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INTRODUCTION


This specification sets forth the minimum requirements for a rack-mountable, sixteen channel, solid-state 2010 Signal Monitor for a Type 170 / 179 / 2070 Traffic Cabinet Assembly. At a minimum, the Signal Monitor shall comply with all specifications outlined in Chapter 4 of the California Traffic Signal Control Equipment Specifications, January 1989. Where differences occur, this specification shall govern. The manufacturer of the unit shall be listed on the current California Department of Transportation (Caltrans) Qualified Products List (QPL) for signal monitors. 





The Signal Monitor shall be capable of monitoring sixteen channels consisting of a Green input, a Yellow input, and a Red input for each channel. The unit shall also include the enhanced monitoring functions described in Section 2, diagnostic display functions described in Section 3, and hardware functions described in Section 4.





MONITOR FUNCTIONS


All fault timing shall be computed for each channel individually except for Conflict faults. 





Conflict Monitoring


The Signal Monitor shall be able to detect the presence of conflicting green or yellow signal voltages on the AC field terminals between two or more non-compatible channels. A Conflict fault (CONFLICT) shall be a latching fault.





Conflict Recognition Time


The Signal Monitor shall trigger when voltages on any conflicting channels are present for more than 500 ms. The Signal Monitor shall not trigger when voltages on any conflicting channels are present for less than 200 ms. Conflicting signals sensed for more than 200 ms and less than 500 ms may or may not trigger the unit.





24VDC MonitoringVDC


The Signal Monitor shall be able to detect that the cabinet +24 Vdc supply has fallen below 18 Vdc. A 24VDC failure (VDC FAIL) shall be a latching fault.





24VDC Recognition Time


The Signal Monitor shall trigger when the voltage on the +24V input is below 18 Vdc for more than 500 ms. The Signal Monitor shall not trigger when the voltage on the +24V input is below 18 Vdc for less than 200 ms. A voltage level of +22 Vdc shall be required to prevent the unit from triggering.





Controller Watchdog Monitoring


The Signal Monitor shall trigger when the Watchdog input does not toggle within the programmed time period (WDT ERROR). The unit shall remain latched in the fault state until reset by the Reset button, an External Reset input command, or AC Line voltage restoring from a AC Line Brownout event (see 2.4). A reset resulting from an AC Line Brownout event shall not clear the WDT ERROR LED.





Controller Watchdog Latch Option


A programming option shall set the Watchdog monitoring function to a latching mode.  Only a reset from the Reset button or External Reset input shall clear a Watchdog fault. An AC Line brownout condition will not reset the fault.





Controller Watchdog Recognition Time


A programming option shall set the maximum Watchdog recognition time to 1000 �EQ \O(+,_)�100 ms or 1500 �EQ \O(+,_)�100 ms.





Controller Watchdog Enable Switch


An internal switch shall be provided to disable the Watchdog monitoring function. The switch shall be mounted on the PCB and be clearly labeled "WD ENABLE - ON...OFF". Placement of the switch in the OFF position shall cause monitoring of the Watchdog to be inhibited.





�
WDT ERROR LED Control


The WDT ERROR LED shall illuminate when the unit has been triggered by a Watchdog fault. It shall only be cleared by a reset command from the front panel Reset switch or External Reset input. If the Watchdog monitoring function is inhibited due to the Watchdog Enable switch, the WDT ERROR LED shall flash at a 0.5 Hz rate.





AC Line Monitoring





AC Line Brownout Recognition


The Signal Monitor shall be able to detect that the AC Line has fallen below 98 �EQ \O(+,_)�2 Vac for greater than 400 �EQ \O(+,_)�50 ms. This shall force the output Relay to the de-energized "fault" state, enable the Stop-Time output,  and cause the AC POWER LED to flash at a 2 Hz rate. The unit shall maintain this state until the AC Line voltage rises above 103 �EQ \O(+,_)�2 Vac for greater than 400 �EQ \O(+,_)�50 ms. A jumper option shall be provided which will change the AC Brownout dropout level to 92 �EQ \O(+,_)�2 Vac and the restore level to 98 �EQ \O(+,_)�2 Vac.





