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1 Scope 
Advanced Traveler Information Systems (ATIS) provide dynamic safety, delay and other 
information to travelers to help plan their trip (pre-trip) as well as during their trip (on 
route). The dissemination of traveler information is typically done through internet, 
cellular phones, telephones, kiosks, television, radio, in-vehicle systems, and fixed road-
side ITS (Intelligent Transportation Systems) elements such as changeable message 
signs, highway advisory radio, etc.  

The coverage of highways by fixed ITS elements is limited as shown in Figure 1. 

Figure 1. Nationals Trends on ITS Coverage of Freeway Management 

Source: Deployment Statistics from Research and Innovative Technology Administration 
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Traffic delays caused by highway events such as  crashes, disabled vehicles, work zones, 
adverse weather events, and planned special events are called non-recurring congestion. 
About half of all congestion is caused by temporary disruptions that take away part of the 
roadway from use – or "non-recurring" congestion.  

The three main causes of non-recurring congestion are: incidents (25 percent of 
congestion), work zones (10 percent of congestion), and weather (15 percent of 
congestion). Travelers and shippers are especially sensitive to the unanticipated 
disruptions to tightly scheduled personal activities and manufacturing distribution 
procedures. Aggressive management of non-recurring disruptions, such as incidents, 
work zones, weather, and special events can reduce the impacts of these disruptions and 
return the system to "full capacity."  (1). 

Advanced Traveler Information Systems (ATIS) are a key component in managing the 
mobility and improving highway safety on the freeways and arterials in California.  
Studies reveal that travelers appreciate and value timely information on traffic conditions, 
which reduces the uncertainties in travel times and related stress (2,3).  Reliable 
information on real-time traffic conditions enables travelers to make educated choices 
about their route, departure time or even transportation mode, with the result of bringing 
about system self-management towards optimal performance. An evaluation of customer 
satisfaction with traveler information systems in Seattle found the following benefits of 
real-time traveler information (4). 

 Reduced trip time (43 percent).  

 No answer (18 percent).  

 More predictable travel (13 percent).  

 Less stressful conditions (12 percent).  

 Other (8 percent).  

 Safer Travel conditions (6 percent). 

The travelers benefit more from the availability of real time information about non-
recurring congestion sites as they are unforeseen by motorists on route.  However, in the 
absence of any fixed ITS infrastructure or their adaptability to the situation at the 
impacted location, reliable real-time travel information can not be provided in these 
situations.  

This project is aimed at addressing the ability to more systematically and rapidly deploy 
portable field elements to provide real-time traveler information to motorists in areas 
where no adequate fixed elements are present and non-recurring delays occur.   

1.1 Identification 
This concept of operations document is focused on the Portable Advanced Traveler 
Information Systems (Portable ATIS). This system typically includes a portable traffic 
detection system, on-site or centralized data processing unit, an information 



7 

 Concept of Operations for Portable ATIS   
                     

CCAALLIIFFOORRNNIIAA  CCEENNTTEERR  FFOORR  IINNNNOOVVAATTIIVVEE  TTRRAANNSSPPOORRTTAATTIIOONN  
 

dissemination system such as set of changeable message signs and highway advisory 
radios and the communication systems needed for these subsystems to work together. 
Changeable message signs as part of Portable ATIS need to conform to the Caltrans 
Traffic Operations Policy Directive # 05-07 found at this web link, 
http://www.dot.ca.gov/hq/traffops/signtech/signdel/policy/05-07.pdf. Portable ATIS may 
also have Portable CCTV cameras as an optional component. 

  

1.2 Document Overview 
This concept of operations document is aimed at better use of Portable ATIS in California 
by defining the subsystems, their specifications, user requirements and providing an 
understanding of how the system will operate by demonstrating the use of Portable ATIS 
in operational scenarios.  
 
The intended audiences of this document are the Caltrans Headquarters Operations and 
Maintenance personnel, Caltrans District Operations and Maintenance personnel, 
potential suppliers of Portable ATIS and Caltrans Headquarters IT personnel.  
 
This document describes the current situation in providing traveler information around 
non-recurring congestion sites at Caltrans Districts 2 and 3, the proposed changes and the 
justification, as well as the examined concepts for the proposed system addressing the 
changes. The document is concluded by a presentation of operational scenarios along 
with a summary of impacts and analysis of the proposed system in terms of limitations 
and challenges. 
 

1.3 System Overview 
The purpose of Portable ATIS is to provide real-time safety and delay information on 
non-recurring congestion to the travelers that are on route as well as make this 
information available to be used for system-wide regional traffic management. Portable 
ATIS typically includes a portable traffic detection system, on-site or centralized data 
processing unit, an information dissemination system such as set of changeable message 
signs or highway advisory radios and the communication systems needed for these 
subsystems to work together. 

The road-side elements as part of Portable ATIS need to meet the crashworthiness 
requirements as prescribed by Caltrans / Federal Highway Administration. Changeable 
message signs as part of Portable ATIS need to conform to the Caltrans Traffic 
Operations Policy Directive # 05-07. 

An example depiction of the proposed system is shown in Figure 2. The major 
components of Portable ATIS are as follows: 
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1. Portable traffic detection system (e.g., microwave or radar based non-intrusive 
sensors); 

2. Data processing unit (i.e., an on-site or off-site unit to process data from traffic 
detection system and estimate the travel time or delay for a defined roadway 
section); 

3. Information dissemination system (i.e., Changeable Message signs and Highway 
Advisory Radios for this effort); 

4. Communication systems needed between the above three components (i.e., most 
of the communication between the components need to be wireless). 

Figure 2. Overview of Proposed System (Portable ATIS)  

 
This system ideally will not take more than five hours of set-up and calibration time in 
the field. The set-up and calibration time includes the time from the arrival of equipment 
on-site to the time when the first message is online on the CMS or HAR. The system may 
require further calibrations for another 24 hours. Portable ATIS may be considered for 
use at the site of a non-recurring congestion event lasting a minimum of one-week 
duration because of the total time needed in terms of notification, set-up and calibration. 
This will provide travelers useful real-time safety and delay information. 
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The traffic detection system, the data processing unit and the communication link 
between these components and a specified central location (e.g., Transportation 
Management Center) are critical components of this system. Portable Changeable 
Message Signs (CMS) are also needed to disseminate the real-time information to the 
travelers’ on route in the absence of fixed CMSs. The messages can additionally be 
provided through available fixed CMSs in the vicinity.  The information dissemination 
through Highway Advisory Radio is optional and may not be needed at certain instances. 

Short descriptions of different components of Portable ATIS are as follows: 

 Changeable Message Signs (CMS) 

o Fixed site CMS – Typically located along major highways to deliver 
general highway/traveler information to travelers 

o Portable CMS – Typically deployed near work zones to inform travelers 
of delays and to advise them to tune into a HAR frequency for more 
detailed information 

 Data Processing System 

o System which receives the traffic data from the vehicle detection system 
and calculates estimated delays and related alarms and has the capability 
to generate messages to display on the CMS 

o To provide TMC staff with estimated delays and related alarms 

 Portable Vehicle Detection System: 

o Mobile systems that detect and monitor traffic and assess traffic conditions 
in real-time in a work zone area or incident location 

o Portable  systems that can be easily moved to new locations and 
recalibrated to accommodate construction staging and traffic flow 
adjustments/changes  

 Highway Advisory Radios (HAR) 

o HARs are available in both AM and FM frequencies 

o Fixed site HAR – Typically located along major highways to deliver 
detailed highway/traveler information to travelers 

o Portable HAR – Typically deployed near work zones to inform travelers 
of delays, closures, alternate routes, etc. 

 Communication links from a TMC to Portable ATIS site  

o To control CMSs or HARs 

o To observe traffic via a Closed Circuit Television (CCTV) camera if 
available 
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o To receive data from a work zone  or incident location (e.g. photo of a 
highway disruption) 

o To communicate with on-site personnel, Caltrans or contractor 

  Communication between an on-site supervisor and a portable  HAR and/or CMS  

o Local Area Network (LAN) 

o Cellular or Geostationary (GEO) satellite connection to a portable HAR 
and/or CMS 

 Future traveler information technology - Dedicated Short Range Communications 
(DSRC) system to provide data communications between a roadside site and a 
laptop computer or Personal Digital Assistant (PDA) in a vehicle.  

The project team has interviewed the potential users of the proposed system and has 
gathered the user needs into a separate user requirements document. These user 
requirements are also presented here in this document under the justification for changes 
section (Section 4.1). 
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2 Referenced Documents 
 Caltrans District 7 has completed a Concept of Operations document for Work 

Zone Traffic Management System (WZTMS), Version 1.1, September 30, 2008.  
This system is focused on the use of portable ITS elements in the event of loss of 
fixed ITS elements due to construction related roadway events. This document is 
available from Caltrans District 7. 

 Final Rule on Work Zone Mobility and Safety, Federal Register / Vol. 69, No. 
174, September 9, 2004. This final rule lays out guidance on work zone planning. 

 Final Rule on Temporary Traffic Control Devices, Federal Register / Vol. 72, No. 
233, December 5, 2007. This rule includes conditions for the appropriate use of, 
and expenditure of funds for, installation and maintenance of temporary traffic 
control devices during construction, utility, and maintenance operations. 

 Work Zone Operations Best Practices Guidebook, Publication No. FWHA-OP-
00-010 April 2000. 

 The California Policy: Deputy Directive 60, Dated March 25, 2002.  

 Caltrans Transportation Management Plan (TMP) Guidelines dated may 2004. 

 Evaluation of Portable Automated Data Collection Technologies: Interim Report, 
Work Accomplished During Fiscal Year 2005-2006 report by San Diego State 
University. California PATH Working Paper (UCB-ITS-PWP-2006-9) 

Other documents that are referenced in the text of this document are provided in the last 
section as References. 
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3 The Current Situation 
This section describes the relevant current practices of traffic management around 
planned and un-planned events on highways using examples from Caltrans Districts 2, 
and 3.  

3.1 Background, Objectives and Scope 
The planned and un-planned events on the highways can generally be divided into long-
term, mid-term and short-term events. For the purpose of this effort, short-term events are 
defined as events that last less than a week-long. The mid-term events are defined as 
events of duration between one-week and one-month long. Events that last longer than 
one-month are referred to as long-term events. 

For long-term planned events, District Traffic Manager reviews the expected traffic 
conditions as part of developing the Transportation Management Plan (TMP) and 
recommends use of Portable CMSs, HARs and other systems. Transportation 
Management Plan (TMP) is required to be developed for all lane closures by the District 
Maintenance, Operations or other permitted work.  For a number of long-term planned 
events, Caltrans has included a requirement for the construction contractor to provide 
portable Changeable Message Signs (CMS). The contractor provided CMSs are typically 
used to provide safety messages (e.g., stopped traffic). Currently, these systems do not 
typically provide any real-time delay or travel time messages to the traveling public. 
Most of these systems are not connected to the Transportation Management Center 
(TMC).  

At the short-term and mid-term planned event locations, Caltrans uses arrow boards and 
other equipment as advised in the traffic management plan (TMP) prepared in accordance 
with MUTCD and Caltrans policies (e.g., travel delays caused by the event not to exceed 
15 minutes). 

Most of the unplanned event locations (e.g., road blockage due to mudslide, etc.), does 
not provide any dynamic safety or delay related information. As indicated in Chapter 1, 
travelers on route are typically caught unaware of these incidents and do not have all of 
the information at the right time to make their route selections. Portable ATIS that 
interacts with a TMC or other centralized location will enable system-wide regional 
traffic management. 

Goal: Provide real-time safety and delay messages related to mid-term and long-term, 
planned and unplanned events to system-wide traveling public, as needed. 

Objectives: The objectives of Portable ATIS are as follows: 

 Enable the districts to provide real-time safety and delay related information 
to travelers on route in time to make appropriate route selections around 
planned and unplanned events. These events are typically mid-term or long-
term. 
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 Facilitate system-wide regional traffic management by integrating Portable 
ATIS with existing regional traffic management systems. 

Portable ATIS is aimed at overcoming the following challenges with temporary work 
zone ITS systems currently available in the market place: 

1. Available systems providing real-time information at work zones need set-up and 
calibration times longer than a week; 

2. Recent evaluations of portable work zone information systems in California have 
determined the evaluated systems to be unreliable (i.e., high downtimes) and 
inaccurate (i.e., errors in delay estimations); 

3. Available systems are not readily compatible with ATMS and other software used 
in the regional Transportation Management Centers (TMC); 

4. There are no defined processes for the data from portable ITS elements to be 
integrated into regional traveler information systems; 

Portable ATIS will have a set-up and calibration time of less than five hours, will use a 
non-intrusive vehicle detection system that does not involve any impact on the roadside, 
will be connected to the regional TMC or another central location in an automated way 
needing minimal TMC – staff time. 

Modes of Operation: In the current situation, there is no real-time traveler information 
provided at the locations of most of the unplanned events. At some of the mid-term and 
long-term planned events on roadways, the end-executors of the activity on the roadway 
(e.g., construction contractor) are required to provide estimated delay and safety 
information (i.e., not estimated in real time). The contractors assume the full 
responsibility for the operations and maintenance of the systems that provide dynamic 
traveler information at these locations.  

Fixed ITS field elements such as CMS and HAR in the vicinity are used sometimes to 
provide safety and other information near planned and unplanned events on the 
roadways. 

Classes of Users: 

1. Traveling Public – these are the travelers on route that need to be informed about 
the roadway event and related messages in time for them to make route-choice 
decisions.  Portable ATIS will interact with the traveling public through the 
portable or fixed changeable message signs, HARs and regional Traffic 
Management Centers (TMC) that can disseminate delay information through 
other regional traveler information interfaces such as 511 and websites. 

2. Set-up and Maintenance Personnel – District personnel, typically maintenance 
personnel that will be responsible for the on-site equipment and the set up. These 
personnel are expected to be trained in handling roadside equipment and 
temporary equipment installation. They will also be responsible for taking the 
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equipment down and back to the district offices. These personnel make sure that 
the system is powered on, perform the setting up on-site and house the system 
during non-use. 

3. Operating Personnel – District personnel, typically Transportation Management 
Center personnel will be responsible for the calibration and actual operations of 
Portable ATIS. These personnel are trained professionals in telecommunication 
needs for fixed or portable field elements. 

4. Regional Traveler Information Providers: District and Headquarters personnel 
that are responsible for 511 and other regional traveler information services (e.g., 
www.511.org). These personnel are very familiar with the TMC systems (e.g., 
ATMS). These users will interact with Portable ATIS through a TMC system. 

Interfaces to Operational Environment: The operational environment of the current 
situation includes the roadside of the identified event location and TMC procedures for 
traffic management. 

Scope of Current Situation: Current situation as related to the proposed system includes 
mid-term and long-term events if determined to be needed by the corresponding District 
personnel. District maintenance personnel house the current equipment used or the 
construction contractor is required to provide the current equipment as well as operate 
and maintain it for the life of the project. When the portable CMSs from the maintenance 
yards are used, the Resident Engineer (if construction zone), District Operations office 
and TMC personnel coordinate with maintenance on the placement as well as messages 
on the signs. In the current situation, dynamic traveler information is not typically 
provided even when Portable CMSs are used.  

3.2 Operational Policies and Constraints 
For planned events such as construction activities, Caltrans uses three categories of 
transportation management plans (TMPs) based on the expected work zone impacts of 
projects.  

The first category is a "Blanket TMP." This applies to projects where work is done on 
low volume roads during off peak hours and no delays are expected. It also applies for 
moving lane closures. Typical TMP strategies for such projects include portable 
Changeable Message Signs (CMS), freeway service patrols (FSP), travel management 
techniques (TMT), and work during off-peak hours.  

The second category is a "Minor TMP." The majority of Caltrans road projects fall under 
this category. Generally such projects cause minimal impacts. Lane closure charts and 
some mitigation measures are required. Typical TMP strategies for such projects include, 
night work, portable and fixed CMS, construction zone enhanced enforcement program 
(COZEEP), TMT, highway advisory radio (HAR), FSP, gawk screens, etc.  

The third category is a "Major TMP." About 5% of Caltrans road projects fall under this 
category. Generally such projects cause significant work zone impacts, and may require 
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multiple TMP strategies and multiple contracts. Typical TMP strategies for such projects 
include, public awareness campaigns, fixed CMS, extended closures, moveable barriers, 
COZEEP, detours, reduced lane widths, web site, helicopter traffic reports, etc (5).  

Caltrans also provides policy guidance on determining significant traffic impact. As per 
the guidance, "significant traffic impact is 30 minutes above normal recurring traffic 
delay on the existing facility or the delay threshold set by the District Traffic Manager 
(DTM), whichever is less."(6). 

Institutional Constraints: Most of Caltrans Districts have two different offices for 
Operations and Maintenance. This has hindered the use of portable CMSs owned by the 
districts for the following reasons: 

1. Portable CMSs are housed by the maintenance personnel while the operations 
personnel manage the Transportation Management Centers (TMC); 

2. Maintenance personnel are tasked with managing the actual planned and 
unplanned events on roadways while the operations personnel are responsible for 
the system-wide traffic management. 

3. Because of the divided responsibilities, Caltrans Districts that have two different 
offices for Operations and Maintenance do not have portable CMSs that are 
integrated to a TMC. 

3.3 Description of the Current Situation 
Caltrans District 3 has two different offices for Operations and Maintenance. So, the 
current situation with providing traveler information around planned and unplanned 
events on roadways are described here. 

Long-term Planned Events (e.g. Work Zones): If the planned events are construction 
projects, requirements to provide delay information through portable CMSs are included 
in the construction RFP for some of these projects as needed and the construction 
contractor typically provides the Portable CMSs and the complete stand-alone system. 
Typically in those cases the signs are controlled by the contractor and Caltrans requests 
messages on these signs as necessary either locally or remotely. The District is 
responsible for the messages on these signs and they monitor them. 

If it is a non-construction related work zone and it is determined that a Portable CMS is 
needed for traveler information, Traffic Management Team (TMT) from Maintenance 
pulls the Portable CMS trailer to the location and sets it up. These portable CMSs 
typically have a cellular modem and are controlled using proprietary software at the 
location. These Portable CMSs are also typically not connected to the Regional TMC. 

Mid-Term and Short-Term Planned Events (e.g. Work Zones): District determines 
whether traveler information using Portable CMSs need to be provided based on the 
Average Daily Traffic (ADT), the safety risks associated with the work zone, etc. If it is 
determined that Portable CMSs are needed, then TMT is asked to pull the Portable CMS 
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trailer to the location and set it up. These Portable CMSs are also typically not connected 
to the Regional TMC. 

