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1. Executive Summary

The Federal Highway Administration has implemented new regulations pertaining to the

management of traffic signs. These changes are documented in the 2009 edition of the

Manual on Uniform Traffic Control Devices for Streets and Roads (MUTCD). Retroreflec-

tivity of street signs is of primary concern for safety purposes and various state and local

jurisdictions must construct an inventory and management system for periodic inspections

and ongoing maintenance of the retroreflectivity of signage.

Considerable research and information gathering was conducted in order to find the sign

management system that is the best fit for Philomath, Oregon. Many systems exist and

through conversations with Benton County Public Works, Ctiy of Philomath Public Works

Operations Manager, and the Philomath GIS Technician, it was found that a combina-

tion of a Geographic Information System and a user-friendly database is most effective for

Philomath as of the writing of this manual.

Philomath currently maintains a basic ESRI ArcView license and city workers are some-

what familiar with the MS Access database interface. Therefore, Philomath sign data will

be mapped in ArcView and maintained within the Access database through the use of forms

for data entry. MS Access is set up to reconstruct a flat file for export to a separate database

which is linked to ArcView for mapping sign points. This method prevents the automatic

locking of the primary database when viewing data in Arc.

This arrangement of linking Arc to Access is an intermediary stage in the development of

the management system. Philomath GIS Technician, Rob Denner, will continue to develop

the system and migrate toward an interactive, web-based GIS sign management system.

Initial sign inventory data was collected using a GPS with TerraSync software on a Trim-

ble datalogger. Signs are recorded as attributes of the sign post. Data was postcorrected

and exported from PathFinder to ArcGIS for mapping. From Arc, data was exported to

an MS Access relational database and each sign and sign post is assigned a unique identifi-

cation number for tracking purposes. The initial unique ID was constructed from the date
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and time of inventory to ensure uniqueness; new sign ID numbers will consist of the date of

installation and time of initial inventory. Data entry forms were constructed for updates:

new sign post entries, sign replacements, maintenance activities, inspections, etc.. Reports

were constructed to serve a variety of purposes: tracking sign condition, replacement cost

estimates, sign location, etc..

This manual describes the Government Regulations regulating the management of traffic

signs; the Philomath Sign Management system; Data Collection procedures from time of

collection to populating the database; and technical aspects of using ArcGIS and MS Access

for sign management.
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2. Government Regulations

The impetus for creating the sign management system stems primarily from changes to

the Federal Highway Administration (FWHA), U.S. Department of Transportation, Manual

on Uniform Traffic Control Devices (MUTCD).2 Additional motivation arises from State-

ment No. 34 of the Governmental Accounting Standards Board (GASB).

2.1. MUTCD Retroreflectivity Regulations. The MUTCD now requires jurisdictions

to maintain a system of measuring and maintaining minimum retroreflectivity of signage

for safety purposes.[1] Retroreflectivity refers to the amount of light that is reflected from

a sign back to the source. Higher levels of reflection from signs means better visibility and,

therefore, an increased level of safety. Table 2A-3 from the MUTCD (page 31) is inserted

below for ease of reference (see Figure 1).

2.2. Compliance Dates. From MUTCD Table I-2., p. I-4, the compliance date for “Im-

plementation and continued use of an assessment or management method that is designed to

maintain traffic sign retroreflectivity at or above the established minimum levels” is January

22, 2012. The compliance date for “Replacement of regulatory, warning, and post-mounted

guide (except street name) signs that are identified using the assessment or management

method as failing to meet the established minimum levels” is Jaunary 22, 2015. The compli-

ance date for “Replacement of street name signs and overhead guide signs that are identified

using the assessment or management method as failing to meet the established minimum

levels” is January 22, 2018.[1] Table I-2 is included in Appendix ?? of this Philomath Sign

Management Manual. Table 1 below provides an abbreviated outline of important compli-

ance dates.

The Philomath Sign Management system facilitates the tracking of maintenance/replacement

activities and documents the reflectivity of traffic signs providing proof of compliance with

MUTCD regulations.
2The Manual on Uniform Traffic Control Devices (MUTCD) is approved by the Federal Highway Admin-

istrator as the National Standard in accordance with Title 23 U.S. Code, Sections 109(d), 114(a), 217, 315,
and 402(a), 23 CFR 655, and 49 CFR 1.48(b)(8), 1.48(b)(33), and 1.48(c)(2).
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Figure 1. Minimimum measured retroreflectivity levels.

Table 1. MUTCD Sign Management Compliance Dates

Topic Date

Implementation of an assessment or management method January 22, 2012

Replacement of regulatory, warning, and post-mounted guide signs Jaunary 22, 2015

Replacement of street name signs and overhead guide signs January 22, 2018

2.3. GASB Statement No. 34. Another influencing factor in the implementation of a

sign management system is Statement No. 34 from the Governmental Accounting Stan-

dards Board (GASB): “This Statement establishes new financial reporting requirements for
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state and local governments throughout the United States.”[2] The overall premise (over-

simplified here) is for governments (states, cities, towns, villages, school districts, and public

utilities) to report the net value of assets and expenses involved in maintaining those assets.

Below is a brief list of tracking and reporting items that contribute to compliance with

GASB Statement No. 34:

• The Philomath Sign Management database provides a mechanism for generating

more accurate reports on the net value of signs and sign supports maintained by

Public Works.

• The database can also serve to track maintenance time and expenses.

• The database, coupled with GIS, allows accurate tracking of the location of signage

assets.

• Accurate reporting of net assets increases the value of the City of Philomath and

increased value can serve as leverage for government funding.

The Philomath Sign Management and maintenance system implemented at Public Works

is in compliance with both MUTCD regulations and GASB 34 accounting standards. This

manual describes, in detail, the sign management system implemented by Philomath Public

Works.
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3. Sign Management

Significant documentation on sign management systems exists and this research was

helpful in shaping the design of Philomath’s Sign Management system. The Federal Highway

Administration (FHWA) has prepared a very thorough guide to sign management, FHWA

Maintenance of Signs and Supports.[3] As it relates to sign management, sections VI, VII,

and VII, of this guide are included in Appendix A. However, the FHWA guide includes

many important aspects of handling signage and should be read in it’s entirety by all

signage personnel.

3.1. Benefits. The primary benefit of maintaining minimum retroreflectivity levels is safety.

Better visibility of regulatory, warning, and guide signs decreases the potential for accidents.

Better visibility and safety also minimizes torte liability suits. Maintaining a database

management system provides tangible evidence of sign maintenance activities with dates

attached to those activities. The database can then serve as proof that signs have been prop-

erly inspected and maintained regularly in case a driver does not observe, or disregards, a

regulatory or warning sign and has an accident.

The database management system also increases efficiency of sign management and main-

tenance activities. Instead of relying solely on citizen or worker reports of deficient sign

condition, documented inspections will, in most cases, reveal failing sign condition before

it presents a problem for drivers. Generating reports and work orders from the database

increases efficiency by allowing workers to plan an efficient route by which to accomplish as

much sign maintenance as possible within the work day.

