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Section 1 
INTRODUCTION

This specification sets forth the minimum requirements for a rack-mountable, eighteen channel, solid-state 2018 Signal Monitor for a Type 170 / 2070 Traffic Cabinet Assembly. At a minimum, the Signal Monitor shall comply with all applicable 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 eighteen 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, event logging functions described in Section 4, communications functions described in Section 5, and hardware functions described in Section 6.

All monitor parameter programming shall be provided in a removable and interchangeable Datakey nonvolatile memory device mounted on the front panel. A programming tool and support software shall be available from the manufacturer for programming the Datakey device. See Section 6.1.
The signal monitor shall be testable by the Athens Technical Specialists Inc. model PCMT-2600 Automated Conflict Monitor Tester executing the ODOT 2010 Standard test software.

 SHAPE  \* MERGEFORMAT 



Section 2 
MONITOR FUNCTIONS

2.1 Fault Timing

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

2.2 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. Programming of the permissive matrix shall be contained in the Datakey.

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.

2.3 24VDC Monitoring

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

2.4 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 an AC Line Brownout event (see 2.5.1). A reset resulting from an AC Line Brownout event shall not clear the WDT ERROR indicator.

Controller Watchdog Latch Option

A Datakey 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 WDT ERROR fault. An AC Line brownout condition shall not reset the fault.

Controller Watchdog Recognition Time

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

2.5 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 indicator 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. 

AC Line Power-up and Brownout Minimum Flash 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 time programmed as the Minimum Flash Time. During this interval the AC POWER indicator shall flash at a 4 Hz rate.

The Datakey Minimum Flash Time parameter shall have a range of zero and from six to sixteen seconds.

2.6 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. A Red Fail fault (RED FAIL) shall be a latching fault. The Red Fail monitoring function shall be enabled in the Datakey on a per channel basis 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. A Datakey Red Fail Timing option shall be provided which will change the fault recognition time to between 700 ms and 1000 ms.

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 when either input is sensed active.

Red Interface Cable Fault

A Datakey 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.

Red Fail Enable Per Channel programming

A per channel Red Fail Enable option shall be provided. When the option is selected, the SSM switches shall enable Red Fail monitoring when placed in the On position.
2.7 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. A Dual Indication fault (DUAL IND) shall be a latching fault. This function shall be enabled in the Datakey on a per channel basis for Green and Yellow combinations, Green and Red combinations, and Yellow and Red combinations. The 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. 

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.

2.8 Clearance Monitoring

Minimum Yellow Clearance (Short or Absent Yellow) Monitoring

The Signal Monitor shall be able to detect the Yellow Clearance interval during a green to yellow to red sequence is less than the Minimum Sequence Recognition time. A Minimum Yellow Clearance failure (SEQUENCE) shall be a latching fault. This function shall be enabled in the Datakey on a per channel basis. The function shall be enabled for all selected channels except when the Red Enable input is not active or pin #EE is active. 

Minimum Yellow Plus Red Clearance Monitoring 

The Signal Monitor shall be able to detect that the Yellow Change plus Red Clearance interval between the end of an active Green/Walk signal and the beginning of the next conflicting Green/Walk signal is less than the Minimum Sequence Recognition time. A Minimum Yellow Plus Red Clearance failure (SEQUENCE) shall be a latching fault. This function shall be enabled in the Datakey on a per channel basis. The 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 Sequence Recognition time shall be 2.7 seconds EQ \O(+,_) 0.1 seconds.

2.9 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. A programming option in the Datakey shall be provided to disable the RP Detect function.

2.10 Datakey Error

When the Datakey is removed or a nonvalid Datakey is inserted, the Signal Monitor shall force the Output Relay to the de-energized fault state, enable the Stop-Time output, and illuminate the KEY Indicator. A reset command from the front panel Reset switch or External Reset input shall be required once a valid Datakey is in place. Failure to read the Datakey correctly shall result in a Datakey Error illuminating the KEY indicator.

2.11 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.

Section 3 
DISPLAY FUNCTIONS

3.1 Full Intersection Display

It shall be possible to view the active channels for each individual color (GYR) during operation and when latched in a fault state. The Signal Monitor shall have a full intersection display consisting of eighteen Green, eighteen Yellow, and eighteen Red LED indicators for channel status.