Incidents / Special Events: District does not typically use portable CMSs at these 
locations. Static signs as well as any fixed ITS elements near these events are used for 
traveler information. 

In Caltrans District 2, both the Operations and Maintenance are under the same office. 
The current situation with providing traveler information around planned and unplanned 
events are described below 

Long-term Planned Events (e.g. Work Zones): On a three years-long bridge deck 
replacement project on a section of Interstate 5 that carried relatively lower Average 
Daily Traffic (ADT), huge backups (i.e., up to 20 miles of queuing at times) and delay 
were experienced during major holidays (e.g. Memorial Day). So, District 2 had the 
Contractor place Multiple Portable CMSs at this work zone before and on major holidays. 
The Contractor manually controlled these Portable CMSs with messages from the 
regional Transportation Management Center (TMC).  

The Traffic Management Team (TMT) went out and drove tag-runs (i.e., following 
random cars in the traffic stream and estimating delays at various times of the day) to 
estimate the delay times and manually radioed those times into the regional 
Transportation Management Center. The regional Transportation Management Center 
personal manually controlled the messages on the permanent CMSs and HARs by 
appropriately placing safety-related messages as well as the delay estimations from the 
tag-runs by TMT. The contractor did the same update to the portable CMSs via manual 
control. As part of the contract, the Contractor provided additional Portable CMSs that 
stayed about 1000 feet ahead of the stopped traffic as the backups grew longer. 
Permanent CMSs in the neighborhood of this segment of Interstate 5 as well as Highway 
Advisory Radios were also used to inform the drivers of the estimated delays as well as 
stopped traffic related safety messages. 

Mid-Term and Short-Term Planned Events (e.g. Work Zones): District typically does not 
provide any real-time delay or safety information around mid – term and short – term 
events. 

Incidents / Special Events: District does not typically use portable CMSs at these 
locations. Static signs as well as any fixed ITS elements near these events are used for 
traveler information. 

3.4 Modes of Operation for the Current Situation 
In the current situation, there is no real-time traveler information provided at the locations 
of most of the unplanned events. At some of the mid-term and long-term planned events 
on roadways, the end-executors of the activity on the roadway (e.g., construction 
contractor) are required to provide estimated delay and safety information. The 
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contractors assume the full responsibility for the operations and maintenance of the 
systems that provides dynamic traveler information at these locations.  

Fixed ITS field elements such as CMS and HAR in the vicinity are used sometimes to 
provide safety and other information near planned and unplanned events on the 
roadways. In rural districts, the likelihood of a fixed ITS element near a planned or 
unplanned event is very low. In Urban areas, availability of fixed ITS elements in the 
vicinity of an event is more likely. But, the functioning of these fixed elements may 
themselves be disrupted due to the roadway event. A related research on this topic of 
utilizing temporary ITS field elements when the fixed ITS elements are affected is 
currently underway at Caltrans District 7. 

3.5 User Classes and Other Involved Personnel 
This section describes the organizational structure at the District level showing the 
personnel that are involved in providing traveler information on planned and unplanned 
events on California highways and is followed by a short profile on the user classes and 
the interactions among the user classes. 

3.5.1 Organizational Structure 
For construction projects on the highways, a Resident Engineer (RE) is assigned as the 
point person who is responsible for the execution of the construction project. Caltrans 
Headquarters Operations and Maintenance personnel may provide support and approval 
of Traffic Management Plans (TMP). As described earlier, some of the Caltrans districts 
have two different offices for operations and maintenance. Maintenance personnel are 
typically responsible for any needed activities on site and house the portable CMSs. 
Operations personnel coordinate with the Resident Engineer and Maintenance personnel 
as needed on traffic management around construction events. Figure 3 provides a simple 
depiction of agency stakeholders and typical communication flows for the use of Portable 
ATIS for planned events. 
 
For planned special events as well as the unplanned events (e.g., incidents), the agency 
stakeholders and the communication flows are very similar except the absence of 
Resident Engineer and TMP coordinator at the district. Figure 4 shows a simple depiction 
of agency stakeholders and typical communication flows for the use of Portable ATIS for 
unplanned events. 
 
The regional Traveler Information entity could be the 511 system as well as any other 
advanced traveler system that is used in the region by the traveling public. 
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Figure 3. Agency Stakeholders and Organization for Planned Events 

 
 
 

Figure 4. Agency Stakeholders and Organization for Unplanned and Planned 
Special Events 
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3.5.2 Profiles of User Classes 
The users of current system (i.e., stand-alone contractor supplied dynamic information 
systems at work zones) can generally be categorized as the stakeholders within the 
agency (i.e., Caltrans) and non-agency stakeholders. Non agency stakeholders can be 
local transportation authorities (e.g., city or county transportation personnel, local EMS 
personnel, traveling public, local trucking entities). Until Portable ATIS is mainstreamed 
in California, the potential providers of Portable ATIS are stakeholders as well. The 
following list of user classes includes agency and non-agency stakeholders. 
 

1. Resident Engineers (RE):  Resident Engineer (RE) is the Project Manager at the 
construction site / project level. Makes TMP changes based upon events. The 
Resident Engineer keeps the District Transportation Management Center well 
informed and up to date on the construction progress, delays, closures, and other 
information which may assist them in the performance of their duties. The 
Resident Engineer coordinates the use of Changeable Message Signs through the 
District Transportation Management Center. The Resident Engineer provides 
guidance to CHP officers performing COZEEP (Construction Zone Enhanced 
Enforcement Program) support. 

2. Traveling Public – these are the travelers on route that need to be informed about 
the roadway events and related messages in time for them to make route-choice 
decisions.  Current systems when used, inform the traveling public through the 
portable or fixed changeable message signs, and other regional traveler 
information interfaces such as 511 and websites. 

3. Set-up and Maintenance Personnel – District personnel, typically maintenance 
personnel are responsible for the on-site equipment and set-up. These personnel 
are expected to be trained in handling roadside equipment and temporary 
equipment installation. They are also responsible for taking the Caltrans 
equipment down and back to their district offices.  

4. Operating Personnel – District personnel, typically Transportation Management 
Center personnel are responsible for the field ITS elements, calibration and actual 
operations. In the current situation, Construction contractors are required to 
provide portable CMS and portable traffic detection systems. These contractors 
are also typically responsible for the set-up, calibration and operations of the 
equipments they provide. District personnel typically have access to the 
contractor-provided equipment through the contractor. These personnel are 
trained professionals in telecommunication needs for fixed or portable ITS field 
elements. 

5. Regional Traveler Information Providers: District and Headquarters personnel 
that are responsible for 511 and other regional traveler information services (e.g., 
www.511.org). These personnel are very familiar with the TMC systems (e.g., 
ATMS). These users typically interact with a TMC system. 
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3.5.3 Interactions between User Classes 
As described earlier, a greater cooperation among the operations and maintenance 
personnel at the district level is needed. Figure 5 presents a simplistic representation of 
the interaction among the user classes of the current situation (i.e., stand-alone dynamic 
information systems at construction zones or other planned events). 

Figure 5. Interaction among User Groups 
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Traveling public interacts with all of the other groups through the field element (i.e., 
portable CMS) or through Regional or commercial traveler information providers. 

3.5.4 Other Involved Personnel 
As noted above, the Caltrans Division of Operations and Division of Maintenance at the 
Headquarters influence the policies and procedures for the use of ITS and other systems 
at the planned and unplanned events. Other involved personnel (i.e., stakeholders) are 
grouped into the following two categories. 

1. Other Agency Stakeholders: Headquarters operations and maintenance personnel 
provide needed direction and assistance to the Districts’ operations and 
maintenance personnel respectively. Headquarters Division of Operations and 
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Division of Maintenance help set policies and procedures related to technology 
deployments. 

2. Other Non-Agency Stakeholders: Commercial traveler information providers may 
also be utilizing the information that is provided by the Transportation 
Management Center on current roadway events.  

Trucking industry representatives are also affected by the planned and unplanned 
events on the roadways. The trucking industry may interface with the current 
systems like the traveling public through the CMS, HAR and additionally through 
communication from a TMC to their dispatch centers. 

3.6 Support Environment 
Caltrans Districts require bidders for the construction projects to provide Portable CMSs 
for certain projects where they expect safety issues or largely varying long delays. 
Construction contractors usually have a subcontractor that is responsible for setting up 
and operating these portable CMSs. These subcontractors are responsible for the full 
operations of the system that is typically stand alone and has no or limited connectivity to 
any Caltrans systems. 

Transportation Management Center (TMC) operators use Advanced Transportation 
Management Software (ATMS) to detect and mange traffic backup from incidents, 
expedite incident clearance, and manage disasters and special event traffic situations. The 
ATMS data also feeds the Department's Performance Measurement System (PeMS) used 
by others within the Department and externally, including researchers and ISPs.  

Commercial traveler information service providers obtain current and archived 
information from freeway Performance Measurement System (PeMS).  

Some districts with ATMS software are able to provide feeds of messages they post on 
Changeable Message Signs (CMS) that are typically fixed and owned by Caltrans. 
Typically these messages are incident or other delay related, warning drivers to take 
specific defensive actions such as accident ahead / merge left / lane closed. 
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4 Justification for and Nature of Changes 
The current offerings of systems that are closest in definition to Portable ATIS are 
typically called smart work zone systems, work zone intelligent transportation systems, 
etc. These systems as described in Chapter 3 are typically stand-alone systems that collect 
traffic information, process the information, and display messages based on the processed 
information on the Portable CMS signs that come with the system. Some of these systems 
do offer HAR and Road Weather information Systems (RWIS) as part of the system. 
Rarely are these systems connected to a Transportation Management Center (TMC). 
When these systems are connected to a TMC, they have a manual interface in most of the 
cases. 
 
The current set of portable ATIS available commercially has discouraged the use of 
Portable ATIS to manage traffic around mid-term planned and unplanned events on 
roadways. Portable ATIS as defined in this effort (i.e., linked to a central location and 
short set-up time) will enable their use at mid-term and long-term, planned and unplanned 
events on roadways. 
 
As indicated in Chapter 1, the non-recurring congestion due to planned and unplanned 
events on roadways is about half of all congestion on roadways. An effective way of 
mitigating non-recurring congestion is to get real-time dynamic information on the non-
recurring congestion to the travelers on-time either pre-trip or on route so that the 
travelers can find an alternate route or adjust their start time and expected arrival times at 
their destination. This calls for the use of Portable ATIS to inform travelers on route as 
well as travelers planning a trip through the location of the non-recurring congestion. 
Portable ATIS is needed when there are no existing fixed ITS elements near the event 
location or the existing fixed ITS elements may be affected due to the planned or 
unplanned event. For example, fixed CMSs and HARs near a construction zone may be 
out of commission because of the disruption to the fiber communication that links the 
specific CMS to the TMC. 

4.1 Justification for Changes and User Requirements 
The following list of user needs for Portable ATIS has been gathered by interactions with 
Caltrans District and Headquarters Operations and Maintenance personnel to reflect 
Caltrans practice in managing work zones and other planned and unplanned events on 
highways. Portable ATIS may have one or more Portable Changeable Message Sign 
(PCMS) and one or more Portable Vehicle Detection System (e.g., Microwave Vehicle 
Detection System).  

The user needs are divided into functional areas for the ease of correlation. The Portable 
ATIS needs to accommodate most of the following: 
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4.1.1 Traveler Information and Display Requirements 
The overall purpose of the Portable ATIS is to inform the traveling public of the delay, or 
travel time to pass through or information on alternative routes to a defined multilane or 
freeway roadway segment consisting of an incident, work zone or other planned event. 
The Portable ATIS should accurately measure traffic conditions and calculate the delay, 
travel time or an equivalent surrogate measure. It is desired that this system also has the 
capability to detect queues and generate related warning messages.   Requirements 
governing displayed information include the following: 

1. The on-site processing unit or the central processing unit of the Portable ATIS 
shall have the option to calculate one of the following: 

a. Total travel time through the work zone / incident area or a defined 
segment of roadway and presence of stopped traffic along with an estimate 
of queue length from the Portable ATIS location; 

b. Total delay time through the work zone / incident area or a defined 
segment of roadway and presence of stopped traffic along with an estimate 
of queue length from the Portable ATIS location; or 

c. An equivalent surrogate measure to delay or travel time through the work 
zone / incident area or a defined segment of roadway and presence of 
stopped traffic along with an estimate of queue length from the Portable 
ATIS location. 

2. The estimated delay time or travel time that is estimated by the Data Processing 
System to be automatically displayed on Portable CMSs shall have an accuracy 
range of ± 5 minutes with respect to the actual delay time or travel time through 
the work zone, incident, or defined segment of roadway.  

3. Portable ATIS shall identify all instances of stopped or slow traffic and the 
estimated queue length of stopped or slow traffic from the Portable ATIS location 
shall have an accuracy range of ± 1/8th of one mile.    

4. Automatically displayed messages must be able to be defined by the system user 
at a remote central location or at a TMC responsible for the highway location. The 
system shall also have a message library with standard messages approved by 
Caltrans. 

5. The system shall enable the system user to override existing messages with other 
messages of higher priority at a remote central location or a TMC (e.g. safety 
warnings over delay information). 

6. The system shall have the capability for TMC personnel to turn on and turn off 
the automated messaging. However, real time traffic conditions 
(speeds/volumes/calculated delay and travel time) and associated alarms shall 
continue to be fed into a TMC.     



24 

 Concept of Operations for Portable ATIS   
                     

CCAALLIIFFOORRNNIIAA  CCEENNTTEERR  FFOORR  IINNNNOOVVAATTIIVVEE  TTRRAANNSSPPOORRTTAATTIIOONN  
 

7. The displayed / broadcast messages should be automatically updated every two 
minutes. 

8. Any time measurements displayed shall be rounded up to the nearest whole 
number of minutes if stopped delay is displayed and to the nearest 5-minutes 
interval if total delay time or total travel time is displayed. 

9. The system shall automatically log all system or component failures, the duration 
of the failures as well as all of the traffic conditions and messages generated by 
the Data Processing System and override messages by a TMC with accurate time 
stamps. This logged data will be maintained in a database that can be accessed 
and downloaded remotely at regular intervals. 

4.1.2 Placement Requirements 
The Portable Changeable Message Signs (CMS) component of the Portable ATIS shall 
display the traveler information to all directions of travel lanes affected by the work zone 
or incident. The following general requirements govern the placement of field elements 
involved in making this system function. 

1. The location of Portable CMSs will vary based on the design of the work zone 
and the incident area. Signs may be located at the first vehicle of the queue or 
may need to be dynamically located at the half or two-thirds length of the 
estimated longest queue length for a 15-minute closure for the given highway 
location. 

2. The system should be such that the display and other system components could be 
placed where there are paved or unpaved shoulders available at the location in 
conformance with Caltrans policies and guidelines on Portable CMS placements. 

3. The system should be non-intrusive (e.g. exclude in-pavement sensors, other 
components that require extensive on-road installations).  

4.1.3 Communication Requirements 
Caltrans rural districts (e.g., District 1 and 2) and other districts have highways that pass 
through terrain where there are numerous communication challenges. Therefore, the 
communication system for the Portable ATIS shall meet the following requirements.  

1. The system shall be able to communicate in work zones or incident areas with no 
line of sight between possible locations of the different system components. 

2.  The system shall be capable of successful deployment in areas with no or poor 
cell phone coverage. 

3. The system should preferably use a type of communication that has the least 
amount of recurring costs per use. 
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4. The system shall be able to overcome any communication interference from 
roadsides or other vehicles passing through the work zone or incident areas. 

5. The on-site processing unit shall be able to be accessed by the regional Traffic 
Management Center through a secure method acceptable to Caltrans. 

4.1.4 Input Requirements 
The system shall require a minimal amount of human input and shall have the capability 
to be customized to the specific location. The following requirements are based on this 
vision. 

1. The system shall account for possible manual errors whenever there is a manual 
input required, using appropriate error-checking and quality control mechanisms. 

2. Use of manual inputs shall be minimized and avoided if possible. 

3. The system shall log all the displayed messages with a time stamp. 

4. All of the communications shall be secure and acceptable by Caltrans standards. 

4.1.5 Ease-of-Use Requirements 
The incidents where Portable ATIS are used may last multiple days. But, a typical work 
zone is expected to be set-up within two hours. Therefore, it is expected that the set-up 
requirements of the Portable ATIS should not add too much additional effort. 

1. The system shall require no more than five hours to be set-up, activated and 
calibrated at the location. 

2. The system shall not require commercial power sources. 

3. The system shall not require more than nominal repair and regular maintenance. 

4. The system shall be portable comparable to other work zone / incident area traffic 
control elements (e.g. cones, temporary traffic controls, standard PCMS, etc.). 

 
Based on the user requirements gathered above, the current offering of smart work zone 
systems has the following shortcomings: 
 

a. Set-up and calibration time of multiple days (i.e., from three days to about 
a week); 

b. Communication requires cell phone coverage; 
c. No standard interface with the ATMS systems at a TMC; 
d. Past evaluations of the systems indicate a high level of downtimes and 

errors in delay estimations; 

There are also the institutional challenges discussed in Section 3.2 that discourages the 
use of the current smart work zone systems offered in the market place at mid-term 
planned and unplanned events. 
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4.2 Description of Desired Changes 

The user requirements above allow either for a single system consisting of CMSs, HARs, 
Portable Vehicle Detection Systems, Data Processing system along with the 
communication links that connects to the regional TMC or a set of sub-systems that are 
located in the vicinity (i.e. Existing Portable CMSs at the districts displaying messages 
generated by the Portable Vehicle Detection Systems and Data Processing System, or 
Portable Vehicle Detection Systems and Data Processing Systems used by the regional 
TMC when fixed CMS and HARs are located in the vicinity).  

The following are a list of desired changes: 

4.2.1 Capability Changes 
This section describes the functions and features to be added, deleted, and modified in 
order for the Portable ATIS to meet its objectives and requirements. 

One of the major changes desired is that the Portable ATIS be easy to set-up (i.e., the set-
up and calibration of less than five hours). This may require having portable sub systems 
that are field-ready needing minimal amount of set-up. 

When Portable ATIS includes one or more CMSs, the messages displayed on these signs 
should be controllable from a TMC. 

4.2.2 System Processing Changes 
The following are changes in the process of transforming data that will result in messages 
displayed on fixed and portable CMSs and HARs. 

