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1 SCOPE 

1.1 Document Purpose and Scope 

The scope of this document covers the consideration of adaptive signal control technology (ASCT) 
use within the City of Franklin TN. This document describes and provides a rationale for the 
expected operations of the proposed adaptive system. It also documents the outcome of 
stakeholder discussions and consensus building that has been undertaken to ensure that the 
system that is implemented is operationally feasible and has the support of stakeholders. 

Following completion of the concept of operation, with agreement among stakeholders about the 
needs, the operating concepts, the operational environment and support environment, the 
detailed system requirements will be prepared and documented separately. 

1.2 Project Purpose and Scope 

The purpose of this project is to define the City’s needs and objectives for adaptive traffic signal 
control, and select a system that can best accommodate the City’s needs and objectives. The PS&E 
portion of this project will design the adaptive traffic signal system that satisfies the documented 
system requirements. 

This project involves consideration of application of ASCT initially to one or more of six corridors. 
However, to the extent that it appears feasible, consideration will also be given to application of 
ASCT to other future corridors, as the activities within the city grow. The locations of the potential 
initial corridors are illustrated in Figure 1. 

The primary objectives of the adaptive traffic signal system in this project are to accommodate the 
irregular traffic patterns within the project area, provide smoother traffic flow along the main 
arterials within the project, and accommodate future developments within and near the project 
area.  

The initial corridors are: 

 Mallory Lane from Liberty Pike to Seaboard Lane 

 Cool Springs Blvd from West McEwen to Highwoods Driveway 

 Carothers Parkway from Liberty Pike to Bakers Bridge Avenue 

 McEwen Drive from West Cool Springs to Carothers Parkway 

 Bakers Bridge Avenue from Mallory Lane to Carothers Parkway 

 Galleria Blvd from Bakers Bridge to I-65 off ramp. 

An adaptive traffic signal system is one in which some or all the signal timing parameters are 
modified in response to changes in the traffic conditions, in real time. The purpose of providing 
adaptive control in the project area is to overcome the limitations of the existing system to handle 
the irregular traffic pattern introduced by the surrounding commercial and institutional facilities 
or by major traffic incidents on the nearby I-65 freeway. This project will add adaptive capabilities 
to the functionality of the existing coordinated signal system. All the capabilities of the existing 
coordinated system will be maintained. The adaptive system may function independently or work 
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with the existing traffic signal system, which is a Siemens TACTICS system operating centrally 
distributed time-based coordination. Additionally, the adaptive system may be manually turned off 
to allow the existing traffic signal system to have control. The adaptive system will be integrated 
with the existing central traffic signal system, and fallback and failure modes will be defined in 
Section 5.3.  

 

Figure 1 Franklin adaptive signal system study corridor locations 
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1.3 Procurement 

The proposed ASCT will be procured through an engineering services procurement process, in 
keeping with the procedures adopted by TDOT and FHWA. This will allow the selection of the 
system that best satisfies the system requirements, subject to satisfactory price negotiations. 
Should there be a significant amount of field construction required it may be appropriate to 
separate the ASCT system procurement from the field construction and enter into a separate 
contract for the field detection installation work. It is expected that the ASCT system be procured 
through an RFP and interview selection process, with detection modification and installation 
through a low bid signal construction contract. 
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2 REFERENCED DOCUMENTS 
The following documents have been referenced or used to guide the preparation of this concept 
of operation. 

2.1 Planning Documents 

 City of Franklin Major Thoroughfare Plan  

 http://www.franklin-gov.com/home/showdocument?id=11776 

 City of Franklin Roadway Enhancement Master Plan  

 http://www.franklin-gov.com/home/showdocument?id=5872 

 Integrated Growth Plan, Carothers Parkway and East McEwen Drive 

 http://www.franklin-gov.com/your-government/engineering/transportation/traffic-studies-
and-projects/integrated-growth-plan 

 Relevant TIP Projects: 

 2009-67-026 Franklin ITS Infrastructure 

 MPO’S REGIONAL TRANSPORTATION PLAN 

 http://www.nashvillempo.org/plans_programs/rtp/2035_rtp.aspx 

2.2 Adaptive Signals 

 NCHRP Synthesis 403: “Adaptive Traffic Control Systems: Domestic and Foreign State of 
Practice”, http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_syn_403.pdf 

2.3 ITS, Operations, Architecture, Others 

 FHWA Rule 940, Federal Register / Vol. 66, No. 5 / Monday, January 8, 2001 / Rules and 
Regulations, DEPARTMENT OF TRANSPORTATION,  Federal Highway Administration 23 CFR 
Parts 655 and 940, (FHWA Docket No. FHWA-99-5899) RIN  2125-AE65 Intelligent 
Transportation System Architecture and Standards 

 Regional ITS Architecture Guidance Document, “Developing, Using, and Maintaining an ITS 
Architecture for your Region; National ITS Architecture Team; October, 2001 

 Nashville Area Metropolitan Planning Organization’s ITS Master Plan 

 Nashville Regional ITS Architecture 
http://www.nashvillempo.org/docs/ITS/Nashville_Regional_ITS_Architecture.pdf 

 City of Franklin ITS Master Plan, http://www.franklin-
gov.com/home/showdocument?id=14809 

2.4 System Engineering 

 FHWA. (2012, August). Model Systems Engineering Documents for Adaptive Signal Control 
Technology (ASCT) Systems - Final Guidance Document. U.S. Department of Transportation. 

 FHWA. (2007, January). Systems Engineering for Intelligent Transportation Systems - An 
Introduction for Transportation Professionals. U.S. Department of Transportation. 

 FHWA Systems Engineering Guidebook Version 3.0, http://www.fhwa.dot.gov/cadiv/segb/ 

http://www.franklin-gov.com/home/showdocument?id=11776
http://www.franklin-gov.com/home/showdocument?id=11776
http://www.franklin-gov.com/home/showdocument?id=5872
http://www.franklin-gov.com/home/showdocument?id=5872
http://www.franklin-gov.com/your-government/engineering/transportation/traffic-studies-and-projects/integrated-growth-plan
http://www.franklin-gov.com/your-government/engineering/transportation/traffic-studies-and-projects/integrated-growth-plan
http://www.nashvillempo.org/plans_programs/rtp/2035_rtp.aspx
http://www.nashvillempo.org/plans_programs/rtp/2035_rtp.aspx
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_syn_403.pdf
http://www.nashvillempo.org/docs/ITS/Nashville_Regional_ITS_Architecture.pdf
http://www.franklin-gov.com/home/showdocument?id=14809
http://www.franklin-gov.com/home/showdocument?id=14809
http://www.fhwa.dot.gov/cadiv/segb/
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2.5 Procurement 

 NCHRP 560 Guide to Contracting ITS Projects, 
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_560.pdf 

 The Road to Successful ITS Software Acquisition, 
http://www.fhwa.dot.gov/publications/research/operations/its/98036/rdsuccessvol2.pdf 

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_560.pdf
http://www.fhwa.dot.gov/publications/research/operations/its/98036/rdsuccessvol2.pdf
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3 USER-ORIENTED OPERATIONAL DESCRIPTION 

3.1 How Does the Existing System Work? 

The existing traffic signal system is operated by City of Franklin. The traffic signals at most project 
locations are currently operating under time-of-day (TOD) operation, which implements the 
appropriate traffic signal timing parameters based on time of day and day of the week. Some of 
the signals are not operating in coordination but rather running free operation, especially in the 
South Cool Springs area from McEwen Rd south. The traffic signals in the project area are 
connected to the City Traffic Operations Center (TOC) through fiber optic cables, using Ethernet 
based communication equipment and serial port servers where necessary. The City staff primarily 
control the traffic signals from the TOC. The centralized system that is used to monitor and control 
these traffic signals is Tactics by Siemens.  

The City uses inductive detection loops and some microwave detection devices to perform vehicle 
detection at the project intersections. There are typically detection zones on the left turn bays and 
the side street approaching lanes adjacent to the stop lines (6’ x 45’), with mostly advance 
detection zones on the through lanes of the main road. There are also many advance entering and 
exiting inductive loop detectors (6’ x 6’) on the main arterials that are connected to the system 
mainly to collect data, but were originally installed for planned volume density or traffic responsive 
operations on the corridors. For pedestrians, there are pedestrian push buttons for crosswalks 
across the main roads and across the side streets on almost all intersections. There are also 
preemption devices on most intersections that serve fire and ambulance services. 

The signals in the project areas are coordinated using a common cycle length, which varies 
depending on the current selected timing pattern. In the absence of vehicles detected on the left 
turn lanes or the side streets or pedestrian push button actuation across the main road, the signals 
typically rest in green for the coordinated movement on the main road. The green time for the left 
turns and cross streets extend up to the pre-set maximum phase time, but may terminate early if 
all waiting vehicles are served.  The main road always receives at least the pre-set phase time (and 
any unused time from the minor phases) regardless of number of vehicles present. If a pedestrian 
phase is operating, the associated vehicle phase will not terminate unless the pedestrian safety 
timing has been satisfied.  

3.2 What are the Limitations of the Existing System? 

The existing traffic signal system manages a limited number of different traffic signal timing plans 
based on the time of the day. Although it is possible to store a large number of timing plans, the 
variations in traffic patterns are too variable for the appropriate plan to be selected reliably based 
on a time of day schedule (see Figure 2). 
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Figure 2 Example volume data plot vs. cycle length 

While the existing system could be configured to dynamically choose different timing plans based 
on measured traffic volume and occupancy using traffic responsive pattern selection (TRPS), this 
approach has not been employed to date. Because of the variable and complex nature of the traffic 
patterns, the existing system cannot successfully dynamically choose the most appropriate timing 
plan from among a large number of candidates. As a result, the current traffic signal system cannot 
provide sufficient variation to handle the irregular traffic patterns to and from the nearby 
commercial and institutional facilities, and to and from the freeway, in an efficient manner.  

The following statements summarize the traffic situations that are affected by the limitations of 
the existing system described above: 

 For most of the Cool Springs area, there are seasonal variations in the traffic volumes 
associated with retail activity at the Galleria, particularly in November and December. 

 The existing parallel arterial system cannot detect unexpected changes in traffic demand 
and adjust signal timing as a result of incidents on the adjacent freeway. 

 Large office complexes and employers, particularly along the Carothers corridor may have 
varying work schedules throughout the work week, particularly on Mondays and Fridays, as 
shown in collected volume data. 

 For McEwen and south Mallory Lane, there are changes in the total traffic volume 
generated by the Centennial High School throughout the course of a school year, and 
significantly varying volumes between the semester and school breaks.  

3.3 How Should the System be Improved? 

There is a strong need to improve the system so it can better accommodate changes in traffic 
patterns, both expected and unexpected. The system needs to be able to monitor the traffic 
conditions in real time and modify the signal operation to efficiently accommodate the measured 
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conditions. These improvements would allow the system to accommodate the normal large 
fluctuations in traffic patterns associated with the various seasons of the year, and also 
accommodate diverted traffic during incidents on the freeway. 

3.4 Statement of Objectives for the Improved System 

The objectives of the improved system are:  

 More rapidly adjust operations to changing traffic conditions 

 Reduce delays at traffic signals 

 Reduce travel times through the traffic signal system 

 Smooth the flow of traffic along coordinated routes 

 Maximize the throughput of traffic along coordinated routes 

 Equitably serve adjacent land uses 

 Manage queues to prevent excessive queuing from reducing efficiency 

 Allow remote monitoring and control of traffic signals 

 Adhere to applicable traffic signal and ITS design standards and the Regional ITS 
Architecture 

 Reduce vehicle emissions through improvements in appropriate determinants such as 
vehicle stops and delays 

 Control arterial queue buildup and freeway off-ramps in order to prevent queue backup 
onto the freeway 

 Provide ease of maintenance and day-to-day operation of the traffic signals. Make more 
efficient use of the staff time available. 

3.5 Description of Strategies to be Applied by the Improved 
System 

The adaptive coordination and control strategies that may be employed (concurrently or under 
different conditions) to achieve the operational objectives are: 

 Provide a green band along a coordinated route to maximize the throughput during periods 
of high demand. 

 Provide a green band along a coordinated route to smooth the flow of traffic in one or both 
directions. 

 Distribute phase times in a way that equitably shares the green time between various 
movements and minimizes the risk of phase failures (phase terminates with a residual 
queue). 

 Manage queues so that they do not exceed the available storage capacity and are located 
so they do not affect the capacity of other movements. 

 Manage the distribution of green times for vehicles and pedestrians in an equitable manner. 

 Employ a combination of these strategies when they are compatible. 
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It is understood that some of these strategies may conflict with one another. The selected strategy 
of the system should be the one that will best optimizes the operation of the corridor or corridors 
based on real time conditions. 

3.6 Alternative Non-Adaptive Strategies Considered 

The alternative non-adaptive strategies that have been considered for this project are: 

 Do nothing – The do nothing alternative is not an acceptable option in this project because 
the limitations mentioned above will continue.  

 Additional TOD patterns – More TOD patterns could be used to accommodate a greater 
variety of traffic conditions. This would require greater staff input to create and maintain 
the extra patterns and the plan introduction schedule. However, this would only give better 
coverage of normal traffic fluctuations, and would not accommodate unexpected 
conditions and conditions that occur at variable or unpredictable times. 

 Hire additional staff – with additional staff, the traffic conditions could be visually 
monitored in real time and when unexpected or unpredictable conditions are observed. 
The most appropriate pre-stored timing pattern could be selected, at that time, however, 
this would require staffing the TOC 24/7 in order to cover all possible times, and require full 
visual coverage of all locations at which an adaptive system would otherwise be suitable. It 
would also potentially require a very large number of pre-stored plans, many of which 
would not be able to be tested and fine-tuned in advance because they would be prepared 
for hypothetical situations. 

 Traffic responsive pattern selection (TRPS) – TRPS has been applied successfully on arterial 
roads with predictable traffic conditions that are significantly different at different times of 
the day, are easily measurable, and on which the majority of the traffic on the coordinated 
route is through traffic. However, in the areas under consideration, the variations in traffic 
conditions are more complex, the network is not a single arterial road, and there are many 
trip origins and destinations within each coordinated group. It is therefore considered very 
unlikely that TRPS could be successfully used to accommodate the range of traffic 
conditions. 
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4 OPERATIONAL NEEDS 
This section describes the operational needs of the users that should be satisfied by the proposed 
ASCT system. Each of these statements describes an operational need that the system operators 
have. Each of these needs will be satisfied by compliance with one or more system requirements. 
In the list of system requirements, each requirement is linked to one or more of these needs 
statements. 

4.1 Adaptive Strategies 

1. The system operator needs the ability to implement different strategies individually or in 
combination to suit different prevailing traffic conditions.  These strategies include: 

a. Maximize the throughput on coordinated routes 

b. Provide smooth flow along coordinated routes 

c. Distribute phase times in an equitable fashion  

d. Manage the lengths of queues 

e. Manage the locations of queues within the network 

f. At an isolated intersection, optimize operation and minimize phase failures (based 
on the optimization objectives). 

2. The system operator needs to manage the coordination in small groups of signals in order 
to link phase services at adjacent intersections. 

3. The system operator needs to change the operational strategy (for example, change from 
smooth flow to maximizing throughput or to managing queues) based on changing traffic 
conditions. 

4. The system operator needs to detect repeated phase failures and control signal timing to 
prevent phase failures building up queues. The operator in this case is trying to prevent a 
routine queue from forming where it will block another movement in the cycle 
unnecessarily. For example, the operator may need to prevent a queue resulting from the 
trailing end of the through green from blocking the storage needed by an entering side-
street left turn in the subsequent phase.  

5. The system operator needs to minimize the chance that a queue forms at a specified 
location. 

6. The system operator needs to modify the sequence of phases to support the various 
operational strategies. 

7. The system operator needs to fix the sequence of phases at any specified location. For 
example, the operator may need to fix the phase order at a diamond interchange. 

8. The system operator needs to designate the coordinated route based on traffic conditions 
and the selected operational strategy. 



 

 

 

Franklin Adaptive Traffic Signals Project 
Concept of Operations v1 

13 February 13, 2015 

9. The system operator needs to set signal timing parameters (such as minimum green, 
maximum green and extension time) to comply with City’s policies. 

4.2 Network Characteristics 

1. The system operator needs to eventually adaptively control up to 75 signals, up to ten miles 
from the TMC. 

2. The system operator needs to be able to adaptively control at least six independent groups 
of signals within the city. 

3. The system operator needs to vary the number of signals in an adaptively controlled group 
to accommodate the prevailing traffic conditions. 

4.3 Institutional and System Boundaries 

1. The system operator needs (in the future) to send data to another system that would allow 
the other system to coordinate with the ASCT system. 

2. The system operator needs to adaptively coordinate signals on two crossing routes 
simultaneously. (All signals within the group are under the control of City of Franklin.) 

3. The system operator needs to receive data from another system that will allow the ASCT 
system to coordinate its operation with the adjacent system. 

4. The system operator needs to constrain the adaptive system to operate a cycle length 
compatible with the crossing arterial. 

5. The system operator needs to detect traffic approaching from a neighboring system and 
coordinate the ASCT operation with the adjacent system. 

4.4 Security 

1. The system operator needs to have a security management and administrative system that 
allows access and operational privileges to be assigned, monitored and controlled by an 
administrator. This system needs to conform to the City's access and network infrastructure 
security policies. 

4.5 Queuing Interactions 

1. The system operator needs to detect queues from outside the system and modify the ASCT 
operation to accommodate the queuing. 

2. The system operator needs to detect queues within the system's boundaries and modify 
the ASCT operation to accommodate the queuing. 

3. The system operator needs to detect queues propagating outside its boundaries from 
within the ASCT boundaries and modify its operation to accommodate the queuing. 

4. The system operator needs to prevent queues forming at user-specified locations. 
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4.6 Pedestrians 

1. The system operator needs to accommodate infrequent pedestrian operation while 
maintaining adaptive operation. 

4.7 Non-Adaptive Situations 

1. The system operator needs to schedule pre-determined operation by time of day. 

2. The system operator needs to over-ride adaptive operation. 

4.8 System Responsiveness 

1. The system operator needs to modify the ASCT operation to closely follow changes in traffic 
conditions. 

2. The system operator needs to constrain the selection of cycle lengths to those that provide 
acceptable operations, such as when “resonant” progression solutions are desired to 
provide two-way coordination along one or more arterial routes. 

3. The system operator needs to respond quickly to sudden large shifts in traffic conditions. 

4.9 Complex Coordination and Controller Features 

The system operator needs to implement the following advanced controller features while 
maintaining adaptive operation: 

1. Service a phase more than once per cycle 

2. Operate at least eight overlap phases with preference to support the 16 phase overlaps 
supported in the existing firmware 

3. Operate four rings, sixteen phases and up to four phases per barrier. 

4. Permit different phase sequences under different traffic conditions while avoiding the 
yellow trap. 

5. Prevent one or more phases being skipped under certain traffic conditions or signal states. 

6. Allow any phase to be designated as the coordinated phase. 

7. Allow the operator to specify which phase receives unused time from a preceding phase. 

8. Allow the controller to respond independently to individual lanes of an approach. This may 
allow the adaptive operation to be based on data from a specific detector, or by excluding 
specific detectors. 

9. Allow protected/permissive phasing and alternate left turn phase sequences. 

10. Use flashing yellow arrow to control permissive left turns and right turns. 

11. Service side streets and pedestrian phases at minor locations more often than at adjacent 
signals when this can be done without compromising the quality of the coordination. (E.g., 
double-cycle mid-block pedestrian crossing signals.) 
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4.10 Monitoring and Control 

The system operator needs to monitor and control all required features of adaptive operation from 
the City’s: 

 TOC 

 Maintenance facility 

 LAN workstations 

 Maintenance vehicles 

 Remote locations, such as employees’ residence. 

The operator needs to access the database management, monitoring and reporting features and 
functions of the signal controllers and any related signal management system from the access 
points defined for those system components (e.g., TOC and individual office workstation). 

4.11  Performance Reporting 

1. The system operator needs to store and report data used to calculate signal timing and have 
the data available for subsequent analysis. 

2. The system operator needs to store and report data that can be used to measure traffic 
performance under adaptive control. 

3. The system operator needs to store all operational data and signal timing parameters 
calculated by the adaptive system, and export selected data to Microsoft Excel 
spreadsheets. 

4. The system operator needs to report performance data in real time to verify system 
operation. 

5. The system operator needs to report the exact state of signal timing and input data for a 
specified period, to allow historical analysis of the system operation. (NOTE: The list of 
reporting items to be included will be refined by the City.) 

6. The system operator needs to generate historic and real-time reports that effectively 
support operation, maintenance and reporting of system performance and traffic 
conditions. 

4.12  Failure Notification 

1. The system operator needs to immediately notify maintenance and operations staff of 
alarms and alerts. 

2. The system operator needs to maintain a complete log of alarms and failure events. 

4.13  Preemption and Priority 

1. The system operator needs to accommodate railroad and light rail preemption. 
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2. The system operator needs to accommodate emergency vehicle preemption including 
infrared and GPS preemption devices  

3. The system operator needs to accommodate bus and light rail transit signal priority to 
accommodate the Intermodal Transportation Master Plan currently in development 

4.14  Failure and Fallback Modes 

The system operator needs to fall back automatically to TOD or isolated free operation, as specified 
by the operator, in the event of equipment, communications and/or software failure. 

4.15  Definition of Constraints 

The system operator is constrained to use the following equipment: 

1. Controller type – Siemens M50 series controllers 

2. Detector type – Inductive Loop, Microwave Radar, and Sensys Magnetometers used under 
special permissions 

3. Preemption equipment – Global Traffic Technologies (GTT) Opticom infrared/ GPS/ 
multimode pre-emption detection systems 

4. Communication system –Ethernet over fiber 

5. Cabinet type – NEMA TS1, NEMA TS2 Type 1 

6. Central traffic signal system software – the adaptive system must operate in harmony with 
the existing Siemens TACTICS central system. 

The system operator needs to use equipment and software acceptable under the City’s current ITS 
technology policies and procedures. 

4.16  Training and Support 

1. The City needs all staff involved in operation and maintenance to receive appropriate 
training.  

2. The City needs the system to fulfill all requirements for the life of the system. The City 
therefore needs the system to be maintained to repair faults that are not defects in 
materials and workmanship.  

3. The City needs the system to fulfill all requirements for the life of the system. The City 
therefore needs the system to remain free of defects in materials and workmanship that 
result in requirements no longer being fulfilled.  

4. The City needs the system to fulfill all requirements for the life of the system. The City 
therefore needs support to keep software and software environment updated as necessary 
to prevent requirements no longer being fulfilled.  

4.17 External Interfaces 

City does not require any external interfaces for the proposed adaptive traffic signal system. 
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4.18  Maintenance 

Each maintenance crew of the City needs all applicable equipment to be readily accessible for 
maintenance and support activities in the field, at the TOC, and at other locations within the City.  
Special access equipment not normally available to them for maintenance will not be allowed. 



 

 

 

Franklin Adaptive Traffic Signals Project 
Concept of Operations v1 

18 February 13, 2015 

5 ENVISIONED ADAPTIVE SYSTEM OVERVIEW 

5.1 Size and Grouping 

There are several areas within the city in which the envisioned adaptive traffic signal system will 
adaptively control traffic. These may form at least six separate groups that may be coordinated 
independently. While an initial deployment on one or two corridors may involve 15 to 20 
intersections, it is expected that the number of intersections to be adaptively controlled will be 
expanded in the future as required. The system will control intersection groups that are defined by 
the operator.  

A group of intersections may be comprised of simply one intersection, or up to the total number 
of intersections that are sufficiently close to warrant coordination under the prevailing traffic 
conditions. There is expected to be some variability in the composition of groups of coordinated 
signals depending on the variable nature of traffic demand levels. During some traffic conditions 
there may be separate groups of intersections operating with different characteristics (e.g., 
different cycle lengths, some are coordinated and some are not, offsets may be in different 
directions). During periods when traffic conditions or operating characteristics (such as cycle 
length) are similar, or traffic volumes on the coordinated route are heavier, different groups may 
be formed or specified by the operator.  

5.2 Operational Objectives 

The operational objective set by the system operator will vary according to the prevailing traffic 
conditions. Each of the following objectives will be available for implementation as appropriate. 

 The objective of the coordination will be to provide for smooth flow along the arterial road 
by minimizing the number of stops experienced by vehicles traveling along the road. Where 
“natural” cycle lengths exist that permit two-way progression the system will generally 
operate at one of those cycle lengths unless longer phase lengths are required to 
accommodate the demand. 

 The objective of the coordination will be to maximize the throughput along the coordinated 
route. This may involve a tradeoff that increases delay to cross streets and turning 
movements in order to maximize the green time provided to coordinated traffic flows. 

 The objective of the coordination will be to control traffic in a manner that equitably serves 
the adjacent land uses. The delays experienced by the traffic entering and exiting the 
coordinated route will be balanced with the delays and stops experienced by other traffic 
traveling along the route. 

 The objective of the coordination will be to manage the lengths of queues stored at critical 
locations within the coordinated group so that long queues do not block upstream 
intersections, back up from freeway off-ramps to the mainline and affect the freeway 
mainline traffic, or otherwise reduce the capacity available during the green phases. This 
will involve controlling phase lengths so that the size of platoons entering a downstream 
block does not exceed the storage length if the platoon will be stopped. It will also involve 
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control of offsets and phase lengths so that queues may be stored in locations where they 
will not adversely affect capacity of the system. 

The system, or the operator, will select the appropriate coordination objective depending on the 
current traffic conditions. For example, during commuter peaks the primary objective may be to 
maximize the throughput along the road in the peak direction. Then during the business hours the 
objective may be to balance delays between traffic associated with the adjacent activity and traffic 
simply traveling through the system. 

The operator will be able to define for each group of intersections the appropriate operational 
objective. For example, near a freeway interchange or in a location with heavy turning movements, 
the queue management strategy may be specified.  Whereas on an arterial with long signal spacing 
the smooth flow objective may be specified. 

During moderate to light traffic conditions, one or more phases may be omitted (e.g., a protected 
phase if protected/permissive left turns are operated) in order to more efficiently serve other 
movements through the use of lower cycle lengths provided it is safe to do so.  This may be 
accomplished disabling a phase through a time of day schedule or based on measurements of 
traffic conditions that confirm it would be safe and efficient to disable the phase. This does not 
refer to phase skipping simply due to absence of demand for a phase. 

Within these operational objectives, the ASCT system will change its operation to accommodate 
the rise and fall of volumes through the peaks and the changing patterns of flow throughout the 
day and week.  However, there is also a stochastic element to traffic in the short term, with the 
number of arrivals for a phase varying from cycle to cycle.  In addition, pedestrians may not be 
present on all phases in all cycles.  It is therefore desirable for the system to have some local tactical 
control.  While vehicle-actuated coordination typically allows phases to run longer or shorter from 
cycle to cycle to match the actual number of vehicles using the phase, the system will also allow 
the operator to decide where the unused time will be used.  If a phase is to be skipped, the operator 
can specify that the spare time will be added to the existing phase, the following phase or the next 
coordinated phase. 

5.3 Fallback Operation 

The system will have a fallback state that allows coordination using a common cycle length for all 
signals within a coordinated group, based on a time of day library. 

The system will have a fallback state that allows (at the discretion of the operator) individual 
intersections to operate in a vehicle-actuated, isolated mode in the event of failures of the adaptive 
processor software, hardware, detectors or communication. 

5.4 Crossing Routes and Adjacent Systems 

A coordinated group will be able to include more than one coordinated route, such as two crossing 
arterials. The system will be able to maintain coordination along both roads. 
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5.5 Operator Access 

Operators, traffic engineering and maintenance staff will be assigned different levels of access to 
equipment based on their roles and responsibilities. This will allow them to control, view, monitor 
and analyze the operation of the system as appropriate to accomplish their duties. 

The system will be connected to the City of Franklin LAN, allowing access to all authorized users. 

5.6  Complex Coordination and Controller Operation 

The City will use the following complex coordination and controller features: 

 The ability to repeat a phase, such as running a left turn phase before and after its opposing 
through movement. 

 Provision for the required number of rings, phases, phases per ring, and overlap phases. 

 The ability to operate different phase sequences based on different traffic conditions or by 
time-of-day. 

 The ability to omit a phase under some traffic conditions to allow a shorter cycle length to 
operate or to provide additional time to other phases.  

 The ability to use flashing yellow protected/permissive, protected only and permissive only 
phasing 

 The ability to maintain coordination with external movements (such as crossing arterials) 
by preventing phases from being skipped, or by omitting phases, based on time-of-day, 
external input or when certain phase sequences are in operation. 

 The ability to omit phases or overlaps by time-of-day schedule. 

 The ability to designate any compatible phases as coordinated phases. 

 The ability to separately monitor each lane on an approach and take different action 
depending on the conditions measured in each lane. 

 The ability to introduce a non-coordinated phase later than its normal starting point within 
a cycle, if it can be served with minimum green within the remaining time available. 