AC Line Power-up and Brownout Delay Time


When the AC Line is greater than 103 �EQ \O(+,_)�2 volts after power-up or Brownout restore, the Signal Monitor shall hold the Output Relay in the de-energized "fault" state and enable the Stop-Time output,  for a period of not less than 6.0 �EQ \O(+,_)�0.5 seconds and not greater than 10.0 �EQ \O(+,_)�0.5 seconds.  This flash interval shall be terminated after at least 6.0 �EQ \O(+,_)�0.5 seconds if the Signal Monitor has detected at least five transitions of the Watchdog input. If the Signal Monitor does not detect five transitions of the Watchdog input before 10.0 �EQ \O(+,_)�0.5 seconds the Signal Monitor shall go to the fault state.  During this interval the AC POWER LED shall flash at a 4 Hz rate.





Red Fail Monitoring


The Signal Monitor shall be able to detect the absence of an active voltage on the green and yellow and red field signal inputs of a channel. Red Fail fault (RED FAIL) shall be a latching fault. The Red Fail monitoring function shall be enabled for all channels except when the Red Enable input is not active, or pin #EE is active, or Special Function #1 input is active, or Special Function #2 input is active. 





Red Fail Recognition Time


The Signal Monitor shall trigger when an active voltage on one of the three inputs of a channel are absent for more than 1500 ms. The Signal Monitor shall not trigger when an active voltage on one of the three inputs of a channel are absent for less than 1200 ms. Channels without proper voltages sensed for more than 1200 ms and less than 1500 ms may or may not trigger the unit. An option switch (RF 2010) shall be provided which will change the fault recognition time to between 700 ms and 1000 ms.





Red Interface Cable Fault


A programming option shall be provided such that operating without the Red Interface cable installed shall cause the Signal Monitor to enter the fault mode causing the Output relay contacts to close and enabling the Stop-Time output to the controller. To indicate this fault mode the Red Fail indicator shall be illuminated with all fault channel indicators Off.





Any Red Fail preemption control to the monitor shall use the Special Function inputs #1 or #2.





Dual Indication Monitoring


�
The Signal Monitor shall be able to detect the presence of active voltage on the green and yellow, green and red, or yellow and red field signal inputs of a channel. GYR Dual Indication fault (DUAL IND) shall be a latching fault. This function shall be enabled on a per channel basis using dip switches mounted on the PCB labeled "CH1" through "CH16". The GYR Dual Indication monitoring function shall be enabled for all selected channels except when the Red Enable input is not active or pin #EE is active. 





GY Dual Indication Monitoring


The Signal Monitor shall be able to detect the presence of active voltage on the green and yellow field signal inputs of a channel. GY Dual Indication fault (DUAL IND) shall be a latching fault. This function shall be enabled with a dip switch on the PCB labeled "GY ENABLE". When the switch is in the ON position, all channels shall be monitored for simultaneous active green and yellow inputs on a channel. When selected by the GY ENABLE switch, the GY Dual Indication monitoring function shall be disabled when pin #EE is active. 





Dual Indication Recognition Time


The Signal Monitor shall trigger when multiple inputs are active on a channel for more than 500 ms. The Signal Monitor shall not trigger when multiple inputs are active on a channel for less than 250 ms. Channels with multiple voltages active for more than 250 ms and less than 500 ms may or may not trigger the unit.





Sequence (Short or Absent Yellow) Monitoring


The Signal Monitor shall be able to detect that a channel has not provided an adequate Yellow Clearance interval during a green to yellow to red sequence. A Sequence failure (SEQUENCE) shall be a latching fault. This function shall be enabled on a per channel basis using dip switches mounted on the PCB labeled "CH1" through "CH16". The Sequence monitoring function shall be enabled for all selected channels except when the Red Enable input is not active or pin #EE is active. 





Sequence Recognition Time


The minimum Yellow Clearance interval may be modified by switches mounted on the PCB labeled "YEL TIME 1", "YEL TIME 2", and "YEL TIME 3". The Yellow Clearance interval shall be 2.7 seconds plus 0.2 seconds times the binary sum of the three switches. The minimum Yellow Clearance interval shall therefore have a range of 2.7 seconds to 4.1 seconds, �EQ \O(+,_)� 0.1 seconds.