1. The delays or travel times estimated by Portable ATIS should be accurate to ± 5 
minutes with minimal amount of system downtime; 

2. Portable ATIS should also have communication options other than cell phone to 
be linked to the TMC as well as inter-component communication so that it can be 
deployed in areas where there are no or poor cell coverage; 

4.2.3 Interface Changes 
Changes in the system that will cause changes in the interfaces and changes in the 
interfaces that will cause changes in the system are described here. The user requirement 
that Portable ATIS needs to be connected to the Transportation Management Center is 
needed to enable the districts to: 

a. Utilize any fixed ITS elements nearby to inform travelers of non-recurring 
congestion ahead. 

b. Manage the traffic in a system-wide manner to efficiently accommodate 
the traffic demands.  
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This means that Portable ATIS should have standardized interfaces among Portable 
Vehicle Detection System, Portable CMSs, HARs and the Advanced Traffic Management 
System at the Transportation Management Centers (TMC). Currently ATMS v2 is run in 
most of the districts with few exceptions. 

4.2.4 Personnel Changes 
The following changes are recommended to enable collaboration between personnel from 
Maintenance and personnel from Operations. 

In Caltrans districts that have two different offices for Operations and Maintenance, a 
collaborative procedure to deploy Portable ATIS needs to be established because all of 
the portable equipment is housed and maintained by the Maintenance and the Operations 
need to collaborate with Maintenance to have the equipment transported and set up at the 
location of interest. 

4.2.5 Environment Changes 
Posting of the messages generated by Portable ATIS to the CMSs should be automated 
with manual override. The broadcasting of messages through the HAR is also desirable 
to be automated. This results in a change in the operational environment that causes 
changes in the system functions, processes, interfaces, or personnel. 

4.2.6 Operational Changes 
There are no changes to the user’s operational policies, procedures, methods, or daily 
work routines expected in this version of Concept of Operations. As described in Section 
4.2.4, a new procedure may be developed for collaborative deployment of Portable ATIS 
by both maintenance and operations personnel at the district. 

4.3 Priorities among Changes 

Based on the user needs in Section 4.1, the desired changes are classified into the 
following three categories. 

4.3.1 Essential Features 

The following features are essential.   

1. Portable ATIS should be easy to set-up (i.e., the set-up and calibration of less than 
five hours). This may require having portable sub systems that are field-ready 
needing minimal amount of set-up. If the system set-up and calibration takes 
longer than a day (i.e., 24-hr period), the system may not get used in mid-term 
planned and unplanned events that may last just one or two weeks; 
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2. Posting of the messages generated by Portable ATIS to the portable CMSs should 
be automated with manual override.  

3. Portable ATIS should have standardized interfaces among Portable Vehicle 
Detection System, Portable CMSs, HARs and the Advanced Traffic Management 
System at the Transportation Management Centers (TMC). Currently ATMS v2 is 
run in most of the districts with few exceptions. If these interfaces are not 
standardized, a TMC may not be able to post the automated messages from the 
Portable ATIS to the fixed CMSs and HARs near the location; 

4. In Caltrans districts that have two different offices for Operations and 
Maintenance, a collaborative procedure to deploy Portable ATIS needs to be 
established because all of the portable equipment is generally housed and 
maintained by Maintenance and Operations needs to collaborate with them to 
have equipment transported and set up at the location of interest; 

5. When Portable ATIS includes one or more portable CMSs, the messages 
displayed on these signs should be controllable from a TMC. 

4.3.2 Desirable Features 

The following features or capabilities are desired and are listed in decreasing priority. 
Reasons why these features are desirable are also explained. 

1. When Portable ATIS includes one or more portable CMSs, the messages 
displayed on these signs should be viewable from the TMC. This feature will 
enable the TMC personnel to verify whether the updated message gets posted and 
is displayed correctly. 

2. The delays or travel times estimated by Portable ATIS should be accurate to ± 5 
minutes with minimal amount of system downtime. Caltrans and FHWA desire 
the delay and travel times posted to be accurate to ± 2 minutes. Since this system 
is expected to be set-up and calibrated in five hours, the accuracy of Portable 
ATIS can’t be lower than this desired level (i.e., ± 5 minutes).  

3. Downtimes deplete the credibility of the system and its’ usefulness. So, total 
downtime of Portable ATIS should be typically less than ten percent of the total 
deployment time and the duration of any downtime should not exceed more than 
24 hours; 

4. Portable ATIS should also have communication options other than cell phone to 
be linked to a TMC as well as inter-component communication so that it can be 
deployed in areas where there are no or poor cell coverage. This feature is desired 
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as Portable ATIS will be used in  California areas where the terrain results in poor 
or no cell phone coverage; 

5. The broadcasting of messages through fixed CMSs and HARS near the location 
incident and portable HARs is also desirable to be automated. This feature will 
encourage the use of Portable ATIS at the mid-term planned and unplanned 
events since the human resources needed for operations of Portable ATIS will be 
minimal while allowing the system-wide management of traffic. 

4.3.3 Optional Features 

The following are features that might be provided by Portable ATIS. Reasons why these 
features are optional are also explained. 

1. Highway Advisory Radio (HAR) is an optional feature in Portable ATIS. If the 
impact of the roadway event is estimated to be significantly far into the upstream 
of a particular approach, available fixed HARs or portable HARs may be used to 
inform the drivers of impending roadway event and related delays. But using 
HARs is not an essential feature; 

2. The location of Portable CMSs will vary based on the design of the work zone 
and the incident area. Signs may be located at the first vehicle of the queue or 
may need to be dynamically located at the half or two-thirds length of the 
estimated longest queue length for a 15-minute closure for the given highway 
location. This feature of locating the portable CMSs dynamically based on the 
queue length requires that the portable CMS and HARs be a well-defined and 
packaged subsystem to be moved and reset in a very short time period. This 
feature will be helpful but is not essential as multiple CMSs may be placed at 
strategic locations to inform the traveling public appropriately. 

4.4 Changes considered but not included 

In the first version of the Concept of Operations document, it is expected that all of the 
desired changes listed above can be accomplished by Portable ATIS. The following 
feature for Portable ATIS is considered and is not included in this effort. 

The automation of safety messages like the delay / travel time messages was considered 
and is not included in the current effort. Portable ATIS shall also display safety related 
messages such as stopped traffic ahead. This is possible only when the portable traffic 
detection systems can also detect stopped traffic as well as estimate the approximate 
queue length.  Automation of the safety messages and prioritizing delay related messages 
on portable or fixed CMSs and HARs was considered and was not included in this effort 
as this will expand the scope of this effort significantly. 
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4.5 Assumptions and Constraints 

The following are the assumptions for the proposed system (Portable ATIS).  

 Existing portable CMSs with the district maintenance offices are expected 
to not be available to be used as part of Portable ATIS; 

 The size of the roadway event is expected to be such that portable vehicle 
detection at not more than two locations for each travel direction (i.e., 
each direction of traffic, ramp, etc.) is needed; 

 The Portable ATIS equipment will be stored at the district offices or 
provided by an identified on-call contractor and will be transported to the 
event location within 24-hours of request; 

 All of the communication between the components of Portable ATIS will 
be using secure communication methods acceptable to Caltrans. 

 All of the Portable ATIS roadside equipment will meet the current 
standards set forth by FHWA and Caltrans. 

 Removal of Portable ATIS equipment from the event location and 
transportation to the district facility is assumed to take not more than 24-
hours. 

 Use of Portable ATIS for roadway events that are less than one week in 
duration is not recommended based on the assumption that the notification 
of the event and the process of deciding to use the system at a particular 
event along with the set-up / calibration / removal time will allow for a 
very short period of actual deployment for the system and may not be 
beneficial with few exceptions (e.g., a planned short-term event on a 
heavily traveled commuter corridor with alternate routes).  

The following constraints are for the proposed system (Portable ATIS). 

 Costs of available smart work zone systems are prohibitive of districts 
owning these systems at their maintenance facilities and using them at the 
needed roadway events. So the life-cycle cost of proposed Portable ATIS 
should be reasonable so that the districts can own multiple systems; 

 In the event that Caltrans decides not to own this equipment, the providers 
of Portable ATIS are expected to be capable of entering into an on-call 
agreement with districts to provide Portable ATIS services when 
requested; 
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 Portable traffic detection systems should be non-intrusive and should not 
interfere with the operational processes related to the roadway event. The 
deployment of portable traffic detection systems should not require more 
than a two-person crew and should be within the desired set-up and 
calibration time for the overall system (i.e., Portable ATIS).  

The following policies are the practices of interest to Portable ATIS. 

 Caltrans has adopted a practice to strive to limit the delay for lane closures 
on freeways not to exceed 15 minutes; 

 The Traffic Management Plan (TMP) for Work Zones should include any 
use of ITS elements; 

 Changeable Message Signs need to conform to the Traffic Operations 
Policy Directive # 05-07 found at the following web link; 
http://www.dot.ca.gov/hq/traffops/signtech/signdel/policy/05-07.pdf 
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5 Concepts for the Proposed System 
As noted in the previous chapters, typically no dynamic delay or travel time information 
around short-term and mid-term planned and unplanned events is provided to the 
traveling public on route or pre-trip in the current situation. As explained earlier, 
providing the travelers with real-time information on the non-recurring congestion due to 
the roadway events is the most effective way to manage the traffic system-wide. The 
proposed system (Portable ATIS) will have the following major components: 

1. Portable traffic detection system (e.g., microwave or radar based non-intrusive 
sensors); 

2. Data processing unit (i.e., an on-site or off-site unit to process data from the 
traffic detection system and estimate the travel time or delay for a defined 
roadway section); 

3. Information dissemination system (i.e., Changeable Message signs and Highway 
Advisory Radios for this effort); 

4. Communication system needed between the above three components (i.e., most of 
the communication between the components need to be wireless). 

Portable Traffic Detection Systems: The real-time delay or travel time information can be 
provided with available fixed sensing systems. In this case, it is expected that the 
Transportation Management Center (TMC) is receiving the data from the fixed traffic 
detection systems and the Advanced Transportation Management Systems at the TMC 
already has a program to detect roadway events and delays around them. In this scenario, 
portable CMSs and HARs may still be needed at the event location depending on the 
proximity of fixed CMSs and HARs. The change from the current situation is that these 
portable CMSs and HARs will be providing real-time delay or travel time information 
and may provide safety information as well. In the current situation as described earlier, 
portable CMSs are currently used to provide information such as “Work Zone Ahead”, 
“Slow Down”, etc. 

Information Dissemination Systems: The real-time delay or travel time information needs 
to be provided to the driving public pre-trip as well as on route. Pre-trip information can 
be provided by a TMC using the systems that are currently used for system wide traveler 
information (e.g., 511). To achieve this, Portable ATIS should be able to communicate 
with a TMC (i.e., typically ATMS v2) using standardized interfaces so that the 
information from Portable ATIS can be automatically disseminated to the system wide 
traveler information outlets.  
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On route information to the travelers needs to be provided at strategic locations where the 
travelers can also take an alternate route when available. For planned events on 
roadways, the TMP should consider use of Portable ATIS such that the locations of 
Portable CMSs and HARs allow the drivers to take the available alternate routes, if any. 
In certain mid-term unplanned events, locating portable CMS and HARs strategically 
may be possible. The locations of the portable CMSs and HARs may be decided by the 
maintenance personnel with local knowledge and they will be responsible for setting the 
system up at the unplanned event location. 

Data Processing Unit: This component of Portable ATIS may not be needed when 
existing fixed traffic detection systems are connected to a TMC and data is being used for 
delay or travel time estimation by the ATMS at the TMC. When portable traffic detection 
systems are used, a data processing unit is needed to receive and process the data from 
the detection systems and to generate delay, travel time and / or safety related messages. 

The data processing unit is expected to be typically located at the location of the roadway 
event along with other field equipment. So, the data processing unit is expected to be 
field ready and comply with all the standards for roadside equipment. But, this data 
processing unit may be located at a TMC if the portable traffic detection systems can 
communicate their data to the TMC near real-time (i.e., latency in communication not 
disallowing updating of messages every two minutes or less). 

Communication Systems: The communication links among all the components on-site 
has several options. The communication between the on-site equipment of Portable ATIS 
and a TMC may also vary. A short survey of options is provided below: 

 Communication to/from a Transportation Management Center 

o Any existing telecommunication infrastructure; 

o To a roadway event site 

• Where available, an Radio Frequency (RF) link in any frequency 
band for voice communication or low rate data transmission;  

• Where available, a cellular link for voice communication or low 
rate data transmission; 

• A Low Earth Orbit (LEO) satellite link for voice communication or 
low rate data transmission; 

• Where available, an RF link in the 700MHz band for high data rate 
(384 kb/s) transmission;  

• Where available, a wideband cellular link (e.g., 1xRTT, EV-DO, 
GPRS or EDGE); 



34 

 Concept of Operations for Portable ATIS   
                     

CCAALLIIFFOORRNNIIAA  CCEENNTTEERR  FFOORR  IINNNNOOVVAATTIIVVEE  TTRRAANNSSPPOORRTTAATTIIOONN  
 

• Where available, a Geostationary (GEO) satellite link. 

o   To a CMS and/or HAR    

• Where available an RF link in any frequency band for voice 
communication or low rate data transmission;  

• Where available a cellular link for voice communication or low 
rate data transmission; 

• A LEO satellite link, except, perhaps in irregular terrain that would 
cause significant delays between transmissions; 

• Where available a GEO satellite link. 

   Communication from a roadway event site 

o To a CMS and/or HAR or to a flag site in order of preference 

• An RF repeater relay in whatever frequency band is 
available/appropriate; 

• Where available a cellular link for voice communication or low 
rate data transmission. 

 Communication to/from a TMC or roadway event site to a high data rate field 
element ( e.g., traffic detection system, Closed-circuit Television (CCTV))  

o An RF repeater relay in a high bandwidth frequency band (e.g., 700 or 900 
MHz); 

o Where available a wideband cellular link (e.g., 1xRTT, EV-DO, GPRS or 
EDGE); 

o Where available a GEO satellite link. 

 Communication to/from a TMC or roadway event site to a remote CMS and/or 
HAR (to give travelers detailed delay or closure information)   

o Where available a cellular link for voice communication or low rate data 
transmission; 

o  A LEO satellite link;  

o Where available a GEO satellite link. 

5.1 Background, Objectives and Scope 

Most of the unplanned event locations (e.g., road blockage due to mudslide, etc.), does 
not provide any dynamic safety or delay related information. As indicated in Chapter 1, 



35 

 Concept of Operations for Portable ATIS   
                     

CCAALLIIFFOORRNNIIAA  CCEENNTTEERR  FFOORR  IINNNNOOVVAATTIIVVEE  TTRRAANNSSPPOORRTTAATTIIOONN  
 

travelers on-route are typically caught unaware of these incidents and do not have all of 
the information at the right time to make their route selections. Portable ATIS that 
interacts with a TMC or other centralized location will enable system-wide regional 
traffic management. The following goal, objectives are the same as the current 
situation (Chapter 3) because the information related to Portable ATIS is discussed in the 
current situation. 

Goal: Provide real-time safety and delay messages related to mid-term and long-term, 
planned and unplanned events to system-wide traveling public, as needed. 

Objectives: The objectives of Portable ATIS are as follows: 

 Enable the districts to provide real-time safety and delay related information 
to travelers on route in time to make appropriate route selections around 
planned and unplanned events. These events are typically mid-term or long-
term. 

 Facilitate system-wide regional traffic management by integrating Portable 
ATIS with existing regional traffic management systems. 

Portable ATIS is aimed at overcoming the following challenges with temporary work 
zone ITS systems currently available in the market place: 

1. Available systems providing real-time information at work zones need set-up and 
calibration times longer than a week; 

2. Recent evaluations of portable work zone information systems in California have 
determined the evaluated systems to be unreliable (i.e., high downtimes) and 
inaccurate (i.e., errors in delay estimations); 

3. Available systems are not readily compatible with ATMS and other software used 
in the regional Transportation Management Centers (TMC); 

4. There are no defined processes for the data from portable ITS elements to be 
integrated into regional traveler information systems; 

Portable ATIS will have a set-up and calibration of time of less than five hours, will use a 
non-intrusive vehicle detection system that does not involve any impact on the roadside, 
will be connected to the regional TMC or another central location in an automated way 
needing minimal TMC staff time. 

Modes of Operation: Proposed Portable ATIS may use existing fixed traffic detection 
systems instead of a portable vehicle detection system, if available. The communication 
between the on-site components of Portable ATIS and a TMC or a centralized location 
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may also use existing communication infrastructure such as fiber-optic communication 
available to the department.  

Portable ATIS can be used for events on both rural and urban roadways. The 
communication needs for rural events are significantly different from urban events. The 
criteria for determining the need for Portable ATIS to manage a rural event will also be 
different from an urban event. 

Classes of Users: 

The user classes for the proposed system include everyone described in the current 
situation and a few additional user classes (e.g., potential Portable ATIS suppliers) are 
added for the proposed solution. 

Interfaces to Operational Environment: The operational environment of Portable ATIS 
includes the roadside of the identified event location, TMC procedures for traffic 
management, the Traffic Management Systems at a TMC and its interface with any 
regional traveler information services. Portable ATIS will be able to interact with TMC 
systems with minimal set-up and calibration requirements (i.e., five hours or less). 

Scope of Portable ATIS: Portable ATIS will be typically used at mid-term and long-term 
event locations if the corresponding District personnel determine the need. District 
maintenance personnel will house the Portable ATIS system and should work with the 
District operations and TMC personnel for successful deployment. 

5.2 Operational Policies and Constraints 
All of the policy constraints described in Section 3.2 applies to the proposed system as 
well. Additionally, the following are policies that are of concern to Portable ATIS.  
 

1. Crashworthy Temporary Traffic Control Devices in Work Zones Categories 1, 2 
and 3 as part of Caltrans MUTCD (7); 

2. Use of safety-related message on changeable message signs (8); 
3. Crashworthy Traffic Control Devices in Work Zones (9); 
4. Caltrans Deputy Directive DD-60 (10); 

Institutional Constraints: Most of Caltrans Districts have two different offices for 
operations and maintenance. This has hindered the use of portable CMSs owned by the 
districts as described in Section 3.2. 

For using Portable ATIS, maintenance personnel need to get the on-site equipment to the 
site and set them up while the operations personnel have to calibrate and operate the 
system in an integrated fashion. 

Caltrans also discourages the purchase of portable field elements as they are considered 
vehicles and the agency has restricted purchase of new vehicles. This may constrain the 
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Districts purchasing portable CMSs and vehicle detection systems to be used in their 
Districts as needed.   

