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seq chap \r2 \hSECTION 2

TECHNICAL DESCRIPTION

2.1  INTRODUCTION.-  This section contains a complete technical description of the remote monitoring and control (RMC).  

2.1.1  Purpose.-  The RMC is a computer based monitoring system that provides a means of remotely monitoring and controlling various pieces of equipment at radar facilities.  The system can be configured to operate at several different types of radar facilities including at long range radar (LRR), terminal, and beacon only sites (BOS).  It provides monitor and control of the primary radar, beacon, common digitizer (CD-2), engine generator, and security/fire alarm system.  The system is connected via the site modem to a remote computer that allows remote users to monitor, control, and make a determination as to the operational readiness of the equipment at the radar facility.  A local terminal is provided in the RMC rack in order to provide local users with access to the system.  

2.1.2  Drawings.-  The overall block diagram, functional block diagrams, functional diagrams, and simplified schematic diagrams are located in section 11

.

2.2  RMC OVERALL DESCRIPTION.-  Figure 11-11 is the RMC overall block diagram for the RMC.

2.2.1  General.-  The 
RMC is developed around two computers, one is the Opto-22 remote telemetry unit (RTU) computer, and the other is a personal computer (PC) based maintenance data terminal (MDT)/BI-6 interface/concentrator PC.  Both computers are located inside the RMC rack.  The RMC interfaces to the environmental remote monitoring subsystem 

(ERMS), which is located outside the RMC rack and is considered to be a commercial off-the-shelf (COTS) piece of equipment.  The Opto-22 RTU is used to monitor and control the ATCBI-4/5, ARSR-1/2, FPS, ASR-8, common digitizer (CD-2), and the azimuth data unit (ADU).  The RTU interfaces to the site equipment through serial communication ports or through opto isolator modules located on the RTU or on several i/o bricks
.  The MDT
//ATCBI-6 interface/concentrator PC provides an MDT for the site personnel to access the RMC locally, it provides an interface to the BI-6, and it combines the RMC and ERMS data for transfer to the remote user.  E/G and environmental monitoring and control is performed either indirectly by the ERMS or directly by a limited RMC environmental digital interface.  The ERMS data is accessed separately from the RMC data at both the local and remote interfacce.    

2.2.1.1  ATCBI-6.-  Communication with the ATCBI-6 is achieved through an RS-422A interface.  The interface allows the RMC to access the monitoring and command program built into the ATCBI-6.

2.2.1.2  ATCBI-4/5 Module.-  The RMC monitors and controls the ATCBI-4/5 (a.k.a. beacon) and integral system monitor (ISM)through digital opto isolators located on one of the RMC’s bricks
.  

2.2.1.3  Primary Radar.-  The RMC monitors and controls the primary radar through digital opto isolators located on one of the RMC’s  bricks.

2.2.1.4  Azimuth Data Unit (ADU) Module.-  The RMC monitors analog and digi​tal data inputs from the ADU via two  bricks, one configured for digital inputs and the other configured for analog inputs.

2.2.1.5  Common Digitizer 2 (CD-2) Module.-  The RMC monitors CD-2 channels 1 and 2 status via the RS-232-C interface.  The RMC also sends commands to the CD-2 channels via the RS-232-C interface.  Examples of the commands are CHANNEL SELECT and equipment RESET.

2.2.1.6  Modem.-  The modem is the means of communication between the RMC and the ARTCC Tandem computer.  The modem connects directly to the RMC via an RS-232-C interface bus, and allows an ARTCC maintenance control center operator to test, monitor, and control the equipment.

2.2.1.7  Engine Generator (E/G) Module.-  The E/G is monitored and controlled either indirectly through the ERMS or directly by a simplified RMC E/G system.   

