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1. Lb¢wh5¦/¢Lhb 

1.1  What is ITS?  

Intelligent Transportation Systems or ITS is the application of advanced technology to solve transportation 
problems. ITS supports the movement of people, goods, and services.  

ITS improves transportation safety and mobility and enhances productivity through the use of advanced 
information and communications technologies. 

Intelligent transportaation systems (ITS) encompass a broad range of wireless and wire line 
communications-based information and electronics technologies.  When integrated into the transportation 
system's infrastructure, and in vehicles themselves, these technologies relieve congestion, improve safety 
and enhance American productivity.   

1.2 Purpose of Manual 

The purpose of MnDOT ITS Project Management Design Manual is to 
give individuals familiar with ITS elements the process and information 
necessary to guide the design of intelligent transportation system (ITS) 
elements for MnDOT. ITS elements have many similarities to traffic 
signal and roadway lighting elements, but also have many unique 
characteristics and considerations.  

This manual is intended for agency and consultant personnel engaged in 
ITS component design project management. 

This Manual is a living document and could change frequently. Check 
the MnDOT website for future updates to the manual. This document 
will be available at, www.dot.state.mn.us/guidestar/its_technical_resources.html.  

1.3 Scope of Manual 

This manual is structured as follows: 

V Section 1 is this introduction to ITS. 

V Section 2 is a glossary of common terms that are used in ITS. 

V Section 3 is a listing of some typical ITS systems (projects) 

V Section 4 discusses some warrants for ITS elements. 

V Section 5 describes the systems engineering process. 

V Section 6 is a discussion on ITS components. 

V Section 7 details the ITS design considerations. 

V Section 8 includes plan development. 

V Section 9 discusses the standard and special provisions. 

V Section 10 is the sample plan set. 

V Section 11 is Code of Federal Regulations(CFR) 23, Section 940 

This MnDOT ITS Design 
manual is not intended 
to cover all Intelligent 
Transportation System 

(ITS) elements. The focus 
of this manual is on 
traffic related topics. 

http://www.its.dot.gov/its_overview.htm
http://www.dot.state.mn.us/guidestar/its_technical_resources.html
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1.4 Manual References 

The pages contained within the manual are current at the time of publishing. Please keep in mind that the 
reference material is periodically updated, so the user is cautioned against using the reference materials 
included in the manual indefinitely, without checking the original sources for updates. 

The following table lists the reference material used for this manual.  

Table 1 ς Manual References 

USDOT A Guide for HOT Lane Development, Glossary 

www.its.dot.gov/JPODOCS/REPTS_TE/13668_files/glossary.htm  

FHWA Systems Engineering Guidebook for ITS 

www.fhwa.dot.gov/cadiv/segb/index.htm  

Guidestar ITS Planning and Regional Architecture 

www.dot.state.mn.us/guidestar/2006_2010/its_planning_and_regional_architecture.html  

Enterprise  - Warrants for the Installation and Use of Technology Devices for Transportation 
Operations and Maintenance  

http://enterprise.prog.org/itswarrants/   

FHWA Traffic Detector Handbook: Third EditionτVolume I 

www.tfhrc.gov/its/pubs/06108/index.htm  

Wisconsin Department of Transportation ς Intelligent Transportation Systems (ITS) Design 
Manual, December 2002 

FHWA Office of Operations - Traffic Control Systems Handbook 

http://ops.fhwa.dot.gov/publications/fhwahop06006/index.htm  

MnDOT Evaluation of Non-Intrusive Technologies for Traffic Detection 

http://www.dot.state.mn.us/guidestar/2006_2010/nit_phaseIII/FINAL%20REPORT.pdf  

 

1.5 Disclaimer 

This manual is disseminated under the sponsorship of the Minnesota Department of Transportation 
(MnDOT), Office of Traffic, Safety and Technology. MnDOT and Albeck + Associates assume no liability for its 
contents or use thereof. 

aƴ5h¢ ŘƻŜǎ ƴƻǘ ŜƴŘƻǊǎŜ ǇǊƻŘǳŎǘǎ ƻǊ ƳŀƴǳŦŀŎǘǳǊŜǊǎΦ ¢ǊŀŘŜƳŀǊƪǎ ƻŦ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ ƴŀƳŜǎ ŀǇǇŜŀǊ ƘŜǊŜin 
only because they are considered essential to the object of this manual. 

The contents of this manual reflect the views of the authors, who are responsible for the facts and accuracy 
of the data presented herein. The contents do not necessarily reflect the official policy of the Minnesota 
Department of Transportation. 

 

http://www.its.dot.gov/JPODOCS/REPTS_TE/13668_files/glossary.htm
http://www.fhwa.dot.gov/cadiv/segb/index.htm
http://www.dot.state.mn.us/guidestar/2006_2010/its_planning_and_regional_architecture.html
http://enterprise.prog.org/itswarrants/
http://www.tfhrc.gov/its/pubs/06108/index.htm
http://ops.fhwa.dot.gov/publications/fhwahop06006/index.htm
http://www.dot.state.mn.us/guidestar/2006_2010/nit_phaseIII/FINAL%20REPORT.pdf
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2. 59CLbL¢Lhb{ 

The chapter defines some of the common terms used in ITS. 

Table 2 ς Glossary of ITS Terms 

Term Definition 

Architecture  The organizational structure of a system, identifying its components, their 
interfaces, and a concept of execution among them.  

ATIS  Advanced Transportation Information System  

ATMS  Advanced Transportation Management System  

Automatic Vehicle 
Identification (AVI) 

A technology system using transponders on vehicles and outside sensors to 
determine if vehicles on toll lanes are carrying a valid transponder and what the 
ǾŜƘƛŎƭŜΩǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƛǎ όǘǊǳŎƪ ǾǎΦ ǇŀǎǎŜƴƎŜǊ ŎŀǊΣ {h± ǾǎΦ Ih±ύΦ ¢Ƙƛǎ ǎȅǎǘŜƳ also 
processes the appropriate toll transaction based on the information. 

Blank-Out Sign (BOS) A type of DMS that has the capability to show a blank message or one fixed 
message. 

Changeable Message 
Sign 

A sign that is capable of displaying one of two or more predefined messages, or a 
blank message.  Personnel in the maintenance and construction field usually use 
the term CMS regardless of whether new messages can be downloaded or 
whether only pre-defined messages can be used (i.e., whether the sign is a VMS 
or CMS).  A trailer mounted CMS is called a Portable CMS (PCMS).  This manual 
uses the term DMS whether the sign is a VMS or a CMS or a PCMS. 

Closed Circuit 
Television (CCTV) 

A video monitoring and security system used to provide continuous traffic 
monitoring by the facility operator along the length of the facility and particularly 
at points of entry and tolling locations. 

CMS  Changeable Message Sign  

Components  Components are the named "pieces" of design and/or actual entities [sub-
systems, hardware units, software units] of the system/sub-system. In 
system/sub-system architectures, components consist of sub-systems [or other 
variations], hardware units, software units, and manual operations.  

Design  Those characteristics of a system or components that are selected by the 
developer in response to the requirements.  

Detector Loops (Loop 
Detector Amplifiers) 

An AVC system component imbedded in the pavement and used to detect and 
classify the type of vehicles passing over them. The loops are linked to the lane 
controller and can be used individually to count traffic or to trigger the violation 
enforcement cameras or in tandem to measure vehicle speeds. 

DMS (Dynamic 
Message Sign) 

Any sign system that can change the message presented to the viewer such as 
Variable Message Sign (VMS), Changeable Message Sign (CMS) and Blank-Out 
Sign (BOS). 

DOT  Department of Transportation 
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Term Definition 

Dynamic Pricing Tolls that vary in real time in response to changing congestion levels, as opposed 
to variable pricing that follows a fixed schedule. 

Express Lanes A lane or set of lanes physically separated or barriered from the general-purpose 
capacity provided within major roadway corridors. Express lane access is 
managed by limiting the number of entranced and exit points to the facility. 
Express lanes may be operated as reversible flow facilities or bi-directional 
facilities. 

FHWA  Federal Highway Administration  

Firmware  The combination of a hardware device and computer instructions and/or 
computer data that resides as read-only software on the hardware device.  

Gap analysis  A technique to assess how far current [legacy] capabilities are from meeting the 
identified needs, to be used to prioritize development activities. This is based 
both on how far the current capabilities are from meeting the needs [because of 
insufficient functionality, capabilities, performance or capacity] and whether the 
need is met in some places and not others.  

Hardware  Articles made of material, such as aircraft, ships, tools, computers, vehicles, 
fittings, and their components [mechanical, electrical, electronic, hydraulic, and 
pneumatic]. Computer software and technical documentation are excluded.  

High-Occupancy Toll 
Lanes (HOT lanes) 

Managed, limited-access, and normally barrier-separated highway lanes that 
provide free or reduced cost access to HOVs, and also make excess capacity 
available to other vehicles not meeting occupancy requirements at a market 
price. 

High-Occupancy 
Vehicle (HOV) 

A passenger vehicle carrying more than a specified minimum number of 
passengers, such as an automobile carrying more than one or more than two 
people. HOVs include carpools and vanpools, as well as buses. 

HOV lane An exclusive traffic lane or facility limited to carrying HOVs and certain other 
qualified vehicles. 

IEEE  Institute of Electrical and Electronics Engineers  

Incident Management Managing forms of non-recurring congestion, such as spills, collisions, immobile 
vehicles, or any other impediment to smooth, continuous flow of traffic on 
freeways. 