5.3 Description of the Proposed System 

Portable ATIS involve several options including systems operated by Caltrans, by 
contractors or by a Caltrans-contractor team.  Typically they may involve; 

 Fixed or portable CMS and/or portable HARs to inform travelers of planned and 
unplanned events on roadways (noting that HARs may only be operated by 
governmental agencies),  

 Communication links from a TMC or local control point to the CMSs and/or 
HARs to keep traveler messages up to date, 

 Portable traffic detection systems to estimate the delay or travel time related to 
the roadway event, 

 Local area communication networks to advise travelers, via a portable CMS, of 
traffic delays. 

As described above the components may be used in different combinations to provide 
real-time delay or travel time information related to mid-term and long term planned and 
unplanned roadway events to the traveling public pre-trip as well as on route. For more 
details on the proposed system see the introduction section of Chapter 5 and Chapter1. 

Under this section, three concepts for Portable ATIS are described. 

5.3.1 Concept 1: Portable ATIS using Available Fixed CMS and HARs 

As explained earlier, if there are fixed CMSs and HARs in the vicinity of the roadway 
event, whose functioning will not be affected by the roadway event itself. These may be 
used instead of Portable CMSs and HARs. It is dependent on the proximity of the fixed 
ITS elements and the priorities for the use of these elements. Figure 6 depicts this 
concept. In this concept, either the portable traffic detection systems or the data 
processing unit will need an automated interface with a TMC. As not shown in this 
figure, the data processing unit may also control the portable CMSs and HARs. But, the 
data processing units will be connected to the TMC. 
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Figure 6. Portable ATIS with Available Fixed CMSs and HARs 

 

5.3.2 Concept 2: Portable ATIS using Existing Fixed Traffic Detection 
Systems 

If there are fixed traffic detection systems at the roadway event location that will not be 
affected by the roadway event, the existing traffic detection system may be used to 
estimate delay related to the roadway event using the existing incident detection methods 
at a TMC. This will eliminate the need for installing a temporary portable traffic 
detection system. Due to lack of fixed CMSs or HARs in the vicinity of the roadway 
event, Portable CMSs and HARs will need to be deployed at the event location. These 
portable ITS elements shall be connected to a TMC which will relay the delay messages 
on these portable ITS elements.  Figure 7 depicts this concept. In this concept, the 
portable CMSs and HARs need to have a standardized interface with a TMC. Fixed 
CMSs and HARs may be available far from the roadway event location and may be used 
to inform the upstream traffic of the non-recurring congestion. 
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Figure 7. Portable ATIS with Fixed Traffic Detection Systems 

 
 

5.3.3 Concept 3: Portable ATIS with No Fixed ITS Elements 

As shown in Figure 8, Portable ATIS may not have any fixed ITS elements available in 
the vicinity of the roadway event and use portable ITS elements only in the deployment. 
But, the Portable ATIS shall still be connected to a TMC so that any relevant safety 
messages with higher priority may be relayed from the TMC. But, unlike the figure, the 
Data Processing System may communicate with the Portable Traffic Detection 
System and the Portable CMSs / HARs thus eliminating the need for these 
components to have a standardized interface with a TMC. Portable CCTV cameras 
may also be used for message validation as needed.  
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Figure 8. Portable ATIS with only Portable ITS Elements 

 

5.4 Modes of operation 
Proposed Portable ATIS may use existing fixed traffic detection systems instead of a 
portable vehicle detection system, if available. The communication between the on-site 
components of Portable ATIS and a TMC or a centralized location may also use existing 
communication infrastructure such as fiber-optic communication available to the 
department.  

As indicated earlier, HAR is an optional component and may be used when determined to 
be a required component specific to a site. Portable ATIS may also display just safety 
messages based on detected stopped traffic, etc. But, Portable ATIS will ideally include 
safety and delay messages. Delay messages can be in the form of travel times or 
estimated total delay for a defined roadway segment. 

Portable ATIS can be used for events on both rural and urban roadways. The 
communication needs for rural events are significantly different from urban events. The 
criteria for determining the need for Portable ATIS to manage a rural event will also be 
different from an urban event. The following table elaborates on that. 
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Table 1. Criteria for Portable ATIS Usage 

Criteria Portable ATIS on 
Rural Roadways 

Portable ATIS on 
Urban Roadways 

1. Estimated Length of the Event > 1 week Typically > 1 week. 
But, short-term 
events may also need 
the use of Portable 
ATIS depending on 
criteria number 2, 3 
and 4. 

2. Average Traffic Volume ADT > 5000 ADT > 7500 

3. Estimated Maximum Delay > 15 minutes > 30 minutes 

4. Estimated Duration of Delays 
Higher than 15 minutes in a Day. 

> 2 hours > 1 hour 

5. Estimated Increased Risk of 
Crashes Due to the Event 

> Medium > Low 

6. Estimated Travel + Set-up + 
Calibration Time 

< five hours < five hours 

 
Based on the above six criteria, a score between 0 and 5 (Likert scale, 0 is not meeting 
the criteria and 5 is completely meeting the criteria) may be assigned by the District 
Operation Office and the TMP Coordinator (i.e., for planned event). If the total score 
exceeds 15 points, then the use of Portable ATIS should be explored closely and plans 
should be made for the use of Portable ATIS including the resources and responsible 
parties within the District and / or on-call contractors. 

5.5 User Classes and Other Involved Personnel 
This section describes the organizational structure at the District level showing the 
personnel that are involved in providing traveler information on planned and unplanned 
events on California highways and is followed by a short profile on the user classes and 
the interactions among the user classes related to Portable ATIS (i.e., the proposed 
solution). 
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5.5.1 Organizational Structure 
The organization structure for the proposed solution will remain the same as described in 
Section 3.5.1. It is expected that a new cooperative procedure will be developed for the 
District Maintenance and District Operations offices to work together to deploy Portable 
ATIS, when the district has two different offices for Operations and Maintenance. This 
new procedure is not expected to alter the organizational structure. 

5.5.2 Profiles of User Classes 
The users of Portable ATIS can generally be categorized as the stakeholders within the 
agency (i.e., Caltrans) and non-agency stakeholders. Non-agency stakeholders can be 
local transportation authorities (e.g., city or county transportation personnel, local EMS 
personnel, traveling public or local trucking entities). Until Portable ATIS is 
mainstreamed in California, the potential providers of Portable ATIS are stakeholders 
(non-agency) as well. The following list of user classes includes agency and non-agency 
stakeholders. 

1. Resident Engineers (RE):  Resident Engineer (RE) is the Project Manager at the 
construction site / project level. Makes TMP changes based upon events. The 
Resident Engineer keeps the District Transportation Management Center well 
informed and up to date on the construction progress, delays, closures, and other 
information which may assist them in the performance of their duties. The 
Resident Engineer coordinates the use of Changeable Message Signs through the 
District Transportation Management Center. The Resident Engineer provides 
guidance to CHP officers performing COZEEP support. 

2. Traveling Public – these are the travelers on route that need to be informed about 
the roadway event and related messages in time for them to make route-choice 
decisions.  Portable ATIS will interact with the traveling public through the 
portable or fixed changeable message signs, HARs and other regional traveler 
information interfaces such as 511 and websites. The traveling public would also 
like to have information on the current roadway events while planning their trip 
before they are on route. So, Portable ATIS when integrated with TMC will 
enable that information to be available to the travelers pre-trip as well. 

3. Set-up and Maintenance Personnel – District personnel, typically maintenance 
personnel are responsible for the on-site equipment and set-up. These personnel 
are expected to be trained in handling roadside equipment and temporary 
equipment installation. They are also responsible for taking the equipment down 
and back to the district offices. These personnel will make sure that the system is 
powered on while it is onsite and house the system during non-use. 

4. Operating Personnel – District personnel, typically Transportation Management 
Center personnel, are responsible for the calibration and actual operations of 
Portable ATIS. These personnel are experts on the communication needs for fixed 
or portable field elements. 
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5. Regional Traveler Information Providers: District and Headquarters personnel 
that are responsible for 511 and other regional traveler information services (e.g., 
www.511.org). These personnel are very familiar with the TMC systems (e.g., 
ATMS). These users will interact with Portable ATIS through a TMC system. 

5.5.3 Interactions between User Classes 
 

Figure 9. Interactions among User Classes with Portable ATIS 
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5.5.4 Other Involved Personnel 
As noted above, the Caltrans Division of Operations and Division of Maintenance at the 
Headquarters influence the policies and procedures for the use of ITS and other systems 
at the planned and unplanned events. Other involved personnel (i.e., stakeholders) are 
grouped into the following two categories. 

1. Other Agency Stakeholders: Headquarters operations and maintenance personnel 
provide needed direction and assistance to the Districts’ operations and 
maintenance personnel respectively. Headquarters Division of Operations and 
Division of Maintenance help set policies and procedures related to technology 
deployments. So these groups of stakeholders are extremely critical in the early 
stages of exploring Portable ATIS. 
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2. Other Non-Agency Stakeholders: Potential providers of Portable ATIS are a 
critical stakeholder’s class as the current offering of systems that provide traveler 
information around roadway events do not meet the vision for Portable ATIS 
defined for this effort. 

Commercial traveler information providers may also be interested in utilizing the 
information that is developed for Portable ATIS. Their interface with Portable 
ATIS will most likely be through the Transportation Management Center and 
regional Traveler Information Entity. 

Trucking industry representatives are also affected by the planned and unplanned 
events on the roadways. The trucking industry may interface with Portable ATIS 
like the traveling public through the CMS, HAR and additionally through 
communication from a TMC to their dispatch centers. 

5.6 Support Environment 
Caltrans Districts are expected to be the primary users of Portable ATIS. One of the 
objectives of Portable ATIS is to enable integrated region-wide system management. This 
means that the Portable ATIS should be able to communicate with a central location (i.e., 
Transportation Management Center) with the least amount of human interaction needed. 
To achieve this objective, Portable ATIS should have an interface for automated 
communication with the ATMS or other Advanced Traffic Management Systems used in 
Caltrans Districts. 

Transportation Management Center (TMC) operators use Advanced Transportation 
Management Software (ATMS) to detect and mange traffic backup from incidents, 
expedite incident clearance, and manage disasters and special event traffic situations. The 
ATMS data also feeds the Department's Performance Measurement System (PeMS) used 
by others within the Department and externally, including researchers and ISPs.  

ATMS: Many districts post dynamic ATMS feeds for ISPs to download. Eventually all 
districts will use the standard 'California-wide ATMS' or Advanced Transportation 
Management Software. Currently District 04 has a unique system, District 11 utilizes a 
mix of ATMS with its legacy "freeway management system" software, and the others use 
various "builds" and feature of the departmental standard ATMS v2. Configurations often 
differ between districts ATMS feeds linked to the Commercial Wholesale Web Portal.  

PeMS: Commercial traveler information service providers can also obtain current and 
archived information from the freeway Performance Measurement System (PeMS). 
PeMS is also the Department's main software for deriving freeway system performance 
measures. It presents the ATMS traffic detection data in a common statewide format (30-
second volume & occupancy by lane), and has archival and current data available. PeMS 
provides both "raw" and "cleansed" versions of the data. The "cleansed" includes 5-
minute moving average to correct for traffic fluctuations (11). 
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CMS Messages: Some districts with ATMS software are able to provide feeds of 
messages they post on Changeable Message Signs (CMS). Typically these are incident or 
other delay related messages warning drivers to take specific defensive actions such as 
accident ahead / merge left / lane closed. Other messages may be advisory; e.g., dense 
fog / slow vehicles ahead, request motorist assistance as for child abduction alerts, or 
current travel times between freeway segments.  These messages may be embedded in the 
ATMS, or be separate feeds, depending on the district. 

Given this environment, Portable ATIS should have an automated interface with the 
system used in a TMC for system-wide traffic management. In most of the districts, the 
TMC uses ATMS v2.  
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6 Operational Scenarios 
A scenario is a step-by-step description of how the proposed system (i.e., Portable ATIS) 
should operate and interact with its users and its external interfaces under a given set of 
circumstances. The scenarios tie together all parts of the system, the users, and other 
entities by describing how they interact. Scenarios may also be used to describe what the 
system should not do. 

Scenarios play several important roles. The first is to bind together all of the individual 
parts of a system into a comprehensible whole. Scenarios help the readers of a Concept of 
Operations document understand how all the pieces interact to provide operational 
capabilities. The second role of scenarios is to provide readers with operational details for 
the proposed system; this enables them to understand the users’ roles, how the system 
should operate, and the various operational features to be provided. 

Scenarios are organized below in sections, each describing an operational sequence that 
illustrates the roles of the system, its interactions with users, and interactions with other 
systems.  

6.1 Scenario 1: Long-Term Planned Events 

Long-term events are defined as events that last longer than one month. These long term 
events are typically expected to be planned (i.e., construction zone). The following 
example scenario describes the use of Portable ATIS in the view of customers (i.e., 
driving public) and the providers (i.e., Caltrans Districts). In the scenario presented 
below, it is assumed that Caltrans districts will own and house Portable ATIS. It should 
be noted that an on-call contracting mechanism may be feasible for an outside entity to 
provide Portable ATIS equipment as well as set-up calibration services. In this scenario, a 
description of activities when Portable ATIS is not used is also provided for quick 
comparison. 

The primary advantage of the use of Portable ATIS is that the driving public is informed 
about the delays related to roadway events (i.e., non-recurring congestion); pre-trip as 
well as on-route thus allowing them to make route selections and trip plans with all of the 
information. Use of portable ATIS will also enable system wide traffic unlike the current 
situation where no on-site equipment is connected to a TMC. 
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Figure 10. Scenario 1: Long Term Planned Event 

 

6.2 Scenario 2: Mid-Term Planned Events 
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smaller construction work on the roadway. The scenarios described below are a mid-term 
work zone. The first scenario is a mid-term construction zone on an urban roadway while 
the second scenario is a similar event on a rural highway. 
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Figure 11. Scenario 2: Mid-Term Planned Event Scenario 1 on Urban Roadway 
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Figure 12. Scenario 2: Mid-Term Planned Event Scenario 2 on Rural Roadway 
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The primary difference between the two scenarios presented here is that the rural 
construction zone involves stopping all the traffic (i.e., a two lane rural highway where 
one lane is closed and the remaining lane is used by traffic in both directions 
alternatively). It has been documented that the stopped traffic is perceived much more 
negatively by the traveling public especially when there is no information on why they 
are stopped and how long they are expected to wait in the stopped traffic. Portable ATIS 
will enable the drivers to be informed about the expected wait time when they are already 
in the stopped traffic as well as inform them in advance so that they can take an alternate 
route because a TMC will be connected to the Portable ATIS and may be able to inform 
the drivers up stream using their fixed ITS infrastructure. 

6.3 Scenario 3: Mid-Term Unplanned Events 

Mid-term unplanned events are typically incidents (e.g., mudslides). No Traffic 
Management Plan (TMP) may be put together for an unplanned mid-term event. So, a 
Resident Engineer or TMP coordinator may be involved in the use of Portable ATIS for 
these events. 
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Figure 13. Scenario 3: Mid-Term Roadway Incident Scenario 
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6.4 Scenario 4: Short-Term Planned Events 

Short-term events are defined as roadway events that last up to two weeks. Short-term 
events may be planned or unplanned. Typically short-term unplanned events involve 
roadway crashes, hazardous material spills and other roadway events resulting in 
temporary capacity reductions. Short-term planned events are typically special events 
(e.g., lane closure due to a sports event) and other maintenance activities on roadways 
(e.g., chip-sealing a roadway segment, winter preparation of bridge decks, etc.). 
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Figure 14. Scenario 4: Short-Term Planned Event Scenario 
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7 Summary of Impacts 
This chapter describes the operational impacts of Portable ATIS on the traveling public, 
Caltrans personnel and other stakeholders of Portable ATIS. This information is included 
in the Concept of Operations document to allow all the users to prepare for the changes 
that will be brought about by Portable ATIS during the transition to Portable ATIS. 

7.1 Operational Impacts 

This section is divided into subsections to describe the anticipated operational impacts on 
the user, development, and support or maintenance agency or agencies during operation 
of the proposed system.  

7.1.1 Interfaces with Transportation Management center (TMC) and 
Other Systems 

As discussed in the earlier chapters, Portable ATIS shall be connected to a Transportation 
Management Center (TMC) to enable system-wide management of traffic. For this 
purpose, the Portable CMSs that are owned and housed at the Caltrans Districts need a 
standardized interface with the Advanced Traffic Management System (ATMS) at the 
TMC. Advanced Traffic Management Systems in most of the Caltrans districts is ATMS 
v2. The Portable Traffic Detection Systems or the Data Processing Unit also needs to 
have a standardized interface with a TMC depending on where the Data Processing Unit 
is placed. If the data is to be transmitted to a TMC by the Portable Traffic Detection 
Systems, these traffic detection systems need to have a standardized interface to a TMC. 
If a Data Processing Unit is placed on the location to gather and process the information 
from the traffic detection systems and to control messages on the Portable CMSs and 
HARs, the Data Processing unit will need a standardized interface with a TMC.  

In the current situation, there is no standardized interface between the Portable CMSs, the 
Portable Traffic Detection Systems or Data Processing Units and a TMC. Portable ATIS 
will include one or both of these interfaces depending on the mode of operation and 
configuration. 

7.1.2 Changes in Procedures 

Portable ATIS will need to be set-up and calibrated at the event location. Typically, this 
is expected to be performed by the maintenance personnel. The office of maintenance is 
also expected to house Portable ATIS when it is not in use. The Operations personnel will 
be responsible for operating Portable ATIS and utilizing the data from Portable ATIS for 
the system-wide management of traffic. 
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At Caltrans districts with two separate offices for maintenance and operations, a 
cooperative procedure may need to be established for the deployment of Portable ATIS at 
the roadway events. This may include clear definitions of roles and the responsible 
personnel for each task in the deployment of Portable ATIS.  

7.1.3 Use of New Data Sources 

The data from the Portable Traffic Detection Systems as well as the processed 
information will be sent to ATMS at the Transportation Management Center.  ATMS can 
use this information to determine whether any of the fixed CMSs or HARs in the vicinity 
may be used to inform the traveling public affected by the particular roadway event. This 
may include informing the traveling public further up stream to encourage using 
alternative routes as well as making the delay or travel time related information available 
through regional traveler information systems (e.g., 511) so that travelers can plan their 
trip better before they start the trip. 