2.2.1.7.1  The ERMS is considered to be a commercial off-the-shelf (COTS) piece of equipment so its software is separate from the RMC rack software.  The ERMS interfaces to the maintenance data terminal (MDT) of the RMC.  The ERMS MDT software is run separately from the RMC MDT software.  The ERMS data for the remote user is transmitted to the Tandem along with the RMC data via the RMC concentrator, but the Tandem handles the ERMS and RMC data as two separate pieces of monitoring equipment.  The EMRS can start and stop the engine, monitror several E/G status points, and monitor the fuel tank.  A full explanation of ERMS functions can be found in the ERMS technical literature.      

2.2.1.7.2  The simplified RMC E/G system is used at some sites.  The simplified RMC E/G provids E/G start and stop commands, E/G running status, on-line status, and fault status.  This is done using some of the optical isolators on the beacon/ISM/environmental i/o brick.

2.2.1.8  Environmental Module.-  The environmental module is monitored and controlled either indirectly through the ERMS or directly by a simplified RMC environmental system. 

2.2.1.8.1  The ERMS sends a digital control signal to the intrusion and fire alarm panel to remotely arm the intrusion system.  Digital status from the intrusion and fire alarm panel is sent back to the ERMS to report if the system is armed, if there is an intrusion, and if there is a fire.  Digital status signals sent to the ERMS from the air-conditioner indicate the operational status of the unit; e.g., air-conditioner running, air flow, and evaporator in and out temperatures.  A full explanation of ERMS functions can be found in the ERMS technical literature.

2.2.1.8.2  The simplified RMC environmental E/G system is used at some sites.  The simplified RMC environmental E/G provids status of the fire alarm, 

intrusion alarm, and site temperature alarm.  This is done using some of the optical isolators on the beacon/ISM/environmental i/o brick.

2.2.2  RMC Cabinet.-  RMC cabinet houses the RTU, RTU extender unit (RTUX), digital i/o bricks, MDT//ATCBI-6 interface/concentrator PC with its display and keyboard, terminal blocks, command disconnect relays, disconnect and power supply unit, cable disconnect panel, and uninterruptable power supply (UPS).  The monitor and control signals to and from RMC cabinet are digital control/status signals, analog voltages from power supplies, other monitored analog functions, and RS‑232‑C interface bus signals.  The major functions of the RMC electronics are described in a later paragraph. 

2.2.3  ERMS.-  The ERMS main junction box contains an RTU and power 
supply.  The RTU communicats with external sensors through direct wires and external i/o bricks through an RS-485 interface.  The ERMS jucntion box in the E/G room contains a i/o brick for direct connection to sensors and a interface unit for RS-232 communication with certain E/G control units.  The major functions of the ERMS electronics are described in a later paragraph and in the ERMS instruction book.

2.3  RMC DETAILED BLOCK DIAGRAM.-

2.3.1  General.-  The RTU collects data from site equipment and transfers it to both the MDT and the concentrator sections of the MDT//ATCBI-6 interface/ concentrator PC through two RS-232 ports.  The ATCBI-6’s built-in monitor and control system connects to the BI-6 interface portion of the MDT//ATCBI-6 interface/concentrator PC through an RS-422A interface card in the computer.  The MDT transfers the ATCBI-6’s data to the RTU where it is combined
 with the data from the other site equipment.  The RTU and ATCBI-6 data is refered to as the RMC data.  The ERMS collects data from E/G and environmental site equipment and transfers it to both the MDT and the concentrator sections of the //ATCBI-6 interface/concentrator PC.  The 
MDT provides the local users with access to the ERMS through screens developed under the Opto-22 Opto Display software.  The ERMS and RMC Opto Display software screens are separate from one another.  The concentrator allows for the trnasmittion of the separate RMC and ERMS interfaces on one modem line.  At the remote user display the RMC and ERMS systems are accessed separately.   