Intelligent 
Transportation Systems  

A broad range of diverse technologies which, when applied to our current 
transportation system, can help improve safety, reduce congestion, enhance 
mobility, minimize environmental impacts, save energy, and promote economic 
productivity. ITS technologies are varied and include information processing, 
communications, control, and electronics.  

Interface  The functional and physical characteristics required to exist at a common 
boundary - in development, a relationship among two or more entities [such as 
software-software, hardware-hardware, hardware-software, hardware-user, or 
software-user].  
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Term Definition 

ITS  Intelligent Transportation System[s]  

Lane Controller A microprocessor ETC component that coordinates the activities of all equipment 
in a single lane and generates the transactions assigned to individual customers 
using that lane. 

Lane Management 
Tools 

Access ς Limiting or metering vehicle ingress to the lane or spacing access so that 
demand cannot overwhelm HOT lane capacity. See also Limited Access. 

Eligibility ς Limiting lane use to specific types of users, such as HOVs, motorcycles, 
low emission vehicles, or trucks. For most typical HOT lane settings, eligibility 
requirements would be used during selected hours or at specific access ramps. 

Pricing ς Imposing a user fee on a lane that helps regulate demand by time of day 
or day of week. The fee increases during periods of highest demand. 

Legacy system  The existing system to which the upgrade or change will be applied.  

Level-of-Service (LOS) !ƭǎƻ ƪƴƻǿǎ ŀǎ ά¢ǊŀŦŦƛŎ {ŜǊǾƛŎŜΣέ [h{ ƛǎ ŀ ǉǳŀƭƛǘŀǘƛǾŜ ƳŜŀǎǳǊŜ ŘŜǎŎǊƛōƛƴƎ 
operational conditions within a traffic stream. LOS assesses conditions in terms of 
speed and travel time, freedom to maneuver, traffic interruptions, comfort and 
convenience, and safety. Six levels of service are defined by letter designations 
from A to F, with LOS A representing the best operating conditions, and LOS F the 
worst.  

Market packages  Potential products or sub-systems that address specific services [as used in an ITS 
architecture].  

Metropolitan Planning 
Organization (MPO) 

Federally mandated regional organizations responsible for comprehensive 
transportation planning and programming for in urbanized areas. Work products 
include the Transportation Plan, the Transportation Improvement Program, and 
the Unified Planning Work Program.  

MOE  Measure of Effectiveness  

National ITS 
Architecture  

A general framework for planning, defining, and integrating ITS. It was developed 
to support ITS implementations over a 20-year time period in urban, interurban, 
and rural environments across the country. The National ITS Architecture is 
available as a resource for any region and is maintained by the USDOT 
independently of any specific system design or region in the nation.  

NEMA  National Electrical Manufacturers Association  

NTCIP  National Transportation Communications for ITS Protocol  

Quality assurance  A planned and systematic pattern of all actions necessary to provide adequate 
confidence that management, technical planning, and controls are adequate to 
establish correct technical requirements for design and manufacturing. And to 
manage design activity standards, drawings, specifications, or other documents 
referenced on drawings, lists or technical documents. 



MnDOT ITS Project Management Design Manual 

February 2012 Page | 2-4 Definit ions 

Term Definition 

Queue Jump  Elevated ramps or at-grade lanes that can be used by motorists stopped in traffic 
to bypass congestion. 

Regional ITS 
Architecture  

A specific regional framework for ensuring institutional agreement and technical 
integration for the implementation of ITS projects in a particular region.  

 RWIS Remote Weather Information System /  Roadway Weather Information system. 

RTIP  Regional Transportation Improvement Plan  

Specification  A document that describes the essential technical requirements for items, 
materials or services including the procedures for determining whether or not the 
requirements have been met.  

Stakeholders  The people for whom the system is being built, as well as anyone who will 
manage, develop, operate, maintain, use, benefit from, or otherwise be affected 
by the system.  

STIP  Statewide Transportation Improvement Plan  

System  An integrated composite of people, products, and processes, which provide a 
capability to satisfy a stated need or objective.  

System elements  A system element is a balanced solution to a functional requirement or a set of 
functional requirements and must satisfy the performance requirements of the 
associated item. A system element is part of the system [hardware, software, 
facilities, personnel, data, material, services, and techniques] that, individually or 
in combination, satisfies a function [task] the system must perform.  

System specification  A top level set of requirements for a system. A system specification may be a 
system/sub-system specification, Prime Item Development Specification, or a 
Critical Item Development Specification.  

Systems engineering  An inter-disciplinary approach and a means to enable the realization of successful 
systems. Systems engineering requires a broad knowledge, a mindset that keeps 
the big picture in mind, a facilitator, and a skilled conductor of a team. 

TIP  Transportation Improvement Plan  

TMC  Traffic Management Center  

Transportation 
Demand Management 
(TDM) 

Actions that improve transportation system efficiency by altering transportation 
system demand using such strategies and facilities as pricing, ridesharing; park-
and-ride facilities, transit friendly development / zoning; and employer-based 
programsτsuch as staggered work hours and telecommuting. TDM programs 
improve the efficiency of existing facilities by changing demand patterns rather 
than embarking on capital improvements. 
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Term Definition 

Transportation System 
Management (TSM) 

Integrated protocols and computerized ITS systems used to manage roadway and 
transit facilities. TSM techniques improve system capacity without physical 
expansion or behavioral changes. Typical TSM measures involve continuous 
management and operation of traffic systems, and utilize integrated traffic 
control systems, incident management programs, and traffic control centers.  

Variable Message Signs 
(VMS) 

A type of DMS, which allows a user to create and download the message to be 
displayed into the temporary memory area of the sign controller.  This manual 
uses the term DMS whether the sign is a VMS or a CMS. 

Video Surveillance The use of pan-tilt -zoom, steerable moving picture cameras to survey a toll plaza, 
ETC collection area, or a segment of roadway to monitor for incidents. 

WAN  Wide Area Network  
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This section summarizes some of the typical ITS devices and systems. The 
summaries include: 

V Definition 

V Purpose and Usage 

V Components Used 

V Links to pertinent sections of the book for component and design 

V Links to websites for additional information on the system 

The systems listed here are not all inclusive. 

3.1 Closed Circuit Television (CCTV)  

3.1.1 Definition 

A video monitoring and security system used to provide continuous traffic monitoring by the facility 
operator along the length of the facility and particularly at points of entry and tolling locations. 

 

Figure 1 ς CCTV Camera 

3.1.2 Purpose and Usage 

CCTV cameras are one of the primary methods of monitoring traffic conditions and detecting incidents. 
CCTV cameras allow an operator at the traffic management center (TMC) to monitor traffic on both 
freeways and surface streets to determine the location of congestion and incidents. If an incident or heavy 
congestion occurs on a freeway, traffic can be diverted to a parallel surface street, and the timing of the 
signals on the surface street can be modified to provide more green time in the direction parallel to the 
freeway. 

Detecting Incidents and Advising Motorists 

One of the primary purposes of CCTV is to assist with incident detection. CCTV cameras can be located on 
both freeways and surface streets, and cameras are especially useful at an interchange where a camera has 
a view of both the freeway and the surface streets. If an incident is detected on either a freeway or surface 
street, CMS may be used to alert drivers and to possibly divert traffic elsewhere.  

This chapter presents 
some common ITS 

devices and systems. 
The projects listed are 
not intended to be an 
all-inclusive list, just a 
sampling of typical 

projects. 
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Advising Motorists of Traffic Problems in the Area 

CCTV cameras can be used to find a major traffic problem, and DMS can alert drivers to the problem. 

Monitoring Traffic Conditions Resulting from Special Events and Advising Motorists 

CCTV cameras and DMS are useful during special events, both planned (such as a concert or a football 
game), as well as unplanned emergencies (such as a terrorist attack or a storm). Special events create traffic 
patterns that are quite different from normal. Many drivers going to a special event may not normally drive 
through the corridor in question, and are not familiar with alternate routes. Roadway and lane 
configurations may be different; for example, a normally two-way road may be converted to one-way in the 
peak direction, or a road may be closed for security reasons or to provide access for emergency vehicles. 

Assisting with Parking Information 

CCTV cameras, as well as other technologies, can monitor a large parking lot to determine which lots or 
sections are full, and CMS (or other methods of information dissemination) can notify drivers as to which 
parking lots are full or closed, and to direct drivers to parking lots that have available capacity. 

3.1.3 Components Used  

Typical components used for a CCTV project include the item listed in Table 3 (along with a reference to the 
section of this manual discussing the component). Warrants for CCTV are discussed in Section 4.1. 

Table 3 ς CCTV Components and Design Consideration References 

Component Component Discussion Design Considerations 

Camera System See Section 6.3.1 See Section 7.2.3 

CCTV Mounting See Section 6.3.2 See Section 7.2.3 

Management System Control Software See Section 6.1  

Control Cabinet See Section 1.1 See Section 7.2.5 

Power See Section 6.12 See Section 7.2.6 

Communications See Section 6.13 See Section 7.2.7 

3.2 Dynamic Message Signs (DMS) 

3.2.1 Definition 

Any sign system that can change the message presented to the viewer such as Variable Message Sign 
(VMS), Changeable Message Sign (CMS) and Blank-Out Sign (BOS). 
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Figure 2 ς Example Dynamic Message Sign 

3.2.2 Purpose and Usage 

A dynamic- message sign, often abbreviated DMS, is an electronic traffic sign often used on roadways to 
give travelers information about special events. Such signs warn of traffic congestion, accidents, incidents, 
roadwork zones, or speed limits on a specific highway segment. In urban areas, DMS are used within 
parking guidance and information systems to guide drivers to available car parking spaces. They may also 
ask vehicles to take alternative routes, limit travel speed, warn of duration and location of the incidents or 
just inform of the traffic conditions. 