7.1.4 New Modes of Operation 

As detailed in Table 1 in Section 5.4, the use of Portable ATIS or other existing ITS 
elements in the vicinity may be determined by the District Traffic Operations personnel. 
A number of configurations of Portable ATIS are possible as discussed in Chapters 4 and 
5. A specific configuration may be standardized for a specific district so that the 
personnel can be trained and prepared to deploy Portable ATIS when determined it is 
needed by the District Operations personnel. 

7.1.5 Changes in Operational Budget 

As discussed in Chapter 3, the existing Caltrans policy restrictions on the ownership of 
vehicles (i.e., all portable equipment are considered vehicles as well) by the agency may 
not allow Portable ATIS to be owned and operated by the Districts. In the case that a 
specific district is not able to own a system (i.e., Portable ATIS), they may enter into an 
on-call contract with a Portable ATIS provider who may be called upon when a specific 
roadway event is determined to need the deployment of Portable ATIS. This on-call 
contract may need to have a minimal number of usages. So, the Districts will need to set 
aside resources for Portable ATIS on an annual basis. 

7.1.6 Changes in Operational Risk 

Use of Portable ATIS will inform the traveling public of roadway events in time for them 
to manage their trip better thus leading to less aggravated drivers near the event location 
as well potentially lesser congestion at the roadway events when alternate routes are 
available. This may result in safer clearance or operations of the roadway event. 
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7.2 Organizational Impacts 

This section is divided into subsections to describe the anticipated organizational impacts 
on all of the users of Portable ATIS during its’ operation. These impacts include the 
following: 

 Identification of responsibilities for Portable ATIS deployments at the district 
level. This may potentially include modification of current responsibilities;  

 Training the responsible personnel in setting up and calibrating the on-site 
Portable ATIS equipment is critical to the successful usage of Portable ATIS at 
appropriate roadway events;  

 Identification of TMC personnel that will be responsible for coordination of the 
use of Portable ATIS; and 

 Identification of TMC processes that will be altered or affected by the use of 
Portable ATIS will need to be completed by the TMC personnel and a set of 
guidelines for the District personnel will be needed for continuity of the 
knowledge. 

7.3 Impacts during Development 

This section describes the anticipated impacts on the user of Portable ATIS. These 
impacts may include the following: 

 Caltrans HQ Operations, HQ Maintenance, District Operations, and District 
Maintenance personnel need to be involved in developing Portable ATIS 
guidelines and other documents related to the use of Portable ATIS; 

 Caltrans Districts have been solicited to participate in a demonstration effort to 
test Portable ATIS. Further refined Portable ATIS will need to be tried through 
demonstrations at representative districts. CCIT team will provide support to 
these tests; and 

 Districts where demonstrations of Portable ATIS are conducted may need to 
dedicate some resources and personnel from Operations and Maintenance for the 
duration of the demonstrations. 

None of the systems in the current offering of smart work zone systems in the market 
place meet all of the user needs described in this document. So, the current set of systems 
that are typically not connected or controlled by a TMC and portable CMSs will continue 
to be used to provide messages that are not dynamic or real-time. It is expected that 
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Portable ATIS as defined for this effort will be available from potential providers in the 
near future. 
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8 Analysis of the Proposed System 
This Chapter provides an analysis of the benefits, limitations, advantages, disadvantages, 
and alternatives and trade-offs considered for Portable ATIS. 

8.1 Summary of Improvements 

This Section provides a qualitative summary of the benefits to be provided by Portable 
ATIS. This summary includes the below items, as applicable. In each case, the benefits 
should be related to deficiencies identified in the earlier Chapters. 

8.1.1 New Capabilities  

Portable ATIS will enable the portable field elements to be connected to a Transportation 
Management Center (TMC) using a standardized interface with ease. This will also allow 
a TMC to manage the roadway event using a system-wide approach. This will enable the 
traveling public to be notified of road events in time so they can plan their trips with real-
time information. In summary, the following new capabilities will be provided by 
Portable ATIS. 

 A system to provide dynamic information on roadway events (Portable ATIS) 
will have set-up and calibration time less than five hours; 

 Portable ITS field elements (i.e., Portable CMS or HAR) will be connected to a 
TMC; 

 Data collected by the portable traffic detection system and processed data by the 
data processing unit will be available to the TMC personnel to develop system-
wide traffic management strategies as needed; and 

 Use of Portable ATIS shall be considered as early as the TMP process and the 
plan for the usage will be included in the TMP for construction related roadway 
events. 

8.1.2 Enhanced Capabilities 

Messages shown on Portable CMS in the current situation are not dynamic or real-time. 
Most of the time generic messages are displayed regarding the roadway event (e.g., work 
zone ahead, prepare to stop ahead, etc.). Portable ATIS will enable dynamic, real-time 
messages on delay, travel time and safety to be provided to the traveling public in time.  
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8.1.3 Deleted Capabilities 

No existing capabilities are proposed to be deleted by Portable ATIS. 

8.1.4 Improved Performance 

Portable ATIS will result in the following improvements: 

 Better mobility through better management of traffic around the roadway event; 

 Better mobility through better management of system-wide traffic using the fixed 
ITS elements located across the region; 

 Better regional traveler information provided to the traveling public pre-trip as 
well as on route; 

 Safer work zones and incident areas due to less aggravated drivers; 

 Better customer (i.e., the traveling public) satisfaction as a result of better traveler 
information and potentially reduced non-recurring congestion. 

8.2 Disadvantages and Limitations 

This Section provides a qualitative summary of disadvantages and limitations of the 
Portable ATIS. 

Disadvantages 
1. Use of Portable ATIS will need additional resources (either from Districts or an 

on-call contractor) for setting up and calibrating the system. 

2. District maintenance personnel responsible for setting up and calibrating the 
system will need to be trained. This may not be needed if an on-call contractor is 
used for Portable ATIS deployments. 

3. District operations will need to have TMC personnel with expertise to have 
Portable ATIS connected to a TMC as well as the regional traveler information 
systems. Getting Portable ATIS information to the regional traveler information 
system may need to go through ATMS and / or PeMS. 

Limitations 

1. It is desired that Portable ATIS is capable of being connected to a TMC when 
there is no cell phone coverage. But, all of the Portable ATIS offered may not 
have this option as non-cell phone based communication link to a TMC is 
significantly expensive. 

2. It is desirable that all of the portable components on-site communicate with a 
TMC. But, Portable ATIS may have a data processing unit on-site that 
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communicates with the other on-site components of Portable ATIS as well as a 
TMC. 

3. Portable ATIS is envisioned to be used at all roadway events. But, it may not be 
possible to use Portable ATIS at roadway events that may last less than one-week 
depending on certain factors such as the traffic volume through incidents and 
others as described in Chapter 5 of this document.  

8.3 Alternatives and Trade-offs Considered 

As described in Chapter 5, there are three different concepts that apply to this Concept of 
Operations Document. Other alternative to Portable ATIS is using static signs that advise 
the driving public of an impending roadway event. These static signs have very limited 
effectiveness in influencing driver behavior around occasional roadway events. A recent 
study (12) surveyed 28 highway agencies and documented the following: 
 
When asked about their perception of the effectiveness of static warning signs for 
occasional hazards (SWSOH), 18 percent of survey respondents thought these signs were 
effective, 7 percent thought the signs were ineffective and 4 percent were not sure about 
the answer. The majority of respondents (71 percent) viewed the signs as "somewhat 
effective."  

As described in Chapter 5, some of the roadway events may not need Portable ATIS for 
various reasons such as shorter duration of the roadway event, smaller impact of the 
roadway event, etc. So, the District personnel will methodically determine whether the 
use of Portable ATIS is warranted or not. 



61 

 Concept of Operations for Portable ATIS   
                     

CCAALLIIFFOORRNNIIAA  CCEENNTTEERR  FFOORR  IINNNNOOVVAATTIIVVEE  TTRRAANNSSPPOORRTTAATTIIOONN  
 

9 Definitions, Acronyms and Abbreviations 
 
Definitions: 
 
Portable ATIS - Portable ATIS is a portable system to provide critical real-time safety 
and delay information on non-recurring congestion caused by planned or unplanned 
events to the travelers that are on route as well as make this information available to 
District Operations to use for system-wide regional traffic management. 
 
Acronyms 
 
ATIS  –  Advanced Traveler Information Systems 
ATMS  –  Advanced Traffic Management Systems 
Caltrans  – California Department of Transportation 
CMS  –  Changeable Message Signs 
CCTV  – Close Circuit Television Cameras 
HAR  –  Highway Advisory Radio 
IT  – Information Technology  
ITS  –  Intelligent Transportation Systems 
PeMS  – Performance Measurement System 
TMC  – Transportation Management Center 
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10 Appendices 
 
Appendix A: Deploying Portable Traveler Information Systems: Supporting Information 
for the Concept of Operations by Western Transportation institute examines the options 
for communications among different components of Portable ATIS and the 
communication between Portable ATIS and a TMC. 
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EXECUTIVE SUMMARY 

1llis do..:urnent is intended lhr use·intbe Conc.:pt ofOp.:rations doClUll<mt being prepar<!d by tl1e 
California Center fur lnnovatjvc Tran~portation (CCIT). It is not intended for us~: 11s a 
stftndalon~ concept of opc1<1tions. TI1e purpose ortJ1is document is to :1ddre-sses the specific 
comnnmic~tion 'technologies tJmt ty pically would be used in a Port·able Advanced Tmvcler 
Jnfom1ation System (PATIS). It considers variou~< options that could be u~ed for: 

Coummnicution b~tween a Tt'dffic Management Center (flvl C) and a work ZOtle. 
Communications among various lin.!<~ in a work zMe (e.g., to provide travelers 
infommtion on estimated arrival time of a pilot car). 
Communication from a TlvlC or local work zone contml poi.Jrt to a C'I.mugeable ;'vle~"Sage 
Sigu (CMS) 1mdlor Highw.ty Advisory Radio (BAR) 
Portable I-IAH syl.1ems to prcrvide cummt, detailed infonnafion to travelers reg11rding road 
construction. traffic delays, higi.Jw:~y obstructions/closures, etc. 

Th.- docJmtent also considers numerous conununic;ations teclmologies which could be used with 
PATIS systems including: 

Radio &eqmmcy(RF) systems in frequ.:ncy bands lrom Very High Frequency (VHF) 
high-band through 900 MHz (Jic.:nsed and unlicen~etl) for lm:nl m:i!::t commun.icatior'IS. 
Cellular or satellite based commtmications (Low Earth Orbri (LEO) and Geostaliomu-y 
Orbit (OEO)) tof longer distance corllmllnic~tions ot comnHlnications in areas where 
ot11er RF communicatloru; are not viable. 
Amplihrde Modulati<ln (AM) and Preqttency Modttlation (FM) HAR options. 

Portabl<l Adwmced Traveler lnfonnation Syst.:rn~ are typically aonrJ>ri~cd of one or more of the 
fo llowing components: 

Fi.xed or portable CMS 
Portable Highway Advisory Radios (ll"'\Rs. also known as Travelers· Juforuttltion 
Stations or TISs) 
Data Processing S}stem 
Portable Vehicle Detection Systems 
Port:tble Road Weather Infonnatiou Systems (RWIS) 
Couummicution links from a TMC or lo,,al control point to the CMSs <uHllor HAR~ to 
keep traveler messages up lo dale. 
Local area communication networks to advise travelers, vi~ a portable CMS, of traffic 
dela.ys (e.g .. approximate arrival time of a pilot car). 

TI:tis document ex"alllines the application of seveml of these comportents as pnr1 of a PATJS 
system in a case study tltal covers a hmdslide Oil SR 96 in Humboldl Coumy. California. 111.~ 
various commnnication options are applied to this case study as an exmnplc. IJ1 particular, 
OO,lllllllllliCI!tio.n COVCf}lgc or the JandsJid¢ site and tlw SlltTOUI!ding 1\ii'Ca is addressed u~ing 
propagation aualysis tools for each of the RF options and satellite coverage of the area is 
denwnslrated using Go ogle Eartll maps. 

·n1e resttll~ of U1is project illustrate how the various PAilS componenl.s and the application of 
variott~ communication aJtemative~ addressed ahove might apply to any work zone adivity lo 
provide hoU1 the traveler and the 'l'MC and work zone control site wil)l current infonnation. 
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Each technology discusse.d in this document has bendits and drawbacks associated with i1. 
111ere is no single technology lhat w ill address a ll communications req11irements at any given 
location. Caltrans must detem1ine the need for communications with a remote location. ·nli$ 
uet:d will assi·sl Cal!nms in determining the most llppropriale communications teclmology to 
employ. 

lt is a lso impo rtant to note that. the infom1ation presented iu this dooumem is not inteud.:d to 
replace- sound eng ineering j udgment and proper design perfonned hy a qual ilied ra-dio systems 
engmccr. 
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I . INTRODUCTION 

lnl!·oduotion 

Adv~nc.:d Tmveler Lnfornwtiou Systems (ATIS) an~ routinely used for tmffic m<mageme.)l( and 
troveler infom1ation applications in rural and urban work zones or a~ pan of incident 
management TI1ere are two flavors for "ach: tixed and portable. Some technology components 
of fix.ed and portable A TIS include: 

Highway Advisory Radios (HAR) 
,., liA Rs are available in both AM and PM frequencie~ 
-, Fixed site HAJ{ - Typically deployed aloog major highways to deliver del·ailcd 

highway/traffic infommtion to travelers 
.-. Portable HAR - Typically deployed near work zon;:s to infonn travelers of 

delnys. closures, altemaie routes. eto. 
Changeabl.: Me-ssage Sig11s (CMS) 

:- Pixed sik CMS Typically deployc:d along major highways to deliver gemma! 
highway/traffic infonualioo to trav~lers 

:• Portabk CMS T ypicully deploye<l near work zon..:s to infonnlravelcrs or delnys 
and to advise them to nme into a I LAR frequency for more detailod in:fonnation 

Data Processing System 
System which receivll~ the traffic data from the vehicle detection ~ystem and 
caloulates estimated delays and rela ted ala1ms and ha.~ th<- capability 10 general~ 
mes£ages to display on the CMS 

c To provide TMC staJfwith estimat-ed delays and related<tlam1s 
Portable Vehicle Detection Systems: 

o Mobile systcn1S l lult detect and monitor traffic and assess traflic conditions m 
real· time in a work zone area or incidi:'ni location 
Port:1hle systems that can be .easily moved to new location~ and rcc3librated t,, 
accommodate construction singing_ and tra-ffic flow adjtL~tmenlslchm~ge!> 

Port<lhle Road Weather fnfonnation Systems (RWIS) 
::> Mobile systems provide local weath er infom1atiou intbe vicinity ofth.: work zone 

or U1e lm:ident location 
Mobile syste1ns nlay be us"d to m o nitor weaU1er on-site for Work 
staginglplmming .and safety pwposes 

Communication Links f rom a TMC ro a I'Lxed site or work Zl)nc 

o To control Ch'fSs or HA.Rs 
To observe traffic via a Clos..:d Cirouit 1'e[<lvision (CCTV) crunera 
To receive data rrom a work zone or incident location (e.g, photo ofn highway 
di$nlption) 

o To communicnte whh on-$ite pen;onnel , C;~llrans or contractor 
Communication behve<!ri atl on-~ite ~upervisor and a portable I-lA Rand/or CM.S 

Local Area Netw<)rk (LAN), e.g. to provide i1tfonua1ion Ojlthe location of a pilot 

car and its predicted arrival at tbe end of u work Zone or incident loctttlou 
<:> Cellular or Geostationary (GEO) sate !lit~ connection to u portable HAR 1wtVor 

CMS 
Cellular access to 5-l- l for detai led traveler info1mation 
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Future trave-ler infomr.llion technology- Dedicated Short Range Communication~ 
(DSRC) system to provide data comlllllnications hetween a madside sit<! and a laptop 
computer or Personal Digital Assistant (PDA) in a vehicle. 

In th~ deployment ofPortablt) Advanced Travollcl" Information System~ (PATIS) for the purpose 
of informing travelers about both urban and rum! work zones or higlnvay emerg.:ncies (sud1 as 
.aval;mches. for example) lh<!re are several conside.r.nions: 

In a typical PATIS application, system components ( i.e. trn!Ti.: detection sensors and 
CMSs) should 11e plac~d in k~y locations for traffic dllta acquisition and message display 
at locations ncar the work zone or incident. System~ net!d lo bo portable so that they can 
be pltw.:d at critical locations. 
Tmflic detel!tioo sy~tl:lms should be deployed at approprriate lo..:ations upstream and 
dowt\strerun of the worK. zone or incident. Syst.:ms mny require a Chru1gcnble Message 
Sign (C1viS) or other fonn 1)f driver notification that a HAR (llighway Advisory Radio) is 
present and the 1h~<juency on which it is tmnsmitting. 

The d~icctlon systems collect traffic da.ta pertaining lo traffic volumes, speeds and 
occuprutcy pa.')sing through the work zon<- or inc ident location. An on-site data 
process ing unit contro ls the PATIS component~ rutd associated tasks such as processing 
data from the detection system ... message generation ru1d posting. Additionally, it may 
transmit the data to U1e regional Traffic Management Center (TMC). 

Portable RW[S systems collect local weather infonmtti<m in the vicinity of the work zone 
llr incident. 11te data may be trans111itled to th<J TMC_ 

Two-way conunun.ications between the l 'MC and the processing unit are 1\.'qUired as the 
District TMC will need 10 control and access the PA l'IS. ' l11e TMC will need to track.. 
log a nd clnrnge the messages that are displayed by the PATIS units. Bi-directiooul 
conummication.s will also .:.mtble the TMC to acquire uno disseminate real-time updates 
on the. ~urrent traffic ~i tuation in the \Vork zone or ul the incident location, e.g., predicted 
am val-times of u pilot car at the ends of a work zone. 

Portable systems must be rugged to reduce lbe possibility of dum age by weather or loL'Ill 
constru..:tion <tctivil.ics. 
Securil y of portable systems may be >rn issue during flours when cotlslntclion is not 
active. 

