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Project Specific Special


SECTION 740

SIGNALS AND LIGHTING MATERIALS

Special Provisions

Replace subsection 740-2.02 with the following:  
740-2.02 SIGNAL AND LIGHTING POLES.  

1.
Design.  Design and fabricate highway lighting and traffic signal structures with pole shaft lengths to 65 feet long to conform to the 1994 Edition of AASHTO Standard Specifications for Structural Supports for Highway Signs, Luminaires and Traffic Signals with interim revisions.  For the design and fabrication of high tower poles, see subsection 740-2.04.

A registered professional engineer shall design the structures and provide stamped shop drawings and calculations.  Submit the stamped drawings and calculations for each pole to the Engineer for approval.  Design for stresses on the completed structure with hardware in place.

a.
In the stamped calculations, indicate the edition of Standard Specifications to which the poles are being designed and provide the input data used to design each pole and mast arm, including:  design wind speed, cross section shape, yield strengths of the component materials, dimensions of the pole components, and a summary of the loads used.

b.
On the stamped shop drawings, provide design wind speed and the details for building the poles and mast arms, including:  materials specifications, slip fit joint dimensions, pole component dimensions, welds that will be made, and the welding inspection that will be done.

Submit the mill certifications for the steel items (piles, plates, bolts, and other related items) to the Engineer for approval.

Design poles for 100 mph winds with a 1.3 gust factor.

Design each electrolier to support a sign with an area of 16 square feet with its centroid located 14 feet above the base of the pole. 

2.
Fabrication.  Fabricate signal and lighting structures from tapered steel tubes with a round or 16 sided cross section.  Orient hand holes located near the base of poles to face downstream of traffic flow.

Provide traffic signal poles, lighting poles, and signal mast arms in lengths evenly divisible by 5 feet.

Furnish poles and mast arms up to 40 feet long in one piece.  Poles and mast arms longer than 40 feet may be furnished in one piece or in two segments with a slip type field splice.  For slip type joints, provide a minimum overlap of two times the inside diameter of the female section.  In mast arms, locate these splices at least one foot away from the Plan location of signal heads and signs.  In signal poles, locate the edge of the female section at least 6 inches above the top of the signal mast arm connection.

Fabricate tubes with walls up to ½ inch thick from the prequalified base metals listed in AWS D1.1.  Fabricate elements greater than ½ inch thick from steel that conforms to ASTM A 709 and meets the Fracture Critical Impact Test requirements for zone 3.  The Department will not accept structures that contain or are made with laminated steel elements.

Fabricate each tube from no more than 2 pieces of steel.  When using 2 pieces, place the longitudinal welded seams directly opposite one another.  Place the welded seams on adjacent sections to form continuous straight seams from the base to the top of the pole.

When tenons are needed to install traffic signals and luminaires, make them from two inch nominal schedule 40 pipe that conforms to ASTM A 53 Grade B.

Fabricate 10 feet long signal posts from 7 US Standard Gage sheet steel.  Fabricate each post with a minimum inside diameter of five inches at the base plate.  Use a 3½-inch long piece of four inch nominal schedule 40 pipe that conforms to ASTM A 53 Grade B as a post-top adapter.

The Department does not allow holes made for lifting purposes in the ends of tubular segments, except in the free ends of luminaire mast arms.  To add lift points, weld them to the tube opposite the longitudinal seam weld on the outside of female segments and on the inside of male segments.  Before shipment, remove lift points added to the outside of the tubes, grind the area smooth with the base metal, and hot stick repair the finish according to subsection 660-3.01.8.a.  Lift points added to the inside of tubes in place may be left in place.

Hot dip galvanize lighting and signal structures to meet AASHTO M 111 and these specifications.  Completely submerge pole and mast arm segments in one dip in a kettle of concentrated zinc ammonium chloride flux solution heated to 130 oF, then completely submerge in one dip in a separate kettle of prime western grade zinc heated to approximately 825 oF. Galvanize bolts and fasteners to meet AASHTO M 232.

After the poles and mast arms are galvanized, remove all excess zinc from all drip lines and points and the surfaces of all tube ends that form slip type joints to provide a smooth finish.

The Department will reject poles and mast arms that are:

a.

Not fabricated according to these specifications or the approved shop drawings,

b.
Bowed with sweeps exceeding ¾ inch throughout the length of the pole, mast arm, or segment, if furnishing a 2 piece pole or mast arm,

c.
Out of round.  Sections are out of round when the diameters of round members or the dimension across the flats of multisided members exceed 2 percent of the dimension specified on the shop drawings.

Fabricate pile cap adapters from grade X42 steel line pipe that conforms to API 5L and from steel plate that conforms to ASTM A 709 Grade 50.  Attach the anchor plate to the pile section with a complete joint penetration (CJP) weld.  Fabricate the anchor plate to match the base plate of the lighting standard.  

3.
Welding.  Perform welding to conform to subsection 504-3.01 8. Welding and the following: 

a.
Make welds continuous.  Grind exposed welds flush with the base metal at slip fit joints, the length of the slip fit joint plus one half the diameter of the female section.

b.
Use partial joint penetration (PJP) welds in longitudinal seams.  PJP welds must provide at least 60% penetration. 

c.
Use CJP groove welds to connect base plates to tubes with walls 5/16 inch thick and thicker.  When CJP groove welds are used, the designer may use additional fillet welds when deemed necessary.

d.
Use socket type joints with two fillet welds to connect base plates to tubes with walls less than 5/16 of an inch thick. 

e.
On steels 5/16 of an inch thick and thicker, inspect 100 Percent of CJP welds by either radiography (RT) or ultrasound (UT).

f.
Inspect a random 25 percent of PJP and fillet welds by magnetic particle (MT).  If a defect is found, inspect 100% of the PJP and fillet welds made to fill the order.  In steels less than 1/8 inch thick, complete the tests according to AWS D1.3.  

g.
Only visually inspect welds made on luminaire mast arms.

4.
Miscellaneous.  Finish the edges of poles and mast arms to conform to the following requirements.  Before hot dip galvanizing, neatly round the following features to the radius specified

a.
On holes through which electrical conductors pass, provide a 1/16 inch radius on both the entrance and exit edges,

b.
On pole base plates, provide a 1/8 inch radius on edges along which plate thickness is measured and a smooth finish on all other exposed edges, 

c.
On the ends of tubes that form slip type joints, complete the following tasks on the two surfaces that contact one another.  First, provide 1/16 inch radii on the inside and outside edges of the female and male segments, respectively.  Then for the length of the joint plus one half the diameter of the female section grind down welds until they feature a radius concentric with the mating surface and remove material protruding from the two surfaces.


Provide caps to cover the free ends of poles and mast arms. 

Identify critical information for poles and arms with visible permanent aluminum tags that contain the information shown in Table 740-1.  The measurements shown are for illustration purposes only.  Use tags large enough to include required information using ¼ inch high text, 3/8 inch of space between successive lines of text, and at least 3/8 inch of space between the edges of the tag and the text.  Secure the tags with two 1/8 inch blind rivets at the base of poles and the under side of mast arms.  If furnishing a two piece signal mast arm with slip type joint, mark both pieces with the same message.

	TABLE 740-1

	POLE MARKINGS

	

	Note: Italic type indicates additional Tag Markings if poles have 2 luminaire or 2 signal mast arms.

	
	MEASUREMENTS
	TAG MARKINGS

	Signal Poles 

	a)
Signal mast arm length
	45 ft./55 ft.
	SMA 45/SMA 55

	b)
Luminaire mast arm length
	22 ft./18 ft.
	LMA 22/LMA 18

	c)
Pole height
	36 ft.
	PH 36

	d)
Intersection number (if more than one) -pole number
	
	1 - P 4

	e)
Sum of signal mast arm moments about centerline of signal pole
	
	SM 4000/SM 3200

	f)
Design wind speed
	100 mph
	DWS 100

	Light Poles

	a)
Luminaire mast arm length
	15 ft./15 ft.
	LMA 15/LMA 15

	b)
Pole height
	37 ft.
	PH 37

	Signal Mast Arm

	a)
Mast arm length
	40 ft.
	SMA 40

	b)
Intersection number (if more than one) -pole number
	
	1 - P 4

	c)
Sum of signal mast arm moments about centerline of signal pole
	
	SM 3740

	d)
Design wind speed
	100 mph
	DWS 100

	Luminaire Mast Arm
	
	

	
	
	

	a)
Mast arm length
	18 ft.
	LMA 18

	b)
Pole number (if unique arm design)
	
	P 4


(3/31/06)R98USC04
Replace subsection 740-2.04 with the following:  
740-2.04 HIGH TOWER POLES.  

1.
Design.  Design and fabricate high tower lighting poles to conform to the 2001 Edition of AASHTO Standard Specifications for Structural Supports for Highway Signs, Luminaires and Traffic Signals with interim revisions. 

A registered professional engineer shall design the structures and provide stamped shop drawings and calculations.  Submit the stamped drawings and calculations for each pole to the Engineer for approval.  Design for stresses on the completed structure with hardware in place.

a.
In the stamped calculations, indicate the edition of Standard Specifications to which the poles are being designed and provide the input data used to design each pole, including:  design wind speed, cross section shape, yield strengths of the component materials, dimensions of the pole components, and a summary of the loads used.

b.
On the stamped shop drawings, provide the criteria to which the poles are designed and the details for building the poles, including:  materials specifications, slip fit joint dimensions, dimensions of the tube segments and other components, the total weight of each segment, the welds that will be made, and the welding inspection that will be done.

The pole manufacturer shall submit a pole installation plan that details the work required to assemble each pole, the locations of timber supports during and after pole assembly.  Submit this plan with the stamped plans and calculations.

Submit the mill certifications for steel items (piles, plates, bolts, and other related items) to the Engineer for approval.

Design high tower poles for a 50 year design life and the basic wind speed shown in the 2001 AASHTO Standard Specifications for Structural Supports or for 100 mph, whichever is greater.  Use a gust effect factor of 1.14.

For fatigue design, use fatigue category I importance factors for lighting poles, and design poles that taper less than 0.14 inches of diameter per foot to resist the effects of vortex shedding.  

Furnish poles fabricated from tapered steel tubes with a round, or 16 sided cross section.  Use no more than four tapered tube segments with slip type field splices to form each pole.  For the slip type joints, provide a minimum overlap of 2 times the inside diameter of the female section.

Furnish poles that allow the luminaire ring to descend within five feet of the base plate.

Design poles to support a load that consists of the lowering device and ten luminaires equipped with light shields.  Use the following values for these components.

Component
Effective Projected Area
Weight
One lowering device
8.6 ft2
309 lbs

Ten luminaires
21.5 ft2
617 lbs

Ten light shields
30.0 ft2
22 lbs

2.
Fabrication.  Provide a reinforced rectangular hand hole that provides an opening large enough to install the winch assembly.

Provide a detachable door over the hand hole frame including hinges, nuts to fasten the door to the frame, and a neoprene gasket to provide a watertight seal around the frame. Provide for a locking mechanism for the hand hole door.

Fabricate the reinforced rectangular hand hole to provide maintenance access to the integral luminaire lowering device with a minimum clearance of 12 inches and a maximum clearance of 13 inches between the top of the base plate and the bottom of the hand hole opening.

Fabricate the base plate to match the bolt circle diameter and the quantity and size of anchor bolts of the foundation detailed on the Plans.  Ensure the 2 inch anchor bolts conform to ASTM F 1554, Grade 55 with Supplemental Impact Test Requirements of Section S4.  Hot dip galvanize the top 30 inches of each bolt according to ASTM A153.  Use nuts that conform to ASTM Specification A 194 or A 563 of the grade, surface finish, and style for 2 inch diameter anchor rods.  Washers shall conform to ASTM F 436 Type 1.

The distance from bottom of the leveling nut to the top of the concrete of the anchor bolts will not exceed one inch.

Install a hook to the left of the hand hole for storing the winch control cable away from the top of the foundation.  Provide a 1 inch wide hook that features rounded edges, a 1½ inch radius, and 3 inches between the low point and free end of the hook.

Fabricate tubes with walls up to ½ inch thick from the prequalified base metals listed in AWS D1.1.  Fabricate elements greater than ½ inch thick from steel that conforms to ASTM A 709 and meets the Fracture Critical Impact Test requirements for zone 3.

Fabricate each tube from no more than 2 pieces of steel.  When using 2 pieces, place the longitudinal welded seams directly opposite one another.  Place the welded seams on adjacent segments to form continuous straight seams from the base to the top of the pole.  The Department will not accept poles and mast arms made with laminated steel elements.

The Department does not allow holes made for lifting purposes in the ends of tubular segments.  To add lift points, weld them at least 12 inches away from welds on the outside of female segments and on the inside of male segments.  Before shipment, remove added lift points, grind the area smooth with the base metal, and hot stick repair the finish according to subsection 660-3.01.8.a.

Provide the mounting brackets needed to install the luminaire ring lowering device, including the winch assembly, associated hardware, and the masthead assembly.

Around the top of each pole, provide a stabilizer system that prevents the luminaire ring from swinging freely when the top of the ring is within 24 inches of being fully docked in the masthead fitting.  The stabilizer system shall consist of at least three crooked F shaped brackets located symmetrically around each pole.  The brackets shall form a tapered bottom section and a parallel top section that restricts ring movement.  Bolt each bracket to two channels welded to the pole shaft.  With the Eagle lowering device, locate the brackets between the wheels that line the luminaire ring.  Design and fabricate the brackets from stainless steel tubing to withstand the load and wind speed used to design the poles.  The installed brackets shall just fit through a circle two inches smaller in diameter than the inside diameter of the luminaire ring.
Notify the Central Region Traffic Design Engineer, at (907) 269-0590 five calendar days before start of fabrication of the poles.

3.
Welding.  Perform welding to conform to subsection 504-3.01 8.  Welding and the following: 

a.
Make welds continuous.  Grind exposed welds flush with the base metal at slip joints, the length of the slip fit joint plus on half diameter of the female section.

b.

Use CJP groove welds on longitudinal seams within six inches of CJP circumferential welds.

c.
In the ends of those segments that form a slip type joint, provide CJP longitudinal seam welds at least the length of the slip joint plus one half times the diameter of the female section.

d.
Use CJP groove welds to connect base plates to tubes.  When CJP groove welds are used, the designer may use additional fillet welds when deemed necessary.

e.
Use socket type joints with two fillet welds to connect the pole top plates to tubes with walls less than 5/16 inch thick. 

f.
Use partial joint penetration (PJP) welds in longitudinal seams between the segments of CJP welds.  PJP welds must provide at least 60% penetration.

g.
Use PJP and fillet welds to attach hand-hole frames to the tube.

h.
On steels 5/16 inch thick and thicker, inspect 100 Percent of CJP welds by either radiography (RT) or ultrasound (UT).

j.
Inspect a random 25 percent of PJP and fillet welds by magnetic particle (MT). If a defect is found, inspect 100% of the PJP and fillet welds made to fill the order.  

Weld tags on the ends of segments that form slip type joints to facilitate field assembly.  Locate the tags to ensure segment alignment when the tags are aligned.  Attach the tags at least 12 inches away from the slip type joint.  Include the shop drawing number to which the poles are fabricated and pole length on the tag.

4.
Miscellaneous.  Finish poles to meet the following requirements.  Before they are galvanized, neatly round the following features to the radius specified

a.
On holes through which electrical conductors pass, provide a 1/16-inch radius on both edges,

b.
On pole base plates, provide a 1/8 inch radius on edges along which plate thickness is measured and a smooth finish on all other exposed edges, 

c.
On the ends of tubes that form slip type joints, complete the following tasks on the two surfaces that contact one another.  First, provide 1/16 inch radii on the inside and outside edges of the female and male segments, respectively.  Then for the length of the joint plus one half times the diameter of the female section do two things: grind down welds until a radius concentric is feature with the mating surface and remove material protruding from the two surfaces, and

5.
Rejection.  The Department will reject poles containing segments that

a.
Are not fabricated according to these specifications and the approved shop drawings,

b.
Are bowed with sweeps exceeding ¾ inch throughout the length of the segment,
c.
Are out of round.  Segments are out of round when the diameters of round members or the dimension across the flats of multisided members exceed 2 percent of the dimension specified on the shop drawings.

d.
Do not provide the minimum overlap of 2 times the inside diameter of the female section, in the slip type field splices when the pole is assembled.

6.
Galvanization.  Hot dip galvanize pole segments and attachments to meet AASHTO M 111 and these specifications.  Completely submerge pole segments in one dip in a kettle of concentrated zinc ammonium chloride flux solution heated to 130 oF, then completely submerge in one dip in a separate kettle of prime western grade zinc heated to approximately 825 oF.  Galvanize bolts and fasteners to meet AASHTO M 232.


After the poles and mast arms are galvanized, remove excess zinc from drip lines and points and the surfaces of tube ends that form slip type joints to provide a smooth finish.

740-2.05 CONDUCTORS.  Replace Table 740-2 with the following:

	TABLE 740-2

	CONDUCTOR TERMINATION TABLE

	

	CONDUCTORS
	CIRCUIT
	WIRE COLOR
	AWG.
	BAND

	PER CABLE
	
	
	NO.
	LEGEND

	7
	Vehicle Red 
	Red 
	14
	Head No.

	
	Vehicle Yellow 
	Orange 
	
	

	
	Vehicle Green
	Green
	
	

	
	Common Neutral 
	White 
	
	

	
	Spare
	White/Black
	
	

	
	Spare
	Black
	
	

	
	Spare 
	Blue
	
	

	7


	Vehicle Red Arrow 

Vehicle Yellow Arrow

Vehicle Green Arrow

Common Neutral

Spare

Spare

Spare
	Red 

Orange 

Green

White 

White/Black

Black

Blue
	14
	Head No.

	7
	Vehicle Red 
	Red 
	14
	Head No.

	
	Vehicle Yellow
	Orange
	
	

	
	Vehicle Green
	Green
	
	

	
	Common Neutral 
	White 
	
	

	
	Spare
	White/Black
	
	

	
	Vehicle Yellow Arrow 
	Black 
	
	

	
	Vehicle Green Arrow 
	Blue 
	
	

	4
	Pedestrian Don’t Walk 
	Red 
	14
	Head No.

	
	Pedestrian Walk 
	Green 
	
	

	
	Common Neutral 
	White 
	
	

	
	Spare
	Black 
	
	

	4
	Pedestrian Pushbutton 
	Black 
	14
	Head No.

	
	Neutral
	White
	
	

	
	Spare
	Red
	
	

	
	Spare
	Green
	
	

	5
	Photo Electric Control 
	Black 
	14
	PEC

	
	Load to Contactor 
	Red 
	
	

	
	Neutral 
	White 
	
	

	
	Spare
	Orange
	
	

	
	Spare
	Green 
	
	

	3
	Flashing Beacon
	Black
	14
	Head No.

	
	Neutral
	White
	
	

	
	Spare
	Red
	
	


	CONDUCTORS

PER CABLE
	CIRCUIT
	WIRE COLOR
	AWG. NO.
	BAND LEGEND

	3
	Preemption
	Black
	20
	
	

	
	Neutral

Spare
	White

Red
	
	“PRE”

	
	
	
	
	

	3
	Preemption Confirmation
	Black
	14
	“PRECON”

	
	Neutral
	White
	
	

	
	Spare
	Red
	
	

	3


	Highway Luminaire 

Highway Luminaire 

Highway Luminaire Spare 
	Black 

Red 

White 
	8 or 6


	Circuit No.