A complete message on a panel generally includes a problem statement indicating incident, roadwork, 
stalled vehicle etc; a location statement indicating where the incident is located; an effect statement 
indicating lane closure, delay, etc and an action statement giving suggestion what to do traffic conditions 
ahead. These signs are also used for AMBER Alert messages. 

3.2.3 Components Used  

Typical components used for a DMS project include the following items (along with a reference to the 
section of this manual discussing the component) are listed in Table 4. Warrants for DMS are discussed in 
Section 4.2. 

Table 4 ς DMS Components and Design Consideration References 

Component Component Discussion Design Considerations 

Dynamic Message Sign See Section 6.4 See Section 0 

Management System Control Software See Section 6.1  

Control Cabinet See Section 1.1 See Section 7.2.5 

Power See Section 6.12 See Section 7.2.6 

Communications See Section 6.13 See Section 7.2.7 
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3.3 Highway Advisory Radio (HAR)  

3.3.1 Definition 

Highway Advisory Radio (HAR) refers to low power AM or FM radio transmissions where localized 
information is broadcast and travelers are alerted to the presence of the broadcast using static or dynamic 
signs. The localized transmissions may cover areas that range from 5 miles to 30 miles depending upon the 
terrain and technologies used. The radio transmissions may be either at fixed permanent locations or 
mobile devices that may be temporarily located and moved as needed. MnDOT does not currently operate 
HAR. 

 

Figure 3 ς Highway Advisory Radio (HAR) Sign (Iowa DOT) 

3.3.2 Purpose and Usage 

HAR provides motorist information similarly to DMS but can provide more detailed information. The 
information broadcast can include: 

V Congestion reports 

V Hazardous conditions 

V Travel times 

V Alternate routes 

V Special event information 

V Parking locations 

V Weather and road conditions, and 

V Construction information 

HAR systems can be permanent or portable. FCC licensing is required, and each HAR site is limited to a 
maximum of 10-watts of power. HAR can broadcast either AM or FM radio signals, and the typical message 
length is up to two minutes.  

3.3.3 Components Used  

Typical components used for a HAR project include the following items (along with a reference to the 
section of this manual discussing the component): 
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Table 5 ς HAR Components and Design Consideration References 

Component Component Discussion Design Considerations 

HAR Field System See Section 6.8.1 See Section  

Communications See Section 6.13 See Section 7.2.7 

 

3.4 Road and Weather Information System (RWIS) 

3.4.1 Definition 

Minnesota's RWIS is a system that automatically collects, processes, and distributes current and forecasted 
weather and road surface information. 

      

Figure 4 ς RWIS System 

3.4.2 Purpose and Usage 

Minnesota's RWIS includes in-field detectors, communications to relay data to a central processing center, 
and display mechanisms to display data and resulting information to maintenance and traveler information 
providers, as well as the traveling public. 

Data gathered from a series of in-pavement sensors, sub-surface probes and meteorological equipment 
were combined with a weather forecast to predict pavement surface conditions up to 12 hours in advance. 
Advanced traveler information systems provided drivers and fleet operators with RWIS data including up-
to-the-minute warnings about changing conditions. Highway operations managers use RWIS for timely and 
cost-effective snow plowing and deicing. 

3.4.3 Components Used  

Typical components used for an RWIS project include the items listed in Table 6 (along with a reference to 
the section of this manual discussing the component). An RWIS warrant is discussed in Section 4.4. 
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Table 6 ς RWIS Components and Design Consideration References 

Component Component Discussion Design Considerations 

RWIS See Section 6.6  

Management System Control Software See Section 6.1  

Power See Section 6.12 See Section 7.2.6 

Communications See Section 6.13 See Section 7.2.7 

 

3.5 Variable Speed Limit (VSL)  

3.5.1 Definition 

VSL is a sign capable of displaying different speed limits to travelers (in which the speed limit is either a 
recommended or mandatory limit) that are either manually activated or controlled by a combination of 
detectors and algorithms to select appropriate speeds. 

 
Figure 5 ς Variable Speed Limit (VSL) Sign 

3.5.2 Purpose and Usage 

Variable Speed Limit (VSL) signs are used across the country to lower posted speed limits in certain areas. 
They allow for operators to adjust the posted speed limit without changing the sign. They are used in 
conjunction with Intelligent Transportation Systems to lower speed limits for several reasons including 
congestion, construction, accidents, fog, snow, and ice. VSL signs have been successfully tested by several 
state departments of transportation. 

3.5.3 Components Used  

Typical components used for a VSL project include the following items (along with a reference to the section 
of this manual discussing the component): 
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Table 7 ς VSL Components and Design Consideration References 

Component Component Discussion Design Considerations 

Sign(s)   

Management System Control Software See Section 6.1  

Control Cabinet See Section 1.1 See Section 7.2.5 

Power See Section 6.12 See Section 7.2.6 

Communications See Section 6.13 See Section 7.2.7 

 

3.6 Dynamic Speed Display Signs (DSDs)  

3.6.1 Definition 

Dynamic speed display signs (DSD{ύ ƛǎ ŀ ŘŜǾƛŎŜ ǘƘŀǘ ŘŜǘŜŎǘǎ ŀƴŘ ŘƛǎǇƭŀȅ ŀ ǾŜƘƛŎƭŜΩǎ ŎǳǊǊŜƴǘ ǎǇŜŜŘ ōŀŎƪ ǘƻ ǘƘŜ 
driver.  

 

Figure 6 ς Dynamic Speed Display Sign 

3.6.2 Purpose and Usage 

DSDs have been shown to have a significant speed-reducing effect in temporary applications such as work 
zones or neighborhood speed watch programs. 

3.6.3 Components Used  

Typical components used for a DSDs project are listed in Table 8 (along with a reference to the section of 
this manual discussing the component): 
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Table 8 ς DSDs Components and Design Consideration References 

Component Component Discussion Design Considerations 

Sign(s)   

Speed Detector   

Power See Section 6.12 See Section 7.2.6 

 

3.7 Ramp Meter  

3.7.1 Definition 

Ramp Meters are traffic signals on highway entrance ramps, and they are designed to reduce crashes, 
reduce congestion and provide more reliable travel times. 

  

Figure 7 ς Ramp Meter 

3.7.2 Purpose and Usage 

Ramp metering is a system element for addressing recurring freeway congestion. They control the rate at 
which vehicles enter the mainline such that the downstream capacity is not exceeded, thereby allowing the 
freeway to carry the maximum volume at a uniform speed.  

Another benefit of ramp metering is its ability to break up platoons of vehicles that have been released from 
a nearby-signalized intersection. The mainline, even when operating near capacity, can accommodate 
merging vehicles one or two at a time. However, when platoons (i.e., groups) of vehicles attempt to force 
their way into freeway traffic, turbulence and shockwaves are created, causing the mainline flow to 
breakdown. Reducing the turbulence in merge zones can also lead to a reduction in the sideswipe and rear-
end type accidents that are associated with stop-and-go, erratic traffic flow.  

3.7.3 Components Used  

Typical components used for a Ramp Meter project are shown in Table 9 (along with a reference to the 
section of this manual discussing the component). 
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Table 9 ς Ramp Meter Components and Design Consideration References 

Component Component Discussion Design Considerations 

Ramp Meter Signals and Mounting See Section 6.5  

Management System Control Software See Section 6.1  

Control Cabinet See Section 1.1 See Section 7.2.5 

Power See Section 6.12 See Section 7.2.6 

Communications See Section 6.13 See Section 7.2.7 

 

3.8 Curve Warning System  

3.8.1 Definition 

The Curve Warning System provides a programmable active warning based on the speed of the vehicle as it 
approaches the curve and provides a warning message to the driver to reduce speed if it is excessive. 

       

Figure 8 ς Curve Warning Systems 

3.8.2 Purpose and Usage 

A dynamic curve warning sign (DCWS) is a low-cost technology that may help drivers select an appropriate 
speed when approaching a horizontal curve. A DCWS generally consists of a warning sign combined with a 
speed measuring device (e.g., radar) that activates a variable message (e.g., slow down) when vehicles are 
traveling above a set threshold. The technologies used to create a DCWS are currently available and the 
devices have been implemented at various locations.  

3.8.3 Components Used  

Typical components used for a DCWS project include the following items (along with a reference to the 
section of this manual discussing the component): 
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Table 10 ς DMS Components and Design Consideration References 

Component Component Discussion Design Considerations 

Warning Sign (variable message)   

Speed Measuring Device   

Management System Control Software See Section 6.1  

Control Cabinet See Section 1.1 See Section 7.2.5 

Power See Section 6.12 See Section 7.2.6 

Communications See Section 6.13 See Section 7.2.7 
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The warrants presented in this section are from the ENTERPRISE pooled fund project. Details can be found 
at the following link: 

http://www.dot.state.mn.us/guidestar/  

The above link directs you to the MnDOT ITS Technical Resource page that includes a link to the current ITS 
Warrants.  

