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1.	General

1.1	INTENT

.1	Read this Section in conjunction with Section 23 09 23 ‑ EMCS General Requirements and other related EMCS Sections.


2.	Products

2.1	REMOTE CONTROL UNITS ‑ GENERAL

.1	   Each RCU shall:

.1	include a real‑time operating system that:

.1	executes control, timing and sequencing of all programs.
.2	performs multi-tasking to run programs and concurrently communicate with other RCUs and the CCS over the high speed network, with TCUs connected its sub-network or with the serial ports.
.3	provides automatic means of sharing physical and virtual point information with rest of system.
.3	automatically restarts RCU when power is restored.
.4	has diagnostic software to test RCU integrity, and data transmissions.

.2	provide fully stand-alone operation by acquiring information from input points and locally processing this information to control output devices according to the User Control Language. 

.3	record, evaluate and report changes of state/value that occur to physical or virtual points within the RCU.

.4	keep a record of security passwords, and supervise any local operator access to the EMCS.

.5	include all necessary hardware, software and firmware as required to interface to primary network and the sub-network as defined in Section 230924.

.6	allow the processing and execution of operator commands as well as the downloading of the complete RCU programming and database, from a Central Control Station (CCS), locally connected laptop computer (PCS) or from a remote PCS through serial interface device (modem).

.2	Any slave panel, sub module, or any form of point expansion panel that is connected to an RCU, shall be considered an integral part of the RCU.

.3	The data base and control strategies for any point connected to a slave panel, sub module or point expansion panel shall be resident in the RCU.

.4	Only BACnet BTL certified devices are allowed.


2.2	REMOTE CONTROL UNITS ‑ FEATURES

.1	Minimum 32 bit full floating point mathematics.

.2	Minimum 8 inputs and 8 outputs.  .

.3	Minimum of one sub-network port.  

.4	Minimum of two serial ports for communication with any two system peripherals, such as a printer or portable operator terminal and a modem or serial device server.

.5	Watchdog timer.  Failure of RCU shall automatically switch outputs to a pre-selected fail-safe condition and initiate a cold restart.

.6	Real Time Clock accurate to one minute per month and capable of maintaining accurate time through a 72 hour power failure.  Clock to be synchronized to a master timekeeping RCU or the CCS real time at least every 24 hours.

[bookmark: OLE_LINK1].7	Network monitoring routines.  Failure of primary network or sub-network shall be detected.  RCU shall continue to control environment using last reliable setpoint or operating mode.  A read-only indicator of this failure shall be available for use within the custom controls programming.

.8	Hardware monitoring routines.  Failure of any RCU physical point shall be detected.  RCU shall continue to control environment using last reliable information.  A point attribute or other read-only indicator of this failure shall be available for use within the custom controls programming.

.9	Permanently marked removable terminal block for the wiring of all sensors, control devices, network and RCU power.

.10	Free‑standing or wall‑mounted robust metal or plastic cabinets with hinged and key-locked front door with common keying for all RCU and equipment cabinets.


2.3	MEMORY

.1	User Control Language program and data base memory shall be EEPROM or 72 hour battery or capacitor backed RAM.

.2	Data/stack memory space shall be 72 hour battery or capacitor backed RAM.

.3	System firmware shall be in non-volatile EEPROM memory.

.4	Provide sufficient memory:

.1	to allow creation and execution of specified User Control Language programs.  As a minimum, for each connected physical point, provide sufficient capacity to create programs containing the following:
.1	10 logical operators (eg. AND, OR, NOT)
.2	10 mathematical operators (+, -, /, *, ^)
.3	Five commands or functions (eg. START, STOP, MIN, MAX, SQRT)

.2	to create one PID controller for every available analogue output.

.3	to simultaneously maintain 256 trend samples for each physical point connected to the RCU.

.4	to contain the data base for all physical points and for two virtual points for each physical point connected to RCU as well as at least one annual schedule and 2 daily schedules.


2.4	SIGNAL PROCESSING

.1	Analog Input Processing:

.1	Each analog input shall be converted to digital format at a minimum frequency of 1 conversion per second.

.2	Analog to digital conversion shall have sufficient resolution to provide the minimum end to end accuracy defined in Section 230929 plus one bit, but shall not be less than 10 bits.

