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GROUND-BASED IMAGE AND ROADWAY DATA
ACQUISITION IN NEW ENGLAND

SUMMARY Transportation is a broad and important subject;
data required by engineers, planners, and field workers cover many
different topics. State transportation agencies, therefore, generally require
one or more maintainable databases of roadway data. These databases
range from very basic to exceptionally intricate and include information
from physical attributes of the roadway (termed “roadway inventories”), to
collision records, signal timings, and utility data, among others. In many
cases, data are collected and maintained by different groups within the
transportation community. For example, the police may maintain collision
records, while traffic characteristics are maintained by a transportation-
operations agency. Many data sets may be acquired from ground-based
imagery, a technology commonly known as videologging.

A videolog is the result of recording continuous images of a
roadway. From this video, roadway inventories and data such as
centerline location, signs, guardrails, and geometric road characteristics
can be collected. Along with the video, other data are often collected
simultaneously using other collection equipment and techniques. These
data include, but are not limited to, chainage, pavement conditions, vehicle
attitude, and GPS coordinates.

Across New England, the use of ground-based imaging
technologies ranges from very sophisticated, to very simple, to not used at
all. The primary objective of this project is to quantify and summarize the
use of ground-based imagery in the six New England states and to provide
an overview of the benefits of ground-based imaging technologies.

Data collected in the ground-based imaging process are also
potentially very useful in Geographic Information Systems (GIS). These
systems store and manage geo-spatially referenced information and
provide rapid access to many users. GIS can act as a database manager
and analysis tool for the transportation data collected during the imaging
process.

A secondary objective of this project is to determine what
kind of linkage exists between roadway databases and GIS systems
across the New England states and provide information to the
states about the potential benefits of linking these tools.



CHAPTER 1

INTRODUCTION

Background

Government Aid and Mandates

The need for collection of highway data was first recognized in the United States
in 1892 with the Good Roads Movement. Although this bill did not pass, it was the first
attempt to require some level of examination of the condition of the nation’s roadways.
The following year, a bill passed that allowed the Secretary of Agriculture to "make
inquiry regarding public roads™ and "make investigation for a better system of roads"
(Ritter 1994). This bill also provided $10,000 towards the development of the Office of
Road Inquiry (ORI), the predecessor of today’s Federal Highway Administration. This
office was strictly limited to investigating and disseminating information and was not
tasked to develop a formal system of organization for maintaining roadways.

In 1904, the ORI, renamed the Office of Public Roads Inquiry (OPR), attempted
to inventory all roads outside of major cities in the United States. This was the largest
undertaking of this office at that time. The inventory mainly focused on roadway laws,
expenditures, and revenue streams. The only physical characteristic of the road collected
at that time was mileage classified by surface type. Between 1893 and 1916, some states
formed their own Departments of Transportation and took over the data collection. The
ORI/OPR continued to collect roadway data in the remaining states.

The 1916 Federal Aid Road Act formulated a method of federally funding states
for building and maintaining roadways. This act also required that each state form a

department of transportation.



In 1920 the Bureau of Public Roads (BPR), formally the ORI/OPR, surveyed all
roads and began a roadway classification process, determining what roads were in the
greatest need of improvement and developing a system to allocate funds towards the
maintenance of these roadways.

The 1934 Hayden-Cartwright Act denied federal funds to any state that diverted
federal highway revenues for other purposes. Also included in this act was a proviso that
permitted states to use 1% percent of their matched federal-aid towards planning for
future work. This type of investigation included the collection and analysis of data to be
used in the planning process. The accord between the states and the BPR specifically
allowed for three types of planning surveys: road inventory, traffic, and financial
investments. This marks the beginning of the federal government specifically funding
states in the roadway inventory and data collection process. These data items included:
width, type and condition of the roadway, and location of all farms, residences, schools,
businesses, industrial plants, hospitals, and any other facilities that the roads must serve.

The Federal Highway Act of 1944, the resulting Federal-Aid Highway Act of
1956, and the Highway Revenue Act of 1956 greatly increased the number of highways
that the nation had to construct and maintain. Consequently these acts increased the
amount of funding provided for inventory and data collection.

In 1965, the now Federal Highway Administration was mandated by congress to
report biennially on the condition, performance, and future investment needs of the
nation’s highway system. This requirement called for the gathering of a very large
workforce in each state to collect and maintain the nation’s roadway data.

In 1978, the Highway Performance Monitoring System (HPMS) was initiated.

This system is currently used by the federal government to acquire roadway inventory



and perform data collection. HPMS acts as a large database of roadway information for
the nation’s highway system. Data from the HPMS is used in state-specific formulas for
the apportionment of Federal-Aid funds. HPMS specifies the minimum data collection
requirement for states, such as pavement roughness data and lane and shoulder width.
Many states collect additional data for their own programs (Ritter 1994).

Over time, some roadway characteristics were identified as so crucial to the
performance of roadways that specific monitoring systems were developed. Two such
areas are bridge and structural data and pavement data.

The 1968 Federal Highway Act established the National Bridge Inspection
Program (NBIP), which mandates states to periodically inventory and inspect all
structures on public roads. Bridge inspection was further stressed in the 1995 Intermodal
Surface Transportation Efficiency Act (ISTEA) by the formation of a Bridge
Management System (Phares, Washer and Moore 1999).

Pavement management systems were first recognized as a valuable tool in the
1956 to 1960 AASHO road test. These tests were the first attempt to develop a system
that rates pavement condition regardless of pavement type. A pavement management
system was another management system specified by ISTEA.

Pavement is typically monitored in two areas: physical attributes and a
measurement of rider comfort. Physical attributes include the typical pavement distress
characteristics of rutting (physical displacement of the pavement due to repetitive loads
of vehicles), faulting (potholes), cracking (physical cracks), patching (seals for cracks or
fillers for potholes), and raveling (the physical disintegration of the pavement from the
surface downward) (Sime 1984). Measurement of rider comfort started as a subjective

value assigned to the roadway based upon a user’s comfort while traveling along that



road compared to all other roads. Soon, professionals realized that surface roughness is a
good indicator of rider comfort. By measuring surface roughness in a quantitative way,
the subjectivity of human discretion is eliminated. This was the basis for establishing the
International Roughness Index (IRI).

The IRI is the surface roughness evaluation system of choice, chosen more for the
sake of uniformity than for its advantages over other systems. The IRl measures
roughness in m/km with a value of zero being perfectly flat. Conceivably, IRI has no
upper limit, but a road with a value of 8 m/km is considered to be almost impassable.
The Federal Government has required states to report the IRI values of its roads since
1990 as part of the HPMS (Sayers and Karamihas 1997).

In 1980, only 5 states had anything resembling a pavement management system,
now all 50 states have some form of system. The mandate put forth by ISTEA to
specifically develop Pavement Management Systems has since been removed. However,
policy statements by the FHWA and state transportation agencies have clarified that

pavement management is still a part of HPMS and is thus still required (Finn 1998).

Technology

The earliest forms of roadway inventory and data collection, beginning in the mid
1890’s, relied solely on manual collection. This method was loosely organized and
inefficient. Only rudimentary data, such as mileage, lane width, and road conditions
were collected by the federal government or state transportation agencies. All other
necessary data were left to be collected by local officials on a project-by-project basis.
This type of data collection was termed a “windshield survey,” meaning that the

appropriate data were collected as the recorder drove down a road noting any significant



data and their location relative to the road’s mileage. This was a time consuming and
tiresome process. The data were often stored on note cards arranged by mileage along
the roadway. Any management and manipulation of these data were done by hand.
Often, roadway data were kept by the agency that collected it and not distributed
elsewhere, requiring the user to locate and go to the data since distribution was tedious.

As the nation’s roadway network continued to grow, a larger and larger workforce
was needed to collect the data. Over the course of the first half-century of the 1900’s,
roadway planners and designers added more sophisticated to their trade. As a result
additional data points pertaining to the roadway’s geometric features were required to be
maintained. Not only were there more roads to collect data for, but also more data
needed to be collected. Collectors realized that obtaining and maintaining roadway data
through the “windshield survey” was very inefficient. Out-of-date, incorrect, and poorly
managed data became the result of overworked personal and a rapidly growing interstate
highway system.

Prior to the 1960’s, the cost involved in roadway inventory and data collection
was strictly limited to the cost of employing the data collectors and maintainers. New
technologies, developed in the 1960’s, began to allow for better systems of collecting,
storing, and manipulating roadway data. Mainframe computers allowed for more
efficient data warehousing and distribution. Policy makers recognized the potential
benefits of using these new technologies and adjusted the funding to include them. As
computers became more sophisticated into the 1970’s, they were used to process roadway

data to produce profile and curvature data (Ritter 1994).



Images

Also in the 1970’s, the value of taking images of roadways was recognized.

Many transportation agencies began using 35-millimeter cameras on a van with the
shutter of the camera being triggered by the van’s drive train. The technical term for this
practice became known as ground-based imaging, but was commonly referred to as
photologs, and later, videologs. These systems took images of the roadway at constant
intervals along the road. The film could then be viewed with a special viewer that
allowed the user to scan forwards or backwards at an adjustable rate. This allowed for
roadway inventories and data to be extracted in an office instead of the field. By moving
most of the work into the office, the hazards to field collection personal were minimized.
This new practice was also more efficient. More roads could be covered in less time,
allowing for more up-to-date data. Photologs were also valuable from a distribution
perspective. The film could be reproduced and sent to any desired location as long as
that location had the appropriate viewer.

These systems had shortcomings. 35 mm photologs have poor image quality, and
copying the film is time consuming. The vans used to collect the images could not travel
faster than 45 mph, considerably slower than some operating highway speeds. Linear
referencing problems existed because the images were recorded at set intervals during the
actual vehicle miles traveled. If this mileage was different from the state defined
mileposts, the collector did not know where the image for a stretch of road was physically
located. The image retrieval process was also tedious. First, storage density for 35mm
film is low. Literally, hundreds to thousands of reels of film were required to photolog an

entire state. Then, to locate a specific section of road after the correct reel was located,



the user had to scan through up to 100 feet of film to identify the desired location (Orth
and Singh 1994).

In the early 1980’s, video tape recorders (VHS) became a common format for
recording images. This analog videotape offers the appearance of continuous images.
Typical 35mm camera photolog systems took an image of the road approximately every
52.8 ft. Common videotape records 30 separate images every second. If a van carrying a
video tape recorder is traveling at 45 mph, an image is taken every 2.2 ft. The increase in
precision of the videotape system is obvious. The VHS, and later SVHS (higher
recording quality), formats became very common in all types of video applications. As a
result, recorders and players of these formats became mass-produced and the hardware
price was very cost efficient.

Analog videotape proved valuable in pavement management systems. The rapid
image acquisition allowed for a high enough level of scrutiny that pavement could
effectively be evaluated from these images. Now, not only could the fieldwork of
roadway inventorying be eliminated, but so could a large portion of fieldwork required
for pavement management. Video also allowed for more rapid and effective pavement
maintenance by being able to record and evaluate more pavement more quickly. With
the advent of videotape, the term photolog matured to videolog.

Although analog videotape does not improve the accessibility of the images over
35 mm systems, the number of tapes needed to videolog an entire state is much lower
than that of the 35mm reels. It would take approximately 100 tapes to record the entire
state of Maine. However, once the correct tape is located, scanning through the tape to
reach the correct image takes longer. Videotape also has lower image quality than 35mm

film. On the other hand, analog videotapes can be reproduced easier and cheaper than 35



mm film, but whenever a tape is reproduced, the analog signal must be amplified. This
process creates “noise” that degrades the quality (Anderson).

In the mid 1980’s, Connecticut pioneered a laser videodisc system. In this
system, the images from a 35 mm camera system are transferred onto a laser disc. These
laser discs can then be viewed on a computer with the appropriate player and software.
This system greatly improves accessibility. The number of laserdiscs required to store
images for a state is much lower than that of any tape system. One laser disc can contain
108,300 photolog images or the equivalent of 80 35mm reels. This reduces the number
of storage devices needed for videologs of a state from triple to double digits. Laser discs
are better for accessibility because of their rapid access capabilities. A user need only
input some form of linear referencing and the viewing software will almost instantly
display the appropriate image. Also, duplicating laser discs does not diminish the quality
of the image.

A limiting factor with a laser disc system is that it does nothing to improve the
image quality of 35 mm film. It simply provides the user with increased accessibility to
the same images. It also greatly increases the direct processing cost of the images. To
transfer them onto a laser disc requires capitol investments in recording and viewing
hardware, investments that were quite sizeable in the mid 1980’s. It complements a good
linear referencing system, but does not solve the linear referencing problems of accuracy
(Hudson and Seitz 1996).

Technologies that were developed over the past two decades have given way to
the current generation of ground-based imaging. The newer systems combine the
benefits of videotape and laser disc systems while eliminating many of their drawbacks.

Digital videotape eliminates the “noise” problem of analog tapes. Digital videotape uses



binary numbers to represent each pixel of the image. It is much more efficient to copy
film in this format, since binary numbers are not as susceptible to the loss that greatly
effects analog signals. This is better for distribution because now the images can be
copied multiple times without any degradation of quality. However, digital images
require large amounts of storage space. The average video of 30 frames per second
requires 27 megabytes of memory per second. An average audio file requires one fifth of
a megabyte per second. Video images were first stored on laser discs and digital
videotape, then CDs, and most recently DVDs. DVDs offer about 1.5 times the storage
space of laser discs. Connecticut can supply video of all of its state-maintained highways
on 20 DVDs. These higher-volume storage devices use the same retrieval methods as
laser discs.

In the late 1980’s, it became economically feasible to capture high quality freeze
frame or “still” video images. This greatly enhanced the quality of the video used in
roadway inventory and data collection. After the video was captured, it would be
digitized and stored on digital tape or disc. This required an investment in hardware that
would perform the digitization. Digital cameras have eliminated this need. With these
cameras, the images are captured and stored directly as a digital computer file. These
files can then be directly transferred to a laser disc, CD, or DVD. The rapid expansion of
computer technology in the 1990’s resulted in computers with enough storage space to
contain all of the video images directly on a hard drive. The state of Connecticut
currently maintains ten 40 GIG hard drives that contain an up-to-date account of all of the
state’s roadways. Currently, roadway images can be captured directly onto a hard drive
onboard the collection van during the collection process. The van then returns to its base

at the end of the day and downloads the newly collected data into the main storage
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location. If the roadway has been videologged before, the new files can overwrite the
older files. Having all of the video images stored in one location provides advantages for
access and distribution. The central storage site can become the location for a network
that supplies video images to anyone who can access the network. The advantages to
storing and distributing the data in this way is that the production cost of the discs is
eliminated and every time the data are updated, new discs need not be issued. This
allows users immediate access to the most up-to-date data available. Having all of the
data in one centralized location also means that maintenance of the data can be more
easily monitored.

Drawbacks to this new system are that it is susceptible to the problems of any
network, the more users on the network, the slower the retrieval and viewing process
becomes. The centralized location means that if anything happens to the network servers,
the system may be unusable until the problem is fixed. The size of the video files is still
an issue and the investment for computers is still costly. Compression strategies have
been used to reduce file sizes. These strategies eliminate data behind repetitive display.
In other words, if a pixel in a video is blue for 90 consecutive frames, compression
strategies can eliminate the data necessary to display the pixel in frames 2 thru 90.
Instead, the program is instructed to display the same color that it was last told until new
instructions come along. The current compression strategy of choice in ground-based
imaging is JPEG which can reduce a file up to 1/20™ of its original size (Anderson).

The final issue is security. By having all of the data on a server, they can be
accessible to outside manipulation. This requires that the servers be protected with up-to-

date firewall technology.
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The videolog process moved the inventorying practice from the field into the
office. Until recently, inventories were manually extracted from the video. Technology
has advanced now to the development of image processing software. At the present stage
of development, this type of software allows users to semi-automatically acquire the
physical dimensions of an object from the image where the image is manually identified
and on-line tools are used to measure necessary parameters. This type of software may
lead to the future possibility of completely automating inventory collection where the
software would recognize pre-defined patterns, thus identifying specified objects. These

objects would then be automatically inventoried without user input.

Other Data

The videologging process usually takes place on a data collection vehicle. Many
states use an Automated Roadway Analyzer, ARAN, which is a proprietary term of
Roadware Group Inc. Along with images, equipment on ARAN vehicles collect other
data. These include data that are required by the federal government in its pavement
management, bridge management, and highway performance monitoring systems.
Technologies in this data collection have advanced over the years as well. Surface
roughness and texture are now monitored with sophisticated laser systems that measure
the pavement surface. Also, pavement condition can be monitored with more advanced
methods of rutting and roughness measurements. Advanced gyroscopes provide accurate
roll, yaw, and pitch measurements. The availability of GPS coordinates provides for a
referencing system that is more accurate than any of its predecessors. These data can be
used to produce a road’s horizontal/vertical curvature and longitudinal profile.

Combining the roadway curvatures and profiles with GPS coordinates can quickly

12



produce accurate centerline maps of roadways. This information is extremely valuable

for use in Geographic Information Systems, which will be discussed later.

ISSUES AROUND GROUND-BASED IMAGING

Many issues exist in designing and implementing ground-based imaging and data
collection systems for roadway inventory and data collection.

State specific systems- First, the imaging and data collection process varies from
state to state with no one method being a best practice. For this reason each state should
assess what it requires from an inventory and data collection system and then design the
system accordingly, as opposed to implementing a system designed for another state.

Acceptance of image and data collection systems- Many states still rely on a
labor-intensive method of manual roadway inventory and data collection. The first issue
becomes why more states are not using ground-based imaging. Some states may resist
converting to ground-based imaging because they are comfortable with an existing
system and do not want to change. Some states use ground-based images in their
simplest form. For states to expand their capabilities, they should be educated about the
benefits of using more developed systems. Ground-based imaging is a technology-
dependant tool. As the technology improves, so does the general efficiency of the
system. The primary problem cited was lack of adequate and consistent funding, as
identified from a 42-state survey about choosing a roadway inventory and data collection
system. Convincing policy makers to procure these systems is difficult because of a lack
of tangible results that the public can see (Hummer, Schefler, Khattak, and Karimi 1999).

Once a ground-based imaging system is in place, additional issues arise, including

what to record and what information is to be extracted from the imagery.
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Level of implementation- Is it important to record roads of all jurisdictions or only
those directly maintained by the state’s transportation agency? Ground-based imaging
can be an effective tool at the local level. Many town department of public works could
benefit from the reduction in labor and increased efficiency that ground-based imaging
systems offer but cannot afford the initial capital investment. The state has to determine
if recording and analyzing local roads is a valuable service and how much funding it can
afford to assist individual towns in the process.

Roadway features- What information is to be extracted from videologs? Itis
possible to inventory signs, signals, lane width, clearance, and intersecting roads, to name
just a few items. Almost anything that is visible along the roadway can be inventoried.

Image acquisition- What views are required and how are the images
processed/edited? While a driver’s eye view is essential, other views such a right, left,
and rear views can assist in the roadway inventory collection process by providing other
angles from which to see the inventory item in case it is obstructed, and to pick out items
that may not be apparent in only a front view. The distance interval between image
acquisitions is important to balance the cost of additional images with the benefit of more
information. For example, should there be 10 or 5 meters between each frame? A
smaller interval means more information must be stored and thus more videotape or disk
space is required. If the distance interval between frames is too large, data items might
be lost. Therefore, a balance must be struck between the cost and the quantity of the data.
Other related decisions include how often a road is recorded, how many passes are made
on a road, and at what interval images are edited/processed.

Pavement images- Filming the pavement surface is valuable in pavement

evaluation. Many states use visual-based rating techniques to evaluate the status of
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pavements. This type of technique assigns a value based on the number and type of
cracks within a given section of roadway and are subject to the opinions of personnel
performing the investigation. When rating the pavement in the field, the danger to
personnel is high due to traffic exposure. Implementing an automated pavement rating
system will minimize problems such as safety hazards to field personnel, subjectivity of
observations, and time constraints associated with manual methods. Having the
pavement surface image also allows more people to review the same pavement section
and thus increases the effectiveness of the evaluation procedure.

The state may have to evaluate whether it wants to perform the collection process
in house or if it should contract this out to another agency or private contractor.

Storage media- Another important issue is the medium on which the images are
stored. 35mm film used to be the medium of choice. However this proved to be
inefficient because of the high number of rolls of film required to record an entire state,
the high duplication cost, limited access, and tedious process of viewing specific
locations on the film. Videotape offers advantages in higher storage capacity, ease of
duplication, and better access because the tapes can be played on any common VCR.
Viewing specific locations on the tape is still a monotonous process due the necessity of
fast forwarding and rewinding the tape to get to the desired location. Storing the images
as digital image files seems to be the most effective and efficient storage process. These
files can be stored on CD, laser disk, DVD, and/or hard drive. Digital images offer the
highest level of efficiency in storage, duplication, access, and viewing. Duplication of
files is relatively easy since files stored on a hard drive can simply be copied to another
hard drive. CD reproduction or “burning” is now a process that can be completed on a

PC while DVD burning is still done professionally and costs approximately $150 a copy,
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although DVD writers are becoming a cost effective alternative. Locating and viewing
specific images is easier because the user can input a linear referencing value and
specifically designed software will rapidly display the appropriate image. Many states
require that the videologs be stored on more than one type of medium to accommodate
users with limited access to the appropriate technologies.

Additional roadway data- Along with the actual videologging, many state
agencies simultaneously collect other data. These data include, but are not limited to,
surface roughness, grade, GPS coordinates, gyroscope measurements of roll, yaw and
pitch, transverse profile measurements, and skid number. The technology and hardware
required to collect these data vary in sophistication. The state has to determine what data
are critical and economically feasible to collect and what distance interval between data
points is required. Collecting all of these data in one pass is timely and efficient.
However, the extensive amount of technologies in the van requires that the data
collection personnel onboard be highly qualified and aware of how to operate all of the
systems properly.

Distribution- With the easy duplication of digital image files, the state can make
this information available both internally and externally. On one hand, the belief is that
all of this information should be made readily available for everyone. On the other,
issues of security and liability may limit the amount agencies are willing to release.
Connecticut was one of the first states to stress the necessity of making the videologs
readily available to many of its employs. They started with photolog videodisc retrieval
stations (PLV’s) and evolved into using PC’s loaded with DigitalHIWAY software
accessing images by DVD or over a network (Hudson and Seitz 1996). Today over one

hundred PC’s in Connecticut have access to the videologs and the number continues to
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rise on a monthly basis. Some states make CDs or DVDs available to outside individuals
and companies, from in-route navigation companies to law practices. Many states are
weary of providing videolog information to outside parties for fear that the information
could be used inappropriately. Each state needs to establish what level of availability is
appropriate to its goals and purpose.

Other roadway inventory and data collection systems- In addition to ground-
based imaging, other sophisticated techniques are currently being used in roadway
inventory collection. These include “backpack-based” data collection and satellite data
collection. Backpack-based data collection is efficient in areas where the inventory
elements are spaced close together. It requires a relatively low initial cost. During this
method the data collection staff walks from one inventory item to the next. Within the
backpack are a location-referencing device, often a GPS receiver, which locates the item
from satellite signals, and a storage device such as a laptop or pen-based computer to
store descriptive data about the inventory item. The drawbacks of backpack-based data
collection are that it offers little choice in technologies, is physically demanding, and data
collection generally stops for adverse weather conditions.