The purpose of this section is to assist in the decision making 
process of determining if a device is warranted or validate 
existing device deployments. As part of ENTERPRISE research 
project, warrants were developed for:  

V Closed Circuit Television (See Section 4.1) 

V Dynamic Message Signs (See Section 4.2) 

V Highway Advisory Radio (See Section 4.3) 

V Road Weather Information Systems (See Section 4.4) 

V Variable Speed Limit Devices (See Section 4.5) 

V Dynamic Speed Display Signs (See Section 4.6) 

V Ramp Meters (See Section 4.7) 

V Curve Warning Systems (See Section 4.8) 

V Intelligent Work Zones  (See Section 4.9) 

These are not official warrants but can be used as guidance toward the determination of ITS components.  

The following pages are a handout froƳ άWarrants for the Installation and Use of - Technology Devices to 
Assist Transportation Operations, Traffic Management, and Information Dissemination (Warrants for ITS 
Devices)έ ǇǊŜǇŀǊŜŘ ōȅ !ǘƘŜȅ /ǊŜŜƪ /ƻƴǎǳƭǘŀƴǘǎ ŦƻǊ ǘƘŜ 9b¢9wtwL{9 tƻƻƭŜŘ CǳƴŘ {ǘǳŘȅΣ Řŀted May 14, 
2010. This document can be found by visiting the following website: 

 http://www.acconsultants.org/itswarrants/ 

 

The ENTERPRISE Program is a 
pooled-fund study with member 
agencies from North America 

and Europe. Its main purpose is 
to use the pooled resources of its 

members, private sector 
partners and the United States 
federal government to develop, 
evaluate and deploy Intelligent 
Transportation Systems (ITS). 

http://www.dot.state.mn.us/guidestar/
http://www.acconsultants.org/itswarrants/
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The International Council of Systems Engineers ǳǎŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŘŜŦƛƴƛǘƛƻƴ ŦƻǊ άSystems EngineeringέΥ 

Systems Engineering is an interdisciplinary approach and means to enable the realization of 
successful systems. It focuses on defining customer needs and required functionality early in the 
development cycle, documenting requirements, and then proceeding with design synthesis and 
system validation while considering the complete problem:  

V Operations  

V Cost & Schedule  

V Performance  

V Training & Support  

V Test  

V Manufacturing  

V Disposal  

Systems Engineering integrates all the disciplines and specialty groups into a team effort 
forming a structured development process that proceeds from concept to production to 
operation. Systems Engineering considers both the business and the technical needs of all 
customers with the goal of providing a quality product that meets the user needs. 

ITS projects shall conform to the National ITS Architecture and Standards 
and development of the regional ITS architecture should be consistent 
with the transportation planning process. ITS projects funded with 
highway trust funds shall be based on a systems engineering analysis. 
Which should result in the final design of all ITS projects funded with 
highway trust funds shall be consistent with the regional ITS 
architecture. 

The information on the following pages is a handout from Chapter 3 of 
άSystems Engineering for Intelligent Transportation Systems ς An 
Introduction for Transportation ProfessionalsέΦ ¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ōŜ 
found by going to: 

http://ops.fhwa.dot.gov/publications/seitsguide/seguide.pdf 

 

 

All projects funded with 
highway trust fund monies 

must conform with the 
National ITS Architecture 

and standards and use the 
System Engineering 

Process. 

http://ops.fhwa.dot.gov/publications/seitsguide/seguide.pdf
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5.1 Regional ITS Architecture 

¢ƘŜ άaƛƴƴŜǎƻǘŀ {ǘŀǘŜǿƛŘŜ wŜƎƛƻƴŀƭ L¢{ !ǊŎƘƛǘŜŎǘǳǊŜΣ ±ŜǊǎƛƻƴ нллф -Volume 8: Regionŀƭ L¢{ !ǊŎƘƛǘŜŎǘǳǊŜέ 
states:  

The Minnesota Statewide Regional ITS Architecture represents a shared vision of how each 
ŀƎŜƴŎȅΩǎ ǎȅǎǘŜƳǎ ǿƻǊƪ ǘƻƎŜǘƘŜǊ ōȅ ǎƘŀǊƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ǊŜǎƻǳǊŎŜǎ ǘƻ ŜƴƘŀƴŎŜ transportation 
safety, efficiency, capacity, mobility and security. The information exchange among the many 
transportation stakeholders helps illustrate various integration options, gain consensus on cost-
effective ITS technologies and systems to be considered prior to investing in design, development 
and deployment of ITS. 

The Minnesota Statewide Regional ITS Architecture is a living document and will evolve as needs, 
technology, stakeholders and funding change. The National ITS Architecture is a resource to the 
Minnesota Statewide Regional ITS Architecture providing framework for planning, defining and 
integrating ITS. 

The Minnesota Statewide Regional ITS Architecture is organized as follows: 

V Volume 1 ς Overview: Volume 1 identifies the purpose/need, a general description of the region, 
development objectives, and performance measures for the Minnesota Statewide Regional ITS 
Architecture.  

V Volumes 2 thru 7 ς Development and Documentation of Market Package Bundles: Each volume will 
be specific to the corresponding Market Package Bundle and include: a description of the Market 
Package Bundle, ITS development objectives, a summary of needs and services, and a detailed 
description of needs and services (consisting of the operational concept, inventory, specific market 
packages to address needs and services, interconnects and architecture flows, and functional 
requirements).  

V Volume 8 ς Regional ITS Architecture: Volume 8 consists of the hard copies of the Turbo 
Architecture outputs and the corresponding electronic files.  

V Volume 9 ς Regional ITS Architecture Implementation Projects: This volume identifies an 
implementation project summary and corresponding project detail for each project. The project 
detail will include a project description, dependencies, time frame, project champion and any 
agency agreements required. 

These volumes can be found by going to: 

www.dot.state.mn.us/guidestar/2006_2010/its_planning_and_regional_architecture.html.  

 

http://www.dot.state.mn.us/guidestar/2006_2010/its_planning_and_regional_architecture.html
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5.1.1 ITS Architecture and System Engineering Checklist 

Rule 940 states (See Appendix B - 23 CFR Section 940)) that the 
systems engineering analysis shall identify, at a minimum: 

V Portions of the regional ITS architecture being 
implemented 

V Participating agencies roles and responsibilities 

V Requirements definitions 

V Alternative system configurations and technology 
options 

V Procurement options 

V Applicable ITS standards and testing procedures 

V Procedures and resources necessary for operations and 
management of the system 

The followiƴƎ ƘŀƴŘƻǳǘ ƛǎ άMinnesota Statewide Regional ITS Architecture and Systems Engineering Checklist 
for ITS Projects - CI²! Cƛƴŀƭ wǳƭŜ фпл ŀƴŘ C¢! bŀǘƛƻƴŀƭ L¢{ !ǊŎƘƛǘŜŎǘǳǊŜ tƻƭƛŎȅέ. Integration of the Checklist 
into the Minnesota Transportation Investment Program is recommended. 

WHEN: Completion of this checklist will be required prior to FHWA/FTA funding authorization. 

HOW: The following slides use a project as an example to fill out the checklist. 

The checklist on the following pages is a handout from Chapter фΣ !ǇǇŜƴŘƛȄ . ƻŦ άMinnesota Statewide 
Regional ITS Architecture, Volume 9: Regional ITS Architecture Implementation ProjectsέΦ ¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ 
can be found by going to: 

www.dot.state.mn.us/guidestar/2006_2010/its_planning_and_regional_architecture.html.  

 

Compliance 

940.15(a) 

Prior to authorization of highway 
trust funds for construction or 

implementation, there shall be a 
demonstrated linkage to the ITS 

regional architecture, and a 
commitment to the operations, 
management, and maintenance 

of the overall system. 

http://www.dot.state.mn.us/guidestar/2006_2010/its_planning_and_regional_architecture.html
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5.2 Concept of Operations 

The Concept of Operations: 

V documents the total environment and use of the system to be developed in a non-technical and 
easy-to-understand manner  

V presents this information from multiple viewpoints 

V provides a bridge from the problem space and stakeholder needs to the system level requirements 

See the handout on the following pages for additional details. 

5.3 Requirements 

Requirements are the foundation for building Intelligent Transportation Systems [ITS]. They determine 
WHAT the system must do and drive the system development. Requirements are used to determine [verify] 
if the project team built the system correctly. The requirements development process identifies the 
activities needed to produce a set of complete and verifiable requirements. 

See the handout on the following pages for additional details. 

5.4 Test and Acceptance Plans 

The software and hardware components are individually verified and then integrated to produce higher-
level assemblies or subsystems. These assemblies are also individually verified before being integrated with 
others to produce yet larger assemblies, until the complete system has been integrated and verified. 

See the handout on the following pages for additional details. 

5.5 Operations and Maintenance Plan 

Once the customer has accepted the ITS system, the system operates in its typical steady state. System 
maintenance is routinely performed and performance measures are monitored. As issues, suggested 
improvements, and technology upgrades are identified, they are documented, considered for addition to 
the system baseline, and incorporated as funds become available. An abbreviated version of the systems 
engineering process is used to evaluate and implement each change. This occurs for each change or 
upgrade until the ITS system reaches the end of its operational life. 

See the handout on the following pages for additional details. 