2.3.2  Remote Telemetry Unit (RTU).-  The Opto-22 RTU is a COTS computer specifically desinged for industrial field applications.  The RTU is a two processor system; one processor manages host communications and program control, while the other handles i/o interfacing and control for both the digital and analog signals.  Communications with other intellegent devices such as other RTUs or industrial PCs is available through serial and network expansion cards.  The RTU is configured to react to software interrupts 
from various sources such as i/o bricks.  Since the RTU only reacts to software interrupts 
it can manage several i/o bricks while maintaining a rapid response.  The remote telemetry unit is mounted on the main mounting panel along with the RTU extender, the i/o bricks, the command enable relays, and the terminal strips.  An added power supply allows the RTU to be powered from 120 V ac
.

2.3.2.1  RTU Optical 
Isolators.-  A total of 8 digital and 4 analog i/o channels are availlable on the RTU base unit and may be populated with standard Opto 22 G4 Analog and Digital optical isolator i/o modules.  The external 
connacts of the optical isolators are connected to terminal blocks on the top of the RTU.  The terminal blocks are wired to the horizontal terminal strip on the main mounting panel of the RTU. 

2.3.2.2  Interface to RTU Extender (RTUX).-  The RTUX provides an additional 8 digital and 4 analog i/o channels for optical isolator modules.  A communication cable directly connects to the RTUX to provide both communication and power to each optical isolator.

2.3.2.3  Interface to I/O Bricks.-  The RTU uses a RS-485 interface to communicate with i/o bricks, which have microprocessors and are uniquely addressable.  The i/o bricks provide an interface to various pieces of site equipment for monitoring and control.

2.3.2.4  Interface to RS-232 Equipment.-  With the addition of a serial interface card, the RTU is configured for 3 RS-232 ports which allow for communication with the MDT, Modem, and CD-2.

2.3.3  I/O Bricks.-  The i/o Bricks are assemblies that can contain either digital or analog optical isolators, which are monitored and controled by an on-board microprocessor.  Each brick is uniquely addressable for communication with an RTU over an RS-485 bus.  Onboard intelligence offers latching, pulse train generation, time delays, counting, event/reaction, and many other control functions.  Event/reactions direct orderly shutdowns and execute high speed deterministic responses to sophisticated control sequences, alarm monitors, diagnostics, and host software interrupts
.  A digital brick has 16 channels for digital optical isolators.  An analog brick has 8 channels for analog optical isolators.

2.3.4  Cable Disconnect Panel (CDP).-  The CDP is the panel located at the top of the rack and provides an interface for external cables to be connected to the rack.  These connectors provide a quick and complete means of disconnecting the RCIU from the site equipment.  Polarized barrel connectors of 10, 19, and 32 pins are mounted on the CDP for the main signal cables.  Additional DB-9, DB-25, and phone connectors are mounted on the CDP on a subassembly referred to as the communication interface panel (CIP).  

2.3.4.1  Configuration.-  Since the rack was designed to work at several different types of radar facilities the connectors are used for different equipment at the different types of sites.  Inside the rack is the system selection panel, which contains connectors 1A1J1 and 1A1J2 that are used to configure the rack for various types of sites.  At system installation, the system selection cable 1A1W1 is connected to one of two connectors on the system selection panel, which is mounted on the bottom of the CDP.  The cable is 
not to be moved after installation.

2.3.4.2  Internal Wiring.-  Connectors J1 and J2 are directly connected to the vertical terminal strip by internal cables 1AW1 and 1AW2 consequently to the top opto-isolator brick.  Connector J3 is directly connected to the vertical terminal strip and the middle i/o brick with internal signal cable 

1AW3, and it is also connected to the system selection connector 1A1J1.  Connector J4 is directly connected to the vertical terminal strip and consequently the middle i/o brick with internal signal cable 1AW4, and it is also connected to the system selection connector 1A1J1.  Connectors J5 and J6 are connected to system selection connectors 1A1J1 and 1A1J2 with cable 1AW5 and 1AW6.  Connector J7 is connected to system selection connector 1A1J2 with cable 1AW7. Connectors J8 (digital signals) and J9 (analog signals) are wired to the short horizontal terminal block and consequently to the opto module slots of the RTU and RTUX.  If cable 1A1W1 is pluged into system selection connector 1A1J1 then J3, J4, J5, and J6 are connected to the bottom i/o brick.  If cable 1A1W1 is pluged into system selection connector 1A1J2 then J5, J6, and J7 are connected to the bottom i/o brick.