1.1. TMC to Site Communication 

One oftl\e rno·rc critical a~pccts is TMC access to the PA 118 site for opcratiorls ani.! observation 
pUrposes. In some areas, where there ls acCcs!; to tl1e Stalc· s 800 NITI2 Pltblit: Safety network. or 
to telephone carrier land line services. tl1is may no! be a problem. (Woe not.,. however. 1hat 
landline options would rarely be viable at a constmction s ite unless, pt'rhaps, the site was in an 
urban area and/or the length of constmction period was quite long_) On tltc other hand. even if 
Utose services are available they· may not provide Ute capability fonuffici.:nt digital handwidlh. 
particularly fur CCTV cameras tu observe traffic conditions. A~;cessing the State"s 800 l\IIHz 
public safely metwork may al~o be somewhat difficult !IS it wns designed primarily for voice 
communication~. ThlL~ oU1er viablo! options need lo h<J consid~red. 
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Supporting Information for the Concept of Operations 

1.1.1. Cellular Options 

Introduction 

In many locations along California highways, cellular services with useful digital bandwidth are 
currently available (note, however, that there are munerous sites in California's mountainous 
terrain, for example, where cellular/Personal Communications System (PCS) service is not 
available) , or in tl1e process of being implemented, by cellular or PCS carriers such as AT&T 
and Verizon. These include: 

1xRTT (CDMA2000 1xRTI) is a 2.5G Verizon cellular service with a data rate of 144 
kb/s uplink and download and is currently available in most of California. 
EVD0-1X (technically called CDMA2000 1xEV-DO) is scheduled to be available at 
Verizon Wireless sites in California by the end of 2008. EvD0-1 X is a wide band cellular 
(3G) "data only" service with a theoretical data rate of 2.4 Mb/s uplink and downlink. 
Figure 1 is a map illustrating Verizon's EV-DO coverage of California. Blue indicates 
EV-DO availability [1]. 

Figure I: EV-DO Coverage In California (in Blue)- Courtesy ofVerlzon Wireless 

Global System for Mobile Communications (GSM) is a 2G cellular/PCS service from 
which GPRS and EDGE were developed. Low data rate (9.6 kb/s) relative to General 
Packet Radio Service (GPRS) and E:rihanced Data rates for Global Evolution (EDGE). 
GPRS, a 2.5G packet-oriented mobile data service, available to users of GSM cellular 
service, with a data rates from 56 to 114 kb/s. 
EDGE is an Edge Wireless (recently acquired by AT&T) enhanced GPRS PCS service. 
Data trarlSrnission rates are 384 kb/s for EDGE due to the use of a new modulation 
technique and error-tolerant transmission methods [2]. This service \vill also be available 
in most of California by the end of2008. 

Benefits associated with cellular technology: 

Whenever continual access (adequate field strength) is available, high data rate cellular/PCS 
technologies (lxRTT, EV-DO- I X, GPRS or EDGE) can provide excellent conummications for 
any type of field element, particularly CCTVs. 

Drawbacks associated with the use of this teclmology: 

In irregular terrain, such as mountainous areas, field strength can vary significantly along 
highways. Hence, digital cellular area coverage may limit the munber of field elements that can 
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he served. PCS is somewhat m ore limited in Cllvemge than cellulru- clue to higher fi-equencies. 
For dial -up ~e.-vices, high vohune tratlic may limit access. Monthly service charges also apply. 

lbnge of use: 

I xR'IT, I;:V-0 0 and GPE.{S 20 miles line-of-s ight (LOS) to the eel !tower 
EDGE 15 1llik s LOS to the cell tower 

W hen/HO\v this technology should be used: 

Wbeoever celluhtr/PCS coverage is adequate for 1J1e intended use. A pplk-ctble for rapid 
doployment and dircd TMS to TMC communications. 

'Vh e.n/\>Vhy this tt>chnologv '"ould not be used : 

Wben cellular coverag~ is margiJlal or r\On-e xii>1ent. 

lnstaU:1t.ioniMllintemmce issues/considerations: 

Since cellular servlc<l <.:an vary significantly in irr.:gular terrain. stweral oo-site field strength 
samples should be taken a t different limes or day at exact lo~ations where equipment will h~ 
deployed to detem1ine field strength continuity. A n on-site fi eld strength analysis ~houlcl also be 
cooducted to dletenniJtC adcquatt' contin uous field st rength. lt1stallation of tbe cellular mod~m(s) 
is simple. TypicuUy, higb gain aoteouus can be readily mounted tm a portublc pole. Physionl 
maintenance o ftl1e equipment hardware (e.g .. excbimging a device or antenna) .;.;m be perti11med 
by staff. ·1·.:chnical support would be provided by the sc1v ice provider. 

Tvpical costs for equipment hardware: 

Cellular lnod~uts: $300 $950- hardened modems availab le in th.is price rMgc 
• Yagi antenna: $200..S300 

Typiclll costs for services: 

1l1ese services would be viabl.:: for a corm.:dion to a P.-\ TIS site and the co~"ts rure relatively 
reasonable. Note that service is requi red for each PATIS unit and the 'l'!v!C. 

• Veri~on (EV-DO-IX; l xRTJ)- $59.99tmo. lllllimited !lccess LJ] 
AT&T (EDGE) - $ 49.99/ruo. unlimJted access [4 1 

S ltnliDIU"\' : 

Cellular is a viable choice for OQmmunications, particulru:ly w hen Qther ~ervices are lDlavailnble 
and cellular coveraga is g<)od. Datu ratas fo r EV-DO. IXRTT. EDG-K and GPRS are all greater 
than !()() kbls, which make t hese cellular technologies adeq1~ate for any high data rate 
requirement. lEV-DO is data only but operates on tt COMA signal so will be available wherever 
COMA voice stltVice is available as servic~ prov ider d ata networks expand [5 ]. Nute tb:u in the 
<lWnl of a rn~jor incident. cellular traJiic cunge~tion. primarily in voice system s. may be 
significant and uause inturruptions in cellular avuilubility. 

1.1 .2. Satellite Options 

·n1ere are vario\JS tlavors to satellite options which are illlrlld\lccd a1\d briefly discussed in the 
foiiO\ving sections. Nol all Satel lite options presented are viable options for PA TIS systems and 
use. 
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1.1.2.1. Satcllit(• Altemntives 

Introduction 

Multiple ~atelliite options are available; h01vever~ not all are appropriate/designed fo r use in a 
portable ~pplication, T11c most common sate llite o ptions an: 

Geostationary Eartl1 Orbit (GEO) satellite systems 
Very Small Apert1,1re Terminal (VSAT) systems, 
lnteL~ut 

lnmnr;;al 
Satellite lntern<;lt 'Service Providers (lSP) 

WildBiue 
HugbesNel 

Luw Earth Orbit (LEO) satellite sy~Lerns 
co Iridium 
~ Orbcomm 
:- Globalstar 

Portable GEO <uld LEO satellite ~ystemN are available. l:::ach option, LEO ur GEO, has 
associated ben:efit.s and drawback.~. GEO system s use l:ixed satellites which appear stationary 
from the E.m1h's surface. For this reason, pre.-ise dish aligmnent and anhmna positioning :~re 
required for GEO satellite systems. This task. can be very challenging and is noo·lfivial. 
particularly for the non-ted:rnical user. GEO salc:!Liitcs tend to have a relatjvely large ~overage 
area: ilo11'ever, there are ar~as wb~nl GEO will no t work. LEO ~atdlites are located c loser to Lhe 
Earth's $nrface; ll1cr.:fore covcr.tgc rnay be intermittent a.~ the LEO footprint will vary depending 
upon the rotation of satellites In orbit., purtlcularly in mo\tntainous tem~in . Deployment of LEO 
systems Is fairly straightforward as it is not necessary to point the antenna. LEO systems would 
be a vi<tble o ption in louations where GEO systems would not work a~suming U1at <Ul 

intermittent, low data rate application would suffice and be prefer<~hle to no coverage of a 
particular location. OEO and LBO syste1n~ are discussed in detail in sections 1.1.2.2 and 1.1 .2.4 
respectively. One must note that while rnru1y portuble Satellite syst~ms ;u·e av<Jilable. o bstruction 
o f the sky will! cause proble.t1s tli Jililny ar.::as in Calif•i>mia due to terrain and veg.:l<ltion, 
A dditionally, satellite systems can be expensive 10 purchase and operate. Applicability of any 
~y~rcm will depend nponlh~ need for infom1ation from a given location w ithin the state. 

1.1.2.2. Geostationary Earth Orbit ( G EO) Satellite Systems 

GEO satellites arc placed in lbe equatorial plane at a disl:mct.' of 22.000 miles from tl1e earth · s 
sud"ace, and Llte ir orbit;~ I pe1iod is ec111al to the earth's rotation period. Henc-.e. U1e GEO satellit~s 
appear stationnry from Lhe eanb ·s surface. GEO satellites provide greater bandwidth capabilities 
and are best ~uitcd for n.xed applications. ' l11is class of sate llite system includes Very Small 
Ape1iurc Tenninal (VSAT). lntelsat, lmnarsat, and Satellite Internet Service Providers such as 
H.ughesNet and W ildBIIIC, TllOoC a eo systems I hat opern(e in the bnnd~ abov.: lO Gllz (Ku and 
Ka) may be a/Tected hy n1in or $now. Tl1.: K11 band, however. ($ mildly alrected and iJ1lenupt ions 
are infrequ.,nt and o f short dural ion. 

llughesNet is an example of a GgQ $ystem that p rovides coverage of almost t.h~ en tire St:He of 
Caliton:U~ Note Ulltt aligning an antenna dish to a satellite, however, is non-trivial and may be 
time consuming <md probleJtJutic. punicularly for an im:xperienced user. Self aJjgning dish 
aJtleJmas are available but their cost is significant (e.g. MotoSAT Datastoml G74 priced nl 
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$5.295 installed 161). For a p{)r\able ATIS sysiem that will be used at multiple work sites, 
however, a self-aligning dish may be acceptable. 

1.L2.2.1. VSA'l' Applications 

VSAT Systems uses Tclsta1· 14 and G-28 (TA-8) sate((jtes located at 63" W a11d 89° W longit11de 
rcspectiwly [7]. Typically, VSATs arc relatively small and, l~«t1ally, very robust. Dish ;mt~nnas 
are roughly 3 to 4.5 lcet in diameter and the entire dish mechanism weighs less than 150 pounds. 
Smaller writs may be available i111he near future. VSAT oun handle 3 1\·lb/s uplink and 1.5 Mb/~ 

down, which might make them a viable TMS to TMC link for several fi<lld elements in a small 
LAN. for example. 

1.1.2.2.2. lntelsat 

lmdsat is a nt)t\~ork o.f 53 geostationary satellites, 8 lelc1>orts and mor.- than 20,000 miles of 
terrestrial fib~r [8l Intelsat ~vas Lhe fiJsl commercial global satdlite communication system 
launched in 1965 and provide~ remote s ite and VSA T support through lntelsal General 
Corporation. l?or point-to-point uplink s~rvice Tntelsat provide~ 64 kb/s to 2 Mb/s (hi~hcr 
dqwnlink rates) us ing C band and Ku bmtd satellite: capacity [91- Tntdsat VSAT dishes can be in 
the 3 to 4 feel dfruneter range. 'ntelr services are provided through VSAT service provid~rs. 

lntd~a.t is a wholesaler of satellite trrutspbnder capacity 110 I· 

1.1.2.2.3. 

lnmaJsat is a network of len geo~tationa1')' satell ites that provide high bandwidth communication 
f·or ai!ronaut.ical. marine and other mobile appl icalions. Oilly lnmarsat 4 satellite P-2 (53o W) 
and Inmarsat ;3 satellite F-3 ( l81.8o W) are available for use in th.: Uu.itcd States. Current 
coverage in certain area~ of Ca.lifomia is marginal at best 11 1 J. However. lnmarsat is plmming 
to add a new satellite in 2008 that will cover tll<! West Coll.\1t and, in particular. Nort11em 
CaJifomia [12]. lnmars:n also provides wideband con11mmication with a small mobile tem1inaJ 
that is roughly ihe size of a pizza box. The m1lenna is int.:grated into lhe ro uter and does not 
require precision pointing. J.rnuarsat equipruem, monthly subscriptibn churges, per minute!MB 
usage fees, and activation fees are very expensive when compared other GEO serviues such l)S 

J11.1ghesNet, However, if Jmn11rsat is the only viable form of COlllll~UJtic;stion at a givc.n location, 
the expense may be jliStified based on the need for infom1ation. 

), 1.2.3. Satellite TSP 
11Jere are sev.:ral satellite ISPs. most of which operate VSAT networks. Typical upload speeds 
are 128 to 256 kb/s and download speeds ar.: 512 kbls to 1.5 Mb/s. Dish ant.:mJa sizes are 
typically 3.2 to 3.9 filet in diameter, dcponding upon ~igna1 level requirements. fndividua.l 
satellite TSP~ W ildBlue and 1-iug,hesNct arc disou11scd below. 

T'•pical costs fo•· servk ts: 

Monlitly cost for 700 kbis down/118 kb/s uplink is $59.99 113]. Virtual Priv:ne Net\ol'ork (VPN) 
capability is also available fj·om companies such ;ts Ground Control 1141. A five ood~ VPN lists 
at $6 \9/month (Qalilco plu~ 4 1544 Kbps Down/2.56 Kbps Up. 4 G8 month ly transfer 
altowaocc. ~ year contra.:() l 15 J. Costs vary from sy~.:m to sy~cm but are typically 
signi.ficanUy le~s than 11~os.: of~ VSAT system. 
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1.1.2.3 . .1. Wild Blue 

Introduction 

WildBiue is a geostationary sa1ellite-based ISP operating in the 20- 30 Gl-:lz K, band, which 
enables usc of a 26-inch diameter satellite mini-dish [lGJ. ·n,e Anik F2 and vVildblue-1 satellites 
are above the Equator ai 111.1" W longitude l17 . 1 S, 19]. llHl operating K, hand frd1uency is 
such !hat transmission can b.: alfected significantly by rain or snow. so during rainfall or 
snowfull transmis5iou crut b.: interrupted. During a signiJicant rains tonn it might be necessary to 
tnmsmit wamings to a CMS. obtain critical weather inlonnatio1i from an RWIS or cover rn1 
afl'ccted Mea witl1 a CCTV fo r example [ 20]. Also because of the satellite lo~ation ;md the 
irregular terrain iu some are:L~ of Cnlifomia. there may be otl1er serious questions as to Wi.ldBiuo 
viability. Ma.ny field t~lenwnll; may he shjclded by mount!lins or forestation, p:uticul:trly sin~:e 
the. wavelengtlh of the K, band frequencies is c lose to tl1~ length of redwood nf!ed les, causing 
them to absorb il s ignificant amot~nt of power. "l11e problems a!lsociated with the Ka band (e.g., 
rain or linow corrupting !lw :;ignal) probably call for car<lful consideration regllfding the l~~e of 
Wild Blue for :my lield e lement s ite in c:~nain g<:Ot,'Tapbic areas sin~.;e TMS-Th[C cov~ruge during 
a. rain or SIWW stonn might he c rucial. In th~ ahsence uf o!h~r options. it might be decided that 
WildBiue is a viabk oplion. 1ote lhnt in areas in Califomia with limit.:d precipitation WildBiue 
would be more viable. WlldBiuc docs not provide mobi.lt!- .S<Jrvioe and is th<lt\!fon.· not avail~ble 
for use as parl of a PATTS unit at this time. Note th at aligning th~ site anteuua to the smc.llite may 
be complicated. 

1.1.2.3.2. HughesNct ( fomu.•rly DirccWay) 

HughesNel provid~s an lnlemd servite on a VSAT platJomi. Unlike \Vildl;llt1e, which operate.s 
in the Ka band, HughesNet ()perates on tho! Ku band (that i~ not s ignificant ly corrupted by rain or 
snowfall) and otl'crs service virtually everywh~re in the Unite<! Sn:rtes. HughcsNel uses seven 
sat.:! lites for ]11km<lll:OVerllge of tlle lower 48 Slates r 10). T I.Je seven sat~l.lites are identified us 
Gala:-.-y 26. AMC-9. Gnlax-y 28. Galaxy 16. Satmex 5, 0;\laxy I L. and Hori:wus 1. HughesN"t 
doc~ not use a spot beam techn·o logy which makes it highly portable and usable as long as the 
satellit~ toot print oifcrs ndeqmtte signal strength.. Aligning the dish to the satellite is JlOn-trivi:tl 
and may prove to be ci.Jallengiug and time consuming for the non-technical user. 

T ' 'pi cal costs fm· services: 

RugbesNet olfers five service plnns as shown in Table l [13.21 ): 

T»blc 1: Hic~gho•N•·I &-1"\ice Plnns 

l'n~r Data Rat"" 1\ lont htv Cost 
Harne Se1v1ce Plan 71~\ kbls down/128 kh/s uplink $.59.99 
Pro Service Plan I Mb/s down/200 kb/s uplink $69.99 
Pro-Plus ScrvicuPian I 1 .5 Mb/s tlowni2C.X) kbls UJ>hnk $79.99 
Small OOice Serv1ce Plan 15 Mbfs down/3110 kbls upl ink $99.99 
Business lntemcl Plan 2 Mb/s dowltl500 kl>/s uplmk $179.99 

l'vpical costs fiW equipment hardware; 

' l11e lirsl three plans listed in ·rable I r~quire a 2.4 fool dish . . 74m antenna, l W radio, and tU1 
HN 700S modem at a cost of $399.98 for ~quipment and installation (with a two-year service 
plan). The Small Oflice and l-3usi11ess lnt~rnet plans r~quire a 3.2 foot di~h, .98m antenna, 2W 
radio, and an J-IN700S modem at a cost of $699. 98 fo r etluipment und installa tion (with a tWil-
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year service pl!an). A pole mou·nt i.s inoluded will1 the two commercial plans. Sinoe the system 
uses multipl<l K" band satellites, it has fewer weather or location limitations than WildBiue. 

N ote: HughesNel he~s" "Fatr Access PoliC)' ·• based on a cwmilallve downfoad threshold. whtch 
is de/ermined by the service plan. When the threshold 1s e.:t'ceeded. the data rate is red11ced to 
5()-400 kbl.>· (depending on the .~erl'/ce p lan) until the u.ser ·.v system reji'eNhe.v C)-prcul ly wtthin 
12 2-1 hours r 2:!]. However. CCTI 's primarily reqwrc llfllillk COIII/IIIIfltcal/ons and ihu.v are not 
affected by the doll'nload constraint. H11ghesNet also has i t ,>' own new K0 band satel/lte 
Spaceway 3 111 ortnt and Is e>.]Jected to p/nce it tn com mereta/ opero/1011 soon [23/. 

1.1.2.3 .3. GEO Satellite Summary 

Benefits associated with this technology: 

Ku band satellites are 110t as signi.ticantly affected by weather (rain, s-now. l!tc.) as are K, band 
satelulcs. 

