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2. INTRODUCTION
The Phoenix metropolitan region consists of 25 incorporated cities and towns, 3 native Indian communities, and the rest of the unincorporated areas of Maricopa County. Out of these there are seventeen (17) jurisdictions in the MAG region that can be classified as a smaller jurisdiction with 2010 census population less than 50,000. This project was initiated by MAG to as part of its efforts to meet a growing need for technical guidance for Intelligent Transportation Systems (ITS) Planning faced by many of the smaller MAG jurisdictions in the region.
Jacobs is conducting this study for MAG to develop a document that would serve as a guideline and a template that could be readily utilized by a smaller jurisdiction in the MAG region to plan and implement ITS. This is the ninth technical memorandum documenting the efforts on this project. This technical memorandum summarizes the work completed in Task 10: Staff and Training Requirements

1.1. Overview of the Technical Memorandum
For any jurisdiction, regardless of size, to benefit from the successful implementation of an ITS plan they will require skilled and competent staff to operate and maintain the ITS facilities. Smaller jurisdictions have limited traffic and ITS facilities which are technologically sophisticated. Their operations and maintenance budgets are usually small and they also face challenges including lack of specialized training, inadequate staffing, in addition to keeping up with equipment hardware and software upgrades, and managing operations and maintenance activities across their entire jurisdiction.
As the smaller jurisdictions grow or increase their ITS infrastructure ensuring that they have the right staff to maintain and operate their traffic and ITS facilities is extremely crucial. Ensuring that the staff managing, operating, and maintaining the ITS facilities has been trained to successfully operate the system is a major component of ITS planning. Another major component of the ITS planning is having a sufficient number of staff of engineers, technicians, and specialists. 
Utilizing existing regional and/or local training programs would be beneficial to providing training opportunities for staff. Training activities could be as simple as technical sessions by neighboring or local agencies that already have well trained and experienced staff in the ITS field. 
This Technical Memo presents staffing models/guidelines for a smaller jurisdiction to utilize as part of their ITS planning efforts. The memo also provides local and regional resources for technical training that a smaller jurisdiction could benefit from.

1.2. What are the typical working models for ‘operations and maintenance’?
A smaller jurisdiction could follow one of the following models for the operations and maintenance of its Traffic and ITS infrastructure:
· Have in-house staff trained in operations and maintenance
· Outsource the operations and maintenance to a specialized company
· Collaborate and engage in agreements with adjacent or larger jurisdiction to provide operations and maintenance support
1.3. What type of staff is needed for the maintenance and operations of ITS facilities?
The upkeep of Traffic and ITS infrastructure requires staff that have training in the operations of the equipment, and, are able to perform preventative and responsive activities for the effective functioning of the ITS equipment in the field. While planning for staff, as part of ITS planning efforts, a smaller jurisdiction should consider the following: 
· Develop a staffing plan that provides for sufficient, qualified, and experience staff for maintaining and operating ITS systems.
· This should ensure adequate quantity and skill level of staff.
· This should consider contracting options where appropriate.
· They should investigate if there are opportunities for collaboration with adjacent jurisdictions or larger jurisdictions
· Identify the consequences (including the associated cost) of not having adequate staffing resources available. Use this as justification to secure adequate funding for maintenance and operation staff. 
· Ensure that proper career ladder is provided for ITS maintenance and operations personnel.
An agency may need a variety of staff positions and roles to adequately operate and maintain traffic signals and ITS infrastructure. Depending on the size of the agency and its needs, the type of staff position may vary. Some of the typical positions and tasks of Traffic/ITS staff is discussed below: 
a) Traffic Signal Engineer - This staff person is responsible for the day-to-day operations of the signal system. 
Typical tasks include the following: Responding to public comments, approving new signal turn-on’s, assisting in the TMC, evaluating signal timing on existing arterials, managing signal operations staff and coordinating with the signal design and maintenance supervisors.
b) Traffic Signal Technician/Analyst - Staff assist the Traffic Signal Engineer with their day-to-day operations. Focus areas include signal timing, new signals, and the TMC.

c) ITS Engineer - This staff person is responsible for the implementation of ITS projects. 
Tasks include the following: Responding to public comments, evaluating new products, assisting in the TMC, managing ITS contractors and vendors, and coordinating with the signal design and maintenance supervisors.
d) Traffic Signal Maintenance Technician – Staff are generally responsible for troubleshooting and maintenance of the physical traffic signal equipment.