2.3.4.3  Unit 1A1A1 Communication Interface Panel (CIP).-  The CIP is mounted on the CDP and it provides an interface for various RMC communication cables.  The modem connector allows the RTU to connect to a modem for remote capability.  A second modem connector is paralleled off the first to provide connection for a protocol analyzer.  CD-2 connector is for the RS-232 cable to the CD-2.  The BUS 1 connectors provide access to the 485 bus of the RCIU which allows for external i/o optical isolator bricks to be connected to the system.  The phone and LAN connectors allow for a phone line and LAN line to be connected to the MDT PC.  A maintenance data terminal (MDT) connector is provided to allow for an external MDT to be connected to the system.  A printer port is also provided.

2.3.5  MDT/ATCBI-6 Interface/Concentrator.-  This unit is a personnal computer with an 8-port serial card for the concentrator 
and the MDT.  It also contains a 2-port RS-422 card for for the BI-6 interface.  A 17-inch monitor is attached to the PC.  A keyboard with a bulit-in touch pad is also attached.  Several programs run simultaneously to perform the functions of the MDT, BI-6 interface, and the concentrator. 

2.3.5.1  MDT Software.-  A graphical user interface (GUI) from Opto22 called Opto22Runtime allows the user to view status points of the equipment the RMC is managing.  Along with all control actions on the equipment can be done from the RMC MDT via the Opto22Runtime application.  The Opto22Runtime operating system software is the MicroSoft Windows 2000 pro
.  Windows 2000 pro provides a multitasking environment enabling the MDT to run Opto22Runtime, the BI-6 interface, and concentrator application at the same time.  

2.3.5.2  BI-6 Interface.-  The BI-6 interface application communicates to the ATCBI-6 via the 5102 Sealevel HDLC card that is located in the MDT.  The function of this application is to translate the communication protocol of the ATCBI-6 allowing the Opto22 software to control and monitor aspects of the BI-6.

2.3.5.3  Concentrator.-  The concentrator manages all data to and from the remote facility.  All equipment communications are communicated through the concentrator allowing both status updates to the remote facility and control commands from the remoted facility to the local site.  

2.3.6  DPSU and Command Enable Relays.-  A 120 V ac outlet on the DPSU back panel provides power to the RTU.  The DPSU also contains a 24 V dc power supply that provides power to the i/o bricks, command enable relays, and the auxillary power contacts.  The AC POWER Switch controls both the 120 V ac outlet and the +24 Vdc power supply thereby providing a means of toggling the power to both the RTU and the i/o bricks for a hard reset.  The COMMAND ENABLE Switch controls the +24 Vdc power to the command enable relays which are mounted in the upper right-hand corner of the main moiunting panel.  When the switch is in the “ON” Position the command enable relays are energized and their contacts are closed thereby allowing RMC commands to be sent to the site equipment.  The AUXILLARY Switch 
controls the auxillary +24 V dc power provided for future use.  The DPSU is wired to the top six terminal blocks on the main vertical terminal strip.  These unnumbered terminal blocks are referenced as A01, A02,  A03, A04, A05, and A06.  The command enable +24 V dc connects to A01.  The +24 V dc for the i/o bricks connects to A03.  The auxiliary +24 V dc connects to A05.  The common for the +24 V dc connects to terminal blocks A02, A04, and A06.