 

 

 

Franklin Adaptive Traffic Signals Project 
Concept of Operations v1 

21 February 13, 2015 

6 ADAPTIVE OPERATIONAL ENVIRONMENT 

This section describes the physical and operational environment of the adaptive traffic signal 
system such as the location of the hardware equipment, the hardware and software compatibility, 
accessibility of the hardware equipment, and the maintenance requirement. 

The adaptive operational environment is summarized below: 

 The system will be operated and monitored from the City of Franklin Traffic Operations 
Center (TOC).   

 The system will operate in harmony with the central distributed TACTICS software in which 
the City of Franklin has a very substantial investment. 

 The system will be operated and monitored from workstations located on the City of 
Franklin LAN. 

 The central server equipment will be housed with other City virtual servers located in the 
Police Building, in an air-conditioned environment. 

 The central server will be via a virtual Windows server platform (maintained by the City’s IT 
staff) and able to be replaced independently from the software. 

 The City selection of controller will not be constrained by the adaptive software. 

 The City prefers inductive loops or microwave radar as the detector technology for signal 
control. 

 The City prefers to use the following controller type: SIEMENS M50 SERIES with SEPAC 
firmware 

 The operators will already be experienced in setting up and fine tuning traditional 
coordinated signal systems. They will require training specific to the adaptive system, 
sufficient to allow them to set up, adjust and fine tune all aspects of the system. 

 Complaints or requests for changes in operation will be handled by the in-house operators 
on an as-needed basis. 

 Maintenance of all field equipment will be performed by in-house staff 

 Funding for maintenance of the adaptive system will come from the City of Franklin. An 
increase in maintenance budget equal to approximately 10% of the equipment capital cost 
per year will be required to accommodate the additional equipment installed for the 
adaptive system. This is likely to be in the range of $25,000 to $50,000 per year, for the 
initial system installation. 

 Replacement or repair of defective or failed equipment will be covered for two years after 
final acceptance by the manufacturers’ warranties. The labor cost of replacement during 
this period will be included in the purchase price. 
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 The City expects maintenance of parts and equipment for a period of two years after final 
system acceptance included in the purchase price.  

 The City expects maintenance of all adaptive system software for a period of two years after 
final system acceptance included in the purchase price. 

 The City will seek technical support from the vendor for assistance in using the adaptive 
software, including software updates for a period of 10 years after the adaptive system has 
been approved. 

 Operations and maintenance staff will have the ability to log in to the system from remote 
locations via the internet and have full functionality consistent with their access level. 

 The ASCT’s operation will be able to be customized to suit the different situations that will 
be experienced in the different areas where it will operate. 
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7 ADAPTIVE SUPPORT ENVIRONMENT 

7.1 Institutions and Stakeholders 

Complete Stakeholder list can be found in the Appendix. Existing stakeholders of the traffic signal 
system include: 

 City of Franklin 

 Tennessee Department of Transportation 

 Federal Highway Administration 

 Emergency Services including Fire and Police departments and Williamson County EMS 

 Motorists, transit passengers, pedestrians and cyclists using the road network 

The stakeholders who will be affected by or have a direct interest in the adaptive system are: 

 City of Franklin 

 Tennessee Department of Transportation 

 Federal Highway Administration 

 Emergency Services including Fire and Police departments and Williamson County EMS 

 Motorists, transit passengers, pedestrians and cyclists using the road network 

Tennessee Department of Transportation (TDOT) is involved in the project approval process and 
administering the Local Programs funds. The activities that will be undertaken by the adaptive 
system stakeholders include: preparation of timing parameters, implementation and fine tuning, 
system monitoring and adjustment, system performance monitoring and evaluation. 

The organizational structures of the units responsible for installation, operation and maintenance 
are illustrated in the Traffic Engineering branch of the attached organization chart in Figure 3. 
Under supervision of the Traffic Engineer III, the Traffic Engineer II identifies the program settings 
for the various system strategies and assists the TOC Operator in entering, monitoring and 
modifying the operational settings.  The TOC Operator performs the data collection function, which 
data is used by the Traffic Engineer II in developing and updating the program settings.  The Traffic 
Engineers are registered Professional Engineers and the TOC Operator holds an IMSA Certification. 

7.2 Facilities 

The current TOC is located at the City of Franklin, Traffic Engineering Department, located at 109 
3rd Avenue South, Franklin, TN. The TOC has multiple workstations for monitoring traffic 
conditions at various intersections and fine tuning the traffic signal timing. Currently the virtual 
servers and fiber optic cable terminus are located in the Police Department Building in an 
environmentally controlled and secure environment.  

The new servers (if required) will be installed at the Police Department building with other virtual 
server hardware. The Police building has sufficient server racks to accommodate new virtual server 
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hardware that may be required for the adaptive system. The City’s current TOC and IT staff will 
provide maintenance to the facilities as needed. The TOC and Police building is equipped with fire 
control facilities. The operating group provides the secure access to the TOC and the main adaptive 
system workstations.  The IT department provides access to the Police Building server room. The 
two buildings are connected via 10 GB Ethernet links on the Franklin City Ethernet network. 

 

 

Figure 3 City of Franklin Engineering Organization Chart 
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7.3 System Architecture Constraints 

The adaptive traffic signal server and workstations will be protected within the City’s firewalls. The 
IT Department will provide resources, Virtual Private Network (VPN) access, equipment and system 
management so that the ASCT vendor may install and maintain the software as needed through 
that department. The operators will have appropriate access to the system locally from within the 
City’s LAN and from remote locations. 

The communications between the TOC and the field equipment will be via fiber optic cable.  

7.4 Regional ITS Architecture 

The proposed ASCT system will be consistent with the regional ITS architecture and will interface 
with other systems and subsystems to provide the required data flows. The existing Nashville ITS 
Regional Architecture was reviewed for the necessary service packages and flow diagrams that are 
required to ensure ASCT as a viable ITS traffic signal solution for the region.  

The required data flows for ASCT in the existing ATMS03 Surface Street Control package are shown 
appropriately in the Regional ITS Architecture, as indicated in the Appendix A flow diagrams. The 
data flows that will be required for ASCT are already in place and as indicated in the existing 
Regional Architecture. Since the Concept of Operations needs statements for the City do not 
require center to center or external direct interfaces for the ASCT, there are also no changes 
required to the Regional Traffic Management service package at this time. Architecture data flows 
for Regional Traffic Management are shown in the Appendix for reference. It should also be noted 
that there are no changes from planned data flows to existing data flows required in the existing 
Regional ITS Architecture for ASCT.  

For the purpose of this document and for the benefit of the existing older ITS regional architecture, 
when the Regional ITS Architecture is updated, it is advised that the data flow diagrams for ATMS03 
and ATMS07 service packages be revisited with the City of Franklin stakeholders for ASCT and that 
appropriate newer elements and connections are shown in the flow diagrams.  

The relevant sections of the regional ITS architecture are illustrated in Appendix A. 

7.5 Utilities 

Utilities to the TOC and server room will be maintained by the City’s building services. 

7.6 Equipment 

The communication system is primarily fiber optic system and is installed and tested. Additional 
testing of the communication system is not required for the installation of the adaptive traffic 
signal system. 

Vehicles for use by the Traffic Engineering department will be the responsibility of the operating 
group. Additional vehicles will not be required to support this project. 
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7.7 Computing Hardware 

Additional computing hardware is not required in this project and must conform to the current 
Windows PC environment. City IT staff are currently responsible for the maintenance and 
replacement of the computing hardware. 

7.8 Software 

Both the City Transportation Engineering and IT staff are currently responsible for keeping central 
and field software, and their corresponding licenses, up to date. The City Transportation 
Engineering and IT staff also administer the usage and availability of the software on the 
workstations and other computers. 

7.9 Personnel 

There will be one operator and two traffic engineers available for routine weekday operations. The 
existing staff who are currently handling the same routine operations of the other traffic signal 
systems will be the same to operate the ASCT, additional staff will not be required. Signal 
maintenance personnel are also available for immediate and necessary onsite maintenance of the 
system. 

7.10  Operating Procedures 

The City Transportation Engineering and IT staff are responsible for the database back up process 
and network health. They work together to determine backup of systems and the frequency of 
those backups, as well as the maintenance of the communications system. The ASCT database will 
be backed up and stored according to current procedures in place for the TACTICS database. 

7.11  Maintenance 

Routine field maintenance on both the ASCT and the non-ASCT elements will be performed by City 
staff on an as-needed basis. The City will work with the ASCT vendor to perform routine and non-
routine field maintenance of the ASCT when problems arise. The City is committed to provide these 
services upon implementation and through the life of the adaptive system as well as during the 
initial ASCT vendor maintenance period. Quick troubleshooting and resolution will require those 
onsite maintenance services provided by the City in the interest of the traveling public and the 
successful operation of the system. 

7.12   Disposal 

At the end of its useful life the system will be disposed of in accordance with City of Franklin 
practices. No special conditions (such as hazardous materials) are anticipated. 

 

7.13   ITS Standards 

The NTCIP protocols for adaptive signal operation are not fully defined yet at the date of this 
project. The stakeholders are aware that few ASCT providers have implemented support for both 
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existing ASCT interface protocols and NTCIP in an ASCT software package. However, any equipment 
and communications that are incidental to the adaptive system, and directly provided by the 
vendor as part of their solution, must have the ability to comply with NTCIP standards applicable 
to that equipment (e.g., field master, etc). The ASCT software package should also not preclude 
provisions for appropriate NTCIP protocol stacks to facilitate migration to a NTCIP standards-based 
system in the future. This will also maximize the useful service life of the new equipment and 
enable migration to NTCIP while minimizing hardware and software upgrades. It is highly desirable 
that the ASCT software vendor address their work with NTCIP interfaces, and any plans to migrate 
towards an NTCIP based solution in the near future. 

All other incidental ITS equipment and traffic control components that are necessary for ASCT 
operation should conform to the ITS Standards referenced in the Nashville Regional ITS 
Architecture (RITSA), Section 4.4. The RITSA link is referenced in Section 2.3 of this document and 
those ITS Standards are shown in Table 7 of the RITSA document. 
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8 PROPOSED OPERATIONAL SCENARIOS USING AN 
ADAPTIVE SYSTEM 

The following operational scenarios describe how the system is expected to operate under various 
conditions. The proposed ASCT system is expected to be able to manage the following operational 
scenarios and issues envisioned for both the current and future project locations. Scenarios are 
described for the following operational conditions:  

 Typical congested conditions 

 Typical heavy conditions 

 Moderate balanced flow 

 Light balanced flow 

 Very light traffic flow 

 Demand affecting event (both planned and unplanned) 

 Capacity affecting event (both planned and unplanned) 

 Fault conditions (communications, detection, adaptive processor) 

 Priority and preemption 

 Scheduled events 

 Pedestrians 

8.1 Typical Congested Conditions 

8.1.1 Road Network 

The Cool Springs area is known for its rolling terrain, green space, and pedestrian/bike friendly 
roadways. This is one of the main reasons large businesses such as the Galleria Mall, Nissan North 
America, Verizon Wireless, and Community Health Systems call it home, and do not wish to see 
large amounts of roadway construction or widening that may eliminate the geographical 
attractiveness of the area.  
 
The area is split by Interstate 65, which runs north/south through the center of Cool Springs and 
splits the heavier retail area along Mallory Lane on the west side, with the business and office 
parks on the east side along Carothers Parkway. Galleria Boulevard also connects I-65 south to 
Galleria Mall, a direct route into the mall. In addition to these parallel roads to I-65, Cool Springs 
Boulevard is a major east/west connector that connects these and other arterials to the 
interstate.  Cool Springs Boulevard also provides access to the office parks and the retail areas 
from I-65. Along with these major arterials, McEwen Road to the south is an alternative east/west 
connector to Cool Springs Boulevard. Development in that area continues to grow at a high rate. 
 

8.1.2 Traffic Conditions 

Heavy traffic conditions vary by route in this area. Each set of traffic conditions are unique by 
corridor. Mallory Lane as well as Galleria Boulevard is a destination route with very little through 
traffic at most congested times. Most traffic traveling Mallory Lane between Moores Lane and Cool 
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Springs, as well as south of Cool Springs Boulevard is heading to some retail destination. The 
Galleria Mall is one main destination for this traffic and the signalized intersections can queue at 
various times of the day. Heavy traffic peaks along Mallory Lane between 11 AM and 1:30 PM daily 
on both weekdays and weekends, but can fluctuate greatly at most any time of the day. There is 
not a very clear AM peak on Mallory with the majority of heavy traffic volumes peaking in midday 
and the PM peak. 

Cool Springs Boulevard operation shows three main peaks, and shows a more directional flow 
traveling all the way through the corridor from Carothers and I-65 to Mack Hatcher during the AM 
and PM peaks.  The directional flow is not particularly heavily skewed in one direction or another. 

Carothers Parkway also has AM and PM peak hour issues, however, heavy traffic along this route 
is more like Mallory Lane in that it is trying to reach a destination somewhere along Carothers 
Parkway and not necessarily trying to travel through the corridor in a ‘green band’, as is the case 
with Cool Springs. Carothers sees queuing at various signals adjacent to major office space. 

McEwen Drive operation is in transition at this time due to continued residential and commercial 
development, especially on the east side of I-65. Most all heavy traffic on this corridor is traversing 
to and from the interstate. It is one of the only major routes in the area that is not running time of 
day plans in coordination, which creates many stops and unsmooth flow on the corridor. 

8.1.3 Operational Objectives 

The operational objectives under these conditions are to: 

 Maximize the throughput along Cool Springs Boulevard 

 Maximize the throughput along McEwen Drive 

 Accommodate the traffic at the critical intersections along Mallory with a minimum of 
phase failures 

 Provide smooth flow along the arterials and connecting arterials through identified main 
intersections; and 

 Manage queues at the freeway interchanges and adjacent major intersections (such as 
Cool Springs at Carothers) to prevent queue overflows reducing movement capacities or 
impacting traffic flow on the freeway mainline. 

8.1.4 Coordination and Signal Timing Strategies 

The signal timing strategies to be used by the system to accommodate this situation are: 

 At the critical intersections, select phase times that eliminate phase failures 

 At the critical intersections, select phase sequence that eliminates queue overflow in left 
turn bays 

 At the non-critical intersections on all project arterials, provide sufficient time to serve all 
turning and side street traffic without phase failures 

 At the non-critical intersections, provide sufficient time on the arterial road phases in a 
manner that minimizes the stops for through traffic along the arterial. 
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8.1.5 Summary of Operation 

Under these conditions, the ASCT system will determine the critical intersection and select a phase 
arrangement and calculate phase times that accommodate traffic at that intersection. It will then 
set the timing at the other intersections to provide a green band in the direction of heaviest traffic 
along the arterial to minimize the number of stops in that direction.  

At closely spaced signals (e.g., on Mallory), the offsets and phase splits will be controlled to manage 
the locations of queuing.  This will ensure traffic is not released into a short block length when it 
cannot be serviced resulting in queuing back through the upstream intersection. 

8.2 Typical Heavy Conditions 

8.2.1 Traffic Conditions 

There is significant turning traffic at many of the project intersections during heavy, uncongested 
conditions. This is mostly due to vehicles trying to get to a destination at midday times, such as 
restaurants, retail stores or businesses.  

8.2.2 Operational Objectives 

The operational objectives for this case are to: 

 At the critical intersections, select phase times that eliminate phase failures 

 Reduce delay by improving the efficiency of each phase. 

 Provide smooth flow along the arterials. 

8.2.3 Coordination and Timing Strategies 

The signal timing strategies used by the system to accommodate this situation are: 

 Select a cycle length that minimizes overall delay at the critical intersection 

 Select a phase sequence that maximizes the efficiency of the movements in the peak 
direction 

 Distribute phase times to minimize phase failures on all approaches 

 Modify cycle length and phase times if necessary to accommodate occasional pedestrians 

 Select offsets to provide coordination in the heaviest direction of travel 

 Select phase sequence and phase times at freeway interchanges to prevent excessive 
queuing between the ramp intersections and on the off-ramps. 

8.2.4 Summary of Operations 

The adaptive system will measure the traffic flow and determine the appropriate cycle length and 
phase times to accommodate the current demand. When traffic volumes are sufficiently high, lead-
lag operation will be selected for one or both approaches and unused time generally added to the 
phases serving the peak directions. 
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8.3 Moderate Balanced Flow 

8.3.1 Traffic Conditions 

During business hours traffic is uncongested and the flows along the arterials are similar in both 
directions on most of the project arterials. Occasionally, there is an increase in traffic turning into 
and out of the several side streets that service local commercial and retail facilities, such as the 
Galleria Mall. There is enough side street and turning movement traffic that most signal phases are 
called every cycle.  

8.3.2 Operational Objectives 

The operational objectives for this condition are to: 

 Select a cycle length that minimizes overall delay at the critical intersection 

 Provide smooth flow along major arterials; and 

 Provide signal timing that prevents phase failures at all intersections. 

8.3.3 Coordination and Timing Strategies 

The coordination approach for these conditions is to provide progression, maximizing bandwidth 
while providing two-way coordination.  This can be done at a resonant cycle length in the range of 
100 to 120 seconds. The strategies applied while maintaining this cycle length are: 

 At each intersection, provide sufficient time to serve all turning and side street traffic 
without phase failures;  

 At each intersection, select phase times (or offsets) that provide smooth flow along the 
arterial in both directions.  

 At each intersection, select phase sequence that provides smooth flow along the arterial  

 At major intersections, select phase times that will accommodate occasional use of 
pedestrian phases. 

8.3.4 Summary of Operations 

The critical intersection will determine the minimum cycle length that can be used for the entire 
group. This cycle length will accommodate all phases. Provided it is not higher than the 120 second 
resonant cycle length, the system will set the cycle length to be 120 seconds.  It will detect the 
balanced flows and select offsets that provide a reasonable compromise between the two 
directions of travel. At the non-critical intersections, the non-coordinated phases will be set to 
accommodate vehicles and all spare time will be allocated to the coordinated phases to maximize 
the bandwidth for progression bands along the road. During periods (such as lunch time) when 
there is more turning traffic associated with local retail activity extra time will be provided to those 
phases within the overall cycle length at the expense of the coordinated phases. 
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8.4 Light Balanced Flow 

8.4.1 Traffic Conditions 

During some periods of the weekdays and weekends traffic is light but predominantly passing along 
the arterial, and there is still value in maintaining coordination along the route. There is little 
pedestrian activity and lighter side street and turning movement traffic. The left turn volumes are 
sufficiently light that they do not need protected turn phases to provide sufficiently capacity and 
can normally be accommodated by permissive phases. There is a resonant cycle length of 100 
seconds that will provide two-way coordination. 

8.4.2 Operational Objectives 

The operational objectives for this condition are to: 

 Provide smooth flow along major arterials 

 Select a cycle length that minimizes overall delay at the critical intersection 

 Provide signal timing that prevents phase failures at all intersections. 

8.4.3 Coordination and Timing Strategies 

The coordination approach for this condition is to provide progression along the arterial, 
maximizing bandwidth while providing two-way coordination.  The timing strategies applied to do 
this are: 

 At each intersection, provide sufficient time to serve all turning and side street traffic 
without phase failures 

 At each intersection, select phase times (or offsets) that provide smooth flow along the 
arterial in both directions 

 At each intersection, omit protected turning phases to minimize the impact of occasional 
turning vehicles on other traffic 

8.4.4 Summary of Operations 

During light traffic conditions, a cycle length of 100 seconds will be implemented. If traffic volumes 
decrease (such as during late nights), the 100 second cycle length and two-way coordination will 
be maintained unless the volumes fall below a minimum threshold.  Should volumes fall below the 
minimum threshold, the signals will be set to free operation (vehicle-actuated mode). If traffic 
increases to the extent that it can no longer be accommodated within the 100 second cycle length 
or left turning volumes can no longer be accommodated without the protected left turns, then a 
longer cycle length will be implemented and a new coordination strategy selected to match the 
current traffic conditions. 



 

 

 

Franklin Adaptive Traffic Signals Project 
Concept of Operations v1 

33 February 13, 2015 

8.5 Very Light Traffic Flow 

8.5.1 Traffic Conditions 

Under very light traffic conditions, such as late at night and the early morning hours of Saturday 
and Sunday, there is little through traffic on the arterial roads to benefit from providing 
coordination. It is therefore appropriate to allow each intersection to operate in free operation 
(vehicle-actuated mode). 

8.5.2 Operational Objectives 

Under the very light traffic flow condition, the objective of the adaptive system is to equitably serve 
the various movements and pedestrians at each intersection. 

8.5.3 Coordination and Timing Strategies 

Traffic signals will revert to free operation under very light traffic flow conditions.  

8.5.4 Summary of Operation 

When the traffic volume falls below a threshold set by the operator, the traffic signals will operate 
in free operation. When volumes later rise above a threshold set by the operator, a new 
appropriate coordination timing strategy is implemented. 

8.6 Demand Affecting Event 

During periods of major activity within or close to the ASCT’s area of operation (such as at the 
Galleria Mall during holidays) the traffic characteristics are often similar to the peak periods, either 
oversaturated or unsaturated. The system will behave in a similar fashion to those periods, and the 
detection system will determine whether unsaturated or oversaturated conditions prevail. If there 
is heavily directional traffic before or after the activity the system will determine the predominant 
direction and coordinate accordingly with an appropriate cycle length and offset. If the event traffic 
is not as heavy as peak hours, but the traffic on the corridor is still highly directional then the system 
will recognize this and provide coordination predominantly in the heaviest direction even though 
the cycle length may be similar to business hours (with balanced flows) cycle lengths. 

The entire corridor may be set by the operator to operate as one or more coordinated groups under 
this condition.  In addition, the system may have the freedom to operate it as one or more groups 
subject to user-specified criteria, such as similar required cycle lengths in different parts of the 
corridor or the volume of traffic at key locations exceeds a threshold. 

When an incident occurs on I-65, the volumes on routes parallel to and connecting to the freeway 
unexpectedly change, sometimes quite dramatically. At these times the system will detect the 
changes in traffic volumes and respond by selecting signal timing that accommodates the demand 
as far as practicable and provides coordination in the direction of highest flow. It is envisioned that 
cycle length may extend up to 180 seconds under these conditions. 
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8.7 Capacity Affecting Event 

8.7.1 Incident within the System (Construction, Maintenance, Fire) 

When an incident occurs on the coordinated route and temporarily reduces the capacity of the 
route (such as emergency vehicles stopped, unscheduled construction/maintenance, or traffic 
crash) there will typically be congestion upstream of the blockage and lighter than normal traffic 
downstream. In such a situation, it is appropriate for the downstream signals to operate with 
different characteristics from the upstream signals. 

If the downstream signals experience lighter traffic as a result of the blockage, those signals should 
be coordinated as a group.  The cycle lengths, splits and/or offsets should react to the measured 
traffic. If the blockage is in the peak direction, then it may be appropriate to coordinate in the 
opposite direction if that traffic is similar to or greater than the normal peak direction. If the 
blockage is in the non-peak direction, there may be no need to depart from the normal operation. 

While intersections upstream from the blockage may register increased congestion, the 
appropriate response would not be to increase the capacity in the congested direction. On the 
contrary, the approach should be to match the capacity for phases in the direction towards the 
bottleneck to the actual capacity of the bottleneck and prevent this movement from adversely 
affecting cross street traffic or the flow in the non-affected direction. 

When planned events that affect capacity occur, such as maintenance or construction activities 
that require closure of a lane, the system will recognize the change in available capacity in the same 
way that it will recognize the presence of an unplanned obstruction. The system operators will also 
have the ability to pre-program and schedule changes in system parameters that will accommodate 
expected changes in available capacity. 

The system will recognize the presence of an abnormal obstruction and modify the signal operation 
to react to the changed traffic conditions in an efficient manner. 

8.8 Fault Conditions 

8.8.1 Communications Fault Condition 

If a communication failure prevents the adaptive system from continuing to control one or more 
intersections within a defined group, all signals within the group will revert to an appropriate, user-
specified fallback mode of operation.  This would be either time-of-day operation or free operation.  
The fallback mode will be specified by the user based on location and time of day. All 
communication failure alarms will be automatically transmitted to maintenance and operations 
staff for appropriate attention. 

8.8.2 Detection Fault Condition 

The system will recognize a detector failure and take appropriate action to accommodate the 
missing data.  For a local detector failure, the local controller will place a soft recall or maximum 
recall (to be user-specified) on the appropriate phase and issue an alarm.  For a detector that 
influences the adaptive operation (e.g., a system detector) the system will use data from an 
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alternate (user-specified) detector, such as in an adjacent lane or at an appropriate upstream or 
downstream location.  If the number of detector failures within a specified group exceeds a user-
specified threshold, the system will cease adaptive operation and go to a fallback operation 
specified by the user (such as time-of-day operation or free operation).  The fallback operation will 
be specified by the user based on location and time of day. All detector failure alarms will be 
automatically transmitted to maintenance and operations staff for appropriate attention. 

8.9 Priority and Preemption 

8.9.1 Emergency Vehicle Preemption 

When an intersection responds to an emergency vehicle preemption, other signals within the 
coordinated group continue to operate adaptively. The preempted signal returns to adaptive 
control once the preemption is released. 

8.10  Scheduled Events 

Examples of scheduled events are a football game at Centennial High School or a major sale at 
the Galleria Mall. The system will recognize the increasing traffic as patrons arrive for the event 
and adopt an appropriate mode of operation.  During the event, when there is little associated 
traffic, the system will recognize the traffic conditions and operate normally.  Immediately after 
the event, the system will recognize the changing traffic pattern as patrons begin to leave the 
event and adopt the appropriate mode of operation until the traffic clears. The system will then 
return to normal operation. 

8.11  Pedestrians 

Pedestrian crossing times must be accommodated.  When pedestrian volumes are sufficiently 
heavy such that the pedestrian phase is required most cycles, the signal cycle will be long enough 
that the pedestrian phases will not restrict the coordinated green bands. When pedestrian volumes 
are low and the pedestrian phase is only required occasionally, a lower cycle length that does not 
accommodate all pedestrian crossing times may be employed. However, when the pedestrian 
phase is called, it the system will allow the full walk and clearance times while maintaining adaptive 
control and not require the controller to leave coordination and then pass through a transition 
period to get back in step. 

When side street traffic is light and no pedestrian is present, a vehicle may arrive on the side street 
shortly after the point at which its phase would normally be initiated.  Typically it would then wait 
an entire cycle before being served. However, it is often possible to serve one or two side street 
vehicles within the remaining green time.  So the system will be able to start a phase later than 
normal when there is no pedestrian call for that phase, provided it can be completed before the 
time the phase would normally end.  

8.12   Installation 

During installation and fine tuning, the operator will calibrate all the user-defined values in the 
system.  In order to understand the response of the system to changes in traffic conditions, it is 
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necessary to examine the results of intermediate calculations in addition to the overall outputs and 
changes of state commanded by the system.   

For example, if a cycle length is calculated based on a calculated parameter, such as level of 
saturation of detectors in critical lanes on critical movements, then the state of that calculated 
parameter must be available for inspection for each detector.  This will allow the operator to 
properly calibrate each detector and then separately calibrate the parameters in the cycle length 
calculation or look-up table.  This would also allow an operator to identify a faulty detector that is 
causing an incorrect measure to be calculated or identify a detector on which traffic behavior is 
different from other detectors on that phase, such as a left turn lane that has a heavy U-turn 
volume. 
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1.0 Scope 

1.1 Document Purpose and Scope 
The scope of this document covers the consideration of adaptive signal control technology (ASCT) use 

within the City of Franklin TN. This document describes and provides a rationale for the expected 

operations of the proposed adaptive system. It also documents the outcome of stakeholder discussions 

and consensus building that has been undertaken to ensure that the system that is implemented is 

operationally feasible and has the support of stakeholders. 

Following completion of the concept of operation, with agreement among stakeholders about the 

needs, the operating concepts, the operational environment and support environment, the detailed 

system requirements will be prepared and documented separately. 

1.2 Project Purpose and Scope 
The purpose of this project is to define the City’s needs and objectives for adaptive traffic signal control, 

and select a system that can best accommodate the City’s needs and objectives. The PS&E portion of 

this project will design the adaptive traffic signal system that satisfies the documented system 

requirements. 

This project involves consideration of application of ASCT initially to one or more of six corridors. However, 

to the extent that it appears feasible, consideration will also be given to application of ASCT to other future 

corridors, as the activities within the city grow. It is anticipated that not all corridors will be candidates for 

ASCT, as observed and studied in this project, however, this SEA will serve as the basis for the City’s needs 

and objectives of what they want an adaptive signal strategy to be, and those corresponding requirements 

of an ASCT system within the City of Franklin. 

The primary objectives of the adaptive traffic signal system in this project are to accommodate the 

irregular traffic patterns within the project area, provide smoother traffic flow along the main arterials 

within the project, and accommodate future developments within and near the project area. The needs 

and requirements of the ASCT is as stated in the Concept of Operations and System Requirements 

documents within the SEA.  

