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1. Purpose and Scope

1.1 Purpose

This Standard Operating Procedure (SOP) establishes comprehensive protocols for the maintenance,
operation, and troubleshooting of traffic signal controllers within the jurisdiction. The objective is to
ensure safe, efficient, and reliable traffic signal operations that meet or exceed industry standards while

minimizing downtime and maximizing equipment service life.

1.2 Scope

This document applies to all traffic signal systems under the jurisdiction's control, including vehicle
detection systems, pedestrian signals, emergency vehicle preemption equipment, transit signal priority
systems, and communication infrastructure. The procedures herein govern both routine preventive
maintenance and corrective maintenance activities. All personnel involved in traffic signal operations,
maintenance, or management shall be familiar with and adhere to the requirements specified in this

document.

1.3 Regulatory Compliance

All maintenance and operational procedures shall comply with applicable federal, state, and local
regulations including the Manual on Uniform Traffic Control Devices (MUTCD), Americans with
Disabilities Act (ADA) requirements, National Electrical Code (NEC), and Occupational Safety and
Health Administration (OSHA) standards. Controllers shall meet National Electrical Manufacturers
Association (NEMA) or Institute of Transportation Engineers (ITE) specifications.



2. Controller Types and Specifications

2.1 Controller Standards

Traffic signal controllers shall comply with NEMA TS-2 Type 1 or Type 2 specifications, or Advanced
Transportation Controller (ATC) standards based on ITE specifications. Controllers must support
170/2070 protocol communication and be compatible with the jurisdiction's central management system.
Type 1 controllers are acceptable for isolated intersections with basic actuation requirements. Type 2
controllers are required for coordinated systems, complex phasing arrangements, or intersections with

advanced detection systems.

2.2 Controller Components

Standard controller cabinets shall include the following components: controller unit with integrated or
separate conflict monitor unit, malfunction management unit (MMU), power supply assemblies providing
regulated 120VAC and 24VDC outputs, load switches rated for connected signal head loads, detector
interface modules supporting multiple detector technologies, communication interface equipment
including modems or network switches, battery backup system providing minimum 90 minutes of flash
operation, environmental control equipment including fans and thermostatically-controlled heating

elements, and surge protection devices on all incoming power and communication lines.

2.3 Cabinet Environmental Requirements

Controller cabinets must maintain internal temperatures between 32°F and 165°F under all ambient
conditions. High-temperature conditions exceeding 150°F may cause premature component failure and
shall trigger maintenance response within 24 hours. Low-temperature conditions below 40°F may affect
battery performance and LCD displays. Cabinet doors shall provide NEMA 3R minimum weather
protection with gasket seals preventing water and dust intrusion. Verify that cabinet mounting foundations

are level and stable, with proper drainage preventing water accumulation around the base.

3. Routine Maintenance Schedule

3.1 Monthly Inspections

Technicians shall perform monthly visual inspections of all controller components, with particular
emphasis on safety-critical elements. Inspect the controller cabinet exterior for physical damage, evidence
of unauthorized access such as pry marks or broken locks, or signs of water intrusion including rust stains
or standing water inside the cabinet. Examine door gaskets for deterioration and ensure they create

complete seals when doors are closed.



Verify that cabinet cooling systems are operational by confirming fan operation and checking that air
intake and exhaust vents are unobstructed. Measure and record internal cabinet temperature, verifying it
remains within manufacturer specifications. Investigate any temperature readings approaching operational
limits and take corrective action such as cleaning air filters, repairing fan motors, or addressing excessive

heat loads from equipment.

Check for insect intrusion, particularly around ventilation openings, cable entry points, and inside the
cabinet around terminal blocks. Wasp nests, spider webs, and ant colonies can cause short circuits and
equipment damage. Remove all foreign material and seal entry points where practical. Inspect rodent

guards and cable entry seals for damage.

Document all findings in the maintenance management system including cabinet number, date and time of
inspection, personnel performing the inspection, condition findings, and any corrective actions taken or

required. Photograph conditions requiring follow-up maintenance for work order documentation.

3.2 Quarterly Maintenance

Every three months, perform comprehensive operational testing verifying all system functions operate
correctly. This deeper maintenance cycle goes beyond visual inspection to active testing and preventive

component servicing.