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.

3.2 Previous Fault GYR Display

When the Signal Monitor has been triggered by a fault the channel status display will alternate between the channels which 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 Previous Fault Display mode, remove the Datakey. 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)

To exit this Previous Fault Display mode, replace the Datakey.
Section 4 
EVENT LOGGING FUNCTIONS

4.1 Event Logging
The Signal Monitor shall be capable of storing in non-volatile memory a minimum of 100 events. Each event shall be marked with the time and date of the event. These events shall consist of fault events, AC Line events, reset events, and configuration change events. A graphical means of displaying the signal states of all field inputs for 30 seconds prior to a fault trigger event shall also be provided. The capability to assign an eight digit identification number to the unit shall be provided. The event logs shall be uploaded to a PC using either of the serial ports of the Signal Monitor and software provided by the manufacturer. 

Each event log report shall contain the following information:

1. Monitor ID#: an eight digit (0-99999999) ID number and 30 character ID name assigned to the monitor.

2. Monitor Firmware Version: The firmware version and type number.

3. Time and Date: time and date of occurrence.

4. Event Number: identifies the record number in the log. Event #1 is the most recent event.

4.2 Monitor Status Report

The Current Status (CS) report shall contain the following information:

5. Fault Type: the fault type description.

6. Field Status: the current GYR field status and field RMS voltages if the monitor is not in the fault state, or the latched field status and field RMS voltages and fault channel status at the time of the fault.

7. Time and Date: the current time and date if the monitor is not in the fault state, or the latched time and date at the time of the fault.

8. Monitor Temperature: the current temperature if the monitor is not in the fault state, or the latched temperature at the time of the fault.

9. AC Line Voltage: the current AC Line voltage if the monitor is not in the fault state, or the AC Line voltage at the time of the fault.

10. Control Input Status: the current state and RMS voltages of the Red Enable input, EE input, and Special Function #1 and #2 inputs if the monitor is not in the fault state, or the status latched at the time of the fault.

4.3 Previous Fault Log

The Previous Fault (PF) log shall contain the following information:

11. Fault Type: the fault type description.

12. Field Status: the latched field status with RMS voltages, and fault channel status at the time of the fault.

13. Time and Date: the latched time and date at the time of the fault.

14. Monitor Temperature: the latched temperature at the time of the fault.

15. AC Line Voltage: the AC Line voltage at the time of the fault.

16. Control Input Status: the latched state of the Red Enable input, EE input, and Special Function #1 and #2 inputs at the time of the fault.

4.4 AC Line Event Log

The AC Line (AC) log shall contain the following information:

17. Event Type: describes the type of AC Line event that occurred.

a. Power-up - AC on, monitor performed a cold start

b. Interrupt - AC Line < Brownout level

c. Restore
- AC restored from brown-out or interruption, no cold start

18. AC Line Voltage: the AC Line voltage at the time of the event.

19. Time and Date: the time and date of the event.

4.5 Monitor Reset Log

The Monitor Reset (MR) log shall contain the following information:

20. Event Type: The monitor was reset from a fault by the front panel Reset button or External Reset input.

21. Time and Date: the time and date of the event.

4.6 Configuration Change Log

The Configuration Change log shall contain the following information:

22. Datakey contents and any additional programming parameters resulting from hardware configuration settings. 

23. The log shall indicate which items have been changed since the last log entry.

24. Time and Date: the time and date of the event.

4.7 Signal Sequence Log

A log shall be provided that graphically displays all field signal states for up to 30 seconds prior to the current fault trigger event. The resolution of the display shall be at least 50 milliseconds.

4.8 Interface Software

The Agency shall be licensed for unlimited use of the monitor interface software.

Section 5 
COMMUNICATIONS FUNCTIONS

5.1 Communications Functions

The Signal Monitor shall have a communications port that provides the capability to send status and event information as described in Section 4 to a Controller Unit or Personal Computer. 

Communications shall operate independently of the Signal Monitor. That is, communications functions shall not be adversely affected by other Signal Monitor functions; nor shall communications adversely impact the other operations of the Signal Monitor.