Dra"l\'backs associ at I'd with the use of this technology: 

User cosL~ are somewhat higher than other viable technologies 1vhen available. Monthly servic~ 
charges apply and can be significant Signal latency is roughly h second for the signal to reach 
the satellite and r6tt1m to a network node. lllcluding delays within the ll~twork, total lutc11CY n1ay 
read1 more than 1.5 seconds. Ka band satellites such as WildDlue are more negatively impacted 
by weather such as rain and snow than are Ku band satellites such as HughesNet and lnmarsat. 
Alig11ing iJ11~ satell ite disl1 is non-trivial and may prove to be challenging, particularly fur an 
inexperienced user. typically taking one to three hour.>. (for an C>.lJcrienccd user the dish 
aligumeut wou ld typically take 30 minutes to an h Ol!r.) 

Range of usc: 

Essentially lUl Limited. 

When/How this technology should be used: 

Whenever a GEO sat ell ito is accessible to a field element, it may be approJ>ri;l(e whenever oth~r 
viable, and Jess ell.lJCnsive, options are not available. In some Cllses. it could be used for access 
to a roadside LAl\1 U1at r.:quires high data r.1ies: otherwise it is most applicable for direct TMS to 
Tt\,IC communication~ given the acceptance of usability challenges such as position ins the dish 
antenna. 

When/\-Vhv thi.s technology would no t be used : 

When other less costly, viable o ptions wiU1 adequate bandwidth Me available or when line-of­
fright to a GEO satellite is obstruct~d by terrain or vegetation. If s ignal latency (delay) is an 
issue. a GEO satellite would probably not be viable. 

lnstallation/~Jaintennnce issues/considerntions : 

Physical installation and maintenance of the equipm0nt hardware (e.g., exchanging a device or 
positioning tbesateUit-c dish) cru1 be pcrfom1cd by staff. Positioning of-the dish antenna n1ay be 
non-trivial and pose challenges particularly for a non-technical use r. Care needs to be taken in 
s<llecting an installation site that .:-nsures line-of-sight access to the satellite. 
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Summory: 

Introduction 

HughesNet accessibility is limited only by v iew or the sky. Whenever U1e use of satellite 
communications is appropriate. tl1is would b(! a viable choice. IJughesNet was chosen a~ an 
example. among several GEO satellite systems, since its footprint essentially covers the entire 
State or California. RugbesNet, as well as other satellite servi~.-e provider.;. ~"llll provide a VPN 
that would allow simultaneous access to several PAT1S sites. Note that some GEO sattlllite 
systems provide limited access to Califomia and one, Wild Blue, does not provide mobile servioe 
and operates in U1c K, Band which is mer~ susc<Jptible to rain and snow interference. Again Dote 
that aligning the site amcuna to 'the satellite is non-trivial aud may be problematic. We note that 
lnmarsat currently provides inadequate t:ovcmge of Califo mia, but is launching a n1:1w satellite 
later in 2008 that will provide coverage in the! Pacific Com.i area. lnmarsal provides a mobile 
lntemct Protocol (IP) ha~ed service. Bn,Jadband Global Area Network (UGAN). which would 
al~o he appropriate for work 1.on.c access when the uew ~ate!lito is in plaoc. 

1.1 .2.4. Low Earth Orbit ( LEO) Satellite Systems 

LEO satellites arc placed at dist;mces closer to the earth's S11rfa~.: and hence have significantly 
smaller footprints Umn a GEO. Antennas directed at LEO satellites must either track the satellite 
or be non-directive. LEO sa tell itc systems have lower data transmission. rates and arc good for 
mobile applications particularly in locations where GEO is not available. LEO systems h~vc 
snbstantiol limitations relative Lo field elements, ptu1icularly in areas with im:gular terrain or 
U~'ll~C forestation. ·nl~rc l!rl) thr~c systems in operation: vlobalslur. lridium i\lld OrbQOIJllll 'llley 
have limited footprints th<d vruy as U1e LEO satd lile~ rotate in orbit and prob!\hly will lirnit Ute 
time of contact witl1 the user units, particularly in irregular tetTain_ ·n,ey opemte in a ft<.!<Jtlency 
band (S-b:md 2 to 4 G.IJz) su.cb tbal Ute lcmgU1 of some ilonifer needles may be close to 114 
wavelength or the operaling frequencies and, lhus. may absorb considerable RP <!nergy. All 
LEOs have 1imi1.:d data rates nnd may e;,perierJce periods of otttages due to sky obslntctiou 
particularly in irregular terrain. l!owevcr. LJ::O service is available whenever ~ view of the 
satellite footprint is availabl\!. In Oat terra ill (e.g., a farge valley) U1is is almost always the Cll$c. 
1l1e tradeoff &nil)' be viable if no other ~ervices are available a1 ~ pat1icular locatiou. All LEO 
$)'~tc:l'nS are very port!\hle and might be applicable to set up ll1l initial respon~e to a highway 
emergency such as a landslide:, 

l .t.Z-4. L Iridiu:m 

lridiun1 is ;~ LEO sl!tcUite sy$tcm with 66 ~atellites. TI1e- system o'ffers a dat11 cot11munication 
rnte of 2.4 kb/s uplink nnd downlink, which could possibly be used lor low data rate lJJtelligcnt 
Transport~tio11 System (ITS) applic.1tious [24 J. Note tllat the data rat~ is relatively low aud 
might not he viable for acc<Js~ to some field elements. ' ll1e data rate shotdd b<~ sut'ficient for 
commtUticntim1 witb a CMS or· other low data rate device. 

1.1.2.4.2. Orbcomm 
Orbcomm is a LeO satellite system compri~ed of' 30 sate llites. ' l11is ~ystem is specifically 
imellded lbr machille-to-machine communication. The system allows ~hor1 messages rallgirlg 
between six bytes ami several kilobytes to be sent and recciv.:d in ll<:arreal-Lime 1_25]. 
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Equipment ltlr Orhoonnn's system can be as small as 2 .5 inoh~s wide x 2.5 inches long and an 
inch tall. ·n1e omni-directional antennas are also small and do not require pointing. Orhcomm 
equipnwnt c:m btl nm off solar c harged batteries. 'l11e sy$t·em offers a data communioation rate 
of 2.4 kb/s uplink lllld 4.8 kb/s downlink. whi~.!h l.!oultl possibly be used for low d:1ta ntle ITS 
applications [261. 1l1e 4.8 kb/s downlink rate meets the minimum requirements tor a CMS. 

l. l.2 .4.3. () lo bnlst-.t•· 

G lobalstar ~~ a LEO satellite .system with 40 satellites at a highe r orbit U1an that or Trldium. 
Hence, the Globalstnr footprint is larger than ihat of Iridium. In irregular (mountainous) terrain, 
however. both systems experience rime gnps in coverage. Data systems teml to be small in size. 
·n1e satellite radio is typically the size of a hru·dback book, and the autenua is the s ize of a 
doughnut. Data comnuUlicatio1·ls rates atil 7. 2 kb/s, which is insutlicient for use for CCTV. but 
could be used for low data rate ITS applications [27J. Global star has Ios1 eight of it.~ 48 sa1.!1lites 
in the pm:t few years_ but added 4 on May 29_ 2007_ a nd scheduled an additional four for launch 
un July 3 1. 2007. (As of this dale no inJbnnation is available on Ule Globals ta r web site as to tl1e 
July 31. 2007. launch.) Globalstar 's problems are .signiJicant and bave not been resolved as of 
this writing. 

1.).2.4.4. LEO Sot ellitl.' Summory 

81.'netits ossoci;Jted with t llis tcclu10logy: 

LEO :::yS1ems <~re VoJI')' po.11able. LEO satellites are often accessible where landline and cellular 
are unavai lable. Deployment can be relat ively sh:aightforward as il. is not necessary to point the 
<Wtenna ~in.:e Qmni-dir<'clional antennas are tL~ed with these syste)lllS, In Ulose C3$<:S \Vh.:re no 
oilier system access is av~ilable. tEO satellites wi II provide at least I imited access. 

Dral~backs assodatl..t ·with the use ofthis tec"hn ologv: 

LEO sys-tems ty pically suflh !To m low data rates. high costs, ti111e gaps in accessibility and 
system problems. Iridium operates in the Ka Band. which fl111her limits access during rai11y or 
snowy weaih~. Monthly service. charges apply. Irregular terraiul and dense vegetation may 
negatively impavt service. Lapses in coverage wi II occur when the mohile unit is mns ide of the 
current foo1print t>f a LEO satilll ite. 

llimgc o f usc: 

Limil\ld to thn<i!s when i\ fielll. elo;:mcl\1 i~ in l!wsate llit.;'s tQotprin.t. 

W h en/How this tN hnology sho uld be usro : 

lf no othe r viable option is availahle . 

W hen/Why this technology would no t be used: 

Cost of LL~e is v ery high relative lo tlata rate. Access to satellite footprint muy be very limited in 

it1·tgul11r 1errain. 

Installation/1\'l.aintennnce i~sues/considemtions: 

Self installed. lfs.:r must be car.:ful to place nlod.:m ~ysteul in th.: most accessibl\} locadon (at a 
fie ld e lemetll site) '" ithln the ~atellite footprinl Physical m(l.intenanc<! of tl1e equipment 
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hardware (e.g., exd1ang ing a de.v ice) uan be perfom1ed by staff. Tedmil-:al support would be 
provided by the service provider. 

Tvnkal costs for equipment h>lJ'dwal'e: 

• I ridium Beam RST voice/data module: $2,305 [2SJ. 
GSP-16 20 Olobals1"ar Duplex Satellite Mvdem: $995 [291. 
Orbc<)mm; details w1available. 

Typicul costs ffu- set·vicl'S: 

GlobaJstar; Unlimited use currently $J9.99/month subject to reduction to $19.99 in 2009 

l30]. 
Iridium: Two mont·hly rates wiib included minu tes: 20 min/m11nth. $68.95; 60 
min/month, $l00.95 plu~ prepa id airtime phms [31[. 
Orbcomm - details unaVi!ilable. 

Summn.t-v: 

l'ecause of relatively high U$agc costs. limited dcccs~ tl) t11e sate llite footrwint and ~ys1em 
probh:m~ (e.g .. "humed oul" satellites) tl1is would no1 be an option o f choice except in 
c ircums tances where no other option was available . 

1.2. HAR Licensing Considerations 

liA R lkeoses are not fixed s ite but regional in nat\lfe, e.g., city. coumy Qr su1tew1de. This, of 
cour.>c, i~ essential for a portable system. liARs typically have a. coverage ar<.>a of a 3-5 milr 
radittli fi·om the an1crma. Range, of course. is limited by the sensitivity of the AM or FM receiver 
in a vehi.:k. Federal Communications Commission (FCC) waivers can be o btained l'or 
"superstations' ' with high gaio antetmas e.:->tending the range to 10-15 miles, alth\lugh the antenna 
is not " portable". l.icen~ing procedun:ls for HARs and on-site training se,rviceJ; are available 
from the manufacturers. Note that tbe FCC refe rs to l iARs as T raveler in1onnntiou Stations 
(TIS). 

We noll! that there are limitations to t.be use of H ARs. ln p~rti~ular, licensing of HAR is 
restricted to govemment agencies. Additional FCC liceus ing infon.nation is available Oil tl1e 
FCC web pages (See Appendix A). Hence liA Rs must be operated by Caltrans. 1"l1is may not 
be a s ignilican.t restric-tion for general roa<l construct.ion, however, since portable CMSs cau be 
pla.::ed at crit ical locations lo p rovide essential traveler infonnntilon a lthough not in as much 
del.aiL 

1.3. Intra-Work Zone Commun.ication 

f or local communication~ between a traffic s~ns.or and a CMS and/or controller, f Qr examp le, 
th.:r<~ are nwnc rous options: 

ln more remote areas wb t-rit interference Is unlikely. 1.111licensed systems such as a 900 
M flz Industrial, Scierlt:n c, Medict\1 (l SM) b;md LAN, WireEess f-ide lity (WiFi) ot 
Worldw ide lnteroperabil ity ft)r Microwave Acce~s (WiMAX) could he used to 
llommunic~te am ong units closely located w ithin a work zone. WiFi and WiMA.'\ 
operate a t high f requenc ies and low power, however. such that a I.AN might requir<' 
multiple elements. 
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In ntml areas where unliGcmsed frequencies may not be appropriate, radio fre<1uency 
(RF) modems. pru1icularly in the VHF high band. may provide good intra-zone 
communications. Note, however, that V HF high band typically iS limited to 9.6 kbls, 
which may be inadeclllale Jbr some ttpplications such a~ CCTV cmneras Jor viewing 
tra llic. Hi~;her RF l'reljtleucies (e.g .. 700 and 900 MliZ) with higher data rate capabil ities 
muy al!so be used. However. i n mounta ino us and/or heavily forested areas (rel'o!rred tons 
"irrcgnlar terrain·'). w hich are common in Califomia. RF propagat1on may be atrect.,d. 
particnlarly in tbc higher frequency bands. In st•ch cases it m ay be necessary to place 
OWl or more portable repcat·crs between the endpoints of the work zone. H is hore wh.:r~ 

VHF higl1 hand. whene\'er 9 .6 kbls i;, adequattl, will 11rovide the best propagation 
covera.ge. For examp le, in a five mile constructio n zone ill very irregular temun, VHF 
high band would t ypically reljuire one or two repeaters wherens fhe higher bands might 
require as many as rour ()r five. 
In more urbm1 areas, wh.ere inter(er~nce to unlicensed f requ.:ncies would be m ore likely. 
RF mod.:llJs in th.: 150 - 900 MR:z. licensed frequency bm1ds co uld be used fo r intra-J;ite 
comnamications. If higher data rates (greater than 9.6 kb/s for VHF or UIJF and 19.2 
kb/s for 800 !-.>Ulz) were required. the 700 (384 kbis) or 900 (768 kb/s) MJiz bonds 
might be rcqui.red. 

We do need tO note that equipmcut vendors arc continua lly improving data rates in RF modl!ms. 
typically at the expense crf receiver sens itivity. however. with more advanced modulation 
schemes or higher RF bandwidth. Currently at lca..'il o n.:: vc-lldor. for example, list~ a VJ IF hig h 
b<md RF modem wilh 1?.2 khls digital ha.ttdwidlll , but rilqniring 2 5 kllz RF bw1dwidth, Sinoc 
FCC "Refanniog'', ,yh ich redt1ces bandwidth limits by :1 fa~:tor of two, will occur on January 1. 
20 13. this wmdd uol be a viahle long tem1 o ptie)IL 

1.4. HAR Equipment 

One I IA l{ equipment p rovider. £SS. for example. manufactures a ruggedized portab le system Umt 
is easily lrunsporll-d and can b~ set up or taken d(>wn (for overn ight storage. for ll.'cample) in a 
maner of minutes (32 J. They also uulmt.faotur.: :t solar-powered, rraiJer-mounted portable H AR 
system . 
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F1gure 2: ISS Portable HAR System-Image Courtesy of RadioST AT and The Radio Source 

Quixote Transportation Technologies offers two portable solutions. Solar Max is a portable, 
solar-powered HAR system (see Figure 3). Alert Max is a portable, solar-powered CMS/HAR 
system (see Figure 4) [33]. 

Flgure 3: Solar Max System- Image Courtesy of Quixote Transportation Technologies 
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Both vendors also manufactu-e solar powered, stand-alone, pottable CMS systems. Quixote 
systems are designed for cellular message changes_ ISS systems are designed for telephone or 
computer IP-based controlled message changes. Another manufadurer, ADD CO, markets a line 
of trailer mounted CMS, either solar or battery pov,aed, that are message controlled either by a 
handheld tenninal or a cellular modem. Two that seem most appropriate for this discussion are 
the Mid-Size Full IV!atrix unit and the Ivlini Adjustable Gtaphic (MAG) Sign, as seen in Figure 5 
and Figure 6 [34]. 

F~ 5: ADD CO Mid-Sire Full Ma.trix Po nab~ CMS Unit-~ Co...m..y of ADDCO 
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Flgure 6: ADDCO MAG Sign Portable CMS Unit -Image Courtesy of ADDCO 

Introduction 

Security may be an issue with portable HAR writs, particularly regarding theft or vandalizing . 
Hence, it may be advisable to consider system protection (e.g., portable fencing system with an 
intrusion alarm). The placement of a pmtable HAR and/or portable CMS along a highway 
requires that they can be protected from either intentional or accidental damage. 
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2. MULTI-DAY rNCIDENT CASE STUDY 

Portable Adl'<mced Traveler Inlonnatioo System s (PATIS) involve seveml options including 
A TIS systems operated by Caltrans_ by contructo~ or by a Caltrans-conttactor team . Typicttlly 
they may involve; 

• Fi.xed or portable CMS and/or portable HARs to infonn trav~Jers of road cOJ\stnaction or 
emergency highway conditions (uot.ing that HARs may only be operated by 
govemJllental agencie$ - ~ee Section 1.2), 
Conunun.ication linl<s from a TMC or local coUl'rol point to tl1e CMSs and/or BARs to 
keep traveler me~sagcs up to dutc. 
Local an:a communicatiou networks to advise travelers. via (I portable Cl'viS. oftrallic 
delays (e.g., approximate mTival time of a pilot car). 

An example of how these various option~ might b~ implemented iuvolves a landslide on 
CaJifornia SR 96 in Humboldt County which is discussed in Section '2.2. 

2.1. Background information- State Rollte (SR) 96, California 

SR 96, alxo lmown as the Rigl'oot Scenic Byway, is a 147 mile [35 J rural, two-lane, mountainous 
roadway that follows the Trinity and Khuna1h Rivers in northwestem Califomia U1rough the 
1\,Jarble Mountain Wilderness 136 1. SR 96 originates in Willow Creek (Junction 299), and 
l<'f1ninales <m the outskirt$ <)f f-lombrook where it merges with lnt.:rstate 5 (1-5). ·n1ere is a 
junutiou with S R 169 at Weitchpcc. Fi~ure 7 shows u map or SR 96. 
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Figure 7: Map of SR 96 - Courtesy of Google Maps 

The SR 96 roadway tmverses Humboldt and Siskiyou counties. It services several recreational 
areas in the Klamath National Forest. SR 96 is the primary entry/egress route for the recreational 
areas and several towns. In 1992, the average daily traffic volume mnged between 500 and 
3,800 vehicles per day [36]. Given the geographic features of the area through which the 
roadway passes, landslides in the rainy season and summer wildfires are not uncommon. Fires, 
landslides, or other major incidents can severely impact visitors and local area residents. 
Alternate routes are not readily available. Reliable communications, timely response, accurate 
traveler information and traffic control are essential components needed to address public safety 
in such a situation. P A TIS systems would play a key role in any emergency situation such as a 
fire evacuation on SR 96. 