The information on the following pages is a handout from Chapter 4 ƻŦ άSystems Engineering for Intelligent 
Transportation Systems ς An Introduction for Transportation ProfessionalsέΦ ¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ōŜ 
found by going to: 

http://ops.fhwa.dot.gov/publications/seitsguide/seguide.pdf 

 

 

http://www.fhwa.dot.gov/cadiv/segb/glossary/s.htm#text_System
http://ops.fhwa.dot.gov/publications/seitsguide/seguide.pdf
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The purpose of this section is to discuss the various components of ITS.  

6.1 IRIS Software 

IRIS (Intelligent Roadway Information System) is MnDOTΩǎ CǊeeway 
Management System control software. IRIS development began in the late 
1990s:  

V In preparation for moving to the new TMC 

V To move to NTCIP standards 

V To support the increased number of field devices 

V To take advantage of the open source operating systems and programs to eliminate significant 
ongoing licensing costs 

V To lower the cost of computer hardware resources 

The main features of IRIS are: 

V Control of DMS (messages and travel times) 

V Central control of ramp meters (input from about 5400 detectors) 

V Control of cameras 

V Control of lane control signals 

V Delivery of data to MnPass HOT lanes 

Figure 9 illustrates a screen from IRIS (DMS Control). 

 

Figure 9 ς IRIS DMS Display 

As an alternative to IRIS, commercial software is available that can do many of these functions, and that if 
you only have one or two types of devices, such as cameras and DMS, that often the device manufacturers 
have software that comes with the device that enables you to control just that type of device. 

This chapter discusses 
various ITS 

components. The items 
discussed are not 

intended to be an all-
inclusive list. 
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6.2 Detection 

The control of traffic relates to the movement of vehicles and pedestrians. Since the volume of these 
movements generally varies at different times of the day, it is desirable to be able to detect approaching 
movements by placing one or more devices in the path of approaching vehicles or at a convenient location 
for the use of pedestrians. 

Most advanced management systems and technologies in the ITS field rely on real-time traffic data, which 
reflects current conditions of traffic network. Traffic detection is a critical part in many advanced traffic 
systems, such as responsive ramp metering control and freeway incident detection. 

Ramp metering control is the most common technology for reducing freeway congestion. The system 
measures freeway mainline capacity and traffic flow, and controls the rate at which vehicles enter the 
freeway mainline. Many studies show that ramp metering increases freeway efficiency, and reduces 
accidents and recurring congestion. 

In freeway incident management systems, detectors generally are used to detect two types of congestion: 
recurring and nonrecurring. Recurring congestion is predictable at specific locations and times. 
Nonrecurring congestion is caused by random, temporary incidents, such as accidents and other 
unpredictable events.  

Traffic detector technologies are continuously incorporated into new ITS application fields. For example, a 
portable intelligent transportation system provides traveler information in specific sites to improve safety 
and operation in work zones. A computerized control system integrates detector (speed sensor) and 
traveler information dissemination technologies. The control system automatically determines appropriate 
responses according to current traffic conditions. 

Traffic detection systems play important roles not only in traditional transportation management but also in 
advanced transportation management systems. Traffic detection systems provide data to meet different 
needs in transportation fields. 

6.2.1 Types of Detection 

The different types of vehicle detectors available include but are not limited to the following types. 

V Intrusive Detection (in-roadway) 

o Inductive loop detects a change in resonant frequency by the introduction of a metal in the 
magnetic field of the detection zone. 

o Magnetic/Magnetometer detects moving ferrous metal objects ς pulse. 

o Microloop ŘŜǘŜŎǘǎ ŀ ŎƘŀƴƎŜ ōȅ ƳƻǾƛƴƎ ƳŜǘŀƭ ƛƴ ǘƘŜ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ς pulse. Small 
inductive loop placed on top of a magnetometer. 

V Non-Intrusive Detection (above roadway or sidefire) 

o Photo electric/Infrared detects a break in a beam of light ς presence or pulse. 

o Radar/Microwave detects moving objects by sending and receiving electronic pulses ς 
pulse. 

o Ultrasonic detects sound with a microphone ς presence or pulse. 

o Video detects a change in a video pixel range ς presence or pulse. 

Non-intrusive detector technologies include active and passive infrared, microwave radar, ultrasonic, 
passive acoustic, and video image processing. Active infrared, microwave radar, and ultrasonic are active 
detectors that transmit wave energy toward a target and measure the reflected wave. Passive infrared, 
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passive acoustic, and video image processing are passive detectors that measure the energy emitted by a 
target or the image of the detection zone. 

Some detectors record vehicles whether stopped or in motion. Others require that the vehicle be moving at 
a speed of at least 2 or 3 mph. 

Normal loop or magnetic detectors will operate in either the pulse mode or presence mode. The magnetic 
detector produces a short output pulse when detection occurs, no matter how long the vehicle remains in 
the detection area. The normal loop is intended to produce a detector output for as long as a vehicle is in 
the field of detection. 

Examples of controller functionality are; locking memory, non-lock, delay call, extend (stretch) call, and stop 
bar. 

!ƴƻǘƘŜǊ ǘȅǇŜ ƻŦ ŘŜǘŜŎǘƛƻƴ ƛǎ ǘƘŜ άǎǇŜŜŘ ŀƴŀƭȅǎƛǎ ǎȅǎǘŜƳέΦ ¢Ƙƛǎ ǎȅǎǘŜƳ ƛǎ ŀ ƘŀǊŘǿŀǊŜ ŀǎǎŜƳōƭȅ ŎƻƳposed of 
two loop detectors and auxiliary logic. The two loops are installed in the same lane a precise distance apart. 
A vehicle passing over the loops produces two actuations. The time interval between the first and the 
second actuation is measured to determine vehicle speed. 

6.2.2 Inductive Loop Detectors 

The most common type of vehicle detection device in use today is the inductive loop. This is a loop of wire 
imbedded in the pavement (saw cut in existing concrete or NMC loop in new concrete) carrying a small 
electrical current. When a large mass of metal passes over the loop, the magnetic field is disturbed and 
generates, or induces, a change in resonant frequency in the wire. This change in frequency is then 
recognized by the detector amplifier and signals the controller that a vehicle is present. 

6.2.3 Video Detectors 

Vehicle detection by video cameras is one of the most promising new technologies for non-intrusive large-
scale data collection and implementation of advanced traffic control and management schemes. This 
concept provides real-time vehicle detection and traffic parameter extraction from images generated by 
video cameras. Major worldwide efforts have been directed at development of a practical device for image 
processing. 

A video image processing system typically consists of the following components: 

Image hardware - The imaging sensor is an electronic camera (conventional TV camera or an infrared 
camera) that overlooks a section of the roadway and provides the desired image information. 

Processor - A processor determines vehicle presence or passage from images received by the camera. It also 
provides other traffic parameters preferably in real-time. 

Software - Advanced tracking system software performs operations, detector programming, viewing of 
vehicle detections, and roadway surveillance. 

Image processing detection systems can detect traffic in many locations (i.e., multiple spots) within the 
camera's field of view. These locations can be specified by the user in minutes using interactive graphics, 
and can be changed as often as desired. This flexible detection is achieved by placing detection lines along 
or across roadway lanes on a TV monitor displaying the traffic scene (not physically placed in the 
pavement). Each time a vehicle image crosses these lines, a detection signal (presence or passage) is 
generated. The result is similar to that produced by loop detectors. 

VIDS are advantageous in traffic detection since: 
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V They are mounted above the road rather than in the road, providing multi-lane coverage along with 
installation and servicing advantages of traffic flow maintenance and personnel safety during 
detector repair. 

V Placement of vehicle detection zones on the road is not limited to a particular detection 
configuration. The configuration can be controlled and adjusted manually (by an operator with a 
computer terminal) or dynamically (by software) at any time, as a function of traffic flow. 

V The shape of the detection zone can be programmed for specific applications, such as freeway 
incident detection, detection of queue lengths (that cannot easily or economically be derived by 
conventional devices) and detection of turning patterns. 

6.2.4 Radar/Microwave Detectors 

Development of microwave radar during World War II enabled this technology to be applied to detection of 
vehicular traffic. The principles of operation involve microwave energy being beamed on an area of 
roadway from an overhead antenna, and the vehicle's effect on the energy detected. The antennas capture 
a portion of the transmitted energy reflected toward them by objects in the field of view. By direct 
comparison of transmitted energy with reflected energy from a moving vehicle, a Doppler beat note can be 
detected which in turn can be used to operate an output device. Use of continuous wave (CW) transmission 
and reliance on the use of a Doppler signal from the return wave eliminates the need for any gating or 
distance measurement, and, thereby, provides a simple detector responsive to vehicles moving through the 
field. By appropriate processing of information in the received energy, direct measurements of vehicle 
presence, occupancy, and speed can be obtained. 

Continuous-wave Doppler microwave radar sensors transmit low-energy microwave radiation at a target 
area on the pavement and then analyze the signal reflected back to the detector. According to the Doppler 
principle, the motion of a vehicle in the detection zone causes a shift in the frequency of the reflected 
signal. This can be used to detect moving vehicles and to determine their speed. However, Doppler sensors 
cannot detect the presence of motionless objects, such as stopped vehicles. 
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6.2.5 Detector Technology Strengths and Weaknesses 

Table 11 ς Detector Technology Strengths and Weaknesses 

[Source: FHWA Traffic Detector Handbook] 

Technology Strengths Weaknesses Capability  

Inductive loop V Flexible design to satisfy large 
variety of applications. 