An adaptive traffic signal system is one in which some or all the signal timing parameters are modified in 

response to changes in the traffic conditions, in real time. The purpose of providing adaptive control in 

the project area is to overcome the limitations of the existing system to handle the irregular traffic pattern 

introduced by the surrounding commercial and institutional facilities or by major traffic incidents on the 

nearby I-65 freeway. This project will add adaptive capabilities to the functionality of the existing 

coordinated signal system. All the capabilities of the existing coordinated system will be maintained. The 

adaptive system may function independently or work with the existing traffic signal system, which is a 

Siemens TACTICS system operating centrally distributed time-based coordination. Additionally, the 

adaptive system may be manually turned off to allow the existing traffic signal system to have control. 

The adaptive system will be integrated with the existing central traffic signal system 
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2.0  Referenced Documents 
The following documents have been referenced or used to guide the preparation of this concept of 

operation. 

2.1  Planning Documents 
 City of Franklin Major Thoroughfare Plan  

 http://www.franklin-gov.com/home/showdocument?id=11776 

 City of Franklin Roadway Enhancement Master Plan  

 http://www.franklin-gov.com/home/showdocument?id=5872 

 Integrated Growth Plan, Carothers Parkway and East McEwen Drive 

 http://www.franklin-gov.com/your-government/engineering/transportation/traffic-studies-and-

projects/integrated-growth-plan 

 Relevant TIP Projects: 

 2009-67-026 Franklin ITS Infrastructure 

 MPO’S REGIONAL TRANSPORTATION PLAN 

 http://www.nashvillempo.org/plans_programs/rtp/2035_rtp.aspx 

2.2 Adaptive Signals 
 NCHRP Synthesis 403: “Adaptive Traffic Control Systems: Domestic and Foreign State of Practice”, 

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_syn_403.pdf 

2.3 ITS, Operations, Architecture, Others 
 FHWA Rule 940, Federal Register / Vol. 66, No. 5 / Monday, January 8, 2001 / Rules and Regulations, 

DEPARTMENT OF TRANSPORTATION,  Federal Highway Administration 23 CFR Parts 655 and 940, 

(FHWA Docket No. FHWA-99-5899) RIN  2125-AE65 Intelligent Transportation System Architecture 

and Standards 

 Regional ITS Architecture Guidance Document, “Developing, Using, and Maintaining an ITS 

Architecture for your Region; National ITS Architecture Team; October, 2001 

 Nashville Area Metropolitan Planning Organization’s ITS Master Plan 

 Nashville Regional ITS Architecture 

http://www.nashvillempo.org/docs/ITS/Nashville_Regional_ITS_Architecture.pdf 

 City of Franklin ITS Master Plan, http://www.franklin-gov.com/home/showdocument?id=14809 

2.4 System Engineering 
 FHWA. (2012, August). Model Systems Engineering Documents for Adaptive Signal Control 

Technology (ASCT) Systems - Final Guidance Document. U.S. Department of Transportation. 

 FHWA. (2007, January). Systems Engineering for Intelligent Transportation Systems - An Introduction 

for Transportation Professionals. U.S. Department of Transportation. 

 FHWA Systems Engineering Guidebook Version 3.0, http://www.fhwa.dot.gov/cadiv/segb/ 

http://www.franklin-gov.com/home/showdocument?id=11776
http://www.franklin-gov.com/home/showdocument?id=11776
http://www.franklin-gov.com/home/showdocument?id=5872
http://www.franklin-gov.com/home/showdocument?id=5872
http://www.franklin-gov.com/your-government/engineering/transportation/traffic-studies-and-projects/integrated-growth-plan
http://www.franklin-gov.com/your-government/engineering/transportation/traffic-studies-and-projects/integrated-growth-plan
http://www.nashvillempo.org/plans_programs/rtp/2035_rtp.aspx
http://www.nashvillempo.org/plans_programs/rtp/2035_rtp.aspx
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_syn_403.pdf
http://www.nashvillempo.org/docs/ITS/Nashville_Regional_ITS_Architecture.pdf
http://www.franklin-gov.com/home/showdocument?id=14809
http://www.fhwa.dot.gov/cadiv/segb/
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2.5 Procurement 
 NCHRP 560 Guide to Contracting ITS Projects, 

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_560.pdf 

 The Road to Successful ITS Software Acquisition, 

http://www.fhwa.dot.gov/publications/research/operations/its/98036/rdsuccessvol2.pdf 

3.0  ASCT System Requirements 
The System Requirements are derived from the objectives and needs of the Concept of Operations. 

These requirements describe what will be expected of the system. In order to understand the system 

requirements, the Needs Statements from the Concept of Operations are listed below: 

3.1 Needs Statements List 

User Needs 

Reference 

Number 

Concept of Operations Needs Statements 

1 

1  Operational Needs 
1.1 

1.1  Adaptive Strategies 
1.1.0-1 The system operator needs the ability to implement different strategies individually or in 

combination to suit different prevailing traffic conditions.  These strategies include: 

1.1.0-1.0-1 Maximize the throughput on coordinated routes 
 

1.1.0-1.0-2 Provide smooth flow along coordinated routes 
 

1.1.0-1.0-3 Distribute phase times in an equitable fashion  
 

 

1.1.0-1.0-4 Manage the lengths of queues 
 

 

1.1.0-1.0-5 Manage the locations of queues within the network 
 

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_560.pdf
http://www.fhwa.dot.gov/publications/research/operations/its/98036/rdsuccessvol2.pdf
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User Needs 

Reference 

Number 

Concept of Operations Needs Statements 

 

1.1.0-1.0-6 At an isolated intersection, optimize operation with a minimum of phase failures (based 
on the optimization objectives). 

1.1.0-2 The system operator needs to manage the coordination in small groups of signals to link 

phase service at some intersections with phase service at adjacent intersections. 

 

1.1.0-3 The system operator needs to change the operational strategy (for example, from smooth 

flow to maximizing throughput or managing queues) based on changing traffic conditions. 

1.1.0-4 The system operator needs to detect repeated phase failures and control signal timing to 

prevent phase failures building up queues. The operator in this case is trying to prevent a 

routine queue from forming where it will block another movement in the cycle 

unnecessarily. For example, the operator may need to prevent a queue resulting from the 

trailing end of the through green from blocking the storage needed by an entering side-

street left turn in the subsequent phase. 

1.1.0-5 The system operator needs to minimize the chance that a queue forms at a specified 

location. 

 

1.1.0-6 The system operator needs to modify the sequence of phases to support the various 

operational strategies. 

1.1.0-7 The system operator needs to fix the sequence of phases at any specified location. For 

example, the operator may need to fix the phase order at a diamond interchange. 

1.1.0-8 The system operator needs to designate the coordinated route based on traffic conditions 

and the selected operational strategy. 

1.1.0-9 The system operator needs to set signal timing parameters (such as minimum green, 

maximum green and extension time) to comply with agency policies.  

1.2 
1.2  Network Characteristics 

1.2.0-1 The system operator needs to eventually adaptively control up to 75 signals, up to ten 

miles from the TMC. 
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User Needs 

Reference 

Number 

Concept of Operations Needs Statements 

1.2.0-2 The system operator needs to be able to adaptively control at least six independent 

groups of signals 

1.2.0-3 The system operator needs to vary the number of signals in an adaptively controlled 

group to accommodate the prevailing traffic conditions. 

1.3 
1.3  Coordination Across Boundaries 

1.3.0-1 The system operator needs (in the future) to send data to another system that would 

allow the other system to coordinate with the ASCT system. 

1.3.0-2 The system operator needs to adaptively coordinate signals on two crossing routes 

simultaneously. (All signals within the group are under the control of City of Franklin.) 

1.3.0-3 The system operator needs to receive data from another system that will allow the ASCT 

system to coordinate its operation with the adjacent system. 

1.3.0-4 The system operator needs to constrain the adaptive system to operate a cycle length 

compatible with the crossing arterial. 

1.3.0-5 The system operator needs to detect traffic approaching from a neighboring system and 

coordinate the ASCT operation with the adjacent system. 

1.4 
1.4  Security 

1.4.0-1 The system operator needs to have a security management and administrative system 

that allows access and operational privileges to be assigned, monitored and controlled by 

an administrator, and conform to the City's access and network infrastructure security 

policies. 

1.5 
1.5  Queuing Interactions 

1.5.0-1 The system operator needs to detect queues from outside the system and modify the 

ASCT operation to accommodate the queuing. 

1.5.0-2 The system operator needs to detect queues within the system's boundaries and modify 

the ASCT operation to accommodate the queuing. 

1.5.0-3 The system operator needs to detect queues propagating outside its boundaries from 

within the ASCT boundaries, and modify its operation to accommodate the queuing. 
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User Needs 

Reference 

Number 

Concept of Operations Needs Statements 

1.5.0-4 The system operator needs to prevent queues forming at user-specified locations. 

1.6 
1.6  Pedestrians 

1.6.0-1 The system operator needs to accommodate infrequent pedestrian operation while 

maintaining adaptive operation. 

1.7 
1.7  Non-Adaptive Situations 

1.7.0-1 The system operator needs to schedule pre-determined operation by time of day. 

1.7.0-2 The system operator needs to over-ride adaptive operation. 

1.8 
1.8  System Responsiveness 

1.8.0-1 The system operator needs to modify the ASCT operation to closely follow changes in 

traffic conditions. 

1.8.0-2 The system operator needs to constrain the selection of cycle lengths to those that 

provide acceptable operations, such as when "resonant" progression solutions are desired 

to provide two-way coordination along one or more arterial routes. 

1.8.0-3 The system operator needs to respond quickly to sudden large shifts in traffic conditions. 

1.9 
1.9  Complex Coordination and Controller Features 

1.9.0-1 The system operator needs to implement the following advanced controller features 

while maintaining adaptive operation: 

1.9.0-1.0-1 Service a phase more than once per cycle 

1.9.0-1.0-2 Operate at least four overlap phases 

1.9.0-1.0-3 Operate four rings, 16 phases and up to four phases per barrier. 

1.9.0-1.0-4 Permit different phase sequences under different traffic conditions while avoiding the 
yellow trap 

1.9.0-1.0-5 Prevent one or more phases being skipped under certain traffic conditions or signal 
states. 

1.9.0-1.0-6 Allow any phase to be designated as the coordinated phase 

1.9.0-1.0-7 Allow the operator to specify which phase receives unused time from a preceding phase 
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User Needs 

Reference 

Number 

Concept of Operations Needs Statements 

1.9.0-1.0-8 Allow the controller to respond independently to individual lanes of an approach. This 
may allow the adaptive operation to be based on data from a specific detector, or by 
excluding specific detectors. 

1.9.0-1.0-9 Allow protected/permissive phasing and alternate left turn phase sequences. 

1.9.0-1.0-10 Use flashing yellow arrow to control permissive left turns and right turns. 

1.9.0-1.0-11 Service side streets and pedestrian phases at minor locations more often than at 
adjacent signals when this can be done without compromising the quality of the 
coordination. (E.g., double-cycle mid-block pedestrian crossing signals.) 

1.10 
1.10  Monitoring and Control 

1.10.0-1 The system operator needs to monitor and control all required features of adaptive 

operation from the City's: 

1.10.0-1.0-1 TOC 

1.10.0-1.0-2 Maintenance facility 

1.10.0-1.0-3 LAN workstations 

1.10.0-1.0-4 Maintenance vehicles 

1.10.0-1.0-5 Remote locations, such as employee's residence 

1.10.0-2 The operator needs to access to the database management, monitoring and reporting 

features and functions of the signal controllers and any related signal management 

system from the access points defined for those system components (e.g., TOC and 

individual office workstation). 

1.11 
1.11  Performance Reporting 

1.11.0-1 The system operator needs to store and report data used to calculate signal timing and 

have the data available for subsequent analysis. 

1.11.0-2 The system operator needs to store and report data that can be used to measure traffic 

performance under adaptive control. 

1.11.0-3 The system operator needs to store all operational data and signal timing parameters 

calculated by the adaptive system, and export selected data to Microsoft Excel 

spreadsheets. 
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User Needs 

Reference 

Number 

Concept of Operations Needs Statements 

1.11.0-4 The system operator needs to report performance data in real time to verify system 

operation. 

1.11.0-5 The system operator needs to report the exact state of signal timing and input data for a 

specified period, to allow historical analysis of the system operation. (NOTE: The list of 

reporting items to be included will be refined by the City.) 

1.11.0-6 The system operator needs to generate historic and real-time reports that effectively 

support operation, maintenance and reporting of system performance and traffic 

conditions. 

1.12 
1.12  Failure Notification 

1.12.0-1 The system operator needs to immediately notify maintenance and operations staff of 

alarms and alerts. 

1.12.0-2 The system operator needs to maintain a complete log of alarms and failure events. 

1.13 
1.13  Preemption and Priority 

1.13.0-1 The system operator needs to accommodate railroad and light rail preemption 

1.13.0-2 The system operator needs to accommodate emergency vehicle preemption including 

infrared and GPS preemption devices. 

1.13.0-3 The system operator needs to accommodate bus and light rail transit signal priority to 

accommodate the Intermodal Transportation Master Plan currently in development 

1.14 
1.14  Failure and Fallback 

1.14.0-1 The system operator needs to fall back automatically to TOD or isolated free operation, as 

specified by the operator, in the event of equipment, communications and/or software 

failure. 

1.15 
1.15  Constraints 

1.15.0-1 The system operator is constrained to use the following equipment: 

1.15.0-1.0-1 Controller type - Siemens M50 series controllers 

1.15.0-1.0-2 Detector type - Inductive Loop, Microwave Radar, and Sensys Magnetometers used 
under special permissions 
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User Needs 

Reference 

Number 

Concept of Operations Needs Statements 

1.15.0-1.0-3 Preemption equipment - Global Traffic Technologies (GTT) Opticom infrared/ GPS/ 
multimode pre-emption detection systems 

1.15.0-1.0-4 Communication system -Ethernet over fiber 

1.15.0-1.0-5 Cabinet type and size - NEMA TS1 and NEMA TS2 (Type 1) 

1.15.0-1.0-6 Central traffic signal system software - the adaptive system must operate in harmony 
with the existing Siemens TACTICS central system. 

1.15.0-2 The system operator needs to use equipment and software acceptable under current 

agency IT policies and procedures. 

1.16 
1.16  Training and Support 

1.16.0-1 The City needs all staff involved in operation and maintenance to receive appropriate 

training.  

1.16.0-2 The agency needs the system to fulfill all requirements for the life of the system. The City 

therefore needs the system to be maintained to repair faults that are not defects in 

materials and workmanship.  

1.16.0-3 The City needs the system to fulfill all requirements for the life of the system. The City 

therefore needs the system to remain free of defects in materials and workmanship that 

result in requirements no longer being fulfilled.  

1.16.0-4 The City needs the system to fulfill all requirements for the life of the system. The City 

therefore needs support to keep software and software environment updated as 

necessary to prevent requirements no longer being fulfilled.  

1.17 
1.17  External Interfaces 

1.17.0-1 City does not require any external interfaces for the proposed adaptive traffic signal 

system. 

1.18 
1.18  Maintenance 

1.18.0-1 Each maintenance crew needs all applicable equipment to be readily accessible for 

maintenance and support activities in the field, at the TOC, and at other locations within 

the City, without special access equipment not normally available to them. 

needs list 20140911.docx 
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3.2 System Requirements List 
The System requirements are listed as follows. The adaptive signal control software shall meet the 

requirements listed herein. The software provider will be required to verify that they meet these 

requirements, or list what more may be required for their system to meet the requirements, as 

discussed in the Verification Plan 

Requirements 

Reference Number 

System Requirements 

1 

1 Network Characteristics 
1.0-1 The ASCT shall control a minimum of 75 signals concurrently 

1.0-2 The ASCT shall support groups of signals. 

1.0-2.0-1 The boundaries surrounding signal controllers that operate in a 

coordinated fashion shall be defined by the user. 

1.0-2.0-2 The ASCT shall control a minimum of six groups of signals. 

1.0-2.0-3 The size of a group shall range from 1 to 20 signals. 

1.0-2.0-4 Each group shall operate independently 

1.0-2.0-5 The boundaries surrounding signal controllers that operate in a 

coordinated fashion shall be altered by the ASCT system according to 

configured parameters. 

1.0-2.0-5.0-1 The boundaries surrounding signal controllers that operate in a 

coordinated fashion shall be altered by the system according to a time of 

day schedule. (For example: this may be achieved by assigning signals to 

different groups or by combining groups.) 

1.0-2.0-5.0-2 The boundaries surrounding signal controllers that operate in a 

coordinated fashion shall be altered by the system according to traffic 

conditions. (For example: this may be achieved by assigning signals to 

different groups or by combining groups.) 

1.0-2.0-5.0-3 The boundaries surrounding signal controllers that operate in a 

coordinated fashion shall be altered by the system when commanded by 

the user. 

2 

2 Type of Operation 
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Requirements 

Reference Number 

System Requirements 

2.1 
2.1 General 

2.1.1 
2.1.1 Mode of Operation 

2.1.1.0-1 The ASCT shall operate non-adaptively during the presence of a defined 

condition. 

2.1.1.0-2 The ASCT shall operate non-adaptively when adaptive control equipment 

fails. 

2.1.1.0-2.0-1 The ASCT shall operate non-adaptively when a user-specified detector 

fails. 

2.1.1.0-2.0-2 The ASCT shall operate non-adaptively when the number of failed 

detectors connected to a signal controller exceeds a user-defined value. 

2.1.1.0-2.0-3 The ASCT shall operate non-adaptively when the number of failed 

detectors in a group exceeds a user-defined value. 

2.1.1.0-2.0-4 The ASCT shall operate non-adaptively when a user-defined 

communications link fails. 

2.1.1.0-3 The ASCT shall operate non-adaptively when a user manually commands 

the ASCT to cease adaptively controlling a group of signals. 

2.1.1.0-4 The ASCT shall operate non-adaptively when a user manually commands 

the ASCT to cease adaptive operation. 

2.1.1.0-5 The ASCT shall operate non-adaptively in accordance with a user-defined 

time-of-day schedule. 

2.1.1.0-6 The ASCT shall operate non-adaptively when commanded by an external 

system process. 

2.1.1.0-7 The ASCT shall alter the adaptive operation to achieve required 

objectives in user-specified conditions. (The required objectives are 

specified in Needs Statement 4.1.0-1.  Responding to this requirement 

demonstrates how the proposed system allows the user to define the 

conditions at which the objectives shift and their associated requirements 

are fulfilled.) (The alteration may be made by adjusting parameters or by 

directly controlling the state of signal controllers.) 
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Requirements 

Reference Number 

System Requirements 

2.1.1.0-7.0-1 When current measured traffic conditions meet user-specified criteria, 

the ASCT shall alter the state of the signal controllers, maximizing the 

throughput of the coordinated route. 

2.1.1.0-7.0-2 When current measured traffic conditions meet user-specified criteria, 

the ASCT shall alter the state of signal controllers, preventing queues 

from exceeding the storage capacity at user-specified locations. 

2.1.1.0-7.0-3 When current measured traffic conditions meet user-specified criteria, 

the ASCT shall alter the state of signal controllers providing equitable 

distribution of green times. 

2.1.1.0-7.0-4 When current measured traffic conditions meet user-defined criteria, 

the ASCT shall alter the state of signal controllers providing two-way 

progression on a coordinated route. 

2.1.1.0-8 The ASCT shall provide maximum and minimum phase times. 

2.1.1.0-8.0-1 The ASCT shall provide a user-specified maximum value for each phase at 

each signal controller. 

2.1.1.0-8.0-1.0-1 The ASCT shall not provide a phase length longer that the maximum 

value. 

2.1.1.0-8.0-2 The ASCT shall provide a user-specified minimum value for each phase at 

each signal controller. 

2.1.1.0-8.0-2.0-1 The ASCT shall not provide a phase length shorter than the minimum 

value. 

2.1.1.0-9 The ASCT shall detect repeated phases that do not serve all waiting 

vehicles.  (These phase failures may be inferred, such as by detecting 

repeated max-out.) 

2.1.1.0-9.0-1 The ASCT shall alter operations, to minimize repeated phase failures. 

2.1.1.0-10 The ASCT shall determine the order of phases at a user-specified 

intersection. (The calculation will be based on the optimization function.) 

2.1.1.0-11 The ASCT shall provide coordination along a route. 

2.1.1.0-11.0-1 The ASCT shall coordinate along a user-defined route. 
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Requirements 

Reference Number 

System Requirements 

2.1.1.0-11.0-2 The ASCT shall determine the coordinated route based on traffic 

conditions. 

2.1.1.0-11.0-3 The ASCT shall determine the coordinated route based on a user-defined 

schedule. 

2.1.1.0-11.0-4 The ASCT shall store 10 user-defined coordination routes. 

2.1.1.0-11.0-4.0-1 The ASCT shall implement a stored coordinated route by operator 

command. 

2.1.1.0-11.0-4.0-2 The ASCT shall implement a stored coordinated route based on traffic 

conditions. 

2.1.1.0-11.0-4.0-3 The ASCT shall implement a stored coordinated route based on a user-

defined schedule. 

2.1.1.0-12 The ASCT shall not prevent the use of phase timings in the local 

controller set by agency policy. 

2.1.2 
2.1.2 Allowable Phases 

2.1.2.0-1 The ASCT shall not prevent protected/permissive left turn phase 

operation. 

2.1.2.0-2 The ASCT shall not prevent the protected left turn phase to lead or lag 

the opposing through phase based upon user-specified conditions. 

2.1.2.0-3 The ASCT shall prevent skipping a user-specified phase when the user-

specified phase sequence is operating. 

2.1.2.0-4 The ASCT shall prevent skipping a user-specified phase based on the 

state of a user-specified external input. 

2.1.2.0-5 The ASCT shall prevent skipping a user-specified phase according to a 

time of day schedule. 

2.1.2.0-6 The ASCT shall omit a user-specified phase when the cycle length is 

below a user-specified value. 

2.1.2.0-7 The ASCT shall omit a user-specified phase based on measured traffic 

conditions. 
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Requirements 

Reference Number 

System Requirements 

2.1.2.0-8 The ASCT shall omit a user-specified phase according to a time of day 

schedule 

2.1.2.0-9 The ASCT shall assign unused time from a preceding phase that 

terminates early to a user-specified phase as follows: 

next phase; 

next coordinated phase; 

user-specified phase. 

2.1.2.0-10 The ASCT shall assign unused time from a preceding phase that is 

skipped to a user-specified phase as follows: 

previous phase; 

next phase; 

next coordinated phase; 

user-specified phase. 

2.1.2.0-11 The ASCT shall not alter the order of phases at a user-specified 

intersection. 

2.1.3 
2.1.3 Oversaturation 

2.1.3.0-1 The ASCT shall detect the presence of queues at pre-configured 

locations. 

2.1.3.0-2 When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

2.1.3.0-3 When queues are detected at user-specified locations, the ASCT shall 

execute user-specified adaptive operation strategy. 

2.1.3.0-4 When queues are detected at user-specified locations, the ASCT shall 

omit a user-specified phase at a user-specified signal controller. 

2.1.3.0-5 The ASCT shall meter traffic into user-specified bottlenecks by storing 

queues at user-specified locations. 
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Requirements 

Reference Number 

System Requirements 

2.1.3.0-6 The ASCT shall store queues at user-specified locations. 

2.1.3.0-7 The ASCT shall maintain capacity flow through user-specified 

bottlenecks. 

2.1.3.0-8 When queues are detected at user-specified locations, the ASCT shall 

limit the cycle length of the group to a user-specified value. 

2.2 
2.2 Sequence-based Adaptive Coordination 

2.2.0-1 (Sequence-based only) The ASCT shall select cycle length based on a 

time of day schedule. 

2.2.0-2 (Sequence-based only) The ASCT shall calculate phase lengths for all 

phases at each signal controller to suit the current coordination strategy. 

2.2.0-3 (Sequence-based only) The ASCT shall calculate offsets to suit the current 

coordination strategy for the user-specified reference point for each 

signal controller along a coordinated route within a group. 

2.2.0-3.0-1 (Sequence-based only) The ASCT shall apply offsets for the user-

specified reference point of each signal controller along a coordinated 

route. 

2.2.0-4 (Sequence-based only) The ASCT shall calculate a cycle length for each 

cycle based on its optimization objectives (as required elsewhere, e.g., 

progression, queue management, equitable distribution of green). 

2.2.0-4.0-1 (Sequence-based only) The ASCT shall limit cycle lengths to user-

specified values. 

2.2.0-4.0-2 (Sequence-based only) The ASCT shall limit cycle lengths to a user-

specified range. 

2.2.0-4.0-3 (Sequence-based only) The ASCT shall calculate optimum cycle length 

according to the user-specified coordination strategy. 

2.2.0-4.0-4 (Sequence-based only) The ASCT shall limit changes in cycle length to not 

exceed a user-specified value. 

2.2.0-4.0-4.0-1 (Sequence-based only) The ASCT shall increase the limit for the following 

3 cycles based on a change in conditions. 
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Requirements 

Reference Number 

System Requirements 

2.2.0-4.0-4.0-1.0-1 (Sequence-based only) The change in conditions shall be defined by 5 

successive adaptive increases in cycle length at the maximum rate. 

2.2.0-4.0-4.0-1.0-2 (Sequence-based only) The increased limit shall be user-defined. 

2.2.0-4.0-5 (Sequence-based only) The ASCT shall adjust offsets to minimize the 

chance of stopping vehicles approaching a signal that have been served 

by a user-specified phase at an upstream signal. 

2.3 
2.3 Non-sequence-based Adaptive Coordination 

2.3.0-1 (Non-sequence-based only) The ASCT shall calculate the appropriate 

state of the signal to suit the current coordination strategy at the critical 

signal controller.  (A critical signal controller is defined by the user.) 

2.3.0-2 (Non-sequence-based only) At non-critical intersections within a group, 

the ASCT shall calculate the time at which a user-specified phase shall be 

green, relative to a reference point at the critical intersection, to suit the 

current coordination strategy. 

2.3.0-3 (Non-sequence-based only) When demand is present, the ASCT shall 

implement a user-specified maximum time between successive displays 

of each phase at each intersection. 

2.3.0-4 (Non-sequence-based only) The ASCT shall adjust signal timing so that 

vehicles approaching a signal that have been served during a user-

specified phase at an upstream signal do not stop. 

2.4 
2.4 Single Intersection Adaptive Operation 

2.4.0-1 The ASCT shall calculate a cycle length of a single intersection, based on 

current measured traffic conditions. (The calculation is based on the 

optimization objectives.) 

2.4.0-2 The ASCT shall calculate optimum phase lengths, based on current 

measured traffic conditions. (The calculation is based on the optimization 

objectives.) 

2.4.0-2.0-1 The ASCT shall limit the difference between the length of a given phase 

and the length of the same phase during its next service to a user-

specified value. 
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Requirements 

Reference Number 

System Requirements 

2.4.0-2.0-2 When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

2.4.0-3 The ASCT shall calculate phase order, based on current measured traffic 

conditions. (The calculation is based on the optimization objectives.) 

2.5 
2.5 Phase-based Adaptive Coordination 

2.5.0-1 (Phase-based only) The ASCT shall alter the state of the signal controller 

for all phases at the user-specified intersection. 

2.5.0-2 (Phase-based only) The ASCT shall calculate the time at which a user-

specified phase shall be green at an intersection. 

2.5.0-3 (Phase-based only) When demand is present, the ASCT shall implement 

a user-specified maximum time between successive displays of each 

phase at each intersection. 

2.5.0-4 (Phase-based only) The ASCT shall alter the operation of the non-critical 

intersections to minimize stopping of traffic released from user-specified 

phases at the user-specified critical intersection. 

2.5.0-5 (Phase-based only) The ASCT shall alter the operation of the non-critical 

intersections to minimize stopping of traffic arriving at user-specified 

phases at the user-specified critical intersection. 

2.5.0-6 (Phase-based only) The ASCT shall adjust the state of the signal 

controller so that vehicles approaching a signal that have been served 

during a user-specified phase at an upstream signal do not stop. 

2.6 
2.6 Responsiveness 

2.6.0-1 The ASCT shall limit the change in consecutive cycle lengths to be less 

than a user-specified value. 

2.6.0-2 The ASCT shall limit the change in phase times between consecutive 

cycles to be less than a user-specified value. (This does not apply to early 

gap-out or actuated phase skipping.) 

2.6.0-3 The ASCT shall limit the changes in the direction of primary coordination 

to a user-specified frequency. 
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Requirements 

Reference Number 

System Requirements 

2.6.0-4 When a large change in traffic demand is detected, the ASCT shall 

respond within five (5) minutes, subject to user-specified limits.  

2.6.0-5 The ASCT shall select cycle length from a list of user-defined cycle 

lengths. 

3 

3 External/Internal Interfaces 
3.0-1 The ASCT shall support external interfaces to the City's Tactics system, 

according to the following detailed requirements.  

3.0-1.0-1 The ASCT shall send operational status data to the City's Tactics system. 