2.4  RMC FUNCTIONAL DESCRIPTIONS.-

2.4.1  Software General Function Description.-  The Opto-22 RTU uses a flowchart structured software code.  The RTU can communicate with up to 256 individually adddressed i/o brick over a RS-485 bus.  The RTU scans the status of the optical isolators of the i/o brick only after the receiving an interrupt from the i/o brick.  The MDT/ATCBI-6 interface/concentrator PC runs separate software applications for the MDT, the BI-6 interface, and the concentrator.  The MDT software allows the local user to observe data from and transmit commands to the site equipment via the RTU.  Data from and commands to the ATCBI-6’s built-in monitoring program pass through the BI-6 Interface board in the PC and onto the RTU via the RTU MDT interface cable.  The RTU combines the data of the ATCBI-6 with the data it collects from other site equipment and transmits it to the MDT.  The ERMS is handled as a separate monitoring system.  The concentrator allows for the ERMS data and the RMC data to be transmitted to the site modems on a single modem cable, but the data remains separate and independent.  The concentrator software runs indepent of the MDT and BI-6 interface software. 

2.4.2  Microsoft Windows 2000 Pro Function.-  The primary function of the Windows 2000 is the multi-tasking of applications.  Windows 2000 gives the RMC the ability to run several applications at once.  The applications Opto22, concentrator and the BI-6 Interface execute simultaneously within the operating system of the Windows 2000.  Other functions used include security, network interface, and historical data storage. 

2.4.3  Opto22 Application Function.-  Opto22 functions are the backbone of the RMC. The Opto22 application that resides on the RTU, controls the status/command functions of the RMC by means of a fixed flowchart of measurements and system varalbles.  The communication to the common digitizer (CD-2) is accomplished also using the Opto22 application on the RMC.  The Opto22 application manages RMC system errors along with equipment control points based on remote ARTCC and/or local user inputs.  The Opto22 application that resides on the MDT is a graphical user interface (GUI) and 

is used by the local user to check status points and change equipment control areas.   

2.4.4  BI-6  Interface Application Function.-  The BI-6 Interface functions as a protocol translator for the ATCBI-6. ATCBI-6 is a Raytheon product, which uses a specialized communication protocol that differs from Opto22 communication protocol.  Opto22 uses the BI-6 Interface application to communicate to the ATCBI-6 allowing for sending commands and retrieving status to be done remotely or locally.    

2.4.5  Concentrator Application Function.-  The concentrator application connects the local equipment types to the remote facility (ARTCC) allowing control/status points to be used.  Remote commands received by the concentrator are disseminated to the proper equipment type for which the command was intended.     

2.4.6  RMC Digital Interface Function.-  The digital interface function is logically divided into two functional areas command/control and status.  

2.4.6.1  RMC Digital Commands.-  The command/control digital signals originate in the RMC, and the individual signals are transmitted from RMC cabinet unit 1 to the equipment as digital commands to change equipment operating parameters, such as RECEIVER STC, and equipment configuration, such as CH1 SELECT.  

2.4.6.2  RMC Digital Status.-  The status digital signals originate within the equipment.  These signals are transmitted from the BOS equipment to RMC cabinet unit 1 where they are processed as one of the following: equipment status, CH1 ONLINE, equipment faults, BEACON STANDBY CHANNEL FAULT, alarm signals, or INTRUSION NORMAL/ALARM. 

2.4.6.3  RMC Digital Interfaca Hardware.-  The 
input and output digital signals are distributed on several 16-channel i/o bricks.  Each channel can be configured for status/fault/alarm signals or for output command/control configuration signals.  Each channel of a brick is configured by both software and by selection of the optical isolator module type as an input or output channel.  

2.4.7  RMC Analog Interface Function.-  The analog interface function can monitor voltage, current, temperature, and pressure.  All of these parameters are monitored with sensors that report the measured parameter values in volts.  A scalar measurement made from the input voltage is compared to set values in the RTU application process.  If that measured value falls out side of the set values, the local/remote user is sent information pertaining to a value and condition of the analog point.  Usally the value is denoted in a numerical formate and the condition in Low Low, Low High, High Low, and High High alarms or Normal/Alarm.  Each channel of a brick is configured in by both software and by selection of the optical isolator module type as an input or output channel.  
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