3.2. Sign Supports. Sign supports (or posts) are an important aspect of maintaining

signage. Again, the FHWA Maintenance of Signs and Supports contains very useful in-

formation and outlines specific parameters of post materials, placement, and securing post

bases. Philomath uses primarily 2-inch square steel posts that meet the ‘breakaway’ (or

yielding) criteria stipulated by FHWA. Breakaway posts are designed to give way when

http://safety.fhwa.dot.gov/local_rural/training/fhwasa09025
http://safety.fhwa.dot.gov/local_rural/training/fhwasa09025
http://safety.fhwa.dot.gov/local_rural/training/fhwasa09025/
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struck by a vehicle. Post bases consist of a slightly larger steel sleeve buried (ideally) at

least three feet into the ground and secured with cement. The sign post is then inserted

and bolted to the base.

3.3. Managing Reflectivity. The Power of Sign Inventory document provides a review

of the five reflectivity measurement options that agencies can use to maintain acceptable

levels of reflectivity. Agencies can choose to implement one or a combination of the five

methods. This document is chosen as an evaluation of the five replacement methods because

Pierce County has environmental conditions similar to Philomath and few reports exist that

provide practical, on-the-ground evaluation of the five reflectivity assessment options. The

following is summarized from “Tapping Into the Power of Sign Inventory”.

This paper is based on analysis conducted in Pierce County, Washington. The Pierce

County Public Works department is responsible for 24,530 traffic signs. Sign inspection

routes were devised for efficiency and unique sign identifiers included the inspection route

number and sign position number along the route. Signs are also tagged with a unique serial

number with the first four digits indicating fabrication year. This method is efficient for

viewing routes for inspection purposes as well as documenting maintenance and inspections.

“The importance of having date-stamped serial numbers on all signs was underscored by

the analysis. Serial number tags are now being placed on street name sign faces by printing

the number on a clear material, applying it to the white high intensity face of the sign, and

then covering it with green EC film.”[4](p. 11) The following is a summarized list of each

of the five assessment methods evaluated by Pierce County Public Works:

• Assessment method A Nighttime Visual Inspection raised concerns regarding train-

ing inspectors, overtime pay, requires two workers, and requires returning to the

same sign for repairs during the day.

• Assessment method B Measured Retroreflectivity was found to be labor-intensive

and “was not seriously considered.”This method requires the use of a reflectometer

device which is also very expensive to obtain.

http://safety.fhwa.dot.gov/roadway_dept/night_visib/retrotoolkit/pdfs/AB08H243-2Ellison.pdf 
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• Assessment method C Expected Life uses the fabrication year, sign sheeting war-

ranty, and visual inspection to determine if replacement is needed. There were many

signs having an unknown age. Retroreflectivity measurements indicated that many

of the oldest signs were within MUTCD regulations for reflectivity beyond their

expected life.

• Assessment method D Blanket Replacement does not appear in this report for Pierce

County. An indication at the end of the paper suggests that this is a viable option in

the absence of a sign inventory and does not require tracking of individual signs but

may cause unnecessary expense in disposing of signs that may still meet regulations.

• Assessment method E Control Signs method involved measuring the retroreflectivity

of samples from the oldest sign group and included white on red signs, black on

yellow signs, black on white signs, and white on green signs. Measurements also

included contrast ratios (average white to red, black to yellow, etc.). A total of 311

signs in control groups offered less than 95% confidence that all signs were within the

standard measurements. Larger control groups would increase this confidence level.

It is not feasible to expect that Philomath would have sufficient control samples

and therefore should consider the expected life method of replacement based on the

findings in this paper.

“. . . Type III high intensity Red-series and Yellow/Warning signs at or past their warranty

periods had retroreflectivity levels comfortably above the minimums. These ten to 12 year

old signs appear to have noticeable remaining service life and justify continued monitoring

through annual retroreflectivity measurements. Table 4 of the Pierce County report shows

that 10- to 12-year old Type I Engineer grade Speed Limit signs were still noticeably above

the minimums. However, Table 5 indicates that Type I Engineer grade street name and

guide signs should be replaced, consistent with the MUTCD recommendations.”[4] (p. 9)

3.4. Findings. The expected life method may result in unnecessary expense as the signs

may last much longer. Type III high intensity stop, yellow warning, and speed limit signs
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tested above the mandatory minimums at 12 years of age. Type II yellow warning signs

were above minimums at 10-12 years, and Type I Engineer grade speed limit signs were

above minimum standards after 10-12 years. Type I Engineer grade white on green signs are

not in compliance with the new standards and should be replaced. The author of this study

notes that these measurements and life expectancies are specific to Pierce County conditions

with a moderate, temperate climate which is similar to the climate in Philomath.

Pierce County ultimately adopted the Control Sign method using Measured Retrore-

flectivity of the control signs. The control signs method is effective when sign inventory

exists. This provides ease of identification of older signs and efficiency of inspection through

established inspection routing. A crew of two could inspect/measure up to 100 signs/day.

The Philomath Sign Management system has assigned unique identification numbers to

signs that include the date and time of installation. The initial inventory assigned these

numbers based on the date and time that inventory was taken. The initial inventory also

provided the first documented sign inspections identifying general sign condition as ‘good,’

‘fair,’ or ‘poor’. GPS northings and eastings serve as sign location points which are tied to

signs through the sign support which also has a unique identification number consisting of

the date and time.

3.5. Sign Labels. The majority of street signs in Philomath now have ID labels. The ID

label serves to help track and locate each sign. Using the sign ID, sign information and

location can be found using the Sign Management map or the sign database, SignDB. There

are currently two processes for printing sign labels and even though it is straightforward,

it merits the following documentation and instructions. Remember, the points on the sign

map represent each sign post.

For existing signs that have not yet been labeled, use the following instructions:

• Open the Sign Management map and open the Dymo label-maker software (both

have shortcut icons on the computer desktop)
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• Click on the ‘hand’ tool so you can grab and move the map to where the point of

interest is visible

• Click on the ‘i’ tool (info) then click on the post point and view the sign information

displayed to the right of the map

• Click in the ‘Sign ID’ space then right click the mouse and choose ‘copy’

• Navigate to the Dymo dialogue and double click on the existing barcode, this will

open an editor window so you can edit the ID number

• Paste the ID that was copied from the sign info into the label-maker edit window

• Select ok, then click Print (large blue button)

• Print and tack one new label at a time onto the sign maps that are mounted on

cardboard. This makes it easy to locate and label existing signs in the field.

For new signs that have just been mounted on posts:

• After assigning the appropriate ID number for a sign (reference Appendix ?? for

assigning ID numbers) open the Dymo label-maker software

• Double click in the existing barcode space

• Replace the existing ID number with the new ID number

• Click Print, then attach the new ID label to the new sign. For multiple signs, see

instructions for existing signs above.

The following three sections expand on the technical procedures involved in data collection

via PathFinder/TerraSync, using ArcGIS, and the use of the Access database.
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4. Data Collection Overview

In order to create and maintain a sign database, it is necessary to have a means of

locating any sign in need of maintenance and to inspect sign condition on a regular basis.

Sign data are collected as attributes of the post assembly because the post is the location

of the sign(s). In the construct of the data file, attributes are ‘fields’ of information and

appear as columns, and each row of data represents a post ‘record’.

Documentation of new sign-post locations is achieved by collecting data using the Trimble

GPS with the Recon data logger, or with the Trimble Nomad. The Nomad is a combined

gps receiver and data logger and has a built-im camera and barcode reader. The Nomad

renders lower PDOP but is handy for its multi-functional features.

A data dictionary was created in PathFinder and loaded onto the data logger to be used

for initial inventory. The data dictionary defines specific fields of data and is designed to

capture the important elements of each sign: sign text, sign height, sign condition, nearest

address, etc. (the full list of attributes is included in the Pathfinder section). The position

and data for any new sign post assembly installation should be collected using the GPS

and data logger while inspection and maintenance data for previously existing signs is to be

entered into the Access database (Sign MgtVx) using the existing forms within MS Access.

