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Tuning Logic for RTS Warm-up and Warm-down on Radio/Modem Lines

By Bruce Meisenheimer

The use of multi-drop communication on half-duplex (one direction at a time) communication channel required the development of data protocols and hardware handshaking conventions that would mediate directional data flow and handle detection and recovery of error conditions.

On typical communication devices that use the RS-232 handshaking conventions, the Request To Send (RTS) signal is asserted for a short time before transmitting a message.  If the communication device being used is a radio, asserting the RTS line keys the radio.  On modems and RS-232/RS-485 converters, the RTS line enables the transmitter’s driver circuit.  The duration of time between asserting RTS and transmitting the message is variously referred to as the warm-up time, key-up time, or pre-key time.  The warm-up time must be long enough to establish a stable link or carrier signal between the originating and receiving communication devices.  If the warm-up time is too short, the carrier signal will not be stable and the first few bytes of the message being transmitted will be corrupted at the receiving device.  If the warm-up duration is tool long, transmission time will be wasted, but the quality of the message transmission should not be affected.

Some communication devices return a Clear To Send (CTS) feedback signal, informing the originating device that it is ready to transmit a message.  The Carrier Detect (CD) signal is also used for devices that must establish a carrier signal.  Unfortunately, the use of these feedback signals varies from device to device, some returning both signals, some neither, others return one of the other.  You must check with the communication device operations manual to determine whether the feedback signals are asserted and whether they indicate that it is OK to transmit.  If there is no valid feedback signal, when the warm-up timer duration expires, the message should be transmitted.

Following transmission of the message, it is necessary to keep RTS asserted until the receiving device has received the last byte of the message.  This time is referred to as the warm-down time, post-key time, key-down time, or squelch-tail (radio).  The warm-down time is the duration between the transmission of the last byte in the message and dropping the RTS signal.  If the warm-down time is too short, the last few bytes of the message will be corrupted at the receiving device, resulting in a failed transmission with no response.  If the warm-down time is too long, the receiving device may assert it’s RTS signal and begin transmitting a response message.  When both devices are keyed at the same time, UART errors (framing errors, parity errors, etc.) and CRC errors result.  Thus the warm-down time is often the most difficult to adjust.

IMPORTANT NOTE: When tuning the warm-up and warm-down times, it is critical to only change one parameter at a time.  If you change both warm-up and warm-down parameters at the same time, you can’t tell where the problem is.

It is extremely useful to have some tools to monitor the success of the communications also.  A serial line analyzer can display the communication messages, as well as, timing signals.  Monitoring communication statistics will also give you information that can help determine what the problem is.  Useful statistics include:

· Total number of attempts

· Total number of successful attempts

· Total number of failed attempts

· Percent successful attempts

· Total number of No Response errors

· Total number of Short Response errors

· Total number of CRC errors

· Total number of UART errors (framing errors, parity errors, etc.)

A simple methodology for adjusting the warm-up and warm-down timers is as follows:

1. Set the warm-up time to an arbitrarily large duration.  As was noted previously, if the RTS warm-up is too long it will only waste time.  This will allow us to adjust the warm-down time by itself.  On modems, RS-232/RS-485 converters, and radios with digital circuitry, initialize the warm-up to 110 milliseconds.  If using radios with analog circuitry, start with a larger duration, like 250 milliseconds.

2. Set the warm-down time to an initial setting.  Try starting with 10 milliseconds.  Monitor the communication statistics.  If you are getting No Response errors, go to step 3.  If you are getting Framing Errors or CRC Errors, go to step 4.

3. If the warm-down is too short, there will be No Response Errors.  If you are getting No Response Errors increment the warm-down time by 5 or 10 milliseconds at a time.  It may also be necessary to increment the warm-up time, but only if you are getting No Response Errors after incrementing the warm-down time a lot.  You should see a point where the field device begins to respond.  You may get a mix of No Response Errors and successful polls.  Note the warm-down value at this time.  The optimum warm-down time will be between these two noted time durations, the one that gives the fewest errors.  Begin to decrement the warm-down timer until Framing errors and CRC errors are minimized and No Response errors are infrequent.  Go to step 5.

4. If the warm-down time is too long, you will count up Framing errors and CRC errors.  Decrement the warm-down time by 2 to 5 milliseconds at a time.  Monitor the communication statistics.  Decrement the warm-down timer until the Framing errors and CRC errors are minimized and No Response errors are infrequent.  Go to step 5.

5. At this point the field device is responding.  If there are no No Response errors, go to step 6.  If there are No Response errors try incrementing the warm-up time by small increments.  If this eliminates the No Response errors, you are done.

6. If you are not getting No Response errors, begin to decrement the warm-up time by small amounts until No Response errors begin to appear.  This is done to eliminate unnecessarily long warm-up durations.  Then increment the warm-up by a small amount until the No Response errors disappear.  You are done.

