lanes present in each direction on a roadway. 
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Figure 10. Screenshot. Sample of digital map lane categories table. 

Paved 

The paved table (Figure 11) indicates whether or not an epoch occurred on a paved roadway. 
Paved epochs will have a value of “Y” and nonpaved epochs have a value of “N” in the paved 
column. There are roughly 1,100 epochs of unpaved roadway. 

 
Figure 11. Screenshot. Sample of digital map paved table. 

Ramps 

The ramps table (Figure 12) indicates epochs that occurred on an on-ramp or an off-ramp. Only 
those epochs that contained a ramp are included in the table. 
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Figure 12. Screenshot. Sample of digital map ramps table. 

Speed Limit 

The speed limit table (Figure 13) provides speed limit data for each epoch. Speed limit ranges 
are as they appear in the Nokia/Navteq data set. The speed_limit_source_txt column indicates the 
data source identified for these epochs in the Nokia/Navteq digital map database. 
Speed_limit_source_txt entries of “posted” indicate a posted speed limit. Speed_limit_source_txt 
entries of “derived” appear for derived speed limits. Derived speed limits are those that have 
been estimated based on a number of factors such as average traffic flow and roads with similar 
characteristics. Roughly 10% (81,000) of epochs list a derived speed limit. 

 
Figure 13. Screenshot. Sample of digital map speed limit table. 

Transition Areas 

Roughly 1,778 transition epochs are identified in the Roadway Epochs Database (Figure 14). A 
transition area is one in which the number of traffic lanes increases or decreases. 
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Figure 14. Screenshot. Sample of digital map transition area table. 

FHWA HPMS TABLES 

FHWA HPMS tables consist of Highway Performance Monitoring System data for federally 
controlled roadways in the SHRP 2 and 100-Car epochs. Tables provide information such as 
International Roughness Index (IRI) values, functional class information, access control, and 
federal AADT numbers. FHWA HPMS tables in the Roadway Epochs Database contain roughly 
59,000 epochs each. The information in the FHWA HPMS tables was collected by state DOTs 
and reported to the federal government. It was then aggregated into FHWA HPMS shapefiles 
containing each of the contiguous 48 states. Covered roadways in the FHWA HPMS data set are 
illustrated below in Figure 15. 

 
Figure 15. Map. FHWA HPMS Coverage. 

AADT 

The AADT table (Figure 16) provides measures of average annual daily traffic as reported in the 
HPMS provided by the FHWA. 
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Figure 16. Screenshot. Sample of federal AADT table. 

Access Control 

The access control table (Figure 17) identifies the degree of control over access to a location. 
Access control is categorized using a three-level scale. The table lists the epoch of interest along 
with the numerical code provided by the FHWA HPMS and a text translation of that value.  

 
Figure 17. Screenshot. Sample of federal access control table. 

HOV Lanes 

The federal HOV table (Figure 18) contains traversals of high-occupancy vehicle (HOV) lanes 
identified by the HPMS data. The table displays whether the lanes are full-time or part-time 
HOV lanes using an integer value provided by the original shapefile and a text translation. 
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Figure 18. Screenshot. Sample of federal HOV table. 

International Roughness Index (IRI) 

The IRI table (Figure 19) provides the federally reported IRI index to the nearest inch per mile 
from the FHWA HPMS shapefile and contains approximately 300,000 epochs. It is important to 
note that the links used to form the epochs listed in the database are longer than the data 
collection area for a particular IRI measurement. A roadway epoch may extend for a significant 
portion of a mile while the IRI sample for that epoch would be no longer than 0.10 miles, as per 
federal standards. The IRI measurement, however, would have occurred someplace on the link 
used to form the epoch of interest.  

 
Figure 19. Screenshot. Sample of federal IRI table. 

Ownership 

Ownership tables identify the entity that has legal ownership of a particular segment of roadway. 
The table (Figure 20) contains the epochs of interest, the integer value represented in the federal 
data, and a text translation of that data. 
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Figure 20. Screenshot. Sample of federal ownership table. 