Prior to collecting GPS point data for new signs or new sign posts, check to be sure

that the current data dictionary “INIT Sign Dict” is loaded into the data logger. This is

accomplished using PathFinder (the process is outlined in the PathFinder section). When

data has been collected, PathFinder is used again to retrieve the information from the data

logger and the GPS data files must be post-corrected. Post correction averages the multiple

GPS points for each record and provides statistically reliable adjustments (corrections)

based on the location information from multiple satellites by comparing the readings to

an accurate, known location at a ‘corr’ station. The resulting corrected files have the file

extension ‘.cor’. The corrected data file can then be previewed in PathFinder over a base

map of Philomath streets.
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From PathFinder, data is exported to an ArcGIS shapefile for mapping and inspection.

This process is also detailed below and must be followed very closely so that all necessary

location and attribute information will be transmitted in the conversion.

From ArcGIS, the shapefile is converted into a table and then imported into the MS

Access database where sign condition and maintenance can be managed over time.
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Appendix A. Guidance from the Federal Highway Administration
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VI. SIGN MANAGEMENT SYSTEM 
 

To achieve the desired goal of quality sign maintenance, a 

comprehensive sign management system should be developed 

and followed.  The elements of a sign management system 

include: 

  

 Inventory—a manual or computer-based database of signs 

installed on your roads. 

 Inspection—a program for scheduled inspection of signs. 

 Preventive Maintenance—activities that will ensure that 

signs will attain their full service life. 

 Repair and Replacement—a program and process for 

either repairing or replacing non-functional signs. 

 Reporting and Record Keeping—a process for keeping 

record of all maintenance activities. 

 

When these elements are in place and followed, the agency can be 

assured that the signs on their roads are functional and meet the 

needs of the road users. 

 

Each of these elements will be discussed separately in the 

following chapters. 
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VII. INVENTORY 
 

Knowing what signs are on your roads allows the agency to 

develop a systematic sign maintenance program as well as to 

determine the amount of resources that will be needed to provide 

the desired level of traffic sign maintenance activities contained 

within the agency’s sign maintenance policies.  An inventory can 

serve many purposes: 

 Sign Life—when signs are installed, the installation date is 

labeled or recorded so that the age of a sign is known.  

Signs degrade over time and when combined with 

periodic night time inspections, an agency could 

determine when a sign has reached the end of its useful 

life. 

 Manage and prioritize— an inventory that  records the 

location of signs and recent maintenance activities can help 

establish the following: 

 Where a single sign needs to be replaced. 

 If a corridor needs sign improvements. 

 When to clear back brush away from signs. 

 Minimizing tort liability—an inventory can document the 

inspection and maintenance activities. 

 Budgeting—an inventory can help manage resources for 

sign replacements on an annual or as-needed basis. 

 Efficiency—combining work orders with the inventory 

allows the monitoring of signing activities and scheduling 

of maintenance activities. 

Inventory systems can be simple manual card systems, but with 

the availability of several inexpensive and even free computer 

software packages, computer-based inventories are much more 

effective and are easy to use.  Also by using global positioning 

systems (GPS) technology, signs can be easily and accurately 

located and mapped on geographic information systems (GIS).  
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Computerized sign inventories are available through sign vendors 

or your Local Technical Assistance Program.  An example of sign 

inventory can be found at the Utah LTAP website: 

http://waylon.engr.usu.edu/. 

 

 

With a computerized sign inventory, the sign 
technician can easily record data while in the field. 
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The key to a successful inventory program is collecting the 

appropriate data elements and keeping it up to date.  Table 3 

shows the data elements that should be considered when 

developing an inventory. 

 
 
Table 3. Data Elements for Sign Inventory. 

 

DATA ELEMENT DESCRIPTION 

Sign Identification Number  Unique number identifying sign 

Location Route name, distance, etc. depending on 
location reference system; could also be GPS 
latitude/longitude 

Sign Code Usually MUTCD designation 

Sign Position Location of sign relative to road (left, right, 
overhead) 

Offset Distance from edge of pavement 

Height Height of sign above road level 

Sign Size Width and height of sign 

Sheeting Type Grade of retroreflective material 

Installation Date Date when sign installed 

Post/Support Type Type of sign support (e.g. wood, tube) 

INSPECTION ITEMS  

Sign Condition Quality of sign based on visual inspection 

Retroreflectivity Measured value or visual assessment condition 

Maintenance Activity Type of maintenance last performed 

Inspection/Maintenance 
Date 

Date when sign was last inspected or 
maintained 

Inspector Name or initials of person who inspected or 
maintained sign 

Comments Supplementary notes about the sign 
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Sign dating labels with anti-vandalism warnings can be 
applied to the back of the sign. 
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VIII. INSPECTION 
 

Timely detection of and response to maintenance needs are critical 

elements of an effective sign management system.  This can be 

accomplished through periodic inspections of your signs to ensure 

they are still there, are needed, and are performing as intended 

both day and night.   

 

Sometimes, defective signs can be identified through informal 

methods including: 

 Agency’s employees—train all staff to look out for any 

signing deficiencies and report their finding. 

 Police patrols—establish a procedure whereby the police 

department notifies you of any sign problems. 

 Citizen inputs—do not overlook the importance of having 

citizens contact your agency when they observe problems; 

having a phone number on the sign dating sticker on the 

sign is recommended for this purpose. 

 

When your agency receives notice of any sign deficiency from any 

of the above methods, it should be recorded and attended to 

within the appropriate priority for the type of sign involved. 

 

In addition to the informal detection methods, the agency’s formal 

inspection program should include: 

 Training of sign technicians—train all maintenance staff 

on what to look for and how to detect the various sign 

deficiencies. 

 Inspection schedule—inspect signs and supports 

routinely.  All agencies should establish a policy for when 

inspections would occur, taking into consideration the 

level of importance for the signs, road type or traffic 

volumes. 
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 Inspection procedures—the details of how an inspection is 

to be performed should be prescribed by the agency and 

used for training of its staff. 

 On-the-spot repair/replacement—many deficiencies may 

be resolved immediately; this requires that the 

maintenance technician has the necessary equipment, 

replacement parts, and signs on hand. 

 Preparation of work orders to correct problems—a system 

of work orders should be used for more time consuming 

repairs.  

 Recordkeeping—having a record of the inspection and 

repairs is critical to a successful sign management system 

and will be a valuable asset for your risk management 

program and tort defense. 

 

A traffic sign can be found deficient for a variety of reasons (see 

Sign Inspection Checklist, on pg 28), including the degradation of 

night time visibility. There is now a standard in the MUTCD that 

requires that all agencies have a maintenance program in place by 

2012 to maintain minimum levels of traffic sign retroreflectivity.  

Regulatory, warning and many guide signs will need to be 

replaced when they degrade below the established minimum 

levels of retroreflectivity presented in Chapter III.  Your agency 

can meet these requirements by having an inspection program 

that will identify when signs need to be replaced.   

 

There are alternative methods for inspecting signs for adequate 

retroreflectivity levels; they include: 

 Measuring the sign’s retroreflectivity level with a 

retroreflectometer. 

 Visually comparing the sign with a test panel that has a 

retroreflectivity level set at the minimum requirement. 