V Mature, well understood 
technology. 

V Large experience base. 

V Provides basic traffic parameters 
(e.g., volume, presence, 
occupancy, speed, headway, and 
gap). 

V Insensitive to inclement weather 
such as rain, fog, and snow. 

V Provides best accuracy for count 
data as compared with other 
commonly used techniques. 

V Common standard for obtaining 
accurate occupancy 
measurements. 

V High frequency excitation 
models provide classification 
data. 

V Installation requires pavement 
cut. 

V Improper installation decreases 
pavement life. 

V Installation and maintenance 
require lane closure. 

V Wire loops subject to stresses 
of traffic and temperature. 

V Multiple loops usually required 
to monitor a location. 

V Detection accuracy may 
decrease when design requires 
detection of a large variety of 
vehicle classes. 

Inductive loops can 
detect volume, 
presence, density, 
classification and 
speed. 

Magnetometer 
(two-axis fluxgate 
magnetometer) 

V Less susceptible than loops to 
stresses of traffic. 

V Insensitive to inclement weather 
such as snow, rain, and fog. 

V Some models transmit data over 
wireless radio frequency (RF) 
link. 

V Installation requires pavement 
cut. 

V Improper installation decreases 
pavement life. 

V Installation and maintenance 
require lane closure. 

V Models with small detection 
zones require multiple units for 
full lane detection.  

Magnetic sensors can 
detect volume, 
classification, 
headway, presence 
and speed with 
algorithms or two 
sensors in a speed 
trap configuration. 

Magnetic 
(induction or 
search coil 
magnetometer) 

V Can be used where loops are not 
feasible (e.g., bridge decks). 

V Some models are installed under 
roadway without need for 
pavement cuts. However, boring 
under roadway is required. 

V Insensitive to inclement weather 
such as snow, rain, and fog. 

V Less susceptible than loops to 
stresses of traffic. 

V Installation requires pavement 
cut or boring under roadway. 

V Cannot detect stopped vehicles 
unless special sensor layouts 
and signal processing software 
are used. 

Magnetic sensors can 
detect volume, 
classification, 
headway, presence 
and speed with 
algorithms or two 
sensors in a speed 
trap configuration. 
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Technology Strengths Weaknesses Capability  

Microwave radar V Typically insensitive to inclement 
weather at the relatively short 
ranges encountered in traffic 
management applications. 

V Direct measurement of speed. 

V Multiple lane operation 
available. 

V Continuous wave (CW) Doppler 
sensors cannot detect stopped 
vehicles 

Volume: Yes 

Presence: Yes 

Speed: Yes 

Classification: Yes (in 
terms of length) 

Active infrared 
(laser radar) 

V Transmits multiple beams for 
accurate measurement of 
vehicle position, speed, and 
class. 

V Multiple lane operation 
available. 

V Operation may be affected by 
fog when visibility is less than 
20 feet (ft) (6 m) or blowing 
snow is present.  

V Installation and maintenance, 
including periodic lens cleaning, 
require lane closure 

Active infrared 
sensors can detect 
volume, presence, 
density, classification 
and speed. 

Passive infrared V Multizone passive sensors 
measure speed. 

V Passive sensor may have 
reduced vehicle sensitivity in 
heavy rain, snow and dense 
fog. 

V Some models not 
recommended for presence 
detection. 

Infrared sensors are 
used for;  volume, 
speed, and class 
measurement; 
detection of 
pedestrians in 
crosswalks; and 
transmission of traffic 
information to 
motorists. 

Ultrasonic V Multiple lane operation available 

V Capable of overheight vehicle 
detection. 

V Large Japanese experience base. 

V Environmental conditions such 
as temperature change and 
extreme air turbulence can 
affect performance. 
Temperature compensation is 
built into some models. 

V Large pulse repetition periods 
may degrade occupancy 
measurement on freeways with 
vehicles traveling at moderate 
to high speeds. 

Most ultrasonic 
sensors operate with 
pulse waveforms and 
provide vehicle count, 
presence, and 
occupancy 
information. 

Acoustic V Passive detection. 

V Insensitive to precipitation. 

V Multiple lane operation available 
in some models. 

V Cold temperatures may affect 
vehicle count accuracy. 

V Specific models are not 
recommended with slow-
moving vehicles in stop-and-go 
traffic. 

Acoustic sensors 
measure vehicle 
passage, presence, 
and speed. 
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Technology Strengths Weaknesses Capability  

Video image 
processor 

V Monitors multiple lanes and 
multiple detection zones/lane. 

V Easy to add and modify 
detection zones. 

V Rich array of data available. 

V Provides wide-area detection 
when information gathered at 
one camera location can be 
linked to another. 

V Installation and maintenance, 
including periodic lens cleaning, 
require lane closure when 
camera is mounted over 
roadway (lane closure may not 
be required when camera is 
mounted at side of roadway). 

V Performance affected by 
inclement weather such as fog, 
rain, and snow; vehicle 
shadows; vehicle projection 
into adjacent lanes; occlusion; 
day-to-night transition; 
vehicle/road contrast; and 
water, salt grime, icicles, and 
cobwebs on camera lens. 

V Reliable nighttime signal 
actuation requires street 
lighting. 

V Requires 30- to 50-ft (9- to 15-
m) camera mounting height (in 
a side-mounting configuration) 
for optimum presence 
detection and speed 
measurement. 

V Some models susceptible to 
camera motion caused by 
strong winds or vibration of 
camera mounting structure. 

V Generally cost effective when 
many detection zones within 
the camera field of view or 
specialized data are required. 

Video sensors can be 
used to collect 
volume, speed, 
presence, occupancy, 
density, queue length, 
dwell time, headway, 
turning movements, 
acceleration, lane 
changes and 
classification. 

 

6.2.6 Vehicle Classification 

Newer inductive-loop detector electronics units and loop configurations are capable of vehicle classification. 
The electronics module uses artificial neural network software to classify the traffic stream into the 23 
categories depicted in Figure 10. The first 13 are the standard FHWA classes, while the remaining ones 
represent vehicles with unique characteristics. 
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Figure 10 ς Classes available from inductive-loop classifying sensor 

Classification by axles:  

Axle-based classification can include both the number of axles per-vehicle as well as axle spacing for each 
vehicle. The FHWA has defined 13 vehicle classes based on axle configurations, see Table 3. This vehicle 
classification scheme is generally followed and will be used for analysis in this evaluation.  

Data from the piezoelectric sensors and loop detectors will be sent to an automatic data recorder (ADR) to 
combine and collect per-vehicle axle-based classification. The final result will be an accurate baseline 
measure of distance between each set of axles for each vehicle. 
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Table 12 ς FHWA Vehicle Classification 

Class 

Bin 

No. of 

Axles 
Vehicle Description Notes 

1 2 Motorcycles  

2 2 Passenger Vehicles Sedans, coupes and station wagons 

3 2 Other 2-axle, four tire single unit vehicles  Includes pickups, vans, campers, etc.  

4 2 or more Buses Includes only traditional buses 

5 2 2-Axle, 6-Tire, Single Unit Trucks  

6 3 3-Axle Single Unit Trucks  

7 4 or more 4-Axle Single Unit Trucks   

8 3,4 4 or fewer Axle Single-Trailer Trucks Semi with trailer 

9 5 5-Axle Single-Trailer Trucks   

10 6 or more 6 or more Axle Single-Trailer Trucks   

11 4,5 5 or fewer Axle Multi-Trailer Trucks   

12 6 6-Axle Multi-Trailer Trucks   

13 7 or more 7 or more Axle Twin Trailer Semi Trucks   

 

Classification by Length: 

Although the axle-based classification system is used by many agencies, the FHWA does not require each 
state agency to use this system. Each state agency is allowed to develop its own classification system to suit 
its own needs. Some states are moving towards length-based detection.  Because there is not yet a 
standard method to classify vehicles by length, a number of different agencies have recommended 
schemes. It is common to aggregate data into three to five length-based bins. The proposed length-based 
classification scheme is in Table 4. The table also maps the length bins to FHWA classes. These bins were 
determined based on a survey of multiple states and a 2005 MnDOT study that recommended the use of 
these bins. A per-vehicle analysis of length will be done for each sensor which can then be aggregated into 
any set of length-based bins.  

Table 13 ς Proposed Vehicle Length-based Classifications 

Vehicle Class Vehicle Length Vehicle Class Axle to length adjustment 

Motorcycle 0 to 7ft 1 0 ft 

Passenger Vehicles (PV) 7 to 22 ft 2, 3 2.6 ft 

Single Unit Truck (SU) 22 to 37 ft 4,5,6 12.8 ft 

Combination Trucks (MU) Over 37 ft 7-13 3.4 ft 

 

One possible method for a length-based detection baseline is to use loop detectors. A study conducted for 
the Florida DOT compared loop-measured length with manually-measured length.  The study found an 
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average length difference for each FHWA vehicle class measured by these two methods. This information 
can be applied to determine appropriate adjustments for each length-based bin. For the upcoming 
evaluation period, a modification can be made to loop system determined vehicle length to appropriately 
apply an adjustment to determine vehicle length. A preliminary estimate is shown in the right column of 
Table 4. These numbers will be refined when the mix of traffic at the NIT Test Site is known and more 
information about the Florida study is known. 