2.2. SR 96 Post Marker (PM) 17 Incident 

The following inf01mation was supplied by Caltrans District I. In the early morning hours of 
December 20th, 2007, a major landslide occurred on SR 96 post marker 17 approximately 3 
miles north of the town of Hoopa, Califotnia in Humboldt County at latitude 41 ' OT'll.27'N and 
longitude 123 ' 41".20.12'W. Figure 10 shows the approximate location of the landslide. 
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Figure 8: SR 96 L.1ndslide Locati&n - Image Co uric•~ of Coogle E:~rth 

Caltrans estimates that 1200 cubic yards of rock and debris fell, damaging and blocking the 
roadway in both directions (see Figure 9 and Figure 10). 
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Figure 9: Landslide on SR 96- Image Courtesy of Cal trans District 1 

Figure 10: Landslide on SR 96 -Image Courtesy ofCaltrans District 1 

Incident Response 

Caltrans responded to the incident by sending maintenance crews to the site. An initial 
assessment of the incident determined that they did not have the resources available (i.e., 
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manpower and equipment) to address the work load. Crews immediately contacted Caltrans 
Headquarters In Sacramento v ia cell phone and initiated a verbal contract for a Force Ac..:ount 
Project (FAP) to clear th~ debris and re-open the roadway. As debris was removed, it beoame 
apparent that u portion or t11c west.bou11d lane had been lo$1. Consequ<mtly, the roadway was re­
opelled to a single laDe of traffic three days after the sUd~ occum::d. Coordinatio11 with the local 
power comp<my was required as power lin~s were dow11ed in the lands lide. 

'nte Public In formation Oflicer (1'10) noti fied the media and public of the immediaw road 
oloslu-c. When the roadway was re-opened to a single !;me of tra11ic, ilagg<.ws were used around 
the c lock to direct traffic until .a temporary traffic signal system couJd be installed. Roadway 
reconstruction :mtl ~lopl! :md drainage repair is scl1cdulcd for completion in Novemb.er 2010 and 
is b~ing funded by the Stute Jlighway Operation and Protection Program (Sr!OPP) 1371. 

2.2.1. Comnnmications Options 

In a situation such as this landslide~ data communiclltion to/from l11c TMC is esscnthtl in onkrlo 
re-route traffic, inslu·e appropriate response by constntct:ion crews attd, as the highway is clearli!d 
of debt1s. to establish a viable tra:flic control system. Whet\ possible ru1d/or penn.itted. such a 
link might be established by an RF system operating from StAte Public Safety microwave Oi' ROO 
)'v!Hz Lowers. Olher RF links may be required a long the work zone, to CMSs IIJ)d or HARs, 
to/from traffic monitoring devi<::es. etc. for this reason we hav~ used ComStttdy2.2, an RF 
propagation coverage program. to illustrate where communl.cation links might be established 
rrom a specific ~it.:. for all propagation studies included in this document. red indicates 
exuellent coverage, yellow llldicates wry good ooverage. green indicates ac,'<:ptab!e coverage 
and white iudicates no covecage from ilie site under consideration. lf another Location is in a 
colored area this indicates that a conllmuticalion liuk is available to/from that site. 

Figure l I is au \lxatnple of th!!- lev~! or RF covilrage of IJJe landslide site rrom the nearest State 
lower operating in the 700 Mlh baml (which has sign ificanlly higheJ digiral band\vidtl1 
capabilities than Vl!F or Ultra High Frequency (\!HF) frequencies). Figure 12 is a sample 
covcJage plot from tl1~ same State tower in VUF high band (~l 51 Ml-1:.::) to demonstrate tho 
dillcrence in levels of' coverage amoug ditlcrent frequency bands. Neither plot indicate$ 
coverage of tJ1e I~ndl;Jide. 11' in genera l hqwever, a Caltr;u1s base >;I atlon at <1 State microwave or 
goo MJ-{z lower were located such that there was s uitahle eoverag.: of a work site this \ lfouJd be a 

good communications option to collSider for comtnunication to/from Ute TMC. 
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J'' igurc 11: RF Coverage Plot [romlhc n~arcsl Stale Tower Opcrnling in lhc 700 MHz Band 
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Figure12: RF Coverage Plot from the Nearest State Tower in VHF High Band 

One alternative to a standard RF link between the landslide construction zone and the TMC 
would be a cellular link. Figure 13 indicates that cellular coverage from a Verizon cell site 
would be very good at severa l locations close to the landslide. Although coverage at the 
landslide is questionable, a control site with good coverage could be located close to the 
landslide. In general, cellular con-ununication fi·om the 1MC to/from the work site may be a 
good option in many cases where cellular providers have adequate coverage along highways 
where coverage by a Caltrans RF system does not exist When good cellular coverage is 
avai lable it rnay be the least expensive option. 
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Figure 13: Verizon Cellular Coverage Hot 

Figure 14 is an augmented display of the ComStudy propagation plot overlaid onto a Google 
Earth map. Based on the figure, it is not clear whether or not coverage is available at the 
landslide location, although it is available at sites near the landslide. Measurements would need 
to be taken at the site to determine the availability and quality of cellular coverage at the 
landslide location. 

Figure 14: Augmented Coverage Display 
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The cell site is approximately I. 7 krn (slightly over one mile) from the landslide and the nearest 
red zone on the highway (excellent coverage area) is less than 150 meters from the landslide. 

A portable relay LAN could be appropriate in many construction zones. It would consist of a 
sequence of RF modems along the construction route. It can provide a communication link to 
change messages on CMSs or HARs at either end of the construction zone. For example, it 
could provide information to travelers waiting for a pilot car on its approximate arrival time. 
Such a LAN requires that successive roadside modem locations have a good RF coverage path to 
the nearest modem location(s). Figure 15 is the RF coverage plot of a VHF high band portable 
relay LAN site at, or very near to, the landslide. Figure 16 and Figure 17 are coverage plots from 
portable relay sites at locations at both ends of a possible construction zone. These relay LAN 
sites would provide communication between both ends of the construction zone, at a 9.6 kb/s 
data rate, and, for example, a site at which a cellular modem could be connected to the relay 
system for TMC control of or to receive information from CMSs or HAR messages at the 
construction zone. We have assumed for this example that such a "control site" would be near 
the landslide. 
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F1gure 15: RF Coverage Plot of a VHF High Band Portable Relay LAN Site at the Landslide Location 
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Figure 16: Coverage Plot from Portable Relay Site Roadside 1 at One End of the Possible Work Zone 
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Figure 17: Coverage Plotfrom Portable Relay Site Roadside 4 at One End of the Possible Work Zone 

In this particular case we note that a VHF relay through the control site near the landslide would 
not be required for point-to-point contact between worl< zone endpoints to predict arrival times of 
a pilot vehicle but would be required for the control site to change CMS or HAR messages. A 
900 MHz relay LAN with units at all five sites, although not providing as much coverage, would 
also be viable, using, for example, aGE MDS 900 Mercury system with a data rate of 250 kb/s. 
The MDS 900 Mercury uses the unlicensed ISM Band, 902-928 MHz. Although unlicensed 
frequencies may experience interference, significant interference would be unlikely in a 
construction zone. See Figure 18 and Figure 19. Note that coverage of"Roadside" sites is only 
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required between two successive sites for a repeater re lay. Figure 18 and Figure 19 illustrate bi­
directional point-to-point eoveragc to/from the nearest Roadside site. For example. Figure 18A 
shows covemge between the Landslide control site a nd Roadside sites 2 and 3. Figure 188 
shows coverage between Roadside sites l and 2. Figure .L8C shows coverage between Roadside 
site 2 and the Landslide control s ite, Figure L9A shows coverage between Roadside site 3 and 
the Landslide control site and Fig ure 19E shows coverage between Roadside sites 3 and 4. 
Recall that red indicates excellent RF coverage. yellow indicates very good eoverage and green 
indicates acceptable coverage. 

A ) Landslide Coverage B) Roadside I Coverage C) Roadside 2 Cove•·age 

Figu~e 18: 900 MHz Covcmge Pllll~ for Rrlay l..-\N Site$ in landslide Work Z(lnc 
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"Figure 19: 900 MH •.Coverage Plots for Relay [,AN Sites In Land!ltde Work Z one - Continued 

GEO satellite "line-of-sight" access to tl1e landslide si te is illustrated in Figure 20 for HughesNet 
(viewed from the North). As seen in Figure 20, there is excellent Line-of-sight (d1e red lines 
between the site and the satellites) to the HughesNet satellites from the landslide location. Note 
however, that because of lht: complexity of antenna alignn1ent to a satellite, or the cost of a self­
aligning dish antenna, at work zone entry points ust: of GEO sat~:llites for con)flltmicalion to 
C!vL<;s or HAR~ may not be appropria te. Since COIIU!TIUnicalion to a CMS or l-IAR dot:s not 
re<tuire a significant data rate, a LEO sal'ellite may be appropriate, particularly in open lelT'.ain 
where the LEO footprint is not significantly affected by terrain. It remains up to CaiLrans to 
dett:nnine the need fur infom1ation from any remote location ancVor the need to relay 
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information to a location. The need for information to/from a site will drive the selection of the 
communication technology. 

F1gure 20: Lines-of-Sight to HughesNet Satellites- Image Created Using Google Earth 

There are also other TMC to construction zone communication options. When available 
(although an unlikely option at most construction zones) POTS connections could provide 
adequate digital bandwidth for data communication to a TMC or along a construction zone. A 
more appropriate option, and one that would apply to the present example, would be GEO 
satellite communication. The HughesNet satellite system, for example, has numerous satellites 
that provide coverage virtually over the entire State of California. Note, however, that if the path 
(from the user dish antenna to the satellite) at an angle of 40° or less from vertical to the satellite 
is obstructed by terrain or vegetation HughesNet will not have a line-of-sight. In this case only a 
LEO satellite may have intermittent access to the construction zone if no other RF connections 
exist. Hence, if cellular, Plain Old Telephone Service (POTS) or RF systems did not provide 
suitable site coverage in a construction zone, this would probably be a viable option. In those 
cases where only cellular or GEO options were available, either for connection to a TMC or for 
communication in a construction zone in very irregular terrain, the cost comparison of the two 
services would probably be a deciding factor in selection of the option. Typical costs of Verizon 
digital cellular [3] and HughesNet GEO satellite services [21] (for Verizon and HughesNet) are 
listed in Table 2. 
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1'nbtr 2: Ccltulnr .md Stlttllilt Strvi<:M l'rieing I nfo•·mnlion 

Provider Accr.ss 
Connrc1ion 

Spertl A-v~ilnbility Cost 
Typo 

Vcnzon lJnlm1itod 
CcUular 1 44 k bls uphnk Currently 

$59 99/momh lxRTT snd downlink availllhle 

Verizon !Jnhmited 
Cellular 2 . .t ~Ibis uplink Late 2lJC1S $59.99/m.onth 
EVDO and downlink 

128 kb/s uplink 
Currently llughcsNct Unlunitcd Satel.htc 7Cl(lkbls available S)9.99hnonlh 

downlink 

We note that either Caltr<UJS or a contractor could obtain these S<!rvice.s and use tl1em at any 
con~lructlon site in U1e Slate. L<!. Lh<~y are totally '"portable". 

2.2.2. Highway Advisory Radios 

HARs n.:;u· lh.: construction zone can provid.: ;m exc.:lltmt information source for tra·velers, 
Nonmtlly they would be placed ~ev.:ral mile~ on either side of the con~truction zone to allow 
travelers to h~ aware of the type of constmction (e.g .. routitw highway cot1stmction or 
maimenancc. emergency conditions such ns a landslide. etc.) or to ullow them to cbooso ru1 
altemate rt>ute. For this exampl e two Hi\Rs, pla.ced north aud south of !he landslide site might 
appear as in figure 2L I:IARs must be coutrolled f.fom a TMC since they can be licensed only by 
a govemmentaJ <~geney. "l11is might be done. hy cellular or satellite link. for example. 
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F1gure 21: Prospective HAR Site Coverage Plot near Landslide Location 

Placement of the HAR sites for an incident such as this landslide would normally be at the 
intersections of SR96 and SR169, and SR299 to allow traveler advisory of delays, road closure, 
alternate routes, etc. Note that pmtable HARs often have a pmtable CMS at the same site, 
typically to advise travelers to tune to the HAR. 

2.2.3. Future Option 

Currently under development is the Dedicated Short Range Communications (DSRC) system, 
which will provide data communications between a vehicle and a roadside site. It is a low power 
system intended for safety messages, emergency services and Internet access. Until such time as 
a majority of traveler vehicles are equipped to utilize DSRC (e.g., with a laptop computer or 
PDA), however, it will be of very limited use. 
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3. CONCLUSIONS 

Appendix A 

1lu~re are numerous Collilllunications option~ lhat may b¢ applicable to support a PATJS unit. 
Following is a r~vicw of these options broken down into type~ of communication with the 
option~ listed: 

Conunullication to/from a Traftic Mlillage.neot Center 
·~ To a work zone control site 

• Where available., m1 RF link in any freqw~ncy band fur voice 
communication or low mtl! data transmission 

• Where available. a cellular l.inJc for voice tommunjcation or low rate data 
Lnmsmissjon 

• A LEO satellite link For vuice communic~tion or low rate data 
Lnwstllission 

• Where available. an RF link in the 7001\Hiz band for I:Ligh data rate (384 
kh/s) transmission 

• Where available, a widebaod cellular link (e.g .. lxRrr. C:V-DO, GPRS or 
EDGE). 

• Where available, a GEO sate llit<> link 
To a CMS aud/or HAR 

• Where avuilaole an RF link in any fre4u"•1cy band for voice 
comnmnic,;tion or low rak data transl'tiission 

• Where available a cellular link for voice corumtmication or low rah: data 
trimS mission 

• A LEO satellite link, except, perhaps itl irregular terrain th3t would cause 
significallt delays betwtlen l:r'.tnso1issjous 

• Wbere available a GEO sa1e llite link 
Comruuni~ation from a work zone control site 

To a CMS and/or HAR or to t1 flag site in ord~r of prelerenc.: 
• An RF repeater relay in whatever frequency ·band is availahlelapproprinte 
• ~'ben: available n cellular link for vo ice coJmnuJ:tication or low mte data 

transn:Lission 
Comnllllll(nttion to/form a TMC or work zone ,\ontrol s ite to a high data rate field element 
(e.g. , vehic le detectloil system, CCTV) 

., An RF repeater relay in a b.igh bandwidth fi-equettcy band (e.g., '700 or 900 Mllz) 
o Where available a wldcbaml cellular link (e.g., lxRTT. EV-DO. GPRS or BDGE) 
v Where available a GEO satellile link 

ComnuUJication to/fom1 a TMC or work zon<! control site to a remote CMS and/or liAR 
(IQ give travcle~ detailed dcl:•y or closure infom1ation) 

o When~ available a cellular link. lor voic-e ..:onummication or low rate dau1 
transmission 

n A LEO satellite link 
c• Where available a GEO satellite link 

TI1e above List is intended as a "User' s Guide" to detenuine the most appropriate cotOJlluuicution 
option for eat:h application and includes consideration of applicability to the intended use. 
reliability und cost. 
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·n,i~ domun..;nt is intend~d to assist Califomia Department of Transportation (Caltrnns) stalf in 
the analysis of prosp~ctive communications systems and technologies to conned r~mote/mral 
s i1i!.s to a TMC in a portable application. 

·ntrre are benefits and drawbacks associated with ~ach technology discu~scd in this docum~t. 
No one te.;hno·logy will satisfy a ll requirements. 1t remains up to Callra11S to determine the need 
lor the ability to .:stab! ish comrmmicationat any pruiicula r location. 111is need will assist in the 
detennination of the mosi appropriate lechnolllgy to employ. lher·e is no s ingle t;;-ohnology that 
will satisfy all communication requirements at any location. 

lnl'ommtion presented in lhls document is not in1cnded to replace sound engineering j udgment 
and proper design perfom1ed by a qualified radio systems engineer, 
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4. APPENDIX A 

AM HAR Information 

A ppendix A 

FCC regulatio11S for A.J'vl llAUs (TISs) is cowred in Rule 47CFR90.242. "Travelers' Jnformation 
Station.~ operatll in the AM E!madcast Band (530 kllz - 1700 kllz) and arc limited to a ]() wan 
transmitter ou!put power a nd the antenna he-ig ht may not e.~c:eed 15 met.:rs (49.2 fc:et). 111ese 
$lations may not transmit commerci;~l infom1ation. This $ervice is not available to in-dividuals o r 
groups, but ouly to govemmental entities ru1d park districts."' [381 

Additional infonnatiou is availablt? on the Fee-s TrJvelers· lnfomlation Stations Search web 
page- http://www.ll:c.govlmb/audio,bicke lllis.html. 

FM HAR Information 

FCC regulations for FM liARs (TISs) is covered in Rul~ 47CPR90. 242 . .... . the Low Power FM 
(LPFM) radio service, which was created by the Commission in January 2000. These stations nre 
authorized for noncommercial educational hroadoasting only (no co mmercia.! operation) and 
operate with an effective radiafcd power (ERP) of 100 watts (0.1 kilowatts) or less, with 
maximum fncil ities of 100 watL~ ERJ> at 30 meters (I on feet) anlennit he.ight above average 
terrain (HAAT). 1l1e approx:ima!le s.:rvice range of a I 00 watt LPFM station is 5.6 kilometers 
(3.5 miles radius). LPFM stations arc not protected from interference that m ay be received from 
other classes ofFM stations. A constn1ction penn it is required before a LPFM station cau be 
coustruct.ed or operated_ 

LPFM stations are available to noncommercial llducntional entities aud public safety and 
transportation organizations. but an: not available to rndlviduals o r for commercial operations. 
Current broadcast ticonseos w ith interests in other media (broadcast or news papers) are not 
(ltigible to obtain LPFM statiolls. 

LI'FM stations must protect auU1orized radio bro11dcast stations on tlw same channel or 
ll-equency (co-chauuel). as well as broadcast stations o n first, second or third-adj;icenl channels 
above or be low the l..PfM statio11's frequency. 'lllis protection is accomplished through the use of 
minimum distance separation requirements. whieb are set forth in the FCC doc ument 47 CfR 
73.807 rPDFJ. 

See hllp;//www.fc~.govlmbiaudio/lpiin/inde-l\.htm l for additional iufonnation. 
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