Circuit No.

	3


	Service to Controller 

Neutral 

Spare 


	Black 

White 

Red
	6 or 4


	“SIG”

No Band

	3
	Sign Luminaire

Sign Luminaire

Sign Spare
	Black

Red

White
	8
	No Band

SIGN

SIGN


Replace Item 5. with the following:

5.
Detector Loops.  Use No. 14 AWG conductors for detector inductive loops that meet IMSA Specification 51-3, Type RHW/USE, or IMSA Specification 51-5, when called for on the Plans or specified in the Special Provisions.

Replace “6 twisted pairs” in the second sentence of the 4th subparagraph of Item 6. with the following:”7 twisted pairs”

Replace TABLE 740-3 with the following:

TABLE 740-3

INTERCONNECT TERMINATION TABLE
	TELEMETRY CABLE: Type PE-39, No. 19 AWG, Solid Copper, as noted on the Plans or in the Special Provisions

	Pair No.
	Tip
	Ring
	Pair No.
	Tip
	Ring

	1
	White
	Blue
	14
	Black
	Brown

	2
	White
	Orange
	15
	Black
	Slate

	3
	White
	Green
	16
	Yellow
	Blue

	4
	White
	Brown
	17
	Yellow
	Orange

	5
	White
	Slate
	18
	Yellow
	Green

	6
	Red
	Blue
	19
	Yellow
	Brown

	7
	Red
	Orange
	20
	Yellow
	Slate

	8
	Red
	Green
	21
	Violet
	Blue

	9
	Red
	Brown
	22
	Violet
	Orange

	10
	Red
	Slate
	23
	Violet
	Green

	11
	Black
	Blue
	24
	Violet
	Brown

	12
	Black
	Orange
	25
	Violet
	Slate

	13
	Black
	Green
	
	
	


Replace subsection 740-2.06 with the following:  
740-2.06 ELECTRICAL CONDUIT AND FITTINGS.  Unless specified otherwise, use rigid metal conduit and fittings for raceways.  Furnish galvanized rigid type conduit and elbows that conform to UL-6 and are manufactured of mild steel according to ANSI C80.1.  Furnish third party certified fittings designed for rigid metal conduit.

For loop detectors, use Schedule 80 polyvinyl chloride (PVC) conduit that conforms to UL-651.  Use PVC fittings meeting NEMA TC 3.

When polyethylene conduits are specified in the Plans, use a smooth wall, schedule 80, high-density polyethylene (HDPE) pipe that conforms to UL 651 B and NEMA TC-7-2000.

Furnish insulated throat grounding bushings made of malleable iron or steel with a mechanically galvanized or zinc plated finish.  Grounding lugs shall either be an integral part of the bushing or consist of an attached tin plated copper saddle.  Grounding lugs shall feature a stainless steel screw, the centerline of which falls within 20 degrees of conduit centerline.  The bushings furnished shall also feature a stainless steel or brass mounting screw that locks the bushing onto the conduit end.  

Furnish conduit outlet bodies and their covers with a hot dip galvanized finish and stainless steel screws.  For loop detectors, furnish type X bodies and, for photoelectric control installation, furnish types C and LB conduit bodies.

When Myers hubs are specified, furnish rain tight, grounding type hubs made of malleable iron with a hot dip or mechanically galvanized finish.

At expansion joints, provide watertight expansion fittings capable of the following movements without damaging the conduits attached to it or the conductors that pass through it.  The movements include:  axial expansion or contraction to ¾ inch, angular misalignments in any direction to 30 degrees, and parallel misalignment of the conduits to ¾ inch.  The fittings shall also include a braided copper bonding jumper equal to an 8 AWG conductor, bushings to prevent scraping the conductors, and a smooth inner sleeve that maintains a constant diameter regardless of conduit alignment.

Replace subsection 740-2.09 with the following:  

740-2.09 CONTROLLER ASSEMBLIES. Provide solid state, traffic controller assemblies having level 2 conforming to NEMA Standard Publication TS 2-2003 V02.06, Traffic Controller Assemblies with NTCIP Requirements as defined in NTCIP1202.  Traffic Controller Assemblies must meet or exceed the Environmental Requirements of Section 2 of the NEMA TS2-2003 V02.06 document. The Original Equipment Manufacturer (OEM) and its manufacturing and testing facilities shall be ISO 9001:2000 certified for processes involving the Traffic Controller Assemblies.

Use traffic control equipment that is compatible with the existing traffic signal monitoring system.  Compatibility must be 100% at the cabinet level to include inputs, outputs, telemetry protocol, and block upload and download of RAM data.

The existing traffic signal monitoring system includes the following equipment:

Econolite ASC/2M-1000 Master Controller

Aries Zone Manager (version 3.10) by Econolite

In addition, features of the existing local controllers and controller modules must be functionally duplicated to meet or exceed the performance of the existing equipment.

The existing local controller cabinets at other intersections include the following equipment:

Econolite ASC/2-2100

Econolite ASC/3-2100

Use LED indicators for all electronic devices covered under subsections 740-2.09 through 740-2.13.

Replace subsection 740-2.10 with the following:  

740-2.10 CONTROLLER UNIT. 

Provide solid state, type A2N Actuated Controller Units (CU) meeting the requirements of Section 3 of the NEMA Standard Publication TS 2-2003 V02.06, Traffic Controller Assemblies with NTCIP Requirements.

●
The CU must meet the referenced National Transportation Communications for ITS Protocol (NTCIP) and comply with publication TS 3.2 the Simple Transportation Management Framework, and shall meet the requirements for Conformance Level 2

●
The software shall comply with NEMA TS 3.3, the Class B Profile, and shall include both an EIA/TIA 232-E and an FSK modem interface for NTCIP based communications.

●
The CU shall implement conformance groups and optional object groups as defined in NEMA TS 3.4 and TS 3.5 for A2N level 2.

●
Provide controllers with display heaters or enhancements to improve viewing in temperatures below 0(F.

●
Provide controllers having an interface compatible with SYNCRO-7 traffic modeling software.

Furnish Econolite ASC/3-2100 controller unit or approved equal also meeting the following requirements:

HARDWARE

Enclosure

●
Compact the controller to fit in limited cabinet space.  It shall rest on a shelf that is not more than 7" deep.  External dimensions no larger than 10 1/4" x 15 1/4" x 9" (H x W x D).
●
Construct the enclosure of aluminum and finish with an attractive and durable protective coating.  Permanently display model, serial number, and program information on the top surface.

Electronics

●
Modular electronics with vertical circuit boards.  Horizontal circuit cards are not acceptable.

●
Use a microprocessor for timing and control functions.  Verify continuing operation of the microprocessor by an independent monitor circuit that is set an output and indicate an error message if a pulse is not received from the microprocessor within a defined period.

●
In the interest of reliability, do not use sockets for any electronic device.  Devices must be directly solder to the printed circuit board.  Use surface mount parts for the majority of the electronic components in the controller.

●
Use a built -in, high -efficiency switching power supply to generate required internal voltages as well as 24 VDC for external use.  Regulate voltages and monitor with control signals.  Mount fuses on the front of the controller for 120 VAC input and 24 VDC output.

●
Derive timing of the controller from the 120 VAC power line.

●
Store user -programmed settings and intersection configuration data in Flash Memory. Memory requiring an energy storage device (battery or capacitor) to maintain user data is not acceptable.  To facilitate the transfer of user programmed data from one controller to another, a data transfer module (data key) using a separate serial flash memory device is an option.  This data transfer module shall be easily removable and directly accessible from the front of the controller.  The controller will not require this module to be present for proper operation.

●
Store controller software in Flash Memory devices.  The controller software shall be easily updated without the removal of any memory device from the controller.  The use of removable PROMS or EPROMS from the controller is not acceptable.  Option to update software on the controller using a Windows based computer.  Allow updating the controller software via a serial or Ethernet port from the front of the controller. Updating the controller software shall require the intersection to be in flash for no more than ten seconds using Ethernet file transfer.

●
Printed circuit boards shall meet the requirements of the NEMA Standard plus the following requirements to enhance reliability:

●
Plated -through holes and exposed circuit traces with solder.

●
Solder mask material covering both sides of the printed circuit board.

●
Clearly marked circuit reference designation for components and the polarity of capacitors and diodes adjacent to the component.  Designated pin 1 for integrated circuit packages on both sides of printed circuit boards.

●
Printed circuit board assemblies, except power supplies, coated with a clear moisture -proof and fungus -proof sealant.

Front Panel

●
Front of the controller consisting of a panel for the display, keyboard and connectors for necessary user connections.  Opening the front panel only during option installation and maintenance of the electronic circuits.

●
Required 16 -line by 40 -character/line alphanumeric liquid crystal display (LCD) to show program and status information.  The display area nominal measurements of 2 1/2" x 4 1/2" (H x W) or larger.  Provide, for ease of viewing, backlighting by light emitting diodes and multiple levels of contrast adjustment.  Adjustable display contrast with front panel mounted push buttons.  The use of user potentiometers for display contrast will not be acceptable.

●
Clearly labeled front -panel operator inputs and environmentally sealed electrometric keys.  Including a 10 digit numeric keypad, nine function keys, an oversize ENTER key, and an oversize four arrow cursor control key.

●
Required nine function keys, clearly labeled, and providing the following operation:


MAIN MENU - Pressing the Main Menu key displays the main menu.


SUBMENU - Pressing the Sub Menu key from a data screen displays the current submenu.


NEXT DATA - Pressing the Next Data key searches for the first non -zero data field, thus allowing rapid search for valid entries.


NEXT SCREEN - Pressing the Next Screen key l displays the next screen, thus allowing rapid advancement from screen to screen.

HELP - Pressing the Help key at a data entry field displays a help screen about that field. 


STATUS DISPLAY - Pressing the Status Display key presents the intersection status display.


NEXT PAGE - Pressing the Next Page key advances to the previous or next group of data entry screens in a submenu.


BACKLIGHT - Pressing up and down arrow -shaped keys adjusts the backlighting of the LCD display screen for brighter or dimmer contrast.


SPECIAL FUNCTION - Pressing the special function key places Pedestrian Calls while viewing the main status display, lock access to controller data until supervisor or data change access codes are entered, and enter hexadecimal values


CLEAR - Pressing the clear key aborts a data entry and restores the current value.

Data Key

●
A data key available for use as a database storage device (backup) or as a database transfer module.  Capable of storing a minimum 256KB of data.

●
The data key hot swappable, to be inserted and removed without powering down the controller.

●
The data key capable of storing the entire controller database and shall retain the information without use of battery or capacitor backup.

●
This key not required by the controller to be present during normal operation. 2.5. Connectors

●
Accessible interface connectors from the front of the controller.  Controller models able to accommodate different versions, as follows:


●
NEMA TS2 Type 1


●
NEMA TS2 Type 2


●
NEMA TS1

●
Connectors and signals compatible with the Econolite Model ASC/2, ASC/2S & ASC -8000 25 pin telemetry port and D connector.

●
Capable of assigning special applications of input or output function to any input or output pin respectively on the interface connectors, with the exception of Flashing Monitor, Controller Voltage Monitor, AC+, AC -, Chassis Ground, 24VDC, Logic Ground and TS2 Mode bits.

Serviceability

●
Electronic modules including the power supply easily removable from the front of the controller using a screwdriver as the only tool.  Plug in connector for power and signal connections to the circuit boards.

●
Allow the removal and replacement of any circuit boards without unplugging or removing other circuit boards, except for the power supply.  No more than two boards attached together to form a circuit assembly.

●
Designed for one side of any circuit board to be accessible for troubleshooting and testing while the controller is still in operation.  Accomplished without the use of extender cards or card pullers.

DISPLAY

Dynamic Displays

●
Provide dynamic displays listed below to show the operational status of the controller. Offering additional displays for programming.  Possible to place vehicle, pedestrian and preemption calls from the keyboard while displaying status information.

●
Intersection status displaying a summary of ring, phase, coordination, preemption and time-based control status.

●
Controller status display indicating current interval, pedestrian, density, maximum, and maximum extension timing by phase and ring.  Display the status of vehicle and pedestrian signal outputs in combination with vehicle and pedestrian calls.

●
Coordinator status display indicating the command source, current coordination pattern information, local and system cycle count, commanded/actual offset, offset correction, time based control status, hold, force off, vehicle permissive, split count down, split extension, offset from ring 1 and green band indications.
●
Preemptor status display indicating priority (railroad, fire, emergency) preemptors and bus preemptors with calls, preemptor active, inhibit, and delay status.  When a preemptor is active, the display also indicates preemptor interval, timing, duration, and hold status.  A portion of the display indicating the controller status during preemption including current status, interval, and timing by phase and ring and the status of vehicle and pedestrian signals for each phase.

●
Time base status display indicating the current time and date, the current day and week program, the active program step for both coordination pattern and time of day functions, the start time of the next program step, and the highest step used.  Also displaying the programmed selections of the active coordination pattern and time of day pattern.

●
Communications status displays for Port 1 (SDLC), Port 2 (terminal) Port 3, Ethernet and NTCIP.

●
Port 1 (SDLC) status display indicating the frame responses from the MMU, the terminal and facilities BIUs and the detector BIUs.

●
Ports 2 and 3 status display indicating the interconnect format, transmit, valid data, data error, carrier detect and the last valid command.

●
An Ethernet status display indicating the line speed, the line status, the total number of transmit and receive counts and the number of transmit and receive error counts.

●
An NTCIP status display indicating the total number of SNMP and STMP transmit and receive counts.

●
A detector status display indicating activity for up to 64 detectors.  The display shows the detector calls as processed by the controller.

●
Flash/malfunction management unit (MMU) status display indicating flash status plus MMU channel, conflict, and monitoring function status.  A separate display indicating the results of the controller’s comparison of its MMU programming to the programming in the controller.

●
An input and output status display indicating the activity of the logic level inputs and outputs to the controller.

Programming Displays

●
Programming displays in the form of menus to aid the operator in entering data from the front -panel keyboard.

●
A main menu allowing the user to select a major function of the controller.  A submenu shall then be displayed to allow the user to select a sub -function within the major function. A four arrow cursor key allows the user to scroll through programmed data.

●
English language and traffic engineering terminology used throughout to facilitate programming.  The display organization allows traffic personnel to program the controller without using reference cards or manuals.  Data entry and data screens shall be in logical order.

●
Programming entries consisting of alpha -numerical values, YES/NO and ON/OFF entries.  During program entry, new data is displayed as it is entered. Validated and stored entries only when the consistency check is preformed for entries that are constrained by other programmed data or when the ENTER or cursor key is pressed when they are not.

●
An example of constrained data is the sequence of the phases within a ring.  Checked with the phase compatibility, phases in the ring and start phases among others.

●
An example of nonconstrained data is the vehicular extension time entry.

●
The keyboard entry software shall include context sensitive help screens.  Help information accessed by placing the cursor on the data entry in question then pressing the HELP key.  Help screens provided for keyboard entered data and shall include at a minimum range, description, and functional operation information for the data entry.

PROGRAMMING

Programming Methods

●
Methods listed below shall be available for controller configuration and timing entries. The manufacturer shall be able to provide as off the shelf items firmware and software required to affect the listed methods and to implement network operation with system masters and host PC's.

●
Manual data entry from the front panel keyboard

●
Downloading from telemetry from a system master connected to a host PC in a closed loop system.

●
Downloading from a portable PC -compatible computer via an Ethernet or serial cable.
●
Transfer from one controller to another using the Ethernet port on each controller.

●
Transfer from one controller to another, or restoring for a back up copy, using a data transfer module (data key).

Programming Security

●
A minimum of three access levels available to provide programming security.

●
The highest or supervisor level shall have access to programming entries including setting access codes.  

●
The second or data change level shall have access to programming entries except access codes.

●
The third or data display level shall only have access to displayed data.  No access code shall be required to display data.

●
User selectable, four digit access codes provided for the supervisor and data change access levels.  Access codes shall initially be set to provide unrestricted access.

●
If there has been no keyboard activity the controller shall automatically logoff the user after 30 minutes. 

Programming Utility Functions

●
A copy function shall permit copying timing data from one phase to another.  It shall also permit copying timing plan from one timing plan to another, one detector plan and detector options plan to another, coordination pattern data from one pattern to another and one sequence to another.  This feature will facilitate data entry when programming any two or more phases with the same timing values, or detectors with the same programming, and/or two or more coordination patterns with the same pattern data.

●
The controller unit shall contain a backup data base with user specified values stored in nonvolatile memory.  A copy function shall permit transferring the backup database to the active database.

●
A memory clear function shall permit the user to clear data entries for the following controller functions, either individually or all at once:


Configuration


Controller


Coordinator


Preemptor


Time base


Detectors


Logic Processor

●
A sign on message shall allow the user to view the controller software version number. This message shall be displayed upon power up until a key is depressed.  It shall also be possible to display the sign on message by keyboard selection.  The sign on display shall allow a user defined message of up to two lines with 38 characters per line.

●
The controller shall have the capability to output a memory image of the user programmed settings and intersection configuration data in binary format.  This shall allow transferring the memory image data to a data key.

ACTUATED CONTROL FUNCTIONS

The controller shall provide actuated control functions and operations required by the NEMA TS2 Standard.  In addition, it shall provide the features described in the following paragraphs.

Phase Sequence

●
The phase sequence of the controller shall be programmable in any combination of sixteen phases, eight concurrent groups and four timing rings.

●
Phase sequence information shall be changeable from the keyboard and stored in EEPROM data memory.

●
The standard phase sequence of the controller shall also be capable of being altered by coordination, time of day or external alternate sequence command.  The alternate sequence commands shall allow reversing the normal phase sequence of each phase pair as shown below:


Command A reverses phases 1 and 2


Command B reverse s phases 3 and 4


Command C reverses phases 5 and 6


Command D reverses phases 7 and 8


Command E reverses phases 9 and 10


Command F reverses phases 11 and 12

●
The operator shall be able to select from a library of standard sequences.  As a minimum the following shall be provided:


Standard NTCIP sequence


Two through eight phase controller


Sixteen phase quad left turn controller


Four single ring 4 phase controllers


Dual TS2 eight phase quad controllers


TXDOT three phase diamond controller


TXDOT four phase diamond controller

●
An exclusive pedestrian clearance movement provided that will time and display the pedestrian indications with the vehicle movements remaining in all red.