Recurrent Pulse Detection (RP Detect)


The Signal Monitor shall detect Conflict, Red Fail, and Dual Indication faults that result from intermittent or flickering field signal inputs.  These recurring pulses shall result in a latching fault with the RP DETECT indicator illuminated along with the resulting Conflict, Red Fail, or Dual Indication indicator. An option switch shall be provided to disable the RP detect function.





Configuration Change Monitoring


On power-up, reset, and periodically during operation, the Signal Monitor shall compare the current configuration settings with the previously stored value.  If the settings have changed, the Signal Monitor shall automatically log the new setting. These settings shall include the permissive diode matrix, all switches, all jumpers, and the Watchdog Enable switch.





A programming option shall be provided such that any change in the configuration parameters shall cause the Signal Monitor to enter the fault mode causing the Output relay contacts to close and enabling the Stop-Time output to the controller. To indicate this fault mode the PCA indicator shall flash at a 4 Hz rate.  Depressing the Reset button for 5 full seconds shall be required to clear this fault and log the new configuration parameters.





If the programming option is not selected, the unit shall not set the fault mode but will still log the configuration change.





Program Card Ajar


When the Programming Card is removed or not seated properly, the Signal Monitor shall force the Output Relay to the de-energized "fault" state, enable the Stop-Time output, and illuminate the PCA LED. A reset command from the front panel Reset switch or External Reset input shall be required once the Program Card is in place.


 


�
Exit Flash


When the Signal Monitor exits the flash state (Output relay de-energized) as a result of a Reset command or AC Line brownout restore, the Stop Time output shall go to the inactive state 250 �EQ \O(_,+)� 50 ms before the Output relay transfers to the energized state.  This transition will provide an early indication to the Controller Unit that the cabinet will transfer from flash to signal operation.





DISPLAY FUNCTIONS


It shall be possible to view the active channels for each individual color (GYR) during operation and when latched in a fault state. When the Signal Monitor is latched in a fault state it shall also be possible to view the active channels for each individual color and fault status for each channel for the current fault and the two previous faults.





Previous Fault GYR Display


When the Signal Monitor has been triggered by a fault the channel status display will alternate between the channels that were involved in the fault (fault status) for 2 seconds, and the field signals active at the time of the fault for 6 seconds.  The channels involved in the fault will flash their respective Green, Yellow, and Red indicators simultaneously at a 4 Hz rate for the 2 second interval.





The two previous faults may be also be displayed individually.  This status is not reset by an AC Line power interruption. To enter this display mode remove the Program Card. The sequence is as follows:





Reset	Event	PCA LED	Fault Status LEDs	Channel Status LEDs


 ---	 #1	Single flash	Current Fault Status (newest)	Current Field status


 #1	 #2	Double flash	Event #2 Fault Status	Event #2 Field status


 #2	 #3	Triple flash	Event #3 Fault Status (oldest)	Event #3 Field status 


			(repeats back to top)





HARDWARE





Red Monitoring





Red Field Inputs


The Signal Monitor shall be capable of monitoring sixteen Red field signals. A Red input shall be sensed active when the input voltage exceeds 70 Vrms. A Red input shall be sensed not active when the input voltage is less than 50 Vrms. A Red input may or may not be sensed active when the input voltage is between 50 Vrms and 70 Vrms. 





Red Enable Input


The Red Enable input shall provide an AC input to the unit which shall enable Red Monitoring, Dual Indication Monitoring, and Sequence monitoring when the input is sensed active.





�
The Red Enable input shall be sensed active when the input voltage exceeds 70 Vrms. The Red Enable input shall be sensed not active when the input voltage is less than 50 Vrms. The Red Enable input may or may not be sensed active when the input voltage is between 50 Vrms and 70 Vrms.





Special Function Preemption Inputs


The Special Function Preemption inputs #1 and #2 shall provide an AC input to the unit which shall disable only Red Fail Monitoring (Lack of Output) when either input is sensed active.