Verify all detection inputs register correctly by simulating vehicle presence at each detection zone. For
inductive loop detectors, use a loop simulator generating appropriate inductance changes to trigger
detection. Observe that the controller responds with appropriate phase calls and timing. For video
detection, walk through detection zones while observing detection status indicators on the video
processor. For radar or microwave detection, use test vehicles or manufacturer-provided test equipment to

verify detection coverage and accuracy.

Test all pedestrian push buttons for proper function by pressing each button and confirming it generates
an appropriate call indication on the controller. Verify that tactile arrow indicators vibrate when activated,
and that audible signals meet ADA compliance standards for volume and locator tone characteristics.
Measure pedestrian signal volume using a sound level meter at the push button location, confirming
minimum 5dB above ambient noise up to 89dB maximum. Test accessible pedestrian signal (APS)

features during actual crossing intervals to verify timing matches field conditions.

Inspect all cabinet wiring for loose connections, damaged insulation, or signs of overheating indicated by
discolored insulation or burned terminals. Tighten any loose terminal connections using manufacturer-
specified torque values. Check that wire identification labels are legible and accurate. Verify that all

grounding connections are secure and show low resistance to ground.



Clean or replace air filters in cabinet cooling systems. Remove filters and inspect for dirt accumulation,
damage, or deterioration. Clean reusable filters with compressed air or replace disposable filters.
Document filter conditions and replacement dates to establish appropriate replacement intervals for local

environmental conditions. Verify fan operation after filter maintenance.

Review controller firmware versions and determine if newer stable releases are available from the
manufacturer. Consult manufacturer release notes to understand bug fixes and feature enhancements in
newer versions. Create complete backups of existing configurations before attempting firmware updates.
Test firmware updates on non-critical intersections before widespread deployment. Schedule firmware

updates during low-traffic periods to minimize disruption if problems occur.

3.3 Semi-Annual Maintenance

Every six months, conduct mid-level maintenance addressing components with moderate wear rates or
seasonal requirements. Clean cabinet interiors using compressed air to remove dust accumulation on
electronic components, improving heat dissipation and preventing conductive dust bridges. Inspect all

wire terminals for corrosion and treat with appropriate contact cleaner or dielectric grease.

Verify operation of cabinet heaters during cold weather months by setting thermostat below ambient
temperature and confirming heater activation. Check that heater current draw matches specifications and
that heating elements are intact. Inspect lightning and surge arrestor condition by verifying ground

connections are secure and that arrestor indicator windows show green status where applicable.

Test generator transfer switch operation where emergency generators provide backup power. Coordinate
with facilities management to perform controlled power transfer tests verifying signal systems transition

smoothly between utility and generator power without entering flash mode.

3.4 Annual Maintenance

Annual maintenance includes complete system verification, comprehensive testing, and documentation

updates representing the most thorough maintenance cycle.

Verify battery backup systems maintain proper charge and provide minimum 90 minutes of flash
operation during simulated power failure. Disconnect utility power and measure battery discharge
characteristics while the controller operates in flash mode. Compare voltage decay curves against battery
manufacturer specifications to identify batteries approaching end of service life. Clean battery terminals
and apply anti-corrosion compound. Check that battery charging systems maintain proper float voltage,
typically 13.5-13.8VDC for 12V lead-acid batteries.



Test uninterruptible power supply (UPS) systems under full load conditions by disconnecting input power
and verifying the UPS maintains controller operation for the rated duration. Review UPS event logs for
power quality issues such as voltage sags, surges, or frequency variations indicating utility power

problems requiring attention.

Calibrate conflict monitors and verify they trigger appropriately during simulated conflict conditions. Use
conflict monitor test equipment to inject simultaneous green signals on conflicting phases, confirming the
monitor detects the conflict within specified response time and transfers the intersection to flash mode.
Test all monitored conflict pairs documented in the signal design. Verify monitor diagnostic indicators

function properly.

Download and archive all timing plans, detector settings, coordination parameters, system configurations,
and event logs. Store archived data in the central management system and maintain offline backups.

Compare current field settings against approved design documents and investigate any discrepancies.