A second possible baseline for length-based classification is to use piezoelectric sensors to determine the 
length between each axle of a given vehicle. A modification will be made to apply an adjustment to the 
length between the front and rear axle to determine vehicle length. The estimator value will be different for 
each FHWA classification. Project team members will determine these estimator values for each 
classification by measuring difference in axle length and total length of 10-20 vehicles in each class and then 
determining the average difference, which will be the estimator value for that class. 

6.2.7 Speed Monitoring  

Every Federal Fiscal Year (October through September), quarterly and annual speed monitoring reports are 
prepared by the OTST and submitted to the Federal Highway Administration (FHWA) Division Administrator. 
The results of this program are used to determine speed trends throughout the United States. Additional 
reports are sent to the Commissioner, all MnDOT districts, the MnDOT Library, Department of Public Safety, 
and the Legislative Reference Library. 

Various methods are currently being used for the collection of data. Radar transmission devices, although 
useful in certain situations, are not used in the speed monitoring program due to manpower requirements. 
Below is a list of speed data collection devices.  

V Weigh-In-Motion (WIM) Stations These devices are located throughout the State and collect a 
variety of data including the weight and speed of vehicles. The information is collected 
automatically. 

V Automatic Traffic Recorders (ATR) Sites ATRs automatically collect information by means of in-
pavement loop detectors. ATRs are located throughout the State and are typically used to 
determine vehicle counts. A small number of them have been installed to allow the collection of 
speed data.  

V Portable data collection machines with road tubes, in-pavement loop detectors, or portable 
magnetic sensing devices. This method of data collection requires the placement of a sensing 
device on the road surface which connects to the data collection machine located off the road. This 
method is undesirable due to manpower requirements. 

6.2.8 Wrong-Way Detection 

An important area of concern relative to highway safety is the occurrence or drivers going the wrong way 
on one-way streets, highway mainline lanes, or highway entry or exit ramps. Along with significant signing, 
various monitoring approaches have been tried and implemented to provide immediate detection of 
vehicles going the "Wrong Way". To date, systems using magnetic induction loops represent the most 
common solution for "Wrong Way" detection. Two or more loops are placed in the roadway as shown in 
Figure 11. Relative to the correct direction of travel, loop #1 is the upstream vehicle detection sensor and 
loop # 2 is the downstream vehicle detection sensor. In the presence of traffic, vehicle detection at loop # 1 
followed by detection at loop #2 indicates the correct direction of travel by the detected vehicle. Vehicle 
detection at loop #2 followed by detection at loop #1 indicates the incorrect direction of travel by the 
detected vehicle. When properly installed and maintained, the loop-based system performance should be 
reasonable. 
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Figure 11 ς Loop Based Wrong Way Detection 

6.2.9 Detection Zone 

Detection Zone (Area of Detection, Detection Area, Zone of Detection, Effective Loop Area, Field of 
Influence, Field of View, Sensing Zone, Footprint) is the area of the roadway within which a vehicle is 
detected by a sensor system. 

6.2.10 Setup vs. Design Parameters 

(reserved) 

6.3 Closed Circuit Television (CCTV) 

CCTV shall mean a video or still picture camera system used to collect images and relay images to a central 
monitoring location, and project images onto a video monitor, television screen, Internet display, or other 
monitoring equipment. 

Closed circuit television (CCTV) cameras are a key part of traffic management systems. The primary benefit 
of CCTV is the ability to provide visual information required to make informed decisions. CCTV cameras are 
used for roadway traffic monitoring, verification of incidents detected by other means (e.g., cellular calls, 
speed detectors, etc.), and for assistance in determining appropriate responses to an unplanned event or 
incident. Beyond these tasks, cameras can be utilized for: 

V Monitoring traffic movements on the mainline and ramps. 

V Variable Message Sign verification. 

V Verification of stranded motorists and incidents. 

V Observing localized weather and other hazardous conditions. 

V Allows dispatching of safety personnel 

6.3.1 The Camera System 

The camera system is a suite of components which work together to create a seamless video unit. The 
camera system is capable of acquiring traffic video, digitizing and transmitting the resulting data into a 
network infrastructure, and receiving and reacting to commands with feedback to the controlling system. 
Each camera site contains a full camera system and is strategically located adjacent to a route to best 
acquire traffic video. The video system consists of a camera, pan-tilt -zoom (PTZ) assembly and camera 
control receiver (CCR).  
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Both analog and digital cameras are marketed for freeway management application, as summarized below. 
Transmission of analog video requires large amounts of bandwidth. For transmission distances of more than 
500 feet, analog video must usually travel over coaxial cable or fiber optic cable. 

V Analog. The main component for analog cameras is the Charge Coupled Device (CCD) sensor. The 
CCD sensor is a solid-state imaging technology available in a compact, inexpensive format. CCD 
cameras are typically available in a variety of imager size formats, including 2/3", 1/2", 1/3" and ¼". 
The two most common, proven CCTV camera sensors are the interline transfer and frame transfer 
CCDs. Both CCD devices provide good quality video and good sensitivity.  

V Interline CCD is the most commonly used system type for security and surveillance applications in 
traffic management, mass transit, airports, and military applications. Interline CCD sensors are 
smaller than frame transfer imagers, have longer service life, require less periodic maintenance, 
produce no geometric distortion, are immune to vibration, magnetic fields and direct exposure to 
sunlight or headlight, and consume minimal power. The interline transfer CCD image device 
eliminates overload streaking because it is not sensitive to infra-red, improves dynamic range, and 
also provides high resolution. 

V The frame transfer CCD imaging device provides extraordinary resolution, and is very well suited to 
full-motion video monitoring under consistent illumination levels. However, the frame transfer 
device uses larger individual photocells and is thus more sensitive. The frame transfer device 
requires a larger chip area, so it costs more and has a higher level of "smear" than interline transfer 
devices. Smear occurs when an illumination source overloads the imager, resulting in the 
appearance of bright vertical lines on the image. Both types of CCD devices have some smear, but it 
is more pronounced in the frame transfer device. 

V Digital. An alternative to analog video technology is Digital Signal Processing (DSP). Digital video 
requires that the analog video source be converted to digital "data". This is accomplished via a 
CODEC (coder-decoder). The process is very similar to the conversion of voice from analog to 
digital, but is substantially more complex. Several different types of video CODECs are available to 
serve a wide variety of communication needs. The CODEC provides two functions. First, it converts 
the analog video to a digital code. Second, it "compresses" the digital information to reduce the 
amount of bandwidth required for transmission. In the process of converting from analog to digital 
and back to analog, the video image loses some quality. The compression process also adds a small 
loss of video quality. Each of the following CODECs has its own set of video image quality loss 
characteristics. 

Night Time Considerations: An IR Cut Filter is an extra filter inside the camera that moves behind the 
camera lens when it gets dark. A camera with an IR Cut Filter will produce very high quality images in low 
light conditions. 

Dome Camera: MnDOT TMC no longer uses the dome style camera. One issue is camera icing. Also, there is 
a blind spot with the domes due to the mounting.  

For arterial operation, CCTV can be used to fine tune signal timing. 

6.3.2 CCTV Mounting 

For fixed location CCTV systems, video cameras are permanently mounted either on existing structures 
along the freeway or on specially installed camera poles.  
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Mounting Heights 

! aƴ5h¢ //¢± ƛǘ ǘȅǇƛŎŀƭƭȅ ƳƻǳƴǘŜŘ ƻƴ ŀ рлΩ ƘƛƎƘ ŦƻƭŘƛƴƎ ǇƻƭŜΦ 5Ŝǘŀƛƭǎ Ŏŀƴ ōŜ Ŧƻund at: 

http://www.dot.state.mn.us/products/tms-its/CCTVMaterials.html  

Field of View 

Current CCTV technology allows viewing of ¼ to ½ mi (0.4 to 0.8 km) in each direction if the camera 
mounting, topography, road configuration, and weather are ideal. The location for CCTV cameras is 
dependent on the terrain, number of horizontal and vertical curves, desire to monitor weaving areas, 
identification of high-incident locations, and the need to view ramps and arterial streets. Each prospective 
site must be investigated to establish the camera range and field-of-view that will be obtained as a function 
of mounting height and lens selection. 

Crankdown Pole 

A MnDOT CCTV it typically mouƴǘŜŘ ƻƴ ŀ рлΩ ƘƛƎƘ ŦƻƭŘƛƴƎ ǇƻƭŜΦ 5Ŝǘŀƛƭǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ŀǘΥ 

http://www.dot.state.mn.us/products/tms-its/CCTVMaterials.html  

Required Wind loads 

The current MnDOT design shall endure a wind velocity of 80mph. 

Existing Structures 

(reserved) 

6.3.3 Performance and Bandwidth 

This is an issue if you do not have a high bandwidth connection to the camera.  For example, in some 
remote rural areas the camera may be using a wireless link with much less bandwidth than a fiber optic 
connection.  In cases of limited bandwidth, you have to trade off things like camera resolution, refresh rate, 
and compression losses.  You have to design the communication system to effectively allow access to the 
video minimizing bottleneck links.  Performance also affects camera control.  In a low bandwidth situation, 
there is a delay between issuing the camera movement command and when you actually see the camera 
moving, which makes it difficult to point the camera where desired.  In these situations you may want to 
make sure that the camera control includes the ability to use presets so that the operator can easily point 
the camera in the desired direction. 

