NEPTUNE NODE CLOCK & SHORE CLOCK - INSTRUCTION MANUAL  IV-7-2005

1. Overview
The Node clock is a SAIL interfaced (O.C, 9600-8-N-1) precision timing module that generates a single 5v CMOS pulse once a second. With adequate monitoring and corrections from shore, this pulse can be kept within a few microseconds of GPS seconds.

This document describes the SAIL interface commands and how to use them.  Some commmands are used operationally while others are used in development and testing.

2. Output Pulse
The output pulse is a 5v CMOS level sourced through a 100 ohm resistor.  If transmission line drivers are needed, they must be added externally.

The signal is a positive going pulse which is either 8 or 16 milliseconds long. The time mark is the falling (trailing) edge. The rising edge is usually 8 ms ahead of the timing mark but every 10th pulse rises 16 ms ahead of the mark. This happens when the time of the mark will be xxx0 (in hh:mm:ss format). This mini-timecode is useful for some instruments and is ignored by most.

3. Clock Accuracy
The Node Clock is based on a low-powered timebase oscillator build by SeaScan Inc. of Falmouth. Over a temperature range of -5->35 deg C, it holds an accuracy of 2 parts in 10^8. (This is 1 microsecond in 50
seconds.) This excellent timebase requires no warm up time and uses less than 5 mW. It's outputs are 125 Hz and 1 Hz. It has been used extensively by the Ocean Bottom Seismograph community for their
reference timebases in deployed OBS instruments.

This oscillator generates its outputs by digital methods and any of its pulses may vary by +/-4 microseconds from real time. (It "dithers" to keep as close as possible to its intended output and can only make correcting jumps of 8 microseconds. When it finds itself drifting off by 4 microseconds, it makes a jump of 8 back, drifts slowly across, eventually jumping again. The jump rate is temperature dependant.)

For the Node Clock itself to make jumps of this magnitude would be ugly.  It therefore runs a "Time Lock Loop" (same thing as a Phase Lock Loop, but very narrow band) to filter out the jumps. The cutoff frequency of this TLL filter is about 16 minutes. Since in normal use the Node Clocks are given timing corrections from shore about every 50 seconds, drifts that are not attenuated by the TLL filter are adequately corrected from shore.

The TLL is a "P-I" (proportional-integral) controller. This is a subset of the basic PID contoller used in so many applications. The "D" (differential) component is not needed and is set to zero.


When a Node clock is first powered up, the loop must lock which would take about 5 time constants of the TLL (well over an hour) if left to its own devices. The lock process therefore is speeded up by changing the parameters of the TLL in startup, giving close to ideal lock in 100 seconds. This only works in a mostly constant temperature environment.  If the temperature is changing rapidly due to other equipment heating up, the rapid lock process may be invoked again with the !Q command described below.

The Node Clock's "VCO" component of the TLL is based on the processor's normal crystal.  As temperature drifts, this crystal's frequency drifts by around 10 parts in a million. The SeaScan timebase oscillator is 1000 times better and constantly "pulls" the corrected time output to keep in spec.  Notice that if the temperature of the system changes rapidly compared to the roll-off time constant of the TLL filter, the output will temporarily drift off somewhat.  Without in-situ experience it is difficult to quantify how serious this error will be. In any case, it can be kept within bounds by sending corrections from shore more often.

OBC Network Timing Signals
The Out of Band System sends precision timing signals around the network with the ASCII '@' character. (This is ASCII $40). In even parity, this character is a single pulse, starting with the leading edge of the start bit and ending between the 6th and 7th bit. This simple pulse is easy to generate and capture with hardware. At 9600 baud it is exactly 7 bit times long or about 729 microseconds.

This pulse is captured by hardware in the SAIL devices to the nearest 1/1.2288 microsecond. The capture happens on the leading edge of the start bit of the '@' character. When the character is complete, (all 8
bits plus the start and stop bit have been received) the character is "recognized" by the processor as the time sync and the leading edge value, briefly still held in a hardware register, is copied and stored
safely in memory for further use. If the '@' is not a single pulse (as in odd parity or no parity) the most recent edge saved by the hardware will not be the start bit and will not be the correct value. This is why
the '@' must always be sent in even parity.

Everywhere else parity is ignored and the eighth bit just masked off.