Update as-built drawings to reflect any field modifications made during the preceding year. Document all
equipment changes, wiring modifications, detector additions or deletions, and communication system
updates. Ensure drawings accurately represent field conditions for use by maintenance personnel and

engineering staff.

Perform comprehensive intersection timing verification by measuring actual green, yellow, and red times
for all phases using stopwatch or automated timing measurement equipment. Compare measured times
against programmed values and investigate discrepancies exceeding +0.2 seconds. Verify that yellow
change intervals and red clearance intervals meet engineering calculations based on approach speed and

intersection geometry.

4. Operational Procedures

4.1 Timing Plan Management

All timing plan modifications must receive approval from the Traffic Engineer or designated authority
before implementation. Timing changes affect intersection safety and efficiency, requiring careful

engineering analysis before field deployment.

Create complete backup copies of existing timing plans before making any changes. Export timing data to
the central system and create local backup files stored on separate media. Document the reason for timing

changes including traffic studies, crash analyses, or operational observations supporting the modification.



Test new timing plans during off-peak hours when traffic volumes are lowest, typically between 9:00 PM
and 6:00 AM. This approach minimizes disruption if timing problems occur and allows observation of
signal operations without heavy traffic interference. For major intersections or significant timing changes,

consider implementing modifications on weekends when traffic patterns are more forgiving.

Document the date, time, and reason for all timing changes in the controller event log and maintenance
management system. Record the technician performing the change, the authority approving the change,
and specific parameters modified. This documentation supports analysis of before-and-after conditions

and provides accountability for modifications.

Observe intersection operations for at least two complete signal cycles after implementing changes to
identify potential conflicts or operational issues. Watch for vehicles trapped in the intersection during
phase changes, pedestrian clearance problems, inadequate queue clearance, or coordination problems with
adjacent signals. Monitor detector response to verify vehicles receive appropriate service. Correct any

identified problems immediately or revert to previous timing plans.

4.2 Central System Integration

Maintain continuous communication between field controllers and the central management system.
Communication enables remote monitoring, timing changes, and rapid problem identification reducing

the need for field visits.

Monitor communication status daily through the central system dashboard displaying controller
connectivity status. Investigate any communication failures within four hours during business hours or by
the next business day for failures occurring after hours, unless the failure affects critical intersections

requiring immediate response.

Synchronize controller clocks weekly or configure controllers to use Network Time Protocol (NTP)
where available. Accurate time synchronization ensures coordination patterns activate correctly, data logs
contain valid timestamps, and time-of-day functions operate as designed. Clock drift exceeding two

minutes requires immediate correction as it can disrupt coordinated signal operations.

Verify that coordination patterns activate correctly during scheduled time periods by monitoring phase
transitions and offset relationships. Use central system time-space diagrams or field observations to
confirm vehicles experience appropriate green waves along coordinated routes. Investigate any

coordination problems including split failures, offset errors, or cycle length discrepancies.

Review central system logs weekly for recurring alarms or anomalies including communication dropouts,
conflict monitor activations, detector failures, or unusual traffic patterns. Analyze alarm frequencies and

patterns to identify chronic problems requiring engineering investigation or equipment replacement.



Generate reports summarizing system health and performance trends.

4.3 Emergency Vehicle Preemption

Test emergency vehicle preemption (EVP) systems quarterly in coordination with emergency services
agencies. Arrange testing schedules that minimize interference with actual emergency responses while

ensuring thorough system validation.

Verify that preemption requests trigger appropriate phase sequences and clear traffic in emergency vehicle
approach directions within the specified preemption sequence time. Observe that non-conflicting phases
terminate normally while conflicting phases shorten or omit as designed. Confirm that exit phases provide

sufficient green time for emergency vehicles to clear the intersection safely.

Confirm that preemption calls are logged in the controller event history with timestamps, duration, and
detector identification. This data supports analysis of emergency vehicle operations and system
performance. Review preemption frequency to identify potential false calls from detector misalignment or

sensitivity problems.