Route Sign 

The routes sign table (Figure 21) indicates whether an epoch on the federal tables is signed as a 
U.S. highway, a state highway, or an interstate highway. The table consists of both the numerical 
designation given by the FHWA HPMS data and the text translation. 

 
Figure 21. Screenshot. Sample of federal route sign table. 

Through Lanes 

The federal through lanes table (Figure 22) indicates the number of lanes designated for through-
traffic for individual epochs. Turn lanes are not included in the number of through lanes in each 
epoch. 
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Figure 22. Screenshot. Sample of federal through lanes table. 

Functional System 

The functional system table (Figure 23) identifies the federal functional class designations of 
roadways by both numerical value and the textual translation of that value. It is important to note 
that the federal functional class and the digital map functional class are two separate systems that 
do not necessarily correlate.  

 
Figure 23. Screenshot. Sample of federal functional system table. 

RID 

The naturalistic portion of the data is in the process of being supplemented by the RID, which 
consists of 25,000 centerline miles of roadway data collected as a portion of the SHRP 2 effort 
and combined with state inventories in each of the SHRP 2 states. At the time of this writing, the 
RID effort is currently still in progress. The RID contains variables describing a range of 
roadway-related attributes for a subsample of roads in the six states representing the six locations 
for the naturalistic driving study (Florida, North Carolina, Indiana, Pennsylvania, New York, and 
Washington). The road network surrounding the central area of data collection has been retained 
in its entirety in the RID, whereas more distant roads are not necessarily included. The patches of 
dense road network visible in Figure 24 indicate where the full road network is included. For a 
full data dictionary of the RID, please see http://www.ctre.iastate.edu/shrp2-rid/rid.cfm. The RID 
Metadata page is updated as more information is added to the RID. The following tables examine 
the number of times that the 6,000 randomly selected SHRP 2 NDS and all of the 100-Car 
vehicles traversed any of the spatially defined RID segments. If a section of roadway present in 
the RID was traversed, an entry was made in the tables below for that section. Areas of the RID 

http://www.ctre.iastate.edu/shrp2-rid/rid.cfm
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that were not traversed within the narrow scope of the Roadway Epochs project were not 
included.    

  

Figure 24. Map. RID representation of North Carolina. 

Bridge Segments 

The bridge segments table (Figure 25) indicates epochs that occurred on a bridge in the SHRP 2 
states (North Carolina, New York, Pennsylvania, Washington, Florida, and Indiana). The 
timestamps represent an approximation of the actual time spent on the bridge. There are no 
entries for non-bridge segments in the bridge table. There are 5,923 bridge traversals currently in 
the database. 

 
Figure 25. Screenshot. Sample of RID bridge segments table. 

Functional Class 

Functional class in the RID data is distinct from the functional class provided in the FHWA 
HPMS tables. The values range from 1 through 5, with a 1 indicating a higher traffic volume 
road and a 5 lower traffic volume. Approximately 350,000 epochs are contained in the RID 
functional class table (Figure 26). 
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Figure 26. Screenshot. Sample of RID functional class table. 

Ramp 

On- and off-ramps were identified as a part of the RID portion of SHRP 2. There are 9,393 on-
ramp and off-ramp epochs in the RID data of the Roadway Epochs Database. Figure 27 provides 
a screenshot of the RID ramps table. 

 
Figure 27. Screenshot. Sample of RID ramps table. 

Roundabout 

There are 567 roundabout traversals currently in the Roadway Epochs Database. Roundabouts 
were identified through the RID as a part of SHRP 2. Figure 28 provides a screenshot of the RID 
roundabout table. 
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Figure 28. Screenshot. Sample of RID roundabout table. 

Tollway Segments 

The tollway epochs table (Figure 29) indicates time spent on a tollway in the RID states. As 
shown below, a single trip may have multiple consecutive epochs on the same stretch of tollway 
due to the linking process. To see the traversals in the appropriate order, order the query by 
timestamp. There are 12,621 tollway epochs in the database.  