EIA-232 Port Settings (2018KCL)
The port settings shall be programmed in the Datakey and provide the following parameter values at a minimum:

1. 1200, 2400, 4800, or 9600 bits/sec asynchronous

2. No parity, Even parity, Odd parity

3. 8 bit data, 1 Stop bit

4. DTR handshake enable

5.2 Controller Unit Communications

In addition to the protocol described in Section 4, the Signal Monitor shall be compatible with the Command/Response protocol of BI Tran Systems Inc. Model 233 Software for sixteen channel operation. The unit shall support command types 02 and 07.

5.3 Personal Computer Communications

The manufacturer shall provide software to access the Signal Monitor status and event logs described in Section 4. 

WAN Network Discovery (2018KCLip)
The communications software running on the PC shall be able to search the local network and display a list of IP addresses and Monitor IDs of monitors responding on the local network. The communications software shall then be capable of making changes to the monitor network parameters such as IP address and subnet mask. 

ETHERNET Port HTML Interface (2018KCLip)
An HTML based capability shall be provided in the monitor as an alternate method to configure the network parameters of the Ethernet port using a standard HTML browser. 
Section 6 
HARDWARE

6.1 Monitor Configuration Programming 

All monitor parameter programming shall be provided in a removable and interchangeable Datakey nonvolatile memory device mounted on the front panel.
Monitor Unit Serial Memory Key

The monitor shall have a Datakeytm model KC4210 Keycepticletm socket or equal mounted on the front panel containing a Datakeytm model LCK4000-RED serial memory key or equal. The serial memory key shall be rated for –40 to +80 oC operation. (Note: Datakeytm  and Keycepticletm  are registered trademarks of Datakey Electronics, Inc.)
Monitor Unit Serial Memory Key Interface 

The Signal Monitor shall not provide the capability to program the serial memory key. It shall be used only as a read only device. The 16 bit Frame Check Sequence (FCS) procedure defined in clause 4.6.2 of ISO/IEC 3309 shall be used to verify the integrity of the read data. Failure to read the serial memory key correctly shall result in a latched Diagnostic fault. See Section 2.10.
Interface circuitry to the Datakey shall utilize the LOFO switch on the serial memory key socket to ensure the device is removed and inserted with no power applied to the interface pins (i.e. dead socket).

Serial Memory Key Data

All bytes and bits marked as “reserved” shall be set to “0”.

	Byte #
	Contents
	Description

	1 
	0x01
	Serial Memory Key Version

	2 
	Ch 1, 8:1
	Permissive Programming for channels 1-16:

A bit set to “1” programs a channel pair to the permissive state. 
Default programming shall be 0.