4 

4 Crossing Arterials and Boundaries 
4.0-1 The ASCT shall conform its operation to an external system's operation. 

4.0-1.0-1 The ASCT shall alter its operation to minimize interruption of traffic 

entering the system. (This may be achieved via detection, with no direct 

connection to the other system.) 

4.0-1.0-2 The ASCT shall operate a fixed cycle length to match the cycle length of 

an adjacent system. 

4.0-1.0-3 The ASCT shall alter its operation based on data received from another 

system. 

4.0-1.0-4 The ASCT shall support adaptive coordination on crossing routes. 

5 

5 Access and Security 
5.0-1 The ASCT shall be implemented with a security policy that addresses the 

following selected elements:  

5.0-1.0-1 Local access to the ASCT. 

5.0-1.0-2 Remote access to the ASCT. 

5.0-1.0-3 System monitoring. 
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Requirements 

Reference Number 

System Requirements 

5.0-1.0-4 System manual override. 

5.0-1.0-5 Development 

5.0-1.0-6 Operations 

5.0-1.0-7 User login 

5.0-1.0-8 User password 

5.0-1.0-9 Administration of the system 

5.0-1.0-10 Signal controller group access 

5.0-1.0-11 Access to classes of equipment 

5.0-1.0-12 Access to equipment by jurisdiction 

5.0-1.0-13 Output activation 

5.0-1.0-14 System parameters 

5.0-1.0-15 Report generation 

5.0-1.0-16 Configuration 

5.0-1.0-17 Security alerts 

5.0-1.0-18 Security logging 

5.0-1.0-19 Security reporting 

5.0-1.0-20 Database 

5.0-1.0-21 Signal controller 

5.0-2 The ASCT shall provide monitoring and control access at the following 

locations: 

5.0-2.0-1 Agency TMC 

5.0-2.0-2 Maintenance facility 

5.0-2.0-3 Agency LAN or WAN 



 

Franklin ASCT 
System Requirements Page 23 of 192 Updated: January 5, 2015 

Requirements 

Reference Number 

System Requirements 

5.0-2.0-4 Maintenance vehicles 

5.0-2.0-5 Remote locations via internet 

5.0-3 The ASCT shall comply with the agency's security policy. Obtain all 

security requirements from the City prior to implementation of the 

ASCT. 

5.0-4 The ASCT shall not prevent access to the local signal controller database, 

monitoring or reporting functions by any installed signal management 

system. 

6 

6 Data Log 
6.0-1 The ASCT shall log the following events: (edit as appropriate) 

6.0-1.0-1 Time-stamped vehicle phase calls 

6.0-1.0-2 Time-stamped pedestrian phase calls 

6.0-1.0-3 Time-stamped emergency vehicle preemption calls 

6.0-1.0-4 Time-stamped transit priority calls 

6.0-1.0-5 Time-stamped railroad preemption calls 

6.0-1.0-6 Time-stamped start and end of each phase 

6.0-1.0-7 Time-stamped controller interval changes 

6.0-1.0-8 Time-stamped start and end of each transition to a new timing plan 

6.0-2 The ASCT shall export its systems log in the following formats:  

MS Excel 

Text 

CVS 

Open source SQL database 

6.0-3 The ASCT shall store the event log for a minimum of 30 days 
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Requirements 

Reference Number 

System Requirements 

6.0-4 The ASCT shall store results of all signal timing parameter calculations for 

a minimum of 30 days. 

6.0-5 The ASCT shall store the following measured data in the form used as 

input to the adaptive algorithm for a minimum of 30 days: 

volume 

occupancy 

queue length 

phase utilization 

arrivals in green 

green band efficiency 

6.0-6 The ASCT system shall archive all data automatically after a user-

specified period not less than 30 days. 

6.0-7 The ASCT shall provide data storage for a system size of 75 signal 

controllers. The data to be stored shall include the following:   (edit as 

appropriate) 

Controller state data 

Reports 

Log data 

Security data 

ASCT parameters 

Detector status data 

6.0-8 The ASCT shall calculate and report relative data quality including:  

The extent data is affected by detector faults 

Other applicable items  
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Requirements 

Reference Number 

System Requirements 

6.0-9 The ASCT shall report comparisons of logged data when requested by 

the user: 

 Day to day,  

 Hour to hour 

 Hour of day to hour of day 

 Hour of week to hour of week 

 Day of week to Day week 

* Day of year to day of year 

6.0-10 The ASCT shall store data logs in a standard database compatible with 

Microsoft Excel. 

6.0-11 The ASCT shall report stored data in a form suitable to provide 

explanations of system behavior to public and politicians and to 

troubleshoot the system. 

6.0-12 The ASCT shall store the following data in 15 minute increments: 

volume 

occupancy 

queue length 

7 

7 Advanced Controller Operation 
7.0-1 When specified by the user, the ASCT shall serve a vehicle phase more 

than once for each time the coordinated phase is served. 

7.0-2 The ASCT shall provide a minimum of 8 phase overlaps. (Note: It is highly 

desirable to accommodate the 16 overlaps allowed in SE-PAC software.) 

7.0-3 The ASCT shall accommodate a minimum of 16 phases at each signal 

7.0-4 The ASCT shall accommodate a minimum of 4 rings at each signal. 

7.0-5 The ASCT shall accommodate a minimum of 16 phases per ring 
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7.0-6 The ASCT shall provide a minimum of 8 different user-defined phase 

sequences for each signal. 

7.0-6.0-1 Each permissible phase sequence shall be user-assignable to any signal 

timing plan. 

7.0-6.0-2 Each permissible phase sequence shall be executable by a time of day 

schedule. 

7.0-6.0-3 Each permissible phase sequence shall be executable based on 

measured traffic conditions 

7.0-7 The ASCT shall not prevent a phase/overlap output by time-of-day. 

7.0-8 The ASCT shall not prevent a phase/overlap output based on an external 

input. 

7.0-9 The ASCT shall not prevent the following phases to be designated as 

coordinated phases. (Phases 1-8) 

7.0-10 The ASCT shall have the option for a coordinated phase to be released 

early based on a user-definable point in the phase or cycle. (User select 

phase or cycle.) 

7.0-11 The ASCT shall not prevent the controller from displaying flashing yellow 

arrow left turn or right turn.  

7.0-12 The ASCT shall not prevent the local signal controller from performing 

actuated phase control using 4 extension/passage timers as assigned to 

user-specified vehicle detector input channels in the local controller. 

7.0-12.0-1 The ASCT shall operate adaptively using user-specified detector 

channels. 

7.0-13 When adaptive operation is used in conjunction with normal 

coordination, the ASCT shall not prevent a controller serving a cycle 

length different from the cycles used at adjacent intersections. 

8 

8 Pedestrians 
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8.0-1 When a pedestrian phase is called, the ASCT shall execute pedestrian 

phases up to 10 seconds before the vehicle green of the related vehicle 

phase. 

8.0-2 When a pedestrian phase is called, the ASCT shall accommodate 

pedestrian crossing times during adaptive operations. 

8.0-3 When a pedestrian phase is called, the ASCT shall accommodate 

pedestrian crossing times then resume adaptive operation. 

8.0-4 The ASCT shall execute user-specified exclusive pedestrian phases during 

adaptive operation. 

8.0-5 When specified by the user, the ASCT shall execute pedestrian recall on 

pedestrian phase adjacent to coordinated phases. 

8.0-6 When the pedestrian phases are on recall, the ASCT shall accommodate 

pedestrian timing during adaptive operation. 

8.0-7 The ASCT shall not inhibit negative vehicle and pedestrian phase timing. 

9 

9 Special Functions 
9.0-1 The ASCT shall set a specific state for each special function output based 

on the occupancy on a user-specified detector. 

9.0-2 The ASCT shall set a specific state for each special function output based 

on the current cycle length. 

9.0-3 The ASCT shall set a specific state for each special function output based 

on a time-of-day schedule. 

10 

10 Detection 
10.0-1 The ASCT shall be compatible with the following detector technologies: 

Inductive Loop Detection 

Microwave Radar Detection (Wavetronix Matrix and Side Fired 

Smartsensor HD) 
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Magnetometer (Sensys) 

11 

11 Railroad and EV Preemption 
11.0-1 The ASCT shall maintain adaptive operation at non-preempted 

intersections during railroad preemption. 

11.0-2 The ASCT shall maintain adaptive operation at non-preempted 

intersections during emergency vehicle preemption. 

11.0-3 The ASCT shall maintain adaptive operation at non-preempted 

intersections during Light Rail Transit preemption. 

11.0-4 The ASCT shall resume adaptive control of signal controllers when 

preemptions are released. 

11.0-5 The ASCT shall execute user-specified actions at non-preempted signal 

controllers during preemption. (E.g., inhibit a phase, activate a sign, 

display a message on a DMS) 

11.0-6 The ASCT shall operate normally at non-preempted signal controllers 

when special functions are engaged by a preemption event. (Examples of 

such special functions are a phase omit, a phase maximum recall or a fire 

route.) 

11.0-7 The ASCT shall release user-specified signal controllers to local control 

when one signal in a group is preempted. 

11.0-8 The ASCT shall not prevent the local signal controller from operating in 

normally detected limited-service actuated mode during preemption. 

11.0-9 The ASCT shall be fully compatible with Global Traffic Technologies (GTT) 

Opticom infrared/ GPS/ multimode pre-emption detection systems 

12 

12 Transit Priority 
12.0-1 The ASCT shall continue adaptive operations of a group when one of its 

signal controllers has a transit priority call. 
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12.0-2 The ASCT shall advance the start of a user-specified green phase in 

response to a transit priority call. 

12.0-2.0-1 The advance of start of green phase shall be user-defined. 

12.0-2.0-2 Adaptive operations shall continue during the advance of the start of 

green phase. 

12.0-3 The ASCT shall delay the end of a green phase, in response to a priority 

call. 

12.0-3.0-1 The delay of end of green phase shall be user-defined. 

12.0-3.0-2 Adaptive operations shall continue during the delay of the end of green 

phase. 

12.0-4 The ASCT shall permit at least 2 exclusive transit phases. 

12.0-4.0-1 Adaptive operations shall continue when there is an exclusive transit 

phase call. 

12.0-5 The ASCT shall control vehicle phases independently of the following: 

12.0-5.0-1 LRT only phases 

12.0-5.0-2 Bus only phases 

12.0-6 The ASCT shall interface with external bus transit priority system. 

12.0-6.0-1 The ASCT shall provide green extension when requested by an 

approaching bus. 

12.0-6.0-2 The ASCT shall provide early start of green when requested by an 

approaching bus. 

12.0-6.0-3 The vendor shall describe how bus transit priority is provided by the 

ASCT. 

12.0-6.0-4 The vendor shall list all existing bus signal priority systems that are 

accommodated by the ASCT. 

12.0-7 The ASCT shall interface with external light rail transit priority system. 
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12.0-7.0-1 The ASCT shall provide green extension when requested by an 

approaching light rail vehicle. 

12.0-7.0-2 The ASCT shall provide early start of green when requested by an 

approaching light rail vehicle. 

12.0-7.0-3 The vendor shall describe how light rail transit priority is provided by the 

ASCT. 

12.0-7.0-4 The vendor shall list all existing light rail transit priority systems that are 

accommodated by the ASCT. 

12.0-8 The ASCT shall accept a transit priority call from: 

a signal controller/transit vehicle detector; 

an external system. 

13 

13 Failure Events and Fallback 
13.1 

13.1 Detector Failure 

13.1.0-1 The ASCT shall take user-specified action in the absence of valid detector 

data from 25% of vehicle detectors within a group. 

13.1.0-1.0-1 The ASCT shall release control to central system control. 

13.1.0-1.0-2 The ASCT shall release control to local operations to operate under its 

own time-of-day schedule. 

13.1.0-1.0-3 The ASCT shall place a phase without valid detection data on maximum 

recall. 

13.1.0-2 The ASCT shall use the following alternate data sources for operations in 

the absence of the real-time data from a  detector: 

13.1.0-2.0-1 Data from a user-specified alternate detector. 

13.1.0-2.0-2 Stored historical data from the failed detector. 
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13.1.0-2.0-3 The ASCT shall switch to the alternate source in real time without 

operator intervention. 

13.1.0-3 In the event of a detector failure, the ASCT shall issue an alarm to user-

specified recipients.  (This requirement may be fulfilled by sending the 

alarm to a designated list of recipients by a designated means, or by 

using an external maintenance management system. 

13.1.0-4 In the event of a failure, the ASCT shall log details of the failure in a 

permanent log. 

13.1.0-5 The permanent failure log shall be searchable, archivable and 

exportable.  

13.2 
13.2 Communications Failure 

13.2-1 The ASCT shall execute user-specified actions when communications to 

one or more signal controllers fails within a group.  

13.2-1.0-1 In the event of loss of communication to a user-specified signal 

controller, the ASCT shall release control of all signal controllers within a 

user-specified group to local control. 

13.2-1.0-2 The ASCT shall switch to the alternate operation in real time without 

operator intervention. 

13.2-2 In the event of communications failure, the ASCT shall issue an alarm to 

user-specified recipients.  (This requirement may be fulfilled by sending 

the alarm to a designated list of recipients by a designated means, or by 

using an external maintenance management system. 

13.2-3 The ASCT shall issue an alarm within 2 minutes of detection of a failure. 

13.2-4 In the event of a communications failure, the ASCT shall log details of the 

failure in a permanent log. 

13.2-5 The permanent failure log shall be searchable, archivable and 

exportable.   

13.3 
13.3 Adaptive Processor Failure 

13.3-1 The ASCT shall execute user-specified actions when adaptive control fails: 
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13.3-1.0-1 The ASCT shall release control to central system control. 

13.3-1.0-2 The ASCT shall release control to local operations to operate under its 

own time-of-day schedule. 

13.3-2 In the event of adaptive processor failure, the ASCT shall issue an alarm 

to user-specified recipients.  (This requirement may be fulfilled by 

sending the alarm to a designated list of recipients by a designated 

means, or by using an external maintenance management system. 

13.3-3 The permanent failure log shall be searchable, archivable and 

exportable.   

13.3-4 During adaptive processor failure, the ASCT shall provide all local 

detector inputs to the local controller. 

14 

14 Software 
14.0-1 The vendor's adaptive software shall be fully operational within the 

following platform: 

Windows-PC, operating Windows 7 

Windows-PC, operating Windows 8  

14.0-2 The ASCT shall fully satisfy all requirements when connected with the 

following detectors: Wavetronix Radar, inductive loops, Sensys 

magnetometers. 

14.0-3 The ASCT shall fully satisfy all requirements when connected with Eagle 

M50 series controllers. 

14.0-4 The ASCT shall fully satisfy all requirements when connected with the 

following cabinet types: 

14.0-4.0-1 NEMA TS1 

14.0-4.0-2 NEMA TS2 - tYPE 1 

14.0-5 The ASCT shall fully satisfy all requirements when connected an Ethernet 

over fiber communications system 
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14.0-6 The ASCT shall fully satisfy all requirements without inhibiting any 

feature of Siemens TACTICS central system. 

15 

15 Training 
15.0-1 The vendor shall provide the following training.  

15.0-1.0-1 The vendor shall provide training on the operations of the adaptive 

system. 

15.0-1.0-2 The vendor shall provide training on troubleshooting the system. 

15.0-1.0-3 The vendor shall provide training on preventive maintenance and repair 

of equipment. 

15.0-1.0-4 The vendor shall provide training on system configuration. 

15.0-1.0-5 The vendor shall provide training on administration of the system. 

15.0-1.0-6 The vendor shall provide training on system calibration. 

15.0-1.0-7 The vendor's training delivery shall include: printed course materials and 

references, electronic copies of presentations and references. 

15.0-1.0-8 The vendor's training shall be delivered at City of Franklin offices. 

15.0-1.0-9 The vendor shall provide a minimum of 40 hours training to a minimum 

of 5 staff.  

15.0-1.0-10 The vendor shall provide a minimum of 3 training sessions over a three 

months period. 

16 

16 Maintenance, Support and Warranty 
16.0-1 The Maintenance Vendor shall provide maintenance according to a 

separate maintenance contract. That contract should identify repairs 

necessary to preserve requirements fulfillment, responsiveness in 

effecting those repairs, and all requirements on the maintenance 

provider while performing the repairs. 
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16.0-2 The Vendor shall provide routine updates to the software and software 

environment necessary to preserve the fulfillment of requirements for a 

period of 10 years following final acceptance. Preservation of 

requirements fulfillment especially includes all IT management 

requirements as previously identified. 

16.0-3 The Vendor shall warrant the system to be free of defects in materials 

and workmanship for a period of 2 years following final acceptance. 

Warranty is defined as correcting defects in materials and workmanship 

(subject to other language included in the purchase documents).  Defect 

is defined as any circumstance in which the material does not perform 

according to its specification. 

16.0-4 All equipment and other elements of the ASCT shall be located and 

installed in a fashtion that will permit City staff to access it for 

maintenance and support activities in the field, at the TOC, and at other 

locations within the City, without special access equipment not normally 

available to them 

17 

17 Schedule 
17.0-1 The ASCT shall set the state of external input/output states according to 

a time-of-day schedule. 

17.0-2 The ASCT output states shall be settable according to a time-of-day 

schedule 

17.0-3 The ASCT operational parameters shall be settable according to a Time 

of Day schedule 

18 

18 Performance Measurement, Monitoring and 

Reporting 
18.0-1 The ASCT shall report measures of current traffic conditions on which it 

bases signal state alterations. 

18.0-2 The ASCT shall report all intermediate calculated values that are affected 

by calibration parameters. 
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18.0-3 The ASCT shall maintain a log of all signal state alterations directed by 

the ASCT. 

18.0-3.0-1 The ASCT log shall include all events directed by the external inputs. 

18.0-3.0-2 The ASCT log shall include all external output state changes. 

18.0-3.0-3 The ASCT log shall include all actual parameter values that are subject to 

user-specified values. 

18.0-3.0-4 The ASCT shall maintain the records in this ASCT log for 30 period. 

18.0-3.0-5 The ASCT shall archive the ASCT log in the following manner:  

Contain all ASCT log data for previous 6 months 

Format accessible by MS Excel 

Store on external hard drive 

18.0-3.0-5.0-1 At user-specified frequency, from zero to six months; 

18.0-3.0-5.0-2 Format accessible by Microsoft Excel 

18.0-3.0-5.0-3 Stored on hard drive external to the ASCT system 

requirements con ops trace 20140911.docx 
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4.0  Verification Plan 
The System Requirements document and list statements in the previous section are the minimum 

required for the City of Franklin ASCT. Each of these requirements will need to be verified by the vendor. 

The successful vendor will be required to submit a requirements verification plan with complete system 

requirement reference numbers and verification statement for each requirement. It is preferred that a 

verification traceability matrix be created by the vendor to test the requirements against the objectives.  

The verification plan will be submitted to the City or Engineering representative for approval prior to 

implementing the ASCT. All verification procedures will require the presence of the vendor and City or 

Engineering representative to be onsite at the City of Franklin Traffic Operations Center (TOC) and in the 

field, as necessary, during the verification of the ASCT. Each system requirement will be verified by the 

vendor in the presence of the City of Franklin or the City of Franklin’s Engineering representative to their 

satisfaction. 

Full documentation and print of the final verification will be prepared by the vendor to the satisfaction of 

the City of Engineering representative. A record shall be maintained of each verification in the plan, the 

outcome of the verification recorded, and the record signed by the verifier and City of Engineering 

representative. 

The outcome of each verification shall be recorded as one of the following: 

 Complied 

 Partially complied, with a statement of acceptable supplementary testing 

 Failed, verification procedure to be repeated 

The verification shall use one or more of the following methods. Each approved procedure shall clearly 

state which method(s) are to be used on the verification plan. 

• Demonstration: used for a requirement that the system can demonstrate without external test 

equipment. 

• Test: used for a requirement that requires some external piece of test equipment (such as logic 

analyzer and volt meter). The test and required equipment shall be clearly documented in the 

procedure. 

• Analyze: used for a requirement that is met indirectly through a logical conclusion or 

mathematical analysis of a result. For example, algorithms for calculation of headway; setting of 

“late” flag; generation of priority request 

• Inspection is used for verification through a visual comparison. For example, quality of welding 

may be done through a visual comparison against an in-house standard. 
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Con Ops 

Reference 

Number 

Concept of Operations User Need Statements Satisfied by System Requirement 

1 

1  Operational Needs 

 

1.1 
1.1  Adaptive Strategies 

 

1.1.0-1 The system operator needs the ability to implement 

different strategies individually or in combination to suit 

different prevailing traffic conditions.  These strategies 

include: 

 

1.1.0-1.0-1 Maximize the throughput on coordinated routes 
 

2.2.0-3 

(Sequence-based only) The ASCT shall calculate offsets to suit the 

current coordination strategy for the user-specified reference point for 

each signal controller along a coordinated route within a group. 

2.2.0-3.0-1 

(Sequence-based only) The ASCT shall apply offsets for the user-

specified reference point of each signal controller along a coordinated 

route. 

2.1.1.0-7.0-1 
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When current measured traffic conditions meet user-specified 

criteria, the ASCT shall alter the state of the signal controllers, 

maximizing the throughput of the coordinated route. 

2.2.0-4.0-3 

(Sequence-based only) The ASCT shall calculate optimum cycle length 

according to the user-specified coordination strategy. 

2.2.0-4 

(Sequence-based only) The ASCT shall calculate a cycle length for each 

cycle based on its optimization objectives (as required elsewhere, e.g., 

progression, queue management, equitable distribution of green). 

2.3.0-2 

(Non-sequence-based only) At non-critical intersections within a 

group, the ASCT shall calculate the time at which a user-specified 

phase shall be green, relative to a reference point at the critical 

intersection, to suit the current coordination strategy. 

2.3.0-1 

(Non-sequence-based only) The ASCT shall calculate the appropriate 

state of the signal to suit the current coordination strategy at the 

critical signal controller.  (A critical signal controller is defined by the 

user.) 
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2.3.0-3 

(Non-sequence-based only) When demand is present, the ASCT shall 

implement a user-specified maximum time between successive 

displays of each phase at each intersection. 

2.1.1.0-7 

The ASCT shall alter the adaptive operation to achieve required 

objectives in user-specified conditions. (The required objectives are 

specified in Needs Statement 4.1.0-1.  Responding to this requirement 

demonstrates how the proposed system allows the user to define the 

conditions at which the objectives shift and their associated 

requirements are fulfilled.) (The alteration may be made by adjusting 

parameters or by directly controlling the state of signal controllers.) 

2.2.0-1 

(Sequence-based only) The ASCT shall select cycle length based on a 

time of day schedule. 

2.2.0-4.0-1 

(Sequence-based only) The ASCT shall limit cycle lengths to user-

specified values. 

2.2.0-4.0-2 



 

Franklin ASCT 
Con Ops Traceability Matrix Page 41 of 192 Updated: April 8, 2015 

Con Ops 

Reference 

Number 

Concept of Operations User Need Statements Satisfied by System Requirement 

(Sequence-based only) The ASCT shall limit cycle lengths to a user-

specified range. 

2.2.0-4.0-4 

(Sequence-based only) The ASCT shall limit changes in cycle length to 

not exceed a user-specified value. 

2.2.0-4.0-4.0-1 

(Sequence-based only) The ASCT shall increase the limit for the 

following 3 cycles based on a change in conditions. 

2.2.0-4.0-4.0-1.0-2 

(Sequence-based only) The increased limit shall be user-defined. 

2.2.0-4.0-4.0-1.0-1 

(Sequence-based only) The change in conditions shall be defined by 5 

successive adaptive increases in cycle length at the maximum rate. 

2.1.1.0-10 

The ASCT shall determine the order of phases at a user-specified 

intersection. (The calculation will be based on the optimization 

function.) 

1.1.0-1.0-2 Provide smooth flow along coordinated routes 2.2.0-3 
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 (Sequence-based only) The ASCT shall calculate offsets to suit the 

current coordination strategy for the user-specified reference point for 

each signal controller along a coordinated route within a group. 

2.2.0-3.0-1 

(Sequence-based only) The ASCT shall apply offsets for the user-

specified reference point of each signal controller along a coordinated 

route. 

2.1.1.0-7.0-4 

When current measured traffic conditions meet user-defined criteria, 

the ASCT shall alter the state of signal controllers providing two-way 

progression on a coordinated route. 

2.2.0-4.0-3 

(Sequence-based only) The ASCT shall calculate optimum cycle length 

according to the user-specified coordination strategy. 

2.2.0-4 

(Sequence-based only) The ASCT shall calculate a cycle length for each 

cycle based on its optimization objectives (as required elsewhere, e.g., 

progression, queue management, equitable distribution of green). 

2.3.0-2 
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(Non-sequence-based only) At non-critical intersections within a 

group, the ASCT shall calculate the time at which a user-specified 

phase shall be green, relative to a reference point at the critical 

intersection, to suit the current coordination strategy. 

2.3.0-1 

(Non-sequence-based only) The ASCT shall calculate the appropriate 

state of the signal to suit the current coordination strategy at the 

critical signal controller.  (A critical signal controller is defined by the 

user.) 

2.3.0-3 

(Non-sequence-based only) When demand is present, the ASCT shall 

implement a user-specified maximum time between successive 

displays of each phase at each intersection. 

2.2.0-1 

(Sequence-based only) The ASCT shall select cycle length based on a 

time of day schedule. 

2.2.0-4.0-1 

(Sequence-based only) The ASCT shall limit cycle lengths to user-

specified values. 
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2.2.0-4.0-2 

(Sequence-based only) The ASCT shall limit cycle lengths to a user-

specified range. 

2.2.0-4.0-4 

(Sequence-based only) The ASCT shall limit changes in cycle length to 

not exceed a user-specified value. 

2.2.0-4.0-4.0-1 

(Sequence-based only) The ASCT shall increase the limit for the 

following 3 cycles based on a change in conditions. 

2.2.0-4.0-4.0-1.0-2 

(Sequence-based only) The increased limit shall be user-defined. 

2.2.0-4.0-4.0-1.0-1 

(Sequence-based only) The change in conditions shall be defined by 5 

successive adaptive increases in cycle length at the maximum rate. 

2.1.1.0-10 

The ASCT shall determine the order of phases at a user-specified 

intersection. (The calculation will be based on the optimization 

function.) 
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1.1.0-1.0-3 Distribute phase times in an equitable fashion  
 

 

2.1.1.0-7.0-3 

When current measured traffic conditions meet user-specified 

criteria, the ASCT shall alter the state of signal controllers providing 

equitable distribution of green times. 

2.2.0-2 

(Sequence-based only) The ASCT shall calculate phase lengths for all 

phases at each signal controller to suit the current coordination 

strategy . 

2.2.0-4.0-3 

(Sequence-based only) The ASCT shall calculate optimum cycle length 

according to the user-specified coordination strategy. 

2.2.0-4 

(Sequence-based only) The ASCT shall calculate a cycle length for each 

cycle based on its optimization objectives (as required elsewhere, e.g., 

progression, queue management, equitable distribution of green). 

2.4.0-2 

The ASCT shall calculate optimum phase lengths, based on current 

measured traffic conditions. (The calculation is based on the 

optimization objectives.) 
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2.3.0-2 

(Non-sequence-based only) At non-critical intersections within a 

group, the ASCT shall calculate the time at which a user-specified 

phase shall be green, relative to a reference point at the critical 

intersection, to suit the current coordination strategy. 

2.3.0-1 

(Non-sequence-based only) The ASCT shall calculate the appropriate 

state of the signal to suit the current coordination strategy at the 

critical signal controller.  (A critical signal controller is defined by the 

user.) 

2.3.0-3 

(Non-sequence-based only) When demand is present, the ASCT shall 

implement a user-specified maximum time between successive 

displays of each phase at each intersection. 

2.1.1.0-7 

The ASCT shall alter the adaptive operation to achieve required 

objectives in user-specified conditions. (The required objectives are 

specified in Needs Statement 4.1.0-1.  Responding to this requirement 

demonstrates how the proposed system allows the user to define the 

conditions at which the objectives shift and their associated 
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requirements are fulfilled.) (The alteration may be made by adjusting 

parameters or by directly controlling the state of signal controllers.) 

2.2.0-1 

(Sequence-based only) The ASCT shall select cycle length based on a 

time of day schedule. 

2.1.1.0-8.0-1 

The ASCT shall provide a user-specified maximum value for each phase 

at each signal controller. 

2.1.1.0-8.0-1.0-1 

The ASCT shall not provide a phase length longer that the maximum 

value. 

2.1.1.0-8.0-2 

The ASCT shall provide a user-specified minimum value for each phase 

at each signal controller. 

2.1.1.0-8.0-2.0-1 

The ASCT shall not provide a phase length shorter than the minimum 

value. 

2.2.0-4.0-1 
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(Sequence-based only) The ASCT shall limit cycle lengths to user-

specified values. 

2.2.0-4.0-2 

(Sequence-based only) The ASCT shall limit cycle lengths to a user-

specified range. 