 Visually inspecting the sign and making a subjective 

judgment by a trained inspector as to its adequacy.   
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The first method is the most 

accurate, but it is time consuming 

and many agencies cannot afford 

the needed retroreflectometer, 

which costs about $10,000.  

However, you may consider 

borrowing one from your State 

DOT or LTAP. The second and third 

methods can be effective if the 

inspector is adequately trained.  The 

inspection should be done at night.  

More details on these procedures 

can be found in Methods for 

Maintaining Traffic Sign 

Retroreflectivity, and the reader may 

want to contact their State 

LTAP/TTAP center for alternative 

inspection methods.  

   

 

  
Remember, night reviews are still important. While a sign may 
appear adequate during the day, it may be non-visible at night.  

 
 
 
 
 
 

A retroreflectometer 
can be used to 
determine if a sign 
meets or exceeds the 
minimum required 
retroreflectivity level. 
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Sign Inspection Checklist 
 

 Is the sign needed? 

 Is the sign missing? 

 Is the sign the correct one; is it in accordance with 
MUTCD? 

 Is the sign correctly positioned with respect to: 

 Lateral clearance? 

 Height above ground? 

 Longitudinal placement along road? 

 Is the sign visible, both day and night, at the required 
distance? (Indicate cause of problem if not [e.g. blocked 
by vegetation, other signs, etc.]).  

 Check the sign face for: 

 Condition (e.g. cracking, delamination, etc.) 

 Fading or discoloration 

 Contrast 

 Retroreflectivity 

 Damage or vandalized (graffiti, bullet holes, etc.) 

 Is sign support break-away or yielding? If not, are sign 
supports located to outside the clear zone? 
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Appendix B. Regulatory Sign and Plaque Sizes



Page 46 2009 Edition

Sect. 2B.03 December 2009

Sign or Plaque Sign 
Designation Section

Conventional Road
Expressway Freeway Minimum OversizedSingle 

Lane
Multi- 
Lane

Stop R1-1 2B.05 30 x 30* 36 x 36 36 x 36 — 30 x 30* 48 x 48

Yield R1-2 2B.08 36 x 36 x 36* 48 x 48 x 48 48 x 48 x 48 60 x 60 x 60 30 x 30 x 30* —

To Oncoming Traffic (plaque) R1-2aP 2B.10 24 x 18 24 x 18 36 x 30 48 x 36 24 x 18 —

All Way (plaque) R1-3P 2B.05 18 x 6 18 x 6 — — — 30 x 12

Yield Here to Peds R1-5 2B.11 — 36 x 36 — — — 36 x 36

Yield Here to Pedestrians R1-5a 2B.11 — 36 x 48 — — — 36 x 48

Stop Here for Peds R1-5b 2B.11 — 36 x 36 — — — 36 x 36

Stop Here for Pedestrians R1-5c 2B.11 — 36 x 48 — — — 36 x 48

In-Street Ped Crossing R1-6,6a 2B.12 12 x 36 12 x 36 — — — —

Overhead Ped Crossing R1-9,9a 2B.12 90 x 24 90 x 24 — — — —

Except Right Turn (plaque) R1-10P 2B.05 24 x 18 24 x 18 — — — —

Speed Limit R2-1 2B.13 24 x 30* 30 x 36 36 x 48 48 x 60 18 x 24* 30 x 36

Truck Speed Limit (plaque) R2-2P 2B.14 24 x 24 24 x 24 36 x 36 48 x 48 — 36 x 36

Night Speed Limit (plaque) R2-3P 2B.15 24 x 24 24 x 24 36 x 36 48 x 48 — 36 x 36

Minimum Speed Limit (plaque) R2-4P 2B.16 24 x 30 24 x 30 36 x 48 48 x 60 — 36 x 48

Combined Speed Limit R2-4a 2B.16 24 x 48 24 x 48 36 x 72 48 x 96 — 36 x 72

Unless Otherwise Posted (plaque) R2-5P 2B.13 24 x 18 24 x 18 — — — —

Citywide (plaque) R2-5aP 2B.13 24 x 6 24 x 6 — — — —

Neighborhood (plaque) R2-5bP 2B.13 24 x 6 24 x 6 — — — —

Residential (plaque) R2-5cP 2B.13 24 x 6 24 x 6 — — — —

Fines Higher (plaque) R2-6P 2B.17 24 x 18 24 x 18 36 x 24 48 x 36 — 36 x 24

Fines Double (plaque) R2-6aP 2B.17 24 x 18 24 x 18 36 x 24 48 x 36 — 36 x 24

$XX Fine (plaque) R2-6bP 2B.17 24 x 18 24 x 18 36 x 24 48 x 36 — 36 x 24

Begin Higher Fines Zone R2-10 2B.17 24 x 30 24 x 30 36 x 48 48 x 60 — 36 x 48

End Higher Fines Zone R2-11 2B.17 24 x 30 24 x 30 36 x 48 48 x 60 — 36 x 48

Movement Prohibition R3-1,2,3,4,18,27 2B.18 24 x 24* 36 x 36 36 x 36 — — 48 x 48

Mandatory Movement Lane Control R3-5,5a 2B.20 30 x 36 30 x 36 — — — —

Left Lane (plaque) R3-5bP 2B.20 30 x 12 30 x 12 — — — —

HOV 2+ (plaque) R3-5cP 2B.20 24 x 12 24 x 12 — — — —

Taxi Lane (plaque) R3-5dP 2B.20 30 x 12 30 x 12 — — — —

Center Lane (plaque) R3-5eP 2B.20 30 x 12 30 x 12 — — — —

Right Lane (plaque) R3-5fP 2B.20 30 x 12 30 x 12 — — — —

Bus Lane (plaque) R3-5gP 2B.20 30 x 12 30 x 12 — — — —

Optional Movement Lane Control R3-6 2B.21 30 x 36 30 x 36 — — — —

Right (Left) Lane Must  
  Turn Right (Left) R3-7 2B.20 30 x 30* 36 x 36 — — — —

Advance Intersection Lane Control R3-8,8a,8b 2B.22 Varies x 30 Varies x 
30 — — — Varies x 36

Two-Way Left Turn Only (overhead) R3-9a 2B.24 30 x 36 30 x 36 — — — —

Two-Way Left Turn Only    
  (post-mounted) R3-9b 2B.24 24 x 36 24 x 36 — — — 36 x 48

BEGIN R3-9cP 2B.25 30 x 12 30 x 12 — — — —

END R3-9dP 2B.25 30 x 12 30 x 12 — — — —

Reversible Lane Control (symbol) R3-9e 2B.26 108 x 48 108 x 48 — — — —

Reversible Lane Control  
  (post-mounted) R3-9f 2B.26 30 x 42* 36 x 54 — — — —

Advance Reversible Lane Control    
  Transition Signing R3-9g,9h 2B.26 108 x 36 108 x 36 — — — —

End Reverse Lane R3-9i 2B.26 108 x 48 108 x 48 — — — —

Begin Right (Left) Turn Lane R3-20 2B.20 24 x 36 24 x 36 — — — —

All Turns (U Turn) from Right Lane R3-23,23a 2B.27 60 x 36 60 x 36 — — — —

All Turns (U Turn) with arrow R3-24,24b, 
25,25b,26a 2B.27 72 x 18 72 x 18 — — — —