Satellites or airborne photography provide high-resolution images of the earth’s
surface. The images are then processed manually using image-processing software to
collect the necessary inventory items. These systems are used quite regularly to produce
centerline maps of the roadway networks used in GIS. Aerial photos provide a potential
for automation of inventory collection. No physical collection manpower is required and
the images inexpensively cover a large area. The disadvantages of these photos are that
the cost depends on the coverage of the image not the roadway network, adverse weather

affects the image quality, and the agency has no control over the collection schedule.
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Because many items cannot be identified from the air, current airborne or satellite
imagery will never replace ground-based imagery for certain inventory activities.
Combinations of these systems may offer the most productive and efficient method of
inventory and data collection. Table 1 summarizes the advantages and disadvantages of

the different methods of roadway inventory and data collection.

TABLE 1

ADVANTAGES AND DISADVANTAGES OF MAJOR MEANS OF INVENTORY
DATA COLLECTION
(Hummer, Schefler, Khattak, and Karimi 1999)

Means Relative Advantages Relative Disadvantages
Can collect data at highway speeds Primarily uses crew of two collectors
Videolog High data accuracy possible Skilled crew required for operation

Data collection slowed by several conditions

Much choice in on-board technologies Requires large initial investment if buying

Lower initial cost Little choice in technologies

Backpack Efficient in areas with multiple elements Phy5|ca.IIy demar)dlng
Collection stops in adverse weather
Potential for high level of automation for | Cost depends on size of image, not on the
inventory extraction size of the roadway network
Satellite No collection crew required Cannot collect many inventqry elements
Automated processing algorithms incomplete
Covers large area inexpensively Adverse weather affects image quality

No control over collection schedule

Videologging and other automated techniques are being implemented by state
transportation agencies. However, according to a 1999 report, 75 percent of 42 state
transportation agencies interviewed still use non-automated methods of inventory

collection (Hummer, Schefler, Khattak, and Karimi 1999).

INCORPORATING GROUND-BASED IMAGERY INTO GIS
Geographic Information Systems (GIS) have rapidly become an important tool in

transportation, primarily to store, manage, analyze, and display pertinent characteristics at
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a specific geographic location. These characteristics can be almost anything from crime
rate to environmental classification to traffic level.

GIS provides a unique opportunity for transportation officials to effectively
manage infrastructures and roadway inventories. Data associated with these systems are,
by their nature, spatially referenced. Instead of personnel having to go into the field to
take measurements, a time consuming process, GIS systems allow transportation officials
to point to an item within the GIS and get any relevant information such as condition,
height, or size. Ground-based images containing the inventory item and its surroundings
can easily be incorporated into this environment.

When collecting ground-based images, a spatial reference is collected. Spatial
referencing is a method of locating any item within that reference system. This can be by
precise latitude and longitude, state plane coordinates, state-defined mileposts, chainage,
or another system. These references are needed for integrating information within a GIS.
The issues associated with integrating image data into GIS are presented in the following
sections.

GIS software- The first issue is the GIS system that the state predominantly uses.
Every GIS software package is unique. When recording ground-based images, collection
of spatially referenced data that allows for the easiest transfer into the most commonly
used GIS system(s) will eliminate or minimize integration at a later date.

Data warehousing- Next is the location where the data are stored. Many GIS
agencies are moving toward a centralized warehouse. Some states rely on distributed and
local warehousing.

Maintaining data within the GIS - The GIS agency has to determine what data

they want to obtain and maintain on their system that ground-based imaging and data
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collection could provide. If cost, storage, and security are not issues, almost all data
collected from the ARAN vehicle could be included. Currently, many different
technologies are used to perform the roadway inventory and digitization processes for
GIS. The state should perform an analysis to see if changing their techniques is

economically feasible or necessary.

METHODOLOGY

The purpose of this project is to provide a state-of-the-practice of ground-based
image and data collection in the six New England states. A state-of-the-practice report is
not only a summary of the current practices being performed by each state, but is also a
summary of potential technologies and applications associated with ground-based image
and data collection. The latter can serve to assist states in deciding if and how to upgrade
their system.

State-specific information was gathered by surveying each state and is described
in task 1 below. Information about potential technologies and applications of ground
based image and data collection was gathered through an extensive background search
that included the history of roadway inventories, pavement management techniques,
summaries of audio and digital video, GIS applications, and more as listed in the
reference section at the back of this report.

Six tasks are defined to perform this project (Hancock 2000).

*Task 1: Survey of Transportation Departments in New England- Survey all states by

questionnaire for current collection practices, including what, how, where, and when

20



efforts are focused. The questionnaire should provide information sufficient to execute
Tasks 2 through 4.

This survey is intended to gather information that will provide an overview of
each state’s roadway inventory and data collection techniques. The survey will call for
information regarding the use of ground-based images, highway features and attributes
collected, data confirmation practices, automation of inventory/data collection, and
database management and analysis. The surveys are to be sent to the primary contact in
each state’s transportation agency in charge of ground-based imaging or roadway
inventory and data collection. A copy of the surveys sent to each state is presented in
Appendix A. In addition to this survey another survey is to be designed that will inquire
about GIS practices in each state. The purpose of the second survey is to determine what
roadway information is being maintained by each GIS agency and if those agencies are
using data collected in the ground-based imaging process. A copy of the survey sent to

the GIS agencies is presented in Appendix B.

*Task 2: Road-Inventory Data Elements- Assemble a list of road-inventory data elements
and/or types of images collected by the states.

This task is designed to establish what roadway inventory items each state
maintains that can be collected by use of ground-based imagery. Table 2 lists some of

the inventory elements and images that can be collected.
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TABLE 2

ROADWAY IMAGES, INVENTORY ELEMENTS AND REFERENCING SYSTEMS

*Horizontal/Vertical Curvature *Grade

Roadwa)_/ *Number of Lanes eLane/Shoulder Width
Geometrics *Vertical Under Clearance Cross Slope
eIntersecting Roads *Bridges and Other Structures
Roadway Features *Town Lines sLinear Referencing Calibration Points
*HOV Lanes *Rumble Strips
Roadway sGuardrails *Signs
Appurtenances «Signals «Crash Cushions
Pavement *Pavement Surface
*Chainages «State Defined Mileposts
Referencing Systems | GPS (Global Positioning Systems) Points
*Over-the-Road Distances (odometer)
. Driver’s Eye View Left/Right Side View
Video Images *Rear View *Pavement Surface

Along with the roadway inventory items, data elements that are being collected
simultaneously with the videologs are of interest. These data include, but are not limited
to, surface roughness, texture, roll, yaw, pitch, and skid number.

Finally, it is advantageous to know what each state produces from all of the
roadway inventory and data collected. These include longitudinal profile, transverse
profile, rutting, average texture depths, shim quantities, centerline maps of roadway
sections, three-dimensional views of a roadway, and curb to curb plans.

The resulting final outcome of this task will be a set of tables of what items are

collected and how they are spatially referenced by state.

*Task 3- State Data Warehousing Practices- Determine how the states process, validate,
and store individual data items and/or images.

The questions that need to be answered to complete task three are:
*To what extent is the imagery being captured? (views and passes on the roadways)
*What is the collection cycle?

*What are the editing practices?
*What medium is used for video and data storage?
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The end product of this task will be a series of tables that answer the above questions by

state.

*Task 4: Data Distribution- Determine the method (stand-alone or network system) and
format (graphic or tabular-data; analog or digital images) employed to distribute
processed items to the end user.

The purpose of this task is to identify distribution practices for these data, both
internally and externally, of each state. These practices range from distributing the
images on videotape to users, to putting these images on a network accessible to multiple
users. The advantages and disadvantages of each distribution practice will be discussed.

Finally a table of distribution practices by state will be produced.

*Task 5: State Visits- Visit each state to augment, confirm, and detail tasks 1 through 4.
This task is intended to verify the information provided by the surveys and to
make the state contacts aware of the particular goals of this project. In addition, the visits
will provide a hands-on feel of the practices of each state. These visits will be conducted
with the appropriate data collection and GIS administers and anyone else identified by

the state that should be involved in the process.

*Task 6: Final Report- The information gathered in the first five tasks will then be
compiled into a final report that will provide a synthesis of practice as to the state of
ground-based image usage for roadway inventory and data collection in the six New

England states. This report will discuss issues pertaining to ground-based image usage
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along with historical information, summaries of ground-based image usage in other states

outside of New England and future plans towards the advent of more advance activities.
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CHAPTER 2
OVERVIEW OF NEW ENGLAND PRACTICES

All of the states in New England have a significant level of unity in the required
inventory and data elements that must be collected and maintained. There are, however,
distinct differences in the methods by which these elements are collected. This synthesis
provides an overview of what is being done in this region and is intended to provide each
state with the opportunity to learn about beneficial procedures from each other. Table 3

lists some general characteristics of each New England state for comparative purposes

(Weber 2001).
TABLE 3
GENERAL NEW ENGLAND CHARACTERISTICS
State Area (mi®) Approximate Population
Connecticut 5,544 3,400,000
Maine 35,387 1,270,000
Massachusetts 10,555 6,350,000
New Hampshire 8,969 1,240,000
Rhode Island 1,545 1,050,000
Vermont 9,615 610,000

Every New England state, with the exception of New Hampshire, conducts some
form of ground-based imaging for roadway inventory and data collection. The extent and

sophistication of this usage varies from nominal to extensive.
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CONNECTICUT

Connecticut is a pioneer in ground-based imaging systems for roadway inventory
and data collection; many states look to it as a leader for implementing and managing
these systems.

Starting in 1980, Connecticut began to maintain a complete highway photolog.
This system consisted of a series of consecutive photographs of each state highway and
the surrounding environment. Along with the photographs, measurements of highway
geometrics and records of highway location, date, and time were kept. The entire 4,000-
mile state highway system was photologged at an interval of every 0.01 miles. This
corresponded to 800,000 frames of 35mm color film and 63 megabytes of data.

Responding to a Federal Highway Administration (FHWA) sponsored study to
develop pavement management systems (PMS), the Connecticut Department of
Transportation began using video laserdiscs in 1984. Prior to 1980, Connecticut had no
systematic method for pavement evaluation. Between 1980 and 1984, Connecticut
maintained an inventory of pavement data through intensive field evaluations. Pavement
was evaluated using a subjective but effective visual rating system, which later became
the WISECRACKS system. Laserdiscs were implemented to improve the efficiency,
accuracy, and safety of data collection for monitoring pavement condition. The entire
state highway system could be maintained on 670 100-ft reels of 35mm film, which were
then transferred to approximately 30 laserdiscs. The improved accessibility led to more
rapid evaluations and the pavement evaluation process was moved from the field to the
office, eliminating hazards to field collection personnel.

By the early 1990’s, Connecticut had a fully developed Photolog Laser
Videodisc-Based Pavement Rating System (PRS) in place. This system allowed the

photolog images to be evaluated by a trained user from an office. Some of the many
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advantages of this system included the safe, controlled environment for evaluation,
unlimited re-rating, direct computer entry of distress data, and automated computer
analysis of the data.

Connecticut’s PRS relied on Photolog Laser Videodisc viewing stations (PLV).
These first viewing stations were costly and cumbersome by today’s standards. Many
different hardware and software items were required to drive the system. A typical
workstation included a PC, video monitor, graphics generator, graphics tablet, video
printer, and laser videodisc player. By 1993, Connecticut had 15 PLV stations.

The rapid improvement in computer technology in the 1990’s allowed these
viewing stations to become less and less complicated. In 1992, Connecticut began
converting its PLV stations to MINI-PLV’s. These new workstations condensed the
required hardware and resulted in the viewing station looking like a PC with an additional
laser videodisc player. The MINI-PLV moved all of the specialized hardware to
specialized internal components within a PC.

As viewing station technology advanced, so did the technology for acquiring and
distributing images. 35-mm film became analog videotape, which then went to digital
images that are stored directly onto hard drives. Laserdiscs evolved to CDs and then to
DVDs. Video imaging allowed for continuous image acquisition while CDs, and DVDs
allowed for higher volumes of storage.

The state of Connecticut soon realized that the videolog technology could be used
for other purposes. In 1988, ConnDOT started using videologs to collect bridge data,
which was expanded to the bridge management system that was mandated by ISTEA in
1991 when laser videodiscs were used to store bridge inspection photographs. Videologs

were soon used for many different functional areas including: safety analysis, project
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development and design, highway-sign inventory, legal evidence, public hearings,
construction documentation, planning and inventory, and maintenance.

Currently Connecticut is at the forefront of videolog technology. The idea of a
PLV station has evolved to videologs being directly accessible through a PC. A software
package called DigitalHIWAY and a DVD drive are all that are needed to access the
videologs.

In addition to the distribution of DVDs, Connecticut has begun LAN (Local
Access Network) distribution. This LAN is a network of computers that allows for the
distribution of images and software files to licensed users across the state. The data are
stored and maintained on one central server with access granted to users. This totally
eliminates the need to distribute the images and additional data on a separate storage
device. All costs involved with processing and distributing could virtually be eliminated.
In the first year of using the LAN, Connecticut experienced a 300% increase in use of the
image and data. At the time of this report, Connecticut has 101 PCs running
DigitalHIWAY with that number continuing to rise monthly.

The data acquired in the videologging process have also been used to produce a
centerline layer of the state’s roadways. This information has been used to update
existing centerline files for use by GIS agencies. The system is also currently being used

to inventory ramp data for the GIS.

MAINE
Maine has a mature ground-based image and data collection system. The system
has been developed primarily to support the pavement management system since it was

initiated in 1989. Images of the driver’s eye view, left side, right side and pavement

28



surface are collected. Pavement surface images are used with other data to assign a
Pavement Condition Rating (PCR).

In Maine, as with many northern states, rutting is a problem due to the many
freeze-thaw cycles and the numerous loads the pavement has to endure. Rutting is the
distortion of the pavement from the original cross section. It is often associated with
grooves in the pavement corresponding to tire paths of vehicles. Freeze-thaw cycles
magnify the rutting problem with the distortion occurring in a chaotic manner. As rutting
becomes sever, roads have to be repaired which requires that the ruts are filled to return
the road to its original cross slope. Initially, crude volume estimates were performed to
determine how much filler, referred to as shim, was needed to correct the road profile.
Often these estimates were below the actual amount required, resulting in projects being
over budget.

Early in the use of its data collection vehicle, Maine recognized that using its
transverse profiling capabilities could assist in making more accurate shim calculations.
The profiling is accomplished using a 12-foot bar attached horizontally on the front of the
ARAN at 18 inches above the ground. Every 4 inches along the bar are ultrasonic
sensors that detect the distance of the pavement from the bar. A roll gyroscope is also
used to determine the true horizon. Both the ultrasonic sensors and the roll gyroscope are
programmed to take readings at every 50-foot station along the road. This system results
in @a more accurate calculation of a road’s transverse profile.

Maine DOT developed a software program called Automated Shim Analysis
Program (ASAP), to calculate its shim quantities. This program compares the existing
transverse profile of a road as determined by the data collection, to its desired cross slope.
It then estimates the amount of filler needed to bring the road to the desired cross slope.

A users guide for ASAP is included as Appendix C.
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The benefits of automating the shim calculations are substantial. Maine DOT
reports that in its first two seasons of this activity, the state saved a significant sum
(estimated at $350,000 in 1992). Another benefit is safety. Survey crews are no longer
needed to take cross-section elevations in the middle of the highway. The procedure is
faster as the collection van takes data while traveling down the highway at speeds
between 30 and 40 mph. These benefits in reduced labor and time and improved safety
have given Maine a rapid return on its investment.

Maine is also taking the initiative in incorporating the images and collected data
into the statewide GIS system. This will greatly increase the data’s accessibility and
exposure, allowing it to be utilized to its fullest potential. Currently under development
in Maine is a centerline roadway layer in the state’s GIS system that will allow a user to
point to a section of roadway, which will show the corresponding videolog image. The
user can then “move” through the images to simulate traveling down the highway. Along
with the images, roadway inventory data that are in the state’s GIS database can be

displayed.

MASSACHUSETTS

Ground-based imaging and data collection in Massachusetts is used primarily for
and is under the jurisdiction of pavement management. A collection vehicle collects
surface roughness and roadway geometric data to evaluate the condition of the roadway.
Along with these data, GPS and mileage points are collected for referencing and a
videolog of the driver’s eye view is kept. These videologs are then sent to the Bureau of
Transportation Planning and Development within the Massachusetts Highway
Department where they are used for linear referencing and are available to be viewed by

authorized users.
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NEW HAMPSHIRE

New Hampshire uses several data collection activities as the source for its
roadway inventory data. Videolog images are not collected. In general, data collection is
the responsibility of the nine regional planning agencies (RPA) with some additional data
collection performed by consulting agencies. New Hampshire DOT provides a manual of
instructions for road inventory, which is included in Appendix D. The nine RPA’s then
collect the data to these standards and report the data back to the central DOT office. The
DOT acts as a warehouse for the data and supplies it to the state’s GIS. The state of New
Hampshire has no plans to implement a single data collection unit for the entire state and

sites the large initial capital investment as the reason.

RHODE ISLAND

Rhode Island is the only state in New England that uses a contractor to perform its
ground-based image and data collection. The state performed a cost analysis between
procuring its own ground-based imaging and data collection system and paying a
contractor to do the collection and decided that surveying the small number of roads in
the state was not worth the large capital investment and required maintenance of a state
system. By hiring a contractor, the state eliminated the equipment costs and the actual
collection process. The contractor delivers the images and data to state defined
specifications. The primary limitation of this approach is that the state must rely on an
outside party.

Rhode Island uses the images and data collected for pavement management and
some roadway inventories. The roadway images are stored on a network where

authorized users are allowed to view the images and the corresponding coordinates. This
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is used to a limited extent for linearly referencing roadway inventory items on Rhode
Island’s GIS. The videolog images are also used, as needed, to inventory other roadway

items for specific projects.

VERMONT

At the time of this report, Vermont was undergoing an upgrade to its ground-
based image and data collection system. This provided a unique opportunity to observe
the issues that a state addresses when upgrading to a new technology.

Vermont maintains two separate image and data collection vehicles, one for
pavement management and another for roadway inventories and roadway geometric data
collection. The latter vehicle is the one that is being upgraded from videotape to digital
image files as the collection medium. The image files will then be stored at a central
server to provide access to authorized users. Improved technology on the new vehicle
will collect curve, grade, roll, pitch, GPS, and related data. The older van collected curve
and grade data but Vermont did not feel that these data were reliable enough to distribute.

The technology on the new Vermont system is state-of-the-art. This new
technology requires that users become comfortable in using and maintaining the system.
Some of the problems that Vermont is facing are a small staff for a high workload, server
space problems, and time to validate the accuracy of the new system. A year’s worth of
data is to be collected and their accuracy confirmed before plans for implementing the
system are complete.

Vermont uses and plans to use ground-based image and data collection for
pavement management (a separate system), roadway inventory, and roadway geometric
data collection. When the upgraded system comes fully online, the state’s GIS office

plans on using the images and data to maintain much of its transportation data.
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CHAPTER 3
State of the Practice of Ground-Based Imagery and Data Collection In New England

The six New England states offer a diverse cross-section of ground-based imagery
and data collection systems. Each state has independently developed a system that they
feel best addresses the needs of their state. The ingenuity behind some of the practices is
impressive and new ideas continue to unfold. New technologies are also constantly
advancing the possibilities of more efficient procedures. A comparison of these systems
will allow ideas to be exchanged and assist in improving systems where the best ideas
survive, thereby maximizing their abilities and efficiency.

New Hampshire does not maintain a single roadway inventory and data collection
system as described in chapter two. For this reason they are not included in the
comparison tables in this chapter.

New England states experience a variety of climate and weather conditions that
cause some unique roadway problems for the region. Improved techniques to solve these
region-specific problems could be identified by understanding the practices across the

states in New England.

Roadway Inventories

Roadway inventories are used across all transportation and highway agencies for
planning, design, operations, and maintenance purposes. These inventories include
roadway geometrics, roadway features and appurtenances, and physical roadway data.
Many different practices exist to collect these data, ranging from use of satellite imagery
to manual collection. Many states combine different practices to get a complete list of
roadway inventories. This section focuses on roadway inventories being collected by

each state through a ground-based image and data collection system. If specific data
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elements are not listed here, this in no way means the data are not collected by the state.
The data may be collected by other means. Table 4 lists what geometries and features
each state collects through the use of the resulting videolog on a regular basis. Linear
referencing calibration points are incorporated into the imagery and associated data fields

as roadway location references.

TABLE 4

ROADWAY GEOMETRY/FEATURES EXTRACTED FROM IMAGERY

. Vertical under clearance Signs
Connecticut Intersecting roads Guardrails
Maine N_umber of Iane_s o o o
Linear referencing calibration points incorporated into imagery
Lane width Bridges and other structures
Massachusetts Number of lanes State defined mileposts
Number of lanes Lane width
Rhode Island Shoulder widths
Linear referencing calibration points incorporated into imagery
Number of lanes *Signals
Shoulder widths *Guardrails
Lane width *Bridges and other structures
Vermont Vertical under clearance *Crash cushions
*Intersecting roads *Signs
*State defined mileposts *Rumble strips
*These data are planned to be collected once the system upgrade is completed

The use of ground-based images to inventory roadway features and appurtenances
is being explored but is not yet standard practice in New England. The formal collection
process for these data is performed by other means, most often manual collection. Rhode
Island uses its ground-based images to collect specific sets of roadway features and
appurtenances on an as-needed basis for specific projects. Other states, such as Maine,
use videologs for quality control of its previously collected inventories.

For efficiency, many states simultaneously collect physical roadway data
elements with the same vehicle that collects images. These data often are used in

pavement evaluation, determining existing roadway profiles, and identifying
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linear/spatial referencing points. As the ARAN traverses the roadway, these data are

collected at set distance intervals. These intervals are determined by the requirements to

accurately represent each data element. Table 5 identifies additional data collected by

each state concurrently with the images, and the interval at which they are recorded.

TABLE 5

DATA COLEECTED AND ASSOCIATED ACQUISITION DISTANCE INTERVALS

State

Data

Interval

Connecticut

Surface Roughness

0.01 km

Transverse profile measurements

0.005 km

Crossfall/slope Roll
Yaw Pitch
Grade Mileage
GPS coordinates

0.004 km

Maine

Surface Roughness

Transverse profile measurements
Crossfall/slope

Roll

Pitch

Yaw

Grade

0.02 mi

Mileage

0.001 mi

Massachusetts

Surface Roughness

Transverse profile measurements
Crossfall/slope

Roll

Pitch

Yaw

Mileage

GPS coordinates

0.02 km

Rhode Island

Surface Roughness

0.1 km

Crossfall/slope
Grade
GPS coordinates

0.0167 km

Mileage

Continuous

Vermont*

Crossfall/slope Roll

Yaw Pitch

Grade Mileage

GPS coordinates

Surface Roughness is collected by another ground-
based image and data collection vehicle

0.01 mi

*The state of Vermont has two ground-based image and data collection systems, one specifically for
pavement management and the other for inventory collection.
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These data can then be used to calculate specific roadway properties beyond the
raw roadway data including roadway curvatures, roadway profiles, centerline roadway
maps and more. Table 6 summarizes the additional information processed from the

captured data.