Timing Intervals

●
Timing intervals shall be programmable from 0 -255 in one second increments or from 0 -25.5 in one tenth second increments, depending on the function.

●
Four independent timing plans provided and selectable on a time of day basis or by coordination pattern. Each plan shall contain the following interval timings:


Minimum Green


Bike Green


Delay Green


Walk


Walk 2



Walk Maximum


Pedestrian Clearance


Pedestrian Clearance 2


Pedestrian Clearance Maximum


Pedestrian Carryover


Vehicle Extension


Vehicle Extension 2


Maximum 1


Maximum 2


Maximum 3


Dynamic Maximum


Dynamic Maximum Step


Yellow Clearance


Red Clearance


Red Maximum


Red Revert


Actuations before Reduction


Seconds per Actuation


Maximum Initial


Time before Reduction


Cars Waiting


Time to Reduce


Min Gap

●
Guaranteed minimum interval values specified at the time of purchase and shall not be changed or overridden from the keyboard. Values provided for the following intervals:


Minimum green


Walk


Pedestrian clearance


Yellow clearance


Red clearance


Red revert


Overlap Green

●
A bike green interval provided that will replace the phase minimum green if the interval time is larger than the min green time and if a detector input designated as a bike detector has been activated.

●
Two Walk and Pedestrian Clearance intervals provided for each phase per timing plan.  The second Walk and Pedestrian Clearance activated by a time base action plan.

●
Two vehicle extension intervals provided for each phase per timing plan.  The active vehicle extension interval selected by a time base action plan.

●
If enabled, a Delay Green timer shall delay the vehicle phase from starting until the timer has expired.  This shall provide an additional all red for the vehicles movement until the timing is complete.

●
The Pedestrian Walk interval shall extend from Walk to the smaller of the Walk Max time or the phase maximum in effect with a constant input from the “Walk Extension detector”.

●
Volume density intervals shall include actuations before and cars waiting.  Actuations before added shall provide a user specified number of actuations that must occur before adding variable (added) initial time.  Cars waiting shall provide a user specified number of actuations, or cars waiting, that must occur before starting gap reduction. Gap reduction shall be initiated by either time before reduction or cars waiting, whichever reaches its maximum value first.

●
Capable of dynamically extending the maximum green time for each phase based on vehicle demand.  Three maximum green intervals shall be selectable per phase based on either time of day, coordination pattern or external input.  The initial interval shall be selectable as Max 1, Max 2, or Max 3.  If the phase terminates due to max out for two successive cycles, then the maximum green time in effect shall automatically be extended by a dynamic max step interval on each successive cycle until it is equal to dynamic maximum.  If the phase gaps out for two successive cycles, then the maximum green time reduces by the dynamic max step time until it reaches to the original max value.

●
Each phase shall have a red maximum timing interval.  An input (red extension) shall extend the all red period of the assigned phase as long as the detector input is true. This input must be true within the all red time of the assigned phase to be able to extend the all red period.  If this detector fails then the all red extension feature shall be disabled.

Overlaps

●
The controller shall provide sixteen internally generated overlaps (A - P).  These shall be individually programmable as standard, other (see section 5.3.2) or minus green / yellow.  The green, yellow and red intervals shall be individually programmable following termination of the parent phase.  The overlaps programmed as minus green / yellow overlaps shall provide overlap green when any of the overlap phases are green or when in transition between overlapped phases and a modifier phase is not green.  The overlap will be yellow when an overlapped phase is yellow and the modifier phase is not yellow and none of the overlapped phases are next.

●
The other overlap option shall provide for protected, pedestrian protected, not overlap, trailing, leading and advance green programming.

●
A protected overlap shall be green, yellow or red like a normal overlap except its outputs shall be blank when the protected phase is green, or the controller is transitioning to a non included phase.

●
A pedestrian protected overlap shall be green under the following conditions :

●
When an included phase is green and the protected pedestrian is NOT in walk or pedestrian clearance

●
When the controller is in transition between included phases and a pedestrian protected phase is not next

●
After servicing an included phase pedestrian demand if there is enough time before max out to service the overlap minimum green

●
The controller shall provide the capability of sixteen pedestrian overlaps.  These shall be capable of overlapping the pedestrian displays of any combination of phases with a pedestrian movement.

●
Overlap functions shall be programmable from the controller keyboard.

●
The controller shall provide a programmable conditional service feature.  When selected, the controller shall service an odd numbered phase once normal service to that phase has been completed and enough time for additional service exists on the concurrent even phase.

●
A conditional service minimum green time shall be programmable for each phase. This interval shall ensure a minimum green if the phase is conditionally served.

●
It shall be possible to program the controller to reservice the even phase after conditionally serving an odd phase.  Once an even phase has been conditionally reserviced, the odd phase shall not be conditionally served again until returning to the concurrent group that is timing.

Additional Features

●
The following features shall be programmable for each phase in each of four separate detector plans:

Locking/non -locking detector memory

Vehicle recall

Pedestrian recall

Maximum recall

Soft recall

No-rest phase

Enable Added Initial

●Also programmed by phase shall be:

Phase in use

Exclusive Pedestrian phase

●
Soft recall shall return the controller to the programmed phase in the absence of other calls. 5.5.4.  If a phase is designated as a no rest phase the controller shall not rest in the phase.

●
The controller shall permit power start and external start to be individually programmed by phase and interval.  Start intervals shall be green, yellow red, or yellow with overlaps forced yellow.

●
During a power start condition, the controller shall be capable of timing an all red or flash interval before the power start phase (s) and interval are displayed.

●
The controller shall provide guaranteed passage operation on a per phase basis.  When selected, this feature shall provide a full passage (vehicle extension) interval when a phase gaps out with a gap in effect less than the vehicle extension interval (preset gap).

●
The controller shall provide both single and dual entry operation.  When selected, dual entry shall cause the controller to ensure that one phase is timing in each ring.

●
It shall be possible via keyboard selection to inhibit the service of a phase with other phase(s) within the same concurrent group.

●
The controller shall provide the following additional selectable pedestrian functions:

Actuated phase rest in WALK

Flashing WALK output

Pedestrian clearance protection during manual control

Pedestrian clearance through yellow

Pedestrian indications remain dark with no call

Pedestrian timing shall be capable of being carried over from one phase to another

Programming shall be provided to inhibit re-service of odd phases (left turns) within the same concurrent group.

●
The controller shall provide a programmable simultaneous gap termination feature. When programmed, phases in both rings shall gap out together in order to terminate the green interval and cross the barrier.

●
The controller shall provide automatic flash selection according to the requirements of the MUTCD.  Both the flash entrance and exit phases shall be programmable through the keyboard, and flashing shall be controlled by either setting the fault/voltage monitor out put to be FALSE or by flashing through the load switch driver outputs.  If flash desired through the load switches, both the phase and flash overlap outputs either yellow or red as selected by the operator.  Automatic flash selectable by external input, system command, or time of day action plan.

●
The controller provides dimming for selectable load switch outputs.  Dimming accomplished by inhibiting the selected outputs for alternate half cycles of the 120 VAC line.  Dimming controllable by time of day and an external input; both functions must be TRUE for dimming to occur.  Programming permits individual dimming of the Green/Walk, Yellow/Ped Clear, Red/Don't Walk outputs for each load switch.

COORDINATION

Coordination functions to control intersection cycle lengths, system offset relationships, and phase split percentages provided as a standard feature, with no need for additional modules or software.

Coordination Patterns

●
Provide a minimum of 120 coordination patterns.  Each pattern allows selection of an independent cycle length, offset value and split pattern.  The coordination patterns selected using telemetry (system), hardwire, or non-interconnected (time base) coordination commands.

●
The coordination patterns selected by the coordination command using the following formats:

●
Pattern - This format allows selecting the coordination patterns directly, that is, commanding Plan 1 selects Pattern 1.  Pattern command includes 1 -120 patterns, pattern 254 shall select free and pattern 255 shall select flash.

●
Standard - This format allows selecting the coordination patterns using a pattern number derived from a cycle offset split command.  Each pattern assignable to a specific cycle offset split combination.  The coordination pattern selected using the formula (((Cycle – 1) * 20) + ((Split – 1) * 5) + Offset)).

●
TS2 - This format allows selecting the coordination patterns as a function of Timing Plan and one of three offsets.  With this format a minimum of 20 Timing Plans available for selection of one of sixty coordination patterns.

●
The following functions programmable in each coordination pattern:


Cycle length


Split pattern


Offset value


Alternate phase sequence


Split and offset in seconds or percentage


Crossing artery pattern


Permissive timing


Action plan


Coordinated phase split extension


Timing plan


Actuated rest in walk


Phase re service


Ring extension


Split demand pattern


Ring displacement


Directed split preferences


Special function outputs

●
The following functions shall be programmable for each of the 120 Split patterns:

Coordinated phase

Split value by phase

Omit by phase

Min recall by phase

Max recall by phase

Pedestrian recall

Max and Pedestrian recall

Cycle Length

●
One cycle length provided for each coordination pattern.  The cycle adjustable over a range of 30-255 seconds in 1 -second increments.

●
The cycle length serves as the reference time for coordination timing. 6.3. Synchronization

●
For systems with a single system sync pulse, coordination timing synchronized to the leading edge of that pulse that serves as the master zero reference for offset timing.

●
For hardwire systems with multiple sync pulses, the coordinator locks onto the correct sync by trying different syncs and checking for reoccurrence during successive cycles.

●
After a valid system sync pulse has been received the coordinator checks for the proper occurrence of the system sync pulse during each subsequent cycle.  If a sync pulse does not occur, the coordinator self syncs and continue to operate with the last set of coordination commands for a programmable number of cycles from 0-255.  If a sync pulse does not occur within the programmed period (or until the first sync pulse is received), the coordinator shall revert to the non -interconnected coordination mode.

Offset

●
Offset normally defined as the time period from the system sync pulse to the beginning of the leading coordinated phase green (local zero).  The coordinator capable of referencing the offset to the beginning of the lagging coordinated phase green, coordinated phase yield or start o f yellow point.

●
Offsets shall be programmable using both percent and seconds.  The range is from 0-99% of the cycle length in 1% increments or 0-254 seconds in 1 second increments.  An offset value of 255 results in free.
●
Offset changes achieved by adding or subtracting cycle time over a maximum of three cycle periods to allow a smooth transition to the new offset.  Other offset change methods adding 20% to each cycle or to snap to the sync point once the permissive period are complete and the coordinated phases are green.  Offset correction using dwell also selectable.

Split

●
Each split provides a split interval for each of sixteen phases.  The split interval is programmable using percent or seconds.  The range is from 0-99% of the cycle length in 1% increments or 0-255 seconds in 1 second increments.

●
Split interval settings determine the maximum time, including vehicle clearance (yellow and red), for a noncoordinated phase, or the minimum time for a coordinated phase.  Phase termination controlled by establishing a force off point for each phase within the cycle.  Except for the coordinated phases the force off point is selectable to be a fixed point within the cycle or allowed to float.  If floating force offs are selected each phase shall time no more than its own split interval.

●
During coordination, it shall be possible to operate a coordinated phase as actuated or nonactuated.  If a coordinated phase is actuated, vehicle detections shall permit the coordinator to extend a phase beyond the normal yield point. Extended coordinated phase green shall be selectable using the same range as split interval settings (percent or seconds). If actuated coordinated phases are used they shall be able to have actuated or non -actuated (walk rest) pedestrian movements.

Permissive Periods

●
Permissive periods provided to control the time period during coordinated phases released to service calls on noncoordinated phases.

●
Permissive timing begins at the lead coordinated phase yield point.  A yield point automatically computed for the coordinated phase in each ring.  The coordinated phase yield point allows the coordinated phases to yield independent of each other. The yield point is the point that the coordinated phase is released to allow the controller to service calls on noncoordinated phases.  The computation takes into account the coordinated phase split interval plus pedestrian and vehicle clearance times.
●
Automatic permissive period operation provided by automatically calculating a permissive period for each noncoordinated phase.  The permissive period shall consist of a separate vehicle and pedestrian period computed from the phase split interval and the vehicle/pedestrian minimum time.  The controller answers a call only during the associated phase permissive period.  However, once the controller has been released to answer a call, remaining phases are served in normal sequence.

●
Single permissive period operation provided by defining a single time period per cycle beginning with the yield point during which the controller is allowed to answer phase calls for any phase.  The duration of this period selectable in each coordination pattern.

●
Dual permissive period operation provided.  During the first permissive period, the controller answers only vehicle or pedestrian calls on the phases following the coordinated phase.  If the controller yields to a call during this period, calls on the remaining phases are served in normal rotation.  During the second permissive period, the controller shall answer calls on remaining phases except the first permissive phase.  The duration of the two permissive periods, and the time to start the second permissive period (displacement), selectable in each coordination pattern.

Phase Reservice

●
If actuated coordinated phases are in use it shall be possible to reservice noncoordinated phases within the same cycle if sufficient time remains.  A phase shall be reserviced only if the permissive period for the phase indicates there is sufficient time remaining in the cycle to service the phase.

●
Phase reservice shall be capable of being enabled/ disabled in each coordination pattern. 6.8. Transition Cycles

●
The controller provides a smooth and orderly transition when changing from free operation to coordinated operation and from one coordination command to another.

●
During a free to coordinated transition, the controller shall initiate a pick up cycle beginning upon receipt of a sync pulse and a valid coordination command.  The controller shall then enter coordination mode upon crossing a barrier or if resting in the coordinated phases.

●
Each coordination command select a pattern.  A command change implements concurrent with a sync pulse.  Cycle, offset, and split changes does not take effect until local zero.

Crossing Artery Control

●
The coordinator capable of implementing dual coordination at an intersection where two arterials are under control of separate masters.

●
An external input enables dual coordination.  Once enabled, the coordinator places a continuous call on the crossing artery phases so as to ensure that these remain green for their full split interval.

●
The coordinator outputs a crossing artery sync signal to indicate the beginning of the crossing artery phase split interval.

●
Dual coordination forces a selectable crossing artery split plan to be used so as to allow a particular split to be optimized for dual coordination in each coordination pattern.

Local Split Demand

●
The coordinator provides a minimum of two split demand detector inputs that allow the selection of a preferred split plan based o n intersection demand.

●
If the split demand detector indicates continuous vehicle presence during a programmed monitoring period beginning with the onset of a selected phase green, the coordinator forces a selectable split plan to be in effect during the next cycle.  This split plan remains in effect for a selected number of cycles from 0 -255.  A specific split plan is capable of being selected in each coordination pattern.

Adaptive Split Demand

The coordinator provides a method to select the split using measurement of each phase’s green utilization.  From the measurement the coordinator determines which phase or phases had excess time that was not used during the last measurement period.  Then the excess time is added to the first set of preferential phases.  If the first set of preferential phases gapped out during the last measurement period, then the excess time will be added to a second set of preferential phases.  If both sets of preferential phases gapped out during the last measurement period then the time shall be added to the beginning of the coordinated phases.

Free Mode

●
The coordinator provides a free mode of operation, where coordination control is removed.

●
Free mode operation is selectable by coordination commands, by external input or by keyboard entry.

●
The coordinator reverts to the free mode when active controller inputs or functions would interfere with coordination.  Such inputs or functions include the following:

Manual control enable

Stop time

Automatic flash

Preemption

●
The coordinator provides an active free mode, where coordination control is removed but the coordinator continues to monitor system sync so as to keep its timing in step with the system master.

Manual Control

The controller allows manual override of the current coordination command from the keyboard.  The manual command allows selection of coordination patterns to be in effect.

Interconnect Modes

●
The coordinator capable of operating with any of the following interconnect types:

Non-interconnected coordination (time-based)

Telemetry

Hardwired

●
The coordinator is compatible with fixed time interconnect that provides the sync pulse superimposed on the offset lines.  Also operates within an interconnected system using a separate sync line.  The noninterconnected coordination mode serves as a backup when using telemetry or hardwired interconnect.

Master Coordinator

The coordinator shall output the coordination command, including sync pulse. This feature permitting the controller to be used as a time of day master in a hardwired interconnected system.

PREEMPTION

The controller shall provide a minimum of ten preemption sequences that can be programmed as either railroad fire ​emergency or bus vehicle preemption sequences. Preemption capability standard and not requiring additional modules or software.

Railroad -Fire-Emergency Vehicle Preemption

●
The ten railroad fire emergency vehicle preemptors selectable as a priority or nonpriority type.  Priority preemptor calls overriding nonpriority preemptor calls.  Low numbered priority preemptors overriding higher numbered priority preemptor calls.  Nonpriority preemptor calls serviced in the order received.

●
Each preemptor providing a locking and nonlocking memory feature for preemptor calls.  If a preemptor is in the nonlocking mode and a call is received and dropped during the delay time, the preemptor is not serviced.

●
Preemptor timing intervals programmable from 0 -255 in one -second increments or 0 -25.5 in one - tenth second increments, depending on function.  Delay, max presence and duration timing intervals programmed from 0 – 65535 seconds in one -second increments.

●
A programmable delay time interval shall be provided to inhibit the start of the preemption sequence. This interval shall begin timing upon receipt of a preemption call. This time shall be programmable from 0 -255 seconds in one second increments.

●
An inhibit time shall be provided as the last portion of the delay time interval. During this time, phases that are not part of the preempt sequence shall be inhibited from service. This time shall be programmable from 0-65535 seconds in one second increments.

●
A programmable extend input causing the preemptor to remain in the dwell interval following the removal of the preempt call.  If a preempt call is reapplied during this time, the preemptor shall revert to start of dwell interval.  This time is programmable from 0-25.5 seconds in one tenth second increments.

●
A programmable duration time provided to control the minimum time that a preemptor remains active.  This time is programmable from 0-65535 seconds in one second increments.
●
A programmable maximum time provided to control the maximum time that a preemptor input remains active and still be recognized by the controller.  Once failed, the input must return to inactive state to be recognized again.

●
Phases timing at the beginning of a preemption sequence remains in effect for a minimum time before the controller advances to the next sequential interval.  If the phase has been timing for longer than the programmed preemptor minimum time, the controller shall immediately advance to the next sequential interval.  Minimum times shall be programmable for the following intervals:

Green/walk/pedestrian clearance

Yellow

Red

●
A phase shall advance immediately to pedestrian clearance if it has been timing a WALK interval at the beginning of a preemption sequence.  It shall be possible to time the minimum pedestrian clearance through the yellow interval, or alternately to advance immediately to yellow.  During preemption, pedestrian indicators is selectable as being a solid DONT WALK, OFF (blank) or fully operational.

●
If an overlap is in effect when the preemption sequence begins, it shall be possible to terminate the overlap so that it remains red for the remainder of the preemption sequence.  Overlaps terminating or forced to terminate shall time the preemptor minimum yellow and red clearance times.

●
Each preemptor provides user programmable green, yellow and red track clearance intervals.  Timing begins immediately after the preemptor minimum red interval.