	3 
	Ch 1, 16:9
	

	4 
	Ch 1, 18:17
	

	5 
	Ch 2, 8:1
	

	6 
	Ch 2, 16:9
	

	7 
	Ch 2, 18:17
	

	8 
	Ch 3, 8:1
	

	9 
	Ch 3, 16:9
	

	10 
	Ch 3, 18:17
	

	11 
	Ch 4, 8:1
	

	12 
	Ch 4, 16:9
	

	13 
	Ch 4, 18:17
	

	14 
	Ch 5, 8:1
	

	15 
	Ch 5, 16:9
	

	16 
	Ch 5, 18:17
	

	17 
	Ch 6, 8:1
	

	18 
	Ch 6, 16:9
	

	19 
	Ch 6, 18:17
	

	20 
	Ch 7, 8:1
	

	21 
	Ch 7, 16:9
	

	22 
	Ch 7, 18:17
	

	23 
	Ch 8, 8:1
	

	24 
	Ch 8, 16:9
	

	25 
	Ch 8, 18:17
	

	26 
	Ch 9, 8:1
	

	27 
	Ch 9, 16:9
	

	28 
	Ch 9, 18:17
	

	29 
	Ch 10, 8:1
	

	30 
	Ch 10, 16:9
	

	31 
	Ch 10, 18:17
	

	32 
	Ch 11, 8:1
	

	33 
	Ch 11, 16:9
	

	34 
	Ch 11, 18:17
	

	35 
	Ch 12, 8:1
	

	36 
	Ch 12, 16:9
	

	37 
	Ch 12, 18:17
	

	38 
	Ch 13, 8:1
	

	39 
	Ch 13, 16:9
	

	40 
	Ch 13, 18:17
	

	41 
	Ch 14, 8:1
	

	42 
	Ch 14, 16:9
	

	43 
	Ch 14, 18:17
	

	44 
	Ch 15, 8:1
	

	45 
	Ch 15, 16:9
	

	46 
	Ch 15, 18:17
	

	47 
	Ch 16, 8:1
	

	48 
	Ch 16, 16:9
	

	49 
	Ch 16, 18:17
	

	50 
	Ch 17, 8:1
	

	51 
	Ch 17, 16:9
	

	52 
	Ch 17, 18:17
	

	53 
	Ch 8:1
	Red Fail Enable:

A bit set to “1” enables the Red Fail monitoring function for that channel. Default programming shall be 1.

	54 
	Ch 16:9
	

	55 
	Ch 18:17
	

	56 
	Ch 8:1
	GY Dual Indication Enable:

A bit set to “1” enables the Green / Yellow Dual Indication monitoring function for that channel. Default programming shall be 1.

	57 
	Ch 16:9
	

	58 
	Ch 18:17
	

	59 
	Ch 8:1
	YR Dual Indication Enable:

A bit set to “1” enables the Yellow / Red Dual Indication monitoring function for that channel. Default programming shall be 1.

	60 
	Ch 16:9
	

	61 
	Ch 18:17
	

	62 
	Ch 8:1
	GR Dual Indication Enable:

A bit set to “1” enables the Green / Red Dual Indication monitoring function for that channel. Default programming shall be 1.

	63 
	Ch 16:9
	

	64 
	Ch 18:17
	

	65 
	Ch 8:1
	Minimum Yellow Change Enable:

A bit set to “1” enables the Minimum Yellow Change monitoring function for that channel. Default programming shall be 1.

	66 
	Ch 16:9
	

	67 
	Ch 18:17
	

	68 
	Ch 8:1
	Minimum Yellow Plus Red Change Enable:

A bit set to “1” enables the Minimum Yellow Plus Red Change monitoring function for that channel. Default programming shall be 1.

	69 
	Ch 16:9
	

	70 
	Ch 18:17
	

	71 
	Ch 8:1
	Yellow Input Disable:

A bit set to “1” forces the Yellow input to the Off state for that channel. Default programming shall be 0.

	72 
	Ch 16:9
	

	73 
	Ch 18:17
	

	74 
	0, 6:15 
	Minimum Flash Time

Values of 1 thru 6 shall result in 6 seconds of minimum flash. Default programming shall be 6.

	75 
	00:1F
	EIA-232 Port Settings

b1:0  

00=1200 b/s

01=2400 b/s

10=4800 b/s

11=9600 b/s

b2=parity, 1=enable

b3=parity type

0=even, 1=odd

b4= DTR Enable

b7:5=reserved (0)

	76 
	00:1F
	Reserved

	77 
	00:FF
	Options byte #1
b0: WDT Timing 

0=1.5 s, 1=1.0 s Vrms

b1: WDT Non-Latch

0=latch, 1=nonlatch

b2: Red Cable Fault

0=disabled, 1=enabled

b3: Recurrent Pulse Disable

0=enabled, 1=disabled

b4: Special Function #1 Polarity Invert
0=AC is True, 1=AC is False

b5: Red Fail Timing

0=long, 1=short

b6: LEDguard

0=disabled, 1=enabled

b7: Dual Indication Timing

0=short, 1=long 

Default programming shall be 0x00

	78 
	00:FF
	Options byte #2

b0: AC Line Brownout Level
0=98Vrms, 1=92 Vrms

b1-7: reserved

Default programming shall be 0x00.

	79 
	Lsb0
	Monitor ID Number

Value from 0:9999999910
Default programming shall be 0x00.

	80 
	Msb0
	

	81 
	Lsb1
	

	82 
	Msb1
	

	83:122
	Ascii string
	Monitor ID Name

A packed 40 character ID shall be stored in ASCII format. Allowable characters are 0x20 through 0x7E. If less than 40 characters are used, the unused locations shall be set to 0x00. Default programming shall be 0x00.

	123
	00:1F
	Flashing Yellow Arrow

	124:508
	0x00
	Reserved for future use. 