TABLE 6

INFORMATION PRODUCED FROM THE CAPTURED DATA
- 2 |3
2 2 |5
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S |8 |8 |2 |5
O b b o >

Horizontal curvature X X X

Vertical curvature X X X

Longitudinal profile X X

Transverse profile X X X

Rutting X X X X

Shim quantities and milling X

Centerline maps X

Image Acquisition

Each New England state has a different method for acquiring the videologs. The
degree of sophistication used in obtaining the images often prescribes their usefulness
during the data analysis stage.

Table 7 lists the number of centerline miles of roadway videologged by each state.
The state of Maine logs more than twice as many miles as any other New England state
while Rhode Island logs the least. The number of miles logged is important in
determining if the image acquisition process should be performed in-house or by a
contractor. If the state maintains a relatively small number of centerline miles, it may not

be economically efficient to procure its own ground-based image and data collection
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system. The initial investment for the system and the required maintenance will
outweigh the economic benefit of internally maintaining the system as determined by

Rhode Island, which is the only state in New England that uses a contractor to obtain its

videologs.

TABLE 7

APPROXIMATE CENTERLINE MILES LOGGED
Connecticut 4000

Maine 9000
Massachusetts 2900

Rhode Island 1000

Vermont 4000

Table 8 lists the mediums employed for storing images.

TABLE 8
MEDIUM EMPLOYED FOR IMAGE STORAGE
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Analog Videotape X | X
Digital Videotape X X
CD, DVD and/or Hard Drive | X | X X

Digital images are the current media for state-of-the-art of ground-based image and data
acquisition and storage systems. They allow for ease of distribution and a level of image
analysis that was not obtainable through analog videotapes. Analog videotapes can be
digitized and distributed as digital files at increased cost and reduced image quality.
Digital videotape improves the image quality but not the accessibility issues.

37



In their earliest forms, ground-based image and data acquisition systems generally
only recorded roadway images of the pavement surface and a driver’s eye view. As the
systems advanced, the benefit of recording additional views for roadway inventory
collection became apparent. Right and left side views improve visibility of inventory
elements that may not have been apparent in only a driver’s eye view. These additional
views greatly assist in associating the inventory elements with their surroundings. Table

9 is a list of roadway views used by each state.

TABLE 9
ROADWAY VIEWS RECORDED
[75)
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Driver’s eye X[ X | X | X |X
Right X | X X
Left X
Pavement surface | X | X X

Some states acquire these images by recording images in both directions of travel
along the roadway while some only record in one direction. Recording in both directions
or making additional passes on a road improves inventory data collection but increases
expense. Collection cycles of the states also vary. Some states collect data on their roads
annually. Larger states or states with a larger number of roads may videolog their roads
with a longer collection cycle. The number of collection vans, length of the image
collection season, and amount of roadway dictates the length of the collection cycle.
Table 10 is a list of the extent of collection and collection cycles of roadway images for

each state.
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TABLE 10

EXTENT OF WHICH IMAGERY IS CAPTURED

[75)
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Ol =z =2 |x|>
One direction on all roads X
Both directions on all roads X X [ X
Both directions on divided roads X
One direction on undivided roads
Once a year X
Once every 2 years X X
Once every 3 years X
Once every 4 years X

In collecting the images, the distance interval in image acquisition is important.
This distance interval is often different from that employed for data collection due to
different operating systems and collection needs. Videotape offers the appearance of
continuous images. Typical systems that rely on digital image files have larger distances
between acquiring the images. An interval that is too large will result in loosing some
roadway inventory elements; an interval that is to small will result in unnecessary money
spent on storage space for the additional image files. Table 11 is a summary of the

distance intervals between image acquisitions by state.

TABLE 11

DISTANCE INTERVAL BETWEEN IMAGE ACQUISITION
Connecticut Continuous and .01 km (~33 ft)*

Maine Continuous

Massachusetts Continuous

Rhode Island Every .06 meters (~2.4 inches)

Vermont Every .01 miles

* Both videotape and digital image files maintained
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Processing, Storage, and Distribution

After the images and data have been obtained, they are often filtered to yield more
helpful information or decrease the size of the files for post processing and storage.
Table 12 lists the filtering intervals between images, by view, for each state and whether

this filtering is done in-house or by a contractor.

TABLE 12

IMAGE FILTERING

Front, Right side view stored every 10 m
Connecticut Pavement surface editing varies
Done In-house

Maine No filtering performed

Front view stored every 20 m

Massachusetts .
Done in-house

Front, Pavement surface stored every 16 m

Rhode Island | by a contractor

Vermont No filtering performed

The filtered images are stored for later use and distribution. The method of
storing images is important for image quality, storage space, and ease of distribution.
Maintaining images digitally is rapidly becoming the most efficient means by which to
store images. Before the images can be stored as digital image files, they are compressed
to reduce the file size. Image resolution also directly effects file size. The higher the
resolution the more detailed the image, but the more storage space needed. Table 13 lists
the compression strategies, image resolution, and file size for those states that maintain

images as digital files.
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TABLE 13

DIGITAL IMAGE STORAGE CHARCTERISTICS

3

3 <

S|z |5
Compressed as JPEG files X | X | X
Resolution of 640x480 pixels X | X
Resolution of 1300x1300 X
Average file size is 50K X
Average file size is 180K X
Once every 3 years
Average file size is 60K for driver’s view X
Average file size is 75K for side view X

*Massachusetts does not maintain digital files
**A contractor maintains Rhode Island’s compression information

Often, a state will wish to distribute these images to other users within the state
government. In the past, this required making copies of the images on the specified
medium and sending them to the user. Currently, the state-of-the-practice is storing
images on hard drives and distributing the images over a network. This new process has
raised some interesting questions about security and liability such as unauthorized users
acquiring access to the data. By making the images available over a network, the need
for storing the images on portable storage mediums has been eliminated.

Along with distributing images internally, some states make images, and the
associated data, available to external parties. Interested parties range from lawyers to
companies producing in-vehicle navigation systems. The state of Connecticut distributes
the images externally for a fee of $5 for individual photographic quality images and
$13.17 for DVDs containing part of the state’s roadway network to cover cost of
reproduction. Most states are prohibited from selling images or data for a profit. Table

14 lists the distribution practices for the images and associated data for each state.

41



TABLE 14

DIGITAL IMAGE STORAGE CHARCTERISTICS
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Images and data are distributed internally and externally X
Images only are distributed internally and externally X
Images and data are distributed internally but not externally X
Images only are distributed internally but not externally X
Images are not distributed X
Data are not distributed X X | X

Summary

The information presented in this chapter shows the difference in scale and
development of ground-based image and data collection systems throughout the New
England states. Connecticut is a leader in this technology and constantly promotes the
growth of such systems within their state and without. Rhode Island demonstrates the
need to consider the economic pros and cons of acquiring and in-house system. Area-
wise, Rhode Island is the smallest state, with a correspondingly smaller amount of
centerline miles compared to other states. This led policy makers to suspect that
procuring their own system would not be as economically viable as hiring a contractor to
perform the collection process. On the other hand, Maine is the largest New England
state and maintains the largest number of centerline miles. Maine is also sparsely settled.
The vast distances of unpopulated roadways require a strong centralized roadway
management system. Incorporating the data and images collected from the ARAN into
the state GIS system eliminates many long-distance field trips and maximizes data
availability. Vermont demonstrates the conversion process from older ground-based

image and data collection systems to a state-of-the-art system. The experiences of this
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state could be valuable in identifying potential problems for other states that plan to go
through this conversion in the future. Massachusetts effectively uses an older system to
acquire videologs for pavement management and has a complete library of images.

However, the state is limited by resources to make full use of their system.
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CHAPTER 4
Using GIS

Geographic Information Systems (GIS) have rapidly become an important tool in
transportation to store, manage, analyze, and display pertinent characteristics of
information at a geographic location. These characteristics can be almost anything from
crime rate to environmental classification to traffic level.

GIS provides a unique opportunity for transportation officials to effectively
manage infrastructure and roadway inventories. Data associated with these systems are,
by their nature, spatially referenced. GIS systems allow transportation officials to point
to an item on a map and get any stored information such as condition, height, or size.
The ability to display a videolog image containing the inventory item and its
surroundings within the GIS system is also possible.

When collecting ground-based images, a spatial reference is also collected. This
can be latitude and longitude, state plane coordinates, state defined mileposts, chainage,
or another system. These references are necessary for integrating information within a
GIS.

Each of the six New England states has a GIS system, with some states having
multiple systems. In states like Massachusetts and Maine, the state’s transportation
agency is responsible for providing the transportation data to a centralized agency that
manages and distributes statewide GIS-based information.

Transportation data is often gathered by many different sources, often regional
planning agencies responsible for collecting all of the data within their region. This data
collection relies on time consuming manual collection with multiple trips required to

collect the necessary information. Use of an ARAN vehicle and associated image
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collection to gather much of the necessary transportation data in one pass provides a
mostly automated process. Some states have realized this potential and have begun using
ground-based image and data collection for this purpose. Other states still rely on older
methods. A comparison of GIS practices as they relate to ground-based imagery of New
England states is presented.

Several GIS software packages are used by state transportation agencies.
Evaluating the pros and cons of each system is beyond the scope of this project.
However, knowing the systems in use by each state may provide useful information to
others. Table 15 lists the Geographic Information Systems used by each state agency in

New England.

TABLE 15

GIS SYSTEMS
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ArciInfo/ArcView X | X | X | X | X | X|X
Integraph X
GDS X
Computer Aided Drafting/Design (CAD) X X

Each state uses several spatial location referencing systems to locate objects in the

system as indicated in Table 16.
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TABLE 16

FORMS OF SPATIAL LOCATION REFERENCING
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Latitude and longitude X X X
State plane coordinates X X X X X | X | X
Mileposts X X X X | X
UTM, link-node X

Geographic Information Systems typically operate on several databases, which
are usually warehoused in three different ways: centralized, distributed, and local. For a
centralized warehouse, data are maintained in a single location that is accessed by remote
users. For a distributed warehouse, data are maintained at several locations throughout
the state that are accessed by remote users. For local warehouses, the data are maintained
on local systems with access only to local users. Maintaining data in a centralized
warehouse allows the data providers more and easier control over data maintenance and

quality. Table 17 lists the warehousing techniques by state.
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TABLE 17
WAREHOUSING TECHNIQUES
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Centralized | X X X X * X | X | X
Distributed X
Local

* MASS Highway is in the process of moving to a centralized warehouse.

The transportation data included within the GIS framework by each state ranges
from basic road centerlines to advanced planning information. Table 18 lists the
transportation data maintained within each state’s GIS. Often these data are dependant
upon the class of road. Roads of higher classification, such as interstates and state

highways, often have the highest level of data collection.
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TABLE 18

TRANSPORTATION DATA WITHIN THE GIS

Maine (Office of

GIS)

Massachusetts
(Mass GIS)

Massachusetts

(MASS Highway)

Route number

x| Connecticut

X

x| New Hampshire

Speed limit

Number of lanes

Lane width

Shoulder widths

x| x| X[x|x| Rhode Island

Median type

Median width

Curbs present

XXX X| XX

X|X|x[x|x|x|x|x| Maine (DOT)

XXX XXX

X[ x[>|x[x|x[x| Vermont

Sidewalk width

XXX XXX XXX

Vertical under clearance

Intersecting roads

Bridges

Town lines

X|X| X

XXX | X

X|X|X| X

Linear referencing calibration points

X | X| X[ X| X

State defined mileposts

X

X | X[ X[ X| X

X

HOV lanes

XXX XXX

Rumble strips

X

Gaurdrails

Signs

Signals

X X[ X | X

Crash cushions

Surface roughness

Grade

x| X

Crossfall or cross slope

Mileage

XX XXX X| [ X

Road surface type

x| X

Transverse profile measurements

GPS coordinates

Yaw

x| X

Roll

Pitch

X|X| XX

Skid number

Toll Road
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Table 19 lists the distance intervals between data points and the update cycle.
TABLE 19

DISTANCE INTERVAL BETWEEN DATA POINTS AND DATA
UPDATE CHARACTERISTICS
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Continuous data X | X | X X X
Variable data intervals X
.01 mi data interval X
Continuously updated X
Yearly updates X
Updated every 2 years X
Updates vary X X | X X
No response X

Many different sources are used to obtain transportation data. Satellite and aerial

photography, along with manual field collection are often the primary sources. Data

collected by the ARAN vehicle, specifically the videologs, have become integrated into

some state systems. Table 20 lists the means by which roadway data are acquired for

each state.
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TABLE 20

DATA ORIGIN

Connecticut

Pen based computers used in field data collection

Maine
(Office of GIS)

GPS

DOQQ’s

SPOT imagery

Roads originally digitized using 1:24,000 USGS topo maps

GPS

Maine Engineering files

(DOT) Roadway inventory
Videologs

Massachusetts No response

(MassGIS)

Massachusetts

(MASS Highway)

Data acquired in-house by individual DPW’s

New Hampshire

Data acquired in-house and by contractors

Rhode Island

Videologs
Aerial photography

Vermont

No response

One key issue is whether data associated with ground-based imagery and data

collection is specifically being used by GIS agencies in the New England states. Table

21 describes the specific videolog usage within GIS agencies in New England and plans

for using videolog imaging in the future.
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TABLE 21

VIDEOLOG USAGE

Videolog is used for specific projects

Connecticut Plans to use images in future GIS activities

Maine .

(Office of GIS) Videolog not used

Maine Videolog is GIS linked and is used for inventory quality check,
(DOT) Plans to use images in future GIS activities

Massachusetts :

(MassGIS) Videolog not used

Massachusetts Videolog is used for linear referencing

(MASS Highway) Plans to use images in future GIS activities

Videolog is not used

New Hampshire No plans to use images in future GIS activities

Videolog is used as a data collection source

Rhode Island Plans to use images in future GIS activities

Videolog is currently not used

Vermont Plans to use images in future GIS activities

The state GIS agency often does not perform the data collection internally but
compiles and maintains databases from outside agencies. For this reason, it is valuable to
know what agencies are specifically collecting data. Of the six New England states, only
Maine and Rhode Island rely on outside contractors for any data gathering. In Maine, a
contractor is used for roadway digitizing following standards set by the state. Rhode
Island uses contractors for the entire videologging process. These companies are TMT
and Lamdatech International, respectively.

All GIS agencies need to digitize roadways in their state for use within the
system. This process can be completed using several different hardware and software
packages, all of which have slightly different processes. Table 22 lists the processes by

which the roads are digitized in each state.
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TABLE 22

MEANS OF ROADWAY DIGITATION

Connecticut

GPS receiver and Intergraph Microstation

Maine (Office of GIS)

Contracted out to Maine office of GIS standards

Maine (DOT)

Arclinfo is used to digitize the roads which is
originally performed by various contractors

Massachusetts (MassGIS)

Roads are originally from USGS 100,000 scale
DLGs

Massachusetts (MASS Highway)

Arclnfo is used to digitize the roads

New Hampshire

Spatial location collected using Trimble GPS
equipment,
ArcView/ArcGIS/GDS are used to digitize the roads

Rhode Island

Arclnfo is used to digitize the roads

Vermont

ArclInfo is used to digitize the roads

Finally, data available on these state systems are potentially valuable to many

outside users. Some states make this data fully available to outside users while others

choose to make it available to internal users only. This distribution may be done by

giving outside users access to the GIS, or providing data sets on CD or diskette upon

request. Table 23 lists the external distribution practices of each state.

TABLE 23
EXTERNAL DISTRIBUTION
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Data are externally distributed X X X X X X X
Data are not externally distributed X
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Summary

All six New England states have GIS agencies. Each of these agencies maintains
some transportation data. The purpose of this section is to demonstrate the potential of
using data collected from ground-based image and data collection within the GIS. Often
roadway inventories are collected from aerial photography and some form of manual
field collection. Of the six New England states, only Rhode Island uses their ground-
based imaging system to provide data for the state’s GIS. Maine uses their system to
perform quality checks of the existing roadway inventories that are collected through
other means. They are also developing a system by which the videologs are viewable
through the GIS. Connecticut and, in the near future, Vermont maintain a state-of-the-art
ground-based image and data collection system. These states have recognized the
relative ease with which they could develop these systems to provide the majority of the
required transportation data to the state’s GIS and are working to develop such a system.
Massachusetts uses the videologs to linearly reference some of the roadway inventories
provided on the GIS. Without an upgrade of the ground-based image and data collection
system, Massachusetts lacks the technology to develop a strong videolog-GIS linked
program. New Hampshire, having no videolog system, maintains its transportation data
through manual collection done by the state’s regional planning agencies.

A strong videolog-GIS linked program has the potential to act as a single
collection source for much, if not all, of a state’s GIS transportation data needs. This

could be used to reduce repetitive, time consuming and costly data collection processes.
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CHAPTER 5
Ground-Based Imagery and Data Collection Outside New England

Ground-based image and data collection systems are not unique to the New
England states. In fact, the majority of states throughout the country have some type of
“videolog” system. This chapter is intended to provide a cross-section of the state-of-the-

practice of ground-based image and data collection systems outside of New England.

Florida

The Florida Department of Transportation recently contracted the Connecticut
Transportation Institute (CTI) to perform a synthesis-of-practice of its system and to
make recommendations towards its improvement. The resulting synthesis-of-practice
report for Florida’s videolog program was provided y one of this reports authors, John
Hudson a special services officer for the CTI (Dougan, Hudson, and Bower 2001).

Florida is responsible for approximately 11,927 centerline miles of state roads
within an area of 45,477 square miles. To deal with maintaining this vast system, Florida
realized the cost effectiveness of using an enhanced ground-based image and data
collection system to assist in all functional areas.

CTI first surveyed users of Florida’s imaging system. The majority of the 79
personnel surveyed felt that the videolog images were useful and had saved countless
man-hours by eliminating field trips. These users also identified decreasing the
collection cycle, adding additional roadway views, and the collection of physical
roadway data on condition and geometry as ways of improving the system. Based on
their evaluation CT1 identified a number of problems that reduced the effectiveness of the

system.
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The current system in Florida divides data collection between several different
operational units. A contractor for the Transportation Statistics Office provides videolog
images; Pavement Management collects rider-comfort data (IRI) and the results of other
pavement analysis; the State Materials Office maintains pavement distress data; and the
Transportation Statistics Office collects roadway inventory data through annual surveys.
A single comprehensive image and data acquisition system could collect all of the data
maintained by these units in one pass by an ARAN vehicle. The CTI performed a cost
analysis for the state of Florida using the experiences of the Connecticut DOT and
estimated that a ground-based image and data collection system would save the state of
Florida $8,757,100 annually. When compared to contracting an outside agency to
perform the collection process, at a cost to the state estimated to be $2,394,000, results a
benefit-cost ratio of 3.7. Doing the collection in-house was estimated to cost the state
$1,261,200 for a benefit-cost ratio of 6.9. The advantages of using a contractor include
elimination of (1) equipment costs and (2) the need to obtain and keep trained personnel
in this state-of-the-art field. Having the units in-house allows for more flexibility in
schedule changes and in project level usage.

An important recommendation was that the management of this system should
fall under the control of a single government agency which would be responsible for all
contracts, data and image processing, technical support, software development, upgrades,
training of staff and promoting the use within Florida DOT.

The CTI also recommended many specific improvements to the nature of the
system. One was to incorporate the videolog images and associated data into a GIS
where the information can be retrieved by selecting a location on a map. This is intended

to improve accessibility over the current system where users must input specific
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mileposts. Many users thought this was cumbersome and were unfamiliar with the
milepost system.

Another recommendation was to improve the operational characteristics of the
distribution network. Users identified the current network as having a slow access rate.
It was also recommended that the state develop image-processing software to perform
geometric calculations on the images, which would eliminate additional field trips. To
obtain additional useful data, it was recommended that the data collection vans be
equipped with additional cameras to obtain right-of-way, left, and pavement views. It
was also suggested to make additional passes on multi-lane roads, reducing the image
interval from 0.01 miles to 0.005 miles and shortening the collection cycle. Decreasing
the interval would capture data that was currently being lost between frames while

shortening the collection cycle would improve the timeliness of the data.

Arkansas

The state of Arkansas has maintained images and data for the majority of its state
and national roadways since 1993. The state’s current system collects images for the
driver’s eye, right, and pavement views for 16,500 centerline miles. Along with the
images, the state collects a full range of physical roadway data and uses the system to
assist in pavement management. The images are digitized and compressed as JPEG files
for distribution to internal Arkansas DOT users over an intranet. The state has recently
started collecting GPS data and is using it to move towards integrating the images and
other data into a GIS. Arkansas is also beginning to develop image-processing software

to enhance their data collection activities.
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lowa

The state of lowa has produced videologs for the past twenty years. Currently,
the state maintains about 20,000 miles of roadway and annually updates half of the
videologs in each direction. Images are acquired digitally and distributed internally over
an intranet, as well as on CD’s. The lowa system is designed for collecting roadway
inventory elements and obtains supplemental images of the right and left side views. The
state of lowa is satisfied with the condition of its roadway inventory database and is
considering increasing the collection cycle for the sake of cost effectiveness from every

two years to every four years.

Ohio

Ohio maintains about 19,290 miles of roadway. Images are maintained in both
directions and are collected on a three-year collection cycle. The images are initially
stored on analog laser discs and then distributed over an intranet to internal users. The
images are occasionally distributed to outside users on DVDs for a fee. The primary
driving force behind lowa’s videolog program was the need for assistance with litigation.
The state finds the videologs invaluable in court for proving culpability. Some physical
roadway data are collected during the videolog process and the van is occasionally used
for specific projects. Occasionally, the system is used for specific roadway inventory
collection, but the state is satisfied with the current field collection system. Using
videologs for litigation is an issue that many states are concerned about since images
could be used against them. By developing their videolog system with litigation purposes
in mind the state of Ohio shows another application where videologs are economically

efficient.
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Texas

The state of Texas uses their videolog system primarily as a pavement
management system. The state records driver’s eye and pavement views onto videotape.
Along with images, GPS and state defined mileposts are collected for referencing. The
interesting thing about Texas’s system is that they only maintain images for
approximately 2-3,000 miles of roadways around the state’s major metropolitan areas.
Texas is very large with a large amount of roadways that are rural interstates, which get
relatively little use. Because of cost, the state only maintains videologs on the most
heavily used roadways around major cities. These are the roads that need the most
maintenance and are crucial to the state’s vitality. Other states with large sections of
open road might want to consider the experiences of Texas when developing their

system.

Other States

In the report on Florida performed by the Connecticut Transportation Institute,
several other Transportation agencies were surveyed about the state of their ground-based
image and data acquisition systems. Seven state transportation agencies, one city
planning agency and one county planning agency were surveyed. The resulting

information is presented in Appendix E.