.3	Relative errors between analog inputs shall not exceed 0.25% of span.

.4	Each input shall be individually calibrated for zero and span in software.

.5	On board circuitry shall protect each input from short circuit and have a 500 volt minimum isolation. 

.6	The following ranges are required:

.1	4 - 20 mA DC
.2	0 - 10 VDC

.7	A special range for direct input resistance temperature sensors is allowed.

.2	Analog Output Processing:

.1	Each analog output shall be converted to analog format at a minimum frequency of one conversion per second.

.2	Digital to analog conversions shall have 8 bit resolution minimum.  The output signal shall be linear.

.3	Each output shall be individually calibrated for zero and span in software.

.4	On board circuitry shall protect each output from short circuit and have 500 volt minimum isolation

.5	The following ranges are required:

.1	4 - 20 mA DC
.2	0 - 10 VDC

.3	Digital Input Processing:

.1	Inputs shall accept dry contacts. 

.2	Provide one pulse counter input per RCU which will accept pulse rates up to 1000 Hz.

.3	Provide minimum 500 volt isolation for each point through use of optical isolators or equivalent on termination board.

.4	Digital Output Processing: 

.1 	Provide outputs capable of switching a 120 VAC external power supply, or triac SCRs rated at 0.5 Amp 24 VAC minimum.

.2	Provide full protection to hardware and software from switching transients.


2.5	POWER SUPPLY

.1	For each RCU, provide:

.1	line voltage isolation transformers sized such that output voltage drop is no greater than 10% with all connected devices powered up and output devices in motion.
.2	a power supply with fused over current protection and power on indication.
.3	transient surge suppression as part of the power supply or as a separate device.

.2	Transient surge suppression requirements:

.1	Provide protection from both Normal and Common Mode transients.  Response time to Common mode transients shall be less than 5 nanoseconds

.2	Let-through voltages (L-N) when tested against ANSI/IEEE C62.41-1991 and C62.45, 1992 shall be as follows:

.1	Category A3 and B3 Ringwave (6000V, 200A) let-through less than 15V.
.2	Category B3/C1 Combination (Impulse) Ringwave (6000V, 300A) let-through less than 200V.

.3	Separate devices shall use hybrid circuits.  Circuits that rely solely on MOV's or avalanche diodes will not be accepted.

.4	Separate devices shall have a minimum nominal capacity rating of 3 Amps at 120 VAC or three times the maximum current draw of the RCU and all connected components, which ever is greater. The device shall be either UL listed or CSA approved.

.5	Provide documentation or test results that show that transient suppression meets the specified requirements.


2.6	DATA BASE

.1	Provide data base creation and modification at a CCS,  a PCS connected to any RCU serial port or from a remote location via the system’s serial interface device.  The user shall have data base manipulation capability, while on line, to add, modify and delete points, alarms, schedules, trend logs, custom point groups, start/stop sequences, engineering units, spring ranges and point maps.

.2	Each physical and virtual point shall be tagged with a unique name according to the most recently available “Alberta Infrastructure EMCS Guideline for Logical Point Mnemonics”.  Specialty points or functions such as alarms, totalizers, point groups, etc., shall be assigned a unique name closely resembling the point mnemonic of the associated points.

.3	Provide:

.1	virtual points which can store 32 bit floating point numbers and which can be manipulated in the same manner as analog or digital physical points.

.2	custom units, minimum 6 characters in length, assignable to any point or state of point operation (examples:  L/s, KWhrs, High, Slow, Off, mA, Jouls)

.3	conversion tables or other mapping functions for analog input and output points that define how the input or output hardware values relate to the engineering units used.  Accommodate non-linear relationships using a mathematical formula or a conversion table with a minimum of 10 individually definable segments.

.4	mapping functions for digital input, output and virtual points for assigning any pair of engineering units to the active/inactive or energized/de-energized states of the points (examples: Start/Stop, On/Off, Open/Closed, Alarm/Normal, Yes/No, Enable/Disable, Lead/Lag).

.5	totalization functions for digital input, output and virtual points capable of counting the accumulate hours or minutes of run time or contact status for at least 9999 minutes.