 
Figure 29. Screenshot. Sample of RID tollway segments table. 

Tunnel 

The tunnel segments table (Figure 30) indicates epochs that occurred in a tunnel in the SHRP 2 
states (North Carolina, New York, Pennsylvania, Washington, Florida, and Indiana). The 
timestamps represent an approximation of the actual time spent in the tunnel. There are no 
entries for non-tunnel segments in the tunnel table. There are 373 tunnel epochs in the database.  
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Figure 30. Screenshot. Sample of RID tunnel segments table. 

STATE DATA 

The state data infrastructure tables are composed of data from the states of Virginia, Florida, 
Indiana, North Carolina, New York, Pennsylvania, and Washington. These states were selected 
for the Roadway Epochs Database based on the installation locations and home territory of 
participants in the 100-Car and SHRP 2 studies. Tables are organized by state to allow users a 
convenient means of assessing the available data from each DOT to better structure their 
research queries. Each state table begins with the prefix “epochs_state_” then the state name and 
a data label.  

Florida 

The Florida data set was collected in the year 2013 and contains two tables. Those two tables 
include measures of AADT (Figure 31) and traffic percentages (Figure 32).  

 
Figure 31. Screenshot. Sample of Florida AADT table. 

The traffic percentages table for Florida contains the percentage of commercial truck traffic over 
a 24-hour period. The table contains just under 13,000 epochs of data, predominantly consisting 
of SHRP 2 files. 
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Figure 32. Screenshot. Sample of Florida percent truck traffic table. 

Virginia 

Data provided by the Virginia DOT resulted in four tables with a total of 665,615 epochs. The 
majority of Virginia epochs are from the 100-Car Naturalistic Driving Study, with a handful 
from SHRP 2. Take care to note the “study” column for any data being requested. Definitions as 
provided by the Virginia DOT for quality indicators are provided in a column with a “txt” label. 
The text for each epoch shows the meaning of the character value in the data column (i.e., quality 
indicator “F” is factored short-term traffic count data). Definition columns may be identified by 
the suffix “collection_text.” 

Average Annual Weekday Traffic 

Average annual weekday traffic (AAWDT) is the estimate of typical traffic between Monday 
and Thursday over one year. The average annual weekday traffic table (Figure 33) gives an 
integer value for the AAWDT for select epochs in the state of Virginia. The table includes the 
value of AAWDT, the quality indicator (AAWDT_QUAL column), and the text translation of 
the single-character code (aawdt_collection_text column).  

 
Figure 33. Screenshot. Sample of Virginia AAWDT table. 

Traffic Counts 

The traffic counts table (Figure 34) contains average daily traffic counts for epochs in Virginia, 
along with a quality column and the text translation of the single-character quality indicator.  



 

32 

 
Figure 34. Screenshot. Sample of Virginia AADT table. 

Traffic Percentages 

The traffic percentages table (Figure 35) provides the percentage of measured traffic that consists 
of bus, truck, and two- or four-wheel vehicles as a float value. 

 
Figure 35. Screenshot. Sample of Virginia traffic percentages table. 

K-factor  

The K-factor table (Figure 36) contains K-factors for each traversed epoch, along with a K-factor 
quality indicator and the text translation of the single-character value. The text in the 
k_factor_quality_txt column indicates the measure the K-factor was based on, such as a 
neighboring link, the highest hour collected in a 24-hour period, or the 30th-highest hour 
observed over an extended period of time. Data values where no quality indicator is given leave 
the k_factor_quality_txt field null.  



 

33 

 
Figure 36. Screenshot. Sample of Virginia K-factor table.  

Pennsylvania 

Six tables in the Roadway Epochs Database provide Pennsylvania DOT data. The majority of 
trips that provided input to the Pennsylvania tables are from the SHRP 2 collection with a few 
from 100-Car. Overall, there are 110,221 epochs represented in the Pennsylvania tables. 