U and Left Turns with arrow R3-24a,25a,26 2B.27 60 x 24 60 x 24 — — — —

Right Lane Must Exit R3-33 2B.23 — — 78 x 36 78 x 36 — —

Table 2B-1.  Regulatory Sign and Plaque Sizes (Sheet 1 of 4)
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Sign or Plaque Sign 
Designation Section

Conventional Road
Expressway Freeway Minimum OversizedSingle 

Lane
Multi- 
Lane

Do Not Pass R4-1 2B.28 24 x 30 24 x 30 36 x 48 48 x 60 18 x 24 36 x 48

Pass With Care R4-2 2B.29 24 x 30 24 x 30 36 x 48 48 x 60 18 x 24 36 x 48

Slower Traffic Keep Right R4-3 2B.30 24 x 30 24 x 30 36 x 48 48 x 60 18 x 24 36 x 48

Trucks Use Right Lane R4-5 2B.31 24 x 30 24 x 30 36 x 48 48 x 60 — 36 x 48

Keep Right R4-7,7a,7b 2B.32 24 x 30 24 x 30 36 x 48 48 x 60 18 x 24 36 x 48

Narrow Keep Right R4-7c 2B.32 18 x 30 18 x 30 — — — —

Keep Left R4-8,8a,8b 2B.32 24 x 30 24 x 30 36 x 48 48 x 60 18 x 24 36 x 48

Narrow Keep Left R4-8c 2B.32 18 x 30 18 x 30 — — — —

Stay in Lane R4-9 2B.33 24 x 30 24 x 30 36 x 48 48 x 60 18 x 24 36 x 48

Runaway Vehicles Only R4-10 2B.34 48 x 48  48 x 48  — — — —

Slow Vehicles with XX or  
  More Following Vehicles  
  Must Use Turn-Out

R4-12 2B.35 42 x 24 42 x 24 — — — —

Slow Vehicles Must Use  
  Turn-Out Ahead R4-13 2B.35 42 x 24 42 x 24 — — — —

Slow Vehicles Must Turn Out R4-14 2B.35 30 x 42 30 x 42 — — — —

Keep Right Except to Pass R4-16 2B.30 24 x 30 24 x 30 36 x 48 48 x 60 18 x 24 36 x 48

Do Not Drive on Shoulder R4-17 2B.36 24 x 30 24 x 30 36 x 48 48 x 60 18 x 24 36 x 48

Do Not Pass on Shoulder R4-18 2B.36 24 x 30 24 x 30 36 x 48 48 x 60 18 x 24 36 x 48

Do Not Enter R5-1 2B.37 30 x 30* 36 x 36 36 x 36 48 x 48 — 36 x 36

Wrong Way R5-1a 2B.38 36 x 24* 42 x 30 36 x 24* 42 x 30 30 x 18* 42 x 30

No Trucks R5-2,2a 2B.39 24 x 24 24 x 24 30 x 30 36 x 36 — 36 x 36

No Motor Vehicles R5-3 2B.39 24 x 24 24 x 24 — — 24 x 24 —

No Commercial Vehicles R5-4 2B.39 24 x 30 24 x 30 36 x 48 36 x 48 — —

No Vehicles with Lugs R5-5 2B.39 24 x 30 24 x 30 36 x 48 48 x 60 — —

No Bicycles R5-6 2B.39 24 x 24 24 x 24 30 x 30 36 x 36 24 x 24 48 x 48

No Non-Motorized Traffic R5-7 2B.39 30 x 24 30 x 24 42 x 24 48 x 30 — 42 x 24

No Motor-Driven Cycles R5-8 2B.39 30 x 24 30 x 24 42 x 24 48 x 30 — 42 x 24

No Pedestrians, Bicycles, 
Motor-Driven Cycles R5-10a 2B.39 30 x 36 30 x 36 — — — —

No Pedestrians or Bicycles R5-10b 2B.39 30 x 18 30 x 18 — — — —

No Pedestrians R5-10c 2B.39 24 x 12 24 x 12 — — — —

Authorized Vehicles Only R5-11 2B.39 30 x 24 30 x 24 — — — —

One Way R6-1 2B.40 36 x 12* 54 x 18 54 x 18 54 x 18 — 54 x 18

One Way R6-2 2B.40 24 x 30* 30 x 36 36 x 48 48 x 60 18 x 24* 36 x 48

Divided Highway Crossing R6-3,3a 2B.42 30 x 24 30 x 24 36 x 30 — — 36 x 30

Roundabout Directional  
  (2 chevrons) R6-4 2B.43 30 x 24 30 x 24 — — — —

Roundabout Directional  
  (3 chevrons) R6-4a 2B.43 48 x 24 48 x 24 — — — —

Roundabout Directional  
  (4 chevrons) R6-4b 2B.43 60 x 24 60 x 24 — — — —

Roundabout Circulation (plaque) R6-5P 2B.44 30 x 30 30 x 30 — — — —

BEGIN ONE WAY R6-6 2B.40 24 x 30 30 x 36 — — — —

END ONE WAY R6-7 2B.40 24 x 30 30 x 36 — — — —

Parking Restrictions

 R7-1, 
2,2a,3,4,5,6,7,8, 
21,21a,22,23, 
23a,107,108

2B.46 12 x 18 12 x 18 — — — —

Van Accessible (plaque) R7-8P 2B.46 18 x 9 18 x 9 — — — —

Fee Station R7-20 2B.46 24 x 18 24 x 18 — — — —

No Parking (with transit logo) R7-107a 2B.46 12 x 30 12 x 30 — — — —

No Parking/Restricted Parking 
  (combined sign) R7-200 2B.46 24 x 18 24 x 18 — — — —

No Parking/Restricted Parking  
  (combined sign) R7-200a 2B.46 12 x 30 12 x 30 — — — —

Tow Away Zone (plaque)  R7-201P,201aP 2B.46 12 x 6 12 x 6 — — — —

This Side of Sign (plaque) R7-202P 2B.46 12 x 6 12 x 6 — — — —

Table 2B-1.  Regulatory Sign and Plaque Sizes (Sheet 2 of 4)
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Sign or Plaque Sign 
Designation Section

Conventional Road
Expressway Freeway Minimum OversizedSingle 

Lane
Multi- 
Lane

Emergency Snow Route R7-203 2B.46 18 x 24 18 x 24 — — — 24 x 30

No Parking on Pavement R8-1 2B.46 24 x 30 24 x 30 36 x 48 48 x 60 — 36 x 48

No Parking Except on Shoulder R8-2 2B.46 24 x 30 24 x 30 36 x 48 48 x 60 — 36 x 48

No Parking (symbol) R8-3 2B.46 24 x 24* 30 x 30 36 x 36 48 x 48 12 x 12* 36 x 36

No Parking R8-3a 2B.46 24 x 30 24 x 30 36 x 36 48 x 48 18 x 24 36 x 36

Except Sundays and Holidays (plaque) R8-3bP 2B.46 24 x 18 24 x 18 — — 12 x 9 30 x 24