2.2.0-4.0-4 

(Sequence-based only) The ASCT shall limit changes in cycle length to 

not exceed a user-specified value. 

2.2.0-4.0-4.0-1 

(Sequence-based only) The ASCT shall increase the limit for the 

following 3 cycles based on a change in conditions. 

2.2.0-4.0-4.0-1.0-2 

(Sequence-based only) The increased limit shall be user-defined. 

2.2.0-4.0-4.0-1.0-1 

(Sequence-based only) The change in conditions shall be defined by 5 

successive adaptive increases in cycle length at the maximum rate. 

2.1.1.0-8 
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The ASCT shall provide maximum and minimum phase times. 

2.4.0-2.0-1 

The ASCT shall limit the difference between the length of a given 

phase and the length of the same phase during its next service to a 

user-specified value. 

2.4.0-2.0-2 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

1.1.0-1.0-4 Manage the lengths of queues 
 

 

2.1.3.0-2 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

2.2.0-3 

(Sequence-based only) The ASCT shall calculate offsets to suit the 

current coordination strategy for the user-specified reference point for 

each signal controller along a coordinated route within a group. 

2.2.0-3.0-1 

(Sequence-based only) The ASCT shall apply offsets for the user-

specified reference point of each signal controller along a coordinated 

route. 
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2.1.1.0-7.0-2 

When current measured traffic conditions meet user-specified 

criteria, the ASCT shall alter the state of signal controllers, preventing 

queues from exceeding the storage capacity at user-specified 

locations. 

2.2.0-4.0-3 

(Sequence-based only) The ASCT shall calculate optimum cycle length 

according to the user-specified coordination strategy. 

2.2.0-4 

(Sequence-based only) The ASCT shall calculate a cycle length for each 

cycle based on its optimization objectives (as required elsewhere, e.g., 

progression, queue management, equitable distribution of green). 

2.3.0-2 

(Non-sequence-based only) At non-critical intersections within a 

group, the ASCT shall calculate the time at which a user-specified 

phase shall be green, relative to a reference point at the critical 

intersection, to suit the current coordination strategy. 

2.1.3.0-1 
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The ASCT shall detect the presence of queues at pre-configured 

locations. 

2.3.0-1 

(Non-sequence-based only) The ASCT shall calculate the appropriate 

state of the signal to suit the current coordination strategy at the 

critical signal controller.  (A critical signal controller is defined by the 

user.) 

2.3.0-3 

(Non-sequence-based only) When demand is present, the ASCT shall 

implement a user-specified maximum time between successive 

displays of each phase at each intersection. 

2.2.0-1 

(Sequence-based only) The ASCT shall select cycle length based on a 

time of day schedule. 

2.1.3.0-3 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified adaptive operation strategy. 

2.1.3.0-4 
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When queues are detected at user-specified locations, the ASCT shall 

omit a user-specified phase at a user-specified signal controller. 

2.2.0-4.0-1 

(Sequence-based only) The ASCT shall limit cycle lengths to user-

specified values. 

2.2.0-4.0-2 

(Sequence-based only) The ASCT shall limit cycle lengths to a user-

specified range. 

2.2.0-4.0-4 

(Sequence-based only) The ASCT shall limit changes in cycle length to 

not exceed a user-specified value. 

2.2.0-4.0-4.0-1 

(Sequence-based only) The ASCT shall increase the limit for the 

following 3 cycles based on a change in conditions. 

2.2.0-4.0-4.0-1.0-2 

(Sequence-based only) The increased limit shall be user-defined. 

2.2.0-4.0-4.0-1.0-1 
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(Sequence-based only) The change in conditions shall be defined by 5 

successive adaptive increases in cycle length at the maximum rate. 

2.1.1.0-10 

The ASCT shall determine the order of phases at a user-specified 

intersection. (The calculation will be based on the optimization 

function.) 

2.1.3.0-5 

The ASCT shall meter traffic into user-specified bottlenecks by storing 

queues at user-specified locations. 

2.1.3.0-6 

The ASCT shall store queues at user-specified locations. 

1.1.0-1.0-5 Manage the locations of queues within the network 
 

 

2.1.3.0-2 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

2.2.0-2 

(Sequence-based only) The ASCT shall calculate phase lengths for all 

phases at each signal controller to suit the current coordination 

strategy . 
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2.1.3.0-1 

The ASCT shall detect the presence of queues at pre-configured 

locations. 

2.1.3.0-3 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified adaptive operation strategy. 

2.1.3.0-4 

When queues are detected at user-specified locations, the ASCT shall 

omit a user-specified phase at a user-specified signal controller. 

2.1.3.0-5 

The ASCT shall meter traffic into user-specified bottlenecks by storing 

queues at user-specified locations. 

2.1.3.0-6 

The ASCT shall store queues at user-specified locations. 

2.1.3.0-8 

When queues are detected at user-specified locations, the ASCT shall 

limit the cycle length of the group to a user-specified value. 
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1.1.0-1.0-6 At an isolated intersection, optimize operation with a 
minimum of phase failures (based on the optimization 
objectives). 

2.4.0-1 

The ASCT shall calculate a cycle length of a single intersection, based 

on current measured traffic conditions. (The calculation is based on 

the optimization objectives.) 

2.4.0-2 

The ASCT shall calculate optimum phase lengths, based on current 

measured traffic conditions. (The calculation is based on the 

optimization objectives.) 

2.4.0-3 

The ASCT shall calculate phase order, based on current measured 

traffic conditions. (The calculation is based on the optimization 

objectives.) 

2.1.1.0-8.0-1 

The ASCT shall provide a user-specified maximum value for each phase 

at each signal controller. 

2.1.1.0-8.0-1.0-1 

The ASCT shall not provide a phase length longer that the maximum 

value. 

2.1.1.0-8.0-2 
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The ASCT shall provide a user-specified minimum value for each phase 

at each signal controller. 

2.1.1.0-8.0-2.0-1 

The ASCT shall not provide a phase length shorter than the minimum 

value. 

2.1.1.0-8 

The ASCT shall provide maximum and minimum phase times. 

2.4.0-2.0-1 

The ASCT shall limit the difference between the length of a given 

phase and the length of the same phase during its next service to a 

user-specified value. 

2.4.0-2.0-2 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

1.1.0-2 The system operator needs to manage the coordination in 

small groups of signals to link phase service at some 

intersections with phase service at adjacent intersections. 

 

2.5.0-2 

(Phase-based only) The ASCT shall calculate the time at which a user-

specified phase shall be green at an intersection. 

2.5.0-1 
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(Phase-based only) The ASCT shall alter the state of the signal 

controller for all phases at the user-specified intersection. 

2.5.0-3 

(Phase-based only) When demand is present, the ASCT shall 

implement a user-specified maximum time between successive 

displays of each phase at each intersection. 

2.5.0-4 

(Phase-based only) The ASCT shall alter the operation of the non-

critical intersections to minimize stopping of traffic released from 

user-specified phases at the user-specified critical intersection. 

2.5.0-5 

(Phase-based only) The ASCT shall alter the operation of the non-

critical intersections to minimize stopping of traffic arriving at user-

specified phases at the user-specified critical intersection. 

2.5.0-6 

(Phase-based only) The ASCT shall adjust the state of the signal 

controller so that vehicles approaching a signal that have been served 

during a user-specified phase at an upstream signal do not stop. 

1.1.0-3 The system operator needs to change the operational 

strategy (for example, from smooth flow to maximizing 

2.1.1.0-7.0-1 
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throughput or managing queues) based on changing traffic 

conditions. 

When current measured traffic conditions meet user-specified 

criteria, the ASCT shall alter the state of the signal controllers, 

maximizing the throughput of the coordinated route. 

2.1.1.0-7.0-2 

When current measured traffic conditions meet user-specified 

criteria, the ASCT shall alter the state of signal controllers, preventing 

queues from exceeding the storage capacity at user-specified 

locations. 

2.1.1.0-7.0-3 

When current measured traffic conditions meet user-specified 

criteria, the ASCT shall alter the state of signal controllers providing 

equitable distribution of green times. 

2.1.1.0-7.0-4 

When current measured traffic conditions meet user-defined criteria, 

the ASCT shall alter the state of signal controllers providing two-way 

progression on a coordinated route. 

2.1.1.0-7 

The ASCT shall alter the adaptive operation to achieve required 

objectives in user-specified conditions. (The required objectives are 

specified in Needs Statement 4.1.0-1.  Responding to this requirement 

demonstrates how the proposed system allows the user to define the 
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conditions at which the objectives shift and their associated 

requirements are fulfilled.) (The alteration may be made by adjusting 

parameters or by directly controlling the state of signal controllers.) 

1.1.0-4 The system operator needs to detect repeated phase 

failures and control signal timing to prevent phase failures 

building up queues. The operator in this case is trying to 

prevent a routine queue from forming where it will block 

another movement in the cycle unnecessarily. For 

example, the operator may need to prevent a queue 

resulting from the trailing end of the through green from 

blocking the storage needed by an entering side-street left 

turn in the subsequent phase. 

2.1.3.0-2 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

2.2.0-2 

(Sequence-based only) The ASCT shall calculate phase lengths for all 

phases at each signal controller to suit the current coordination 

strategy . 

2.1.3.0-1 

The ASCT shall detect the presence of queues at pre-configured 

locations. 

2.1.1.0-9 

The ASCT shall detect repeated phases that do not serve all waiting 

vehicles.  (These phase failures may be inferred, such as by detecting 

repeated max-out.) 

2.1.1.0-9.0-1 

The ASCT shall alter operations, to minimize repeated phase failures. 
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2.1.3.0-3 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified adaptive operation strategy. 

2.1.3.0-4 

When queues are detected at user-specified locations, the ASCT shall 

omit a user-specified phase at a user-specified signal controller. 

1.1.0-5 The system operator needs to minimize the chance that a 

queue forms at a specified location. 

 

2.3.0-4 

(Non-sequence-based only) The ASCT shall adjust signal timing so that 

vehicles approaching a signal that have been served during a user-

specified phase at an upstream signal do not stop. 

2.5.0-6 

(Phase-based only) The ASCT shall adjust the state of the signal 

controller so that vehicles approaching a signal that have been served 

during a user-specified phase at an upstream signal do not stop. 

2.2.0-4.0-5 

(Sequence-based only) The ASCT shall adjust offsets to minimize the 

chance of stopping vehicles approaching a signal that have been 

served by a user-specified phase at an upstream signal. 
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1.1.0-6 The system operator needs to modify the sequence of 

phases to support the various operational strategies. 

7.0-6 

The ASCT shall provide a minimum of 8 different user-defined phase 

sequences for each signal. 

7.0-6.0-1 

Each permissible phase sequence shall be user-assignable to any 

signal timing plan. 

7.0-6.0-2 

Each permissible phase sequence shall be executable by a time of day 

schedule. 

7.0-6.0-3 

Each permissible phase sequence shall be executable based on 

measured traffic conditions 

7.0-7 

The ASCT shall not prevent a phase/overlap output by time-of-day. 

7.0-8 

The ASCT shall not prevent a phase/overlap output based on an 

external input. 
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7.0-9 

The ASCT shall not prevent the following phases to be designated as 

coordinated phases. (Phases 1-8) 

1.1.0-7 The system operator needs to fix the sequence of phases at 

any specified location. For example, the operator may need 

to fix the phase order at a diamond interchange. 

2.1.2.0-11 

The ASCT shall not alter the order of phases at a user-specified 

intersection. 

1.1.0-8 The system operator needs to designate the coordinated 

route based on traffic conditions and the selected 

operational strategy. 

2.1.1.0-11 

The ASCT shall provide coordination along a route. 

2.1.1.0-11.0-1 

The ASCT shall coordinate along a user-defined route. 

2.1.1.0-11.0-2 

The ASCT shall determine the coordinated route based on traffic 

conditions. 

2.1.1.0-11.0-3 

The ASCT shall determine the coordinated route based on a user-

defined schedule. 

2.1.1.0-11.0-4 
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The ASCT shall store 10 user-defined coordination routes. 

2.1.1.0-11.0-4.0-1 

The ASCT shall implement a stored coordinated route by operator 

command. 

2.1.1.0-11.0-4.0-2 

The ASCT shall implement a stored coordinated route based on traffic 

conditions. 

2.1.1.0-11.0-4.0-3 

The ASCT shall implement a stored coordinated route based on a user-

defined schedule. 

1.1.0-9 The system operator needs to set signal timing parameters 

(such as minimum green, maximum green and extension 

time) to comply with agency policies.  

2.1.1.0-12 

The ASCT shall not prevent the use of phase timings in the local 

controller set by agency policy. 

1.2 
1.2  Network Characteristics 

 

1.2.0-1 The system operator needs to eventually adaptively control 

up to 75 signals, up to ten miles from the TMC. 

1.0-1 

The ASCT shall control a minimum of 75 signals concurrently 
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1.2.0-2 The system operator needs to be able to adaptively control 

at least six independent groups of signals 

1.0-2 

The ASCT shall support groups of signals. 

1.0-2.0-2 

The ASCT shall control a minimum of six groups of signals. 

1.0-2.0-4 

Each group shall operate independently 

1.0-2.0-1 

The boundaries surrounding signal controllers that operate in a 

coordinated fashion shall be defined by the user. 

1.2.0-3 The system operator needs to vary the number of signals in 

an adaptively controlled group to accommodate the 

prevailing traffic conditions. 

1.0-2 

The ASCT shall support groups of signals. 

1.0-2.0-3 

The size of a group shall range from 1 to 20 signals. 

1.0-2.0-5.0-1 

The boundaries surrounding signal controllers that operate in a 

coordinated fashion shall be altered by the system according to a time 
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of day schedule. (For example: this may be achieved by assigning 

signals to different groups or by combining groups.) 

1.0-2.0-5.0-2 

The boundaries surrounding signal controllers that operate in a 

coordinated fashion shall be altered by the system according to traffic 

conditions. (For example: this may be achieved by assigning signals to 

different groups or by combining groups.) 

1.0-2.0-5 

The boundaries surrounding signal controllers that operate in a 

coordinated fashion shall be altered by the ASCT system according to 

configured parameters. 

1.0-2.0-5.0-3 

The boundaries surrounding signal controllers that operate in a 

coordinated fashion shall be altered by the system when commanded 

by the user. 

1.3 
1.3  Coordination Across Boundaries 

 

1.3.0-1 The system operator needs (in the future) to send data to 

another system that would allow the other system to 

coordinate with the ASCT system. 

3.0-1 

The ASCT shall support external interfaces to the City's Tactics 

system, according to the following detailed requirements.  
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3.0-1.0-1 

The ASCT shall send operational status data to the City's Tactics 

system. 

1.3.0-2 The system operator needs to adaptively coordinate signals 

on two crossing routes simultaneously. (All signals within 

the group are under the control of City of Franklin.) 

4.0-1.0-4 

The ASCT shall support adaptive coordination on crossing routes. 

1.3.0-3 The system operator needs to receive data from another 

system that will allow the ASCT system to coordinate its 

operation with the adjacent system. 

3.0-1 

The ASCT shall support external interfaces to the City's Tactics 

system, according to the following detailed requirements.  

4.0-1.0-1 

The ASCT shall alter its operation to minimize interruption of traffic 

entering the system. (This may be achieved via detection, with no 

direct connection to the other system.) 

4.0-1 

The ASCT shall conform its operation to an external system's 

operation. 

4.0-1.0-3 

The ASCT shall alter its operation based on data received from 

another system. 
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1.3.0-4 The system operator needs to constrain the adaptive 

system to operate a cycle length compatible with the 

crossing arterial. 

4.0-1.0-2 

The ASCT shall operate a fixed cycle length to match the cycle length 

of an adjacent system. 

1.3.0-5 The system operator needs to detect traffic approaching 

from a neighboring system and coordinate the ASCT 

operation with the adjacent system. 

4.0-1.0-1 

The ASCT shall alter its operation to minimize interruption of traffic 

entering the system. (This may be achieved via detection, with no 

direct connection to the other system.) 

4.0-1 

The ASCT shall conform its operation to an external system's 

operation. 

1.4 
1.4  Security 

 

1.4.0-1 The system operator needs to have a security management 

and administrative system that allows access and 

operational privileges to be assigned, monitored and 

controlled by an administrator, and conform to the City's 

access and network infrastructure security policies. 

5.0-1 

The ASCT shall be implemented with a security policy that addresses 

the following selected elements:  

5.0-1.0-1 

Local access to the ASCT. 

5.0-1.0-2 
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Remote access to the ASCT. 

5.0-1.0-3 

System monitoring. 

5.0-1.0-4 

System manual override. 

5.0-1.0-5 

Development 

5.0-1.0-6 

Operations 

5.0-1.0-7 

User login 

5.0-1.0-8 

User password 

5.0-1.0-9 

Administration of the system 
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5.0-1.0-10 

Signal controller group access 

5.0-1.0-11 

Access to classes of equipment 

5.0-1.0-12 

Access to equipment by jurisdiction 

5.0-1.0-13 

Output activation 

5.0-1.0-14 

System parameters 

5.0-1.0-15 

Report generation 

5.0-1.0-16 

Configuration 

5.0-1.0-17 
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Security alerts 

5.0-1.0-18 

Security logging 

5.0-1.0-19 

Security reporting 

5.0-1.0-20 

Database 

5.0-1.0-21 

Signal controller 

5.0-3 

The ASCT shall comply with the agency's security policy. Obtain all 

security requirements from the City prior to implementation of the 

ASCT. 

1.5 
1.5  Queuing Interactions 

 

1.5.0-1 The system operator needs to detect queues from outside 

the system and modify the ASCT operation to 

accommodate the queuing. 

2.1.3.0-2 
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When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

2.1.3.0-1 

The ASCT shall detect the presence of queues at pre-configured 

locations. 

2.1.3.0-3 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified adaptive operation strategy. 

1.5.0-2 The system operator needs to detect queues within the 

system's boundaries and modify the ASCT operation to 

accommodate the queuing. 

2.1.3.0-2 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

2.1.3.0-1 

The ASCT shall detect the presence of queues at pre-configured 

locations. 

2.1.3.0-3 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified adaptive operation strategy. 
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1.5.0-3 The system operator needs to detect queues propagating 

outside its boundaries from within the ASCT boundaries, 

and modify its operation to accommodate the queuing. 

2.1.3.0-2 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

2.1.3.0-1 

The ASCT shall detect the presence of queues at pre-configured 

locations. 

2.1.3.0-3 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified adaptive operation strategy. 

1.5.0-4 The system operator needs to prevent queues forming at 

user-specified locations. 

2.1.3.0-2 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified timing plan/operational mode. 

2.1.3.0-1 

The ASCT shall detect the presence of queues at pre-configured 

locations. 

2.1.3.0-3 

When queues are detected at user-specified locations, the ASCT shall 

execute user-specified adaptive operation strategy. 
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2.1.3.0-4 

When queues are detected at user-specified locations, the ASCT shall 

omit a user-specified phase at a user-specified signal controller. 

2.1.3.0-5 

The ASCT shall meter traffic into user-specified bottlenecks by storing 

queues at user-specified locations. 

2.1.3.0-6 

The ASCT shall store queues at user-specified locations. 

2.1.3.0-7 

The ASCT shall maintain capacity flow through user-specified 

bottlenecks. 

1.6 
1.6  Pedestrians 

 

1.6.0-1 The system operator needs to accommodate infrequent 

pedestrian operation while maintaining adaptive 

operation. 

8.0-2 

When a pedestrian phase is called, the ASCT shall accommodate 

pedestrian crossing times during adaptive operations. 

8.0-4 
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The ASCT shall execute user-specified exclusive pedestrian phases 

during adaptive operation. 

8.0-3 

When a pedestrian phase is called, the ASCT shall accommodate 

pedestrian crossing times then resume adaptive operation. 

1.7 
1.7  Non-adaptive Situations 

 

1.7.0-1 The system operator needs to schedule pre-determined 

operation by time of day. 

2.1.1.0-5 

The ASCT shall operate non-adaptively in accordance with a user-

defined time-of-day schedule. 

1.7.0-2 The system operator needs to over-ride adaptive 

operation. 

2.1.1.0-3 

The ASCT shall operate non-adaptively when a user manually 

commands the ASCT to cease adaptively controlling a group of signals. 

2.1.1.0-4 

The ASCT shall operate non-adaptively when a user manually 

commands the ASCT to cease adaptive operation. 

2.1.1.0-5 

The ASCT shall operate non-adaptively in accordance with a user-

defined time-of-day schedule. 
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1.8 
1.8  System Responsiveness 

 

1.8.0-1 The system operator needs to modify the ASCT operation 

to closely follow changes in traffic conditions. 

2.6.0-1 

The ASCT shall limit the change in consecutive cycle lengths to be less 

than a user-specified value. 

2.6.0-2 

The ASCT shall limit the change in phase times between consecutive 

cycles to be less than a user-specified value. (This does not apply to 

early gap-out or actuated phase skipping.) 

2.6.0-3 

The ASCT shall limit the changes in the direction of primary 

coordination to a user-specified frequency. 

1.8.0-2 The system operator needs to constrain the selection of 

cycle lengths to those that provide acceptable operations, 

such as when "resonant" progression solutions are desired 

to provide two-way coordination along one or more 

arterial routes. 

2.6.0-3 

The ASCT shall limit the changes in the direction of primary 

coordination to a user-specified frequency. 

2.6.0-5 

The ASCT shall select cycle length from a list of user-defined cycle 

lengths. 
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1.8.0-3 The system operator needs to respond quickly to sudden 

large shifts in traffic conditions. 

2.6.0-4 

When a large change in traffic demand is detected, the ASCT shall 

respond within five (5) minutes, subject to user-specified limits.  

1.9 
1.9  Complex Coordination and Controller   

Features 

 

1.9.0-1 The system operator needs to implement the following 

advanced controller features while maintaining adaptive 

operation: 

 

1.9.0-1.0-1 Service a phase more than once per cycle 7.0-1 

When specified by the user, the ASCT shall serve a vehicle phase more 

than once for each time the coordinated phase is served. 

1.9.0-1.0-2 Operate at least four overlap phases 7.0-2 

The ASCT shall provide a minimum of 8 phase overlaps. (Note: It is 

highly desirable to accommodate the 16 overlaps allowed in SE-PAC 

software.) 

1.9.0-1.0-3 Operate four rings, 16 phases and up to four phases per 
barrier. 

7.0-3 

The ASCT shall accommodate a minimum of 16 phases at each signal 

7.0-4 
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The ASCT shall accommodate a minimum of 4 rings at each signal. 

7.0-5 

The ASCT shall accommodate a minimum of 16 phases per ring 

1.9.0-1.0-4 Permit different phase sequences under different traffic 
conditions while avoiding the yellow trap 

2.1.2.0-6 

The ASCT shall omit a user-specified phase when the cycle length is 

below a user-specified value. 

2.1.2.0-8 

The ASCT shall omit a user-specified phase according to a time of day 

schedule 

7.0-6 

The ASCT shall provide a minimum of 8 different user-defined phase 

sequences for each signal. 

7.0-6.0-1 

Each permissible phase sequence shall be user-assignable to any 

signal timing plan. 

7.0-6.0-2 
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Each permissible phase sequence shall be executable by a time of day 

schedule. 

7.0-6.0-3 

Each permissible phase sequence shall be executable based on 

measured traffic conditions 

2.1.2.0-7 

The ASCT shall omit a user-specified phase based on measured traffic 

conditions. 

1.9.0-1.0-5 Prevent one or more phases being skipped under certain 
traffic conditions or signal states. 

2.1.2.0-5 

The ASCT shall prevent skipping a user-specified phase according to a 

time of day schedule. 

2.1.2.0-3 

The ASCT shall prevent skipping a user-specified phase when the user-

specified phase sequence is operating. 

2.1.2.0-4 

The ASCT shall prevent skipping a user-specified phase based on the 

state of a user-specified external input. 

1.9.0-1.0-6 Allow any phase to be designated as the coordinated 
phase 

7.0-9 
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The ASCT shall not prevent the following phases to be designated as 

coordinated phases. (Phases 1-8) 

1.9.0-1.0-7 Allow the operator to specify which phase receives 
unused time from a preceding phase 

2.1.2.0-9 

The ASCT shall assign unused time from a preceding phase that 

terminates early to a user-specified phase as follows: 

next phase; 

next coordinated phase; 

user-specified phase. 

2.1.2.0-10 

The ASCT shall assign unused time from a preceding phase that is 

skipped to a user-specified phase as follows: 

previous phase; 

next phase; 

next coordinated phase; 

user-specified phase. 

1.9.0-1.0-8 Allow the controller to respond independently to 
individual lanes of an approach. This may allow the 

7.0-12 
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adaptive operation to be based on data from a specific 
detector, or by excluding specific detectors. 

The ASCT shall not prevent the local signal controller from performing 

actuated phase control using 4 extension/passage timers as assigned 

to user-specified vehicle detector input channels in the local controller. 

9.0-1 

The ASCT shall set a specific state for each special function output 

based on the occupancy on a user-specified detector. 

7.0-12.0-1 

The ASCT shall operate adaptively using user-specified detector 

channels. 

1.9.0-1.0-9 Allow protected/permissive phasing and alternate left 
turn phase sequences. 

2.1.2.0-1 

The ASCT shall not prevent protected/permissive left turn phase 

operation. 

2.1.2.0-2 

The ASCT shall not prevent the protected left turn phase to lead or lag 

the opposing through phase based upon user-specified conditions. 

1.9.0-1.0-10 Use flashing yellow arrow to control permissive left turns 
and right turns. 

7.0-11 

The ASCT shall not prevent the controller from displaying flashing 

yellow arrow left turn or right turn.  
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1.9.0-1.0-11 Service side streets and pedestrian phases at minor 
locations more often than at adjacent signals when this can 
be done without compromising the quality of the 
coordination. (E.g., double-cycle mid-block pedestrian 
crossing signals.) 

7.0-13 

When adaptive operation is used in conjunction with normal 

coordination, the ASCT shall not prevent a controller serving a cycle 

length different from the cycles used at adjacent intersections. 

1.10 
1.10  Monitoring and Control 

 

1.10.0-1 The system operator needs to monitor and control all 

required features of adaptive operation from the City's: 

5.0-2 

The ASCT shall provide monitoring and control access at the following 

locations: 

1.10.0-1.0-1 TOC 5.0-2.0-1 

Agency TMC 

1.10.0-1.0-2 Maintenance facility 5.0-2.0-2 

Maintenance facility 

1.10.0-1.0-3 LAN workstations 5.0-2.0-3 

Agency LAN or WAN 

1.10.0-1.0-4 Maintenance vehicles 5.0-2.0-4 

Maintenance vehicles 
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1.10.0-1.0-5 Remote locations, such as employee's residence 5.0-2.0-5 

Remote locations via internet 

1.10.0-2 The operator needs to access to the database 

management, monitoring and reporting features and 

functions of the signal controllers and any related signal 

management system from the access points defined for 

those system components (e.g, TOC and individual office 

workstation). 

5.0-4 

The ASCT shall not prevent access to the local signal controller 

database, monitoring or reporting functions by any installed signal 

management system. 

1.11 
1.11  Performance Reporting 

 

1.11.0-1 The system operator needs to store and report data used 

to calculate signal timing and have the data available for 

subsequent analysis. 

6.0-4 

The ASCT shall store results of all signal timing parameter calculations 

for a minimum of 30 days. 

6.0-5 

The ASCT shall store the following measured data in the form used as 

input to the adaptive algorithm for a minimum of 30 days: 

volume 

occupancy 

queue length 
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phase utilization 

arrivals in green 

green band efficiency 

6.0-12 

The ASCT shall store the following data in 15 minute increments: 

volume 

occupancy 

queue length 

18.0-1 

The ASCT shall report measures of current traffic conditions on which 

it bases signal state alterations. 

18.0-2 

The ASCT shall report all intermediate calculated values that are 

affected by calibration parameters. 

18.0-3 

The ASCT shall maintain a log of all signal state alterations directed by 

the ASCT. 
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1.11.0-2 The system operator needs to store and report data that 

can be used to measure traffic performance under 

adaptive control. 

6.0-4 

The ASCT shall store results of all signal timing parameter calculations 

for a minimum of 30 days. 

6.0-5 

The ASCT shall store the following measured data in the form used as 

input to the adaptive algorithm for a minimum of 30 days: 

volume 

occupancy 

queue length 

phase utilization 

arrivals in green 

green band efficiency 

6.0-12 

The ASCT shall store the following data in 15 minute increments: 

volume 

occupancy 



 

Franklin ASCT 
Con Ops Traceability Matrix Page 85 of 192 Updated: April 8, 2015 

Con Ops 

Reference 

Number 

Concept of Operations User Need Statements Satisfied by System Requirement 

queue length 

1.11.0-3 The system operator needs to store all operational data 

and signal timing parameters calculated by the adaptive 

system, and export selected data to Microsoft Excel 

spreadsheets. 