Summary
Ground-based imaging systems are not unique to the New England states. The
cross-section of states investigated in this section displays issues that are common to all

states along with issues that are state or region specific. The synthesis-of-practice of
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Florida performed by the CTI demonstrates the need to develop a single, centralized,
well-managed data collection system. Videolog systems have the highest potential of
delivering this type of system at the lowest cost to the state. Texas presents a region
specific issue with videolog usage. Much of the roadways in a large state such as Texas
are rural. For economic efficiency Texas only videologs those roadways that are greatly
effected by urban traffic. Ohio, with a system developed to assist in litigation, has shown
that videologs can save a state significant money by easily and effectively proving
culpability. This section and the results of the CTI surveys in Appendix E demonstrate
that many states are moving towards newer technology and have recognized the benefits

with maintaining a state-of-the-art system.
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CHAPTER 6
Conclusions

With the completion of the nation’s Eisenhower highway network, planners and
engineers have had to change their focus from constructing new roadways to maintaining
and repairing existing ones. This is generally under the jurisdiction of state transportation
agencies that must evaluate their systems. The data needed to evaluate roadways include
geometric data, pavement data, data on roadway features, traffic data, and more. These
data are required not only for roadway evaluations but also in response to federal
mandates related to funding allocation.

The data required for a complete roadway evaluation cover many different
functional areas. Different agencies within the state department of transportation are
often required to collect the specific data that they need. Collection of these data often
requires a detailed inspection of the roadways by each different functional area. These
field inspections are time consuming and hazardous to field collection personnel.
Efficiency of roadway data collection could be greatly improved by use of available
technologies, particularly videologs, thus moving evaluation processes from the field to
the office.

Modern ground-based image and data collection systems combine improved
videologging practices with automated roadway data collection to supply data for
comprehensive roadway evaluations. These systems have shown their ability to reduce
field trips and greatly improve the operational efficiency of data collection systems. The
capability of these systems has been greatly enhanced over the past few years.

Within New England, the use of ground-based image and data collection systems

differs significantly. Connecticut has been a pioneer with these systems for decades.
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They have promoted the use of these systems and publicly documented their
development. Maine has also initiated some innovative techniques with their shim
quantity analysis and incorporation of videologs and associated data into an enterprise
GIS. Vermont and Rhode Island have also begun to use the abilities of the modern
systems. Massachusetts has a system in place that would benefit from an upgrade and
increased managerial support. New Hampshire has no system in place and relies upon
the regional planning agencies for data collection.

The New England states provide a good cross-section of issues concerning the
development and implementation of ground-based image and data collection systems.
New Hampshire feels that procuring a system is not economically viable due to the large
capital investment needed for obtaining system hardware and training personnel.
Connecticut, to make its system the most efficient, complements its system with a wide
range of training programs and advocates the use of the systemthroughout the state.

Every state interested in obtaining a system should perform a benefit-cost analysis
to determine the advantages versus the cost. Typically, small dominantly rural states will
have the smallest benefit/cost ratios and may feel it is to their advantage to keep their
current data collection systems in place. States that choose to do this should also take
into account the impact that this decision may have in the future. The federal government
is also considering enhancing the Highway Performance Monitoring System and may
encourage use of a single automated data collection system.

Massachusetts demonstrates the need to promote the abilities of ground-based
image and data collection systems throughout upper level management. In this state, the

system is under utilized because many users are simply unaware of its potential.
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Videologs remain in archives while data that could easily be drawn from them are
collected by other means or not collected at all.

Ground-based image and data collection systems can be the primary source of
geometric and physical roadway characteristics. Below is a summary of the benefits of

having a current well-developed system.

*Videologs have the potential to provide state agencies with complete roadway
inventories. By taking a driver’s eye, right side, and left side view, all roadway inventory
elements can be cataloged from the videologs in the office instead of in the field. In
addition, image-processing techniques allow for the physical characteristics of these
inventory elements to be obtained from the images. Although not yet fully automated,
these techniques have saved substantial resources both in time and money and should be

used as much as practical by states with videolog capability.

*Videolog images, in conjunction with distress evaluations of the pavement surface,

allow for pavement inspections to be performed in the office instead of the field.

+Digital images greatly improve the resolution of videolog images. The images can be
compressed as JPEG files and easily stored on CD, DVD, or a computer hard drive.
Duplication of the images does not degrade the image quality, as did duplication of
analog videotapes. Agencies can now acquire complete videologs of an entire state cost

effectively. Digital images also assist in image processing techniques.
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*Videologs have proven to be extremely useful for determining culpability in court cases
concerning roadway characteristics. Ohio describes this use as invaluable for the savings
it provides in legal matters.

*Modern systems have the ability to automate the collection of nearly all physical
roadway data including the physical characteristics of the roadway such as curvature,
grade, transverse profile, cross slope, and pavement data such as IRI values and texture.

These data are stored as a digital file on CD, DVD, or hard drive and easily distributed.

*Many software programs have been developed to process these data and obtain
horizontal and vertical curvature, roadway profiles, rutting, and shim quantities. These

processed data can then be used to produce centerline maps and curb-to-curb plans.

eLinear and spatial referencing systems, such as state defined mileposts and GPS
coordinates, allow each inventory element and image to be “tagged” with its geographic
location. This allows for accurate placement of the inventory element and associated data

into a GIS. These data can then be used in spatial analyses available through the GIS.

*The ability to store the videolog images and associated data on hard drives provides for
the capability of network level distribution. In these systems, the data are stored on a
central server and any authorized user can access the images and data. This virtually
eliminates the production and distribution costs. Many states are moving toward this type

of internal (and external) distribution, despite concerns over data security.
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*Many states have a central GIS agency that maintains and distributes data across many
different categories, one of which is roadways and their characteristics. The images and
data collected can be easily incorporated into these systems. Within this expanded
environment, roadway data can be used in both transportation and non-transportation
related projects. A real advantage to the inclusion of imagery is the ability to quantify the
impact of roadways on their surroundings in a way that is easily understood by all users.
This is revolutionary to the planner and the implications go well beyond the

transportation field.

Maximum effectiveness of a ground-based image and data collection system
could be realized in a single, well-managed, well-promoted data collection system that
provides nearly all of the data collection needs of the state at a relatively low cost. The
system can be very user friendly and operate seamlessly between data collection,
processing, and manipulation so that a relatively unskilled user could efficiently operate
the system. A key to implementing this is education of users about the images, their use
and analysis potential. Several companies specialize in developing these systems
specifically for individual states. These companies will also perform the data collection.

Appendix F lists suppliers and contact information.
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APPENDIX A

State Transportation Agency Survey



Photolog Images and Data Acquired on State Roadways

Many state transportation agencies acquire roadway images and other applicable data items by use of
ground-based imaging and data collection technology traditionally referred to as photolog or videolog.

This questionnaire has been sent to all New England States and is intended to survey the use of
ground-based imaging and data acquisition and retrieval in each state’s transportation agency.

After the surveys have been completed and returned, a summary will be made synthesizing the extent
to which this technology is used. Finally, the information gathered will be shared during state visits
and in the form of a final report.

Part | of this survey covers imaging. Part Il covers data collected from ground-based imaging and any
derived information.

SURVEY INFORMATION:

Name of individual completing survey:

Name of department, agency:

Location: City or town:

Street address:

Telephone: ( ) - -
Fax: ( ) - -
E-mail:

Comments:

Please return surveys to:
Jason DeGray
Transportation Center
University of Massachusetts at Amherst
214 Marston Hall
Ambherst, MA 01003

For questions, please call:  Kathleen Hancock
(413) 545-0228
hancock@ecs.umass.edu



Images
A. Acquisition:
1. Where Approximate Centerline Mileage

o Interstate highways:

e U.S. Federal roads:

o State-maintained highways:
e Local roads:

o Other facilities: (describe)

Total:
2. By whom: Approximate % of Total Centerline Miles
¢ In-house: Name of Unit
e Contractor: Name of Contractor
3. Medium employed for image acquisition: Approximate % of total Centerline Miles

e Film:

e Videotape: Analog
Digital

e CD, DVD or Hard Drive

e Other: (describe)

4. Areas of the highway environment are captured: (Check all that apply.)
Driver’s eye view ahead Right side view

Left side view Rear view along road

Other: (describe)

5. Indicate the extent to which imagery are being captured.

a. Directional (Check only one.)

One direction on all roads Both directions on all roads

One direction only on undivided two-lane roads Both directions on undivided two-lane roads

Both directions on divided roads Multiple passes on divided roads of three or more
lanes

Other: (describe)

b. Collection cycle: Images are acquired: (Check only one.)
once a year once every two years
alternating in one direction one year and in the other direction the next year

Other: (describe)

c. Distance interval for image acquisition



Continuous Every 0.01 miles Other
B. Image Editing / Processing:

1. Editing interval: what is the distance interval between each video/photo frame selected, (e.g., 10 meters; 0.01 mile)?
Enter NE if no editing is performed or NA if not applicable.
Front view

Left side view
Right side view
Rear view along road
Pavement surface
Other (describe)

2. Editing done by: In-house Contractor Both

C. Storage:
1. If images are stored digitally, please provide the following information:
a. Compression strategy (i.e., how do you compress your files, e.g., JPEG, Bit Map, TIF, MPEG, etc)?

b. Image resolution in pixels (e.g., 640 X 480 pixels)?

c. Average file size of stored image?

2. Medium used to store images: (Check all that apply.)
Videotape CD DVD Hard Drive Other

Front View

Right side view

Left side view

Rear view along road
Pavement surface
Other:

D. Internal Distribution of images: Yes No

If yes, please provide a detailed explanation of how your state currently distributes images to internal users (within the
department). This explanation should include the hardware and software components involved as well as the distribution of
the viewing stations with respect to management and operational units within your department. (An organizational chart of
your department including the number of viewing stations or, perhaps, the viewing capability superimposed next to each
unit could be attached to this survey to serve this purpose.)

E. External Distribution: Yes No

Please provide a detailed explanation of how your state currently distributes images to non-state or private sector users.




1. DATA
A. Data Acquisition:

1. If any of the following physical data items are being collected simultaneously with the images, enter “S” if by the same
vehicle collecting the images or enter “O” if by other vehicles made on separate passes.

Surface roughness (Intern’l Roughness Index (IRI) or other index) Grade

Crossfall or cross slope Cumulative mileage or chainage
Texture Transverse profile measurements
Roll (deflection about longitudinal axis of vehicle) GPS coordinates (x,y,z)

Yaw (heading — rotation about vertical axis of vehicle)

Pitch (deflection about transverse axis of vehicle) Skid number

Other: (describe)

2. At what intervals are the data output to files (e.g., 0.001 km; 0.01 mile, etc.)?

Surface roughness (Int’l Roughness Index, IRI, or other index) __ Grade
Crossfall or cross slope Cumulative mileage or chainage
Texture Transverse profile measurements

Roll (deflection about longitudinal axis of vehicle)
Yaw (heading — rotation about vertical axis of vehicle)
Pitch (deflection about transverse axis of vehicle) Skid number

GPS coordinates (x,y,2)

Other: (describe)

3. Indicate roadway geometry that is extracted from imagery. (check all that apply)
Number of lanes Lane width

Shoulder widths Vertical under clearance

4. Indicate roadway features or appurtenances that are extracted from imagery. (check all that apply)

__Intersecting roads __ Bridges and other structures
___ State-defined mileposts _____ HOV lanes

_ Rumble strips __ Guardrails

__ Signs __ Signals

Crash cushions

5. Indicate references that are incorporated into data files resulting from imagery or onto the imagery itself.
Town lines

Linear referencing calibration points



B. Processing:

1. Isany of the following information calculated from captured data? If so, are the calculations performed in house or by
using a commercially available computer program? (Check all that apply.)

In House Comm. Avail. Program Name Available
__ Horizontal curvature - Yes  No__
__ Vertical curvature - Yes_ No___
__ Longitudinal profile - Yes_ No__
____ Transverse profile L Yes No_
_ Rutting L Yes  No_
__ Average texture depths _ Yes No_
___ Shim quantities _ Yes  No_

2. Are any of the above data used to produce the following? (Check all that apply.)
Centerline maps of roadway sections
Three dimensional views of a roadway

Curb to curb plans.

C. Storage:
Indicate the medium on which data are stored (i.e., diskettes, CDs, DVD, hard drives).
Diskette Videotape CD DVD Hard Drive Other

Surface roughness
Grade

Crossfall or cross slope

Cum. mileage/chainage

Texture

Transverse profile
measurements

GPS coordinates (X,y,z)
Vehicle attitude

Skid number

Horizontal curvature

Vertical curvature

Longitudinal profile

Transverse profile

Rutting

Average texture depths

Shim quantities




D. Distribution:

Do you make any of this information available outside of your department? If yes, please provide the appropriate contact
information for any such person/department/agency.

Name of department, agency:

Name of contact individual:

Location:

City or town:

Street address:

Telephone: ( ) - -
Fax: ( ) - -
E-mail:

Additional information:

E. External distribution:
Do you make any of this information publicly available? If yes please indicate the means by which it is available.

Publicly Available CD Web By Contact

Yes No if yes

If this information is made available to the public by requesting the information directly “by contact”, please provide the
appropriate contact information were request should be sent.
Name of department, agency:

Name of contact individual:

Location:

City or town:

Street address:

Telephone: ( ) - -
Fax: ( ) - -
E-mail:

Additional information:




APPENDIX B

GIS Agency Survey



Video / Photolog and GIS

Many state transportation agencies acquire roadway images and other applicable data items using
ground-based imaging and data collection technology traditionally referred to as photolog or videolog.
These data are potentially valuable for use in GIS applications.

This questionnaire has been sent to information system departments across the six New England states.
The intent is to gather information about what data you collect and manage and if/how you use
video/photologs.

After the surveys have been completed and returned, a summary will be developed about the extent to

which GIS is used in conjunction with ground-based imaging technology. Finally, the information
gathered will be shared during state visits and in the form of a final report.

SURVEY INFORMATION:

Name of individual completing survey:

Name of department,

agency:
Location: City or town:

Street address:
Telephone: ( ) - -
Fax: ( ) - -
E-mail:

Additional information:

Please return surveys to:
Jason DeGray
Transportation Center
University of Massachusetts at Amherst
214 Marston Hall
Ambherst, MA 01003

For questions, please call: ~ Kathleen Hancock
(413) 545-0228
hancock@ecs.umass.edu



I.  Geographic Information Systems
What Geographic Information System (GIS) do your agency use? (check all that apply)
__ None
___ CADD (Computer Aided Drafting/Design) only
___Arcinfo/ ArcView
___Integraph
___ Caliper
___Other (describe)

What forms of spatial location referencing systems does your agency use? (check all that apply)
__Latitude and longitude
___State plane coordinates
___Mileposts
___Chainage
___Other (describe)

What form of data warehousing does your agency use? (check all that apply)
__ Centralized warehouse: (data are located in a single location with remote access to users.)
___ Distributed warehouse: (data are located in distributed locations with remote access to users.)
___Local: (data are located on local systems with local access only.)
___Other (describe)




Il. Roadway Information
A. Data Provided:

1 Does your agency collect or manage any of the following data and are they spatially referenced (does it explicitly
have location attached to it)? (Please check all that apply.)

Interstates | Other Federal Roads | State Roads | Local Roads Other

Route number

Speed limit

Number of lanes

Lane width

Shoulder widths

Median type

Median width

Curbs present

Sidewalk width

Vertical under clearance

Intersecting roads

Bridges

Town lines

Linear referencing calibration points

State-defined mileposts

HOV lanes

Rumble strips

Guardrails

Signs

Signals

Crash cushions

Surface roughness (IRI or other index)

Grade

Crossfall or cross slope

Cumulative mileage / chainage

Road surface type

Transverse profile measurements

GPS coordinates (X,y,z)

Yaw (heading — rotation about vertical
axis of vehicle)

Roll (deflection about longitudinal axis
of vehicle)

Pitch (deflection about transverse axis
of vehicle)

Skid number

Toll road

Other (specify)




3. If applicable, what is the distance interval between data points?
_____ Continuous __ Every .01 miles
__ Other

4. How often are the data updated?

6. When was the last time the data were updated?

Il. Data Source
F. Means
6. By what means is the roadway data acquired, where do you get your data?

7. If videolog imaging is used for any of the above please describe how.

8. Does your agency plan to use videolog imaging in the future in association with GIS activities?
Yes
No

Unknown



1. Data Background

A. Origin
1. If data were gathered by an outside agency please describe by who, and provide the appropriate contact information.

B. Manipulation
1. What GIS software and hardware was used to digitize the roads?

C. Distribution
Do you make any of this information available outside of your department? If yes please provide the appropriate contact
information for any such person/department/agency.

Name of department, agency:

Name of contact individual:

Location:

City or town:

Street address:

Telephone: ( ) - -
Fax: ( ) - -
E-mail:

Additional information:




APPENDIX C

Maine Automated Shim Analysis Program User’s Guide



AutoMATED SHIM ANALYSIS PROGRAM for Windows
Version 00.12.06

Customized Software Developed and Written By

Keith A. Fougere, P. E.

Maine’s ARAN operation and software supported through:

Maine Department of Transportation
Bureau of Planning, Research & Community Services
Pavement Management Section
16 Statehouse Station
Augusta, Me. 04333

(207) 624 - 3304

Base translation and raw processing
programs supplied by the Roadware Corporation.
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INTRODUCTION

The new ASAP has been tested and is believed to provide results similar to
the original version, however, as with any new software, you should question the
results until you feel comfortable with them. Any bugs found or enhancements
desired should be forwarded to the Pavement Management section.

There will be two folders on DOTAUG1\$Com-Cons\ named ‘Asap’ and
‘AsapProjects’. The ‘Asap’ folder contains the latest version of the asap program.
The ‘AsapProjects’ folder contains the latest version of this manual and all of the
shim runs in the state that have been requested and completed. There is also a
readme file in the asap folder showing the latest information about the program.
The instructions to access DOTAUG1\$Com-Cons\asap are given in the
installation section of this manual.

The first section of this manual is the User Guide, assuming the Shim
program has already been installed on your computer. If it has not been installed,
follow the instructions beginning on page 5 of this manual.



USER GUIDE

Printing the Field Sheets

Before using the Shim program, you will need to print the field sheet to get the file
numbers, file direction (upchain or downchain) and rutbar width. From Windows Explorer scroll
down to the drive that connects to DOTAUG1\$Com-cons and double click. Then double click
‘asapprojects’. Double click the project you are looking for and then right click on the excel file
and select ‘print’.
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Opening the ASAP program

From the desktop double click the ASAP program icon and select the path to the ARAN
shim data files. These files can be accessed from a disk in Drive a: or in the DOTAUGI1\ $Com-
Cons\’asapprojects’ folder. Click on the project needed so that the MO files show in the left
window. Click the ‘copy 1MO files’ button and then the ‘process 1MO0’ button. The program will
not run if these steps are not followed. The .1mo files must be copied using the ‘copy 1mo’
button. Placing them in the C:\program files\asap\1mo directory without using the command
button will not work at present. Once you have copied the 1m0 files, you will be working only
on your PC’s hard drive. If a project needs to be moved to another computer, files with the
‘.shm’ extension in the C:\program files\asap folder will need to be copied to the same folder on
the new computer.

Next click the ‘list raw files’ button and highlight the file for the upchain run. These files
are shown on the field sheet you just printed. Click the ‘select upchain ‘ button and repeat for the
downchain. Select the proper width (shown on field sheet) and then process the run.

Once the project has been loaded you will be presented with a cross section of the first
station. In the upper left corner, there are drop down menu’s, which are hopefully self-
explanatory. Be sure to set slopes to existing from the ‘Slopes Menu’

Following are a few notes relating to these menus.

File Menu - Load slopes and depths- If loading a previous job, use this to reload info.
- Save slopes and depths - SAVE OFTEN
View Menu - Zoom in and out - will change the vertical scale
Show and Hide - will toggle info on the cross section off and on.
Move Menu - Shows the F keys that can be used to move from station to station.

Slopes - “‘Set slopes on a range of stations’ will allow the same slopes to be applied
to a group of stations. Be sure to enter a slope in each box or it will kick
you out of the program

Reloading a project

If the project has already been processed and is the last one accessed, you can click the
‘Plot Current Job’ button to return to the job you are working on. If the job has been processed
but is not the last one you worked on, then click on the ‘List Raw Files’ button and load the
correct upchain and downchain files.

Once the first station is shown you will have to ‘Load slopes and depths’ from the File
menu to get previously saved information to load.
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Entering Desired Slopes and Depths

Before entering any info, go to the ‘Slopes’ menu and select ‘Set all slopes to existing’.
This will ensure the job is beginning with the proper transverse profile.

Double click in the white text boxes to enter the information required for that station.
After entering click on the ‘Update’ button to view the changes. The white text boxes and update
button change design parameters for the current cross section only. (Except for the lane width,
which is reset for the entire project). The menu items change design parameters for the entire
project.

If you should need to analyze a narrower section of roadway, you can change the lane
width in the box below the Update button. This will affect the entire project and allowances
should be made for missing quantities if necessary.

REMEMBER TO ‘SAVE SLOPES AND DEPTHS’ OFTEN



INSTALLATION INSTRUCTIONS

Mapping a drive from ‘Windows Explorer’ to DOTAUG1/8Com-cons.

From Windows explorer click on the ‘Tools Menu’ and then click on ‘Map Network
Drive’. Use the drive letter automatically selected or choose a letter not in use from the drop
down box by clicking on the down arrow and clicking on the desired letter. Check off the box
that says ‘Reconnect at Logon’. Next look at the list of ‘shared directories’ and double click on
‘DOTAUGT!’, then double click on the ‘$Com-Cons folder. You have now mapped a drive that
can be accessed from Windows Explorer by scrolling down to the $Com-Cons drive. This is
where the ‘ASAP’ and ‘ASAPprojects’ files will be kept.
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Copying the ASAP program to the ‘C:\Program files’ folder

Open Windows Explorer and scroll down to the left section of the window to the $Com-
Cons folder and double click. Next find the ASAP folder and right click and then left click on
‘copy’. Now scroll up to the ‘Program Files’ folder and right click and then left click on “paste’.
You should now have the ASAP folder under the ‘program files’ folder. To check, double click
on the ‘program files’ folder. If the ASAP folder is not listed, repeat the previous steps. The
ASAP program has to be in the ‘program files’ folder in order to run properly.

Open c:\program files\asap and click and drag the asap.exe file onto the desktop
To run the shim program just double click the ASAP icon on the desktop.

If you experience problems starting or running the program, check the readme file in the
asap folder, you may need to copy files from C:\program files\asap\support to the
C:\winnt\system32 folder.
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Updating the Program

To update to the latest version, copy DOTAUG1\$Com-cons\asap\asap.exe to
C:\program files\asap. NOTE that there is an asap folder and an asap file. Do not copy the whole
folder as you may lose any saved work from the 1mo and raw files. You should get a message
asking you to replace the existing file. Click yes. The latest User Manual is located in the

‘asapprojects’ folder.



NOTES

1. We have found that some existing slopes are not coming in correctly. Please go to the slopes
menu and select the ‘set slopes to existing on all stations before beginning your project.