4. How the Node clocks are Set and Kept in Sync

4.1 SAIL Time Transfer
To transfer time automatically between SAIL devices, we’ve developed a simple protocol.  Time is kept as a Julian day count to four digits, DDDD, then HH:MM:SS. (We use Julian day since there’s no hassle with month length or leap years.  We actually use the Official Modified Julian Day. This is the astronomer’s day count minus .5 since their days change at noon when they’re asleep. Their time minus 12 hours is called “Modified Julian” and the day changes at midnight.  You can also use day of year if your lazy.)  Each timekeeping device has the command ?T which causes the time to be returned in the format “dddd hh:mm:ss @”[prompt] with the leading edge of the “@” marking the exact time that was just sent.

To set the time, we use the command !T.  This puts the SAIL module in a special state where it reads all SAIL bus characters and puts all decimal digits in a 10 byte circular buffer. When it gets the final “@”
mark, it copies the buffer contents to its own RTC. In this special mode it will not respond to the “#” sign or its address, it just keeps looking for decimal digits.  As soon as it sees the “@” sign, it goes to the unaddressed state and starts looking for “#” characters and its address again.  The only other exit from this special “time set” state is the interface clear signal, an 100 ms (or longer) break.

This protocol allows one slave SAIL device to transfer its time to another.  Arm the device to be set by addressing it and giving it the time set command, !T. Then address the time source module and have it
source the time with ?T.  The source address prefix and extra digits will be ignored by the listening device since it only keeps the most recent 10 digits before the “@”.

        Here’s how it might look-

#C01A           Address the device to be set and,
:!T                     at the prompt, put it in set time mode.
#CKA            Address the time source and ask for time
?T 1234 22:32:15..@     which it sends followed by the @ mark and its prompt.
:#C01A          You can now address the slave again.

Setting the Node Clock
On power up, the node clock RTC starts at zero and must be set. Use the SAIL Time Transfer to do this.

Since there is presumably a propagation delay, the Node clock will be a bit late. Measure how far off the Node Clock is by addressing it and asking it for its time with ?T. After the '@' and prompt, address the
shore clock and use the ?L1 command. The shore clock has been listening to all '@'s that pass around the network and will snapshot their time of arrival. So far, the dialog should look like this-

#C01A!T  #CKA?T= 0000 00:57:35...@ Arm the Node clock & ask Shore Clock for T
:#C01A?T= 0000 00:57:48...@        Now ask the Node Clock for its time...
:#CKA?L1                                                   ...which the Shore Clock traps,
 0000 00:57:48.000006                              and indicates it's 6 microsec late.
:

The two way propagation delay from the Shore Clock to Node clock and back again is measured at 6 microseconds. (This is from a real bench test and represents the basic delays in the SAIL bus and sampling delays of the clocked timers.) The actual delay might vary by a few microseconds.

If you don't want to set the Node clock and just check its time, you'll only see the one way (back to you) travel time _assuming_ the node clock has been set to the exact time somehow.

If the Node clock is told to "expect the @ exactly 3 microseconds late" and it offsets its time accordingly, it will be ticking over at the same time as the Shore Clock. There is a command to the Node Clock to do
this, !O, which enters the offset in decimal microseconds up to 5000 microseconds. Here's how it looks-

#C01A!O0003[cr]
#C01A!T  #CKA?T= 0000 00:57:35...@ Set the Node again
:#C01A?T= 0000 00:57:48...@        check its time...
:#CKA?L1                                                   ...which the Shore Clock traps,
 0000 00:57:48.000003                              and it's now only 3 microsec late.
:                                               But that's fine since it is "3 microsec away".

Please remember that the RTC takes some time (on the order of an hour) to converge on a stable frequency locked to the clock oscillator. If you try to set the time before it's settled, you'll get lousy results since the time is still drifting. To check time lock, use the 'P' command to see the momentary offset between the RTC and the reference oscillator.  Remember that the reference oscillator is dithering by +/-4 microseconds and that the output of the 'P' command is in hex E-clock cycles. When it
averages zero for a while, the RTC is locked correctly.

The lock can be shortened somewhat by careful use of the !Q command described below.

4.3 Echoing '@'s
There is a "low overhead" method to determine the appropriate time offset for any clock on the network. The clock has a command !E@ which just echos the @ character exactly 10 ms + DELAY later. If you then use the Shore Clock's ?L2 command to see when the @'s happened, you can easily get the round trip travel time.

#C01A?D 1000                    The DELAY value is $1000->4096 E~->3333 microseconds
:#C01A!E@@                              Echo the @ (2nd @ is the delayed reply to 1st)
:?#CKA?L2                               Ask shore clock for two latest log entries
 0000 01:07:17.342147   .342147-.328811=.013336
 0000 01:07:17.328811    but .013336=10ms+3333 microsec+3 microsec
:                                                       so the measured time offset is 3 microseconds

Using the !E command usually gives a more accurate result of the time offset since the @'s come so close together there's no time for the clock to drift as there is when you use the time set and read commands, !T and ?T.