	
2.7	BASIC OPERATOR INTERFACE

.1	Provide a basic, RCU hosted, system/operator interface with:

.1	interrogation via a text based command line, a succession of menus, or a graphical user interface.

.2	basic creation and editing of physical and virtual point database.

.3	software grouping of points for monitoring and system control functions.

.4	dynamic data display of a selected grouping of points with all required functions to create or edit display data groups.

.5	operator override capabilities that allow manually command/override of any physical or virtual point to a desired state or value, so that User Control Language programs cease to control that point.

.6	at least three access security levels for a minimum of eight operators with hard‑copy reporting of all authorized and unauthorized sign-on or sign-off events.

.2	Provide software packages and interface cables for each PCS to access the EMCS through the RCU via the basic operator interface.  A minimum of one package shall be provided.


2.8	ALARMS

.1	Provide RCU operating system alarms for the following malfunctions:
.1	Communications failure with any TCU and RCU sharing information with.
.2	Watch-dog-timer activation.
.3	Input or output point failure.
.4	Control program execution error (divide by zero, etc.)
.5	Power interruption restore or other cold start

.2	Provide change of state alarms for digital physical or virtual points with user selection of which digital contact state is the alarm.

.3	Provide high and low limit alarms for analogue physical or virtual points with user defined high and low alarm limits as well as relative alarm limits (differential) referenced to a virtual set-point such that the alarm limits automatically adjust with change in set point value.

.4	Alarms shall be able to be directed to the CCS and/or a peripheral device at any user-defined RCU serial port.

.5	Provide ability to automatically disable an alarm or group of alarms based upon the status of any selected digital physical or virtual point.

.6	Each non-system alarms shall have user adjustable time delay settable within a range of 5 seconds to 30 minutes.

.7	Alarms shall be able to be categorized as critical or non-critical.  Critical alarms shall require operator acknowledgement.

.8	Each non-system alarm shall include a user defined alarm message, 30 characters minimum length.

.9	All alarms shall be logged with:

.1	current time, date and initials of on-duty operator.
.2	point mnemonic and description.
.3	current value or status, including engineering units.
.4	nature of alarm - high or low, on or off, open or closed, etc.
.5	critical or non-critical alarm designation.
.6	alarm message


2.9	TREND LOGGING 

.1	The RCU shall be able to trend log any physical or virtual point, controller output, or schedule result defined in the RCU or any TCU connected on its sub-network .  Required features:

.1	User defined start and stop times or continuous sampling.
.2	User adjustable sampling frequency from 5 seconds to 24 hours.
.3	Number of samples per trend selectable from 1 to 128.
.4	User selectable sample initiation by time interval or change of state.

.2	RCU shall be able to automatically dump trend data to the CCS hard drive at user specified intervals or to clear allocated RAM when full.  Stored data shall be in ASCII format.

.3	Trend reports shall display and print a minimum of four logged points across the page.  RCUs with graphic interface shall be able to display trend data graphically.


2.10	SCHEDULING

.1	Provide a minimum of two annual/holiday schedules as well as 20 start/stop schedules for designated points or groups of points.

.2	Start/stop schedules shall allow defining a minimum of 4 starts and 4 stops per day to a resolution of 15 minutes.  Each schedule shall include weekend, holiday and annual schedule skip features.

.3	Provide:
.1	time delays between successive commands (for groups of points).
.2	operator override of the schedule for each point.
.3	report of all time schedules and their associated commanded points.



2.11	REPORTING

.1	Reports and logs shall be able to be directed to the CCS and/or a peripheral device at any user-defined RCU serial port.

.2	Reports and logs shall:

.1	be capable of manual or automatic (time and date or event) initiation.
.2	include a header with a report title as well as the current time and date.
.3	include sufficient English language description to allow the contents to be understood by anyone with modest controls familiarity.

.3	For the RCU and any TCU connected on its sub-network, provide:
.1	 summary reports with current list of:
.1	operator overridden points.
.2	points in alarm condition.
.3	points in trend logs.
.4	totalized points.

.2	reports listing current point value or status for any building, system, or user-defined group of points.

.3	database, alarm, trend and schedule reports that produce on-screen and hardcopy listings selectable by individual point, point type or database category.  Listings to include current data and all information required to re-create the selected database elements.