6.3.4 Camera Control 

Using a pan/tilt (P/T) platform, CCTV system operators can change camera position about the 360-degree 
"azimuth" axis, and adjust camera elevation up or down (within a 140 degree range). Together with a zoom 
lens, the P/T allows operators to view a scene within any direction about the camera, and within the lens 
field-of-view and distance ranges.  

 

http://www.dot.state.mn.us/products/tms-its/CCTVMaterials.html
http://www.dot.state.mn.us/products/tms-its/CCTVMaterials.html
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Figure 12 ς CCTV Pole Installation Detail 
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6.3.5 Temporary Cameras 

Portable CCTV systems can serve several purposes including the following: 

V Short-term traffic monitoring in areas with non-recurring congestion (e.g., work zone, critical 
incident, detours etc.). 

V Traffic monitoring at special traffic generators (e.g., stadiums, parades, etc.). 

V Traffic monitoring along evacuation routes 

V Determination of optimum camera location for fixed location CCTV systems. 

Portable CCTV systems are typically mounted in a light truck or van or on a trailer. Components of a 
portable system include the following: 

V Camera with pan-tilt -zoom capability. 

V Telescopic boom. 

V Television monitor and video recorder 

V Camera control unit for controlling pan, tilt, and zoom functions. 

V Generator for powering equipment; or battery power with solar charging 

V Air compressor for operating telescopic boom. 

V Wireless communications 

6.3.6 Camera Housing 

The camera housing is made up of the environmental enclosure and pan/tilt zoom unit, heaters, windshield 
washers, wipers, etc. 

6.4 Dynamic Message Signs (DMS) 

A dynamic- message sign, often abbreviated DMS, is an electronic traffic sign often used on roadways to 
give travelers information about special events. Such signs warn of traffic congestion, accidents, incidents, 
roadwork zones, or speed limits on a specific highway segment. In urban areas, DMS are used within 
parking guidance and information systems to guide drivers to available car parking spaces. They may also 
ask vehicles to take alternative routes, limit travel speed, warn of duration and location of the incidents or 
just inform of the traffic conditions. 

A complete message on a panel generally includes a problem statement indicating incident, roadwork, 
stalled vehicle etc; a location statement indicating where the incident is located; an effect statement 
indicating lane closure, delay, etc and an action statement giving suggestion what to do traffic conditions 
ahead. These signs are also used for AMBER Alert messages. 
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Figure 13 ς Bridge Mounted Dynamic Message Sign 

6.4.1 DMS Location and Design 

The most critical locations for installing permanent DMSs are in advance of interchanges or highways where 
drivers have the opportunity to take some action in response to messages displayed on the sign. A DMS 
should not compete with existing roadway signs. At times, relocation of some static signs may be required 
in order to install a DMS at a critical location. In general, a DMS should be permanently installed at the 
following locations:  

V Upstream from major decision points (e.g., exit ramps, freeway-to-freeway interchanges, or 
intersection of major routes that will allow drivers to take an alternate route). 

V Upstream of bottlenecks, high-accident areas, and/or major special event facilities (e.g., stadiums, 
convention centers). 

V Where regional information concerning weather conditions such as snow, ice, fog, wind, or dust is 
essential. 

The ease with which a sign can be detected in the environment (conspicuity) and the ease with which the 
message can be read (legibility) will enhance the effectiveness of motorists' visibility of the CMS and its 
message. In addition, the manner in which the message is displayed must be considered (e.g., if the 
message is too luminous, it can be easily detected but difficult to read because of glare.) Factors that affect 
the legibility of light-emitting CMSs include the character height; font style; character width (spacing and 
size of pixels); spacing of characters, words and lines; size of sign borders; and contrast ratio.  

The DMS designer and operator need to know about the actual site characteristics in the vicinity of the 
DMS. These characteristics dictate the amount of information that can be displayed. Among the items of 
interest are the following:  

V The operating speed of traffic on the roadway; 

V The presence and design characteristics of any vertical curves affecting sight distance; 

V The presence of horizontal curves and obstructions such as trees, bridge abutments, or 
construction vehicles that constrain sight distance to the CMS around the curve; 

V The location of the CMS relative to the position of the sun (for daytime conditions); 

http://upload.wikimedia.org/wikipedia/commons/c/c3/MN_Changeable_Message_Sign.jpg
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V The presence, number, and information on static guide signs in the vicinity; and 

V Whether or not rain or fog is present to degrade visibility to the sign. 

Other design considerations include: sign size (which affects message length as well as support structure 
requirements), maintenance access (e.g., walk-in housings, front access), technology, viewing angle and 
distance, character size, and sign position relative to sun during various times of day and days of the year. 

As discussed later, the maximum length of a message that should be displayed is primarily dictated by the 
amount of information drivers can read and comprehend during the period when they are within the 
legibility distance of the DMS. The maximum length of a DMS message is also controlled by the 
characteristics of the sign. These include the type of sign (LED, fiberoptic, etc.), the number of lines 
available, and the number of characters on each line. Each of these characteristics can have an effect on 
how far away the DMS can be read and, consequently, how much information can be presented to 
motorists. It should be the responsibility of the TMC manager/supervisor to assess the DMS characteristics 
and determine the maximum length of message to display.  

6.4.2 Sign Types 

Most signs are based on Light Emitting Diode (LED) technology.  LEDs are low power and last for a long time.  
Some signs can be supplemented with flashing beacons.  Many signs have photocells to sense the ambient 
lighting conditions and adjust the brightness of the display automatically.  Some signs have environmental 
controls in their housing, such as ventilation fans and potentially heaters.  Some signs can incorporate 
locally generated data into the centrally controlled message, such as including the time, temperature, or 
speed of closest vehicle into the message on the sign.  Many signs have built-in diagnostics that can notify 
an operations center upon failure of pixels, modules, communications, environmental controls, etc. 

Overhead Mount vs. Roadside Mount 

If you have more than 2 lanes per direction of traffic, or heavy traffic with 2 lanes per direction, the 
ƻǾŜǊƘŜŀŘ Ƴƻǳƴǘ ƛǎ ōŜƴŜŦƛŎƛŀƭ ǎƻ ǘƘŀǘ ƻǘƘŜǊ ǘǊŀŦŦƛŎ ŘƻŜǎ ƴƻǘ ōƭƻŎƪ ǘƘŜ ŘǊƛǾŜǊΩǎ ǾƛŜǿ ƻŦ ǘƘŜ ǎƛƎƴΦ  CƻǊ н ƭŀƴŜ 
roads (one lane per direction), or for 4 lane roads with light traffic, a roadside mounted sign may be 
acceptable and will probably be less expensive. 

Sign Characteristics 

DMS can be character based, line matrix, or full matrix.  A character based sign has a defined set of  
characters and can display one character per position on the sign.  These signs cannot do graphics.  A line 
matrix sign considers each line of the sign as a grid of pixels, and can display any combination of pixels on 
the line.  This allows different fonts for text and allows for graphics.  A full matrix sign considers the whole 
sign as one big matrix of pixels which can be controlled in any combination.  This allows for even more 
advanced fonts, such as fonts taller than a single line of the sign, and allows for graphics. 

Pixel Colors 

Many signs have amber pixels on a black background.  The MN MUTCD recommends that the color be 
suitable for the type of message, such as white on black for regulatory, yellow on black for warning, etc., but 
allows using amber for everything.  High definition full color matrix signs are full matrix signs with closely 
spaced pixels that can be any color.  This allows close replication of standard sign elements, such as an 
Interstate freeway route shield.  Although they are capable of displaying photos and moving images, these 
should not be used in the highway environment. 

6.4.3 Sign Control 

Sign control allows an operator to select a message for display on a sign and to monitor and adjust other 
sign parameters.  Sign control may be provided locally at the sign location itself or remotely from a center.  
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Portable Changeable Message Signs mounted on a trailer for temporary use are a common application for 
local sign control, such as in a work zone.  A permanently mounted DMS will normal provide for remote 
control of the sign.  The operator will want to be able to remotely determine what message is currently 
displayed on the sign, to put new messages on the sign, to blank out the sign, and to obtain diagnostic 
information on the condition of the sign.  Sign control may allow an operator to adjust parameters such as 
brightness, temperature for cooling fans to turn on, etc. 

6.5 Ramp Meters 

Ramp Meters are traffic signals on highway entrance ramps, and they are designed to:  

V Reduce crashes  

V Reduce congestion  

V Provide more reliable travel times 

MnDOT Goals for Ramp Meters: 

V Ramp meter waits will be no more than four minutes per vehicle on local ramps and two minutes 
per vehicle on freeway-to-freeway ramps.  

V Vehicles waiting at meters will not back up onto adjacent roadways  

V Meter operation will respond to congestion and operate only when needed. 

Ramp meters may be controlled locally based on time-of-day and day-of-week, or via traffic responsive 
metering where metering is enacted based on volume, occupancy, or speed being obtained by the local 
freeway detection. Ramp meter plans are stored in the controller in the same manner as surface street 
intersection traffic signals. In the Twin Cities, ramp meters are centrally located.  

 Flashers are installed above standard "Signal Ahead" signs on high-speed ramps requiring advance warning 
of the metering operation. The flashers, 8-inch circular yellow indications mounted at a height of 10 feet, 
operate during the metering period. 

6.5.1 Signal Heads and Mounting 

Signal head and mountings ς materials are important. Away from painted poles, etc. Figure 14 illustrates a 
one-way ramp control detail. 
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Figure 14 ς Ramp Meter (One-Way) Detail 

6.5.2 Control Cables 

(reserved) 
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