	509
	03
	Model

	510
	0x28
	Type

	511
	FCS lsb
	16 bit Check Value

FCS Polynomial calculation of bytes #1 through #510. 

	512
	FCS msb
	


Datakey Programming Tool

The programming tool shall provide all the electronics necessary to read data from and write data to the Datakey device. The programmer shall be configured to Read and Write to the Datakey model LCK4000 which provides 512 bytes of storage. Power for the programming tool shall be obtained from the personal computer communications port so that no external power supply source is required.

Datakey Programming Software

The manufacturer shall provide software to operate the Datakey Programming Tool described in 6.1.4. 

The Datakey programming parameters shall be stored in a Windows file format according to currently used Signal Monitor identification number and name.
Parameter Forms

A parameter form shall be provided for each programmable Signal Monitor function. Signal Monitor configuration data shall be entered on a parameter form and then saved to the main data buffer image. When all parameter forms are completed a Write function shall transfer the contents of the data buffer to the nonvolatile memory of the Datakey device. Reading the contents of a Datakey device shall set the parameters of each form for review or modification.

Data Key Parameter Verify

A Datakey Parameter Verify function shall be provided that compares the contents of a Datakey device with parameters in the data buffer. The data buffer parameters may be set by changing parameters on the forms, reading the contents of a Datakey device, or loading a set of parameters from a file.

Initial Parameter Setup Wizard

An Initial Parameter Setup wizard shall be provided that defines and sets a basic set of parameters for a new Datakey setup. The wizard shall ask a series of questions describing basic intersection setup and develop a template for the following set of parameters:

25. Red Fail Monitoring

26. Dual Indication Monitoring

27. Clearance Monitoring

28. Yellow Disable

Parameter Check Wizard

A Parameter Check wizard shall be provided that will apply a set of basic configuration rules to the data buffer and provide a warning that configuration conflicts or inconsistencies may exist. 

Parameter Reports
The contents of the data buffer shall be displayed in a hex format for numerical analysis. A text report shall also be printed that specifies all parameter settings.

6.2 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 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 programming option shall be provided in the Datakey to invert the active status of the Special Function #1 input. When the option is enabled, 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 Section 8.2.

6.3 Real-Time Clock

The Signal Monitor shall contain a real-time clock that maintains the current Year, Month, Day of Month, Day of Week, Hour, Minute, and Second. The real time clock shall maintain the current time information during power outages. It shall continue to maintain accurate time during power outages of at least 30 days in duration. The real rime clock shall provide automatic daylight savings time correction. The monitor shall function correctly in all respects with regard to Year 2000 issues.
6.4 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 PWR indicator which shall be green. A separate Red, Yellow, and Green indicator shall be provided for each channel.  The indicators shall be labeled and provide the information as follows:

AC POWER

The PWR indicator shall flash at a rate of 2 Hz when the unit has detected a low voltage condition as described in Section 2.5.1. The AC POWER indicator shall flash at a rate of 4 Hz during the minimum flash interval as described in Section 2.5.2. 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 Vrms.

24VDC FAIL
The 24VDC 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.

Watchdog ERROR

The WDT ERROR indicator shall illuminate when a controller Watchdog fault is detected. 

CONFLICT

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

DIAGNOSTIC

The DIAGNOSTIC indicator shall illuminate when one of the following faults are detected: Internal MPU 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.

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.
DUAL INDication
The DUAL indicator shall illuminate when a GY-Dual or GR-Dual or YR-Dual Indication fault is detected on a channel(s).
SEQUENCE

The SEQUENCE indicator shall illuminate when the Minimum Yellow Clearance or Minimum Yellow plus Red Clearance time has not been met on a channel(s).
Key

The Key indicator shall illuminate if the Datakey is not inserted or a Datakey is inserted that cannot be read correctly.

If the unit is in the Diagnostic Display mode, the KEY indicator shall flash ON (once, twice, or three times) to indicate the fault event number being displayed. See Section 3.2.

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.

CHANNEL STATUS

During normal operation the 48 Channel Status indicators shall display all active signals (Red, Green, and Yellow).

In the fault mode the Channel Status indicators shall display all signals active at the time of the fault for six seconds and then indicate the channels involved in the fault for 2 seconds. If an RP Detect condition was detected, the Channel Status indicators shall display all signals active at the time of the fault for six seconds, then indicate the channels involved in the fault for 2 seconds, and then indicate the channels with RP Detect status for 2 seconds.