On Pavement (plaque) R8-3cP 2B.46 24 x 18 24 x 18 — — 12 x 9 30 x 24

On Bridge (plaque) R8-3dP 2B.46 24 x 18 24 x 18 — — 12 x 9 30 x 24

On Tracks (plaque) R8-3eP 2B.46 12 x 9 12 x 9 — — — 30 x 24

Except on Shoulder (plaque) R8-3fP 2B.46 24 x 18 24 x 18 — — 12 x 9 30 x 24

Loading Zone (plaque) R8-3gP 2B.46 24 x 18 24 x 18 — — 12 x 9 30 x 24

Times of Day (plaque) R8-3hP 2B.46 24 x 18 24 x 18 — — 12 x 9 30 x 24

Emergency Parking Only R8-4 2B.49 30 x 24 30 x 24 30 x 24 48 x 36 — 48 x 36

No Stopping on Pavement R8-5 2B.46 24 x 30 24 x 30 36 x 48 48 x 60 — 36 x 48

No Stopping Except on Shoulder R8-6 2B.46 24 x 30 24 x 30 36 x 48 48 x 60 — 36 x 48

Emergency Stopping Only R8-7 2B.49 30 x 24 30 x 24 48 x 36 48 x 36 — 48 x 36

Walk on Left Facing Traffic R9-1 2B.50 18 x 24 18 x 24 — — — —

Cross Only at Crosswalks R9-2 2B.51 12 x 18 12 x 18 — — — —

No Pedestrian Crossing (symbol) R9-3 2B.51 18 x 18 18 x 18 24 x 24 30 x 30 — 30 x 30

No Pedestrian Crossing R9-3a 2B.51 12 x 18 12 x 18 — — — —

Use Crosswalk (plaque) R9-3bP 2B.51 18 x 12 18 x 12 — — — —

No Hitchhiking (symbol) R9-4 2B.50 18 x 18 18 x 18 — — — 24 x 24

No Hitchhiking R9-4a 2B.50 18 x 24 18 x 24 — — 12 x 18 —

No Skaters R9-13 2B.39 18 x 18 18 x 18 24 x 24 30 x 30 — 30 x 30

No Equestrians R9-14 2B.39 18 x 18 18 x 18 24 x 24 30 x 30 — 30 x 30

Cross Only On Green R10-1 2B.52 12 x 18 12 x 18 — — — —

Pedestrian Signs and Plaques R10-2, 
3,3b,3c,3d,4 2B.52 9 x 12 9 x 12 — — — —

Pedestrian Signs R10-3a,3e,3f, 
3g,3h,3i,4a 2B.52 9 x 15 9 x 15 — — — —

Left on Green Arrow Only R10-5 2B.53 30 x 36 30 x 36 48 x 60 — 24 x 30 48 x 60

Stop Here on Red R10-6 2B.53 24 x 36 24 x 36 — — — 36 x 48

Stop Here on Red R10-6a 2B.53 24 x 30 24 x 30 — — — 36 x 42

Do Not Block Intersection R10-7 2B.53 24 x 30 24 x 30 — — — —

Use Lane with Green Arrow R10-8 2B.53 36 x 42 36 x 42 36 x 42 — — 60 x 72

Left (Right) Turn Signal R10-10 2B.53 30 x 36 30 x 36 — — — —

No Turn on Red R10-11 2B.54 24 x 30* 36 x 48 — — — 36 x 48

No Turn on Red R10-11a 2B.54 30 x 36* 36 x 48 — — — —

No Turn on Red R10-11b 2B.54 36 x 36 36 x 36 — — — —

No Turn on Red Except From Right  
  Lane R10-11c 2B.54 30 x 42 30 x 42 — — — —

No Turn on Red From This Lane R10-11d 2B.54 30 x 42 30 x 42 — — — —

Left Turn Yield on Green R10-12 2B.53 30 x 36 30 x 36 — — — —

Emergency Signal R10-13 2B.53 42 x 30 42 x 30 — — — —

Emergency Signal - Stop on  
  Flashing Red R10-14 2B.53 36 x 42 36 x 42 — — — —

Emergency Signal - Stop on  
  Flashing Red (overhead) R10-14a 2B.53 60 x 24 60 x 24 — — — —

Turning Vehicles Yield to Peds R10-15 2B.53 30 x 30 30 x 30 — — — —

U-Turn Yield to Right Turn R10-16 2B.53 30 x 36 30 x 36 — — — —

Right on Red Arrow After Stop R10-17a 2B.54 36 x 48 36 x 48 — — — —

Traffic Laws Photo Enforced R10-18 2B.55 36 x 24 36 x 24 48 x 30 54 x 36 — 54 x 36

Photo Enforced (symbol plaque) R10-19P 2B.55 24 x 12 24 x 12 36 x 18 48 x 24 — 48 x 24

Photo Enforced (plaque) R10-19aP 2B.55 24 x 18 24 x 18 36 x 30 48 x 36 — 48 x 36

MON—FRI (and times)  
  (3 lines) (plaque) R10-20aP 2B.53 24 x 24 24 x 24 — — — —

Table 2B-1.  Regulatory Sign and Plaque Sizes (Sheet 3 of 4)
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Sign or Plaque Sign 
Designation Section

Conventional Road
Expressway Freeway Minimum OversizedSingle 

Lane
Multi- 
Lane

SUNDAY (and times)  
  (2 lines) (plaque) R10-20aP 2B.53 24 x 18 24 x 18 — — — —

Crosswalk, Stop on Red R10-23 2B.53 24 x 30 24 x 30 — — — —

Push Button To Turn On  
  Warning Lights R10-25 2B.52 9 x 12 9 x 12 — — — —

Left Turn Yield on Flashing Red  
  Arrow After Stop R10-27 2B.53 30 x 36 30 x 36 — — — —

XX Vehicles Per Green R10-28 2B.56 24 x 30 24 x 30 — — — —

XX Vehicles Per Green  
  Each Lane R10-29 2B.56 36 x 24 36 x 24 — — — —

Right Turn on Red Must  
  Yield to U-Turn R10-30 2B.54 30 x 36 30 x 36 — — — —

At Signal (plaque) R10-31P 2B.53 24 x 9 24 x 9 — — — —

Push Button for 2 Seconds for    
  Extra Crossing Time R10-32P 2B.52 9 x 12 9 x 12 — — — —

Keep Off Median R11-1 2B.57 24 x 30 24 x 30 — — — —

Road Closed R11-2 2B.58 48 x 30 48 x 30 — — — —

Road Closed - Local Traffic Only R11-3a,3b,4 2B.58 60 x 30 60 x 30 — — — —

Weight Limit R12-1,2 2B.59 24 x 30 24 x 30 36 x 48 — — 36 x 48

Weight Limit R12-3 2B.59 24 x 36 24 x 36 — — — —

Weight Limit R12-4 2B.59 36 x 24 36 x 24 — — — —

Weight Limit R12-5 2B.59 24 x 36 24 x 36 36 x 48 48 x 60 — —

Weigh Station R13-1 2B.60 72 x 54 72 x 54 96 x 72 120 x 90 — —

Truck Route R14-1 2B.61 24 x 18 24 x 18 — — — —

Hazardous Material R14-2,3 2B.62 24 x 24 24 x 24 30 x 30 36 x 36 — 42 x 42

National Network R14-4,5 2B.63 30 x 30 30 x 30 36 x 36 36 x 36 — 42 x 42

Fender Bender Move Vehicles R16-4 2B.65 36 x 24 36 x 24 48 x 36 60 x 48 — 48 x 36

Lights On When Using  
  Wipers or Raining R16-5,6 2B.64 24 x 30 24 x 30 36 x 48 48 x 60 — 36 x 48

Turn On Headlights Next XX Miles R16-7 2B.64 48 x 15 48 x 15 72 x 24 96 x 30 — 72 x 24

Turn On, Check Headlights R16-8,9 2B.64 30 x 15 30 x 15 48 x 24 60 x 30 — 48 x 24

Begin, End Daytime    
  Headlight Section R16-10,11 2B.64 48 x 15 48 x 15 72 x 24 96 x 30 — 72 x 24

* See Table 9B-1 for minimum size required for signs on bicycle facilities

Notes:  1. Larger signs may be used when appropriate  
2. Dimensions in inches are shown as width x height

Table 2B-1.  Regulatory Sign and Plaque Sizes (Sheet 4 of 4)

07  Where side roads intersect a multi-lane street or highway that has a speed limit of 45 mph or higher, 
the minimum size of the STOP signs facing the side road approaches, even if the side road only has one 
approach lane, shall be 36 x 36 inches.