2. REMEMBER TO ‘SAVE SLOPES AND DEPTHS’ OFTEN.
3. Check to see if you have the latest versions of the asap program and the user manual.
4. Questions can be directed to Bob Watson (624-3304) or Don Young (624-3294)

5. If you experience problems starting the program, make sure the desktop Icon shortcut is
pointing to C:\program files\asap. You can check this by right clicking on the icon and select
‘properties’ and the shortcut tab. The target window should read

"C:\Program Files\Asap\asap.exe" and the ‘Start in’ window should read

“C:\program files\asap”



Sample Output
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Slopes 30 03 31-06 20 00 2.5 0.0 3308 30-13 25-10 23-15 18 0.1
MarkUps 13 3 14 32 17 110 8 9525 91019 14 1016 67 13 10 7 12 11 10 15
Shim@Sta 09 1.5 Lk 1.1 1.2 10 14 14 14 12 17 08 16 09 18 1.0 26
Accum 45 104 44 102 43 101 42 100 41 S8 39 97 38 95 37 94 36 92



0000 BRUNSW ICK 91

S — e,

0+900 ' 0+840 ~ 0+780

P o B T e
0+880 T 0+820 ~ 0+760

== sttt oAb _-‘-'h“-&_____________-___' - e
0+860 0+800 - 0+740 -

Station 0+900 0+880 0+860 0+840 0+820 0+800 0+780 0+760 0+740
Slopes 1303 1808 2001 25-02 2302 26-11 23-04 2306 2600
MarkUps 12 14 27 10820 56 21 8513 151120 1035 131011 141117 6921
Shim@Sta 0.9 2.3 0.7 16 0.7 1.3 09 1.3 09 14 31 -39 1.2 2.0 1.0 1.7 1.1 2.1
Accum 35 89 34 87 34 85 33 84 32 83 31 81 30 80 29 78 28 76




0000 BRUNSW ICK 91

o b

0+700 0+640 0+580
0+680 0+620 0+560

Station 0+720 0+700 0+680 0+660 0+640 0+620 0+600 0+580 0+560

Slopes 27 01 16 -03 28-08 2203 3404 25089 3.7 0.1 3705 3508
MarkUps 10 1021 8915 131213 81020 91010 51321 131313 7718 81026
Shm@Sta 09 25 07 2S5 07 3.1 05 3.1 0.7 2.7 1.0 29 09 24 0622 0525

Accum 27 74 26 72 25 69 25 66 24 63 24 60 23 57 22 55 21 53



0000 BRUNSW ICK 91

mﬁ“—m\L———;m

=t =S
e —— -
0+520 0+460 s 0+400 e,
1

Al e [ o+am0 e g

St 03540 01520 04500 0F4BD 04460 0+440  0+420  0+#400  0+380

Slpes 41 06 37-15 3205 29-03 3203 3405 23-07 2603 2504
MakUps 8618 161319 11619 91121 2717 91021 8122 8918 81 2A
Shim@Sta 0626 0924 0924 0821 0617 0722 0821 1021 0821

Accum 2150 2048 1945 1843 1741 P 163 153 1433




0000 BRUNSW ICK 91

H‘“——h“_‘_‘w e R
0+360 : 0+300 0+240
\_ﬁ-‘m_'- wica s —h—-h
0+340 0+280 0+220
L i e n— ———
0+320 0+260 0+200 -
Station 04360 0+340 04320 0+300 0+280 0+260 0+240 0+220 0+200
Slopes 3203 36 04 37-10 34-06 4408 34-07 30-09 22-21 08 -24
MarkUps 7816 71313 7819 81620 61217 71117 9719 71214 4714
shim@Sts 0721 0721 0725 0727 0721 0717 0819 0617 0611
Accum 13 31 13 29 12 26 11 24 11 21 10 19 9 17 8 15 8 14



0000 BRUNSW ICK 91

0+180 0+120 | = ovos

- -
PR —————— — ——
0+140 e - oTOET O T e e——

Staton  0+180 0+160 0+140 0+120 0+4100  0+080 04060 04040 0+020
Slopes 05 -23 -18 20 -09 28 -13 28 -18 21 -19-11 -17 -12 -14 -15 -20 -20
MarkUps 337 237 8107 251 2713 055 71010 61220 03810
Shm@Sta 06 10 1009 1108 0713 0514 0516 06723 2034 0000
- Accum 7 13 7 12 6 11 4 10 49 37 36 2 3



APPENDIX D

New Hampshire Manual of Instructions For Road Inventory



MANUAL OF INSTRUCTIONS FOR ROAD INVENTORY

This manual intends 1o instruct members of inventory parties regarding the

genera! duties and field measurements pertaining to collecting roadway featuce data. It
wiil not answer all questions that may arise from performing the work, but it will enable

emplovees to engage in this task with a clear understanding of their pnncipai duties. If
additional information, instruction, or guidance is needed. the employee should ask his

immediate supervisor.

Rewvised: 21301
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PART I

Measurements & Inventory of Roadways

4
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i

SECTION |

Measurements of Roadway Features

]- TRAFFIC LANE: _
A traffic lane is & portion of roadway used to channel traffic. Trafhc lanes are

separated from other portions of a highway by striping. Local roads. however, are rarely
striped.

Number of 1anes : | -
The number of lanes is equal to the number of through lanes in both directions. It

does not include auxiliary lanes.

L.apne width : |
Take the measurement where the width is constant. Lane widihs of 9to 12 feet

are common. The 12 ft lane width is most desirable. and it is generally used on high
speed, tree flowing highways. In urban areas, the use of 11 foot lanes is acceptable. An
|1 oot lane width is also used for continuous two-way lefl-turn lanes. and lanes adjacent
to painted medians. Lanes 10 feet wide are used on low speed roads. Lanes 9 feet wide
are used on Jow volume reads in rural and residentia) areas. lLane widths less then 6 leet
or greater then 1& feet are not aliowed.

Two lane highways: Measure, to the nearest foot. the distance between the
centerline (the middle of centerline stniping) and the shoulder stnpe. There are
situations where the traffic lane and the shoulder have the same surface type of
appearance with no delineation 10 disunguisn the lane from the shoulder. In such
cases. use a reasonable width based on the actual width used by traffic For
example, consider a 32-foot wide paved surface with centertine stnping

only. This could be reported as two 12-foot lanes with 4-foot shoulders.

In some situations striping is placed inside the edge of the pavement to
keep traffic. particularly trucks, from breaking the pavemnent edge lgnore this
striping, especialiy on the outside lanes of muliilane facilities, and code the actual
lane width. For example, a two-lane roadway containing a solid stripe 1 foot
inside the edge of the shoulder break with {1 ft. widths from centeviine to edge-
striping should be coded as two 12 ft. lanes.

Multilage undivided highways: Generally, all traffic lanes on a muiulane
highway are of equal -+1dth. In urban areas unequal width lanes are otten used.
Currently, the roadway inventary database does not aflow unequal lane widths.

Data collectors must rneasure the entire width of the traveled way and divide by
the number of lanes 1o find the average wadth.

5 Revised: 271301



Muitilane divided highways:

Measure and average, as explained above, to obtain lane widths for each direction.

Auxiliary lanes : | o
Passing lanes, truck lanes, exciusive left turn lanes, and exclusive nght um {anes

are inventoried it they are 1000 ft. or longer (measured from the beginning of the taper to

the end of the taper}.

Continuous two-way left-turn lane: A continuous tuming lane is not a median
(See Fig. L.1.1). It may contain painted bays for directing traffic tums. I'nvenmry
continuous turning lanes if they are 100U &. or longer. Measure from where the taper

begins 10 where the taper ends.

—

L

| =
U - N — — = £ - - -
/= IR T TN T G
—-—- g _:'__":-;—'*“'; “““““““““““ o ——--
B B

Figure [.1.] Continuous two-way left-furn lane

Turning lanes: Inventory single turning lanes if they are 1000 f. or longer. If an
intersection includes more than one tuming lane, the combined lengths of the turning
lanes should meet the above criteria. Fig. [.1.2a and Fig. 1.1.2b illustrate situations where
the combined lengths of the turming lanes are 1000 .

6 Revised: 2:11/01%



FIGURE 1.1 2a - Exclusive Right Turn Lane

Ffigure Li2a - Exclusive Right

Turn Lane

Figure Li2b - Left Turnm
Bays

FIGURE 1.1.2b - Lefl Turn Lane Bays
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Susface type: | | | |
Surfaze type can not be exactly determined without looking at the construction

plans. The following ciassification is helpful and should be used for field venification.

20 - Ummproved: A natural surface maintained to permit motor vehicles, but not
conforming to the requirements for a gradec and drained road . (Unpaved)

40 - Grave!: Soil, Gravel, or Stone -- A road surface consisting of mixed soil, stabilized
soil, gravel, or stone. {(Unpaved)

51 - Bituminous Surface Treated: An earth road, a soil-surfaced road, a gravel road, or 3
stone road to which a bituminous surface course has been added by any process (with or
without a seal coat).

61 - High Flexible: A mixed bituminous or biturninous penetration road over 2 flexible
base.

62 - Composite; Flexible over Rigid: Includes any biturninous concrete, sheet asphalt, or
rock asphalt, greater then 17 thick, over a ng:d pavement.

72 - High Rigid, Reinforced Jointed: Reinforced (with mesh or equivalent} Portland
cement concrete pavemnent that has been jointed.

0 - Brick. Block or Other Combination -- A road consisung of paving bnck; stone,

asphalt, wood and other block, steel, or wood. with or without a bituminous weanng
surface of less than 1 inch.

2.LANE MILE WIDTH: Pavement Width

| | ane mile width is measured from edge line (where shoulder begins) to edge line
and includes traveled ways, auxiliary lanes, and painted medians, 1f longer than 1000 feet.

It does not include other types of medians, bicycle lanes. parking lanes, or shoulders. See
Figure 1.2.1.

3 Revised: 271301
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3- SHOULDER:: | | N
Shoulder is defined as the portion of the roadway that 15 CORUZUOUS with the

traveled way use for accommodating of stopped vehicles, for emergency use, angd for
lateral support of the sub-base, the base, and the surface course.* (See Fig.1.3.1)

y
H“.“" "I'ﬂl"iﬂbil
Traveled Way ‘V .
— — . %nﬂ"

Flnundlng-?
/ — Rounding
l’/ -‘u
- Hﬁﬂd#ﬂ_ —
Traveied Wo
I YariabDie
‘Roi-Qver' {
LS ] ax wox. )
\ P
" | @ - I
o8
rore 3 N

F y #' -"'lr'_ .p-

Fig.1.3.1 S = Useable Shoulder
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Shoulder witdth : - | ;
Data collectors must be able to distinguish between shouiders, parking lanes, an

hike lanes. Any paved or unpaved areas between the traveled way aqd the edge qf
pavement or curbing is considered to be a shoulder unless the following cases exist.

o A parking lane exits with appropriate striping or signing. Trafﬁc signs that
allow parking along a roadway for limited hours do rot constituted a park

lane.

e A bike lane exists with appropriate signing.

A shoulder cannot exist between a traffic lane and a parking lane contained in the
roadway Do not include parking or bicycle lanes as part of the -.;haulder width when
parking and, or, bicycle lanes exist on both sides of the roadway. There is no shoulder
under these circumstances (See Fig 1.3.2a & 2b). Figure L3 2¢ contains an example
where the bike lane 1 outside of the roadway. A shoulder width of & feet is reported
under this circumstances.

Measure from the edge of the traveled way 1o the edge of pavement. If the
shoulder is not paved, measure fror the edge of the traveled way to the intersection of the
shoulder and natural ground. { See Fig 1.3.1) If both a shoulder and curbing exists, ignore
the curbing and report the shoulder. If the distance between the travel way or edge
striping 1s narrow. (1 10 2 feet), then igriore the shoulder and report the curbing,

On divided highways, left shoulder width should also be included in the median
width.

Shoulder Type :
Shoulder type should be specified as one of the following:

1- None -- No shoulders or curbs exist.

2- Surfaced with bituminous matenal -- A bituminous course over 4
granular or stabilized base.

5- Stabilized -- A gravel or other granular matenal, w:th or without
admixture, capable of supporting most loads even under wet conditions.
6- Combination -- A part of the shoulder width 1s surfaced and-or a part is
stabtlized, and or a part 1s wrf, etc.

7- Earth -- Natural garth with or without turf.

8- Curbed -- No shoulders extst, or shoulder 15 very narrow,
then the section 1s curbed.

If the shouider type changes back and forth between types along the length of the road for
short distances, select the predomimant type.

11 Revived: 271301



Bike Lane

R

\ Curbs /

Figure §3%\a - Bike lane in
roadway

Figure 1.3.'b - 8oth side
parking

Blks Lans
Shaulder
<=
D
' Pathing

|
| \ /
Curbs

Figure .3 I¢c - Bike lane nor
ln roadway
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4- MEDIAN: | | |

According 10 AASHTO. a median separates opposing wraffic, provides a recovery
area for out of control traffic, provides a stopping area, allows space for speed chang;s.
provides for lefi-turning and U-turmng vehicies, minimizes headlight glare, and provides
width for future lanes.

All medians (a single median or a chain of medians) longer than 100G feet must
be measured and mventoried. The following guide line will help data ccilectors 1o
distinguish berween the wming lanes and medians

i- A continuous turning lane is not a median {See Fig. 1.1.1) |

7. Continuous crosshatching (painted pavement) that s at Jeast 4 feet wide may be
considered a median. |

3. According to the HPMS manual “tumning lanes o bays are not considered |
medians unless a median exists on the major portion of roadway. and ihe turning
lanes/bays are cut into the median at the Intersections, entrances 1o commercial
enterprises etc " (Fig.1.4.1). For financial purposes, the rna‘dway Inveniory
approach is different  The tuming lanes or bays shouid be mventﬂneq asa
separate features and not included as part of medians, evenif the median exisis on
the major poriion of roadway

L —

il e — ek g M s e gy S e w— S A e s ke s b S

T E— — may S A e T e

A

Fig 1.4.1 Muiti-tane highway with median and left-turn channels

Median Type:

Medians may be depressed, raised, or {lush with the traveled way surface. A
narrow median width warrants a median bamer which normally consists of guard-rai or
concrete barmer. hut could consist of a line of closely-spaced {large) trees or of thick
rmpenetrable shrubberv on most of the section. Fig. 1.4.2 & 1.4.3 show several rypes of
mealans A mediar should be ¢ategonzed zs one of the following:

- Curbed

2. Posiuve bamer { guard-ra:l, concrete barmer or closely-spaced trees )
3- Unprotected { Painted or rural unprotected |
4. Nonge

I3 Revised: 2:13:0]



DEPKESSED. 'NDEPENDENT PROFILE
— B —
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N

PAVED FLUSH WiTH BARRI(R

_D._.,

Figure 1.4.2 Typical rural median
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Figure [ 4.3 Typical median on divided highways
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Vediaa width :

Median widih on divided highways is measured between the through-lane :dge;
and ncludes the lefi shoulders (See Fig.l.4.4). Take the measurement where the width 1s

constant.

Median
wWidth

Laft

—t

inchudes

HShoulders ,

|

AN /
Left Shoulders

TRAVEL

Figure 1.4.4 Median measurement

Median Jength :

Fi1g.[.4.5 1llustrates a single curbed median (type 1) and its breakdown. To
mventory a type ! mediarn, 2 minimum length of at least 1000 is suggested. This
includes section n+1 and section n+2. To inventory a type 3 median, 2 minimum length
of at least 1000 feet (including the taper) is required.

16
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SECTION 1]

MEASUREMENTS OF TURNING ROADWAYS {ramps and slip ramps)

1-GENERAL INFORMATION:

A umiog roadway 18 a connecung roadway 1‘;:.:'- traffic turmung ?ﬂwim; In-.'c; o
interscction iegs  Turning roadways include ramgps {Eflg.[i.l 1. page 2.}*_:&;21 -?‘ipr;n 1 ;:
sleepers Fig.[1 2 5a & [.2.50, page 26&27) - see definmitions for ramps an .-:. ip; 5.
‘furninz roadways, like roadways, require a unigue v entory ﬁumb§r. The -.Im.}:n.g |
ruauwz;ﬁs functional class and sysiem class are the same as for the intersecung highway
witk: the hi ghest functional class and system class

The data associated with tuming roadways are mainly used mternally. |
Submission of this data tc FHWA is not required. Also, FHWA does not permit Mlates (s
include the ramp mules 1 the Pubiic Road Miileage Certificate Ram?» mlltﬂgﬁ 15 inciuded
iri the reports produced for intemal use, such as the € 1assified Road Mileage (used for the

Block Crrant Ald prograim).

2- FIELD MEASUREMENTS FOR RAMP INVENTORY

To maintain consistency in ramp and shp ramps measurem=nts, the following
curdelines have been developed. Measurements should include the following
components: deceleration lane, ramp proper, and acceleration jane.

» Decelerafion lane (F1g.I1.2.1, page 22)

fength . Measure {rom the taper beginniny to the concrele nose,
}.ane width © Vanes. Assume |2 foot lane.

Shoulder width . Measure from the shoulder beginning {lane stripe) to the edge
o pavement,

Lane Mile Width (LMW): Vames. Thes fieid shouid he filled for financial

purposes. To ;eport LMW width, multiply the number ol the lanes by 12 (Lane
width}.

« Ramp proper:

Length : Starts at the concrete nose of the exit terminal and ends at the concrete
nose of the entrance terminal. (See Fig.[1.2.1 & 11.2.2, page 22&23).
i.ane width - Measure where the width is constant.

Ove-lane ramps: Measure the width between the two lane sinpes. If a

curbed ramp does not have lane striping, measure from curb 1o curb (See
Fig1.2.3 & 11.2.4, page 24&25) .

iR Kevised: 2/13/01



Muitiple lane ramps: Measure the distance between jeft and nght! lane
strines for one single lane.

Shoulder width -
Start o the lane sipe and end at the edge of pavement or curbing

[.ane Mile Widih{L. MW
Measure the wirlth berween the left and right shoulder stripes. It there 1s no
striping {curbed ramps). measure trom. curb to curb. If o curb exists,
measure from shouider break 1o shoulder break

s Acceleration lane - Fig {12 2 page 23)

Lengib . Meusurement from the concrete nose of the entrance terminal to the end
ot the 1aper

Lane width. Shoulder width and, Lane Mile Width:

Eor width measarements. fnliow the mstructions for deceleration l2nes

In some cases a ramp may have only two components, for example, a ramp with a
T-intersection at its termnal {See Fig.i1.2.5a & 11 2.5b, page 26&27) 1fno acceleration
lane 1s present, the ramyp proper ends either at the intersection. or 1t ends at the begmning
of the shyp ramp whuch enters the mtersection

Auxiliary lanes and Weaving sections (Fig.11.2.8, page 28}

Weaving sections should be included in the mmeasurement of ramps. This ruic 1%
applied te auxiliary lanes. 1f they mamly serve the traffic associated with the ramp.
Otherwise. auxiliary lanes need to be inventoned as part of the main highway. The
follow:ing cases may exist:

1- Auxihary lane folfowing aramp Assume that the acceleranon lane starts at the
entrance lerminal and ends at the end of the taper on the aux.liary {an2. Lane width.
shoulder width, and TW-TW should be measured from of the auxliary lane

2- Auxiliary lane preceding a ramp: Assume that the deceleration larc starts at the
beginning of the teper on the auxiiary iane and ends at the concrete nose of tag exit
terminal. Lane width, shoulder width, and TW-TW should be measured from the
auxiitary lane. An example 15 a nght tum lane.

3- Weaving secuons Assume the entrance terminal of the tirst ramp (acceleration

larlgp t.rﬂf.:nds to the mid point of the weaving section. This point will alsc be the
beginning point for the deceleration lare of the second ramp.

|4 Foevisedd 2o 30



3. FIELD MEASUREMENTS OF SLIP RAMPS FOR INVENTORY

In general, a majonty of slip ramps are simple curved cunn_ccti_nns !:remien two
tegs of an intersection (See Figl1.2.5a & 11.2.5b, page 26&27). This simplified form of

ramp requires a simple measurement procedure.

Length : Measure from the center line of the first intersection leg, along the
center line of the slip ramp, to the center line of the other iniersection feg.

Lane width, Shoulder width apd Lane Mile Width: Measure where the width
1s constant. Follow the guideline for ramp proper measurements.

4-CROW’S FOOT: |

A Crow's foot is very stmilar to a slip ramp. A Crow's foot exists to allow dnvers
to maneuver to either slightly decrease their travel path or Increase their sight distance.
Crow’s feet do not require inventory number, however, they are measured as part of the
main road, if they are longer than 250 fee! and are paved. For measurement. increase the
paverment width to include the crow’'s feet.

S-DIRECTION OF INVENTORY:

Ramps follow the direction of the higher order connecting lnghway (the direction
of travel for an off-ramp or on ramp on interstate [-89 north bound is north). Order of
highways depend on their functional classification. If two connecting highways have the
same functional classification, the highway with the lower route number govems.

20 Revised 2713701
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SECTION Il
(INVENTORY OF ROA DS

DOT persannel invent sry roadways for different reasons such as planning,
technical. statistical, financial purposes, or state and federal requirements. Data collectors
must be consisient and follow the same procedures to avord redundancy ot discrepancies,

Three pieces of information arg 1zquired 1o uniquely define a roadway statewide,
the three digit NH town number (see Appendix 81, the four digr® rosdway inveniory
number, and direction  On non-divided hghw ays. thh direction code will always be "B
On divided highwavs, the direction code will be "N*. 58" "E", or ‘W, depending on tne

intended travel diraction of the specific barret being inv cntuned The direction key 15 not
govemed by the direction of one-wayv roads, and should not be confused with the travel
direction or inventory direction,

1- ROADWAY INVENTORY NUMBERS :
In ussigming inventory numbers 1o the town roads or state highways, follow the

follewing guidehines  Nurz: Current inventory numbers may vary f1om this scheme, butl
this guidetine shou'd be followed for all newly invenioned roacs

Inventory NVumbers Cliass

0001 through D080 State Prmiary, Highways

0051 throueh 0073 State Secondary & Recreationgl
Highways

0376 through 0199 Rural Class V os V] Town Roads

0Z00 through 0989 Ciry Streets. These numbers may be

used for rural roads if no number o
their associated category is avatlable.

099} iraougn (0999 Intestates, Turnpikes, and other
limited access highways

1000 virovgh 4994 Large City streets
5000 through 68B%Y Ramps

6900 through (%49 Traffic Circles
70600 through 290 Reserved
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) Dati collectars should be farmi har with different im tntory cases o properly
cotiect raad inventory fearures, The following guidelines wersa developed Ic case this task

| ie A rmadway begins and ends within the same 1ovwn (See Fig I 1.1, case 1), Start
FRCOTAIng milzage (zero milepoinl) at the Intersection of the centerlines of the road I{} be
‘nventoned and the connecting road  End recording the mileage at the intersection of the
ceniertnes of the road 1y be mventorred and the second Connecting road.

| 2- A Teacway begins and ends at the town lines {See Fig 1. case 2). Stan
re?ordmg mileage (zero miiepoint) at the first ‘own line crossing. Eud recording the
mtlezge ai the next town jine Crossine.

3_- Nermnally the mventory number of state highwavs and routes do noi change as a
:.'esult of c.:lrﬂssmg either county or town Iines, however. this s not true for class V maﬁs
{town _mamlained roads). The invenlory number of 2 class V road that goes through
ffﬁ;;g; IOWNS Changes as 1l ¢rosses g county Line or a town line {See g Tt 2, case 3A
AL )1

| 4- Gzp secilans A £ap sechion occurs when two highways are concustent Ta
aveld duplicalion in recording the physical length of hghways, roadway imventory nyles
do not allow more than une ventory number for concurrent routes This is onte of the
maest impartant roadway mventon rules.