e) Electronic Specialist – Staff are responsible for the complex electronic equipment at the heart of the signal system. 
Some typical tasks may include:
· Closed circuit television system repair (field and central system)
· Fiber optic cable system testing, repair, and termination 
· Telecommunications systems maintenance and repair 
· Traffic management center systems maintenance and repair 
· Traffic signal controller electronics testing repair and inventory 
· Other ITS devices repair 

f) TMC Operators – Staff are responsible for observing the traffic conditions, responding to incidents that occur in the field, and providing support to homeland security efforts. Their role is critical to the rapid response and resolution of the situation.

g) ITS Technician – responsible for maintaining the ITS hardware equipment in the field as well as identifying failures at specific surveillance and control devices. He or she assists the electronics technician in troubleshooting, testing incoming equipment, and setting traffic controllers as specified by the system operator.

h) ITS Electronics technician – responsible for diagnostic maintenance up to the device exchange level in the field, including complete responsibility for the operation of the traffic controllers, communication modems, and/or multiplexers. He or she is capable of diagnosing a failure, initiating corrective action, and performing preventive maintenance on the field electronics.

i) Electronics supervising technician – responsible for the responsibilities described for technicians and electronics technicians as well as scheduling and recording work performed by the technicians in the group and for preparing quantity and cost estimates for the annual budget.

j) Public Relations Coordinator – Staff are responsible for field phone calls from the public, coordinating with the Traffic Signal Engineer and Technician on responses, marketing the TMC, incident management plan, and traffic signal operations to the public. Depending on the size of the agency, this position could be a full-time position or these tasks might be passed on to the Traffic Signal Engineer and Technician.
		It is to be noted that this information is for reference purposes only and is to be used for planning for specialty staff based on your agency’s ITS operations and maintenance needs.

1.4. What staffing levels are needed for my agency?
Based on the research of local and national practices there are some staffing guidelines available for the categories of traffic signal systems, ITS devices and communications system:
1. Traffic Signals and Systems: Maintenance and operations of traffic signals and traffic signal systems require staff skilled in management and operations of the traffic signals, and, field personnel to troubleshoot and repair field devices. There is no formula for determining staff size and composition for maintenance actions. The International Municipal Signal Association (IMSA) recommends 30-35 signals per technician. Another general guideline that is used in the industry is 40 to 50 traffic signals per technician.

Chapter 8 of the Traffic Signal Timing Manual developed by Federal Highway Administration (FHWA) provides general guidelines on staffing needs for a traffic signal system. A summary of the staffing needs provided by the FHWA is shown in Table 1.
Table 1: Summary of Staffing Needs
	