●
Up to four permissive phases selectable as track clearance phases.  During the track clearance period, the selected phases times the track clearance green, yellow and red intervals once, and then advance to the hold interval.  If track clearance phases are not selected the track clearance interval omitted from the preempt sequence.  Controller interval timing used if track clearance interval times have been programmed as zero.

●
The preemption hold interval begins immediately after track clearance.  It remains in effect until the preemptor duration time and minimum hold times have elapsed and the preemptor call has been removed or the preemptor maximum time has been exceeded. During the preemption hold interval, any one of the following conditions shall be selectable:

Hold phase green

Limited phase service

All red

Flash
●
Any valid phase, except a track clearance phase, selectable as a hold phase.  If hold phases are not selected, the controller remains in all red during the hold interval.  If flash is selected for the hold interval, up to two permissive phases shall be selectable to flash yellow, and the remaining phases shall flash red.  Overlaps associated with the phases flashing yellow also flashes yellow unless they have been forced to terminate, in which case flashes remain red.

●
The preemptor shall immediately cause flashing operation if the preemption input and the track interlock input are not in opposite states and the track interlock function is enabled.
●
Each preemptor provides a user programmable green, yellow and red hold interval, during which the hold phase(s) shall operate normally, except that the minimum green interval time shall equal the hold green time.  At the completion of the hold green interval, the controller times the hold yellow and red clearance intervals before transfer to the exit phases.

●
Up to four permissive exit phases are selectable to time after the preemption sequence has been completed.  Serving as transition phases to return the controller to normal operation.  It shall also be possible to place calls on selected phases upon exiting preemption.  The option causes the preemptor to exit preemption to the correct phase to maintain coordination.

●
Each preemptor provides a user programmable exit maximum time.  Upon exiting the preemption sequence, times shall serve as the maximum green time in effect for one controller cycle for all phases except hold phases.

●
Preemptor linking permits preemption sequences, where lower priority preemptors may call the higher priority preemptors from their preemption sequence.

●
Preemptor active outputs provided for each of the preemptors.  The output sets to ON when the preemption sequence begins and remains ON for the duration of the sequence.  Possible to program preempt active outputs to be ON only during preempt hold intervals.  Additionally, it shall be possible to program the nonactive, nonpriority preemptor outputs to flash while another preemptor is active.

●
Preemptors normally override automatic flash.  Possible to inhibit this feature for each preemptor.

Bus Preemption

●
Ten bus preemptors provide control for bus or other low priority vehicles.  Bus preemptors have low priority and are overridden by railroad/fire/emergency vehicle preemptor calls.

●
The preemptor is programmed to accept either a 6.25 pulse per second signal with a 50% duty cycle or a solid input to identify a bus preemptor call.  Bus preemptor calls shall be capable of preemptor call memory and served in the order received.

●
Bus preemptor timing intervals programmable from 0-255 in one second increments or 0-25.5 in one tenth second increments depending on the function.

●
A reservice time provided to avoid excessive utilization of the same bus preemptor.  If a call is received before the reservice time has elapsed, the bus preemptor shall not be reserviced.  If reservice time has not been entered then all phases with a call when leaving the bus preemption sequence shall be serviced before the bus preemptor may be served again.

●
Bus preemptors shall provide delay, inhibit, and maximum time functions similar to those for railroad/fire/emergency vehicle preemptors described above.

●
Bus preemptors shall provide the following entrance intervals:

Green/walk/pedestrian clearance

Yellow

Red
●
At the completion of the entrance red clearance, the bus preemptor shall advance to the hold green interval.  During this interval, up to four permissive phases shall be selectable to remain green until the minimum hold time has elapsed and the bus preemptor call has been removed or the preemptor maximum time has been exceeded.

●
It shall be possible to program the controller to allow concurrent phases to be serviced for a bus preemptor with only one phase selected as the hold interval phase.

Preemption Safeguards

●
If a preemptor call is active when power is restored to a controller, the fault/voltage monitor output shall be set to FALSE, placing the intersection in flash.  Similarly, if external start is applied during a preemption sequence, the intersection shall be set to flash.  Intersection flash shall remain in effect until the preemptor call has been removed and the preemptor duration time has elapsed.

●
An input provided to stop timing of the current active preemptor under control of the MMU/CMU.

●
A preemptor safety interlock provided to cause the intersection to go into flash whenever the controller has been removed or has not been programmed for preemption.  This is achieved with an appropriate signal to the MMU/CMU.

Transit Signal Priority

●
The controller includes a transit signal priority algorithm that provides for transit vehicle movement through the intersection, while not interrupting coordination or skipping phases.

●
Provide a check in detector input that senses the arrival of the transit vehicle.  When active this input initiates Transit Signal Priority (TSP).

●
A TSP delay shall delay the beginning of TSP operation until a set interval after check in. 7.4.4. A check out detector input shall determine the departure of the transit vehicle.

●
Assignment of a single pulse from the check in detector and check out detector to the controller inputs programmable to any controller input.  Inputs from devices that continuously pulse (pulsing as long as the vehicle requires TSP) through EVP 1 -4, for a controller with a C1 connector, or through Preemptor inputs 3 – 6, on a controller with a MSD connector.

●
When under coordination the TSP sequence shall use alternate split times to accommodate transit vehicles while maintaining coordination.

●
When under free operation the TSP sequence uses alternate maximum times to accommodate transit vehicle while not skipping phase.

TIME-BASED CONTROL & NON-INTERCONNECTED COORDINATION

The controller shall include time based control.  This capability is a standard feature and shall not require additional modules or software.

Clock/Calendar Functions

●
The controller shall provide a time of day (TOD) clock that is used for all time based control functions.  The only required clock settings are the current time (hour, minute and second) and date (month, day and year).  Day of week and week of year are automatically computed from the date setting.  Also possible to set the number of hours that the local standard time is ahead or behind Greenwich Mean Time.

●
During normal operation, the TOD clock shall use the power line frequency as its time base.  When power is removed, a crystal oscillator maintains the time for up to 30 days.  The oscillator has a timing accuracy of +/ - 0.005% over the entire NEMA temperature range as compared to the Universal Coordinated Time Standard.

●
In addition to entering time and date via the keyboard, it is possible to download the information from another controller, a computer or a system master.

●
The controller includes a time reset input.  This feature resets the TOD clock to 03:30 whenever the time reset input is TRUE.

●
The TOD clock automatically compensate for leap year and shall be programmable to automatically switch to daylight savings time.

Time Based Control

●
Time based control utilizes a day plan program format.  The month program consists of 200 programmable schedules, each assignable to one of sixteen day programs.  Each day program consists of from 1 to 50 program steps that define a program for the entire day.  Each program step is programmed with a starting time and an action plan number.  The day plans are also assigned to days of the week and days of the month.

●
Time based control shall use action plans to assign:


Coordination pattern number


Vehicle detector plan number


Controller sequence


Timing plan


Vehicle detector diagnostic plan


Pedestrian detector diagnostic plan
●
Time based control shall also use action plans to enable:


Automatic flash


System override


Detector log


Dimming


Special functions


Auxiliary functions


By-Phase functions


-
Pedestrian recall - Walk 2 enable


-
Vehicle extension 2 enable


-
Vehicle recall


-
Vehicle max recall


-
Max 2 enable - Max 3 enable


-
Conditional service inhibit



-
Phase omit

●
A minimum of 36 holiday or exception day programs that override the normal day program.  Holiday programs capable of being set as floating (occurs on a specific day and week of the month) or fixed (occurs on a specific day of the year).  Possible to program a fixed holiday so that it automatically repeats in the following year.

●
Possible to manually force any of the action plans to override the current action plan. The forced plan entered from the keyboard and remains in effect until removed.

Non-Interconnected Coordination

●
A minimum of 200 time base schedule programs shall be available for the day-programs.  These shall not have to be entered in any special sequence.  It shall be possible to add and delete steps from a day program without affecting any other day-program.  Each of the program steps shall permit selection of the following functions:


Day program assignment


Start time


Action plan

●
Selection of system override in an action plan allows the coordination pattern selected by the action plan to override the current telemetry or hardwire system commanded coordination pattern.

●
When operating in the noninterconnected coordination mode the synchronization point for cycles references to a user selected reference time (sync reference), last event or last sync as selected from the keyboard.  The sync reference time is that time at that cycles are reset to zero.

●
If the sync reference time is selected, the synchronization point for the cycle selected by the current program step is computed using the present time, sync reference time, and cycle length.  The synchronization point occurs whenever the present time is an even number of cycle length periods has occurred since the sync reference time.

DETECTORS

Detector Functions

The controller provides a minimum of 64 vehicle detector inputs.  Each input is assignable to any phase and programmable as to detector function.  Extend and delay timing is provided for each detector.  Each detector is capable of operating in a lock or nonlock mode.  The controller is capable of providing 16 pedestrian detector inputs. Each pedestrian detector shall be assignable to any phase.

Detector Cross Switching

The controller provides detector cross switching that permits vehicle detectors to alternately place calls on assigned phases and assigned cross switch phases.  If the assigned phase is not green and the cross - switch phase is green, the detector places calls on the cross switch phase. If the assigned phase is omitted, for any reason, the detector places calls on the cross switch phase.

Detector Types

Each vehicle detector is user programmable to operate as one of the following 3 detector types:

Type 0 (zero): supports all NTCIP or standard detector functionality.

Type 1: (GREEN DELAY) The first detection received when the phase goes green is recognized immediately, whether the detector is active when green starts or is activated after the green is timing.  Detections received before the first timeout of the extension interval are also recognized immediately.  Once the detector extension interval (not the phase extension interval) times out, further detector inputs are recognized only if continuously present for a period equal to the programmed delay time AND the delayed signal is NOT extended.  The first detection received when the phase goes green, whether present when green starts or received later, is recognized immediately. Detections received before the first timeout of the extension interval are also recognized immediately.  Once the detector extension interval (not the phase extension interval) times out, further detector inputs are recognized only if continuously present for a period equal to the programmed delay time AND the delayed signal is NOT extended.

Type 2: (STOP BAR WITH EXTEND TIME AND RESET) The detector input must be true when assigned phase green starts else the detector is disconnected for the balance of phase green.  If the detector input is true when phase green starts the extension timer is reset while the input remains true.  When the detector input is removed the extension timer begins running.  If another detector input is received before extension time expires, the extension timer is reset for the duration of the input and once again begins timing when the input goes false.  This action is repeated until the extension timer times out, at which time it is disconnected for the balance of phase green.

System Detectors

●
Each detector input shall be capable of functioning as one of 16 system detectors.

●
Vehicle detectors shall be capable of being assigned to a minimum of 16 speed detectors.  Speed shall be detected using both one and two detector configurations. Speed shall be computed using a keyboard entered average vehicle length and loop length for a one detector configuration.  When using two detectors, speed shall be calculated using a keyboard entered distance between detectors and travel time between detectors.

SYSTEM COMMUNICATION

On-Street Master Communications

The controller is capable of communicating with an on street system master. This capability provided by a separate telemetry module that is included in the controller when required by the plans and specifications.  The telemetry module receives system master commands and data transmissions.  In addition, it transmits the controller status, data base and system detector information to the system master.

System Commands

●
The telemetry module allows the controller to receive, as a minimum, the following commands:


Cycle, offset, and split (coordination pattern)


System sync


Special function commands (minimum of four)


Free and flash mode commands


Time and date


Request for local status


Recall to Max

●
Commands must occur more than once in any three second period in order to be recognized.

●
Mode and special function commands cleared after 20 minutes of loss of communication between controller and system master.

●
Status Data – The status of each of the following functions shall be transmitted to the system master in response to a local status request:


Green and yellow status for all phases and overlaps


Walk and pedestrian clearance status for all phases


Vehicle and pedestrian detector status


Phase termination status


Local time


Coordination status


Command source


Sync or transitioning status of coordinator


Conflict flash status


Local flash status


Preempt activity and calls


Volume and occupancy data from a minimum of 16 system detectors


Speed data from a minimum of two speed detectors


Maintenance required (cabinet door open) status


Status of two user -defined alarms

●
Split Reporting – The status of each of the following parameters calculated on a per -cycle basis and transmitted to the system master:


Actual time spent in each phase


Time of day at end of cycle


Phases forced off during cycle


Type of coordination operation


Whether transitioning to new offset


Cycle, offset, and split in effect during last cycle


Flash status if operation is Free

●
Upload/Download Capability – The telemetry module provides the capability to upload/download the entire intersection database.  Phase assignments for overlaps and preemptors are not to be downloaded to preclude unsafe controller operation.  It is possible to inhibit downloading of phases in use and left turn head control.  Data transfer shall not require the intersection to be in flash.

Telemetry

●
Telemetry shall utilize TDM/FSK data transmission from 1200 baud to 9600 baud over two pairs of wires. These may be leased lines (Type 3002, voice grade, unconditioned) or dedicated cable. Optional fiber optic communications capability shall also be available.

●
The nominal transmitter output level shall be 0 dbm into a 600 ohm load.  The receiver sensitivity shall be -34 dbm and adjustable from -40 to +6 dbm.

●
Parity and error checking employed to assure transmission and reception of valid data.  Indicators provided on the telemetry module to show telemetry activity as follows: transmit, receive carrier, and valid data.

●
In the event of a telemetry failure, the controller shall revert to the noninterconnected coordination mode after it has self synchronized for a number of cycles, which shall be selectable from 0 -255.

Communications Protocols

The controller has the capability of supporting communications with traffic management systems using industry standard protocols with the installation of appropriate optional software.  At a minimum the controller has optional software to support the following protocols:



CalTrans AB3418

ECPIP



NTCIP Level 2 as defined by Section 3.3.6 of NEMA TS2 - 2003. NTCIP v02.06 capabilities shall include for NTCIP mandatory and optional objects.  The controller vendor provides access to controller data via vendor specific objects.  These and other objects supported by the controller are defined in a standard MIB file.

Ethernet Communications

The controller has the capability of supporting communications through Ethernet.  This communications uses internal circuitry.  The Ethernet port supports auto sensing of 10/100 Base T and half or full duplex operation.

External Clock

The controller has the capability of communicating with an external clock like a GPS or WWV clock in order to set its internal time of day clock.

Communications Ports

●
The controller have as a minimum the following internal communications ports:


Port 1 SDLC for communications to other devices in the cabinet


Port 2 Terminal port for communications with a computer for the purposes of uploading, downloading or upgrading the controller software


Port 3 Systems communications port.  This port provides either communicate to an on -street master or a central computer system


An option circuit board is available to expand communications by adding two additional serial communications ports

●
Serial communications shall operate at 1200 to 115.2 K baud

DIAGNOSTICS

General Diagnostics Features

●
The controller includes both automatic and operator initiated diagnostics.  This capability is a standard feature and shall not require additional modules or software.

●
Automatic diagnostics verifies memory, MMU compatibility programming, and microprocessor operation each time power is reapplied to the controller.  After power has been applied, diagnostics continually verify the operation of essential elements of the controller including at a minimum: PROM, EE PROM, communications, and the microprocessor.

●
Operator initiated diagnostics allows the operator to verify proper operation of controller input, output, communications, keyboard, and display functions.  Both manual and automatic test modes are provided.

Detector Diagnostics

●
Time of day controlled detector diagnostics provided to allow testing vehicle and pedestrian detectors for no activity, maximum presence, and erratic output.

●
A minimum of eight detector diagnostic plans provided.  These plans shall be selectable on a time-of-​day basis.  This allows varying the detector diagnostic intervals to correspond with changes in detector activity.

●
If a detector is diagnosed as failed, the associated phase is placed in one of the following keyboard selectable modes:


Detector fail recall from 1 to 255 seconds


Maximum Recall


Disable the detector from calling or extending.

●
Diagnostics for NEMA TS2 detectors connected to the controller using a Bus Interface Unit (BIU) shall also include detection of watchdog, open and shorted loop, and excessive inductance change failures.

LOGGING

The controller shall be capable of logging and reporting detector activity, detector failures, and the occurrence of selected events or alarms.  Logs shall be capable of being printed or displayed on the front of the controller.
Detector Logging 

●
The controller includes a detector log buffer capable of logging volume, occupancy and average speed for selected vehicle and speed detectors.

●
The detector logging interval has keyboard selectable as 5, 15, 30, or 60 minutes.

●
Detector logging is capable of being enabled or disabled by time of day.

Detector Failure Logging

●
12.2.1. The controller includes a detector failure log buffer capable of storing a minimum of 100 time and date​ stamped detector failure events.  Once logged, detector failure events remains in the log until cleared or the log buffer capacity is exceeded at which time the oldest detector failure events shall be overwritten.

●
12.2.2. Detector diagnostic failures are recorded in the detector failure log including: no activity, maximum presence, erratic output, watchdog failure, open loop, shorted loop, and excessive inductance change.  If a detector recovers after a diagnostic failure, a detector on -line event shall be stored in the detector failure log.

●
12.2.3. Detector failure logging shall be capable of being disabled.

Event Logging

●
The controller includes an event log buffer capable of storing a minimum of 200 time and date stamped events or alarms.  Once logged, events remains in the buffer until cleared or the log buffer capacity is exceeded at which time the oldest events shall be overwritten.

●
At a minimum the following events logged: communication failures, coordination faults, MMU and local flash status, preempt, power ON/OFF, low battery, and status of a minimum of two alarm inputs.  An on line event logged when an event or alarm returns to normal status.

●
If security is enabled, an event logged when a user enters a data change.  This event includes the user’s ID.  It is necessary to log the first change only and not every change.  Also an entry is recorded when a user logs in and out of the controller.

●
Event logging shall be capable of being enabled or disabled for each category of event or alarm.

MOE logging

●
The controller accumulates phase utilization data, phase termination data and detector data for a number of cycles selectable by the operator.

●
The MOE log includes the number of gap outs, force offs and max outs per phase.

●
The MOE log includes the mode of operation and phase utilization.  If the controller is operating under coordination, the log shall include the pattern in effect and the average phase split for each period.  If the controller is operating free, the log shall include the timing plan (1 – 4), the maximum in effect and the average phase maximum for each period.

●
Each logged period includes the volume, number of stops and the delay per phase.

●
Each log period records the number of times a phase was skipped and the number of times walk was served per phase.

Replace subsection 740-2.11 with the following:  

740-2.11 CONTROLLER CABINET. Provide a controller cabinet that meets the requirements of NEMA Standard TS 2-2003 V02.06 Traffic Controller Assemblies with NTCIP Requirements (NEMA TS-2), Section 5 Terminals and Facilities and Section 7 Cabinets.

A.
Standard Features. Supply the following standard features: 


1.
Materials



Unless otherwise designated in the Plans, provide cabinets constructed of sheet Aluminum.


2.
Cabinet Dimensions


Unless otherwise designated in the Plans, provide a size 6 cabinet as defined in NEMA TS-2 Table 7-1.