.4	Provide operator access reports listing the operator’s name, password, on-duty initials and system access level or access matrix,.

.5	Provide security log reports listing at least the last 500 system transactions including operator initials, command performed and time and date.  Include all sign-on, sign-off and invalid system access attempts.

.6	Provide system diagnostics reports that list current and past system hardware and software errors.


2.12	USER CONTROL LANGUAGE (UCL)

.1	The User Control Language (UCL) shall allow the user to develop and program custom operational sequences, unique control algorithms, interactive point relationships, custom calculations using any combination of mathematical, relational and logical operators.  UCL custom control sequences shall be able to:

.1	calculate flow rates, energy consumption, electrical demand and heating/cooling loads.
.2	determine equipment run times and durations of events.
.3	calculate operating setpoints.
.4	start and stop equipment.
.5	modulate or place dampers and valves in any calculated position.
.6	enable/disable alarm functions.
.7	enable/disable control loops and manipulate their bias values, gains and output ranges.

.2	The following UCL program formats are acceptable:

.1	Traditional text based languages that are styled upon a line by line “high level” computer programming language such as C, Pascal, Fortran or BASIC.  Low level assembler or macro style languages are NOT acceptable.

.2	Block/object or graphic style languages that are formatted by linking predefined library modules, if and only if they feature at least one of the following enhancements:

.1	They allow the user to create and modify custom blocks/objects using a richly featured line by line text based “high level” computer programming language such as C, Pascal, Fortran or BASIC.
.2	They contain functions or procedures that allow an arbitrary number of attached Terminal Control Units (TCUs) to be polled for load information, mode, status and alarms without the need to explicitly program each data link between the TCUs and the RCU program requesting this data.


.3	The UCL shall be modular in construction allowing a minimum of one independent program or graphic programming screen page, for every 8 physical points connected to the RCU.

.4	The UCL shall allow comments to be embedded anywhere in the source code or on a graphic programming screen page.

.5	The traditional text based “high level” language, used to create the operational sequences or custom blocks or library routines, shall allow expressions (i.e. a program lines) :

.1	containing 5 levels of parenthesis
.2	containing at least 10 mathematical and/or logical and relational operators in any desired order and combination.
.3	containing mixed mode mathematics (combined use of math and logic operators), using normal order of mathematical precedence, not simply left to right.
.4	with a minimum line length of 128 characters.

.6	Provide mathematical operators for:

.1	addition, subtraction
.2	multiplication, division
.3	square roots, exponents

.7	Provide logical and relational operators for:

.1	and, or, not
.2	equal to, not equal to
.3	less than, greater than

.8	Provide branching features for:

.1	unconditional branching to another line, label or graphic entry point in the same program module.
.2 	conditional branching in the form of IF...THEN...ELSE statements that can be nested to a minimum of 3 levels or graphic objects with similar capabilities.
.3	calling a subroutine, program module or graphic block/object with return to calling routine.

.9	Provide functions, procedures or graphic blocks/objects which calculate or obtain:
.1	current time, day of week and date in decimal or integer format.
.2	operational status of RCU network communications.
.3	operational status of TCU sub-network communications.
.4	operational status of any connected point (in/out of service, failed, alarm)
.5	minimum, average and maximum values of a minimum group of 5 variables, points or numeric expressions.
.6	value of a variable, point or expression, limited to a set range between limiting values or numeric expressions representing allowable minimum and maximum values.
.7	an interpolated value from a user defined set of coordinates defining at least 5 line segments.  This is in addition to the spanning and ranging capabilities provided in analogue point database.
.8	the current value of a programmable count up/down seconds timer that can be reset or initialized under UCL control.  Timers to be capable of counting a minimum of 10,000 seconds and shall hold when timed out.
.9	next scheduled ON or OFF time/date of any point, annual or holiday schedule 
.10	duration that any binary point or status has been in the ON or OFF state.
.11	runtime or totalized value of any point thus configured.
.12	alarm status of any defined alarm point.

.12	Provide a minimum of ten local variables per control program module for use as temporary storage of intermediate calculation results.  Variables shall be able to store 32 bit floating point numbers and are not to be global virtual points created by the user.