COMM
The COMM indicator will illuminate for a period of 50 ms when a valid frame is received on the EIA-232 or Ethernet port.  The COMM indicator will flash at a 4 Hz rate if the port is disabled due to the DTR signal in the false state while a frame is in the transmit queue.











Front Panel Control

29. 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 3.2.
EIA-232 Serial Communications Connector (2018KCL)
This connector shall be used to provide EIA-232 serial communications. It shall be an AMP 9721A or equivalent 9 pin metal shell D subminiature type with female contacts. Pin assignments shall be as shown in Section 8.3.

The port shall provide jumper options to allow the connection of Pin #4 to be made with Pin #7, and the connection of Pin #8 to be made with Pin #1.

6.5 Electronics

RMS Voltage Sampling

High speed sampling techniques shall be used to determine the true RMS value of the AC field inputs and AC Line input.  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 with a jumper option 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 may 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.

Output Relay

The Signal Monitor Output Relay shall provide both normally open and normally closed contacts as described in Section 8.1. A programming option shall be provided to select the polarity of the EE input to accommodate the flash drive voltage state driven on pin EE.
EIA-232 Port (2018KCL)
The EIA-232 port interface electronics shall be electrically isolated from all monitor electronics except chassis ground. 
Ethernet Port (2018KCLip)
An Ethernet port capable of at least 10 Mbps operation shall be provided on the front panel. The Ethernet port shall be electrically isolated from the MMU electronics and shall provide a minimum of 1500 Vrms isolation. The connector shall be an RJ-45 eight pin connector. 

Configuration Parameters

User-programmed configuration settings shall be stored in the Datakey device. Designs requiring PCB mounted switches or jumpers to program or verify the configuration parameters is not acceptable. User-programmed configuration settings which 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:

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

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

32. 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.

33. All electrical mating surfaces shall be gold plated.

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

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

Section 7 
SPECIFICATIONS

7.1 Electrical

Power Requirements

Operating Line Voltage
 75 to 135 Vrms

Operating Line Frequency
 60 EQ \O(_,+)3Hz

Power Consumption
 10W (maximum)