08  Where side roads intersect a multi-lane street or highway that has a speed limit of 40 MPH or lower, the 
minimum size of the STOP signs facing the side road approaches shall be as shown in the Single Lane or 
Multi-lane columns of Table 2B-1 based on the number of approach lanes on the side street approach.
Guidance:

09  The minimum sizes for regulatory signs facing traffic on exit and entrance ramps should be as shown in the 
column of Table 2B-1 that corresponds to the mainline roadway classification (Expressway or Freeway).  If a 
minimum size is not provided in the Freeway column, the minimum size in the Expressway column should be 
used.  If a minimum size is not provided in the Freeway or Expressway Column, the size in the Oversized column 
should be used.

Section 2B.04  Right-of-Way at Intersections
Support:

01  State or local laws written in accordance with the “Uniform Vehicle Code” (see Section 1A.11) establish 
the right-of-way rule at intersections having no regulatory traffic control signs such that the driver of a vehicle 
approaching an intersection must yield the right-of-way to any vehicle or pedestrian already in the intersection.  
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Appendix C. PDOP

The following pages provide a description of the Dilution of Precision (DOP). Philomath

uses the PDOP measure where ‘P’ stands for Positional, or 3d, dilution of precision since

measurements are recorded in the x, y, and z planes.
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Use of the Global Position System – a way of 
accurately determining positions on the surface 
of the earth – has grown exponentially since it 
became feasible for commercial use in the early 
1990s.  Designed and developed originally for 
military use only, GPS is now used in mapping, 
navigation, surveying, agriculture, construction, 
vehicle tracking and recovery, archaeology, 
biology—the list goes on and on. In fact, GPS 
has become so widely used that it has now even 
found its way into a wide range of consumer 
products, from cell phones and automobiles to 
handheld “personal” receivers that have tumbled 
in cost from around $2,000 (the 1990 figure) to 
under $100.  GPS chips are now being heavily 
used in computer networks, and popping up as 
well in such unlikely places as ATMs and entire 
range of mobile communications equipment. 

T

GPS consists of 3 segments 

•3 Segments:  
–User
–Control
–Space

•24 satellites 
•Very high orbit

–> 12,000 miles 
–1 revolution /  12 hours
–Accuracy, survivability 

&
–coverage

 
 The Global Position System is a 
constellation of twenty-seven NAVSTAR 
satellites orbiting the earth at a height of 12,600 
miles; five monitoring stations (in Hawaii, 
Ascension Island, Diego Garcia, Kwajalein, and 
exotic Colorado Springs); and individual 
receivers.  By reading the radio signal broadcast 
from as few as three of these satellites 
simultaneously (a process known as 
trilateration), a receiver on earth can pinpoint its 
exact location on the ground.  This location is 
expressed in latitude and longitude coordinates. 
  

 
 
 
 
 
Fortunately for people who wish to use GPS to 
fix locations, they need not even think about the 
satellites or the monitoring stations.  Just like 
radio or broadcast televisions signals, GPS 
signals are available to anyone who has the 
proper equipment and knowledge.  The twenty-
four active satellites (there are currently three 
spares up there, too) have been deployed in six 
evenly distributed orbits, at speeds that have 
each satellite passing over a monitoring station 
once every twelve hours.  That means there are 
always more than four visible in the sky  
everywhere on the planet.  The satellites  
continuously transmit signals on two L-band 
frequencies, and the monitoring stations send 
correctional data to keep the satellites trim and 
exactly where they’re supposed to be. 

T

P D O P :  satellite geometry

GOOD PDOP

A low PDOP reading 
would occur here 

because of the 
good satellite geometry.

 
 PDOP - The key to using the GPS system 
for accurate positioning relates to the relative 
position of the satellites you are using for your 
position.  The ideal orientation of four or more 
satellites would be to have them equally spaced 
all around the receiver, including one above and  
one below.  Because we’re taking our position 
from only one side of the Earth, that’s really not 
possible since that part of space is blocked by 
the planet itself.  The best orientation is to have 
one satellite directly above and three evenly 

GPS FOR GIS APPLICATIONS,  Carma Ingram – Monsen Engineering 
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spaced  around the receiver and elevated to 
about 25 to 30 degrees (to help minimize 
atmospheric refraction).  This would result in a 
very good DOP value (Dilution of Precision).  A 
low numeric Dilution of Precision value 
represents a good satellite configuration, 
whereas a higher value represents a poor 
satellite configuration.  The DOP at any given 

T

PDOP:  satellite geometry

POOR PDOP

A high PDOP reading would occur here
because of the poor satellite geometry.

moment will change with time as the satellites 
move along their orbits.  The mapping grade 
GPS receivers monitor the DOP values and 
provide changeable mask settings that prevent 
the GPS operator from collecting poor 
positional data due to high DOP values. 
 Selective Availability was an intentional 
degradation of the GPS signal imposed by the 
U.S. Department of Defense (DoD).  S/A was 
turned on in May 2000 because the DoD felt 
that we have enough radio jamming technology 
to be able to protect our country from unfriendly 
nations who would use the GPS system for 
navigational purposes of an attack nature.  Keep 
in mind the DoD retains the power to turn it 
back on should the need arise.  Without S/A the 
accuracy of GPS position is about 15 meters 
with great improvement also in the Z values.  

T

GPS Error Types

Meters

§ System-wide errors - DGPS Correctable

S/A

Atmospheric

Ephemeris

Satellite Clocks

0 20 40 60 80 100

Other errors still inherent in the GPS signal 
relate to atmospherics error (distortion as the 
signal passes through our atmosphere), clock 
error (differences between atomic clock on the 
satellite and clocks in the receiver), and 
ephemeris errors (minor disturbances of satellite 
orbit caused by the sun and moon; gravitational 
pulls and the pressure of solar radiation).  The 
five monitoring stations run by the DoD 
regularly transmit correctional data to the 
satellites as they pass overhead, each one of the 
stations twice a day. 

T

D ifferential Correction Removes 
E rror

Any Combination 
of Base SV's

Time, t

t+1

?
ROVER BASE

Time, t

t+1

∆•

Known error measurements 
recorded to the base file.