Inspect optical and GPS-based preemption detectors for proper alignment and functionality. Clean optical
detector lenses and verify detection range meets design requirements, typically 1500-2500 feet depending
on system type. Check GPS detector antenna mounting and cable connections. Test priority hierarchy
when multiple preemption sources exist, ensuring emergency vehicles receive higher priority than transit

vehicles.

Replace batteries in wireless preemption emitters according to manufacturer recommendations, typically
annually. Weak batteries cause reduced detection range and missed preemption calls. Maintain inventory

of spare batteries and emitters for emergency vehicle fleet support.

5. Troubleshooting Procedures

5.1 Controller Failures

When responding to controller failure reports, prioritize safety by ensuring the intersection operates in
flash mode or has appropriate manual traffic control as necessary. Flash mode provides the safest fail state

for most intersections, treating all approaches as stop-controlled intersections.

Document the failure mode including which functions are affected, time of occurrence, weather
conditions, and any recent work performed at the location. This information helps identify failure patterns

and root causes. Take photographs of error messages, indicator lights, and equipment conditions.



Check power supplies first, as power problems cause the majority of controller failures. Verify input
voltage at the service disconnect meets specifications, typically 120VAC £10%. Check circuit breaker
positions and reset any tripped breakers after investigating what caused the trip. Measure output voltages
from power supplies including regulated 120VAC for signal heads and 24VDC for controller electronics.

Replace power supplies producing out-of-specification voltages.

Inspect the conflict monitor for error codes or fault indicators. Modern conflict monitors display
diagnostic codes identifying specific failure conditions such as voltage faults, watchdog timeouts, or
conflicting signal indications. Consult manufacturer documentation to interpret error codes and determine

appropriate corrective actions.

Review controller event logs to identify the sequence of events leading to failure. Event logs often reveal
detector faults, timing anomalies, or communication errors occurring before the failure. Download logs

before clearing errors or resetting equipment to preserve diagnostic information.

If the controller cannot be restored to normal operation within 30 minutes, contact the on-call supervisor
and consider deploying a spare controller unit. Maintaining a pool of spare controllers enables rapid
restoration of service while failed equipment undergoes bench repair. Transfer timing plans and detection

settings to the spare controller and verify proper operation before leaving the site.

5.2 Detection System Problems

Detection failures often manifest as extended phase timing or failure to gap out, where phases remain
green despite no vehicles present. Conversely, failed detectors may cause inadequate service to minor

approaches that rely entirely on detection for phase calls.

For inductive loop detectors, measure loop inductance using a loop tester to verify values fall within
acceptable range, typically 50-700 microhenries depending on loop size and wire turns. Loop inductance
outside this range indicates open circuits, shorts to ground, or damaged loops. Check detector card

sensitivity settings and adjust if needed to compensate for marginal loop conditions.

Use a time-domain reflectometer (TDR) to locate breaks in loop wire for repair. TDR equipment sends
electrical pulses through the wire and measures reflections, calculating distance to faults with high

accuracy. This capability prevents unnecessary pavement removal by identifying exact fault locations.

Check for open circuits by measuring resistance between loop lead-in wires, which should show low
resistance typically under 5 ohms for properly functioning loops. Infinite resistance indicates wire breaks.

Shorts to ground show as low resistance between either lead-in wire and ground.



Identify crossed loops when multiple loops show correlated false detections. Crossed loops occur when
lead-in wires from different loops run together without proper separation and spacing, causing inductive

coupling. Separate crossed wires or replace affected home runs to eliminate crosstalk.

For video detection systems, verify camera alignment and clean lenses if visibility is impaired by dirt,
spider webs, or water spots. Camera misalignment from wind, vibration, or vandalism causes detection
zones to shift away from intended coverage areas. Use the video processor's alignment tools to re-

establish proper zone placement over lanes.

Review detection zones in the processor configuration to ensure they match field conditions including
lane widths, positions, and functions. Update zone configurations after any camera adjustments. Adjust
detection zone sizes and shapes to optimize coverage while minimizing false detections from shadows,

weather effects, or adjacent lane vehicles.

Adjust sensitivity settings if phantom detections or missed calls occur frequently. Higher sensitivity
increases detection probability but raises false call rates. Lower sensitivity reduces false calls but may
miss vehicles, particularly motorcycles and bicycles. Balance sensitivity to achieve reliable detection

under local conditions.