	Number of Traffic Signals

	Position
	1 to 50
	51 to 100
	101 to 200
	201 to 500
	501 to 1000

	Traffic Signal Engineer
	0 to 1
	1
	1 to 2
	2 to 5
	5 to 10

	Traffic Signal Analyst/Technician
	0 to 1
	0 to 1
	1
	1 to 3
	3 to 5

	ITS Engineer
	-
	-
	0 to 1
	1
	1 to 3

	Traffic Signal Maintenance Technician
	1 to 2
	2 to 4
	4 to 7
	7 to 17
	17 to 33

	Electronic Specialists
	1
	1
	1 to 2
	2 to 4
	4 to 9

	TMC Operators
	-
	-
	2
	2 to 4
	4 to 9

	Public Relations Coordinator
	0 to 1
	0 to 1
	1
	1
	2


Source: Traffic Signal Timing Manual, FHWA
Additional data from various cities including those from local cities in the MAG region is presented in Table 2. This data was obtained from the City of Mesa’s ITS Strategic Plan and comprises of data from the northwestern and southwestern United States including the City of Phoenix and other cities in the Phoenix Metropolitan area. 
According to ITE’s “Traffic Control System Operations” manual, a traffic signal system should have one traffic engineer for every 75 to 100 traffic signals, and one signal technician for every 40-50 traffic signals or other field devices. An NCHRP report (Synthesis 245) also suggests 38 to 43 signals per technician. The manual provides staffing guidelines for a continuously operated TMC which includes one center manager, two supervisors, and five system operators.
Additional research in this area is necessary since all agencies vary in terms of their staff’s skill levels, the infrastructure, and the environment in which the equipment operates. For example, a signal technician that has ten years of experience with a particular traffic controller is likely able to troubleshoot a problem faster than a technician with less experience. In many cases, the difference in staff time needed is significantly higher, while the cost to the agency may be insignificant. This particularly effects agencies with high levels of staff turnover and is a notable problem for many agencies throughout the country.
The environmental conditions in which the traffic signal equipment operates may be an issue because older infrastructure that may be less user friendly or may fail or malfunction more often. As with staff experience, there is not specific research on the performance of traffic signal equipment over time, and new equipment can result in other problems for agencies. However, by utilizing a systems engineering approach during the selection and procurement of new traffic signal equipment, an agency may be able to reduce the maintenance costs (staffing and consultant time) needed for the signal system.
Table 2 summarizes the number of traffic signals that can be supported by a single traffic signal technician.

Table 2: Summary of Traffic Signals per Technician
	Agency
	Amount
	Description

	General Rule (ITE)
	40-50
	Traffic signals per technician

	IMSA
	30-35
	Traffic signals per technician

	Hampton Study
	47.1
	Traffic signals per technician

	NCHRP
	38-43
	Traffic signals per technician

	Menlo Park
	50
	Traffic signals per technician

	City of Phoenix
	22-44
	Traffic signals per technician

	Phoenix metropolitan area
	30
	Traffic signals per technician

	Albuquerque
	60
	Traffic signals per technician

	Northwest Region – existing
	70+
	Traffic signals per technician

	Northwest Region – desired
	40-45
	Traffic signals per technician

	Seattle – existing
	61
	Traffic signals per technician

	Proposed Guideline
	50
	Traffic signals per technician


Source: ITS Strategic Plan, City of Mesa

2. ITS Devices: As mentioned previously, there are currently no established guidelines that agencies can utilize to determine maintenance staffing levels by classification for the number and type of ITS devices that it owns and operates. There are, however, several agencies that maintain ITS devices that have staffing levels and/or practices that can be found in literature. Examples of these agencies are identified in Table 3 with the corresponding number of ITS devices per technician.

Table 3: Summary of ITS Devices per Technician

	Agency
	Description

	Oregon DOT
	     8        positions for            1750           devices
   219      ITS devices per technician

	Maryland SHA

	     8        technicians for        135             portable/permanent VMS
    17       ITS devices per technician

	
	    11       technicians for         250            CCTV, RWIS, detectors, and
                                                                  traveler advisory radio units             
    23       ITS devices per technician

	Virginia DOT
	     7        technicians for        1500           devices
     1        engineer
   214      ITS devices per technician

	WSDOT’s NW Region

	    12       technicians for        1150           devices
                                              100              miles of FO cable system
    96       ITS devices per technician

	Guideline
	   100      ITS devices per technician


Source: ITS Strategic Plan, City of Mesa

3. Communication Systems: Communication equipment and systems include fiber optic cable, radio, microwave, voice, spread-spectrum, networking and other technologies. Most agencies outsource the maintenance and operations of the communication systems as they require specialized expertise and most often certifications. A staffing guideline of one maintenance staff person per 400 linear miles of communication fiber is recommended.

1.5. What type of training will be required for staff?
Ensuring that the staff managing, operating, and maintaining the ITS facilities has been trained to successfully operate the system is a major component of the ITS plan. Some of the considerations when planning for training include the following:

· Identify, document, and assess the training needs associated with maintaining and operating the agency’s ITS systems.
· Develop a training program for all personnel who have responsibilities for maintaining and operating ITS equipment.
· Use vendors to provide training where appropriate.
· Include cross-training where appropriate.
· Include training on safety (also post safety procedures and have period refreshers)
· When designing and conduction training, make sure it is job-specific and hands-on.
· In contracts for ITS equipment and/or software, mandate that vendor must provide initial and on-going training. 

Utilizing existing regional and/or local training programs would be beneficial to providing training opportunities for staff. Training activities could be as simple as technical sessions by neighboring or local agencies that already have well trained and experienced staff in the ITS field. 

These technical sessions could be offered on a regular monthly basis and consist of bringing in outside experts to discuss important ITS components, software, and maintenance topics. Traffic Management Center (TMC) and signal timing projects could be additional topics. Other training opportunities might be provided through attendance at conferences, education seminars, or universities.