AC Voltage Monitors

Green Signal Inputs
(no detect)
 less than 15 Vrms


(detect)
 greater than 25 Vrms

Yellow signal Inputs
(no detect)
 less than 15 Vrms


(detect)
 greater than 25 Vrms

Red Signal Inputs
(no detect)
 less than 50 Vrms


(detect)
 greater than 70 Vrms

Red Enable Input
(no detect)
less than 50 Vrms


(detect)
 greater than 70 Vrms

Special Function Inputs
(no detect)
less than 50 Vrms


(detect)
 greater than 70 Vrms

AC Line Brown-out
(drop-out)
 98 EQ \O(_,+)2 Vrms



(restore)
 103 EQ \O(_,+)2 Vrms

DC Voltage Monitors

+24VDC Input
(fault)
 less than +18 Vdc


(no fault)
 greater than +22 Vdc

External Reset Input
(true)
 less than 3.5 Vdc


(false)
 greater than 8.5 Vdc

Watchdog Input
(true)
 less than 3.5 Vdc


(false)
 greater than 8.5 Vdc

7.2 Timing Functions

Conflict
(no fault)
 less than 200 milliseconds


(fault)
 greater than 500 milliseconds


(typical)
  350 milliseconds

24VDC Fail
(no fault)
 less than 200 milliseconds


(fault)
 greater than 500 milliseconds


(typical)
  400 milliseconds

Watchdog 1.0 second
(no fault)
 less than 900 milliseconds

   
(fault)
 greater than 1100 milliseconds

     
(typical)
 1000 milliseconds

Watchdog 1.5 second
(no fault)
 less than 1400 milliseconds

   
(fault)
 greater than 1600 milliseconds

     
(typical)
 1500 milliseconds

Red Fail
(no fault)
 less than 700 milliseconds

  
(fault)
 greater than 1000 milliseconds


(typical)
 850 milliseconds

Red Fail (2010)
(no fault)
 less than 1200 milliseconds

  
(fault)
 greater than 1500 milliseconds


(typical)
 1350 milliseconds

Dual Indication
(no fault)
 less than 200 milliseconds

  
(fault)
 greater than 500 milliseconds


(typical)
  400 milliseconds

Sequence 
(no fault)
 greater than 2.8 seconds


(fault)
less than 2.6 seconds

Brown-out
(drop-out)
 400 EQ \O(_,+)50 milliseconds


(restore)
 400 EQ \O(_,+)50 milliseconds

Minimum flash after restore 
 0.5 EQ \O(+,_)0.5 seconds

Maximum flash after restore
 16.0 EQ \O(+,_)0.5 seconds

7.3 Mechanical

Height
  9.3 inches

Width
  1.38 inches

Depth
  10.17 inches

7.4 Environmental

Storage Temperature Range
  ‑55 to +90 oC

Operating Temperature Range
  ‑37 to +74 oC

Humidity Range
  0 to 95% Relative

Section 8 
WIRING ASSIGNMENTS

8.1 Monitor Unit Connector

	Pin #
	Function
	Pin #
	Function

	1
	CHANNEL 2 GREEN
	A
	CHANNEL 2 YELLOW

	2
	CHANNEL 13 GREEN
	B
	CHANNEL 6 GREEN

	3
	CHANNEL 6 YELLOW
	C
	CHANNEL 15 GREEN

	4
	CHANNEL 4 GREEN
	D
	CHANNEL 4 YELLOW

	5
	CHANNEL 14 GREEN
	E
	CHANNEL 8 GREEN

	6
	CHANNEL 8 YELLOW
	F
	CHANNEL 16 GREEN

	7
	CHANNEL 5 GREEN
	H
	CHANNEL 5 YELLOW

	8
	CHANNEL 13 YELLOW
	J
	CHANNEL 1 GREEN

	9
	CHANNEL 1 YELLOW
	K
	CHANNEL 15 YELLOW

	10
	CHANNEL 7 GREEN
	L
	CHANNEL 7 YELLOW

	11
	CHANNEL 14 YELLOW
	M
	CHANNEL 3 GREEN

	12
	CHANNEL 3 YELLOW
	N
	CHANNEL 16 YELLOW

	13
	CHANNEL 9 GREEN
	P
	CHANNEL 17 YELLOW

	14
	CHANNEL 17 GREEN
	R
	CHANNEL 10 GREEN

	15
	CHANNEL 11 YELLOW
	S
	CHANNEL 11 GREEN

	16
	CHANNEL 9 YELLOW
	T
	CHANNEL 18 YELLOW

	17
	CHANNEL 18 GREEN
	U
	CHANNEL 10 YELLOW

	18
	CHANNEL 12 YELLOW
	V
	CHANNEL 12 GREEN

	19
	CHANNEL 17 RED
	W
	CHANNEL 18 RED

	20
	CHASSIS GROUND
	X
	UNASSIGNED

	21
	AC-
	Y
	DC GROUND

	22
	WATCHDOG TIMER
	Z
	EXTERNAL RESET

	23
	+24VDC
	AA
	+24VDC

	24
	[PINS 24 & 25

ARE TIED TOGETHER]
	BB
	STOP TIME

	25
	
	CC
	UNASSIGNED

	26
	UNASSIGNED
	DD
	UNASSIGNED

	27
	OUTPUT SW, SIDE #3
	EE
	OUTPUT SW, SIDE #2 (MC Coil)

	28
	OUTPUT SW, SIDE #1
	FF
	AC+ LINE


     NOTE:
Pins 23 and AA are shorted together. Maximum current rating is 500 milliamps. Pins 24 and 25 are shorted together. The Monitor mates with a 28/56 pin double sided edge-card connector having .156 " centers.

OUTPUT SW, SIDE #1 closes in the fault mode. OUTPUT SW, SIDE #3 opens in the fault mode.
8.2 Red Interface Connector

	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


8.3 EIA-232 Connector (2018KCL)
	Pin #
	Function
	I/O

	1
	nc
	-

	2
	Tx DATA
	O

	3
	Rx DATA
	I

	4
	DTR
	I

	5
	SIGNAL GND
	-

	6
	nc
	-

	7
	nc
	-

	8
	nc
	-

	9
	nc
	-
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