3.
Doors

a.
Provide doors meeting the requirements of NEMA TS-2 Section 7.5.  The lock must accept a Best CX series core that will be installed by the Department after the Contract is complete.

b.
Provide a Police Compartment meeting the requirements of NEMA TS-2 Section 7.5.7.  The Police Compartment shall house the following switches:

1)
“flash/automatic” switch that when placed in the “flash” position causes the intersection displays to go into the flashing mode.  When placed in the “automatic” position, the signal system must resume normal operation. 

2)
“signals on/off” switch that when placed in the “off” position removes power from the signal bus.  Do not allow power on the bus when either “automatic” or “flash” operation is selected by any means. 

c.
Permanently label switches in the Police Compartment.

4.
Shelves

Provide shelves meeting the requirements of NEMA TS-2 Section 7.6. Provide additional laptop computer shelf mounted approximately 42” above ground level.  The laptop shelf must accommodate a standard 17” computer and be retractable below one of the cabinets’ shelves.

5.
Finish and Preparation

Unless otherwise designated in the Plans, provide unpainted Aluminum Cabinets with a “natural” brushed appearance.

6.
Cabinet Mounting

a.
Provide cabinet mounting features as defined NEMA TS-2 Section 7.8.

b.
The cabinet manufacturer is responsible for providing a cabinet that will mount without modification on the foundation detailed in Alaska Department of Transportation Standard Drawing T-35.00.

7.
Cabinet Ventilation

Furnish a cabinet that fully meets the requirements of NEMA TS-2 Section 7.9 and the following:

a.
Furnish the fan and cabinet vent with internally mounted metal covers that are fabricated to close off the flow of air during winter operation.

b.
Equip the cabinet with a selectable, 750/1500 watt cabinet heating device.  The heating device must have a remote air sensing thermostat. The contacts must be rated 20 amps, 120 volts, 60 hertz.  

1)
Construct the thermostat so that contacts close on descending temperature and are adjustable between 0 and 30 °F ±5 °F. The contacts must open on rising temperatures of 15 °F above the closing temperature.  The adjustment must have an indicating pointer. 

2)
Connect the thermostat in series with an electrical resistance heater and blower fan.  The blower fan must be rated for continuous duty.  The heater and fan must be connected in parallel and rated 120 volts, 60 Hertz.  Mount the unit in the horizontal position at a location beneath the lowest shelf.  

3)
Do not block the air intake or outlet.  Provide the unit with a SPST manual override switch that bypasses the thermostat to enable the fan and heater to operate at warmer temperatures.

8.
Auxiliary Cabinet Equipment

a.
Mount a hooded incandescent light fixture with a 15 inch flexible “goose neck” from the cabinet door.  Use a fixture UL rated to accommodate a 25 watt lamp with an integral “ON-OFF” rotary switch mounted on the lamp hood.  Mount a fluorescent lighting fixture on the inside of the cabinet near the front edge.  Use a fixture rated to accommodate an F15T8 lamp operated from a high power factor UL or ETL listed ballast.  The lamp must be included.  The lighting fixture “ON-Off” switch must be a toggle switch mounted on an inside control panel.  Include in the circuit a door actuated switch that turns the light ON when the door is open and OFF when the door is closed.

b.
Provide a resealable print pouch.  The pouch shall be mounted to the door of the cabinet.  The pouch shall be of sufficient size to accommodate one complete set of cabinet prints.

c.
Provide two paper sets of complete and accurate cabinet drawings with each cabinet.  Make cabinet drawings available electronically in AutoCAD v2004 or later format and deliver with paper set.
d.
Provide one paper set of manuals for the controller, Malfunction Management Unit and vehicle detector amplifiers with each cabinet. Make said manuals available in electronic Adobe “pdf” format and deliver with paper set.

9.
Cabinet Wiring. 

Neatly arrange the wiring within controller cabinets to conform to the requirements of subsections 660-3.05 and 740-2.05.  Furnish controller cabinets wired to accommodate 

a.
configuration #4 in Table 5-2 of the NEMA Standards Publications No. TS 2-2003 V02.06, Traffic Controller Assemblies With NTCIP Requirements with two each type 2 detector racks.

1)
Equip the cabinet with required control and auxiliary equipment connecting cables to operate the phases and detection indicated on the Plans, including future use. 

2)
Size wiring, switches, surge protectors, flash relays, and flashers to handle the necessary amperage required under full cabinet use.  Use orange colored wires to run from the flash transfer relay used for emergency flash programming. 

3)
Wire the cabinet to accommodate 6 unique preempt sequences as defined by NEMA TS-2 Section 3.7 and 2 auxiliary preempt sequences.  Configure each detector rack to accommodate 4 unique sequences.

b.
Field Terminal Blocks. 

Provide Terminals and Facilities meeting the requirements of NEMA TS-2 Section 5, Configuration #4 (Table 5-2) and the following:

1)
Provide 2 or more insulated terminal blocks to terminate field conductors.  Provide each block with 12 poles with 10-32 screw type terminals.  Use a terminal block that is a barrier type with removable shorting bars in each of the 12 positions and with integral type marking strips.  Terminate conductors to a terminal block. 

2)
Terminate conductors from the controller unit in ring type terminal lugs or solder them to a through panel solder lug on the rear side of the terminal.  Terminate other conductors in spade type terminal lugs. 

3)
Do not bring more than 3 conductors to any one terminal.  Two flat metal jumpers, straight or U shaped, may also be placed under a terminal screw.  Fully engage at least 2 full threads of terminal screws when the screw is tightened.  Do not extend live parts beyond the barrier. 

4)
Terminals must be provided to terminate a future 25 pair interconnect cable with each conductor terminated on individual terminals.  Terminate interconnect cable conductors on individual terminals. 

5)
On the right side of controller cabinets, install two 16 position bus bars, for terminating the equipment grounding and neutral conductors used inside the cabinets.  On the left side of the controller cabinets, install two 32 position bus bars, for terminating the equipment grounding and neutral conductors from field wiring.  

8.
Cabinet Accessories. 

See NEMA Standard TS 2-2003 V02.06, Section 5 Terminals and Facilities, Figure 5-4 Cabinet Power Distribution Schematic for items (1) through (4). 

a.
Disconnecting Means. 

1)
Main circuit breaker must be a single pole, 50 ampere, 10,000 amperes interrupting capacity for 8 phase cabinets or a single pole, 30 ampere, 10,000 amperes interrupting capacity for 4 phase cabinets.

2)
Auxiliary circuit breaker(s) must be single pole, 20 ampere, 10,000 amperes interrupting capacity to protect fan, heater, light and convenience outlet(s). 
The rating of the main disconnect means with overcurrent protection must be not less than 125% of the maximum anticipated continuous load.  When using disconnecting means, use the “trip indicating trip free” type. 

b.
Signal Bus. Connect the signal bus to the incoming AC line through a signal bus mercury contactor and an overcurrent protection device.  Energize the signal bus mercury contactor to provide power to the signal bus.  The current rating of the signal bus mercury contactor must be at least the current rating of the main overcurrent protection device. 

c.
AC Service Transient Suppression. Connect the transient suppression device for the primary feed of the cabinet on the load side of the cabinet overcurrent protection device.  The transient voltage suppression device connected to the controller power circuit must provide protection against voltage abnormalities of 1 cycle or less duration.

1)
The suppressor must be solid state high energy circuit containing no spark gap, gas tube, or crow bar component.  The current rating of the device must be 15 amps minimum.  The device must provide transient protection between neutral and ground, line and ground, as well as line and neutral.  If the protection circuits fail, they must fail to an open circuit condition.  The device must meet requirements of UL standard 1449.

2)
The suppressed voltage rating must be 600 volts or less when subject to an impulse of 6,000 volt, 3,000 amp source impedance, 8.0/20 microsecond waveform as described in UL 1449.  In addition, the device must withstand, without failure or permanent damage, one full cycle at 264 volts RMS.

3)
The device must contain circuitry to prevent self induced regenerative ringing.  There must be a failure warning indicator light that must illuminate when the device has failed and is no longer operable.  The transient suppression device must withstand a 20,000 ampere surge current with an 8x20 microsecond (time to crest x time to second halfcrest) waveform 20 times at 3 minute intervals between surges without damage or degradation to the suppressor.  Output voltage must not exceed 500 volts at any time during the test.  Use a device that is a solid state, high energy circuit with no spark gap, gas tube, or bar component. 

d.
Radio Interference Suppression.  Equip each traffic cabinet, flasher, and other current interrupting device with a suitable radio interference suppressor installed at the input power point.  Install the radio interference suppressor after the AC service transient suppression unit described in subsection 740-2.11.1.g.(3).  It must provide a minimum attenuation of 50 decibels over a frequency range from 200 kilohertz to 75 megahertz, when used with normal installations. 

1)
The interference suppressor must be hermetically sealed in a substantial metal case filled with suitable insulating compound. Terminals must be nickel plated, 10-24 brass studs of sufficient external length to provide space for connecting two No. 8 conductors and must be so mounted that the terminals cannot be turned in the case.  Ungrounded terminals must be properly insulated from each other and must maintain a surface leakage distance of not less than 1/4 inch between any exposed current conductor and any other metallic part, with an insulation factor of 100 to 200 megohms dependent on external circuit conditions. 

2)
The radio interference suppressor must have a minimum current rating equal to the rating of the main disconnect means as specified in subsection 740-2.11.1.g.(1).  It must be designed for operation on 120 volts, 60 hertz, single phase circuits and be UL and EIA compliant. 

3)
Connect the ground connection of the radio interference suppressor only to AC neutral.  Do not connect to Earth Ground directly. 

e.
Communications Transient Suppression.  Provide a transient suppressor for the system interface communications lines when used.  This suppressor must withstand a 100 ampere 10 x 700 microsecond waveform 20 times at 30 second intervals between surges without damage or degradation to the suppressor.  Apply the transient surge both line to line and line to ground. Output voltage must not exceed 8 volts line to line and line to ground.  Output voltage must not exceed 8 volts line to line or 250 volts line to ground at any time during the test. 

f.
Control Panel.  Provide and label a control panel assembly that is readily accessible from the front of the cabinet. The control panel assembly must consist of: 

1)
“controller power” switch to energize the controller while the signal lights are off or are being operated by the flasher.  Label and rate the switch for load current. 

2)
An electrical outlet.  It must be a duplex, 3 prong, NEMA Type 5-20R grounding type outlet with independent ground fault circuit protection.

3)
“auto/flash” switch that when placed in the “flash” position provides flashing operation without interrupting the controller unit power. When the switch is placed in the “auto” position the controller unit must provide normal operation. 

4)
“stop time/off/on” switch that when placed in the “stop time” position causes the controller unit to stop time.  In the “off” position the controller unit must be active regardless of external commands.  In the “on” position the timing must be normal but subject to external command interruptions. 

5)
“heater by-pass” switch to by pass the remote heater thermostat. 

6)
momentary contact test switches to place calls on each vehicle and pedestrian phase.  Switches must provide tactile feedback and be rated at 1 ampere, minimum, for a resistive load at 120 volts AC and at 28 volts DC.  Contacts must be coin silver or gold plated and be enclosed and labeled as to their function.

B.
Special Features. Provide special features if called for in the Plans or as specified in the Special Provisions 

Coordination “Remote/Time of Day/Free” Switch.  When the switch is in the “Remote” position, supervisory functions performed on the controller unit from a master coordinator or central computer must operate normally.  

When the switch is in the “Time of Day” position, the local controller must use the local coordinators time of day plan.  When the switch is in the “Free” position it must be possible to remove any or all coordination devices and maintain normal, non-coordinated controller operation without wire jumpers, jumper plugs or other special devices.  Provide this switch if a local coordination or system modem/interface unit is shown on the Plans. 

Replace subsection 740-2.12 with the following:  

740-2.12 STANDARD AUXILIARY EQUIPMENT.  
Provide equipment meeting the requirements of Section 6 of the NEMA Standard Publication TS 2-2003 V02.06, Traffic Controller Assemblies with NTCIP Requirements (NEMA TS-2).
1.
Three Circuit Solid State Load Switches.  Use load switches that conform to NEMA TS-2, Section 6.2 Three Circuit Solid State Load Switches and as a minimum be supplied with Light Emitting Diode indicators on the DC input circuitry.  The load switch must have 3 independent switching circuits, each being an individually replaceable solid state module. 

2.
Solid State Flasher.  Use a NEMA Type III flasher unit that conforms to NEMA TS-2, Section 6.3 Solid State Flashers.

3.
Malfunction Management Unit (MMU). 

Provide Type 16 MMU to be fully compliant with the requirements of NEMA TS-2, Section 4.  In addition the MMU shall have a full intersection LCD back lighted signal on the front panel and shall be downward compatible with TS-1 CMUs.

4.
Flash Transfer Relay.  Use flash transfer relays that meet the requirements of NEMA TS-2, Section 6.4 Flash Transfer Relays. 

Replace subsection 740-2.13 with the following:  

740-2.13 SPECIAL AUXILIARY EQUIPMENT. Use the following special auxiliary equipment when called for on the Plans and/or Special Provisions: 

Provide equipment meeting the requirements of the cited Sections of the NEMA Standard Publication TS 2-2003 V02.06, Traffic Controller Assemblies with NTCIP Requirements (NEMA TS-2).

1.
Inductive Loop Detectors Units. Provide inductive loop detectors that conform to the requirements of NEMA TS-2, Section 6.5, Inductive Loop Detector Units.  Unless otherwise called for in the Plans provide 4 Channel Inductive Loop Detectors with audible feedback of detection events.  The audible feature must be manually switchable between audible “on” and silent “off”.

2.
Local Coordination Units. Provide actuated coordination that conforms to the requirements of NEMA TS-2, Section 3.6 Actuated Coordination.

3.
System Modem/Interface Unit.  Supply a system modem/interface unit assembly that is compatible with the existing computerized traffic control system. 

4.
Preemption Units. Provide preemption that conforms to the requirements of NEMA TS-2, Section 3.7 Preemption and the following: 

Install the following components of the 3M Company’s Opticom Priority Control System according to 3M’s written installation instructions at the signalized intersections listed on the Plans.

a.
The system must be capable of sending a signal to the controller when an Opticom signal from a vehicle-mounted “3M OPTICOM Emitter” has been received and maintained for a period of 1.7 seconds.

b.
Use Opticom Priority Control System Model 792H emitters.

c.
Unless otherwise shown on the Plan use Opticom Traffic Control Systems Opticom Detector Model 721 preemption detectors.

e.
Furnish the appropriate number of Opticom Traffic Control Systems 754 Phase Selectors to meet the number of channels of detection for each intersection.  Use rack mounted phase selectors.

f.
When more than one detector is required per phase, furnish the appropriate number of harnesses for the 754 Phase Selectors to handle the auxiliary detection.

g.
Install Model 138 Optical detector lead in cable between the end of each signal mast arm and the controller cabinet.  Furnish enough slack in these cables for them to extend 2 feet beyond the end of each signal mast arm and to leave 10 feet of slack in the controller cabinet.  Seal both ends of each lead in cable with mastic lined, heat shrink tubing end caps.

h.
The controller, rather than the phase selector or auxiliary logic, must perform interval timing, signal sequences, and phase skips.

i.
Mount detectors according to manufacturer recommendations or as approved by the Engineer.  Mount and aim detectors to provide maximum emergency vehicle recognition.  Detector locations shown on the Plans are approximate and subject to change as directed by the Engineer.

j.
When emitters are required, provide 3M Opticom Priority Control System, Model 792H Emitter with 793 in vehicle switch.  The Emitter shall be factory programmed to the class and vehicle identification numbers assigned by jurisdiction as shown in the Plans and the following:

1)
Class 0 and Vehicle ID. Number 0 shall be disabled for Emitters.

2)
Vehicle Id. Numbers shall be sequential, beginning with the lowest number in the EVP Emitter table for the appropriate class.

3)
Provide one copy of 790IS Emitter Software Kit including “Y” cable.

4)
One 3-M Opticom Portable Emitter Kit with 792R emitter on a magnetic base, 793R switch and cigarette lighter adapter power cord in a “Camera Bag” case.

5.
Bus Interface Unit (BIU)
Provide BIU’s that fully meet the requirements of NEMA TS-2 Section 8.  Unless otherwise called for in the Plans provide BIU’s that meet the NEMA designation BIU2.

6.
Traffic Logging System.  If called for in the Plans, furnish, and install in the controller cabinet, a stand alone unit that collects, time stamps, and stores data in an unattended manner. 

Replace subsection 740-2.14 with the following:

740-2.14 VEHICULAR SIGNAL HEADS.  LED Signal Heads shall conform to the following publications:

●
Circular Indications:  Vehicle Traffic Control Signal Heads: Light Emitting Diode (LED) Circular Signal Supplement, 6/27/05  (ITE Publication ST-052).  This is hereafter referred to as “VTCSH-05”. 

●
Arrow Indications:  Vehicle Traffic Control Signal Heads – Light Emitting Diode (LED) Vehicle Arrow Traffic Signal Supplement Draft, ITE, 4/3/06.  This is hereafter referred to as “VTCSH-Arrow-06”. 

“The applicable ITE Specification”, as used in this specification, means VTCSH-05 for circular LED indications and VTSCH-Arrow-06 for arrow LED indications.

Each signal head must: be an adjustable, vertical type with the number and type of lights specified; provide a light indication in one direction only; be adjustable through 360 degrees about a vertical axis; and be mounted at the location and in the manner shown on the Plans.  Except for programmed visibility signal heads, vehicular signal heads installed at any one intersection must be of the same make and type.

1.
Signal Heads. Use LED optical units for all red, yellow and green indications. 

Provide a removable aluminum tunnel visor with an open slot at the bottom for each optical unit.  When indicated on the Plans or in the Special Provisions, construct the visor of polycarbonate resin with the color (black) pigment completely impregnated throughout the resin material.

Factory finish signal heads, signal head mountings, brackets and fittings, and outside of visors with 2 coats of dark olive green enamel.  Painting is not required where the color is an integral part of the component material.  Factory finish aluminum signal visor interiors with 2 coats of flat black enamel.

a.
Optical Units.  Use LED signal modules that meet the requirements of the applicable ITE Specification.  Use one piece EPDM (ethylene propylene rubber) gaskets to seal LED modules.
b.
Lens. Use lenses that meet the requirements of the applicable ITE Specification.

c.
Photometric Requirements. Meet the requirements of the applicable ITE Specification.

d.
Markings. Permanently mark the back of each LED signal module with the information listed in Section 3.6, Identification, of the applicable ITE Specification.  In addition, add a label saying “Manufactured according to the ITE LED Circular Signal Supplement”.

e.
Electrical. Meet the requirements of the applicable ITE Specification. LED signal modules must be operationally compatible with currently used controller assemblies (solid state load switches, flashers, and conflict monitors).

The catastrophic failure of an individual LED in a circular indication shall not result in the loss of other LEDs.  The catastrophic failure of an individual LED in an arrow or pedestrian signal, shall not result in the loss of more than 5% of other LEDs in that signal.

f.
Testing Requirements. 