For radar and microwave detection, verify antenna mounting is secure and properly aimed at the detection
zone. Check that detection range and angle settings match the application. Radar detection performance

degrades in heavy rain or snow, potentially requiring sensitivity adjustments or supplementary detection.

5.3 Communication Issues

Communication failures may result from network equipment problems, damaged cables, configuration
errors, or infrastructure issues beyond the controller location. Systematic troubleshooting isolates the fault

location efficiently.

Begin troubleshooting at the field controller by verifying modem or radio power and signal strength.
Check that power indicators illuminate and that signal strength readings fall within acceptable ranges,
typically -70dBm or better for wireless systems. Weak signals may require antenna repositioning or

replacement.

Test communications equipment with known-good devices to isolate whether problems exist in the field
controller equipment or the network infrastructure. Swap modems, radios, or network switches with

working units from other locations to quickly identify defective hardware.

Check that IP addresses, subnet masks, gateway configurations, and DNS settings are correct for the
network architecture. Configuration errors prevent communication even when all hardware functions

properly. Verify that the controller has been assigned a unique IP address without conflicts.



Ping test the controller from central system servers and from network management equipment to verify
network layer connectivity. Successful pings confirm basic network connectivity while ping failures help

locate network path problems. Use traceroute commands to identify where communication paths fail.

Verify that firewall rules permit traffic on required ports for the communication protocol in use. Common
protocols include FTP on port 21, HTTP on port 80, HTTPS on port 443, or proprietary protocols on
manufacturer-specified ports. Coordinate with IT staff to review firewall policies affecting traffic signal

communications.

For radio-based systems, inspect antennas for damage including broken elements, corroded connections,
or water intrusion in antenna housings. Verify antenna frequency settings match system design and that no
interference sources operate on the same frequencies. Consider temporary frequency changes if

interference cannot be eliminated.

For fiber optic systems, test fiber continuity and light loss using optical power meters and OTDR
equipment. Clean fiber connectors using appropriate cleaning supplies designed for fiber optics. Replace

damaged fiber cables or connectors showing excessive insertion loss.

6. Safety Requirements

Technicians shall follow all safety protocols including proper traffic control procedures, lockout/tagout
requirements for electrical work, and personal protective equipment use. Never work on energized circuits
above 50 volts without appropriate training and equipment. Use insulated tools rated for electrical work.
Establish a safe work zone around the cabinet using traffic cones, signs, and warning lights as specified in
the Manual on Uniform Traffic Control Devices (MUTCD). Work in teams of two when performing

maintenance on high-volume roadways.

7. Documentation and Record Keeping

Maintain comprehensive records of all maintenance activities, timing changes, and equipment
replacements. Document equipment serial numbers, installation dates, and warranty information. Record
fault conditions, troubleshooting steps taken, and resolutions. Generate monthly reports summarizing
maintenance activities, system performance metrics, and recurring problems requiring engineering review.
Retain maintenance records for a minimum of five years to support warranty claims and establish

equipment lifecycle costs.



8. Spare Parts Inventory

Maintain an adequate inventory of critical spare components including controller units, power supplies,
conflict monitors, load switches, detector cards, communication modems, signal heads, and LED
modules. Stock shall include parts compatible with all controller types deployed in the field. Conduct
quarterly inventory reviews and replenish stock before quantities fall below minimum levels. Rotate stock

to prevent aging of electronic components beyond recommended shelf life.

9. Training and Certification

All personnel performing controller maintenance shall complete manufacturer-specific training for
controller models used in the jurisdiction. Technicians must demonstrate proficiency in timing plan
programming, detection configuration, and troubleshooting procedures. Maintain current IMSA Traffic
Signal Technician Level I certification or equivalent. Participate in annual refresher training covering

updates to equipment, software, and industry best practices.

10. Quality Assurance

Supervisors shall conduct random field audits of maintenance activities to verify compliance with this
SOP. Review maintenance logs monthly to identify trends requiring corrective action. Evaluate technician
performance based on response times, first-time fix rates, and adherence to documentation requirements.

Solicit feedback from technicians regarding procedural improvements and equipment performance issues.