AADT 

The AADT table (Figure 37) contains AADT values from the data collection year 2012. The 
AADT value is for all traffic types. Truck traffic AADT are provided in a separate table in the 
database.  

 
Figure 37. Screenshot. Sample of Pennsylvania AADT table. 

Daily Truck VMT 

The daily truck VMT table (Figure 38) provides an estimation of the average daily vehicle miles 
traveled (VMT) by commercial trucks on roadway segments that were traversed by study 
vehicles.  
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Figure 38. Screenshot. Sample of Pennsylvania daily truck VMT table. 

Daily VMT 

The daily VMT table (Figure 39) for Pennsylvania in the Roadway Epochs Database contains 
values for the estimated daily total vehicle miles traveled for a roadway segment in the database 
as an integer value. 

 
Figure 39. Screenshot. Sample of Pennsylvania VMT table. 

Percent Truck 

The percent truck table for the state of Pennsylvania (Figure 40) represents the percentage of 
traffic consisting of commercial trucks on roadways traversed by study vehicles. Note that this 
value is given as an integer, which differs from the percent truck value in the Virginia tables, 
where the value is given in decimal form.  
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Figure 40. Screenshot. Sample of Pennsylvania percent truck table. 

Traffic Count 

The traffic count table (Figure 41) provides observed daily traffic count information for 
roadways in the Roadway Epochs Database. 

 
Figure 41. Screenshot. Sample of Pennsylvania weekday traffic count table. 

Truck AADT 

The truck AADT table (Figure 42) gives the average annual daily traffic counts for commercial 
trucks on roadway segments in Pennsylvania that are represented in the Roadway Epochs 
Database.  
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Figure 42. Screenshot. Sample of Pennsylvania truck AADT table. 

North Carolina 

The database includes two tables with data from the North Carolina DOT. North Carolina data 
are from 2013 rather than 2012. The tables provided include an overall AADT value and a 
breakdown for commercial trucks. 

Percent Traffic Type 

The percent traffic type table (Figure 43) in the Roadway Epochs Database contains both the 
percentage of traffic and traffic count of commercial trucks in North Carolina on roadway 
segments in the Roadway Epochs Database. The Source field identifies the source of the data 
provided (as indicated by the North Carolina DOT). 

 
Figure 43. Screenshot. Sample of North Carolina percent traffic type table. 

Indiana 

State of Indiana data originate from the Indiana DOT. Information contained in the state of 
Indiana tables predominantly comes from the SHRP 2 vehicles. The table (Figure 44) contains 
3,752 rows. State data include the number of lanes represented on the links according to Indiana 
DOT information. Further information about roadways in Indiana and other states is provided 
through the federal and digital mapping data. 
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Figure 44. Screenshot. Sample of Indiana number of lanes table. 

PRECIPITATION TABLE 

The precipitation table (Figure 45) lists SHRP 2 epochs that occurred during periods of 
precipitation as reported by the NOAA. Latitude and longitude at the beginning of each trip in 
the Roadway Epochs Database, along with the start time and date, were compared to NOAA 
historic data in order to find those trips that contained precipitation. Since the entirety of the trip 
was either said to contain precipitation or not, there are no timestamps in this table. Variables 
include the temperature in degrees Celsius, precipitation over the last hour in millimeters (“-1” 
indicates trace amounts), the reported wind speed in meters per second, and the distance to the 
reporting weather station in kilometers. For a complete review of the weather data methodology, 
see McCall, McLaughlin, Williams, and Buche (2014). 

 
Figure 45. Screenshot. Sample of precipitation table. 
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CHAPTER 4. SQL POINTERS 

This section first introduces basic components of a Structured Query Language (SQL) query and 
then provides a series of sample queries which increase in complexity as you read through the 
section. Sample queries are indented and presented in the Calibri typeface, with SQL keywords 
capitalized, thus: 

SELECT file_id, study, timestamp_1, timestamp_2, IRI 

Copying the sample query verbatim will provide the user with the desired outcome.  