The FHWA Guidelines for Transportation Management Systems: Maintenance Concept and Plans highlights the following critical training elements:

· Training by Vendors: Procurement contracts should include a requirement for on-site training of agency staff in maintenance and operations of the equipment, preferably conducted by the vendor. 
· Training by Contractors: Procurement contracts should also include a requirement for on-site training of agency staff in the maintenance and operation of the assembled systems, including software, hardware, and devices. 
· Training Library: The operating agency should maintain a library of system documentation and, if available, a videotape or DVD library of training. 
· Staff Retention: This can be difficult in a high-tech environment, but there are ways to improve retention, such as providing for additional training, allowing travel to technical conferences, and workshops and other non-salary related perquisites for agency staff. 

1.6. Are there any local resources or technical forums for ITS operations?
There are several existing regional technical forums for ITS planning and operations.

MAG
MAG member agencies can attend and participate in the various technical committees. The MAG ITS Committee is a technical committee that consists of representatives from Federal Highway Administration, Arizona DOT, Arizona Department of Public Safety, Regional Public Transit Authority, METRO Rail, Arizona State University and fifteen MAG member agencies. The committee provides oversight to the development of regional plans, such as the ITS Strategic Plan, the Regional ITS Architecture and studies to support Planning. These plans serve as the overall roadmap for investments in regional ITS infrastructure and in the application of technology-based solutions for managing and operating the regional multimodal transportation system. The committee also recommends ITS applications on the arterial and freeway systems through projects that are programmed in the Transportation Improvement Program (TIP). The primary focus of the committee is on publicly owned transportation facilities in the region.  However, a number of regional ITS applications provide real-time traffic information that support value added products and services from private sector ITS partners such as radio, TV and internet based traffic information services.

AZTechTM
In order to stay current on the most up-to-date ITS operations, agency staff should be encouraged to participate in the regional technical forums. These forums will provide the opportunity to learn from agencies who may have implemented similar technologies and benefit from the exchange of knowledge with the various local and regional experts. One such technical forum in the MAG region is AZTechTM (www.aztech.org). 

AZTechTM is the model deployment and regional Management of an Intelligent Transportation System developed for the Phoenix Metropolitan area. AZTechTM champions the integration of intelligent communication and transportation systems technologies for regional solutions that provide timely and accurate information, save lives, improve mobility and enhance quality of life. AZTechTM provides ITS regional documents, regional operational guidelines, standards, training, workshops, etc. 

ITSAZ
The Intelligent Transportation Society of Arizona (ITSAZ) is a state chapter of the Intelligent Transportation Society of America (ITS America). ITS Arizona is a non-profit organization consisting of transportation professionals dedicated to improving transportation efficiency and safety, using advanced technologies.
ITSAZ (www.itsaz.org) provides professional development and networking, presents the newest information on ITS, organizes conferences, provides technical sessions in partnerships with local agencies (such as MCDOT), etc.  

IMSA AZ
International Municipal Signal Association (IMSA) is a leading International Resource for information, education and certification in public safety. IMSA AZ is the Arizona chapter of the organization. IMSA provides quality certification programs for the safe installation, operation and maintenance of public safety systems. It also provides the latest information and education in the industry.

The attainment of certification is a means for individuals to indicate to the general public, coworkers, employers, and others that an impartial, nationally-recognized organization has determined that they are qualified to perform specific technical tasks by virtue of their technical knowledge and experiences. Certification also bestows a sense of achievement upon the certified individual since it reflects professional advancement in a chosen field. Certification can also provide an entry into many job assignments that otherwise would be difficult to obtain, since employers recognize certification as an indication of the individual's ability to do specific job tasks without the need for on-the-job training. 

IMSA currently offers certification in the following fields: 
  
· 
· Electronics in Traffic Signals 
· Fiber Optics for ITS 
· Fire Alarm Monitoring 
· Flagging and Basic Traffic Control 
· Interior Fire Alarm 
· Microprocessors in Traffic Signals 
· Municipal Fire Alarm 
· Roadway Lighting 
· Signs and Markings 
· Telecommunicator / Public Safety Dispatch 
· Traffic Signals 
· Traffic Signal Inspection 
· Work Zone Traffic Control Safety
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