The trouble with sending the !E@ command is that the '@' must be sent with even parity so it will be a single pulse. Your computer can certainly do this, but it might be unhappy showing all the other
characters that come across the bus as they have 8 bits, no parity.  If your terminal emulator can deal, no problem, but there IS another way.

The reference clock has a command, !Ecccc[cr] which briefly takes command of the bus and sends '#cccc!E@'. Here, the @ is generated as a single pulse (even parity) while all the other characters have 8 bits and no parity. The cccc field should be the SAIL address of the clock you want to get the delay from. (It can be from 1 to 5 characters long and is typically 'C01A' or whatever. Don't attempt to enter the #
character! That's added by the shore clock.

4.4 Maintaining Sync
To keep the Node Clocks in sync with minimal overhead, there is a global sync command, #G@. This command when sent with the start bit of the @ marking the second, will jump all Node Clocks to the correct time on the next second. (They all use their individual offsets as with the !T total time set command so they are still synoptic.) This global command must be sent by the shore clock who knows what the time actually is. The shore clock momentarily becomes a bus controller, issues the #G@, and
unaddresses. The command for this is !GS to the shore clock.  Therefore, to keep all node clocks on the bus sync'd, you need to send #CKA!GS about once a minute.

The shore clock is given the !GS command whereupon it temporarily becomes a SAIL bus master and outputs '#G@' on the second. All Node clocks receive this sync.


4.5 Limits to Timing Accuracy
Both the Node clocks and the Shore clocks use a microcomputer with a 1.2288 MHz bus rate. Therefore they can only generate pulses every 1/1.2288 microsec. This is called "an E clock cycle" and is about 813
ns. Therefore, each timing pulse may be up to 813 ns late.

The timing capture circuit also uses this clock frequency. Any time capture may thus be up to 813 ns late compared to the pulse arrival.

Setting the time thus has a possible delay of from zero to 2 x 813 ns.  Reading back the time has similar delays possible.

The SAIL propagation delays are reasonably constant in any expected setup and, subject the the digitizing limitations given above, can be compensated for.

The shore clock also uses the same bus rate. It's slaved to a GPS time reference but all output @ pulses may be from 0 to 2 bus cycles late.

5. SAIL Interface Commands

5.1 Protocol-   5v. Open Collector, 9600-8-N-1

5.2 Address- #C01A, #C02A, #C03A, and #C01B, #C02B, #C03B etc.

5.3 Prompt- All valid SAIL commands return the prompt, [cr][lf]:[etx]
Any valid command may be sent at the prompt without the using the full address for every command of a string.

5.4 Null Commands- [cr] and [sp] just return the prompt "to tell it's there"

5.5 H
        Help file, returns a brief syntax crib sheet plus the version date.
        The current Help file for software version 2.3 is-

                #C01AHelp C01A Fri, Apr 1, 2005, 10:25
                !T, ?T  To set, disp RTC. (dddd hh mm ss then @)
                !E@ echos @ 10ms+DELAY later
                !UNLOCK allow memory writes and ramtest
                ?L see LOCK state
                !Dhhhh, ?D set/see reply DELAY
                !Odddd, ?O set see RTC offset, microseconds
                !SR Set Output Relay
                ?V see 4 voltages
                !A Avoid deadman timout
                !Q Quick Lock
                A see All lock variables
                 P see TPDIFF
                 X see eXternal pulse (DTIC3-DTOC2)
                 I see TPINT
                !Jhhhh jump internal phase by hhhh
                !Ihhhhhhhhhhhh Jam phase Integrator
                +Monitor w ?C, ?R
                :

5.6 !T
Set time Command- The SAIL Node goes into a special mode where it holds the last 10 decimal     digits it sees in a rolling buffer and waits for an '@' character. In this mode it ignores the '#' sign and cannot be
readdressed until after it sees an @. The last 10 digits before the @ are interpreted as dddd hh mm ss, 4 digits of decimal days, hours, minutes and seconds. The leading edge of the start bit of the @ character
jams this time into the Node's RTC. (A 'break' of >200ms will abort this mode.) Leaves the node unaddressed.

5.7 ?T
View time command- The clock outputs 'dddd hh:mm:ss @' with the leading edge of the start bit indicating the time of the dddd hh:mm:ss. This is used to transfer time to another clock or to monitor the drift.

5.8 !E@
Echo the @ Command- Just returns another @ exactly 10 ms +DELAY (see below).  Used to determine propagation delay. (DELAY is usually 3.333ms).

5.9 !UNLOCK
Allows memory writes with !M and delay mods with !D. Will relock when next addressed.