IF ONLY
Withiu the same Several Highwayvs (e loventory Number
Town Rua Concurrent Is Aflowed

Roadway inventory rules farce al! concurrant highways, except the one with the hi ghest
order. 1o ¢nd at the beguuing of the concurrence. and resiart when the cone urrenc.e ends
L zap section). The following wistructions will heip data colieciors 1o assign the gap
S€CTI0NS5 properly.

a-1f two highways run concurrently, the higher order highway takes prionty
and 1ts tnventory number 1s used for both highways for the cntire len gih of

concurrent segment {See Fig II1.1 31 1i'both highwavs are i the same
category, the one with the lower route number takes prioniy over the nne

with the higier roate number.

JHE RGUTE RIFRARTHY
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INTERSTATE

LS

WH

INNUMBERED ROADS

b- A gap secton does not exist if the concurrence stavts at +he town lne. In ths
case. assume that the lower order lughway begins (with . own Inveniory
number) where the concertence ends (See Fig 111.1.43,

o If the concur-ence Joes not end within the same town or ends at the 1own line,
a gap section 1s poi required. In this case., assurme (hat the lower order iighway
ends where the copourrence hegins (See Fig it ).

The wap sections should be show:: on the field straight-line diagrams. accompanied win
the reason for the gap.

6- Ipventory numbers assigned o town roads or ¢ity stiects ars umque within the
same lowT or city. Care shouid be taken when assigning a nurmber to a new road to avoid
duplicaung inventory nunbers,

7- Dircetion of the mventory for routes is the same as cn e US & STATE
ROUTE NUMBERS listing reported by the Bureaun of Traffic. Roads that have bi-
direction trave! are typ:cally inventoried south to north or west Lo gast, however, where
concurrence occurs, all features of the higher order tighway, scluding its direction. witl
take prority over those of the lower erder highway.

Town maintiined roads are alse myentoned from south w north or west 10 €ast,
however. dead end roads are an exception and do not follow the wnventory rule 11 a dead
end road hranches from the main road heading toward south for cz3t), the direction of
invertory 1s from south 1o north (or east to west). The reason s that the daia colieciors
always need a fived point to start an inventory. I the above examnle, the end ot the ruad
1s not a fixed point because there is aiways a possibility of extending the road. The data
collectars are forced to use the intersection of the main road with the mventoned road as
the bezinning vownt and proceed to inventory southerly {or easterly).

% - {nventory numbers used for Ramps are 1n the 5000 senes (3000 - 5999)
Ramps ere typicaily coded 1 ascending order along a route. At interchanges, ramps are
assigned to the highway with a higher functional classification. 1f the functionai
classifications of the intersecting highways are the same, Route Signing and Route
Number will zovern.

2- ROAD INVENTORY SECTIONS

1] Rewvised: 2712401



4 road may consists of several sections. Any of the following conditinns ferce a new
roadwav section.
1- A change 1n the width of traveled ways. The new section will stan
when the full iane width 1s in place. This could happen when a painted
median 18 added 10 a highway {mummum length of the median should
be 1000° where 1t cammes a fell width) or when there 15 a change in the
number of lanes The new section will start when the fuli lane width 1s
1N place.
2- A change n shoulder width. The new section will start when the full
shoulder width 15 1n place.
4- Beganning and end of a median. See Medians.
5- Surface type
- Shoulder 1ype
7- ROW change (does not appear in SL.D’s)
8- Town hne, County Line
$- Change 1n an adminisirative aftribute

3z Roviged 2:0140]7
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Part I1
DATA DICTIONARY

Thas dictionary contarns briet explanation of the codes used in road feature data
collection. For complete code definitions. consult the NHDOT Bureau of Transportation
Planming’s “Manual of Instructions for Inventory”” and Federal titghwiy e “Highway
Performance Monitoring Systam” (HPMS) manual.

Note: HPMS features are defined for Federal Highway's purposz of momnonng and
aralyzing highway conditions These defirutions may not be obvious or meet the needs of
ali users.
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SECTION 1]

Attribute Dictionary

Field Names __Field Tvpe Descnption __Reference Page

[ S—

<~<< Invemtory ldentifiers »>-

COUNTY CHAR (L) Umque 3 digit code far each Counn 4]
TOW™ CHAR MY Umgue 3 digit tows code 1)
R CHAR (40 3 dogin ipventory code )
RAMP CHAR 1y Rarnp indicater {R = Ramnp | = Road) 41
DIRECTION CHAF (1) N.ES W tor divided. B for non-divoded 2
SEGMENT CHARIL) Sequence order of toads Broken by gaps 42
< STANC e o

MILEPOINT NUMO T 3 Milepowtie 001 miler, 42
SECT LEN NUMAT 3 Secnon Lepgth to 001 muier 42
<<< thysical Atmbutes »o0

PAVE WIDTH CHAR 13} Lane Mile Width {Feets NEL FHPMS 42
SURY TyPE CHAR tY1  Favernent Surface 7 vpe NH-HFMS 43
N LANLE NUM O 2y Number of Travel [ anes NHHPME 42
LANE WILITH UM 2.0) Prevathing TratGo Lane Waidth [ Feer) NHHPMS 43
SHOULDER TYPE CHAR ¢tV Shoulder Tvpe NH HPMS 45
SHLDEK RIGHT NUM (208 Shoulder Width Ripht tFeer; NIVHPMS 44
SHLDE LEFT MUM 2.0 Shoulder Width Left (Feery WHHPMS 44
WMEDIAN TYPE CHAR MY Median Type NHOHPMS 34
MEDIAN WMDTH WUNM 20 Median Width (Feets NH HPMS 44
xTREET CHAR (%) Steet Nanwe NELTPMS S
To Admunistrans 2 Attribagtes > o

¢ CHAR (2 Svstem Class NH 46
FLING CLASS CHAR 12y Fuancnonal Class codes HPME 47
RURAL URBAN CHAR (1}  Ruwal Urtban Codes HPMS 47
LURBAaN CODE CHAR 3y Urban Codes HPMS S5
NUN ATT ARKEA CHAR (3v  Non-atainment Ares HPM 48
LA SAMEP TECH CHAR (1,  Urban Area Sample Techmaus HPMS 29
LIRBAaN 1.OC CHAR {1}  Urban Locanoa, Urkan land nse coding SIPMS 49
NS CHAR (1 Naton Highway System codes SRR 19
LINBUELT FACILITY CHa® 11, Idenuhes unbwilt facilines HIAMVS S
(LC CHAR {2)  Government Level of Conte! HPMS a0
SPEC SYS CFaR (2)  Special Systems HPMNS 5
TRK ROUTE CHAR (v Truck Route HP 15 51
TOLL CHAR (1Y Toll Code HPM> 52
ACCESS _CONTROIL CHAR (1Y Access Conrol HPAS 52
FACILITY TYPE CHAR (11 Facthey Type (1 = one-way, 2 - two wavy  HPMS 52
FYPE SECT [D CHAR il1  Type Secuon 1D, county record ident ey HEMS &2
FSECTION CHAR Y Sequences irventory records HPMS S
ROW WDTH NUM {300 Width of ngit of ways (fee!) HPMS 53
NDISTRICT CHAR12v  NHDOT's mamenance districe Al
SUMMER MAINT CHAR (2,  Responsible it ~ummer nunienunce NH 21
WINTER MAINT CHHAR (2} Responatbie for vosnter inamtenan. - MH 54
CDC COUNTER _TYPE  CiiAR (2} Traffic counter Taps 549

i9
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CDC COUNTER CHAR {6)  Traffic counier code 34
SURVEY DATE DATE Date record was updated or confirmed 32
TRAN DIR CHAR (1! Direcnon of [oveniory (N 5. E.WH <
ORN CHAR 14)  Old Road mventory Number HPMS 54
FEATURE CHAR (1) Feature value (RDI, PS [Pownt Symbaoli) A
HPMS YN CHAP (1} Jdeanfies HPMS sections (S,DLN) S5
<<< KRoute Atmbuzes»>>

ROUTE SION QUAIL CHAR (1) Routz Sign Qualifier, Specralized rouning HPMS 56
ROUTE SIGN CHAR {i1)  Route Sign Code HPMS bl
ROUTE NO CHAR {3y  Koute Number HPMS 56
INTERSTATE KIE CHAR (5)  Iptersiate route ournber ¥}
Hi_ORDER NUM POV Prmany route assigned o a road 57
RULTE YN CHAR LY Does thirs Secticn have s Rouie Nunmber” 57
LRS ROUTE CHAR {10} Linear Referencing System ovtes HPMS 37
LRS SUR ROUYE CHAR (&}  Linear Relvrenuing Svsters sub-routes SRR & &7
<o Pamary Kews»os

MAIN KEY CHAR (% Unugue record 1D 57
Test Dhgtriey oo

PATROL BEAT CHaR 15 Tumng lanets? width (feen SH
PATROL SUBBEAT {HAK 2 Sub-Roules of PATROL. BEAT e
PATROL SECT LHAR (27 Mamienance route iR
s e<Pavement My v

PAM OHWY CHlAR (5) Paverment management lughway dentifisr iR
PvM SECT CHAR 2) Pavemen! manapement sechon wentiiler 2§
Py N SUBSECT CHAR Y Pavement meragement sub-sechon ‘K

e Per

Reference: WH = New Hampshire's - “Manual of Instructions for iventory”
HPMS = Federal Highway's - “Highway Performance Monitoring System”™

NOTE Records where SECT LEN = (" {zero) are used 1o indicare Graps in the
inventory number. Gaps occur were tnn entories overlap. These records have limited
data,
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Section 11
Hoadway inventory Codes

I-INVENTORY IDENTIFIERS:
The combinatior of Town, Road, and Direction uniquely idenufy a roudwav within tne
stale.

County: Countv
3 digat county coge

Code  Countv

{3 Belknap

M3 CATTO!

O3 Cheshire
007 Cons

09 (ratton

014 Huisborough
G153 Memmack
¢13  Rockingham
G117 Strafford
319  Sullivan

Town: A three gigst eode that umiguet v dennhfies each tawn, see appendix B

Road: A 4 digit code thao uniguely identifies each rosd. witaln a wown, i the invenory
SYSLETT,

L ode Descniption

Q000 - (075 Designated for state mawuntained roads
ON7H - 3994 Desipnated for town roads

SO - 689Y Ramps

OGO - G999 Trathic Cyrcles

7000 - 8999 Reserved

YO0 - 99496 Highways: [ntestaies

Notz- There are exceptions 10 <his ¢oding
Ramp: Indicates if the roadway 1s a ramp or road
Code  Description

R Ramp
] Road

Ramps are also coded with a 000 seri=s road wnvenlory numoer.

4 Revised. 2:14°0"]



Note: Ramps {inventory nurnbers between 5000 and 3999) have a seven {7) character
coded stree! name.

Characters 1-3°  Exit nuniber, must have ieading zeros
Character 4 : Space
Characters 5-7: Ramp letter(s)

Direction: Used to designate individual batrels of a divided nighway since both barrels
carry the same Inventory number. N, S E, & W, are used for divided mghways only.

Code Description
B Nen-divided highways
N North bound
S Sauth bound

b Eas: beund

W West bound

Segment: Dynamic Segmerntation Sequenc

Used to order segments of roadways. segments are created by GAF sections. All road
inventory sections have a segment 0t 1 unjess the road comans a gap. Sections after the
first wap will be coded 2, exc

2=-DISTANCES

MitePoint: Mitepoint to 001 miles {Oracled. feet {(Access) The mtlepoint at the
teginmung of each individual section ef a rcad 1 s measured from the centetline at the
roadway

Sect_len: Seciion to D01 mules (Oracie), feet (Acce=ss). The iength of a lirear attmbute,
measured along the centetline of the highwav,

3-PHYSICAL ATTRIBUTES

Pave_wdth: Lane Mile Width (feet)

Reference: Manual of Instructions for Inventory

This measurement s the width of the travel wavs, to the nearest even oot including
pawnted medians. This width does not include shoulders or raised medians,

Surf_Type: Surface Pavement Type

42 resised 213701



Reference: Manual of Instructions for Inventory /HPMS ftem 43

A code that descnibes the road surface type.

Code  Descripiion
80  Bnck, Block ar Other Combination
72 Renforced Portland Concrete (Rigid)
62  Compos:te (Flexible Over Rigid)
G High Flexibie (Bit. Concrete)

51 Bituminous Surfaced Treated

40 Gravel

200 Ummproved Road

No_Lanes: Number of lanes:

Reference Manual of Listructions for Inventory

Number of lanes that carmes thraugh traffic.

Lane Wdth: Lane Width

fleference  Manual of Instructions for Inventory

Prevailing traffic lane width (through lanes) to the nearest ever {oer
Shoulder_Type: Snouider type

Reference Manual of Insiructions for Inventory "HPMS Item 52

Code for the predominant tvpe of shoulder for the sectien. 1f the lett shoulder und nght
shoulder differ, the nght shoulder should be considered 1o be the predominart type.

{Code Description

{ None -- Mo shoulders or curbs exisi.

2 Surfaced with Biturmunous Matenal

3 Surfaced wath Portjand Cement Concrete - {not tied)
4 Surfaced with Tied Portland Cement Concrete

5 ~abthzed -- A gravel or sther granular materiaj

6 Combinatior -- combination of codes 2-5, 7.

7 Earth -- Natural earth with or without turf

8 Curbed -- No shoulders exist

Shidr Left: Leit shoulder
Keference: Manual of Instructions for Inventory /HPMS Itern 53b

Fevised 2013 0]
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Width: oof the Tefil shou'der, feet. No shoulders are coded 00"

Shldr_ Right: Right shoulder 53a
Reference Manual of Instructions for inventory /HPMS Item

Width of the right shoulder, feet. No shoulders are coded 06"

Median_tvpe: Median tvpe
Keference: Manual of Instructicns for inventory "HPMS Ttern 33

A tode desenbing the median type. A positive barmier would pormall v consisi of guard-
rait or concrete (Jersey type harrier), bul could consist of a line of closely-spaced (large)
trees or of thick, impenetrable shrubbery on most of the section. Tumin £ lanes or bays
are not constdered medians uniess a median exists on the major portion of the roadway,
and the tuming lanes/bays are cut into the median at mtersection, entrances 1o commercial
enlerpnses, ¢,

A Conlinuous turning tane is not to be considered a median. Continuous crosshatching
113t 15 & U least 4 feet vide may be considered a median. however, 1f a crosshaiched
portien of a roadway 15 used s a tuming lane by law. 11 15 10 be considered 4 turning lane,
not & mediar

Code  Descripuon
) NOL on the PAS NKHS

; Curped

2 Positive Bamer
3 Unproiected

| Ncne

Median Wdth; Median Width (fest)
Reference. Part 1 of Manual of Instructions for [nventory (HPMS Jtem 34

Exceptions
Code Descripiion

(0 Undivided roadways

299 Median width 100 fee: or greater,
Street: Street Name
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Street names as 1ssued by town officials. Always use one of the abbreviations hsied

helow when appropnarte.

Name Ahbr, Name Abbr. Name Abor
Avenue AV Garden GDN Square SQ
Boulevard RINVD Leaf LEAF Terrace TER
Circie (IR Lane LN Tumipike TPK
Comer COR Path PATH Trai RL
Court CT Park PK Way WAY
Center Ctr Parkway PKY Interchange INTERCHANGE
Drve DR Place PL Village VIL
Extension Ext Ramp R Mouniain MT
Hiil HI Road RD Pond PD
iHighway HWY Street T Public Waters PW
ROW_ Wdth: Right of Wax Width
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+ADMINISTRATIVE ATTRIBUTES

5C: System/Class, The States roadway svstem and class descrintion
Reference. See Appendix C.

{_pde

Descniptions

1]
14

8%

Y

L

24

Fa
o

SRR
-

1,2

QY

State maintained primary systen,

State pnmary systemn within compact which is mainiained by the Town or City
(Urban extensions ¢f Class | highways)

On the State prnimary svsten), maintained by the State Tumpike Autiionty,

State mainiamed secondary system

State secondary system within ¢compact maratained by the Town or Cirv (Urban
extensions of Class II highwavs).

Extensions of the designated State secondary system, uncompleted and Town
maintained.

Decigned State secondary systern, Uncompieted and mainiained by the Federal
agencies

On the State secondary system, maintained by the State Turnpike Authonity.
State-mamiained recreation roads.

lown and City maintained sireets within compact areas.

Regularly maintained Town streets and roads cutside of compact.

Town roads, or City sireets maintained by Spec:al Legistation.

Town or Uity streets not regularly maimiained.

Federal agencies roads, maimained by the Federal agencies.

National system of Interstate and Defense highwavs State main:aned.
Natwonal system of Interstate and Detense nighways, maintaimed by the 3tate
Tumpike Authonty maintained

Other highways and expressways nat on the state primary or secondary SYSIILS
mamntained by the State Turnpike Authonty.

Other toll roads not on the State Tumpike Systert 1e prvate, M Washingion
Toli Rd., Monadnock Toll Rd

LEGISLATIVE CLASS - VI

L |ass

L

system ! Class Note:

il 19 81 89 Legslauve Class | through Vi are
12 29 not carned in the Road Invenlory
33 Tables, but 2an be zenerally defined
14 24 43 us'ny the System  Class definitions.
25 85 58

66
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Func Class: Functional Class codes
Reference. HPMS htem 12, Appendix E.

A code describing the use of the roadway, according to the character of service they are
intended to provide. Function class codes have twoe classifications; Rural and Urban.

Rural

Code  Descnptions
(), Non-Public roads Example; Class VI
01  Pnncipal Anenal -- Interstate
(02  Pnncipal Anerai -- Other
36 Minor Anenal

07 Maor Collector
08  Minor Collector
(9 Local

Lirban

Code Descniptions
(i) Non-Public roads  Example, Class VI
11 Pnncipai Arterial -- Interstate
|2 Pnncaipal Anenal -- Other Freeways and Expresswavs
14 Pnncipal Artenal - Other
16 Minor Artenal
17 Collector
19 Local

Rural Urban: Rural/Urban codes
Reference, HPMS Item O

A code descrniping rural/urban ciassification, assigned by the Federal Bureau ot Census.

Code Description

! Rural

2 Small Urban Area (5,000 to 4%,999)

3 Lirbanized Area (50,000 1o 199,999)

4 Lrbanized Area (200,000 or greater pop.)

Urban Code: Urban area code
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LRBAN AREA TODE (LAC)

Sinall Urban VA Usbanized UAC
Gilford 707 Salem 104
Lacoma “07 Plastow 104
Keene 711 Windham [{4
Swanzey 711 Pelham ] 36
Berlin 7] *Manchester 1635
Hanover 1) Aubum 165
L ebanon TOR Bedford 165
Miliord 712 Goftstown 165
Boscawen 7073 Hocksett 165
Bow 703 Litchiield 1&5
Catlerbury 703 Londenderry 165
Concord 03 *Nashua 246
Franklin 06 Hudson 246
Dermry 704 *Dover 283
Bxeter 105 Durham IR3
Hampton 709 Madburs, 283
Stratham 708 *New (Castle 283
Claremont ELAR: Newington 283
Pembroke cid *Fonsmoutt 283
Allenstown 714 *Rochester 283
Londondenv 713 Rye 283
NOT LISTED {00 *Somrmersworth 283

* The entire townetity s in Federat Awd Urbar Area (FALUA} Forthe remaining 1owns
see FAUA mmaps for FAUA secions.

Nou_Aft_Area: Non Attainment Area
Keference: HPMS Item 11

A code and descniption of the National Ambien Arr Quality Standard (NA.4QS) non-
aftamnmient area as defined by the EPA.

eneral Ares coding
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Code  Descnption

000 Not in nen-aftainment area

Q7 Boston Area

165 Manchester Area

246 Nashua Area

283 Seacoast (Portsmouth, Dover, Rochester, Maine)

Specific NH town coding

.. oue Countv Towns

000 003,007,009 All towas

165 019,013 All towns

246 003 All towns

283 001,017 All towns

O0r7 011 013, 063, 223, 229, 263, 297, 303, 309 315, 359, 485

165 0l All towns not coded 007

(H)7 Q15 Q21,055 113,119, 125,195, 199, 239, 243, 269, 341,
375,399, 4G5, 409,417, 489,

165 013 All town not coded 007

LA Samp_Tech: Urban Area Sample Technique HPMS Item 10z

Reterence. HPMS item 10a

A sequential cede (1 -9)15 used to consohidate all qualifving urbanized arecas. (NH ts not
currently consolidating urbamzed areas. and the field 1o coded 1)

Urban _loc: Urban Locanon
Reterence HPMS ltem 3]

tdentifies areas with urban areas. Used only 1o identify type 4 Federal aid urban areas
(Rural_Urban code), (population > 200,500},

NHS: Matonal Highway Svstem
Reference: HPMS ltem 14

A code describing function in the NHS
Code Descniption

() This section 15 NOT on the NHS
i This section 1n on the NHS but not an intenmodal connector

2 -9 NHS imtermodal connectors

1

2 Major Alrpont

49 Revised: 213701



Major Port facilivy

Major Amtrak station

Major Rail/'truck terminal

Major Inier-city hus terminal

Major Public transit terminal or muiti-modal passenger lerminal
Major pipeline teminal

9 Maor ferry teyminal

.__‘J: :J- 1y L 1.

S

UnBuiit_Facility. (Unbuilt Facility
Rejerence. HPMS liem i35

A code designating roadways that are unbuilt or not open to traffic

Code  Descnption

0 Net on the National Highway System (NH5) and is open to public travel.
* NHS secuien s built and open 10 public trave!
2 NHES not built, but part of a short range UGPIOVemSnt program.

GLC: Covernmental Ow nersfup {Govemmental Level of Control)
Reference HPMS ltem 20

A code used to idenufyv the leve] of govermmen! that has responsibility for the tacility.
Where more than one code could br used for a secitan, the lowest numerical code shall be
reported. Noie: GLC relates 10 ownership of the road, not who maintams it

Code _ Description

0l Stare Highway Agency

{13 fown or Township Highway A gency

04 Municipal Highway Agency

1] State Park, Foreut, or Reservation Agency

12 Local Park, Forest. or Reservation Agency

21 Other State Agencies

25 Other Local Agencies

26 Frivate

31 State Toll Authority

32 Local Toll Authonty

60 Other Federal Agencies inot listed below such as US Fish & Wildhie)
2 Bureau of Indiar: AfFamrs

64 US Forest Service

06 National Park Service

68 Bureau of Land Management

70 Mijnary Reservation/Carps of Engineers

Spec_Sys: Special Systerns
Reference. HPMS ltem 21
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Sub-systems for HPMS depicuing other Federal/State roadway systems This field is used
to identify the special funding categnries.

Code  Description

00 Not on a Special System

(1 Addition 10 the Interstate Svystem (23 U.S.C. 13%(¢)

{2 Addiuon 1o the interstate System (22 U.S.C 139(a))
approved before March 9, 1984

()3 Additron to the Interstate Svstem (23 U S.C 139(3))
approved on or after March 9, 1924

()4 Future addition to the Interstate System?23 UU.S.C. 139(b);

8 Strategic Highway Network (STRAHNET)

I Appalachian Development Highway

13 indian Reservation Roads and Bndges

I3 Nanonal Forest Highwayv Svstem

16 Naticnal Forest Development Roads and Trails

18 National Park Service Parkway

19 Natwnal Park Roads and Trails

Trk_Route: TRUCK ROLUTE
Reference HPMS hem 23

Designated ruck routes

Code Deascription

1 Designated truck routs -- Under Federal Authonty or both Federal & State
Authority

. Destgnated truck route -- Ouly under State Authority

3 Parkway -- not on designated truck route.

4 Not a Parkway -- not on a designated truck route.
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Toll: Tojl
Aeference. HPMS hiem 24

A code indicaung the 10!l status of the roadway.