A Special Function input shall be sensed active when the input voltage exceeds 70 Vrms. A Special Function input shall be sensed not active when the input voltage is less than 50 Vrms. A Special Function input may or may not be sensed active when the input voltage is between 50 Vrms and 70 Vrms.





A PCB mounted switch shall provide the option to invert the active status of the Special Function #1 input. When the switch is in the ON position, the Special Function #1 input shall be sensed not active when the input voltage exceeds 70 Vrms. The Special Function #1 input shall be sensed active when the input voltage is less than 50 Vrms. The  Special Function #1 input may or may not be sensed active when the input voltage is between 50 Vrms and 70 Vrms.





Red Interface Connector


This connector provides the required inputs for the unit to monitor the Red field signal outputs. It shall be a 3M #3428-5302 type or equivalent and be polarized to insure proper mating with the cable. Ejector latches shall be included to facilitate removal and prevent the cable from inadvertently disconnecting. The unit shall function as a standard 210 Signal Monitor when the cable is disconnected. The pin assignments shall be as shown in Table 1.





PIN	FUNCTION	PIN	FUNCTION


1	CHANNEL 15 RED	11	CHANNEL  9 RED


2	CHANNEL 16 RED	12	CHANNEL  8 RED


3	CHANNEL 14 RED	13	CHANNEL  7 RED


4	CHASSIS GROUND*	14	CHANNEL  6 RED


5	CHANNEL 13 RED	15	CHANNEL  5 RED


6	SPECIAL FUNCTION #2	16	CHANNEL  4 RED


7	CHANNEL 12 RED	17	CHANNEL  3 RED


8	SPECIAL FUNCTION #1	18	CHANNEL  2 RED


9	CHANNEL 10 RED	19	CHANNEL  1 RED


10	CHANNEL 11 RED	20	RED ENABLE





*A jumper option shall be provided to allow the connection of Pin #4 to be made with Chassis Ground.





Front Panel


The front panel shall be constructed of sheet aluminum with a minimum thickness of 0.090", and shall be finished with an anodized coating. The model information shall be permanently displayed on the front surface.





Indicators


All display indicators shall be mounted on the front panel of the Signal Monitor and shall be water clear, T�1 package, Super Bright type LEDs. All fault LEDs shall be red except the AC POWER indicator which shall be green. The indicators shall be labeled and provide the information as follows:





�
1)	AC POWER: The AC POWER indicator shall flash at a rate of 2 Hz when the unit has detected a low voltage condition as described in Section 2.4. The AC POWER indicator shall flash at a rate of 4 Hz during the minimum flash interval as described in Section 2.4.2. It shall illuminate when the AC Line voltage level is restored above the brownout level. The indicator shall extinguish when the AC Line voltage is less than 80 Vac.





2)	VDC FAILED: The VDC FAILED indicator shall illuminate when a 24VDC fault condition is detected. This indicator remains extinguished if the monitor has not been triggered by a 24VDC fault.





3)	WDT ERROR: The WDT ERROR indicator shall illuminate when a controller Watchdog fault is detected. If the WD ENABLE switch on the monitor is placed in the OFF position to disable Watchdog monitoring, or the AC Line voltage is below the Watchdog disable level, the WDT ERROR indicator shall flash ON once every 2 seconds. 





4)	CONFLICT: The CONFLICT indicator shall illuminate when a conflicting proceed signal fault is detected. 





5)	DIAGNOSTIC: The DIAGNOSTIC indicator shall illuminate when one of the following faults are detected: Internal Watchdog fault, Memory Test fault, or Internal power supply fault. This indicator is intended to inform the service technician of a monitor hardware or firmware failure.





6)	RED FAIL: The RED FAIL indicator shall illuminate when an absence of signal is detected on a channel(s). If the Red Enable input is not active, or a Special Function input is active, or the EE input is active the RED FAIL indicator shall flash ON once every two seconds.





7)	DUAL IND: The DUAL IND indicator shall illuminate when a GY-Dual or GYR-Dual Indication fault is detected on a channel(s).





8)	SEQUENCE: The SEQUENCE indicator shall illuminate when the minimum Yellow Clearance time has not been met on a channel(s).





9)	PCA: The PCA indicator shall illuminate if the Program Card is absent or not properly seated.





