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CHAPTER 4

Introduction

In order to minimise the number and size of interconnection cables in a system the BridgeMaster E type transceivers connect to the display or other control unit via a serial interface. This interface carries command data from the controller or display into the transceiver and status information back to the controller or display. Other radar signals such as azimuth and heading data are incorporated into the serial message structure (refers , and 65825CD only).

Serial Interface

Physical parameters

Full duplex serial communications link using a separate twisted pair for display and transceiver data. RS422A standard. Normal operation is 76800 Baud, but for special applications it is possible to reduce this to 38400, 19200 or 9600 Baud.

Data format is 1 start, 8 data, even parity and 1 stop bit.

In addition to carrying the control signals, the link from the display is used to enable the power supply in the transceiver. The RS422 signal lines are fed into an ac input opto-coupler such that whenever the display or controller RS422 drivers are active (in either state) the opto-coupler output enables the power supply. If the link is broken or the controller or display switched off, the transceiver power supply will shut down.

Communication Structure

Message rates

The message rate from the transceiver is dictated by the azimuth pulse train from the turning unit hence the antenna rotation rate. In a standard system there will be 4096 pulses per antenna revolution. The transceiver is designed to operate with antenna speeds between 12 and 60 rpm so the message rate will vary between 819 characters per second and 4096 characters per second.  Special variant software is used when the serial data is operating at 9600 baud, and this is not azimuth related, but one message of each type is sent every second.

The messages from the display or controller are asynchronous to those from the transceiver. The rate is dependent on the display or controller used in the system but there must be at least one character every 500ms (1 sec for 9600 baud).

Transceiver Message Format

Each transceiver message string is made up of four characters, each of which is represented by one byte of serial data. When the transceiver has a new message ready to send it sends the four message bytes followed by 28 padding header bytes such that a total of 32 bytes will be sent to the display for each message. This ensures that the azimuth and heading marker information is transmitted continually while keeping the tellback information content to the minimum required whilst still maintaining system performance (padding bytes in 65825CA, and 65825CD only).

In the standard software (65825CA, and 65825CD), at a change in the transmit status (including ‘inhibit’) the transceiver will finish sending the four useful bytes of a message sequence and jump to the status 1 message. If already sending the padding bytes during a message sequence it will immediately jump to the status 1 message. 

There are several message types from the transceiver as follows:

Status Messages – two types of status message carry information such as the current pulse length selected, whether the transceiver is transmitting or in an inhibit mode, whether the receiver is in manual or AFC mode, wide or narrow bandwidth and whether the swept gain facility is enabled. There is also a tellback set while the transceiver is warming up after first being switched on.

Error Messages – again, two types of message are used to alert the display that there are errors present in the transceiver or the communications link from the display. Communications errors reported include loss of connection to the display and parity or corrupt data errors. Other transceiver errors reported are loss of modulator trigger signals, loss of heading marker and spark gap problems.

Built In System Test (BIST) Messages – there are several BIST messages, which contain measured data representing various analogue values around the transceiver. Power supply lines and the magnetron current are monitored and the tune indicator level from the receiver is sent back. The version number of the transceiver software is also reported back to the display within these messages. The BIST data is not intended to be an accurate reading of the various transceiver parameters but an indication only. 

Configuration Messages – there is one message which contains information on the type of transceiver, whether it is F- or I-Band, 10 or 25kW and whether or not there is a performance monitor fitted in the system.

A more detailed description of the transceiver errors is given below.

Message Failure – the Transceiver monitors the characters being received from the Display/Control Unit. If the frequency of these display messages drops below 2 Hz (>500 ms or > 1sec between messages), the Message Fail bit is set to ‘1’ and the Transceiver switches itself to standby. The bit is cleared to ‘0’ next time a message is received from the Display/Control Unit and the Transceiver will revert to transmit when a status request with the transmit bit set is next received.

Corrupt Data – the Transceiver checks the parity of each incoming character and also verifies the checksum at the end of each complete message. If either of these checks fail a counter is incremented. The counter is cleared if the message checksum is correct. If the counter ever reaches a preset value the error bit is set to ‘1’. In this case the Transceiver remains in whatever mode it was in before the errors began. The error bit is cleared to ‘0’ as soon as a complete message is received and its checksum verified as correct.