Burn-in.  Require the manufacturer to energize each new LED module for a minimum of 24 hours at operating voltage and at a temperature of 140(F before shipment, to ensure electronic component reliability. 

Production Testing and Inspection.  Require the manufacturer to complete the tests in Section 6.3 of the applicable ITE Specification on each signal module.  Submit a manufacturer’s certification of successful completion of all tests with each signal module. 

Design Qualification Testing.   An independent test lab with the requisite expertise shall certify that tests in Section 6.4 of the applicable ITE Specification have been successfully completed.  Submit one such certification for each project for each type of LED signal module to be used.  Successful completion of the tests means the LED signal module has met the requirements of Section 3, Physical and Mechanical Requirements, Section 4, Photometric Requirements, Section 5, Electrical Requirements, as well as the requirements of Section 6.4. 

Exceptions:  Indications meet or exceed minimum intensities after 60 months of continuous use in a traffic signal system.

g.
Warranty.  Provide a manufacturer’s written warranty that covers defects in materials and workmanship for the LED signal modules for a period of 60 months.  The warranty period will begin on the date the traffic signal satisfactorily completes the functional test prescribed in subsection 660-3.01.7, Field Tests.  The warranty period for modules that replace failed modules will begin on the date installed. 

Require the manufacturer to replace failed LED modules with new LED modules at no cost to the Department, including the cost of shipping failed modules.  The warranty does not include the cost of removing failed modules from or reinstalling new modules in a traffic signal system.  Require the manufacturer, upon notification a module has failed, to send the department, via next day delivery, prepaid authorization to return the failed module.

Require the manufacturer to deliver replacement LED modules, within 5 working days of receiving failed modules, to the location designated by the Department.

Submit all warranty documents before installing the LED modules; including the manufacturer’s toll free telephone number for returning failed LED modules.

2.
Programmed Visibility Signal Heads. 

a.
Indications provide a nominal 12 inch diameter circular or arrow indication.  Meet the VTCSH requirements for color and arrow configuration.

b.
Provide each section with a 1 inch cutaway visor.

c.
Provide each signal section with an adjustable connection that permits incremental tilting from 0 to 10 degrees above or below the horizontal while maintaining a common vertical axis through couplers and mounting axis in 5 degree increments.

d.
The signal must be mountable with ordinary tools and capable of being serviced without tools.  Preset the adjustment at 4 degrees below the horizontal. 

e.
The visibility of each signal face must be capable of adjustment or programming within the face.  When programmed, each signal face’s indication must be visible only in those areas or lanes to be controlled. During dusk and darkness a faint glow to each side will be permissible.  

f.
Program the head as recommended by the manufacturer and as directed by the Engineer.

3.
Housing.
a.
Parts of the housing, including the doors and end plates, must be of die cast aluminum meeting ASTM B 85, and parts must be clean, smooth, and free from flaws, cracks, blow holes, or other imperfections.
b.
The housing of each signal section must be one piece with integral top, bottom, and sides, with square doors.

c.
Exposed bolts, screws, hinges, pins, and door locking devices must be stainless steel.  Interior screws and fittings must be stainless steel or approved nonferrous, corrosion resistant material.

d.
The top and bottom of each housing must have an opening to accommodate standard 1-1/2 inch pipe fittings and brackets.

e.
The top and bottom opening of each housing must have an integral serrated boss that will provide positive positioning of the signal head in 5 degree increments so as to eliminate undesirable rotation or misalignment of the signal head as well as between sections.  A total of 72 teeth must be provided in the serrated boss.  The teeth must be clean and sharp to provide positive positioning with the grooves of the mating section or framework.

f.
Fasten together individual signal sections with a cadmium plated tri-stud connector, lockwashers, and nuts with access holes for the passage of electrical conductors from one section to another.

g.
Each signal housing must have 2 integral hinge lugs located on the left side for mounting the door.

h.
Provide 1 or 2 latches on the right side of each signal housing with stainless steel wing nut assemblies to engage the door latches.

i.
Each signal housing must have a door opening with a one piece EPDM gasket around the periphery to provide a weather tight seal with the mating door.

j.
Provide the door of each signal housing with a round opening designed to accommodate any standard traffic signal lens. 

4.
Backplates. 

Backplates shall not be louvered.  Install backplates around vehicular signal faces except post mounted flashers.  Furnish backplates constructed of 0.100 inch minimum thickness aluminum alloy sheet meeting ASTM B 209, alloy 3003-H14.  For those backplates fabricated from 2 or more pieces of sheeting, furnish them fastened together with 3/16” aluminum rivets or bolts peened after assembly.

Furnish 5 or 5½ inch wide backplates regardless of where the signals are installed, on mast arms, on top of posts, or on the sides of poles.

Furnish backplates with the back and front faces factory finished with a single coat of environmentally safe, ultraviolet-resistant, polyester powder coating that is applied electrostatically at 90 kV and baked for 20 minutes at 400 degrees Fahrenheit per ASTM D-3359, ASTM D-3363, and ASTM D-522.  Coat the front of the backplate in a Dull Black finish meeting Federal Standard 595b-37038 and coat the back of the backplate in a Dark Olive Green finish meeting Federal Standard 595b-14056.

5.
Signal Mounting Hardware:  Furnish elevator plumbizers, elbow pipe fittings, and post top adapters (without a terminal compartment) with integral serrated contacts that feature 72 teeth.

Provide signal heads that will be mounted on mast arms or pipe tenons with ferrous or bronze elevator plumbizers.
For signal faces installed on the sides of poles, furnish signal frames that consist of watertight assemblies of 1½ inch nominal diameter standard steel pipe, malleable iron or brass pipe fittings, and bronze terminal compartments.  The side of the terminal compartment opposite the door shall feature a saddle shape for wobble free mounting on round poles and include a cable guide and two holes for mounting the compartment.

Furnish vehicular signal frames with a horizontal dimension between the center of the terminal compartment and the axis of the adjacent signal face of 22 inches in side mounted frames and 11 inches in post top installations.

Post top adapters shall slip fit over 4 inch nominal standard pipe and feature two rows of three cadmium plated steel setscrews.  Furnish post top adapters with terminal compartments, except one way signal heads may be installed on adapters without a terminal compartment provided the adapters include offset openings.  Provide post top adapters without a terminal compartment made of cast iron.  

Furnish terminal compartments with a terminal block containing 12 poles, each with two screw type terminals.  Each terminal must accommodate at least three 14 AWG conductors.  Provide terminal compartments with a rain tight door that provide ready access to the terminal block. 

For mounting each terminal compartment, furnish two ½” x 13 hot dip galvanized bolts that conform to ASTM A 325 and two ½” hot dip galvanized washers that conform to ASTM F 436.

740-2.15 PEDESTRIAN SIGNALS.  Add the following as item 12:  Furnish pedestrian signals side mounted on poles with a 2 piece, hinge connected, cast aluminum clamshell bracket that mounts directly between the pole and the side of the housing.  The bracket shall fit round poles with outside diameters of 4.5 inches and greater without wobbling and allow a minimum rotation of (15 degrees when mounted on a 4.5 inch O.D. pole.  The bracket shall feature a rain-tight terminal compartment and include a 12 position terminal block.  Installed, the bracket shall take less than three inches of space between the housing and pole.

For mounting each clamshell bracket, furnish two ½” x 13 hot dip galvanized bolts that conform to ASTM A 325 and two spacers provided by the bracket manufacturer to keep the bolt head clear of the recess that holds the nut in a through bolted installation.

Replace subsection 740-2.16 with the following:

740-2.16 PEDESTRIAN PUSH BUTTONS.  Tamper proof with a 2 inch minimum diameter convex 316 stainless steel actuator button. 

Construct a weatherproof assembly designed to prevent an electrical shock under any weather condition and grounded per the NEC. 

Push button switch. Furnish Polara model RBDLM2-B-4H or approved equal with the following features.  Provide a solid state electronic piezo type, switching unit, with screw type terminals, rated 15 amperes at 125 volts, AC.  Must have the following characteristics: 

1.
Switching unit that is solid state electronic piezo rated for 100 million cycles. 

2.
Sealed to prevent ice from impeding function.

3.
Must hold the call for a minimum of 5 seconds.

4.
Switch operating force of 3 pounds or less with no moving plunger or moving electrical contacts.

5.
Provide an LED indication and an audible tone or beep within the button when pushed.

6.
Must have a raised rim or ridges to protect the button from side impacts.

7.
Powder coated cast switch housing of dark olive green or black. 

Where a pedestrian push button is to be mounted on top of a 2-1/2 inch diameter post, provide the housing with a slip-fitter with screws for securing to the post. 

Factory finish pedestrian push button housings, mountings, brackets and fittings with 2 coats of dark olive green enamel or powder coat.  Painting/powder coating is not required where the color is an integral part of the component material. 

Replace subsection 740-2.17 with the following:  

740-2.17 FLASHING BEACONS.  Furnish beacons that consist of one or more traffic signal sections meeting the requirements of subsection 740-2.14 Vehicular Signal Heads. See the Plans for the number, size and color of the signal sections required for each beacon. 
Use the flasher in signal controller cabinets to energize beacons that flash continuously and are installed near traffic signals.  Otherwise, each flashing beacon controller assembly consists of the following 120 volt ac equipment housed in a NEMA 3R enclosure:  a circuit breaker, a radio interference suppressor, a transient voltage suppressor, a NEMA type 3 flasher, neutral and ground busses, and terminal blocks.  

Controller assemblies for school zone speed limit sign beacons shall also include a time switch and a second 120 volt ac circuit breaker that protects a thermostat and heater.

The NEMA 3R enclosure shall feature a single shelf and a top hinged cover with a hasp and staple for sealing and locking the cabinet door. 

The radio interference and transient voltage suppressors shall meet the requirements of subsections 740-2.11.1.d.(3) and (4), respectively.

Use a solid state NEMA Type 3 flasher meeting the requirements of NEMA Standard TS 1-1989, Traffic Control Systems.

Use 20 ampere, 600 volt barrier type phenolic terminal blocks with plated brass screw type terminals and integral strips can be marked with a pen or pencil.

Furnish an RTC Manufacturing model AP41-L time switch complete with wiring harness, or an approved, calendar programmable, solid state time switch with liquid crystal display, keyboard, input/output port, and wiring harness.  The approved time switch shall:

1.
Operate on line voltages from 95 to 135 volts ac, operate in temperatures from -22( F to 165( F, and include a capacitor that provides 48 hours of back up power to retain programming and time when the unit is disconnected from ac voltage.

2.
Include a backlit display and provide 2 lines of alphanumeric legend with 16 characters per line.  The display shall automatically prompt the operator while programming the device through the keyboard for ease of use.

3.
Include an input/output port and keyboard activated special functions that transfer the program to other units and download the program to a printer for a hard copy record of the program.

4.
Automatically compensate for changes in Daylight Savings Time and leap years and include a keyboard activated special function to quickly change the dates for the begin and end of Daylight Savings Time.

5.
Provide at least 10 basic plans for daily and/or weekly use and at least 200 program steps that are equally divided amongst the actual number of basic plans.  Each program step shall be assignable to a single day, weekend, weekday, or every day.  The time switch shall also include 20 plans that activate the basic plans to provide one year of time based control.  

6.
Include at least 4 single pole double throw, relay controlled outputs rated for 15 amperes of resistive load at 115 volts ac.  Each pole shall be independently activated for steady on or momentary on and be manually switched on through the keyboard.

When a signal controller cabinet flasher is used to energize a beacon, furnish a two pole, fused block with built in fuse pullers to protect the flasher.  Furnish third party certified blocks that hold 13/32” x 1-1/2” midget ferrule fuses, are rated for 30 amperes, and feature tubular screw terminals that accommodate conductors to 8 AWG.  Furnish blocks with two fast acting, 3 ampere (BAF-3) fuses and flat bases that can be directly mounted on a dead panel.

Replace subsection 740-2.18 with the following:  

740-2.18 ROADWAY LUMINAIRES.  Furnish luminaires that conform the following specifications and provide the light distributions specified.  When luminaire performance criteria are specified, luminaires shall also:

●
Meet or exceed the minimum initial light levels indicated. 

●
Provide light distribution uniformity ratios and veiling luminance ratios equal to or less than the maximums indicated.

When luminaire performance criteria are specified, submit the following information for each luminaire type and light distribution type specified:  luminaire specifications, the lumen output of the lamps that will be furnished, and current electronic photometric data to the Engineer for approval.  Furnish the photometric data in Illuminating Engineering Society (I.E.S.) format.  The Engineer will use software that calculates light levels and uniformity ratios according to the American National Standard Practice for Roadway Lighting, A.N.S.I./I.E.S RP-8 to verify each luminaire provides the light levels, uniformities, and veiling luminance ratios specified. 

When cut off distributions are specified, furnish luminaires with flat glass lenses and a full cutoff light distribution as defined in the American National Standard Practice for Roadway Lighting, A.N.S.I./I.E.S RP-8, dated 2000.

Furnish each luminaire with a high pressure sodium lamp of the wattage specified and matching ballast with an input voltage equal to circuit voltage.  Furnish lamps that feature a rated life of 24,000 hours based on 10 hours per start and ballasts that conform to subsection 740-2.21.  

Luminaries General
Install luminaires that feature: 

1.
Corrosion resistant enclosures with gray paint finish and space for the ballast.

2.
Third party certification for use in wet locations.

3.
Glass lenses, unless polycarbonate resin refractors are specified.

4.
Terminal blocks for attaching the illumination tap conductors.

5.
Aluminum reflectors with an ALZAK or ALGLAS finish.

6.
Optical components free of substances that affect photometric performance, paint.

7.
Housings cast with no provision for a photoelectric control receptacle.

8.
Airtight reflector and lens units that breathe through activated charcoal filters and include elastomer gaskets to seal the gap between the two components.  Gasket material must withstand the temperatures involved and be securely held in place.

9.
Plug in starting aids in fixtures with lamps through 400 watts. 

Luminaries – Cobrahead

Each cobrahead luminaire shall also include:  

1.
An easily removed hinged door used exclusively for mounting the ballast.  

2.
A second door that frames the lens, hinges on the house side, and fastens on the street side with an automatic type latch.  

3.
A four bolt mounting brackets that fit 2 inch nominal diameter standard pipe and feature a center pivot for leveling the luminaire.

Offset luminaires shall also include knuckle style pole top adapters that are sized to fit 2 inch nominal diameter standard pipe and feature a wire way meeting NEC requirements for installing three size 10 AWG conductors between the pole and the terminal block located in the luminaire.

High Tower Luminaire. 
1.
A 1,000 watt, high pressure sodium lamp that provide 140,000 minimum initial lumens.

2.
A side entry 4 bolt mounting bracket designed for 2 inch nominal diameter pipe with provision for leveling the luminaire.

3.
A die cast aluminum housing attached to the mounting bracket that provides a weather tight enclosure for the ballast and terminal block and is readily removable without removing the luminaire from the bracket arm.

4.
A cover and reflector that readily detaches from the mounting bracket without removing the luminaire from the bracket arm.

5.
A double fused 480 volt ballast with fuses sized by the luminaire manufacturer.

6.
A hinged lens compatible with add on light shields.

7.
A stainless steel lamp clamp to prevent lamps from loosening, which is separate from the socket.

When the Plans specify shielding areas from illumination, install light shields on luminaires on high tower poles whose templates touch the shielded areas.  Provide shields that limit light levels to 0.1 footcandle or less at the right of way line.  Whenever stock shields fail to limit light levels to the 0.1 footcandle level, hire the luminaire manufacturer to custom design and fabricate shields.  If the first generation of custom fabricated shields fail to limit light levels to the 0.1 footcandle level, the Engineer may waive the 0.1 footcandle requirement.

Lenses.  

When polycarbonate resin lenses are specified, furnish lenses the fabricator certifies conforms to the following criteria.

1.
The lenses are molded in a single piece from virgin polycarbonate resin.  

2.
The lenses are free from cracks, blisters, burns, and flow lines, and furnished with the natural molded surface. 

3.
The lenses are of uniform density throughout and free from air, gas, or moisture pockets, and uncured areas. 

4.
The lenses are transparent with a clear bluish tint, produced from ultraviolet stabilized resin to reduce the effects of ultraviolet radiation on their color properties. 

5.
The resins used meet the requirements for the self extinguishing classification of ASTM D 635 and feature a minimum impact strength, Izod notched of 12 foot pounds per inch when tested according to ASTM D 256, Method A, using a 1/8 inch by ½ inch bar molded according to ASTM recommended practice.

Delete subsection 740-2.20, Illumination Control, in its entirety.  
740-2.22 HIGH TOWER LUMINAIRE LOWERING SYSTEM.  Furnish an integral luminaire lowering device that is compatible with the high tower design and consists of a head frame assembly, luminaire ring assembly, and winch assembly complete with electric motor.

Provide a technician employed by the lowering device manufacturer, who has a minimum three years experience installing the lowering device, to 

1.
Teach each crew that assembles the lowering device how to complete the work on the first pole,

2.
Oversee the assembly work on the next three poles or until the technician can assure the Engineer the crew can correctly assemble the lowering devices,

3.
Teach each crew how to initially adjust each lowering device on the first pole installed,

4.
Oversee the adjustment work on the next three installed poles or until the technician can assure the Engineer the crew can correctly adjust the lowering devices,

5.
Come back to teach each new crew how to assemble and adjust the lowering system components, if the installation crews change, and

6.
Make intermediate and final adjustments to all lowering devices installed under the contract at three, six, and twelve month intervals after the State has accepted the high tower poles.

Furnish a complete service manual with instructions on installation, operation, and maintenance for each lowering device, winch assembly, and power drive system furnished on the project.

Install one of the following high mast lowering devices wired for a single circuit, rated 480 VAC single phase, on each high tower pole shown on the Plans. Furnish all power cords with four #8 AWG conductors. 

Furnish each luminaire ring assembly with guide cones (Millerbernd) or tapered positioning pins (Eagle) painted a safety orange color for their full length.  Use a 2 component, water borne epoxy paint with gloss finish that can be applied to galvanized steel and provides a tough, abrasion resistant coating rated for exterior use.  Complete work according to the paint manufacturer’s written instructions, including: preparing the surfaces and tinting, mixing, and applying the paint.

Manufacturer
Model No.
Options to be furnished

Eagle High Mast Lighting Co.
ELC-XX-GV
Hot dip galvanized masthead assembly and transition plate, and integral motor

Millerbernd Manufacturing
SSLD-2
Integral winch and motor assembly

High Tower luminaire lowering systems shall meet third party certification.

The Plans will indicate the number of luminaires on each pole, each pole’s height, and whether FAA approved obstruction lights are required. (4/24/07)R98USC04

740-2.24 TRAFFIC SIGNAL COMMUNICATIONS SYSTEM. Furnish only fully functioning new equipment of the brand and type listed or approved equal. To be considered an approved equal equipment must meet or exceed the listed specifications.  The products listed in this subsection are subject to review and approval if they are included on the Materials Certification List (MCL).