6.0-2 

The ASCT shall export its systems log in the following formats:  

MS Excel 

Text 

CVS 

Open source SQL database 

6.0-3 

The ASCT shall store the event log for a minimum of 30 days 

6.0-6 

The ASCT system shall archive all data automatically after a user-

specified period not less than 30 days. 

6.0-7 

The ASCT shall provide data storage for a system size of 75 signal 

controllers. The data to be stored shall include the following:   (edit as 

appropriate) 

Controller state data 
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Reports 

Log data 

Security data 

ASCT parameters 

Detector status data 

6.0-10 

The ASCT shall store data logs in a standard database compatible with 

Microsoft Excel. 

1.11.0-4 The system operator needs to report performance data in 

real time to verify system operation. 

3.0-1 

The ASCT shall support external interfaces to the City's Tactics 

system, according to the following detailed requirements.  

3.0-1.0-1 

The ASCT shall send operational status data to the City's Tactics 

system. 

1.11.0-5 The system operator needs to report the exact state of 

signal timing and input data for a specified period, to allow 

historical analysis of the system operation. (NOTE: The list 

6.0-1 

The ASCT shall log the following events: (edit as appropriate) 

6.0-1.0-1 
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of reporting items to be included will be refined by the 

City.) 

Time-stamped vehicle phase calls 

6.0-1.0-2 

Time-stamped pedestrian phase calls 

6.0-1.0-3 

Time-stamped emergency vehicle preemption calls 

6.0-1.0-4 

Time-stamped transit priority calls 

6.0-1.0-5 

Time-stamped railroad preemption calls 

6.0-1.0-6 

Time-stamped start and end of each phase 

6.0-1.0-7 

Time-stamped controller interval changes 

6.0-1.0-8 

Time-stamped start and end of each transition to a new timing plan 
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1.11.0-6 The system operator needs to generate historic and real-

time reports that effectively support operation, 

maintenance and reporting of system performance and 

traffic conditions. 

6.0-5 

The ASCT shall store the following measured data in the form used as 

input to the adaptive algorithm for a minimum of 30 days: 

volume 

occupancy 

queue length 

phase utilization 

arrivals in green 

green band efficiency 

6.0-8 

The ASCT shall calculate and report relative data quality including:  

The extent data is affected by detector faults 

Other applicable items  

6.0-9 

The ASCT shall report comparisons of logged data when requested by 

the user: 
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 Day to day,  

 Hour to hour 

 Hour of day to hour of day 

 Hour of week to hour of week 

 Day of week to Day week 

* Day of year to day of year 

6.0-11 

The ASCT shall report stored data in a form suitable to provide 

explanations of system behavior to public and politicians and to 

troubleshoot the system. 

18.0-3 

The ASCT shall maintain a log of all signal state alterations directed by 

the ASCT. 

18.0-3.0-4 

The ASCT shall maintain the records in this ASCT log for 30 period. 

18.0-3.0-5 

The ASCT shall archive the ASCT log in the following manner:  
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Contain all ASCT log data for previous 6 months 

Format accessible by MS Excel 

Store on external hard drive 

18.0-3.0-1 

The ASCT log shall include all events directed by the external inputs. 

18.0-3.0-2 

The ASCT log shall include all external output state changes. 

18.0-3.0-3 

The ASCT log shall include all actual parameter values that are subject 

to user-specified values. 

18.0-3.0-5.0-1 

At user-specified frequency, from zero to six months; 

18.0-3.0-5.0-2 

Format accessible by Microsoft Excel 

18.0-3.0-5.0-3 

Stored on hard drive external to the ASCT system 
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1.12 
1.12  Failure Notification 

 

1.12.0-1 The system operator needs to immediately notify 

maintenance and operations staff of alarms and alerts. 

13.1.0-3 

In the event of a detector failure, the ASCT shall issue an alarm to 

user-specified recipients.  (This requirement may be fulfilled by 

sending the alarm to a designated list of recipients by a designated 

means, or by using an external maintenance management system. 

13.2-2 

In the event of communications failure, the ASCT shall issue an alarm 

to user-specified recipients.  (This requirement may be fulfilled by 

sending the alarm to a designated list of recipients by a designated 

means, or by using an external maintenance management system. 

13.3-2 

In the event of adaptive processor failure, the ASCT shall issue an 

alarm to user-specified recipients.  (This requirement may be fulfilled 

by sending the alarm to a designated list of recipients by a designated 

means, or by using an external maintenance management system. 

13.2-3 

The ASCT shall issue an alarm within 2 minutes of detection of a 

failure. 
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1.12.0-2 The system operator needs to maintain a complete log of 

alarms and failure events. 

13.1.0-4 

In the event of a failure, the ASCT shall log details of the failure in a 

permanent log. 

13.1.0-5 

The permanent failure log shall be searchable, archivable and 

exportable.  

13.2-4 

In the event of a communications failure, the ASCT shall log details of 

the failure in a permanent log. 

13.2-5 

The permanent failure log shall be searchable, archivable and 

exportable.   

1.13 
1.13  Preemption and Priority 

 

1.13.0-1 The system operator needs to accommodate railroad and 

light rail preemption 

11.0-1 

The ASCT shall maintain adaptive operation at non-preempted 

intersections during railroad preemption. 

11.0-4 
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The ASCT shall resume adaptive control of signal controllers when 

preemptions are released. 

11.0-5 

The ASCT shall execute user-specified actions at non-preempted signal 

controllers during preemption. (E.g., inhibit a phase, activate a sign, 

display a message on a DMS) 

11.0-6 

The ASCT shall operate normally at non-preempted signal controllers 

when special functions are engaged by a preemption event. (Examples 

of such special functions are a phase omit, a phase maximum recall or 

a fire route.) 

11.0-7 

The ASCT shall release user-specified signal controllers to local control 

when one signal in a group is preempted. 

11.0-8 

The ASCT shall not prevent the local signal controller from operating 

in normally detected limited-service actuated mode during 

preemption. 

11.0-3 
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The ASCT shall maintain adaptive operation at non-preempted 

intersections during Light Rail Transit preemption. 

1.13.0-2 The system operator needs to accommodate emergency 

vehicle preemption including infrared and GPS preemption 

devices. 

11.0-4 

The ASCT shall resume adaptive control of signal controllers when 

preemptions are released. 

11.0-5 

The ASCT shall execute user-specified actions at non-preempted signal 

controllers during preemption. (E.g., inhibit a phase, activate a sign, 

display a message on a DMS) 

11.0-6 

The ASCT shall operate normally at non-preempted signal controllers 

when special functions are engaged by a preemption event. (Examples 

of such special functions are a phase omit, a phase maximum recall or 

a fire route.) 

11.0-7 

The ASCT shall release user-specified signal controllers to local control 

when one signal in a group is preempted. 

11.0-8 
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The ASCT shall not prevent the local signal controller from operating 

in normally detected limited-service actuated mode during 

preemption. 

11.0-2 

The ASCT shall maintain adaptive operation at non-preempted 

intersections during emergency vehicle preemption. 

1.13.0-3 The system operator needs to accommodate bus and light 

rail transit signal priority to accommodate the Intermodal 

Transportation Master Plan currently in development 

12.0-1 

The ASCT shall continue adaptive operations of a group when one of 

its signal controllers has a transit priority call. 

12.0-2 

The ASCT shall advance the start of a user-specified green phase in 

response to a transit priority call. 

12.0-3 

The ASCT shall delay the end of a green phase, in response to a priority 

call. 

12.0-4 

The ASCT shall permit at least 2 exclusive transit phases. 

12.0-5 
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The ASCT shall control vehicle phases independently of the following: 

12.0-6 

The ASCT shall interface with external bus transit priority system. 

12.0-2.0-1 

The advance of start of green phase shall be user-defined. 

12.0-2.0-2 

Adaptive operations shall continue during the advance of the start of 

green phase. 

12.0-3.0-1 

The delay of end of green phase shall be user-defined. 

12.0-3.0-2 

Adaptive operations shall continue during the delay of the end of 

green phase. 

12.0-4.0-1 

Adaptive operations shall continue when there is an exclusive transit 

phase call. 

12.0-5.0-1 
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LRT only phases 

12.0-5.0-2 

Bus only phases 

12.0-8 

The ASCT shall accept a transit priority call from: 

a signal controller/transit vehicle detector; 

an external system. 

12.0-7 

The ASCT shall interface with external light rail transit priority system. 

 

12.0-6.0-1 

The ASCT shall provide green extension when requested by an 

approaching bus. 

12.0-6.0-2 

The ASCT shall provide early start of green when requested by an 

approaching bus. 
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12.0-6.0-3 

The vendor shall describe how bus transit priority is provided by the 

ASCT. 

12.0-6.0-4 

The vendor shall list all existing bus signal priority systems that are 

accommodated by the ASCT. 

12.0-7.0-1 

The ASCT shall provide green extension when requested by an 

approaching light rail vehicle. 

12.0-7.0-2 

The ASCT shall provide early start of green when requested by an 

approaching light rail vehicle. 

12.0-7.0-3 

The vendor shall describe how light rail transit priority is provided by 

the ASCT. 

12.0-7.0-4 

The vendor shall list all existing light rail transit priority systems that 

are accommodated by the ASCT. 
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1.14 
1.14  Failure and Fallback 

 

1.14.0-1 The system operator needs to fall back automatically to 

TOD or isolated free operation, as specified by the 

operator, in the event of equipment, communications 

and/or software failure. 

13.1.0-2 

The ASCT shall use the following alternate data sources for operations 

in the absence of the real-time data from a  detector: 

13.1.0-2.0-3 

The ASCT shall switch to the alternate source in real time without 

operator intervention. 

13.1.0-1 

The ASCT shall take user-specified action in the absence of valid 

detector data from 25% of vehicle detectors within a group. 

13.1.0-1.0-1 

The ASCT shall release control to central system control. 

13.2-1 

The ASCT shall execute user-specified actions when communications to 

one or more signal controllers fails within a group.  

13.2-1.0-1 
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In the event of loss of communication to a user-specified signal 

controller, the ASCT shall release control of all signal controllers 

within a user-specified group to local control. 

13.3-1 

The ASCT shall execute user-specified actions when adaptive control 

fails: 

13.3-1.0-1 

The ASCT shall release control to central system control. 

2.1.1.0-2 

The ASCT shall operate non-adaptively when adaptive control 

equipment fails. 

2.1.1.0-2.0-1 

The ASCT shall operate non-adaptively when a user-specified detector 

fails. 

2.1.1.0-2.0-2 

The ASCT shall operate non-adaptively when the number of failed 

detectors connected to a signal controller exceeds a user-defined 

value. 
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2.1.1.0-2.0-3 

The ASCT shall operate non-adaptively when the number of failed 

detectors in a group exceeds a user-defined value. 

2.1.1.0-2.0-4 

The ASCT shall operate non-adaptively when a user-defined 

communications link fails. 

13.1.0-2.0-1 

Data from a user-specified alternate detector. 

13.1.0-2.0-2 

Stored historical data from the failed detector. 

13.1.0-1.0-2 

The ASCT shall release control to local operations to operate under its 

own time-of-day schedule. 

13.2-1.0-2 

The ASCT shall switch to the alternate operation in real time without 

operator intervention. 

13.3-1.0-2 
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The ASCT shall release control to local operations to operate under its 

own time-of-day schedule. 

13.3-4 

During adaptive processor failure, the ASCT shall provide all local 

detector inputs to the local controller. 

13.1.0-1.0-3 

The ASCT shall place a phase without valid detection data on 

maximum recall. 

1.15 
1.15  Constraints 

 

1.15.0-1 The system operator is constrained to use the following 

equipment: 

 

1.15.0-1.0-1 Controller type - Siemens M50 series controllers 14.0-3 

The ASCT shall fully satisfy all requirements when connected with 

Eagle M50 series controllers. 

1.15.0-1.0-2 Detector type - Inductive Loop, Microwave Radar, and 
Sensys Magnetometers used under special permissions 

14.0-2 

The ASCT shall fully satisfy all requirements when connected with the 

following detectors: Wavetronix Radar, inductive loops, Sensys 

magnetometers. 
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1.15.0-1.0-3 Preemption equipment - Global Traffic Technologies 
(GTT) Opticom infrared/ GPS/ multimode pre-emption 
detection systems 

11.0-9 

The ASCT shall be fully compatible with Global Traffic Technologies 

(GTT) Opticom infrared/ GPS/ multimode pre-emption detection 

systems 

1.15.0-1.0-4 Communication system -Ethernet over fiber 14.0-5 

The ASCT shall fully satisfy all requirements when connected an 

Ethernet over fiber communications system 

1.15.0-1.0-5 Cabinet type and size - NEMA TS1 and NEMA TS2 (Type 1) 14.0-4 

The ASCT shall fully satisfy all requirements when connected with the 

following cabinet types: 

14.0-4.0-1 

NEMA TS1 

14.0-4.0-2 

NEMA TS2 - tYPE 1 

1.15.0-1.0-6 Central traffic signal system software - the adaptive 
sysetm must operate in harmony with the existing Siemens 
TACTICS central system. 

14.0-6 

The ASCT shall fully satisfy all requirements without inhibiting any 

feature of Siemens TACTICS central system. 
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1.15.0-2 The system operator needs to use equipment and software 

acceptable under current agency IT policies and 

procedures. 

14.0-1 

The vendor's adaptive software shall be fully operational within the 

following platform: 

Windows-PC, operating Windows 7 

Windows-PC, operating Windows 8  

1.16 
1.16  Training and Support 

 

1.16.0-1 The City needs all staff involved in operation and 

maintenance to receive appropriate training.  

15.0-1.0-1 

The vendor shall provide training on the operations of the adaptive 

system. 

15.0-1.0-9 

The vendor shall provide a minimum of 40 hours training to a 

minimum of 5 staff.  

15.0-1 

The vendor shall provide the following training.  

15.0-1.0-2 

The vendor shall provide training on troubleshooting the system. 

15.0-1.0-3 
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The vendor shall provide training on preventive maintenance and 

repair of equipment. 

15.0-1.0-4 

The vendor shall provide training on system configuration. 

15.0-1.0-5 

The vendor shall provide training on administration of the system. 

15.0-1.0-6 

The vendor shall provide training on system calibration. 

15.0-1.0-7 

The vendor's training delivery shall include: printed course materials 

and references, electronic copies of presentations and references. 

15.0-1.0-8 

The vendor's training shall be delivered at City of Franklin offices. 

15.0-1.0-10 

The vendor shall provide a minimum of 3 training sessions over a 

three months period. 



 

Franklin ASCT 
Con Ops Traceability Matrix Page 106 of 192 Updated: April 8, 2015 

Con Ops 

Reference 

Number 

Concept of Operations User Need Statements Satisfied by System Requirement 

1.16.0-2 The agency needs the system to fulfill all requirements for 

the life of the system. The City therefore needs the system 

to be maintained to repair faults that are not defects in 

materials and workmanship.  

16.0-1 

The Maintenance Vendor shall provide maintenance according to a 

separate maintenance contract. That contract should identify repairs 

necessary to preserve requirements fulfillment, responsiveness in 

effecting those repairs, and all requirements on the maintenance 

provider while performing the repairs. 

1.16.0-3 The City needs the system to fulfill all requirements for the 

life of the system. The City therefore needs the system to 

remain free of defects in materials and workmanship that 

result in requirements no longer being fulfilled.  

16.0-3 

The Vendor shall warrant the system to be free of defects in materials 

and workmanship for a period of 2 years following final acceptance. 

Warranty is defined as correcting defects in materials and 

workmanship (subject to other language included in the purchase 

documents).  Defect is defined as any circumstance in which the 

material does not perform according to its specification. 

1.16.0-4 The City needs the system to fulfill all requirements for the 

life of the system. The City therefore needs support to 

keep software and software environment updated as 

necessary to prevent requirements no longer being 

fulfilled.  

16.0-2 

The Vendor shall provide routine updates to the software and 

software environment necessary to preserve the fulfillment of 

requirements for a period of 10 years following final acceptance. 

Preservation of requirements fulfillment especially includes all IT 

management requirements as previously identified. 

1.17 
1.17  External Interfaces 
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1.17.0-1 City does not require any external interfaces for the 

proposed adaptive traffic signal system. 

 

1.18 
1.18  Maintenance 

 

1.18.0-1 Each maintenance crew needs all applicable equipment to 

be readily accessible for maintenance and support 

activities in the field, at the TOC, and at other locations 

within the City, without special access equipment not 

normally available to them. 

16.0-4 

All equipment and other elements of the ASCT shall be located and 

installed in a fashion that will permit City staff to access it for 

maintenance and support activities in the field, at the TOC, and at 

other locations within the City, without special access equipment not 

normally available to them 

con ops requirements trace 20140911 alt.docx 
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1 

1 Network Characteristics 

 

1.0-1 The ASCT shall control a minimum of 75 signals 

concurrently 

1.2.0-1 

The system operator needs to eventually adaptively control up to 75 signals, up 

to ten miles from the TMC. 

1.0-2 The ASCT shall support groups of signals. 1.2.0-2 

The system operator needs to be able to adaptively control at least six 

independent groups of signals 

1.2.0-3 

The system operator needs to vary the number of signals in an adaptively 

controlled group to accommodate the prevailing traffic conditions. 

1.0-2.0-1 The boundaries surrounding signal controllers 

that operate in a coordinated fashion shall be 

defined by the user. 

1.2.0-2 

The system operator needs to be able to adaptively control at least six 

independent groups of signals 

1.0-2.0-2 The ASCT shall control a minimum of six groups 

of signals. 

1.2.0-2 

The system operator needs to be able to adaptively control at least six 

independent groups of signals 
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1.0-2.0-3 The size of a group shall range from 1 to 20 

signals. 

1.2.0-3 

The system operator needs to vary the number of signals in an adaptively 

controlled group to accommodate the prevailing traffic conditions. 

1.0-2.0-4 Each group shall operate independently 1.2.0-2 

The system operator needs to be able to adaptively control at least six 

independent groups of signals 

1.0-2.0-5 The boundaries surrounding signal controllers 

that operate in a coordinated fashion shall be 

altered by the ASCT system according to 

configured parameters. 

1.2.0-3 

The system operator needs to vary the number of signals in an adaptively 

controlled group to accommodate the prevailing traffic conditions. 

1.0-2.0-5.0-1 The boundaries surrounding signal controllers 

that operate in a coordinated fashion shall be 

altered by the system according to a time of day 

schedule. (For example: this may be achieved by 

assigning signals to different groups or by 

combining groups.) 

1.2.0-3 

The system operator needs to vary the number of signals in an adaptively 

controlled group to accommodate the prevailing traffic conditions. 

1.0-2.0-5.0-2 The boundaries surrounding signal controllers 

that operate in a coordinated fashion shall be 

altered by the system according to traffic 

conditions. (For example: this may be achieved 

1.2.0-3 

The system operator needs to vary the number of signals in an adaptively 

controlled group to accommodate the prevailing traffic conditions. 
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by assigning signals to different groups or by 

combining groups.) 

1.0-2.0-5.0-3 The boundaries surrounding signal controllers 

that operate in a coordinated fashion shall be 

altered by the system when commanded by the 

user. 

1.2.0-3 

The system operator needs to vary the number of signals in an adaptively 

controlled group to accommodate the prevailing traffic conditions. 

2 

2 Type of Operation 

 

2.1 
2.1 General 

 

2.1.1 
2.1.1 Mode of Operation 

 

2.1.1.0-1 The ASCT shall operate non-adaptively during the 

presence of a defined condition. 

 

2.1.1.0-2 The ASCT shall operate non-adaptively when 

adaptive control equipment fails. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

2.1.1.0-2.0-1 The ASCT shall operate non-adaptively when a 

user-specified detector fails. 

1.14.0-1 
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The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

2.1.1.0-2.0-2 The ASCT shall operate non-adaptively when the 

number of failed detectors connected to a signal 

controller exceeds a user-defined value. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

2.1.1.0-2.0-3 The ASCT shall operate non-adaptively when the 

number of failed detectors in a group exceeds a 

user-defined value. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

2.1.1.0-2.0-4 The ASCT shall operate non-adaptively when a 

user-defined communications link fails. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

2.1.1.0-3 The ASCT shall operate non-adaptively when a 

user manually commands the ASCT to cease 

adaptively controlling a group of signals. 

1.7.0-2 

The system operator needs to over-ride adaptive operation. 
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2.1.1.0-4 The ASCT shall operate non-adaptively when a 

user manually commands the ASCT to cease 

adaptive operation. 

1.7.0-2 

The system operator needs to over-ride adaptive operation. 

2.1.1.0-5 The ASCT shall operate non-adaptively in 

accordance with a user-defined time-of-day 

schedule. 

1.7.0-1 

The system operator needs to schedule pre-determined operation by time of 

day. 

1.7.0-2 

The system operator needs to over-ride adaptive operation. 

2.1.1.0-6 The ASCT shall operate non-adaptively when 

commanded by an external system process. 

 

2.1.1.0-7 The ASCT shall alter the adaptive operation to 

achieve required objectives in user-specified 

conditions. (The required objectives are specified 

in Needs Statement 4.1.0-1.  Responding to this 

requirement demonstrates how the proposed 

system allows the user to define the conditions at 

which the objectives shift and their associated 

requirements are fulfilled.) (The alteration may 

be made by adjusting parameters or by directly 

controlling the state of signal controllers.) 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  
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1.1.0-3 

The system operator needs to change the operational strategy (for example, 

from smooth flow to maximizing throughput or managing queues) based on 

changing traffic conditions. 

2.1.1.0-7.0-1 When current measured traffic conditions meet 

user-specified criteria, the ASCT shall alter the 

state of the signal controllers, maximizing the 

throughput of the coordinated route. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-3 

The system operator needs to change the operational strategy (for example, 

from smooth flow to maximizing throughput or managing queues) based on 

changing traffic conditions. 

2.1.1.0-7.0-2 When current measured traffic conditions meet 

user-specified criteria, the ASCT shall alter the 

state of signal controllers, preventing queues 

from exceeding the storage capacity at user-

specified locations. 

1.1.0-1.0-4 

Manage the lengths of queues 

 

 

1.1.0-3 
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The system operator needs to change the operational strategy (for example, 

from smooth flow to maximizing throughput or managing queues) based on 

changing traffic conditions. 

2.1.1.0-7.0-3 When current measured traffic conditions meet 

user-specified criteria, the ASCT shall alter the 

state of signal controllers providing equitable 

distribution of green times. 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-3 

The system operator needs to change the operational strategy (for example, 

from smooth flow to maximizing throughput or managing queues) based on 

changing traffic conditions. 

2.1.1.0-7.0-4 When current measured traffic conditions meet 

user-defined criteria, the ASCT shall alter the 

state of signal controllers providing two-way 

progression on a coordinated route. 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-3 

The system operator needs to change the operational strategy (for example, 

from smooth flow to maximizing throughput or managing queues) based on 

changing traffic conditions. 
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2.1.1.0-8 The ASCT shall provide maximum and minimum 

phase times. 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-6 

At an isolated intersection, optimize operation with a minimum of phase 

failures (based on the optimization objectives). 

2.1.1.0-8.0-1 The ASCT shall provide a user-specified maximum 

value for each phase at each signal controller. 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-6 

At an isolated intersection, optimize operation with a minimum of phase 

failures (based on the optimization objectives). 

2.1.1.0-8.0-

1.0-1 

The ASCT shall not provide a phase length longer 

that the maximum value. 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  
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1.1.0-1.0-6 

At an isolated intersection, optimize operation with a minimum of phase 

failures (based on the optimization objectives). 

2.1.1.0-8.0-2 The ASCT shall provide a user-specified minimum 

value for each phase at each signal controller. 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-6 

At an isolated intersection, optimize operation with a minimum of phase 

failures (based on the optimization objectives). 

2.1.1.0-8.0-

2.0-1 

The ASCT shall not provide a phase length 

shorter than the minimum value. 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  
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1.1.0-1.0-6 

At an isolated intersection, optimize operation with a minimum of phase 

failures (based on the optimization objectives). 

2.1.1.0-9 The ASCT shall detect repeated phases that do 

not serve all waiting vehicles.  (These phase 

failures may be inferred, such as by detecting 

repeated max-out.) 

1.1.0-4 

The system operator needs to detect repeated phase failures and control signal 

timing to prevent phase failures building up queues. The operator in this case is 

trying to prevent a routine queue from forming where it will block another 

movement in the cycle unnecessarily. For example, the operator may need to 

prevent a queue resulting from the trailing end of the through green from 

blocking the storage needed by an entering side-street left turn in the 

subsequent phase. 

2.1.1.0-9.0-1 The ASCT shall alter operations, to minimize 

repeated phase failures. 

1.1.0-4 

The system operator needs to detect repeated phase failures and control signal 

timing to prevent phase failures building up queues. The operator in this case is 

trying to prevent a routine queue from forming where it will block another 

movement in the cycle unnecessarily. For example, the operator may need to 

prevent a queue resulting from the trailing end of the through green from 

blocking the storage needed by an entering side-street left turn in the 

subsequent phase. 
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2.1.1.0-10 The ASCT shall determine the order of phases at 

a user-specified intersection. (The calculation will 

be based on the optimization function.) 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-4 

Manage the lengths of queues 

 

 

2.1.1.0-11 The ASCT shall provide coordination along a 

route. 

1.1.0-8 

The system operator needs to designate the coordinated route based on traffic 

conditions and the selected operational strategy. 

2.1.1.0-11.0-1 The ASCT shall coordinate along a user-defined 

route. 

1.1.0-8 

The system operator needs to designate the coordinated route based on traffic 

conditions and the selected operational strategy. 
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2.1.1.0-11.0-2 The ASCT shall determine the coordinated route 

based on traffic conditions. 

1.1.0-8 

The system operator needs to designate the coordinated route based on traffic 

conditions and the selected operational strategy. 

2.1.1.0-11.0-3 The ASCT shall determine the coordinated route 

based on a user-defined schedule. 

1.1.0-8 

The system operator needs to designate the coordinated route based on traffic 

conditions and the selected operational strategy. 

2.1.1.0-11.0-4 The ASCT shall store 10 user-defined coordination 

routes. 

1.1.0-8 

The system operator needs to designate the coordinated route based on traffic 

conditions and the selected operational strategy. 

2.1.1.0-11.0-

4.0-1 

The ASCT shall implement a stored coordinated 

route by operator command. 

1.1.0-8 

The system operator needs to designate the coordinated route based on traffic 

conditions and the selected operational strategy. 

2.1.1.0-11.0-

4.0-2 

The ASCT shall implement a stored coordinated 

route based on traffic conditions. 

1.1.0-8 

The system operator needs to designate the coordinated route based on traffic 

conditions and the selected operational strategy. 

2.1.1.0-11.0-

4.0-3 

The ASCT shall implement a stored coordinated 

route based on a user-defined schedule. 

1.1.0-8 

The system operator needs to designate the coordinated route based on traffic 

conditions and the selected operational strategy. 
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2.1.1.0-12 The ASCT shall not prevent the use of phase 

timings in the local controller set by agency 

policy. 

1.1.0-9 

The system operator needs to set signal timing parameters (such as minimum 

green, maximum green and extension time) to comply with agency policies.  

2.1.2 
2.1.2 Allowable Phases 

 

2.1.2.0-1 The ASCT shall not prevent protected/permissive 

left turn phase operation. 

1.9.0-1.0-9 

Allow protected/permissive phasing and alternate left turn phase sequences. 

2.1.2.0-2 The ASCT shall not prevent the protected left 

turn phase to lead or lag the opposing through 

phase based upon user-specified conditions. 

1.9.0-1.0-9 

Allow protected/permissive phasing and alternate left turn phase sequences. 

2.1.2.0-3 The ASCT shall prevent skipping a user-specified 

phase when the user-specified phase sequence is 

operating. 

1.9.0-1.0-5 

Prevent one or more phases being skipped under certain traffic conditions or 

signal states. 

2.1.2.0-4 The ASCT shall prevent skipping a user-specified 

phase based on the state of a user-specified 

external input. 

1.9.0-1.0-5 

Prevent one or more phases being skipped under certain traffic conditions or 

signal states. 

2.1.2.0-5 The ASCT shall prevent skipping a user-specified 

phase according to a time of day schedule. 

1.9.0-1.0-5 

Prevent one or more phases being skipped under certain traffic conditions or 

signal states. 
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2.1.2.0-6 The ASCT shall omit a user-specified phase when 

the cycle length is below a user-specified value. 

1.9.0-1.0-4 

Permit different phase sequences under different traffic conditions while 

avoiding the yellow trap 

2.1.2.0-7 The ASCT shall omit a user-specified phase based 

on measured traffic conditions. 

1.9.0-1.0-4 

Permit different phase sequences under different traffic conditions while 

avoiding the yellow trap 

2.1.2.0-8 The ASCT shall omit a user-specified phase 

according to a time of day schedule 

1.9.0-1.0-4 

Permit different phase sequences under different traffic conditions while 

avoiding the yellow trap 

2.1.2.0-9 The ASCT shall assign unused time from a 

preceding phase that terminates early to a user-

specified phase as follows: 

next phase; 

next coordinated phase; 

user-specified phase. 