2.13	CONTROL SEQUENCE integrated development environment

.1	Provide an integrated development environment for creating, modifying,  interpreting/compiling, testing, executing and trouble shooting custom control sequences:

.1	in any RCU on the network from any CCS.
.2	in any RCU on the network from off-site via the control system’s serial interface device
.3	in a particular RCU from a PCS locally connected to that RCU.

.2	For editing traditional text based UCL programs, provide a full screen editor with the ability to:
.1	insert, delete, overtype characters in any displayed line.
.2	copy or cut a line, or block of lines, and insert these before any displayed line in the current UCL program or another UCL program.
.3	search for an alphanumeric string and replace with another string.
.4	produce a hard copy of the edited program.

.2	For editing block/object or graphic style UCL programs, provide a full screen graphic editor with the ability to:
.1	insert or delete a graphic object anywhere on the screen.
.2	edit object names and all parameters within the graphic objects.
.3	copy or cut a graphic object, group of objects, or comment text and place these anywhere else on the screen or onto another graphic programming screen.
.4	connect graphic object inputs or outputs by simply drawing a line between them.  Invalid connections shall not be allowed to be created.
.5	connect information across programming screens.
.6	produce a hard copy of the edited graphic including all object parameters.

.3	The integrated development environment shall:

.2	automatically change all program occurrences of a point mnemonic, if that point mnemonic is changed in data base.

.3	flag undefined point mnemonics if a point with that mnemonic has not yet been created or if the respective point has been removed from data base.  Flag or indicator to be displayed in an easily visible location close to where the mnemonic is used whenever the program is viewed, modified or printed.

.4	detect syntax errors or unexecutable sequences and provide detailed English language messages and code flagging that allows quick localization of these errors.

.5	provide notification of runtime errors.

.6	allow values of physical or virtual points as well as local or global variables to be displayed during runtime to assist in trouble shooting.

.4	Hardcopy listings or graphic displays of control sequences shall refer to points and objects using the system’s logical point mnemonics.  Systems that can only produce listings containing hardware addresses are NOT acceptable.

.5	The complete development environment shall be available at every CCS as well as at every PCS, whether it be locally connected to an RCU or located off-site and connected via the control system’s serial interface device.

.6	Provide at least [two] complete development packages, if the development environment software is not RCU resident.  Install these on CCSs/PCSs as directed by the Minister.  Provide all necessary interface hardware and cables to allow local or off-site connection.


2.14	control loops

.1	Provide at least one, RCU resident, control loop for each available analogue output point  or pair of digital outputs, plus one.  All control loops shall be capable of three mode, proportional, integral and derivative,  (PID) control.

.2	Provide the following parameters in each control loop:

.1	Direct or reverse acting.
.2	Output value
.3	Set point
.4	Proportional gain
.5	Integral gain
.6	Derivative gain
.7	Sampling time – adjustable from 1 to 20 seconds.
.8	Output low limit
.9	Output high limit
.10	Control loop bias

.3	Provide the ability to halt/resume loop calculation as well as change the set point, bias, gains and output limits in real time using custom control sequences created with the user control language (UCL).

.4	Provide a “bumpless” transfer between manual output override and automatic loop operation.

.5	Control loop algorithm shall be designed so as to limit integral windup.  Internal integral offset value shall be manipulated so as to maintain calculated loop output value within bounds set by the output low and high limits.


3.	Execution

3.1	INSTALLATION

.1	Each RCU shall be mounted so as to allow easy access for maintenance.  There shall be no less than 1 meter between the RCU door and any obstruction.  Door must be able to swing open 180 degrees or be removable.  Mount RCU near eye level on vibration free walls or rigidly support RCU on free standing supports away from vibrating equipment.  Confirm all locations with Minister.

.2	At every RCU location, install a line voltage duplex receptacle for powering operator devices such as the PCS.  An individual receptacle is not required for every RCU so long as one is available within 2 meters of any individual RCU.  A new receptacle is not required if an existing outlet meets these requirements.

.3	RCU and equipment cabinets located in an area with a known leak hazard or under or near piping with nearby fittings shall be drip proof with rain-tight fittings on all connected conduit. 

.4	RCUs for redundant controls shall be installed in different locations powered by different electrical circuits.
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