Spark Detect – the spark detect output from the modulator is an integrated signal that rises as the magnetron continues to arc. If the signal rises above a predetermined limit, transmission is suppressed for one minute and the error bit is set to ‘1’. This bit is cleared to ‘0’ after one second (for 65825 CB/CC this is one minute). Once the bit is cleared, the Transceiver will only revert to transmit if requested by the Display/Control Unit.

Display Message Format

The display message timing is slightly different from the transceiver messages shown above.  The time between successive messages is controlled by the Display/Control Unit as and when it has data ready to send to the transceiver. The messages themselves are either four or five bytes long depending on content.

The display or controller sends either a control data message or several tuning value messages. The control message contains information regarding the required status of the transceiver including; pulse length, transmit mode, swept gain on or off, AFC or manual tuning on the receiver and whether the performance monitor should be on or off. The control messages are four characters long.

The tuning messages are all five characters in length and contain one of four sets of data; LO.Tune, Performance Monitor (PM) Tune and PM receive and PM system mode attenuation levels. Each tune level is sent as a 12-bit value.

The sector blanking function is controlled in real time by the display or controller setting or clearing one of the message bits to enable or disable transmission.  [An additional message structure is included in the special variant software to permit setting the sector start and finish angles, and then the micro-controller switches the transmission on and off by comparing these angular parameters with the internal azimuth counter].

Basic Software Operation

The software is based around a simple processing loop which monitors the system and compiles messages to be sent out and sets the various system control lines dependant on the decoded data received from the display. In addition to this there are several interrupt driven functions that receive and decode incoming serial messages, transmit the appropriate messages to the display and perform a number of timing functions.

On power-up, the software performs its initialisation processes and then reads in the value of the voltage level present on the timer hold-up capacitor. If this level is below a preset threshold it is presumed that the unit is starting up from cold and a timer is started. This allows the magnetron heaters a warm up period of either 90s or 180s, selectable using the appropriate section of the configuration DIL switch. During this time the transceiver is prevented from transmitting should the display request it. There is a DIL switch selectable test mode where the timer function can be disabled completely; this should not be used in normal operation.

The performance monitor on/off control line is set to its ‘on’ state during start-up. The voltage level is then monitored to detect whether a performance monitor is in fact fitted. This information forms part of the configuration message to be sent to the display. This operation is only performed at start-up, so that subsequently removing or adding a performance monitor will not be recognised by the trigger PCB software.

Incoming data bytes are checked for correct parity and stored until a complete message has been received. If the checksum is correct in the incoming message the contents of the message are decoded and the relevant system variables set appropriately.

Outgoing messages are compiled by reading the current state of the digital control lines, the various analogue levels being monitored together with any configuration links on the PCB, and putting this data into the appropriate message type. The various message types are arranged in order in a data array and the controlling software continually cycles through this array picking the next message to be sent. There is an intermediate store where the next message in the cycle is sent ready for collection by the interrupt routine that actually sends the messages out.

The incoming azimuth pulses are connected to an interrupt pin on the micro-controller.  In the 65825CA, and 65825CD each interrupt initiates sending one byte of data from its internal output data store. Once a complete message has been sent the next message in the intermediate store is loaded into this internal store ready for the next set of azimuth pulses. When the antenna is not rotating the transceiver relies on a lower frequency free running pulse chain from the turning unit electronics to continue sending its outgoing messages.

There are several conditions that must be met in order for the trigger PCB software to allow the transceiver to transmit. Once the software decodes a request for transmit, it first checks that there are no relevant errors in the system then enables the turning unit rotation and waits for two heading marker pulses, to ensure that rotation has started, and then starts transmitting.  [For systems containing turning units that are not controlled by the transceiver, the “two heading marker delay” can be disabled by the DIL switch].  Transmission can also be prevented using the Radar Silence input, and again the DIL switch sets whether the software responds to an active high or active low signal on this input.
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