5.10 ?L
Shows LOCK state.

5.11 !Dhhhh[cr]
Set reply delay to hhhh (in hex) E cycles (counts of 1.2288 MHz).
The node must pause before replying to allow OBC Node Steering modules
to clear to allow return traffic. Node must be in UNLOCK mode to use
this command. Defaults to hex 1000 (3333 microseconds) on power up.

5.12 ?D
        See the current value of the delay (in hex E-clock cycles)

5.13 !Odddd[cr]
        Set Node clock offset to dddd (decimal) microseconds. Don't use >5000!
        The offset will not take effect until the next global sync with an @ occurs.
        This must be sent with the !GS command to the shore clock. Fifty km of fiber
        needs aproximately a value of 0258 microseconds.

5.14 ?O
See the current delay in decimal microseconds.

5.15 !SR
Set output relay to source time from this Node clock. (Only the companion back up Node clock can switch it back.)

5.16 ?V
See four engineering variables which someday will be useful. At the moment, only the first hex value is used to measure internal temperature.  It reads the junction of a half bridge as a value from $00 to $FF, or 0 to 255 for Vss to Vdd. The half bridge has a 30.1 k* pull up resistor to Vdd
and a YSI 55032 thermistor to ground (Vss). The thermistor resistance is 30 k* at 20°C, giving a reading of $80 or 128 which is (Vss+Vdd)/2. If the node gets hotter, the reading drops.
       

5.17 !Q
        Quick Lock- Normally the Time Lock Loop that filters the dither from
        the reference oscillator takes over an hour to stabilize. You can see
        how far off lock it is by monitoring the time offset with the 'P' command.
        This value will slew rapidly at first as the TLL tries to adjust its   
        frequency, then more slowly as the integrator slowly pulls it to
        zero. On either power on reset or on receiving the !Q command, the loop
        enters a special "quick lock" mode which stabilizes the system in 100
        seconds.

        Use this command to facilitate lock after any rapid temperature change.
        The timebase may drift by up to several milliseconds during the time it        
        takes to sync (100 sec) and will need to be resyncronized after the 100
        second time for the !Q command to run.

5.18 X
        See eXternal tick- This is used to monitor the "mirror" clock in
        the node and check if it's giving the same time. It reads the offset
        in four hex digits of 2's compliment E-clocks. This is a single
        digit command to make it easy to hit repeatedly for a keyboard. Units
        are counts of 1.2288MHz ticks. Currently, only the 'A' clock can
        get a reading from the 'B' clock. If you try it on the 'B' clock,
        you'll always get 0000.

5.19 !A
        Avoid Deadman- There is a hardware deadman circuit which may be jumpered
        to force the Node Clock into reset in 2^N seconds (N typically>10). The
        !A command resets this deadman counter to zero so it starts all over
        again. Therefore, if the jumpers are in place, you have to send this
        command periodically or the clock will reset. The purpose of this
        circuit is to bail you out if you do something really stupid to the
        clock, for example, using the !UNLOCK command then changing some vital
        processor parameter such as the baud rate.

5.20 P
        See Phase Error- This single digit command displays the momentary phase
        offset between the reference oscillator and the smoothed RTC output. It
        is the main way to monitor the performance of the TLL.

5.21 I
        See Loop Integrator Value- When the TLL is locked and the P value
        is near zero, this shows how far the processor's crystal has to be
        offset to match the reference oscillator. Its variation with temperature
        is interesting.

5.22 A
        See All- Shows P, TP (Time Period) and I value at one fell swoop for
        convenience.

5.23 !Jhhhh[cr]
        Jump Phase- For those who like to live dangerously, you can jump the
        phase around and watch it come back with the P command. The argument is
        hex E-clocks. This jumps the internal phase only. It does not jump the
        output time pulse except through the sudden clock drift as the loop
        tries to find lock again.

5.24 Ihhhhhhhhhhhh
        Jam Integrator Value- This risky command sets the I value for testing
        purposes. It echos back the argument you sent for verification and
        gives you a chance to abort or to go for it.

5.25 Basic Monitor Functions
The contents of memory may be viewed using the ?M command.  The first
argument is the starting address to view terminated by a space, and the
second is the length. The command may be terminated with either a space
or a carriage return.   All values are HEX

:?M4000 30
4000 0000 0000 FFFF FFDF 8400 0000 FEFF FFFF;
4010 0000 0000 FFFF FFDF 0128 0854 FFFF FFFF;
4020 0000 0000 FFFF 7FDF 0000 0800 FFFF BFFF
:

Memory may be loaded using the !M command. RAM begins at 0000 hex and
runs to 01FF.  Some of this memory is used by the node’s SAIL routines
and should be overwritten with extreem caution.  Spaces after the memory
address are ignored and the command is terminated with a carriage return.