(ode __ Description
1 Non-Toll
2 Toll
1 interstate Toll segment under Secretana; Agreement (Section |03 ~f 197s
Federal-Aid Highway Act),
4 interstate Toll segment under Secretarial A greement now [Tee of tolls.

Access_(Contral: Access Control
Reference: HPMS ltemn 32

4 Code designating the access contrel of traffic movement on to Or OIT highwavs,

Code  Description
0 Not Applicable; not on NHS or PAS
Full Access Control
Partial Access Control
No Access Control

iwd B

Facility_Tvpe: Facility type code
Reference. HPMS ltem 22

A code defining the roadway ravel wavs und structurs.

(ode _ Description
| One-Way Roadway
T'wo-Way Roadway
(me-Way Structure {Bridge, tunnel, causeway, ect)
Two-Way Structure (Badge. tunnel. causewa ¥, 8C1)

& L1 M)

Tvpe_Sect_ID: Type Section Identifier
Reference: HPMS ltem 5

Identities the distance’s unit of measure for Federal reporting. NHDOT is currenty
submitting 1n milepaint.

ksection: Federal Secton
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A numeric sequence of road attribute features as they occur along a roadway. Each RDI
teature 1s assigned a sequential number starting at the zero milepoint.

ROW_Wdth: Average Width of Right-of-Way, in feet, for section. Changes in ROW

width do not cause a new sectjon break.

Ndistrict: District
The NHDOT s Mamtenance distnets number

Number

Maintenance Distnct

U e Wl | e

Summer_Maint: Summer Mamntenance

Lancaster
L ebanon
(nlford
Swdnzey
Hooksett
Durham

A code defining sumrmer masntenance responsibilities.

Code Descniplion _ Responmble for maimenance
(I Not Mamtamed All
15 Summer mamtained District 1
25 Summer maintdined Distnet 2
15 Summer maintained Distnct 3
45 Summer maintained District 4
55 Summer maintained Dastrict 5
635 Summer inaintained Distrnict 6
7] Summier maimntained Out of State
72 Summer mamtained U'S Forest Service
73 Summer maintained Private
74 Summer maintained Special Agrecment
75 Summer Maintained INH Fish & Game (Class 2A)
76 Summer maintained US Fish & Wildhfe Service
RS Summer maintained Cuty/Town
95 Summer maintained Tumpike

See Appendix D for detail
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Winter_Maint: Winter Maintenance ¢Code

A code defning winter maintenance responsibifi:ies

{nde

Descnption

e
15
25
33
45
55
65
7]
72
73
74
75

Responsible for maintenance

Not Maintained

Winter mamtamed
Winter mainained
Winter maintained
Winter maintained
Winter maxntained
Winter maintained
Winter mamyiaimed
Winter maintained
Winter mantained
Winter maintained
Winter maintarned
Winter ma:nta:ned
Winter maintained
Winter maintamed

See Appendin D for detail

All

hstnet |

District 2

istricy 3

District 4

District &

LIstnci 6

Out of State

US Foarest Service

Privaie

Separate Agreement

NH Fish & Gamie (Class 3A0
NH Fish & Wildlif2 Service
CiryTown

Tumpike

CDC_Counter_Tvpe: {onuncous Dally Counts - Ceunter Type
A coue deseribing the courter type and use. Note eXCEPHONS exist

Code _ Description

i)} Permanent. Directional

02 Permanent, Composite counts

21 Short Term, Directional

22 Short Term, Composite counts

Oi Short Term, Flow map, Directional
62 Short Term, Flow map. {omposite

71 RPC. permanent, Directional

72 RPC, permanent, Composite counts
81 Special Short term. Directional

82

Special Short Term, Composite counts

CDC_Counter: Continuous Daily Counts - Counters codes

A 6 digit code umquely definin

iraffic section.

g trafftc counters, assigned hy Transportation Planning's

Code: <3 digit town code>"Counter Number. unique with fown>

For 3 digit town code see appendix H
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Sutveyv_date: Survey Date

Date the road was last inventoned. If a portion of road was inventonsd, the survey date

will be updated for the entire road.

Trav_Dir: Travei Direction

Travei direction 15 used to indicate the direction of inventory (N,8.E.W).

{ode  Description

N North
S South
E Last
W West

ORN: 0Old Roud Number
History of the previous road mventory number This fiels is being used only for the
ramps.

Feature: Feature
A code that categonzes of road inventory items.

{ode Description

RID! Road inventery, Linear physicai and administratuve features
RD Cross Roads, Intersections

BRG  Bndges

CLV  Culverts

RR RaiiRoad

MSC  Miscellaneous

HPMS _YN: Highway Performance Monitoning Systern

Code Descaption

5 Sample Secnon
D Danut Sample, Area around an urbamzed area
N Not a sample section

Note: there are no sample sections on Functional Classes of 08, 04 and 19

5-ROUTES
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Route sign_guat: Route Sign Qualifier
Reference HPMS ltem 1§

A code destgnating specific use of assigned routes,

Code  Description
{ No qualifier or not signed or not applicable
Altemnate
Busmess Route
Bypass
Spur
Loop
Proposed
Temporary
Truck Route
; Nore of the ahove
Wheu one or more codes are applicable the lowest code 15 used.

el bl =

h L

i B IS B

Route_sign: Route Signing code
Reterence. APMYy ltem 17

A code specifying the inanner in which a highway s stgmed with route markers.

{Code  Descrniption

(} Not signed or not applicable
Interstate

US

Ntate

Off-Interstate Business Masker
County

Township

Municipal

Parkway Markar or Forest Route Marker
None of the above

I--'-J' I.-J' ——

WO D0~ Chown

When a route is signed with rwo or more identifiers, the code for the highest class of
roule shail be used. The highest class is code | and the towest 18 code R

Route_no: Route number
Reference. HPMS ltem 19
Assigned rouie number,

Interstate_Rte: Interstate Route
Assigned tnterstate roule number
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Hi_Order: High Order
High Order route of coincidental routes

Hierarchy
1 Iriterstate
2 LS
3 State
4 Off-Interstate Businass Marker
5
6
7

County

Township

Municipa;

Parkway Marker or Forest Route Maricer

L

Route_YN: Route Yes' No
Indicates a section of roadway naving a route associated with 1.

L.LRS_Route: Linear Referencing Svstem Route
Reference. HPMS ltem: 7B

A Feceral Highweay Referencing code used to create a nationwide GIS svstem

LRS_Sub_Route: Linear Referencing Svstem Sub Route
Reterence: HPMS ltem 71

ldentifies the head and back routes with milepoints that have duplicate mulepoint.

6-PRIMARY KEY
Main_Key: Main Key (Primary Key)
Main Key 15 a unique code assigned to each record, by the database management

application, and has no specific meaning. The first character general! y indicates the
source of the data such as which tearn co'lected the data.

T-DISTRICT

Patrol_Beat: (Formerly Patroi Beat) Tum lane(s) width (feet), as of July 1997
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Combined width of the turning fanes in a seciion of road.

Patrol_Subbeat: Fairo! section beat
Defined sub-routes within the patrol_heat

Patrol_Sect: Patrol section
Defined maintenance routes used by the districts

B-PAVEMENT MANAGEMENT SECTIONS: The following section are defined by
the Bureau of Road Maintenarce. for pavement nin:lonng
PVM_HWY: Pavement section - highway identifier

PVM_SECT: Pavernent sect.on - hghway section ident fier

PV M _SubSect: Pavement section - highway sub-secuon 1dentifiers

Y. Revised 21900



Section [11
Point Symbols

Foint Symbols are used e record features that occur along an inventoned road such as
intersecting roads, cultural features, drainage structures, etc. i he recording of these point
features 15 h:ghjy desirabie because of their value as visual reference points and for

mappIng.

When point features are collected, a normal record s created in the GPS MAIN table,
in¢luding a unique kev value, but the entrv for ‘Feature’ 1s one of six codes that refers to
the table which will contains the attnbutes of the feature. The associated tables contain
fields for each attnbute of the feature, and are descnbed below.

Feature codes for the GPS MAIN table:

Code Feature Tabje Lescription

BRG GPS BRG Bridge information

CLV GPS CULV (Culvert data

MSC GPS MISC Cultural tvpe features

PS none Lised 10 force a break m the inventorv section
RD GPS ROAD Intersecting Roads

RR GPS RAIL Ra:lroad crossing data

Minmmum fields frr the Feature Tables:

GPS BRG Key, Feature Code, Bndee number, Town, (Comment

GPS CULV key, Feature Code. Shape, Type, Height, Width, Length, Comment

GuPs MISC Key, Feature Code, Comment!, Comment2

GPS ROAD  Key, Feature Code, Town 1D, Road 1D, Ramp Code, Direction.
Street Name, Paved or Uinpaved (P or U)

GFS RAlL Key, IF'eature Code, RR Number, Commant

The following 1s a list of the recomimended point symbols, along with the asocated
feature table and an indication of whether the feature 15 reguired (hughly desirable)

FEATURE CODR  ASS50C TABLE REQUIRRD
ASANTONED RAILROAD R53 GRS RAIL N
AIRPORT LEFT M21 3PS MISC i
ALRPCRT RIGHT M2 2 GRS _MI15C v
SEACH LEFT Deo? GPS M1ST :
BEACH RIGHT Do GPS MISC N
BRIDGE OVER BOG GPS BRG Y
BRIDGE UNDER 51O GPS_BRG Y
CLMPSITES LEFT pol GPS_MISC K
TBMPSITES RIGHT 002 4Ps_MISC N
CEMETERY LEFT MOS GPS_MISC Vi
TEMETERY PIGHT MC6 GPS MISC Y
CHURCH LEFT MO 3 PSS _MISC v
CHURCH RIGHT MO 4 GFS_ MISC !
COUNTRY CTLUB LEFT M19 GPS _MISC N
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<CUNTRY CLUE RIGHT

COUNTY LIRE

CULVERT

ELECTRIT LINES QOVER

FIRE STATION LEFT

FIRE STATION pPI@HT

GRMNCE LEFT

CFANGE RIGHT

AISTORIC MARYER LEFT
H.STORIT MARKER RIGHT
HOSBPITHL LEFT

HOSPITAL RIGHT

MILE MARKERS

MLZ2C LEFT

wI15C RIQET

NATICMNAL FOREST BOUNDAEY LEFT
NATIONAL PCREST BOUNGDERY EICHT
NATIONAL HIZTORIC SITE LEF™
NATIONAL HISTORIL. SITE WRIQHT
PARK OND RILCE LEFT

PRFE AND RILDE RIGHT

PARKING AREA LEFT

FARPKING AREA RIGHT

PARXING LT7T LEFT

FREEING 10T RIGHT

~IINIC GRUUND LEFT

PLCNIC CROUNL RIGHT
BUAYGRTUNZ LEPTY

PARYIRIIGD BIGHT

POLITE SETATION LEFT

oL lUE STATION RIGHT

POWER FLANT LErT

POWEE ELANT ETGHT
?LUWER SUBRSTATILK LEFT
PUWER SUBETLTION RiUHT
FRIVATE ROAL PIGHT

Fa lVATE ROAD LEFT

FUMBING BTATION O1./GAS LEFT
FIMEING ETATION OIL/GAS T IGHT
Rai LECAS @ SRADE

naME LEFT CN

rAME T EFT OFF

KAaMz RIGHT N

HAME K 1GHT OFF

FEST AREA LEFT

REST AREA RIGHT

FOARD LEFT

HOAZ RIGHT

ROAD CROES NOEMAS

SCENIC SITE LEFT

SCENIC SITE RICHT

STHLOL LEFT

STHIOL RIGET

SEWAGE DISPOSAL FLANT LEF™
SEWAGE DISPCLEL PLANT RIGHT
SMALL PARYK LEFT

SMALL PREK RIGHT

STATE FORZET BOUNDARY LETT
STATE FPOREST BOUNDARY RIIHT
STATE LINE

LVATE MAINT. FACILITIES
2TATE PARK LEFT

GPS_MISC
GPS _MISC
GRS CULY
GPS MISC
GP5_MISC
3FS _MisC
GPS MISC
GPS_MISC
GPS _MISC
IP3 _M1ISC
GPS MISC
GPS_MISC
GPD_PIAD
GPS MISC
3PS _MISC
SPS MISC
GPS_MISC
3PS _MISC
GPS MIS(
GFS MT30
3P§ Mg

GPS_MTSC
GRS MISC
GPS_™ISC
GF5_MI&:
GES M1g7T
GPS MIAC
SFS _MTEC
GPS MISC
RFS MISC
378 MIsC
3PS _MIST
GPS MISC
S5Ts Miusl
GPS_MISC
“FS_ROQAD
PSS KOAD
GPS MIST
GPS MISC
GPS RAIL
GPE_ROAD
GPS_ROAD
SPE ROAD
GFS_ ROAD
GPS _MISC
GRS _MISr
GFS_ ROAD
GES_RCAD
GBS RLAD
3PS MIZC
SES MIST
CPS MInC
GPS_MiIsC
GPS MISC
GPE MISC
GFS_MISC

Grh MIeT

GRS MISC
3F5 M1SC
GPS MISC
3PCMI

'-'-1"-"".'.2'.L."EZ'.TLZhi-'r‘.EHEEEEZ%H'\:'ﬂZZPﬁE%MPﬂE
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STATE PARK RIGHT
ToLL BOOTH

TOWN HALL LEFT

TOWN HRLIL RICHT

TOWN LINE

TOWN MAINT FACILITIES
TRAIL CRQSS

TRATIL LEFT

TRAIL RIGHT

CCMEACT LINE /S
CCMEACT LINE S/C

D16
w17
11
M1Z2
Li13
M40
D24
DES
D25
LlZ
Ll1

61

GPS_MISC
3PS M1SC
GPS_MISC
3PS _MISC
GPS_MISC
CPS _MISC
GPS_MISC
GPS_MISC
GPS_MISC
3PS M1SC
CPS MIGC
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Appendix A

DEFINITIONS:

Roadway : The portion of & lnghway, includiny sheulders. fur vehicular use. A divided
highway has two or more rosdways.*

Traveled way : The portion of the rozdway for the movement of vehicies, exclusive of
shoulders,*

Trafftic Lane : The portion of the roadway separated from the other portions by twao
paraliel iines to channalize vehicies traveling 1n the same direction.

Shoulders : The portion of the roadway contiguous with iraveled way for
accommicdanon of stopped vehicles, for cmergency use and for lateral suppori of sub-
base, base and surface course. *

Median : The portion of a divided highway separating the traveled way for traffic in
apposing direction. ®

Intersection : The general ares where two or more hi ghways join ¢r cross. There are
thra= types of inte:sections: intersections at grade, vrade szparations wthou! ramps, and
interchanges *

Channpeled Intersection  An al-grade iniersection 1n which traffic is direcied mnte
definite paths by islands. *

Turping roadway : A cennecting readwav for traffic lurning between rwo imtersection
! *
ICES.

Interchange - An interchangs is a system of terconnecting roadwavs ji Conunclion
with one or more_grade separations that provides for the movement of tratfic berween two
Cr more roadways or highways on different levels. ®

Auxiliary lame : An augiiiary lane is defined as the poruon of the roadway adjoining the
traveled way for parking, speed change, tuming, storage for turming, weaving, mnuck
climbing, and other purposes supplementary to through iraffic *

Weaving section : A Weaving section is a highway segment where the patiem of traffic
entening and leaving at contiguous points access results in vehicle paths cIossmip each
other, *

Ramp : The term “ramp” includes al| Ypes, arrangeinents, and sizes of turming
roadways thal connect two or inore ieys at an interchange The components of 2 rame are
a terminal at each leg and a connecting road, usually with seme curature, and on 3 2rade
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(Fig.I1.2.1)*. The term interchange indicates that there is one OF MOTE grade separations
between the interconnecting roadw.avs. ramps components are also being referred to as
deceieration lane (E‘U[ terminal. Fig 11.2 1), ramp proper and acceleration lane {entrance
rerminal, Fig 11.2.2). In some cases due to geometric and physical charactenstic of
highways the entrance terminal may be very short and tollowed by either a weaving
section or an auxibiary lane (F1g.11.2.3).

Slip ramp . An individual tuming roadway which is separated from the normal traveled
wav bv an island at a channalized intersection (Fig 1.2.4 & 1.2 5a & I1.2.5b)

* The definition is 1n accordance with Amencan Asscciation of State Highway
and Transponation Officials (AASHTO),

** The definition is in accordance with Highway Performance Monitonng System
{HPMS)

Divided Highways - A divided highway is a highway with separated lanes tor trathe in
oppos:te direction.”
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Appendix B

Tewn Codes

ACWORTH 1 COLUMBLA Q97
ALEANY ()3 CONCORD (+20
ALEXANDKIA 0Gs CONWAY 1)
ALLENSTORN O} 7 CQORNISH 1432
Al STEAD 00 CRAWFORDS PURTHASE 104
ALTON 011 CROYDON 197
AMHERST SRR CUTTS GRANTY 501
ANIHIOVER 18 DALTON 104
ANTRIM o117 DAMNBURY 11]
ASHLAND 019 DANVILIE R
ATKINSON 02! DEERFIELD e
ATRINSON - GILMANTON ATADEMY 567 DEERING 117
AR ANT

SUBLURN 023 DERRY 119
BARNSTEAD 025 DIXS GRANT S0:
EARRINGTON 027 MXVILLE 121
BARTLETT 029 DORCHESTER 123
BATH 03] DOVER 125
REANS SHRAMT 033 DUBLIN 127
HEANS PURCHASE 035 DUNAMER | 29
BEDYCGRD X7 DINBARTON 121
BELMONT g9 DURKAM T334
HENNINGTONW 4 | EAST KINGSTON 1aX
BENTON (W3 FASTON 127
BERLIN =L EATON D39
BETHLEHEM T EFF[NOHAM 141
BOSTAWEN Qo FILISWORTH T2
HOW A ENFIELD '43
BRADFORD 053 EPPINNG Lot
BRENTWOOL 0%8¢ EPLOM L
BRIDOGEWATER 0a7 ERROL 151
BRISTOL Q%G ERVINGS 1 OCATION s05
BROOKFIELD 06| CXLTER 133
BROOKLINE 043 FARMINGTON 155
CAMBRIDGE (L FITZWILLIAM 157
CANPTON (&7 FRANCESTOWN L5y
CANAAN 069 FRANCONILA HLN
CANDIA g7 FRANKLIN 6,
CANTERBURY 073 FREEDOM 1GS
CARROLL 075 FREMONT 167
CEMTER HARRBROR (77 GILEORD )
CHAND!.ERS PITRCHASE 076 TILMANTON 7]
CHARLESTOWN G811 OILSLTM 173
CHATHAM 81 GOFFSTOW™N 1754
CHESTER )& GORHAM 177
CHESTERFIELD ua7 (3OSHEN 175
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CHICHESTER
CLAREMONT
CLARKSVILLE
COLERROOK
GREENS GRANT
GREENVILLE
GROTON
HADLEYS PURCHASE
HALES LOCATION
HAMPSTEAD
HAMPTON
HAMPTON FALLS
HANCOCK
HANOVER
HARRISVIILLE
HARTS LOCATION
HAVERHILL
HERBRON
HENNIKER

HILL
HILLSBOROUGH
RINSDALE
HOLDERNESS
HOLLIS
HOOKSETT
HOPKINTON
HUDSON
JACKSON
JAFFREY
JEFFERSON
KEENE
KENSINGTON
KILKENNY
KINGSTON
LACONIA
LANCASTER
LANDAFF
LAWNGDON
LEBANON

LEE

LEMPSTER

L INCOLN
LISBON
LITCHFIELD
tITTLETON
IVERMORE
LONDONDERRY
LOUDON

LOW - BURBANKS GRANT

LYMAN
LYME

4.3
091
(42
g4 s
185
191
193
509
511
195
197
1G4
201
03
20%
27
203
2]
213
215

"I-['r
A

F.a
—

P P B Dt T
-
=1 A il

2 b kg R b
-t-l. -LTI. -l-'l- -I:I- L R A R M R | e l'-...l: f 3 -l-qJ o
e B B L T R R, i)

Fad bl Fa b B et B B 1)
e L L v L
L R L

1
A
wt

=

-t
[ SR 8
HET Ry S—

.

k-

265
267
269
27)
273
275
277

GRAFTON
GRANTHAM
GREENFIELD
GREENLAND
MADBURY
MADISON
MANCHESTER
MARLBOROUGH
MARLOW
MARTINS LOCATION
MASON
MEREDITH
MERRIMACK
MIDDLETON
MILAN

MILFORD
MILLSFIELD
MILTON
MONROE

MONT VERNON
MOULTONBOROLGH
NASHUA
NELSON

NEW BOSTON
NEW CASTLE
NEW DLRHAM
NEW HAMPTON
NEW IPSWICH
NEW LONDON
NEWBURY
NEWFIELDS
NEWINGTON
NEWMARKET
NEWPORT
NEWTON

NORTH HAMPTON
NORTHFIELD
NORTHUMBERLAND
NORTHWOOD
NOTTINGHAM
ODELL

GRANGE
ORFORD
(OSSIPEE
PELHAM
PEMBROKE
PETERBOROUGH
PIERMONT
PINKHAMS GRANT
PITTSBURG
PITTSFIELD

18]
183
185

187
281
282
285
287
289
291
293
295
297
299
301
333
305
107
31l
309
313
315
317

l_p#t'._'.
it ad fad Fd ) e
A el DY LR a gD

lad L2 ) ) R
w)] e -] =

e I_,p-l lad Lgd L | r...lJ L bt Lpd a4
£
S

I
L

Lat [
4 B
—~b La)

349
351
511
351
355
387
359
36
367
365
367
369
371
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LYNDEROROUGH
PLAISTIN
PLYNMOUTH
PORTSMOUTH
RANDOLPH
RAYMOND
UCHMOND
RINDFE
RIX_HESTER
FOLIINSFORD
ROMBLURY
RUMNEY

RYE

~ALEM
SALISBURY
SANBORNTON
SANDOW™N
SANDWI|CH
SARGENTR FURCHASE
SEABROOK
SECONTI COLLEGE GRANT
SHAROIN
SHELBURNE
SOMERSWOIRTH
SUOHITH HAaMPTON,
SPRIMGFIRELD
STARX
STEWARTNTOWN
STUDDARD
STRAFT ORI
STRATFORD
STRATHAM
SLCCESS

STIGAR HILL
SULLIVAN
SUINAEE

SURRY

SUTTON
SWANZEY
TAMWORTH
TEMPLE

THOMPSON - MESERVES PURCHASE

FTHORNTON

TILTON

TROY

TUFTONBUOGRO
(Y

WAKLEFIELD

WALFOLE

39y
Rk
318
417
419
441
442
445
447
449
45
453
455
357
449
161

6

PLAINFIELD

WARNER

WaRREN
WASHINGTON
WATERVILLE VALLEY
WEARE

WEBSTER
WENTWIRTHH
WENTWORTHS LOCATION
WESTMORELAND
WHITEFIELD

WILMOT

WILTON

WINCHESTER
WINDHAM

WINDSOR
WOLFEBORO
WOOOSTOCK

Courty {udes
BELKNAP
CARRCGUL
WHEGSHIRE
TS
ORAFTON
HIL.LSBOROUGH
MEPRRIMACK
ROCKINGHAM
STRAFFORD
SULLIVAM

State Country Codes
NEW HAMPSHIRE
MAINE
MASSACHUSFTTS
VERMONT
CANADA
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373
463
465
57
469
47]
R
375
477
479
481
483
485
287
489
491
493
493

(0!
J0 3
Uk
0™
(%
0l1
013
013
@7
019

51800
70
K00
(0
950
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Appendix

$C = 8VSTEM & CLASS CODES

System onie (13 This code indicates thar the road 15 on the Srate Primary Svstem as
referted to by ESA 226 2

Llass one {15 Ths cude indicates that e road is nuantained by New Hauupshre
Department of Transponation

Class four (4) This code usiicates that thie 10ud 15 within a compact urea and 1s mamtaned
by the Yoran or oty Class Four (4) would alse indicare that the Comnpussioner of
Transpurration has establ:shed 2 compact secton 1 the town of ¢ity RSA 229-5 1. These
roads are tnciuded m the “Biock Gram Ald” muleage.