1.9.0-1.0-7 

Allow the operator to specify which phase receives unused time from a 

preceding phase 

2.1.2.0-10 The ASCT shall assign unused time from a 

preceding phase that is skipped to a user-

specified phase as follows: 

1.9.0-1.0-7 

Allow the operator to specify which phase receives unused time from a 

preceding phase 
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previous phase; 

next phase; 

next coordinated phase; 

user-specified phase. 

2.1.2.0-11 The ASCT shall not alter the order of phases at a 

user-specified intersection. 

1.1.0-7 

The system operator needs to fix the sequence of phases at any specified 

location. For example, the operator may need to fix the phase order at a 

diamond interchange. 

2.1.3 
2.1.3 Oversaturation 

 

2.1.3.0-1 The ASCT shall detect the presence of queues at 

pre-configured locations. 

1.1.0-1.0-4 

Manage the lengths of queues 

 

 

1.1.0-1.0-5 

Manage the locations of queues within the network 
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1.1.0-4 

The system operator needs to detect repeated phase failures and control signal 

timing to prevent phase failures building up queues. The operator in this case is 

trying to prevent a routine queue from forming where it will block another 

movement in the cycle unnecessarily. For example, the operator may need to 

prevent a queue resulting from the trailing end of the through green from 

blocking the storage needed by an entering side-street left turn in the 

subsequent phase. 

1.5.0-1 

The system operator needs to detect queues from outside the system and 

modify the ASCT operation to accommodate the queuing. 

1.5.0-2 

The system operator needs to detect queues within the system's boundaries 

and modify the ASCT operation to accommodate the queuing. 

1.5.0-3 

The system operator needs to detect queues propagating outside its 

boundaries from within the ASCT boundaries, and modify its operation to 

accommodate the queuing. 



 

Franklin ASCT 
System Requirements to Needs Trace Page 124 of 192 Updated: April 8, 2015 

Requirements 

Reference 

Number 

System Requirements Sample Requirements Need Statement (Con Ops) 

1.5.0-4 

The system operator needs to prevent queues forming at user-specified 

locations. 

2.1.3.0-2 When queues are detected at user-specified 

locations, the ASCT shall execute user-specified 

timing plan/operational mode. 

1.1.0-1.0-4 

Manage the lengths of queues 

 

 

1.1.0-1.0-5 

Manage the locations of queues within the network 

 

 

1.1.0-4 

The system operator needs to detect repeated phase failures and control signal 

timing to prevent phase failures building up queues. The operator in this case is 

trying to prevent a routine queue from forming where it will block another 

movement in the cycle unnecessarily. For example, the operator may need to 

prevent a queue resulting from the trailing end of the through green from 
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blocking the storage needed by an entering side-street left turn in the 

subsequent phase. 

1.5.0-1 

The system operator needs to detect queues from outside the system and 

modify the ASCT operation to accommodate the queuing. 

1.5.0-2 

The system operator needs to detect queues within the system's boundaries 

and modify the ASCT operation to accommodate the queuing. 

1.5.0-3 

The system operator needs to detect queues propagating outside its 

boundaries from within the ASCT boundaries, and modify its operation to 

accommodate the queuing. 

1.5.0-4 

The system operator needs to prevent queues forming at user-specified 

locations. 

2.1.3.0-3 When queues are detected at user-specified 

locations, the ASCT shall execute user-specified 

adaptive operation strategy. 

1.1.0-1.0-4 

Manage the lengths of queues 
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1.1.0-1.0-5 

Manage the locations of queues within the network 

 

 

1.1.0-4 

The system operator needs to detect repeated phase failures and control signal 

timing to prevent phase failures building up queues. The operator in this case is 

trying to prevent a routine queue from forming where it will block another 

movement in the cycle unnecessarily. For example, the operator may need to 

prevent a queue resulting from the trailing end of the through green from 

blocking the storage needed by an entering side-street left turn in the 

subsequent phase. 

1.5.0-1 

The system operator needs to detect queues from outside the system and 

modify the ASCT operation to accommodate the queuing. 

1.5.0-2 

The system operator needs to detect queues within the system's boundaries 

and modify the ASCT operation to accommodate the queuing. 
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1.5.0-3 

The system operator needs to detect queues propagating outside its 

boundaries from within the ASCT boundaries, and modify its operation to 

accommodate the queuing. 

1.5.0-4 

The system operator needs to prevent queues forming at user-specified 

locations. 

2.1.3.0-4 When queues are detected at user-specified 

locations, the ASCT shall omit a user-specified 

phase at a user-specified signal controller. 

1.1.0-1.0-4 

Manage the lengths of queues 

 

 

1.1.0-1.0-5 

Manage the locations of queues within the network 

 

 

1.1.0-4 
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The system operator needs to detect repeated phase failures and control signal 

timing to prevent phase failures building up queues. The operator in this case is 

trying to prevent a routine queue from forming where it will block another 

movement in the cycle unnecessarily. For example, the operator may need to 

prevent a queue resulting from the trailing end of the through green from 

blocking the storage needed by an entering side-street left turn in the 

subsequent phase. 

1.5.0-4 

The system operator needs to prevent queues forming at user-specified 

locations. 

2.1.3.0-5 The ASCT shall meter traffic into user-specified 

bottlenecks by storing queues at user-specified 

locations. 

1.1.0-1.0-4 

Manage the lengths of queues 

 

 

1.1.0-1.0-5 

Manage the locations of queues within the network 
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1.5.0-4 

The system operator needs to prevent queues forming at user-specified 

locations. 

2.1.3.0-6 The ASCT shall store queues at user-specified 

locations. 

1.1.0-1.0-4 

Manage the lengths of queues 

 

 

1.1.0-1.0-5 

Manage the locations of queues within the network 

 

 

1.5.0-4 

The system operator needs to prevent queues forming at user-specified 

locations. 

2.1.3.0-7 The ASCT shall maintain capacity flow through 

user-specified bottlenecks. 

1.5.0-4 

The system operator needs to prevent queues forming at user-specified 

locations. 
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2.1.3.0-8 When queues are detected at user-specified 

locations, the ASCT shall limit the cycle length of 

the group to a user-specified value. 

1.1.0-1.0-5 

Manage the locations of queues within the network 

 

 

2.2 
2.2 Sequence-based Adaptive 

Coordination 

 

2.2.0-1 (Sequence-based only) The ASCT shall select 

cycle length based on a time of day schedule. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  
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1.1.0-1.0-4 

Manage the lengths of queues 

 

 

2.2.0-2 (Sequence-based only) The ASCT shall calculate 

phase lengths for all phases at each signal 

controller to suit the current coordination 

strategy . 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-5 

Manage the locations of queues within the network 

 

 

1.1.0-4 

The system operator needs to detect repeated phase failures and control signal 

timing to prevent phase failures building up queues. The operator in this case is 

trying to prevent a routine queue from forming where it will block another 

movement in the cycle unnecessarily. For example, the operator may need to 
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prevent a queue resulting from the trailing end of the through green from 

blocking the storage needed by an entering side-street left turn in the 

subsequent phase. 

2.2.0-3 (Sequence-based only) The ASCT shall calculate 

offsets to suit the current coordination strategy 

for the user-specified reference point for each 

signal controller along a coordinated route within 

a group. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-4 

Manage the lengths of queues 

 

 

2.2.0-3.0-1 (Sequence-based only) The ASCT shall apply 

offsets for the user-specified reference point of 

each signal controller along a coordinated route. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 
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1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-4 

Manage the lengths of queues 

 

 

2.2.0-4 (Sequence-based only) The ASCT shall calculate a 

cycle length for each cycle based on its 

optimization objectives (as required elsewhere, 

e.g., progression, queue management, equitable 

distribution of green). 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  
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1.1.0-1.0-4 

Manage the lengths of queues 

 

 

2.2.0-4.0-1 (Sequence-based only) The ASCT shall limit cycle 

lengths to user-specified values. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  
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1.1.0-1.0-4 

Manage the lengths of queues 

 

 

2.2.0-4.0-2 (Sequence-based only) The ASCT shall limit cycle 

lengths to a user-specified range. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  
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1.1.0-1.0-4 

Manage the lengths of queues 

 

 

2.2.0-4.0-3 (Sequence-based only) The ASCT shall calculate 

optimum cycle length according to the user-

specified coordination strategy. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-4 
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Manage the lengths of queues 

 

 

2.2.0-4.0-4 (Sequence-based only) The ASCT shall limit 

changes in cycle length to not exceed a user-

specified value. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-4 

Manage the lengths of queues 
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2.2.0-4.0-4.0-1 (Sequence-based only) The ASCT shall increase 

the limit for the following 3 cycles based on a 

change in conditions. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-4 

Manage the lengths of queues 
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2.2.0-4.0-4.0-

1.0-1 

(Sequence-based only) The change in conditions 

shall be defined by 5 successive adaptive 

increases in cycle length at the maximum rate. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-4 

Manage the lengths of queues 
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2.2.0-4.0-4.0-

1.0-2 

(Sequence-based only) The increased limit shall 

be user-defined. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-4 

Manage the lengths of queues 

 

 

2.2.0-4.0-5 (Sequence-based only) The ASCT shall adjust 

offsets to minimize the chance of stopping 

vehicles approaching a signal that have been 

1.1.0-5 
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served by a user-specified phase at an upstream 

signal. 

The system operator needs to minimize the chance that a queue forms at a 

specified location. 

 

2.3 
2.3 Non-sequence-based Adaptive 

Coordination 

 

2.3.0-1 (Non-sequence-based only) The ASCT shall 

calculate the appropriate state of the signal to 

suit the current coordination strategy at the 

critical signal controller.  (A critical signal 

controller is defined by the user.) 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-4 
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Manage the lengths of queues 

 

 

2.3.0-2 (Non-sequence-based only) At non-critical 

intersections within a group, the ASCT shall 

calculate the time at which a user-specified 

phase shall be green, relative to a reference 

point at the critical intersection, to suit the 

current coordination strategy. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-4 

Manage the lengths of queues 
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2.3.0-3 (Non-sequence-based only) When demand is 

present, the ASCT shall implement a user-

specified maximum time between successive 

displays of each phase at each intersection. 

1.1.0-1.0-1 

Maximize the throughput on coordinated routes 

 

1.1.0-1.0-2 

Provide smooth flow along coordinated routes 

 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-4 

Manage the lengths of queues 
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2.3.0-4 (Non-sequence-based only) The ASCT shall 

adjust signal timing so that vehicles approaching 

a signal that have been served during a user-

specified phase at an upstream signal do not 

stop. 

1.1.0-5 

The system operator needs to minimize the chance that a queue forms at a 

specified location. 

 

2.4 
2.4 Single Intersection Adaptive 

Operation 

 

2.4.0-1 The ASCT shall calculate a cycle length of a single 

intersection, based on current measured traffic 

conditions. (The calculation is based on the 

optimization objectives.) 

1.1.0-1.0-6 

At an isolated intersection, optimize operation with a minimum of phase 

failures (based on the optimization objectives). 

2.4.0-2 The ASCT shall calculate optimum phase lengths, 

based on current measured traffic conditions. 

(The calculation is based on the optimization 

objectives.) 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-6 

At an isolated intersection, optimize operation with a minimum of phase 

failures (based on the optimization objectives). 
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2.4.0-2.0-1 The ASCT shall limit the difference between the 

length of a given phase and the length of the 

same phase during its next service to a user-

specified value. 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-6 

At an isolated intersection, optimize operation with a minimum of phase 

failures (based on the optimization objectives). 

2.4.0-2.0-2 When queues are detected at user-specified 

locations, the ASCT shall execute user-specified 

timing plan/operational mode. 

1.1.0-1.0-3 

Distribute phase times in an equitable fashion  

 

 

1.1.0-1.0-6 

At an isolated intersection, optimize operation with a minimum of phase 

failures (based on the optimization objectives). 

2.4.0-3 The ASCT shall calculate phase order, based on 

current measured traffic conditions. (The 

1.1.0-1.0-6 

At an isolated intersection, optimize operation with a minimum of phase 

failures (based on the optimization objectives). 
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calculation is based on the optimization 

objectives.) 

2.5 
2.5 Phase-based Adaptive 

Coordination 

 

2.5.0-1 (Phase-based only) The ASCT shall alter the state 

of the signal controller for all phases at the user-

specified intersection. 

1.1.0-2 

The system operator needs to manage the coordination in small groups of 

signals to link phase service at some intersections with phase service at 

adjacent intersections. 

 

2.5.0-2 (Phase-based only) The ASCT shall calculate the 

time at which a user-specified phase shall be 

green at an intersection. 

1.1.0-2 

The system operator needs to manage the coordination in small groups of 

signals to link phase service at some intersections with phase service at 

adjacent intersections. 

 

2.5.0-3 (Phase-based only) When demand is present, 

the ASCT shall implement a user-specified 

maximum time between successive displays of 

each phase at each intersection. 

1.1.0-2 

The system operator needs to manage the coordination in small groups of 

signals to link phase service at some intersections with phase service at 

adjacent intersections. 
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2.5.0-4 (Phase-based only) The ASCT shall alter the 

operation of the non-critical intersections to 

minimize stopping of traffic released from user-

specified phases at the user-specified critical 

intersection. 

1.1.0-2 

The system operator needs to manage the coordination in small groups of 

signals to link phase service at some intersections with phase service at 

adjacent intersections. 

 

2.5.0-5 (Phase-based only) The ASCT shall alter the 

operation of the non-critical intersections to 

minimize stopping of traffic arriving at user-

specified phases at the user-specified critical 

intersection. 

1.1.0-2 

The system operator needs to manage the coordination in small groups of 

signals to link phase service at some intersections with phase service at 

adjacent intersections. 

 

2.5.0-6 (Phase-based only) The ASCT shall adjust the 

state of the signal controller so that vehicles 

approaching a signal that have been served 

during a user-specified phase at an upstream 

signal do not stop. 

1.1.0-5 

The system operator needs to minimize the chance that a queue forms at a 

specified location. 

 

1.1.0-2 
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The system operator needs to manage the coordination in small groups of 

signals to link phase service at some intersections with phase service at 

adjacent intersections. 

 

2.6 
2.6 Responsiveness 

 

2.6.0-1 The ASCT shall limit the change in consecutive 

cycle lengths to be less than a user-specified 

value. 

1.8.0-1 

The system operator needs to modify the ASCT operation to closely follow 

changes in traffic conditions. 

2.6.0-2 The ASCT shall limit the change in phase times 

between consecutive cycles to be less than a 

user-specified value. (This does not apply to early 

gap-out or actuated phase skipping.) 

1.8.0-1 

The system operator needs to modify the ASCT operation to closely follow 

changes in traffic conditions. 

2.6.0-3 The ASCT shall limit the changes in the direction 

of primary coordination to a user-specified 

frequency. 

1.8.0-1 

The system operator needs to modify the ASCT operation to closely follow 

changes in traffic conditions. 

1.8.0-2 

The system operator needs to constrain the selection of cycle lengths to those 

that provide acceptable operations, such as when "resonant" progression 
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solutions are desired to provide two-way coordination along one or more 

arterial routes. 

2.6.0-4 When a large change in traffic demand is 

detected, the ASCT shall respond within five (5) 

minutes, subject to user-specified limits.  

1.8.0-3 

The system operator needs to respond quickly to sudden large shifts in traffic 

conditions. 

2.6.0-5 The ASCT shall select cycle length from a list of 

user-defined cycle lengths. 

1.8.0-2 

The system operator needs to constrain the selection of cycle lengths to those 

that provide acceptable operations, such as when "resonant" progression 

solutions are desired to provide two-way coordination along one or more 

arterial routes. 

3 

3 External/Internal Interfaces 

 

3.0-1 The ASCT shall support external interfaces to 
the City's Tactics system, according to the 
following detailed requirements.  

1.3.0-1 

The system operator needs (in the future) to send data to another system that 

would allow the other system to coordinate with the ASCT system. 

1.3.0-3 

The system operator needs to receive data from another system that will allow 

the ASCT system to coordinate its operation with the adjacent system. 
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1.11.0-4 

The system operator needs to report performance data in real time to verify 

system operation. 

3.0-1.0-1 The ASCT shall send operational status data to 

the City's Tactics system. 

1.3.0-1 

The system operator needs (in the future) to send data to another system that 

would allow the other system to coordinate with the ASCT system. 

1.11.0-4 

The system operator needs to report performance data in real time to verify 

system operation. 

4 

4 Crossing Arterials and 

Boundaries 

 

4.0-1 The ASCT shall conform its operation to an 

external system's operation. 

1.3.0-3 

The system operator needs to receive data from another system that will allow 

the ASCT system to coordinate its operation with the adjacent system. 

1.3.0-5 

The system operator needs to detect traffic approaching from a neighboring 

system and coordinate the ASCT operation with the adjacent system. 
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4.0-1.0-1 The ASCT shall alter its operation to minimize 

interruption of traffic entering the system. (This 

may be achieved via detection, with no direct 

connection to the other system.) 

1.3.0-3 

The system operator needs to receive data from another system that will allow 

the ASCT system to coordinate its operation with the adjacent system. 

1.3.0-5 

The system operator needs to detect traffic approaching from a neighboring 

system and coordinate the ASCT operation with the adjacent system. 

4.0-1.0-2 The ASCT shall operate a fixed cycle length to 

match the cycle length of an adjacent system. 

1.3.0-4 

The system operator needs to constrain the adaptive system to operate a cycle 

length compatible with the crossing arterial. 

4.0-1.0-3 The ASCT shall alter its operation based on data 

received from another system. 

1.3.0-3 

The system operator needs to receive data from another system that will allow 

the ASCT system to coordinate its operation with the adjacent system. 

4.0-1.0-4 The ASCT shall support adaptive coordination on 

crossing routes. 

1.3.0-2 

The system operator needs to adaptively coordinate signals on two crossing 

routes simultaneously. (All signals within the group are under the control of City 

of Franklin.) 

5 

5 Access and Security 
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5.0-1 The ASCT shall be implemented with a security 

policy that addresses the following selected 

elements:  

1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-1 Local access to the ASCT. 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-2 Remote access to the ASCT. 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-3 System monitoring. 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 
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5.0-1.0-4 System manual override. 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-5 Development 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-6 Operations 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-7 User login 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 
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5.0-1.0-8 User password 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-9 Administration of the system 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-10 Signal controller group access 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-11 Access to classes of equipment 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 
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5.0-1.0-12 Access to equipment by jurisdiction 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-13 Output activation 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-14 System parameters 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-15 Report generation 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 
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5.0-1.0-16 Configuration 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-17 Security alerts 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-18 Security logging 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-19 Security reporting 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 
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5.0-1.0-20 Database 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-1.0-21 Signal controller 1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-2 The ASCT shall provide monitoring and control 

access at the following locations: 

1.10.0-1 

The system operator needs to monitor and control all required features of 

adaptive operation from the City's: 

5.0-2.0-1 Agency TMC 1.10.0-1.0-1 

TOC 

5.0-2.0-2 Maintenance facility 1.10.0-1.0-2 

Maintenance facility 

5.0-2.0-3 Agency LAN or WAN 1.10.0-1.0-3 
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LAN workstations 

5.0-2.0-4 Maintenance vehicles 1.10.0-1.0-4 

Maintenance vehicles 

5.0-2.0-5 Remote locations via internet 1.10.0-1.0-5 

Remote locations, such as employee's residence 

5.0-3 The ASCT shall comply with the agency's security 

policy. Obtain all security requirements from the 

City prior to implementation of the ASCT. 

1.4.0-1 

The system operator needs to have a security management and administrative 

system that allows access and operational privileges to be assigned, monitored 

and controlled by an administrator, and conform to the City's access and 

network infrastructure security policies. 

5.0-4 The ASCT shall not prevent access to the local 

signal controller database, monitoring or 

reporting functions by any installed signal 

management system. 

1.10.0-2 

The operator needs to access to the database management, monitoring and 

reporting features and functions of the signal controllers and any related signal 

management system from the access points defined for those system 

components (e.g, TOC and individual office workstation). 

6 

6 Data Log 
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6.0-1 The ASCT shall log the following events: (edit as 

appropriate) 

1.11.0-5 

The system operator needs to report the exact state of signal timing and input 

data for a specified period, to allow historical analysis of the system operation. 

(NOTE: The list of reporting items to be included will be refined by the City.) 

6.0-1.0-1 Time-stamped vehicle phase calls 1.11.0-5 

The system operator needs to report the exact state of signal timing and input 

data for a specified period, to allow historical analysis of the system operation. 

(NOTE: The list of reporting items to be included will be refined by the City.) 

6.0-1.0-2 Time-stamped pedestrian phase calls 1.11.0-5 

The system operator needs to report the exact state of signal timing and input 

data for a specified period, to allow historical analysis of the system operation. 

(NOTE: The list of reporting items to be included will be refined by the City.) 

6.0-1.0-3 Time-stamped emergency vehicle preemption 

calls 

1.11.0-5 

The system operator needs to report the exact state of signal timing and input 

data for a specified period, to allow historical analysis of the system operation. 

(NOTE: The list of reporting items to be included will be refined by the City.) 

6.0-1.0-4 Time-stamped transit priority calls 1.11.0-5 
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The system operator needs to report the exact state of signal timing and input 

data for a specified period, to allow historical analysis of the system operation. 

(NOTE: The list of reporting items to be included will be refined by the City.) 

6.0-1.0-5 Time-stamped railroad preemption calls 1.11.0-5 

The system operator needs to report the exact state of signal timing and input 

data for a specified period, to allow historical analysis of the system operation. 

(NOTE: The list of reporting items to be included will be refined by the City.) 

6.0-1.0-6 Time-stamped start and end of each phase 1.11.0-5 

The system operator needs to report the exact state of signal timing and input 

data for a specified period, to allow historical analysis of the system operation. 

(NOTE: The list of reporting items to be included will be refined by the City.) 

6.0-1.0-7 Time-stamped controller interval changes 1.11.0-5 

The system operator needs to report the exact state of signal timing and input 

data for a specified period, to allow historical analysis of the system operation. 

(NOTE: The list of reporting items to be included will be refined by the City.) 

6.0-1.0-8 Time-stamped start and end of each transition to 

a new timing plan 

1.11.0-5 

The system operator needs to report the exact state of signal timing and input 

data for a specified period, to allow historical analysis of the system operation. 

(NOTE: The list of reporting items to be included will be refined by the City.) 
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6.0-2 The ASCT shall export its systems log in the 

following formats:  

MS Excel 

Text 

CVS 

Open source SQL database 

1.11.0-3 

The system operator needs to store all operational data and signal timing 

parameters calculated by the adaptive system, and export selected data to 

Microsoft Excel spreadsheets. 

6.0-3 The ASCT shall store the event log for a minimum 

of 30 days 

1.11.0-3 

The system operator needs to store all operational data and signal timing 

parameters calculated by the adaptive system, and export selected data to 

Microsoft Excel spreadsheets. 

6.0-4 The ASCT shall store results of all signal timing 

parameter calculations for a minimum of 30 

days. 

1.11.0-1 

The system operator needs to store and report data used to calculate signal 

timing and have the data available for subsequent analysis. 

1.11.0-2 

The system operator needs to store and report data that can be used to 

measure traffic performance under adaptive control. 
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6.0-5 The ASCT shall store the following measured data 

in the form used as input to the adaptive 

algorithm for a minimum of 30 days: 

volume 

occupancy 

queue length 

phase utilization 

arrivals in green 

green band efficiency 

1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

1.11.0-1 

The system operator needs to store and report data used to calculate signal 

timing and have the data available for subsequent analysis. 

1.11.0-2 

The system operator needs to store and report data that can be used to 

measure traffic performance under adaptive control. 

6.0-6 The ASCT system shall archive all data 

automatically after a user-specified period not 

less than 30 days. 

1.11.0-3 

The system operator needs to store all operational data and signal timing 

parameters calculated by the adaptive system, and export selected data to 

Microsoft Excel spreadsheets. 

6.0-7 The ASCT shall provide data storage for a system 

size of 75 signal controllers. The data to be 

stored shall include the following:   (edit as 

appropriate) 

Controller state data 

1.11.0-3 

The system operator needs to store all operational data and signal timing 

parameters calculated by the adaptive system, and export selected data to 

Microsoft Excel spreadsheets. 
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Reports 

Log data 

Security data 

ASCT parameters 

Detector status data 

6.0-8 The ASCT shall calculate and report relative data 

quality including:  

The extent data is affected by detector faults 

Other applicable items  

1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

6.0-9 The ASCT shall report comparisons of logged data 

when requested by the user: 

 Day to day,  

 Hour to hour 

 Hour of day to hour of day 

 Hour of week to hour of week 

 Day of week to Day week 

1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 
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* Day of year to day of year 

6.0-10 The ASCT shall store data logs in a standard 

database compatible with Microsoft Excel. 

1.11.0-3 

The system operator needs to store all operational data and signal timing 

parameters calculated by the adaptive system, and export selected data to 

Microsoft Excel spreadsheets. 

6.0-11 The ASCT shall report stored data in a form 

suitable to provide explanations of system 

behavior to public and politicians and to 

troubleshoot the system. 

1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

6.0-12 The ASCT shall store the following data in 15 

minute increments: 

volume 

occupancy 

queue length 

1.11.0-1 

The system operator needs to store and report data used to calculate signal 

timing and have the data available for subsequent analysis. 

1.11.0-2 

The system operator needs to store and report data that can be used to 

measure traffic performance under adaptive control. 

7 

7 Advanced Controller Operation 
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7.0-1 When specified by the user, the ASCT shall serve 

a vehicle phase more than once for each time the 

coordinated phase is served. 

1.9.0-1.0-1 

Service a phase more than once per cycle 

7.0-2 The ASCT shall provide a minimum of 8 phase 

overlaps. (Note: It is highly desirable to 

accommodate the 16 overlaps allowed in SE-PAC 

software.) 

1.9.0-1.0-2 

Operate at least four overlap phases 

7.0-3 The ASCT shall accommodate a minimum of 16 

phases at each signal 

1.9.0-1.0-3 

Operate four rings, 16 phases and up to four phases per barrier. 

7.0-4 The ASCT shall accommodate a minimum of 4 

rings at each signal. 

1.9.0-1.0-3 

Operate four rings, 16 phases and up to four phases per barrier. 

7.0-5 The ASCT shall accommodate a minimum of 16 

phases per ring 

1.9.0-1.0-3 

Operate four rings, 16 phases and up to four phases per barrier. 

7.0-6 The ASCT shall provide a minimum of 8 different 

user-defined phase sequences for each signal. 

1.1.0-6 

The system operator needs to modify the sequence of phases to support the 

various operational strategies. 

1.9.0-1.0-4 
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Permit different phase sequences under different traffic conditions while 

avoiding the yellow trap 

7.0-6.0-1 Each permissible phase sequence shall be user-

assignable to any signal timing plan. 

1.1.0-6 

The system operator needs to modify the sequence of phases to support the 

various operational strategies. 

1.9.0-1.0-4 

Permit different phase sequences under different traffic conditions while 

avoiding the yellow trap 

7.0-6.0-2 Each permissible phase sequence shall be 

executable by a time of day schedule. 

1.1.0-6 

The system operator needs to modify the sequence of phases to support the 

various operational strategies. 

1.9.0-1.0-4 

Permit different phase sequences under different traffic conditions while 

avoiding the yellow trap 

7.0-6.0-3 Each permissible phase sequence shall be 

executable based on measured traffic conditions 

1.1.0-6 

The system operator needs to modify the sequence of phases to support the 

various operational strategies. 

1.9.0-1.0-4 
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Permit different phase sequences under different traffic conditions while 

avoiding the yellow trap 

7.0-7 The ASCT shall not prevent a phase/overlap 

output by time-of-day. 

1.1.0-6 

The system operator needs to modify the sequence of phases to support the 

various operational strategies. 

7.0-8 The ASCT shall not prevent a phase/overlap 

output based on an external input. 

1.1.0-6 

The system operator needs to modify the sequence of phases to support the 

various operational strategies. 

7.0-9 The ASCT shall not prevent the following phases 

to be designated as coordinated phases. (Phases 

1-8) 

1.1.0-6 

The system operator needs to modify the sequence of phases to support the 

various operational strategies. 

1.9.0-1.0-6 

Allow any phase to be designated as the coordinated phase 

7.0-10 The ASCT shall have the option for a coordinated 

phase to be released early based on a user-

definable point in the phase or cycle. (User select 

phase or cycle.) 
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7.0-11 The ASCT shall not prevent the controller from 

displaying flashing yellow arrow left turn or right 

turn.  

1.9.0-1.0-10 

Use flashing yellow arrow to control permissive left turns and right turns. 

7.0-12 The ASCT shall not prevent the local signal 

controller from performing actuated phase 

control using 4 extension/passage timers as 

assigned to user-specified vehicle detector input 

channels in the local controller. 

1.9.0-1.0-8 

Allow the controller to respond independently to individual lanes of an 

approach. This may allow the adaptive operation to be based on data from a 

specific detector, or by excluding specific detectors. 