COMPONENTS OF A BASIC QUERY 

The components of a basic query are listed in Table 2. 

Table 2. Basic components of SQL queries. 

Statement Purpose 
SELECT Provides a list of columns that the user wants to select from the table of 

interest. 

FROM Identifies the table that the SELECT statement is using. 

WHERE Lists conditions or restrictions for the data to be included in the query results. 
An example would be “WHERE data < 5,” which would return results where 
the values in the column “data” are less than 5. It is similar to an IF in other 
languages. 

ORDER BY Tells the database how to list the desired results. ORDER BY takes a column 
name followed by either ASC for a list of ascending values (lowest to highest) 
or DESC for a list of descending values (highest to lowest). 

 
OPERANDS 

SQL allows for simple comparisons to place constraints on fetched results. Some of the more 
common operands are shown in Table 3. 
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Table 3. SQL operands. 

Operand Comparison 
< Returns data which are less than the value specified. 
> Returns data which are greater than the value specified. 
= Returns data equal to the value specified. 
!= Returns data not equal to the value specified. 

BETWEEN Returns data between two values. 
OR Inclusive or. Returns C if condition A or B is met. 

AND Exclusive and. Returns C if and only if A and B are met. 
‘  ‘ Used to indicate a character in the comparison with one apostrophe on 

either side of the character (‘3+’). 
 

SAMPLE QUERIES 

Example #1 – Results Meeting a Set of Conditions 

Problem: A researcher wants to find roadway segments with an IRI between X and Y to test the 
relationship between z-axis accelerations and Roughness Index scores. The accelerometer values 
would be requested from VTTI’s naturalistic data collections based on the file_id and 
timestamps located through the Roadway Epochs Database. In order to request sensor data from 
VTTI, four pieces of information are needed: the study the data were collected for, the file_id 
containing the epoch of interest, and the starting and ending timestamps for the epoch. To 
acquire those four pieces of information, a query will be launched in the Roadway Epochs 
Database for epochs matching our IRI requirements. 

Query: 
SELECT file_id, study, timestamp_1, timestamp_2, IRI 
FROM epochs_federal_international_roughness_index 
WHERE IRI BETWEEN 86 AND 187  

Explanation: The SELECT statement indicates column names for the data pull. The FROM 
statement indicates the table of interest. WHERE statements indicate conditions that must be met 
in order for the data to be returned. WHERE statements can contain logical conditions such as 
greater than, less than, or between for any two values. Data that match those criteria (where 
logical comparisons equal true) will be returned.  

Example #2 – Using JOIN and AS 

The next query involves joining two tables into one results set. To accomplish this, three things 
should be added to the structure.  

1. A JOIN clause identifies the table to be fetched with the original results set. We are joining on 
both file_id and a timestamp to guarantee that the returned results set falls within the time 
periods of interest for each file_id.   
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2. An AS statement allows us to refer to tables by using an alias. In this case, the original is 
referred to as “iri_table” and the table we are joining to is referred to as “lanes.”  

3. A table name appended to variables appearing in both tables allows us to specify the table and 
variable of interest. In the example below, this is accomplished by fetching “lanes.file_id” rather 
than simply “file_id.” This is done to indicate that we are interested in the file IDs present in 
“iri_table.”  

Problem: A researcher wants to perform a similar analysis to the one above, but in this case the 
number of lanes is also of interest. In order to combine the two tables, a JOIN function will be 
required. See below for an example of how to use the above query with a join. The query below 
may be amended to join any two or more tables. 
 