MASTER RADIO

Furnish fixed frequency licensed radios in the number and location shown on the plans.  The radios must be fully compatible with Econolite ASC/3-2100 traffic signal controllers and Econolite ASC/2M-1000 on-street master controllers. Furnish Microwave Data Systems model MDS-4790A radio or approved equal meeting the following requirements:

●
Frequency Range: 330 to 512 MHz

●
Tx/Rx Split: Simplex to 132 MHz

●
Data Interface: RS-232 Female Connector, Supports: TXD, RXD, RTS, CTS, DCD, RUS, AUX PWER, DSR, and GND

●
Frequency programmability; 5 KHz increments, 6.25KHz increments any MAS channel pair

●
Operational Modes: Asynchronous – Simplex, half-duplex, full-duplex

●
Frequency Stability; +/- 0.00015% 1.5ppm

●
Transmitter Carrier Power; 0.1 to 5 Watts Programmable

●
Transmitter Carrier Power Accuracy; Normal +/- 1.5 dB

●
Transmitter Output Impedance; 50 Ohms

●
Duty Cycle; Continuous

●
Receiver Type; Double Conversion Superheterodyne

●
Adjacent Channel (EIA): 60dB nominal

●
Primary Power; 100-240 Vac (50/60 Hz)

●
Power Required: <60 Watts nominal

●
Modem Modulation; Digital/CPFSK

●
Latency (Rx-Tx-Rx): <10 ms including RTS/CTS delay

●
Modem CTS Delay; 0-255 msec programmable in 1 msec increments

●
Modem PTT Delay; 0-255 msec programmable in 1 msec increments

●
Data Rate (rf): 9,600 bps

●
Data Rate (data): 110 bps -38.4 kbps

●
Bit Error Rate: BER 1X10^-6@-110 dBm typical

●
Local Diagnostics: Included

●
Dimensions; approximately (3.5H x 14.3W x 14.3D) inches

●
Maximum Weight; 19.8 lbs

●
Front Panel: Detachable

●
Mounting: Shelf or under shelf

●
Temperature Range; -22F to +140F

●
Agency Approvals; FCC Part 90 (150-174 MHz bands)

●
Case; Die Steel

SLAVE RADIO

Furnish fixed-frequency licensed radios in the number and location shown on the plans.  The radios must be fully compatible with Econolite ASC/3-2100 traffic signal controllers and Econolite ASC/2M-1000 on street master controllers. Furnish Microwave Data Systems model MDS-4710A radios or approved equal meeting the following requirements;

●
Banding; 10 MHz blocks

●
Frequency programmability; 5 KHz increments, 6.25KHz increments any MAS channel pair

●
Agency Approvals; FCC Part 90 (150-174 MHz bands)

●
4 Wire Analog; Yes

●
Date Rate: 9,600 bps

●
Channel Spacing 25, 30 KHz

●
Bit Error Rate; 1X10^-6@-110 dBm typical

●
Diagnostics; Network Wide Diagnostic Option

●
Operational Modes; Async –Simplex, half-duplex

●
Data Interface; Rs-232, DB-25 female connector

●
Supports; TXD, RXD, RTS, CTS, DCD, RUS, AUX POWER, DSR and GND

●
Transmitter Carrier Power; 0.1 to 5 Watts Programmable

●
Transmitter Duty Cycle; Continuous

●
Transmitter Output Impedance; 50 Ohms

●
Transmitter Frequency Stability; +/- 0.00015% 1.5ppm

●
Transmitter Carrier Power Accuracy; Normal +/- 1.5 dB

●
Receiver Type; Double Conversion Superheterodyne

●
Receiver Frequency Stability; +/- 0.00015% 1.5ppm

●
Primary Power; Voltage 13.8 Vdc nominal

●
Tx Current; 2A Typical at 5 Watts

●
Rx Current; less than 125 mA

●
Modem Modulation; Digital/CPFSK

●
Modem CTS Delay; 0-255 msec programmable in 1 msec increments

●
Modem PTT Delay; 0-255 msec programmable in 1 msec increments

●
Temperature Range; -22F to +140F

●
Case; Die Cast Aluminum

●
Dimensions; approximately 2 x 6 x 7.5 inches

●
Weight; maximum 2.5 lbs

ANTENNAS & CABLE

OMNI Antenna; Furnish Radio Frequency Systems model 458-2N Storm Chief, OMNI antenna or approved equal meeting the following requirements;

●
Frequency Range: 450-470 MHz

●
Gain: 8 dBd gain

●
Vertical Beam Width: 12 degrees

●
Height: 13.3 feet

●
Weight: 10 pounds maximum

●
Power Rating: 250 Watts

●
Lightening Protection: Included

●
Wind Loading: 100 mph

●
Construction: White fiberglass

YAGI Antenna; Furnish antenna model 4506 YAGI or approved equal meeting the following requirements;

●
Frequency Range: 450-470 MHz

●
Bandwidth VSWR1.5 400 MHz: >38 MHz

●
Gain: 10.2 dBd minimum

●
Front to Back Ratio: >15dB

●
Elements: 6 minimum

●
Power Rating: 150 Watts

●
Lightening Protection: Included

●
Wind Loading: 200 mph, 110 mph with 0.5” radial ice

●
Construction: Gold anodized aluminum

ANTENNA CABLE: Furnish coaxial antenna cable Andrew LDF4-50A or approved equal meeting the following requirements;

●
Jacket Material: PE

●
Dielectric Material Foam PE

●
Inner Conductor Material: Copper-clad aluminum wire

●
Jacket Color: Black

●
Outer Conductor Material: Corrugated copper

●
Nominal Diameter: 0.5”

●
Cable Weight: 0.15 ob/ft

●
Diameter Over Dielectric: 0.510”

●
Diameter Over Jacket: 0.630”

●
Inner Conductor OD: 0.190”

●
Outer Conductor OD: 0.550”

●
Cable Impedance: 50 ohm +/- 1 ohm

●
Capacitance: 23 pF/ft

●
Dc Resistance, Inner Conductor: 1.480 ohms/kft

●
Dc Resistance, Outer Conductor: 0.580 ohms/kft

●
Dc Test Voltage: 4000V

●
Inductance: 0.058 uH/ft

●
Insulation Resistance: 100000MOhm

●
Jacket Spark Test Voltage (rms): 8000V

●
Operating Frequency Band: 1-8800MHz

●
Peak Power: 40.0 kW

●
Pulse Reflection: 0.5%

●
Velocity 88%

●
Operating Temperature: -67 to 185 degrees Fahrenheit

●
Attenuation at 450 MHz: 1.447 dB/100 ft

●
Average Power at 450 MHz: 1.61 kW

●
Bending Moment: 2.8 ft lb

●
Flat Plate Crush Strength: 110.0 lb/in

●
Minimum Bend Radius, Multiple Bends: 5.00”

●
Minimum Bend Radius, Single Bend: 2.00”

●
Number of Bends, Minimum: 15

●
Number of Bends, Typical: 50

●
Tensile Strength: 250 lb

ON-STREET MASTER CONTROLLER 

Furnish Econolite ASC/2M-1000 on street master controller unit or approved equal meeting the following requirements:

Enclosure

●
The system master shall be compact so as to fit in limited cabinet space. It shall be installable on a shelf that is not more than 7" deep.  External dimensions shall not be larger than 9" x 15" x 9-1/2" (H x W x D).

●
The enclosure shall be constructed of sheet aluminum and shall be finished with an attractive and durable protective coating.  Model, serial number, and program information shall be permanently displayed on the top surface.

●
The enclosure shall open along a vertical stainless steel hinge so as to provide ready access to the electronics in case of service.

Electronics

●
The electronics shall be modular and shall consist of vertical circuit boards.  Horizontal circuit cards shall not be acceptable.

●
A microprocessor shall be used for timing and control functions. Continuing operation of the microprocessor shall be verified by an independent monitor circuit, which shall set an output to FALSE and indicate an error message if a pulse is not received from the microprocessor within a selectable period.

●
In the interest of reliability, sockets shall only be used for components with 20 pins or more.

●
A built in, high efficiency switching power supply shall generate required internal voltages as well as 24 VDC output.  Voltages regulated and monitored with control signals.  Fuses mounted on the front of the system master for 120 VAC input and 24 VDC output.

●
Timing of the system master shall be derived from the 120 VAC power line.  A 5 year lithium battery shall maintain the time of day clock and digital data during a power outage lasting up to 30 days. Lead acid, nickel-cadmium, or alkaline batteries shall not be acceptable.

●
User programmed settings shall be stored in an electrically erasable programmable read-only memory (EEPROM).  Designs using a battery to maintain user data shall not be acceptable.

●
To facilitate the transfer of data from one system master to another, the EEPROM shall be mounted on an easily removable submodule that is to connected to the processor module via a DIN printed circuit board connector.

●
Printed circuit boards meet the requirements of the NEMA Standard plus the following requirements to enhance reliability:


●
Plated through holes and exposed circuit traces plated with solder.


●
Both sides of the printed circuit board covered with a solder mask material.


●
The circuit reference designation for components and the polarity of capacitors and diodes clearly marked adjacent to the component.  Pin 1 for integrated circuit packages designated on both sides of printed circuit boards.


●
Electrical mating surfaces gold plated.


●
Printed circuit board assemblies, except power supplies, coated on both sides with a clear moisture proof and fungus proof sealant.

Front Panel and Connectors

●
The front of the system master consists of a panel for the display and keyboard plus a separate panel for the connectors.

●
A 16 line by 40 character/line alphanumeric liquid crystal display (LCD) shall show program and status information.  The display area having nominal measurements of 2 1/2" x 4 1/2" (H x W) or larger.  For ease of viewing, provide backlighting by light emitting diodes and multiple levels of contrast adjustment.

●
Front panel operator inputs clearly labeled and environmentally sealed elastomeric keys.  These shall include a 10 digit numeric keypad, ten function keys, an oversize ENTER key, and an oversize four-arrow cursor control key.

●
Eight of the function keys shall be labeled F1 through F8 and provide the following functions:

F1 - Main Menu-Pressing the F1 key shall display the main menu.

F2 - Next Screen-Pressing the F2 key shall display the next screen, thus allowing rapid advancement from screen to screen.

F3 - Sub Menu-Pressing the F3 key from any data screen shall display the current sub-menu.

F4 - Next Data-Pressing the F4 key shall search for the first non-zero data field, thus allowing rapid search for valid entries.

F5 - Display Adjust-Pressing the F5 key shall adjust the contrast of the display.

F6 - Next Page-Pressing the F6 key shall advance to the previous or next group of data entry screens in a submenu.

F7 - Status Display-Pressing the F7 key shall present the status display.

F8 - Help-Pressing the F8 key at any data entry field shall display a help screen about that field.

Special Function. A key marked "special function" shall be provided to lock out data changes if an access code is present and to enter hexadecimal characters:

Clear. A key marked "clear" shall be provided to abort a data entry and restore the current value.

Telemetry

●
Up to two channels of telemetry utilizing time division multiplex/frequency shift keying (TDM/FSK) techniques shall be provided depending on system requirements.

●
The modems for each channel shall provide full duplex communications over four wire Type 3002 telephone lines between the system master and local controllers.

●
The transmitter digital to FSK modulator.  A digital HIGH resulting in a frequency of 2200 Hz, and a digital LOW shall result in a frequency of 1200Hz.  At the point of frequency shift, the signal phased coherent. The nominal output level shall be OdBm into a 600ohm load.

●
The receiver - an FSK to digital demodulator.  A frequency of 2200 Hz resulting in a digital HIGH, and a frequency of 1200 Hz resulting in a digital LOW.  The receiver sensitivity set at -34dBm and adjustable from -40 to +6dBm.

Serviceability

●
Electronic modules other than the power supply easily removable from the front of the system master using a standard screwdriver as the only tool. Power and signal connections to the circuit boards though plug ​in connectors.

●
The system master layout allows the removal and replacement of any circuit board without unplugging or removing other circuit boards.  Boards keyed to prevent improper installation.  No more than two boards attached together to form a circuit assembly.  Attaching hardware uses captive screws or ¼ turn fasteners to secure circuit assemblies to the enclosure.

●
The system master enclosure allows complete disassembly using a standard screwdriver.  Designed so that one side of any circuit board is completely accessible for troubleshooting and testing while the unit is still in operation.  This capability accomplished without the use of extender cards or card pullers.

Functional Operation

●
The system master controls the operation of a traffic system or zone containing up to 24 intersections by specifying the operation of the intersection controllers based on processed detector data, time of day/day of week/ week of year scheduling, manual operator selection, or external commands.

●
The control signals consists of traffic plans that specify a coordination program that commands one of six cycle lengths, one of five offsets, one of four splits; system free; or zone plan, and up to four special functions.

●
The system master shall provide for a communication link to a monitor computer to upload/download controller data bases, to transfer events and detector data for storage, and to provide data on a one second basis for real time displays.

●
There are optional capabilities for telemetry interconnect and for a remote or local data terminal.

Program Selection

●
The default program in effect selected on a priority basis.  Priorities as follows:


1.
Manual entry from keyboard


2.
External command from a master

3.
Time-of-day/day-of-week schedule

4.
Traffic responsive

●
Manual entry from the keyboard shall override programs from other sources.  Used as the default when automatic selection fails and time of day/day of week backup is not enabled.

●
Provision made for program commands from an external master.  The external command inputs usable for crossing artery synchronization.

Time-of-day/day-of-week programming

●
Up to 150 program steps shall be available for time of day/day of week (TOD) scheduling.  Up to 16 TOD programs possible.  The TOD programs scheduled on a repeating basis by assignment to the week of year and day of week.  Special TOD programs assignable by month and day on a one time or repeating basis for implementing holiday programs or special events.

●
TOD program selection or special function scheduling enabled separately for override of traffic responsive commands.  Possible to enable a traffic responsive default function that allows TOD operation to take effect only if traffic responsive operation fails.

●
TOD operation controlled by a calendar and clock that compensates automatically for leap year and daylight savings time (if enabled).  Each TOD program step shall consist of the following:


●
Program number.


●
Begin time (hour and minute).


●
Traffic plan consisting of cycle, offset and split; system free; or zone plan command (see 5.9).


●
Enable special functions.


●
Enable maintenance call operation.


●
Enable traffic responsive operation.


●
Auto program override (if cycle length is higher).


●
Command non-interconnected coordination operation.


●
Enable crossing artery synchronization.


●
Specify sample period for traffic responsive plan.


●
System detector log interval.


●
Sample period log interval.

●
Power OFF for longer than the capability of the power down timer inhibits TOD operation.  TOD operation enabled when time is updated.

Traffic Responsive Programming

●
Traffic plan selection in the traffic responsive mode performed at user specified intervals.  The plan selection interval specified in minutes or cycles.

●
Raw sensor data consisting of volume counts and presence measurement from up to 32 detectors processed into scaled volume and scaled occupancy traffic parameter values for use in traffic responsive plan selection.  The volume and occupancy scale factors specified for each detector and also for the system.  If individual values are not specified, use the system value.

●
The sensors assignable to eight detector groups, each of which shall contain up to four detectors.  A minimum number of operable detectors required for valid operation user specified.  Each group of detectors assignable to any combination of the following functions:


Level selection


Direction 1 traffic


Direction 2 traffic


Split demand A


Split demand B


Arterial demand


Nonarterial demand

●
For each detector group assignment, the user is able to specify that the highest, second highest or average of scaled sensor data is used as the detector group output.  The output parameter of each detector group includes volume, occupancy, or concentration (which is the higher of volume or occupancy).

●
The data processing of the detector group outputs assigned to each function specified as follows:


Parameter (volume, occupancy, or concentration).


Highest, second highest, or average output of the detector groups assigned to the function.


Factor used in a first order smoothing algorithm.


Update predictor value that will bypass data smoothing for a predetermined increase.

●
Computed level determined by comparing the processed level selection detector group outputs to user specified threshold values.  Provision made for determining up to five computed levels.  The threshold values between adjacent levels overlap to provide a hysteresis effect to minimize oscillation.  It is possible to inhibit access to higher levels by entering an out of range threshold value.

●
Arterial directional preference determined by computing the difference between the processed direction 1 data and direction 2 data.  Computed offset determined by comparing the arterial directional values to user specified threshold values.  The computed offset either the direction 1 preference, direction 2 preference, or average.  The threshold values between adjacent computed offsets shall overlap to provide a hysteresis effect to minimize oscillation.

●
Based on computed level and computed offset, one of fifteen traffic plans selected.  Traffic plans provided for one of the following:


A coordination plan consisting of:



One of six cycle lengths



One of five offsets



One of four splits or four computed split/special function programs



System free



Zone plan command



Up to four special functions shall be available for each traffic plan.

●
Zone plan commands 1 through 32 from the master selecting command programs 1 through 32 at each intersection controller.  Possible to group intersections as necessary for traffic patterns providing multiple subzone coordination or independent operation within a zone.  As an example, zone plan command 1 able to specify the following zone operation:


●
Intersection 1 through 8, command program 1 calling for cycle 2, offset 3, and split 1.


●
Intersection 9 through 16, command program 1 calling for cycle 3, offset 2, and split 2.


●
Intersection 17 through 20, command program 1 calling for free mode.

●
If, due to failed detectors or improper data entries, the computed level or computed offset cannot be determined, the previously selected traffic responsive plan shall be retained for a period specified by the operator.  A default traffic plan used if valid computed level and offset have not been determined before the expiration of the retention period.

●
The default plan selected from one of three sources as determined by operator entries.


●
TOD scheduling used if traffic responsive backup is enabled.


●
Manual plan.


●
System free.

●
Computed split/special function program determined by computing the difference between the processed split demand B data and split demand A data.  One of four programs consisting of one of four splits and any special function selected by comparing the difference to user specified values.  The threshold values between adjacent splits overlaps to provide a hysteresis effect.

●
Five additional traffic plans shall be selectable based on computed level and nonarterial preference.  A nonarterial preference ratio determined by computing the difference between the processed nonarterial demand data and arterial demand data.  Either arterial or nonarterial preference selected by comparing the difference to user specified threshold values.  The threshold values overlap to provide a hysteresis effect.  It is possible to specify that any of the nonarterial traffic plans defer to the arterial plans at the same computed level.

Crossing Arterial Synchronization

●
Provision made for crossing arterial synchronization in two independent system masters. Synchronization established through the common intersection of both systems in order to maintain simultaneous, coordinated traffic flow along each of the arterials.

●
Crossing arterial synchronization enabled by the time of day scheduler and occur when the traffic pattern commanded by each of the system masters has the same cycle information.

●
Crossing arterial synchronization enabled as long as both system master cycle commands are the same and remain in effect for as long as traffic demand warrants this mode.  To prevent oscillation, it is possible to "lock in" this mode for a user programmable period from 0-30 cycles.