Class mne {9y This codde indicates thar the road 15 mainained by the Seate Tumpike
Authority or Agency  The roadway mav or may not pass through commact secnons. These
readways are exemp! from R3A 2265 1Y

system wo (21 shows all roads i the state that are part of the Siate Secondary Systemn as
referted to by RSA 2293

Class two (2). This code indicates that the road 1s rumtamed by the New Hampzhire
weparmmen of Transpoumacon

{Tiuss fous () This code indicaies that the road iy witln {empact area and s maintained
by the towt or city. £7)ass Faur 14y would alse indicate that the {omrmssioner of
Transportzuon estanlished a compact s2ction o the (owWn of ity HoA 2295 IV These
reads are ancivaed i the “Block Grant Awl” mulespe.

Class five (37, Thes code mndizates 1hat the road 15 mamtamed by the town city  If the
town'city upgradies these roadweys to <luass (2 standards they becoms pars of the Stals
Secondary System as anthonized by the Legesiature These roads are 1ncluded 1o the “Block
Gram Awd” muleape

lass seven {7): This coda indicates that the road is mawnsa:ned By e Federal Agencies.
Thus class can be used only if there 15 an apreement hetwesn the Federal Agencies and the
NH Department of Transportation. An example of th:s ¢ ass may bt foind in the Town of
Carroll. NH on Cherry Mountain Road

Class nme (9): This code indicates that the road 15 mamtauied by *he State Tumnpike
Authicnty or Agency  These roadways muy or may not pass through a compact . Note

there 15 only one tawn with this 5.C.. Memimack {297) This "SC” may not be assigned to
roadways witbout tee legislature authezation.

System three (3 consist ef al) recreational roads ieading te. and wathin, state reservations
designated by the Legislanas RSA 229 3 11

Ciass three (3 This code indicates that the rwadway 1s mariained by the NH Department
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of Transporanon Adding to of deleting from this clzss requores the Legistative change in
hand.

Clasz "3-4"7 consists of al! new boating aceess highways PSA 230-45-47and shal! have ar.
aceess contral code of 1 Clunited access”. Note only the Governor & Council may
discuniinue any class 11]-A highway.

Svatem fow (41 Thus code includes all sreet nside the compact delimuted area a5 defined
by the Corarmussiones of the Department of Transportation  Thus wil) consist of ali shreews
which are reguiarly maimained and open to waffic and met the cond:tans of g "public

road’’

Class four {4). The code includes all storeets meide s compact deluruted area, whach are
not extension of e:ther the state primary or secondary systems, and met the conditions of a
“public road”

System five (5) This ssstem consists of all roudaays autside of compact area and met the
3 _ ¥ A
cundiftons of 2 pubbie road and are mawmtained regularly by the 2ty town

Class five (50, Thus class consists of all tows City stree! af road outside of compact area
(when a rown citv road or sireet pass2s across the compact Line 1t beconmes an “SC" of
"447). Some class Voroads are known 2s summer conages roads. these roads RSA 211 7¢.
81 are not inaintained between De V)-Apr 10 but are stili Class V' Also. there roud in,
owns which may camry the term winter road RSA 211 24 winrh means they arz oniy
winter mamntained bul are ciass V oroads. Most roads wil! be mantamed cear round.

\'iass erpht (8). Tlus code indicaies that the 10ad 15 belng naimntained under special
legisiznon {Siats of New Hampchire) by the town ey, Mainterance o "Nese fogds are
patd out of 3 special tund. Sandwick Noteh Road in the Town of Sandwich i the onls
ICad s carepory. and 1 not being rmaintained in the vwinter Chapler 35 NH laws of
1683

System six 461 zhall consist of all roads discontinued arg subject 10 gates and bars except
&8s providect in Class {{E-A (RSA 2795 IH-A) and thuse roads which have not Seen
reparred or ma.ntained in sunable condiion for wave! for S (five) years ¢+ more.

Class six (6} 10ads are non-pubtic roads. These roads are not maintained  They mav have
uny surface type Therr funcuonal classificanon 1 always "o

Note: Class sia (61 15 the only class which may have s pavement type of 20, this surface
N3y not appear or 3 public road

System seven (7) shall consist of ali Feders] Agencies roads providing they meat the
qualifications ef 5 public road

Mote: These roads must have a federal rmaintenance levelaf 3 4 or 510 quaiiiy as a
“public road”

Ulass seven (7) This code mdicales that the rcad 18 mainteined by the Feoera! Apencies

svstem eight 18), This code defines highways and their ramps that are part v the Nation)
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Svstems of Intersiates and Defense Highways RSA 2293
Note: These roadways are alse part of the State Pnmary System RSA 229.3 and are
Limited access highway and must have ap acress code = | {one)

Class onz (1) This code indicates that the New Hampshire Deparment of {ransporat.on
15 responsibie for the roadwav maintenance.

Class mae i9) This code indicates that the roadway 15 mamaimed by the State Tumpike
Authority nr Agency These roadways may or mas not pass through comgacts and are
imuted access highways and are exermpt from the compact sections [aws RSA 2295 [V &
22044

system nune (9). This code indicates that the roagway ts part of the State Tumpike Svstem.
hoawever it 15 not on the Swate Primary System or Secondary System. There has been only
one road in tus category (LS | bypass m the City of Ponsraouth prics o 1%93, Raad Inv
200}

Class mune {9) This code indicates thar the road is maintaned by the State Tumpike

Authorry.

>ystem zere (U) This code indicates that the roadway 1 a 10'l *0ad but 1t 15 not an the Srate
Tumpi:e Systemn 1e Private Sara Iong Bridge, NH. Mame Bndee Authormy, (Mr
Washington Toll Road and the Menadnock Toll Road.

Ciass zero () maintenance respensibility has not been determunsd 1 some cases.
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SUMMER

No: Maintained
Regular Mamnmtenance
Regular Maintenance
Regular Maintenance
Regular Maintenanze
Kegisiar Maintepance
Regular Maintenance
Open Fireld

Open Feld

LIS Forest Service Mumtenance

Private
SeATate Agreemnent

MAINTENANCE CODES

Appendix D

NH Fish & Game (Tlass 3A)

LS Fish & Wildlize Service

Open Freld
Upen Field
{Open Field

Kegular Maintenan, e Fown/Ciry
Regular Mainrenance Tumpikes

Not Maintaned

LEVEL OF SERVICY CUGDES

(0-1%
«fi-29
3G- 39
4049
30-59
60 -6G
X0)-8+
H-99

w

Dist |
Dist 2
Dist, 3
Ihst 4
Dt 5
Dist 0

Tust have acc:ri“ 75
control = |

K>
:}5

Reserved for Dismot |
Reserved for District 2
Reserved for Dhstret 3
Reserved ‘or Distnict 4
Reserved for Disthict §
Reserved 1or Distnict &

Reserved for Town/City

Reserved for Turnprke

WINTER

Not Maintained

Regular Mamntenance [Jis!
Regular Maintenance Mgt
Regular Maintenance [hst.
Regular Maintenznce Dist
Kegular Maintenance Inst.
Regular Maintenance Dist,
Open Field

Open Field

US Forest Service Mainterance
Private

Separaie Agreemens

~NH Fish & Game (Class 3A)

LIS Fish & Wildlife Service
Open Field

Upen Field

Opern Field

Regular Mamtenance Pown ' City
Regular Maintenance 1 umpikes

This code indicates that the road i fot mantaired. This code will alwavs appear on State Class &
roads and on roads not being maintained durme winter or summer.

Fegular Maintenance Disr |

The codes 10-19 reflect a Level Of Service {108 anr

selected as the code for reguiar mamtenance

Gt

sre currently not being used. The code 15 was

Revised: 2/12.01

o Ln b ar bd oe—



B

T4

79

= Upen Dield

= Crper. Fiz1d =

LS Foresy service Mamivrnance

This code indicates that the road 1s maintamed by the 'S Forest Servize.
Pyivate
Th:s field 15 not used a5 ~resent but couid be appied ¢ Class Vl road being mamtained pnivaely.

Separaic Agreement

Thrs would retlect 2 tontract between a contractor and the siate or & lown/city 10 maintain certain
rosds. 1ms can also appiy to bndges, 1e. Sara Long Bodge which 1s owned by NH/Msine brnidge
guthority

NH Fish & Game (F&G)

These toads are maintained by N.H. Fish & Gaine. Thess roads coriat of boat launches 1o great ponds
(musi be at least 1 acres) with an access contiol of { “lininted access” Naote. Koads 10 the pubiic
water do'not become Class 34 by viriue of road to 2 Jake. they will stay Class V' or V1 as they were

1

i2id our.. A road must be laid out by the Governor & Coencii to become a Class 3A

US Tish & Wildhfe (USF&SG)

These reads are mamuained by USF&W They wiall carry a 5C<77 with - unIquse maintenange code,
These roads must meet the “Public Road’ quaiification.

{hpen Field

OUpen Field
Oper: Field
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Funcnonai Classification gy the Prowsss
according te the npe of yerve
individual roads or stres

1S A0 ot serve pavel

Appendix E

FUNCTIONAL CLASSIFICATION
REFINTTION AND SYSTEM CHARACTERISTICH

DEFINTTION

by which streeis
ce they wre mtended 0 provide Bas:e to thys process 1s the understanding that
.ndependently, rather wavel wmvnlves movamen! Uy o serics

nd highways are grenped mnfe classes, or systems

>f roadwayvs n 3 togical manner by delunng the partanv particitlar road or street can play in serving traific
floaing througk a highway network

Ol

110

1

D‘l

08

{9

FLNCTIONAL SYSTEM HIFRARCHY

Principal Arterial
Minor Artenal! Roads
Coljector Roads
Lucal Roads

Principal 4Arieal
(Inlesstate)

Dier Prineial Aper gl
(UPA-R)

Munor Artenals (Rurah

Major Colle.:tor

Minor Collecior

Local {Risraid)

SMALL URBAN URSANIZED
Principal Arerial FTNCIPAl Arters]

Minor Arteria! Sireers

inor Artenal Streers

Coliector Sthepis Collecter Strastn
Local Suess

Lova] Srempty

SYSTEM CHARACTERIST ICS
FUNCTIONAL SYSTEM FOR A RPURAL” AREA

The [pizrstate System of 2] rresenty desiznated routes CUITERl rval in
character  These corrdors are used basically for Statewide and interstate

rraval

These {OFPA )Y oy

ems provide alt integrated retwerk o1 mghwavg between
wHies and jareer tnwny ang usgali= has no stub connection TRCED G Coasty]
LHes armems honal boundares This s a1 g statewile view,

These are the feedes Nighways that serve 8 v arie s of rafhic They may senve
% Unks between larger 1owns and some smailer cies. They aiso serve a5
Talle generators 1o and fromy urban or urbanized areas but are rural

These routes provide for servize 1o loce! senters of government, but ate uf g
lesser umportance then those lughways serving citizs and larger towns. Thes,
also serve as waffic geaerators 1o o hools, sipping & Tecerving poinis, whyle

these rotites do not

ferve a statewide condition. they are urpartant 10 the

county or region where they sx81

This swstern should be consistznt wath the populanion ¢! the areas because 1t 15
the i35t system before the local road svstem In also provides service 1o the
iTTITIng sSinaller conmunties.,

Ihe local FC primarily proveles access to adjacent land, also for ravel of
reiatrvely shor distance  This muicage w il conshitute the bulk of the “rural
public ruad mileage”

=¥
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SYSTEM CHARACTERISETICS

FUNCTIONAL SYSTEM FOR A URBAN AREA

Francipal Amer:al
{inlerslate

Principal Arenal
COther Freeway:s &
Expressways)

(tasr Prinepal
Artenals tOPA-1D

Minor 4rtenais (Urbam

Culiector (1 rhan

Local (Urban

In an urban arca are there to service both statewide and interstate tnps as well
13 mator movement of gaffic withun the wban and urbanized area They carm
3 major porton of traffic entering 4 icaving the urban arez. These ghwars
are alwave lunited access faciiitics with no At-Grade ntersections
Insessecnions are of greater in nuimber then a rural witcrstate (3 divded
highway).

These are riade up of other mayor highraays, which bave grade separated
\nterchanges and are conuoiled access 1acihes and again re an an urban area
There 15 no finr spacing betwern interchunges but are there to service the
nesds of that parucular woan ares  Note: These highwavs are drvided
lughwavs and hawe the same characlensncs as wierstams,

[mess lughwavs are madz up ot maior roads but S0 not ha. ¢ the same

charactenstics as funcnomal class i1 & 12 and related uphwavs. Thev are.

Ssually nol grade-sepatated highway but tfugnsavs that serve the eniire-urban

area and are nsually connedcted to a ugher functional system  The trathe

geaeration on them ts [rom the movement 1o and from lesser of equal
setional syslens.

The munor artenial systam aictudes highuvays o streels that serve a lower level
of ratfic. Such bugbways nay carm wooal hus routes or pogside anter-urban
cotnections,, but should not proeTate e ne:ghbeiineds. This system saould
connect (o rurdl colizcior roads whete such roads has e net Peen made proowipdl
artenal bighwavs anrd connect 12 2 lugher urban arterl svstem

The urbhan street -otflecior svsten semvices frafic froc resigdentual
neighborhoods, convnercial, and sndustrial s1eas 1 1s differenn than an arteral
svstem because it penetrates esidental nerghborhoeds, dosmbuning mips lrom
Artenals 10 local streers.

Uhe local street system compnses 3l punii roadway ot ona kigher functhenal
SHass system N senes to primanly prosde durec! access o abumng land and
the avress to the higher orrer

lunctiona: chass svstermn 1t bas the largest level of 2hiitty and would usually
have no bus routes and thru iruved on this Lyvstem would be discowraged,

Source: Highway Functiona! Classification. Conmcepts, entenia, and
precedures FHWA March 1989, Tule 23 U.S.C 127 CFR 470)

Public Road A public road 1s any road under the junsdiceon ¢f ahd

maintained hv a public authority and open-to pubin wavel” 121005 C
1di(ain

7] Revized: 2] %00



Appendiy F

METRIC CONVERSION TABLES

£nghsh Units (Fegr) Mewnc Units (Meters)
&

Lans Widthe 27
10 LT
1] T3
{2 A
. in
fi 4.2
Shoulder Widths > .
3 ] 5
& | R
8 Z -
10 10
[2 36
Median Widibs - 1.2
5 |.B
14 4.2
16 4 3
I8 53
20 6.1)
22 Y. b

Bases of Conversinn

NHDOT has chosen ASTM E 380.91 “standard Practics For Use of The Imemationa Syster al Units™ as
the reference document for cenversion and roundipg.

The basss of meqic conversion in New Hampshire by State Law 1 19 97 inches = | meier, winch 15 known
as the 'S Survey Foot. The New Hampshire Sate Plane Cunrdinate System of 19483 15 based on the 115,
Survev Foot The more commma, factor 1s 1 ek = 23 4 muilimeters which js known as the Litte rnaticial

Faot
LS. Survey Foot. Prn=33 37712 =3 2B0833131 ft
In*emational Fool. 1m=21280829895 £

Source. “Merric Conversion Guide . New Hampshire Depariment of Transportation. Moy [095

74 Revised: 271301



APPENDIX E

Connecticut Transportation Institute Summary Tables of Other Transportation Agencies



List of Respondents

State DOT City County Network Mileage
California 15,200
Connecticut 3,700
New York 16,500
Utah 5,900
Wisconsin 12,000
Arkansas 16,500
Tennessee 14,000
Tucson, AZ 400
Oakland, MI 2,600

2.6



Table 2

Summary of Data Collection and Distribution Methods
Employed by Other Transportation Agencies

12 Questionnaires Sent Out 10 to DOTs
1 to a city
1 to a county

9 Questionnaires Returned 7 DOTs, City & County
Question Summarized Response FDOT
Who Obtains Images Agency 7
By Contract 2 —
Medium to Obtain Images Film 2
Analog tape 2 —
Digital Tape 1
CD-ROM or DVD 2 —
Not Reported 2
Area Recorded Driver’s Eye View 9 —
Right Side View 3/9
Pavement View 1/9
Extent of Imaging Bi-Directional 8/9 —
(All Roads)
[-Ramps 1/9
1 way-2 lane
undivided 1/9
Collection Frequency Once/year 2%
Once/2 years 3**
Other (3-10 yr.) 5 —
Distance Interval Continuous video 2 —
0.01/mile —
Other 1
Editing Agency
By Contract 1 —
Both 1
Edit Interval 0.005/mi 1
0.01/mi 4 —
None 4

11



Table 2 (Continued)

Storage Medium Tape
CD-ROM
DVD
Hard Disk
Laser Disk
Film

Digital Storage Parameters MPEG
Compression JPEG
Resolution 640 x 480
to 1300 x 1030 pixels
File Size 50-110 kb
Not Reported

Distribution System Network (Server)
Film
Laser Disk
CD-ROM
Tape

*  Arkansas Interstate Only
** Arkansas all non-Interstate

12
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7/9
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Table 3

Additional Data Obtained During Videolog Field Activities

Data Number of
Item Agencies
Roughness 3
Grade 5
Cross Slope 3
Distance 6
(Chainage)

Texture None
Transverse Profile 3
GPS* 5
Heading 4
Distress 1
Skid Number None
*(One State to add GPS

13

Interval

1@10m
1@0.005mi
1@0.025mi

1@0.005mi
l@4m
1@0.025mi
1@0.01mi

1 unreported

1@0.005mi

l@5m
1@0.025mi

1@0.005mi
3@0.01mi
1@4,5&10mi
1@0.025m

1@0.005mi
l@4m
1@0.025mi

1@0.005mi
l@10m
3@0.01mi

1@0.005mi
l@4m
1@0.025mi
1@0.01mi

1@0.01mi



Table 4

Processing, Storage and Distribution of Data Acquired by
Other Transportation Agencies

Storage Digital
Post CD- Hard Video
Data Item Processing ROM Disk Disk
Horizontal Curve 5 1 4 1
Vertical Curve 5 1 5 1
Longitudinal Profile 1 1 2 1
Transverse Profile 2 1 2 1
Rut 4 2 4 1
Texture - - - -
Shim Quantity - - - -
Real Time
Roughness 2 4 1
Grade 2 6 1
Cross-Slope 2 3 1
Distance 3 4 1
Texture NONE
Trans. Profile 2 3 1
GPS 3 6 1
Vehicle Altitude 2 4 1
Skid Number NONE

14




APPENDIX F

Contacts and System Providers



Contacts

Transportation Agency

Connecticut

Bradley J. Overturf

Department of Transportation

Bureau of Engineering and Highway Operations
280 West St.

Rocky Hill, CT

06067

Tel. 860-258-0319

Fax 860-258-0399
Bradley.Overtuf@po.state.ct.us

Maine

Keith Fougere

Maine Department of Transportation
Pavement Management

16 SHS

Augusta, ME

Tel. 207-287-5661

Fax 207-287-3292
Keith.fougere@state.me.us

Massachusetts

Mike Ecmecian

Massachusetts Highway Department
Pavement Management

936 Elm St.

Concord, MA

Tel. 978-0282-6115

Fax 978-369-5740

Rhode Island

Joseph A. Bucci, P.E.

Rhode Island Department of Transportation
Traffic and Safety Management

2 Capitol Hill

Providence, RI

02903

Tel. 401-222-2694 x4211

Fax 401-222-2207

ibucco@dot.state.ri.us




Vermont

Mary C.S. Godin

Vermont Agency of Transportation
National Life Drive

Montpelier, VT

Tel. 802-828-2681

Fax 802-828-2334
Mary.godin@state.vt.us

GIS
Connecticut

James R. Spencer

State of Connecticut Department of Transportation
Graphic Information Systems

2800 Berlin Turnpike

Newington, CT

Tel. 860-594-2014

Fax 860-594-2056

James.Spencer@po.state.ct.us

(Previous GIS contact now retired, was Frank J. Busch.)

Maine (Office of GIS)

Dan Walters

Maine Office of GIS

26 Edison Drive

145 SHS

Augusta, ME

Tel. 207-624-9435

Fax 207-287-3897
Dan.walters@state.me.us

Maine (DOT)

Nancy Armentrout

Maine Department of Transportation
16 Statehouse Station

Augusta, ME

04333-0016

Tel. 207-287-8723



Massachusetts (MassGIS)

Neil MacGaffey

MassGIS

Executive Office of Environmental Affairs
251 Causeway St., Suite 900

Boston, MA

Tel. 617-626-1057

Fax 617-626-1249
Neil,macgaffey@state.ma.us

Massachusetts (MassHighway)

Douglas Carnahan

Massachusetts Highway Department

Bureau of Transportation Planning and Development
10 Park Plaza, Room 4150

Boston, MA

02116

Tel. 617-973-8239

Fax 617-973-8035

Douglas.carnahan@state.ma.us

New Hampshire

Dennis R. Fowler

New Hampshire Department of Transportation, Bureau of Transportation Planning
PO Box 483, Hazen Drive

Concord, NH

Tel. 603-271-8457

Fax 603-271-8093

dfowler@dot.state.nh.us

Rhode Island

Stephen A. Kut

Rhode Island Department of Transportation
Providence, RI

02903

Tel. 401-222-6935

Fax 401-222-4403

skut@dot.state.ri.us




Vermont

Mary C.S. Godin

Vermont Agency of Transportation
National Life Drive

Montpelier, VT

Tel. 802-828-2681

Fax 802-828-2334
Mary.godin@state.vt.us

System Providers

Roadware

PO Box 520

147 East River Road

Paris, Ontario N3L 3T6

Canada

Tel. 1-800-828-ARAN (2726)

Tel. Outside North America 1-519-442-2264

Fax 1-519-442-3680

Email General Information info@roadware.com
Customer Support support@roadware.com

http://222.roadware.com/

Roadware has regional offices in Pennsylvania and Florida in North America. Contact
for the name of an agent in regions outside of North America.

Mandli Communications, Inc.
490 North Burr Oak Avenue
Oregon, WI

53575

Tel. 608-835-7891

Fax 608-835-7891

http:/ /www.mandli.com/
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