Query:  

SELECT lanes.file_id, lanes.study, lanes.timestamp_1, lanes.timestamp_2, iri, 
lane_grouping_per_direction 
FROM epochs_federal_international_roughness_index AS iri_table 
JOIN epochs_dmapping_lane_categories AS lanes 
ON lanes.file_id = iri_table.file_id 
AND lanes.timestamp_1 = iri_table.timestamp_1 
WHERE IRI BETWEEN 86 AND 187  
AND lane_grouping_per_direction = '3+' 
ORDER BY file_id, timestamp_1 

Explanation: The SELECT statement has been amended to indicate which table we wish to use 
for each of the variables in the select. This only has to be done when the variable is repeated in 
both tables being joined. The second difference between this query and the one preceding it is 
the addition of the term AS. AS simply allows us to save typing time by giving the table an alias. 
Third, we tell the query with what table we wish to join our original table via the JOIN 
command, which functions as a second FROM.  The JOIN serves as the second table with data 
present in the SELECT. In the example above, the JOIN provides the query with 
lane_grouping_per_direction. We also limit our query to only those results which match with 
values on the joined table “lanes” by indicating that we only want values of file_id present on 
lanes. The ON statement tells the query what conditions need to be met prior to the joining. In 
this case, the timestamp_1 and file_id values must be identical. The WHERE statement functions 
the same as in Example #1. ORDER BY informs the database to order the results in this case 
first by file ID then by timestamp. 

Example #3 – Questions of Scale and Counts 

Problem: A researcher needs to know how many epochs occurred on roadway segments with 
particular IRIs. That researcher wants to construct a bar graph of the counts for each IRI value in 
the table. In order to construct the bar graph, the researcher needs to know what those counts 
look like. The following query will produce each value of IRI with a tally of how many times it 
is represented. For instance, an IRI of 187 is represented 1,332 times in the database.  
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Query: 

SELECT IRI, count (iri) AS nIRI 
FROM  epochs_federal_international_roughness_index 
WHERE IRI BETWEEN 86 AND 187  
GROUP BY IRI 
ORDER BY IRI DESC 

 
Explanation: The SELECT statement works the same as in the previous examples. The inclusion 
of the COUNT () command informs the database that you wish to have a count (frequency) 
returned rather than the data itself. In this example, the AS statement informs the database that 
the resulting count will have the column name nIRI. The WHERE and BETWEEN statements 
are unchanged. GROUP BY indicates that the counts being returned should be grouped 
according to the unique value of the IRI. Another example would be to use file_id in the GROUP 
BY rather than IRI, which would return counts according to file ID. 
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CHAPTER 5. CONCLUSIONS 

The Roadway Epochs Database has achieved the goals proposed. It has increased accessibility to 
VTTI’s naturalistic data collections by adding gateways to the sensor data for infrastructure-
related research questions. The SQL tutorial and examples included in this report provide users 
who are unfamiliar with database organization a few basic techniques to query the data. Epochs 
of naturalistic sensor data can now be queried by speed limit, pavement condition, the number of 
lanes, or traffic counts. The entirety of the 100-Car data set has been processed using the VTTI 
linking algorithm. Moreover, the number of naturalistic collections in the Roadway Epochs 
Database is easily expandable. This is particularly true for SHRP 2 NDS data, where only 1,000 
trips from each of the six installation locations (total 6,000) were utilized.  

The tables included in the Roadway Epochs database include traversals of roadway segments as 
classified by infrastructure data sources regardless of naturalistic data collection. That is, even 
when data come from the SHRP 2 RID, if a 100-Car participant drove across that segment of 
roadway, the appropriate epoch’s RID table will contain the relevant roadway information. The 
same is true for digital mapping data, FHWA HPMS sourced data, and data from the individual 
state DOTs. To handle situations such as these, each table includes information regarding which 
of the two naturalistic collections contains the recorded vehicle sensor values.  

Future work could include the inclusion of more data sets, both naturalistic and infrastructure-
related. Naturalistic data sets, such as those including commercial motor vehicle drivers, older 
drivers, and younger drivers, may give Roadway Epoch Database users more demographic-
specific knowledge regarding infrastructure variables. Those collections would be particularly 
valuable in the context of added tables that indicate construction zones or the dates, times, and 
contents of variable message signs. Increasing the number of state DOT sources would increase 
the value of the data set to those pursuing research on regions other than Virginia and the 
SHRP 2 locations. 
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