7.0-12.0-1 The ASCT shall operate adaptively using user-

specified detector channels. 

1.9.0-1.0-8 

Allow the controller to respond independently to individual lanes of an 

approach. This may allow the adaptive operation to be based on data from a 

specific detector, or by excluding specific detectors. 

7.0-13 When adaptive operation is used in conjunction 

with normal coordination, the ASCT shall not 

prevent a controller serving a cycle length 

different from the cycles used at adjacent 

intersections. 

1.9.0-1.0-11 

Service side streets and pedestrian phases at minor locations more often than 

at adjacent signals when this can be done without compromising the quality of 

the coordination. (E.g., double-cycle mid-block pedestrian crossing signals.) 

8 

8 Pedestrians 

 

8.0-1 When a pedestrian phase is called, the ASCT shall 

execute pedestrian phases up to 10 seconds 
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before the vehicle green of the related vehicle 

phase. 

8.0-2 When a pedestrian phase is called, the ASCT shall 

accommodate pedestrian crossing times during 

adaptive operations. 

1.6.0-1 

The system operator needs to accommodate infrequent pedestrian operation 

while maintaining adaptive operation. 

8.0-3 When a pedestrian phase is called, the ASCT shall 

accommodate pedestrian crossing times then 

resume adaptive operation. 

1.6.0-1 

The system operator needs to accommodate infrequent pedestrian operation 

while maintaining adaptive operation. 

8.0-4 The ASCT shall execute user-specified exclusive 

pedestrian phases during adaptive operation. 

1.6.0-1 

The system operator needs to accommodate infrequent pedestrian operation 

while maintaining adaptive operation. 

8.0-5 When specified by the user, the ASCT shall 

execute pedestrian recall on pedestrian phase 

adjacent to coordinated phases. 

 

8.0-6 When the pedestrian phases are on recall, the 

ASCT shall accommodate pedestrian timing 

during adaptive operation. 

 

8.0-7 The ASCT shall not inhibit negative vehicle and 

pedestrian phase timing. 
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9 

9 Special Functions 

 

9.0-1 The ASCT shall set a specific state for each special 

function output based on the occupancy on a 

user-specified detector. 

1.9.0-1.0-8 

Allow the controller to respond independently to individual lanes of an 

approach. This may allow the adaptive operation to be based on data from a 

specific detector, or by excluding specific detectors. 

9.0-2 The ASCT shall set a specific state for each special 

function output based on the current cycle 

length. 

 

9.0-3 The ASCT shall set a specific state for each special 

function output based on a time-of-day schedule. 

 

10 

10 Detection 

 

10.0-1 The ASCT shall be compatible with the following 

detector technologies: 

Inductive Loop Detection 

Microwave Radar Detection (Wavetronix 

Matrix and Side Fired Smartsensor HD) 

Magnetometer (Sensys) 
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11 

11 Railroad and EV Preemption 

 

11.0-1 The ASCT shall maintain adaptive operation at 

non-preempted intersections during railroad 

preemption. 

1.13.0-1 

The system operator needs to accommodate railroad and light rail preemption 

11.0-2 The ASCT shall maintain adaptive operation at 

non-preempted intersections during emergency 

vehicle preemption. 

1.13.0-2 

The system operator needs to accommodate emergency vehicle preemption 

including infrared and GPS preemption devices. 

11.0-3 The ASCT shall maintain adaptive operation at 

non-preempted intersections during Light Rail 

Transit preemption. 

1.13.0-1 

The system operator needs to accommodate railroad and light rail preemption 

11.0-4 The ASCT shall resume adaptive control of signal 

controllers when preemptions are released. 

1.13.0-1 

The system operator needs to accommodate railroad and light rail preemption 

1.13.0-2 

The system operator needs to accommodate emergency vehicle preemption 

including infrared and GPS preemption devices. 

11.0-5 The ASCT shall execute user-specified actions at 

non-preempted signal controllers during 

1.13.0-1 

The system operator needs to accommodate railroad and light rail preemption 
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preemption. (E.g., inhibit a phase, activate a sign, 

display a message on a DMS) 

1.13.0-2 

The system operator needs to accommodate emergency vehicle preemption 

including infrared and GPS preemption devices. 

11.0-6 The ASCT shall operate normally at non-

preempted signal controllers when special 

functions are engaged by a preemption event. 

(Examples of such special functions are a phase 

omit, a phase maximum recall or a fire route.) 

1.13.0-1 

The system operator needs to accommodate railroad and light rail preemption 

1.13.0-2 

The system operator needs to accommodate emergency vehicle preemption 

including infrared and GPS preemption devices. 

11.0-7 The ASCT shall release user-specified signal 

controllers to local control when one signal in a 

group is preempted. 

1.13.0-1 

The system operator needs to accommodate railroad and light rail preemption 

1.13.0-2 

The system operator needs to accommodate emergency vehicle preemption 

including infrared and GPS preemption devices. 

11.0-8 The ASCT shall not prevent the local signal 

controller from operating in normally detected 

limited-service actuated mode during 

preemption. 

1.13.0-1 

The system operator needs to accommodate railroad and light rail preemption 

1.13.0-2 
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The system operator needs to accommodate emergency vehicle preemption 

including infrared and GPS preemption devices. 

11.0-9 The ASCT shall be fully compatible with Global 

Traffic Technologies (GTT) Opticom infrared/ 

GPS/ multimode pre-emption detection systems 

1.15.0-1.0-3 

Preemption equipment - Global Traffic Technologies (GTT) Opticom infrared/ 

GPS/ multimode pre-emption detection systems 

12 

12 Transit Priority 

 

12.0-1 The ASCT shall continue adaptive operations of a 

group when one of its signal controllers has a 

transit priority call. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-2 The ASCT shall advance the start of a user-

specified green phase in response to a transit 

priority call. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-2.0-1 The advance of start of green phase shall be 

user-defined. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 
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12.0-2.0-2 Adaptive operations shall continue during the 

advance of the start of green phase. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-3 The ASCT shall delay the end of a green phase, in 

response to a priority call. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-3.0-1 The delay of end of green phase shall be user-

defined. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-3.0-2 Adaptive operations shall continue during the 

delay of the end of green phase. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-4 The ASCT shall permit at least 2 exclusive transit 

phases. 

1.13.0-3 
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The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-4.0-1 Adaptive operations shall continue when there is 

an exclusive transit phase call. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-5 The ASCT shall control vehicle phases 

independently of the following: 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-5.0-1 LRT only phases 1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-5.0-2 Bus only phases 1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 
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12.0-6 The ASCT shall interface with external bus transit 

priority system. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-6.0-1 The ASCT shall provide green extension when 

requested by an approaching bus. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-6.0-2 The ASCT shall provide early start of green when 

requested by an approaching bus. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-6.0-3 The vendor shall describe how bus transit priority 

is provided by the ASCT. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-6.0-4 The vendor shall list all existing bus signal priority 

systems that are accommodated by the ASCT. 

1.13.0-3 
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The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-7 The ASCT shall interface with external light rail 

transit priority system. 

 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-7.0-1 The ASCT shall provide green extension when 

requested by an approaching light rail vehicle. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-7.0-2 The ASCT shall provide early start of green when 

requested by an approaching light rail vehicle. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-7.0-3 The vendor shall describe how light rail transit 

priority is provided by the ASCT. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 
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12.0-7.0-4 The vendor shall list all existing light rail transit 

priority systems that are accommodated by the 

ASCT. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

12.0-8 The ASCT shall accept a transit priority call from: 

a signal controller/transit vehicle detector; 

an external system. 

1.13.0-3 

The system operator needs to accommodate bus and light rail transit signal 

priority to accommodate the Intermodal Transportation Master Plan currently 

in development 

13 

13 Failure Events and Fallback 

 

13.1 
13.1 Detector Failure 

 

13.1.0-1 The ASCT shall take user-specified action in the 

absence of valid detector data from 25% of 

vehicle detectors within a group. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.1.0-1.0-1 The ASCT shall release control to central system 

control. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 



 

Franklin ASCT 
System Requirements to Needs Trace Page 179 of 192 Updated: April 8, 2015 

Requirements 

Reference 

Number 

System Requirements Sample Requirements Need Statement (Con Ops) 

13.1.0-1.0-2 The ASCT shall release control to local operations 

to operate under its own time-of-day schedule. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.1.0-1.0-3 The ASCT shall place a phase without valid 

detection data on maximum recall. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.1.0-2 The ASCT shall use the following alternate data 

sources for operations in the absence of the real-

time data from a  detector: 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.1.0-2.0-1 Data from a user-specified alternate detector. 1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.1.0-2.0-2 Stored historical data from the failed detector. 1.14.0-1 
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The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.1.0-2.0-3 The ASCT shall switch to the alternate source in 

real time without operator intervention. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.1.0-3 In the event of a detector failure, the ASCT shall 

issue an alarm to user-specified recipients.  (This 

requirement may be fulfilled by sending the 

alarm to a designated list of recipients by a 

designated means, or by using an external 

maintenance management system. 

1.12.0-1 

The system operator needs to immediately notify maintenance and operations 

staff of alarms and alerts. 

13.1.0-4 In the event of a failure, the ASCT shall log details 

of the failure in a permanent log. 

1.12.0-2 

The system operator needs to maintain a complete log of alarms and failure 

events. 

13.1.0-5 The permanent failure log shall be searchable, 

archivable and exportable.  

1.12.0-2 

The system operator needs to maintain a complete log of alarms and failure 

events. 

13.2 
13.2 Communications Failure 

 



 

Franklin ASCT 
System Requirements to Needs Trace Page 181 of 192 Updated: April 8, 2015 

Requirements 

Reference 

Number 

System Requirements Sample Requirements Need Statement (Con Ops) 

13.2-1 The ASCT shall execute user-specified actions 

when communications to one or more signal 

controllers fails within a group.  

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.2-1.0-1 In the event of loss of communication to a user-

specified signal controller, the ASCT shall release 

control of all signal controllers within a user-

specified group to local control. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.2-1.0-2 The ASCT shall switch to the alternate operation 

in real time without operator intervention. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.2-2 In the event of communications failure, the ASCT 

shall issue an alarm to user-specified recipients.  

(This requirement may be fulfilled by sending the 

alarm to a designated list of recipients by a 

designated means, or by using an external 

maintenance management system. 

1.12.0-1 

The system operator needs to immediately notify maintenance and operations 

staff of alarms and alerts. 

13.2-3 The ASCT shall issue an alarm within 2 minutes of 

detection of a failure. 

1.12.0-1 
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The system operator needs to immediately notify maintenance and operations 

staff of alarms and alerts. 

13.2-4 In the event of a communications failure, the 

ASCT shall log details of the failure in a 

permanent log. 

1.12.0-2 

The system operator needs to maintain a complete log of alarms and failure 

events. 

13.2-5 The permanent failure log shall be searchable, 

archivable and exportable.   

1.12.0-2 

The system operator needs to maintain a complete log of alarms and failure 

events. 

13.3 
13.3 Adaptive Processor Failure 

 

13.3-1 The ASCT shall execute user-specified actions 

when adaptive control fails: 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.3-1.0-1 The ASCT shall release control to central system 

control. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 
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13.3-1.0-2 The ASCT shall release control to local operations 

to operate under its own time-of-day schedule. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

13.3-2 In the event of adaptive processor failure, the 

ASCT shall issue an alarm to user-specified 

recipients.  (This requirement may be fulfilled by 

sending the alarm to a designated list of 

recipients by a designated means, or by using an 

external maintenance management system. 

1.12.0-1 

The system operator needs to immediately notify maintenance and operations 

staff of alarms and alerts. 

13.3-3 The permanent failure log shall be searchable, 

archivable and exportable.   

 

13.3-4 During adaptive processor failure, the ASCT shall 

provide all local detector inputs to the local 

controller. 

1.14.0-1 

The system operator needs to fall back automatically to TOD or isolated free 

operation, as specified by the operator, in the event of equipment, 

communications and/or software failure. 

14 

14 Software 

 

14.0-1 The vendor's adaptive software shall be fully 

operational within the following platform: 

1.15.0-2 
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Windows-PC, operating Windows 7 

Windows-PC, operating Windows 8  

The system operator needs to use equipment and software acceptable under 

current agency IT policies and procedures. 

14.0-2 The ASCT shall fully satisfy all requirements when 

connected with the following detectors: 

Wavetronix Radar, inductive loops, Sensys 

magnetometers. 

1.15.0-1.0-2 

Detector type - Inductive Loop, Microwave Radar, and Sensys Magnetometers 

used under special permissions 

14.0-3 The ASCT shall fully satisfy all requirements when 

connected with Eagle M50 series controllers. 

1.15.0-1.0-1 

Controller type - Siemens M50 series controllers 

14.0-4 The ASCT shall fully satisfy all requirements when 

connected with the following cabinet types: 

1.15.0-1.0-5 

Cabinet type and size - NEMA TS1 and NEMA TS2 (Type 1) 

14.0-4.0-1 NEMA TS1 1.15.0-1.0-5 

Cabinet type and size - NEMA TS1 and NEMA TS2 (Type 1) 

14.0-4.0-2 NEMA TS2 - tYPE 1 1.15.0-1.0-5 

Cabinet type and size - NEMA TS1 and NEMA TS2 (Type 1) 

14.0-5 The ASCT shall fully satisfy all requirements when 

connected an Ethernet over fiber 

communications system 

1.15.0-1.0-4 

Communication system -Ethernet over fiber 
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14.0-6 The ASCT shall fully satisfy all requirements 

without inhibiting any feature of Siemens 

TACTICS central system. 

1.15.0-1.0-6 

Central traffic signal system software - the adaptive system must operate in 

harmony with the existing Siemens TACTICS central system. 

15 

15 Training 

 

15.0-1 The vendor shall provide the following training.  1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 

15.0-1.0-1 The vendor shall provide training on the 

operations of the adaptive system. 

1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 

15.0-1.0-2 The vendor shall provide training on 

troubleshooting the system. 

1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 

15.0-1.0-3 The vendor shall provide training on preventive 

maintenance and repair of equipment. 

1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 
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15.0-1.0-4 The vendor shall provide training on system 

configuration. 

1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 

15.0-1.0-5 The vendor shall provide training on 

administration of the system. 

1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 

15.0-1.0-6 The vendor shall provide training on system 

calibration. 

1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 

15.0-1.0-7 The vendor's training delivery shall include: 

printed course materials and references, 

electronic copies of presentations and 

references. 

1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 

15.0-1.0-8 The vendor's training shall be delivered at City of 

Franklin offices. 

1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 

15.0-1.0-9 The vendor shall provide a minimum of 40 hours 

training to a minimum of 5 staff.  

1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 
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15.0-1.0-10 The vendor shall provide a minimum of 3 training 

sessions over a three months period. 

1.16.0-1 

The City needs all staff involved in operation and maintenance to receive 

appropriate training. (Details to be specified later) 

16 

16 Maintenance, Support and 

Warranty 

 

16.0-1 The Maintenance Vendor shall provide 

maintenance according to a separate 

maintenance contract. That contract should 

identify repairs necessary to preserve 

requirements fulfillment, responsiveness in 

effecting those repairs, and all requirements on 

the maintenance provider while performing the 

repairs. 

1.16.0-2 

The agency needs the system to fulfill all requirements for the life of the 

system. The City therefore needs the system to be maintained to repair faults 

that are not defects in materials and workmanship. (Details to be specified 

later) 

16.0-2 The Vendor shall provide routine updates to the 

software and software environment necessary to 

preserve the fulfillment of requirements for a 

period of 10 years following final acceptance. 

Preservation of requirements fulfillment 

especially includes all IT management 

requirements as previously identified. 

1.16.0-4 

The City needs the system to fulfill all requirements for the life of the system. 

The City therefore needs support to keep software and software environment 

updated as necessary to prevent requirements no longer being fulfilled. (Details 

to be specified later) 
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16.0-3 The Vendor shall warrant the system to be free 

of defects in materials and workmanship for a 

period of 2 years following final acceptance. 

Warranty is defined as correcting defects in 

materials and workmanship (subject to other 

language included in the purchase documents).  

Defect is defined as any circumstance in which 

the material does not perform according to its 

specification. 

1.16.0-3 

The City needs the system to fulfill all requirements for the life of the system. 

The City therefore needs the system to remain free of defects in materials and 

workmanship that result in requirements no longer being fulfilled. (Details to be 

specified later) 

16.0-4 All equipment and other elements of the ASCT 

shall be located and installed in a fashion that 

will permit City staff to access it for maintenance 

and support activities in the field, at the TOC, and 

at other locations within the City, without special 

access equipment not normally available to them 

1.18.0-1 

Each maintenance crew needs all applicable equipment to be readily accessible 

for maintenance and support activities in the field, at the TOC, and at other 

locations within the City, without special access equipment not normally 

available to them. 

17 

17 Schedule 

 

17.0-1 The ASCT shall set the state of external 

input/output states according to a time-of-day 

schedule. 

 

17.0-2 The ASCT output states shall be settable 

according to a time-of-day schedule 
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17.0-3 The ASCT operational parameters shall be 

settable according to a Time of Day schedule 

 

18 

18 Performance Measurement, 

Monitoring and Reporting 

 

18.0-1 The ASCT shall report measures of current traffic 

conditions on which it bases signal state 

alterations. 

1.11.0-1 

The system operator needs to store and report data used to calculate signal 

timing and have the data available for subsequent analysis. 

18.0-2 The ASCT shall report all intermediate calculated 

values that are affected by calibration 

parameters. 

1.11.0-1 

The system operator needs to store and report data used to calculate signal 

timing and have the data available for subsequent analysis. 

18.0-3 The ASCT shall maintain a log of all signal state 

alterations directed by the ASCT. 

1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

1.11.0-1 

The system operator needs to store and report data used to calculate signal 

timing and have the data available for subsequent analysis. 
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18.0-3.0-1 The ASCT log shall include all events directed by 

the external inputs. 

1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

18.0-3.0-2 The ASCT log shall include all external output 

state changes. 

1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

18.0-3.0-3 The ASCT log shall include all actual parameter 

values that are subject to user-specified values. 

1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

18.0-3.0-4 The ASCT shall maintain the records in this ASCT 

log for 30 period. 

1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

18.0-3.0-5 The ASCT shall archive the ASCT log in the 

following manner:  

Contain all ASCT log data for previous 6 months 

1.11.0-6 
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Format accessible by MS Excel 

Store on external hard drive 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

18.0-3.0-5.0-1 At user-specified frequency, from zero to six 

months; 

1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

18.0-3.0-5.0-2 Format accessible by Microsoft Excel 1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 

18.0-3.0-5.0-3 Stored on hard drive external to the ASCT system 1.11.0-6 

The system operator needs to generate historic and real-time reports that 

effectively support operation, maintenance and reporting of system 

performance and traffic conditions. 
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1.0 ASCT System Validation Plan 
This document will be a guide to the validation plan of the adaptive signal control technology (ASCT) that 

will be implemented at the City of Franklin, TN. This document is part of the total System Engineering 

Analysis (SEA) developed to select and deploy an ASCT system for the City. This document reiterates the 

scope of the project, the referenced documents that are used to prepare the validation plan, details on 

the actual conduct of validation, and provides a list of the validation and methods to be used.  

It will be the City of Franklin’s responsibility to carry out measuring the performance of the ASCT through 

acceptance and commitment to this Validation Plan. It is imperative that operations and maintenance 

(O&M) personnel understand the importance of validating the ASCT on a regular basis in order to quantify 

and qualify the benefits of the system. 

2.0 Scope of Project 
The purpose of this project is to define the City’s signal needs and objectives for adaptive traffic signal 

control in the Cool Springs area, and to select a system that can best accommodate the City’s needs and 

objectives. The PS&E portion of this project will design the adaptive traffic signal system that satisfies the 

documented system requirements of this SEA. 

This project involves consideration of application of ASCT initially to one or more of six corridors. However, 

to the extent that it appears feasible, consideration will also be given to application of ASCT to other future 

corridors as the activities within the city grow. It is anticipated that not all corridors will be candidates for 

ASCT, as observed and studied in this project, however, this SEA will serve as the basis for the City’s needs 

and objectives of what they want an adaptive signal strategy to be including the corresponding 

requirements of an ASCT system within the City of Franklin. 

The primary objectives of the adaptive traffic signal system in this project are to accommodate the 

irregular traffic patterns within the project area, provide smoother traffic flow along the main arterials 

within the project, and accommodate future developments within and near the project area. The needs 

and requirements of the ASCT is as stated in the Concept of Operations and System Requirements 

documents within the SEA.  

3.0 Referenced Documents 
The following documents supported the preparation of the validation plan: 

Planning Documents 

 City of Franklin Major Thoroughfare Plan  

 http://www.franklin-gov.com/home/showdocument?id=11776 

 City of Franklin Roadway Enhancement Master Plan  

 http://www.franklin-gov.com/home/showdocument?id=5872 

 Integrated Growth Plan, Carothers Parkway and East McEwen Drive 

 http://www.franklin-gov.com/your-government/engineering/transportation/traffic-studies-and-
projects/integrated-growth-plan 

 Relevant TIP Projects: 

http://www.franklin-gov.com/home/showdocument?id=11776
http://www.franklin-gov.com/home/showdocument?id=11776
http://www.franklin-gov.com/home/showdocument?id=5872
http://www.franklin-gov.com/home/showdocument?id=5872
http://www.franklin-gov.com/your-government/engineering/transportation/traffic-studies-and-projects/integrated-growth-plan
http://www.franklin-gov.com/your-government/engineering/transportation/traffic-studies-and-projects/integrated-growth-plan


 

Franklin ASCT 
Validation Page 4 of 7 February 6, 2015 

 
 

 2009-67-026 Franklin ITS Infrastructure 

 MPO’S REGIONAL TRANSPORTATION PLAN 

 http://www.nashvillempo.org/plans_programs/rtp/2035_rtp.aspx 

Adaptive Signals 

 City of Franklin ASCT System Requirements, September 2014 

 City of Franklin ASCT Concept of Operations, August 2014 

 NCHRP Synthesis 403: “Adaptive Traffic Control Systems: Domestic and Foreign State of Practice”, 
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_syn_403.pdf 

ITS, Operations, Architecture, Others 

 FHWA Rule 940, Federal Register / Vol. 66, No. 5 / Monday, January 8, 2001 / Rules and Regulations, 
DEPARTMENT OF TRANSPORTATION,  Federal Highway Administration 23 CFR Parts 655 and 940, 
(FHWA Docket No. FHWA-99-5899) RIN  2125-AE65 Intelligent Transportation System Architecture 
and Standards 

 Regional ITS Architecture Guidance Document, “Developing, Using, and Maintaining an ITS 
Architecture for your Region; National ITS Architecture Team; October, 2001 

 Nashville Area Metropolitan Planning Organization’s ITS Master Plan 

 Nashville Regional ITS Architecture 
http://www.nashvillempo.org/docs/ITS/Nashville_Regional_ITS_Architecture.pdf 

 City of Franklin ITS Master Plan, http://www.franklin-gov.com/home/showdocument?id=14809 

System Engineering 

 FHWA. (2012, August). Model Systems Engineering Documents for Adaptive Signal Control 
Technology (ASCT) Systems - Final Guidance Document. U.S. Department of Transportation. 

 FHWA. (2007, January). Systems Engineering for Intelligent Transportation Systems - An Introduction 
for Transportation Professionals. U.S. Department of Transportation. 

 FHWA Systems Engineering Guidebook Version 3.0, http://www.fhwa.dot.gov/cadiv/segb/ 

Procurement 

 NCHRP 560 Guide to Contracting ITS Projects, 
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_560.pdf 

The Road to Successful ITS Software Acquisition, 

http://www.fhwa.dot.gov/publications/research/operations/its/98036/rdsuccessvol2.pdf 

4.0 Conducting Validation 
System validation contains both short and long term performance measure monitoring of the ASCT. The 

system validation will be conducted mostly by the traffic operations staff. The system operator of the 

adaptive signal control technology assigned by the City of Franklin will conduct the validation tests, record 

the results, and prepare summary reports of the results with the appropriate engineering support from 

the City.  

http://www.nashvillempo.org/plans_programs/rtp/2035_rtp.aspx
http://www.nashvillempo.org/plans_programs/rtp/2035_rtp.aspx
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_syn_403.pdf
http://www.nashvillempo.org/docs/ITS/Nashville_Regional_ITS_Architecture.pdf
http://www.franklin-gov.com/home/showdocument?id=14809
http://www.fhwa.dot.gov/cadiv/segb/
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_560.pdf
http://www.fhwa.dot.gov/publications/research/operations/its/98036/rdsuccessvol2.pdf


 

Franklin ASCT 
Validation Page 5 of 7 February 6, 2015 

 
 

Before conducting any validation tests, the validation conductor will prepare a validation procedure for 

each validation test. The validation procedure will describe the equipment setup, responsible personnel 

and steps to be followed to conduct the validation test. 

The validation tests will be conducted after the system deployment and verification tests are complete. 

The validation conductor will use the hardware and software setup for the adaptive signal operation as 

well as any available existing software and measurement devices. The system operator will configure 

system software to setup the required performance measure to collect and process data for validation 

tests.  The system operator may need to observe traffic operation in the field or via traffic cameras (where 

available) to measure test outcomes of some of the validation tests.  

Validation of several cases, identified as operational scenarios in the Concept of Operations, will require 

a comparison of operations before and after implementation of the ASCT system. Data to be used for 

validation should be collected prior to implementation of the ASCT or during a brief period after 

implementation when the system is turned off specifically for collecting before data. 

Once before/after data has been collected and reported, it is imperative that ongoing performance 

measurements on the system be collected at various intervals over time to promote continual use of the 

ASCT, or to improve upon the ASCT operation by adjusting variables as deemed necessary. Those 

monitoring and collection intervals should be selected by the City of Franklin operations personnel to best 

fit their needs and schedule. It should be noted that variables within the ASCT system will specifically need 

adjustments throughout the life of the ASCT system periodically. The operations staff is expected to be 

trained on making minor adjustments to the system in order for the system to operate at its highest level. 

5.0 Validation Identification 
The following validation scenarios shall be tested and documented by the validation conductor. The 

validation tests will validate the user needs to evaluate the project goals and the key operational scenarios 

described in the Concept of Operations document. User needs related to system interface and control 

features will be tested through the system verification only (per the Verification Plan). The Validation Plan 

is intended to highlight ongoing performance measures that will need continued monitoring. 

Objective Performance Measure Type of data collection and 
analysis 

More rapidly adjust operations 
to changing traffic conditions 

Assess suitability of timing 
pattern against traffic volumes 

Continuous reports from ASCT 
system with validation from 
CCTV cameras 

Reduce delays at traffic signals Total intersection delay 

Pedestrian delay 

Spot measurements, derived 
from or reported by ASCT 
system. Schedule delay surveys 
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Objective Performance Measure Type of data collection and 
analysis 

Smooth the flow of traffic along 
coordinated routes 

Number of stops on route 

Arrivals on red 

Floating car surveys 

Purdue Coordination Diagram 
and associated statistics from 
advance detection 

Maximize the throughput of 
traffic along coordinated routes 

Volume at critical locations on 
route 

Continuous flow volume 
measurement by ASCT system 
or TACTICS 

Volume measurement from 
temporary detection devices 
(COF temp detection) as needed 

Equitably serve adjacent land 
uses 

Av delay per vehicle per phase  

No. of phases with residual 
queues 

Field observations 

Reason for phase termination – 
continuous measurement by 
ASCT system 

Derive estimate of phase 
failures from signal system data 
in TACTICS 

Manage queues, to prevent 
excessive queuing from 
reducing efficiency 

Queue spillover frequency and 
severity 

Surveys at critical locations. 

Ongoing queue detection and 
continuous reporting by ASCT or 
TACTICS 

CCTV camera validation and 
observation 

Allow continuous monitoring 
and control of traffic signals by 
system operator 

System availability (>95% 
uptime from ASCT) 

Continuous reporting by ASCT 
system or TACTICS for Adaptive 
operation.  Validation by 
communication report/logs 

Adhere to applicable traffic 
signal and ITS design standards 
and the Regional ITS 
Architecture 

Confirmation by demonstration Reference changes of system to 
new TDOT ITS design standards 
and Regional Architecture for 
assured compliance. 

Reduce vehicle emissions 
through improvements in 
appropriate determinants such 
as vehicle stops and delays 

Estimated vehicle emissions 

 

Derived from stops and delay 
measurements. If available, 
CCTV used to observe stops and 
measure delay 

Option: Bluetooth and cell 
phone sources for continual 
monitoring or environmental 
sensor deployment 
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Objective Performance Measure Type of data collection and 
analysis 

Provide ease of maintenance 
and day-to-day operation of the 
traffic signals. Make more 
efficient use of the staff time 
available. 

O&M Staff Hours at ASCT 
intersections vs other 
intersections 

Noting Location of O&M 
activities by intersection and 
time 

Maintain the existing level of 
safety at ASCT intersections 

Number, Type, Severity of crash 
data 

Pull from police database 
before and after ASCT 
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