Power Fail Restart

A second set to provide for diagnostic values specified for each system detector individually.  The individual value used if it is longer than the system diagnostic interval. When no individual value is specified for a system detector test, use the system diagnostic value.

●
The system detector diagnostic tests shall be as follows:

No Activity - Two intervals from 0 to 255 minutes between vehicle counts settable by time of day for no activity diagnostics on a system basis.  A diagnostic interval begins each time a vehicle count occurs.  If a vehicle count is not received during the diagnostic interval, the detector fails.  No activity diagnostics is inhibited if the volume from a majority of unfailed system detectors is below a system specified threshold value from 0 to 255 counts per minute.

Maximum Presence - An interval from 0 to 30 minutes specified for maximum presence diagnostics.  A continuous detector call for the diagnostic interval causing the detector to be failed.

Minimum Presence - An interval from 0 to 15 minutes and a minimum average presence time from 0 to 30 occupancy counts, where each count is 16 2/3 milliseconds, is specified for minimum presence diagnostics.  A detector fails if the occupancy per vehicle count averaged over a one minute period is less than the specified average presence time for the diagnostic interval.

Excessive Counts - A diagnostic count from 0 to 180 counts per minute and diagnostic interval from 0 to 30 consecutive minutes specified.  If the detector count is equal to or greater than the diagnostic count for the diagnostic interval the detector shall be failed.

●
Speed trap detector status tested for no activity.  If a speed trap readback does not contain a speed for the current no activity period, the speed trap fails.

●
Failed detectors automatically return to service if no failure condition exists for a 0 to 15 minute detector recovery interval.

●
Provide a display showing diagnostic status for system detectors.  The diagnostic status of four system detectors displayed simultaneously. Displayed information for each system detector includes: enable, telemetry, no activity, max presence, min presence, and excessive counts.

Telemetry Diagnostics

●
Diagnostics required for systems having optional telemetry interconnect. The diagnostics shall monitor readbacks for no response conditions. Includes channel diagnostics and local telemetry.


Channel - A transceiver failure detected if a telemetry channel is enabled, but no telemetry module is present.  A loop failure detected when no readbacks are received on a telemetry channel for 3 seconds. The telemetry channel automatically returned to service and the status of devices connected to the channel cleared when readbacks are received for 3 consecutive seconds following either failure.
Local Telemetry - A local telemetry failure detected when a device has not responded with a valid readback for 5 consecutive seconds.  This failure identified with controllers and system detectors only.  The device automatically returned to service and the device status cleared when valid readbacks have been received for 5 consecutive seconds following a local telemetry failure.

●
A diagnostic display showing enable status, loop error and transceiver error for two channels simultaneously provided.

Intersection Diagnostics

Diagnostics provided for intersections with telemetry interconnect.  Intersection status conditions available for diagnostic display and logging.

●
Controller readbacks provided data for determining the following intersection conditions:

Conflict Flash - A minimum flash interval from 0 to 30 seconds specified.  If an intersection readback indicates a CMU flash for a period in excess of the minimum flash interval, the intersection fails and the intersection status indicates a conflict flash condition.

Local Flash - If an intersection readback indicates flash, CMU flash is OFF, and flash is not commanded from the master, the intersection status indicates a local flash condition and the intersection considered off line.

Commanded Flash - If an intersection readback indicates flash, CMU flash is OFF, and flash is commanded from the master, the intersection status shall indicates a commanded flash condition and the intersection considered off-line.

Maintenance required - If an intersection readback indicates a maintenance required condition, the intersection fails and the intersection's status indicates a maintenance required condition.

Cycle Fail - If the readback from a coordinated intersection indicates that a sum check is present and there has not been a phase change for two cycles if coordinated or three minutes if noncoordinated, the intersection fails and the intersection status indicates a cycle fail condition.

Coordination alarm - If an intersection readback indicates a coordination alarm, the intersection fails and the intersection status indicates a coordination alarm condition.

Local Free, Commanded Free, Coordination Error, or Preempt - If an intersection readback indicates any of these conditions, the intersection status indicates the condition and the intersection considered off-line.

On-line - When a failure or off-line condition is removed, the indication removes from the intersection status, and the intersection is recorded on-line if no other failure or off-line condition is present.

●
Supplemental status readback provides data for determining the following local vehicle detector conditions:

No Activity - Same as for the system detector, except that no individual detector value is specified.

Max Presence - Same as for the system detector.

●
Supplemental status readback indicates when a minimum of two user-defined alarms go On or OFF.  The alarm condition indicated in the intersection status.

●
Provides a display showing diagnostic status for intersections.  The diagnostic status for a minimum of four intersections displayed simultaneously.  Displayed information for each intersection includes: enable, telemetry, cycle fail, CMU flash, maintenance required, coordination alarm, alarm 1, and alarm 2.

System Management

●
Provision made for keyboard control of the following system management functions that deal with system configuration, operational status, and status monitoring:


Add/delete telemetry connected controllers


Add/delete telemetry connected system detectors


Alter telemetry channel command sequence


Enable/disable telemetry channel


Enable/disable controller


Enable/disable system detector

●
Provision made for status displays of the following categories:

General status - Displaying master number, time of day, date, day of week, program in effect, cycle countdown, special function, time of day interval and plan, and overall diagnostic status.  In addition, displays plan and selected cycle length of manual, external, time of day, and traffic responsive plans.

System detector current sample - Displays actual and scaled volume and occupancy for system detectors in groups of eight.

Sample period results - Displays current plan selected by traffic responsive calculations.

Intermediate results also displayed including the eight detector group computed values.

Controller status - Shall display information retrieved from intersection controllers through telemetry channels.  Current phase 1 - 8 green, vehicle detector 1 - 8 status, overlap A-D green, and alarm status shall be displayed on one screen.

Detector presence and speed traps -  Display system detectors 1 - 32 actuation status and speed traps 1 - 8 speed on one screen.

Event Recording

●
An event recording function provided for the occurrence of events relating to system operation.  Events include the following:

Program and mode changes

Device diagnostics

System events

●
Events recorded as occurred.  It shall be possible to enable/disable any event and to assign event priorities to control automatic reporting to a monitor computer on the following basis:

Priority 1 - reports immediately

Priority 2 - reports after 0 - 255 minute delay

Priority 3 - reports with higher-priority reports

●
An event buffer provided for 250 events.  Provision for the event buffer to be printed out on command and for the event buffer to be cleared.

●
Event messages include the master number, event priority, date and time, a brief description of the event, and identification of the system device if applicable.

●
Information recorded as follows for program or mode change events that may occur automatically as a result of traffic computations, on a TOD scheduled basis, or due to a manual or external command:

In-effect program change Program source

Program cycle, offset, split and cycle length

Traffic responsive program change Computed selection parameters level, offset, split

Nonarterial preference

Program cycle, offset, and split

Special function change source

Special function number with ON/OFF status

Time of day program step change TOD program step number

Intersection mode change Intersection no. Change source Intersection mode number with ON/OFF status

●
Device diagnostics previously defined shall be continuously executed and be recorded as events occur.

●
System events include the following:

Power Off - A power OFF event recorded when power is removed. The event message shall be printed out when power is restored.  Date, time and traffic responsive program preserved in memory for a minimum of 30 days during power OFF.  A 72 hour power down timer enabled when loss of power is detected so that the day and time may be corrected when power is restored.

Power On - A power ON message indicates the time power was restored.  The date and time corrected if power has been off less than 72 hours.

Power Interrupt - A power interrupt event indicates that power was off for less than 0.75 seconds.

Clock error - A clock error message indicates the date and time is incorrect.  This event occurs at initial power ON before the date and time being set and if power has been OFF in excess of 72 hours.  A clock error shall inhibit TOD operation.

●
A telephone number entry programmable to allow event reporting to a monitor computer.  Another telephone number programmable to report device failures or optionally priority 1 events to a separate maintenance computer or to a terminal.  Event reports to a maintenance computer or terminal done only when scheduled by a TOD entry.  If the monitor computer, maintenance computer or terminal is busy or off line, a reporting system master repeatedly attempts to call at a user programmable retry interval.

Logs and Reports

●
Logs and reports generated in response to operator requests.  The reports consists of the following:


Current status


System detector log


Speed log


Sample period log


Detector buffer data

●
Current status reports available for request by the operator on a one time basis. The following status reports shall be provided:


Zone status consisting of:


Program in effect and source


Auto program (if not program in effect)


Special function status


Intersection mode


Telemetry channel status:


On line/Off line/Failed


Controller status:


On line/Off line/Failed

System detector status:


On line/Off line/Failed


Local detector status:


Failed


Summary of currently failed controllers and failure cause.


Summary of currently failed system detectors and failure cause.


Current 15 minute system detector log.


Contents of event buffer.

●
System detector logs available for system detectors.  The logs present actual volume, actual occupancy and computed speed.  The logging interval selectable as 1.5, 30, or 60 minutes as scheduled by TOD entries.  The operator able to enable or disable the log without affecting the previous selections.  Possible to specify that speed be computed in miles per hour or kilometers per hour.  The log reported to the monitor computer on a real time basis.

●
A speed log tabulated in three speed bands the number of vehicles detected by each speed trap assigned to log.  Up to 8 speed traps independently specified as a measure of effectiveness (using nominal progression speed for each active cycle and offset program as a reference) or as a programmable speed band.  The measure of effectiveness method providing a speed offset below and a speed offset above the nominal speed for establishing speed bands, whereas the programmable speed band method provide two independent speeds to define three speed bands.  The logging interval the same as for system detector logs and shall report to the monitor computer on a real time basis.

●
A sample period log available to allow the user to evaluate traffic responsive system control.  Possible for the operator to adjust detector scale factors, computational parameters, smoothing factors and thresholds, and to monitor the resultant effect on program selection.  Possible for the operator to specify the log printout on a multiple of sample periods from 1 to 15 as scheduled by TOD entries; or, alternatively to print out the sample period log when a change occurs to computed level, offset, split or nonarterial preference.  The operator is able to enable or disable the log without affecting previous selections.  The sample period log consists of the following parameters:


Scaled volume and occupancy from enabled system detectors


Volume for each detector group


Occupancy for each detector group


Concentration for each detector group


Current value of each program selection function


Smoothed value of each program selection function


Computed program selection parameters


Selected auto program


In effect program and cycle length

●
The sample period log reported to the monitor computer on a real time basis.

●
A user enabled log buffer shall accumulate data from enabled system detectors and speed traps for each logging interval.  Contents of the log buffer shall be transferred at 6, 12 or 24 hour intervals to the monitor computer for storage.  A separate telephone number provided for calling the monitor computer via an external modem using the dial up telephone network.  This telephone number shall also be used for real time log.

LOCAL CONTROLLER UNIT

Furnish 20 Controller Units conforming to subsection 740-2.10.

MMU TESTER

Furnish ATSI PCMT-2600, CMU/MMU tester or approved equal meeting the following requirements:

1.
The Tester shall be capable of automated testing of Conflict Monitor Units (CMU) as defined by NEMA TS1, NEMA TS2, FHWA/CalTrans System 170, and ODOT/TXDOT 2070 Standards.  The Tester shall include required hardware and software to perform testing of CMUs when the proper cables are provided.

2.
The Tester includes Tester to CMW cables for the following CMU types:


NEMA TS1 (12 channel)


NEMA TS2 (16 channel)

3.
The Tester requires a Microsoft Windows based computer (PC) to process the supervisory software during the testing process.  The PC operating system must be Windows XP and include a HTML browser.  The minimum PC hardware specification shall be Pentium (or equivalent) processor at 150 MHz, 32 MB RAM, 1.0 GB hard drive, 4X CDROM drive (for software installation), one RS232 serial port, and 640X480 monitor resolution. The PC for use with this Tester is not a part of this equipment specification.

4.
The supervisory software running on the PC provides the user interface for the Test, allowing test setup, data entry, test report storage, retrieval, and review.  The supervisory software automatically sequences the Tester through the selected tests, accumulate results and assemble the test report. The testing process proceeds automatically after the initial test setup. Visual confirmation of the CMU indicators may be required at the end of the test if applicable.  The user interface provides for selection of CMU standard, CMU type, manufacturer, model, and other information pertinent to the test via menus that list the available options for each selection.  The supervisory software automatically senses the PC port used by the Tester hardware.

5.
The test report stored on disk as an Adobe Acrobat PDF file at the conclusion of the test sequence.  The PDF file can be viewed and printed using the free Adobe Acrobat Reader software.  The Acrobat Reader software can be downloaded at www.adobe.com.  The Acrobat Reader should be at version 6.0 or higher in order for the test reports to display properly.

6.
The available test modes includes Certification testing, diagnostic testing, Single and Multiple-lap testing. Diagnostic test groups including System/Timing tests, Conflict/Voltage tests, and Optional tests.

7.
The Tester utilizes the “window” testing method to determine that the voltage thresholds of the CMU under test conform to the applicable Standards. “Window” testing is defined as providing test conditions to the CMU that lie outside of the voltage threshold ranges defined by the standard.  The Tester provides test voltages that are less than and greater than the proper voltage threshold limits, and determine if the CMU under test is in compliance with the appropriate standard.

8.
The Tester packaged in a 3U rack-mount chasses.  The dimensions are nominally 19”(W)x14.5”(D)x5.25”(H).

9.
An optional Tester carrying case may be provided for CMU field testing. The carrying case is not part of this equipment specification.

10.
Tester supervisory software is capable of creating and storing a test report detailing the nature and number of tests applied to the monitor.  The test report includes: the start/stop time and date of the test, a listing of each test performed and the test result (PASS/FAIL).  The report includes operator entered test for the name of the jurisdiction, agency, or firm that is responsible for the testing; the CMU under test by Manufacturer, Model, and Serial Number; the person performing the test, and the location where the tests were performed.  Additional test fields for Device ID (30 characters), and comments or notes (110 characters) will be available.  The test report forms a self sufficient, easily understood document that can be interpreted without the use of separate instruction sets or code explanation tables.

11.
Multiple testers running simultaneous but independent tests controlled by one computer.

12.
During testing, the controlling PC’s display shows the following information pertinent to the test in progress:


a.
The monitor standard being used as the test bases. 


b.
The make, model, type, and serial number of monitor being tested.


c.
The date and time of the beginning of the test.


d.
The Tester serial number and firmware version number.


e.
The test results of completed tests and title of the current test.


f.
The number of laps completed in the continuous testing mode.


g.
The number of tests failed.

13.
The Tester performs the following pretesting measures:


a.
Voltage self test and timing self test of the Tester to assure the accuracy of the test conditions and response measurement.


b.
Pretest the CMU for the presence of incorrect return voltages that could damage the Tester.


c.
If these tests are not passed, the Tester alerts the operator and halts the testing process.

14.
The Tester includes a Getting Started Guide describing the steps in the setup of the Tester as well as unlimited telephone technical support for the purchasing agency or firm.

15.
The Tester provides extensive on screen prompting and Help files to extend the ease of use to novice or infrequent operators.

16.
The purchaser’s interest in the Tester is protected by a three year limited warranty on parts and labor.  The continuing utility of the Tester is further protected by the availability of repair, update, calibration, and extended warranty services from the manufacturer.
17.
Software and Firmware updates for the Tester available to download at no charge from the internet.

18.
Annual calibration of the Tester within the warranty period included in the purchase price of the Tester.

19.
The voltage for tests continuously monitored and controlled to within +/- 0.25 vrms of the setpoint.

UNINTERRUPTIBLE POWER SUPPLY (UPS)

Furnish Econolite Model 2100 UPS or approved equal meeting the following requirements:

●
Compatible with Econolite ASC/3-2100 traffic signal controllers and Econolite ASC/2M-1000 on-street master controllers

●
Design type Dual Conversion / Double Conversion Online

●
Rating – Min. 700 watt

●
Input / Output – 120VAC regulated at +/- 2%

●
Output – Sine Wave with 50/60 Hz frequency at less than 5% distortion

●
Rack mountable with approximate dimensions of 18W x 4H x 8.5D inches

●
Replaceable surge suppressor
●
Temperature range -22F to +160F
UTILITY LOCATOR

Furnish 3M Dynatel Model 2273-U5P3 Advanced Cable/Fault Locator or approved equal meeting the following requirements:

●
Microprocessor based

●
Digital signal processing

●
Locates cable path

●
Measures cable or sonde depth with the push of a button

●
Measures signal current in the cable

●
Pinpoints sheath faults and cable breaks

●
Discriminates between light and heavy faults

●
Identifies cable and cable pairs

●
Tones shorts and grounds in aerial cable

●
Identifies cable pairs though wet sections

●
Locates energized power cable

●
Pinpoint the exact location of buried EMS markers

●
Trace a cable path while simultaneously finding buried markers along the way

●
4 volume settings with expander function that makes peaks and nulls more pronounced

●
Easy to use

●
LCD display

●
Uses four active trace frequencies; 577 Hz, k8 Hz, 33 kHz, and 200 kHz.

●
Both receiver and transmitter featuring a self test routine that is executed each time the unit is turned on.

●
Constructed of heavy duty materials designed to withstand typical field use.

●
Feature one touch gain adjust

●
Output power 5W

●
Runs on six alkaline “C” cells

●
Typical battery life under normal output is 50 hours

Standard Accessories Included

●
9012 Direct-Connect Transmitter Cable

●
8006 Ground Rod

●
3014 Earth Contact Frame

●
9026 Earth Contact Frame Cable

●
40’ long Cigarette Lighter Adapter Cable

Optional Accessories Included

●
9043 Ground Extension Cable

●
3011 Inductive Probe; for pair identification

●
2205/2206 EMS Marker Locating Accessory

●
2200 Series Carrying Bag
●
2892 Small Clip Direct Connect Transmitter Cable, for direct connection to cable and ground; 10’ long

GPS TIME REFERENCE

Furnish Econolite model GPS-100, GPS time reference or approved equal meeting the following requirements:

●
Operating temperature range: TS2 temperature range

●
LED indication: 4 satellite lock

●
LED indication: synchronization fault when no satellites have been detected for 12-hours

●
Pinout: Pin 5 = Ground, Pin 7 = Voltage in, Pin 8 = IPPD (Pulse per Day), Pin 9 = Isolated ground

●
Sync Pulse Duration: 1000 ms

●
Sync Pulse Amplitude: Source Voltage

●
Serial Interface: DB9 @ 9600-8-N-1

●
Embedded menu program: access via Hyperterminal

●
Displays: for current status of GPS data and satellites

●
Firmware Updates: Available through software interface

●
Time Reset Signal: User variable, Default = 03:30:00

●
Antenna Gain: 27 dB

●
Operating Voltage: 3-5 V

●
Antenna mounting: cabinet top (hardware included)

●
Antenna Dimensions: 2.2 inch diameter x 0.5 inches H

●
Data Updates: GPS data sent once per second via serial port

Additional Features

●
Ability to act as stand alone unit or integrate to traffic cabinet controls

●
Automatic adjustments for DST and time zone

●
DIP switch selectable settings stored in nonvolatile memory
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