 
 Differential GPS – The more sophisticated 
receivers can correct atmospheric and multipath 
errors, and can therefore be accurate—when the 
GPS data is differentially corrected—anywhere 
from 5-meter to sub-meter range.  Differential 
correction requires two receivers.  Place one 
receiver at a known location—an accurately 
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surveyed point.  This is the base station.  The 
other receiver, the rover, you carry around with 
you, logging latitude/longitude coordinates.  
The base station receiver compares where the 
satellite the signals say it is with where it knows 
it is.  The difference is the amount of error.  The 
satellites are so far away that if the two 
receivers are close to each other—say within 
300 miles—they will be subject to the same 
amount of error, having traveled through more 
or less the same corridor or atmosphere. 
 Generally, if the rover is within a hundred 
miles of a base station, the resulting positions 
will be accurate to within the specifications of 
the receiver.  The farther away you are, the less 
accurate the positions will be.  If the rover is 
100 to 200 miles from the base, accuracy will be 
approximately two times worse than receiver 
specs; if the rover is 200 to 300 miles away, 
accuracy will be two-and-a-half to three times 
poorer than spec.  Recent advances in 
technology have made it possible to process 
over distances greater than 300 miles, but 
decreased accuracy is still a factor.  There are 
many, many public base stations providing their 
files for free over the Internet.  Some provide 
the files in Trimble .ssf format and others 
provide the files in a generic format called 
RINEX. 
 Real-time versus postprocessing – First, a 
word of caution:  it’s not a good idea to rely on 
uncorrected GPS data, even with S/A turned off.  
S/A’s absence benefits mainly people using 
GPS for real-time navigation or autonomous 
positioning (Automatic Vehicle Location, for 
example), as well as recreational users:  hikers, 
campers, anglers.  Even though data collected 
without interference from S/A may be off by 
only 10 to 15 meters, the data can still be shifted 
from its actual position, and lines or polygons 
can appear spiky instead of straight.  Also, keep 
in mind that the DoD can scramble the GPS 
signal anytime it needs to.  If you want the 
accuracy your receiver is built to deliver, you 
have to differentially correct your data. 
 Real-time processing is generally less 
accurate than post processing because of the 
distance from the base station and latency in the 

time the signal is received, as well as, the rate 
the signal is sent. 
 

T

Real-T ime Differential G P S  U s ing 
USCG Beacons

RTCM Corrections
received via radio beacon

USCG Reference Station 
at a known location

Several real-time differential correction radio 
signals are available.  The US Coast Guard has 
beacon transmitters  being placed strategically 
throughout the United States for eventual full 
coverage.  These signals operate at 200-300 
MHz and are ground following from the radio 
transmitter.  You need a separate radio receiver 
to receive beacon signals.  Some receivers have 
the beacon radio receiver built in, others require 
a separate receiving radio.  Omnistar and 
Landstar provide real-time differential via a 
geostationary satellite for a fee of approximately 
$900 per year in the U.S.  Again, you need the 
radio receiving device to get that signal – some 
receivers have it built in, others require a 
separate radio receiving device.  WAAS signals 
are satellite differential provided by the FAA for 
accurate navigation of aircraft.  WAAS is still in 
the testing phase.  WAAS satellites use the same 
frequency as the GPS satellites; therefore, use 
one of your GPS channels.  They broadcast 
from an East coast and West coast located 
satellite and are fairly low on the horizon for use 
in the middle U.S. 
 For best accuracy post-process differential 
from a base station within 100 miles will yield 
the best result. 
 Geographic Information systems (GIS) – 
In a sense, GIS s simply a method of organizing 
and presenting virtually any kind of information 
about “stuff” in the world around us.  What 
“stuff?”  “Stuff” can be anything from fluvial 
systems (rivers), topography (shape of the 
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surface), land use (cities or fields), and 
“ordinary” road maps, to city sewer lines, 
telephone poles, fire hydrants and more.  
Basically, if it’s out there it occupies space.  If it 
occupies space then it has spatial characteristics 
such as where it’s at, and individual 
characteristics like “big” or “small” or an 
individual serial number.  This is all useful 
information to those who, in some form or 
another, plan, administer and manage such 
“stuff”. 
 GPS fit hand-in-glove with the 
requirements of GIS.  All of the information 
about “stuff” that’s required for a computerized 
GIS can easily and accurately be acquired with 
GPS technology.  The beauty of GPS for GIS 
applications is the simplicity and directness of 
data acquisition.  For all intents and purposes, a 
GPS receiver can collect the necessary 
information and feed it directly into a 
computerized GIS with little effort expended in 
between. 
 The way GPS is used to provide GIS data 
can be categorized in two broad areas.  The first 
is simply applying a controlling reference to 
some other source of data from which the GIS 
can collect the information that it needs.  The 
other is to use the GPS to acquire the GIS 
information directly. 
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 Using the GPS to acquire the GIS 
information directly requires the creation of a 

data dictionary that will travel with you into the 
field to define information about the features 
you are collecting.  To create a data dictionary, 
you will need to think of every feature you want 
to inventory as either a point, line, or area.  For 
instance, trees, poles, and fire hydrants are 
points; fences, pipelines, and roads are lines; 
and land parcels or parking lots are areas.  GPS 
positions are simply latitude/longitude 
coordinates, with no attribute—i.e., 
descriptive—data.  GPS positions plotted as 
lines or areas are simply positions joined 
together, in the chronological order your 
collected them—a “connect-the-dots” puzzle.  
You need to think not only of features to be 
inventoried and how to define them, but also the 
questions about those features that need to be 
answered when you are in the field.  In a GIS, 
this type of information is referred to as attribute 
data.  For example, you might want to know a 
tree’s species and height.  In your data 
dictionary, the tree is the feature; the attributes, 
or questions, are species and height; and the 
answers to those questions are the values, which 
will be filled in by the user in the field. 
 Attribute types can be defined in a data 
dictionary as a menu choice, as text, or as a 
numeric, date, or time field.   Using menu 
choices is often the best way to structure the 
attribute value because it insures that the 
spelling and structure of a word will always 
come into the GIS in the same way no matter 
who collects the feature in the field. 
 Mapping and high-resolution GPS systems 
have a wide range of application and they’re 
much more accurate, principally because they 
are differential-capable.  In addition, mapping 
grade receivers have some form of 
Feature/Attribute/Value recording capability for 
GIS applications.  If you’re concerned about the 
nearly instantaneous obsolescence that seems to 
plague consumers as computer technologies 
grow and change, keep this in mind:  the 
foundation of a good GPS unit is the capability 
to both post process data and correct it in real 
time.  Whatever else changes, your unit will 
remain viable and valuable for many years if it 
can perform these tasks. 
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 No one really knows where GPS is going in 
the future.  Ten years ago, no one had a clue that 
GPS would take off as it has.  One thing for 
sure, it has become such a widely used 
technology in so many different areas, it is not 
going to go away.  Advancements in the 
technology will include size, accuracy, power, 
battery technology and application specific 
software and more. 

T
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GPS-enabled mobile GIS.

 
 
Author:  Carma Ingram is a sales 

manager for Monsen Engineering based in Salt 
Lake City specializing in the sales and training 
of Trimble Navigation GPS Survey and 
Mapping Systems.  She has been working in the 
GIS community providing sales and training on 
the Trimble GPS products for over 9 years.  She 
travels and works within the Western Regional 
United States.   

 
Bibliography 

Integrating GIS and the Global Positioning 
System by Karen Steede-Terry 
 
Understanding the GPS by Gregory T. French 
 


	1. Executive Summary
	2. Government Regulations
	2.1. MUTCD Retroreflectivity Regulations
	2.2. Compliance Dates
	2.3. GASB Statement No. 34

	3. Sign Management
	3.1. Benefits
	3.2. Sign Supports
	3.3. Managing Reflectivity
	3.4. Findings
	3.5. Sign Labels

	4. Data Collection Overview
	References
	Appendix A. Guidance from the Federal Highway Administration
	Appendix B. Regulatory Sign and Plaque Sizes
	Appendix C. PDOP