If the unit is in the Diagnostic Display mode, the PCA indicator shall flash ON (once, twice, or three times) to indicate the fault event number being displayed. See Section 3.





10)	RP DETECT: The RP DETECT indicator shall illuminate when the unit has detected a Conflict, Red Fail, or Dual Indication fault as a result of recurring pulse field inputs.





11)	CHANNEL STATUS: During normal operation the 16 Channel Status indicators shall display all active proceed signals (Green and Yellow).





In the fault mode the Channel Status indicators shall display all proceed signals active at the time of a conflicting signal fault (CONFLICT), 24VDC fault (VDC FAILED), or Watchdog fault (WDT ERROR). In the event of a Red Failure, Dual Indication, or Sequence fault only the channels on which the fault occurred shall be displayed. 





Front Panel Control


1)		RESET Button: A momentary SPST Control switch labeled RESET shall be provided on the unit front panel to reset the monitor circuitry to a non-failed state. The switch shall be positioned on the front panel such that the switch can be operated while gripping the front panel handle. A reset command issued from either the front panel button or External Reset input shall be a one-time reset input to prevent the unit from constant reset due to a switch failure or constant external input, and shall cause all LED indicators to illuminate for 300 ms. 





The Reset button also provides control of the Diagnostic Display mode. For a complete description of Diagnostic Display operation see Section 3.





Electronics





RMS Voltage Sampling


High speed sampling techniques shall be used to determine the true RMS value of the AC field inputs.  Each AC input shall be sampled at least 32 times per cycle.  The RMS voltage measurement shall be insensitive to phase, frequency, and waveform distortion.	





Internal MPU Watchdog


A microprocessor shall be used for all timing and control functions. Continuing operation of the microprocessor shall be verified by an independent monitor circuit, which shall force the Output Relay to the de-energized "fault" state, enable the Stop-Time output, and illuminate the DIAGNOSTIC indicator if a pulse is not received from the microprocessor within 300 ms. 





If the microprocessor should resume operation, the Signal Monitor shall continue to operate. This monitoring circuit shall also be configurable to latch in the fault state. Once triggered, the unit shall require a power-up cycle to reset the circuit.





Sockets


In the interest of reliability, only the PROM memory device for the microprocessor firmware shall be socket mounted. 





Internal Power Supply


A built-in, high-efficiency switching power supply shall generate all required internal voltages. All supply voltages shall be regulated. Failure of the internal power supply to provide proper operating voltages shall force the output Relay to the de-energized "fault" state, enable the Stop-Time output, and illuminate the DIAGNOSTIC indicator. A user replaceable slow blow fuse shall be provided for the AC Line input. The unit shall be operational over the AC Line voltage range of 75 Vac to 135 Vac.





�
Configuration Parameters


User-programmed configuration settings shall be selected using PCB mounted switches or jumpers. Designs requiring a Personal Computer (PC) to program or verify configuration parameters is not acceptable. User-programmed configuration settings that are transferred to memory shall be stored in a programmable read-only memory (PROM or EEPROM). Designs using a battery to maintain configuration data shall not be acceptable.





Field Terminal Inputs


All 120 Vac field terminal inputs shall provide an input impedance of 150K �EQ \O(+,_)�50K ohms and be terminated with a discrete resistor having a power dissipation rating of 0.5 Watts or greater and a voltage rating exceeding 350 volts.





Component Specifications


All electrical components used in the Signal Monitor shall be rated by the component manufacturer to operate beyond the full unit operating temperature range of -34oC to +74oC.





Printed Circuit Boards


All printed circuit boards shall meet the requirements of the California Traffic Signal Control Equipment Specifications, January 1989, plus the following requirements to enhance reliability:





1)	All plated-through holes and exposed circuit traces shall be plated with solder.


2)	Both sides of the printed circuit board shall be covered with a solder mask material.


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


4)	All electrical mating surfaces shall be gold plated.


5)	All printed circuit board assemblies shall be coated on both sides with a clear moisture-proof and fungus-proof sealant.


6)	All components and wire harnesses shall be mounted to the PCB using plated holes. "Piggy back" connections or jumper wires shall not be acceptable.
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