:!M4000 AABBCCDDEEFF11223344556677889900
:?M4000 10
4000 AABB CCDD EEFF 1122 3344 5566 7788 9900;

The Node clocks normally do not have extra RAM memory chips but this can
be added if needed. The RAM fills the space from 0200 to 7FFF.

This external RAM may be tested using the ?R command.  This command is
locked and operator verification is required.  This is an immediate
command and is executed upon reception,  i.e., a terminating carriage
return is not required.  A “Y” after the OK? will initiate the test
while any other character will return the prompt.  After each successful
pass a * is printed.  The test runs for a specified number of passes
then returns the prompt.

#C01A[cr]
:!UNLOCK
:?Ram Test From 4000 over 800
..This will erase all ram from 4000 over 0800 ok (Y/N)?Y
How many passes till prompt? 10
***************DONE
:


A CRC may be obtained over any number of memory locations up to FFFF.
This test is most useful in verifying EPROM validity.  EPROM starts at
8000 and runs to FFFF. The address, length and count entries must be
terminated by a space. (This command does not disturb the RTC if only
done over EPROM>)

:?Crc from 8000  over 8000 ...=7DA9
:

6. Shore Reference Clock
This clock is similar to the Node clocks and shares many functions and
SAIL commands. It gets time from a GPS system optimized to provide
precision timing, hence doesn't need the Time Lock Loop to provide
steady timing. It is used to source the time over the SAIL bus to set
the Node Clocks and to send time hacks to keep them in sync.

6.1 Protocol-   Same as Node Clocks, 5v. Open Collector, 9600-8-N-1

6.2 Address- #CKA and #CKB

6.3 Prompt- All valid SAIL commands return the prompt, [cr][lf]:[etx]
                Any valid command may be sent at the prompt without the using the full
                address for every command of a string.

6.4 Null Commands- [cr] and [sp] just return the prompt "to tell it's there"

6.5 H
        Help file, returns a brief syntax crib sheet plus the version.
        The current Help file is-
                #CKAHelp CKA 2.0 Wed, Apr 6, 2005, 11:55
            !T, ?T  To set, see RTC. (dddd hh mm ss then @)
            !UNLOCK allow memory writes and ramtest
            !Dhhhh, ?D set/see DELAY
            ?Ln see n last LOG entries
            !GS sends (pound)G@ on sec, unaddresses
            !Ecccc[cr] sends (pound)cccc!E@, unaddresses
            ?S see, !Sb b=1/0, GPS sync on/off
            ?G see GPS string
            +Monitor w ?C, ?R
            :

6.6 !T
        Set time Command- see 5.6

5.7 ?T
        View time command- see 5.7

6.8 !UNLOCK
        Allows memory writes with !M and delay mods with !D. Will relock when
        next addressed.

6.9 ?L
        Can't show LOCK state cuz ?L is needed for 6.12 below...

6.10 !Dhhhh[cr]
        Set reply delay to hhhh (in hex) E cycles (counts of 1.2288 MHz).
        All devices must pause before replying to allow OBC Node Steering modules
        to clear to allow return traffic. Node must be in UNLOCK mode to use
        this command. Defaults to hex 1000 (3333 microseconds) on power up.

6.11 ?D
        See the current value of the delay (in hex E-clock cycles)


6.12 ?Ln
        Report n log entries of 'Time of @ traps'. Every @ seen on the bus (whether
        the clock is addressed or not) is trapped and the time saved in a 10
entry  
        push down log. You usually don't want all of them, so you only ask for
the
        most recent n entries. This is the command to check the timing of all
the
        nodes. NB that the @ must be sent with EVEN parity (as a single pulse.)
This
        is the only character where parity matters.

6.13 !GS
        Send Global Sync- This command causes the reference clock to send an
'#G@'
        on the next available second. (This command makes the ref clock temporarily
        a 'bus controller' and it sends the dread # sign.) The '#G@' is a
global
        command recognized by all nodes and causes them to jump their RTC's to the
        start bit of the @ (after using thier individual offset values.) Since this
        sends the #, it must unaddress the ref clock and there's no following  
        prompt.

6.14 !Ecccc[cr]
        This command allows the clock to become a bus controller and sends the
        echo command to a node clock. The cccc field is one to 5 ascii characters
        and is the address of the node clock you are "pinging". The shore clock
        will prefix the c's with an '#' and append '!E@', giving '#cccc!E@' which
        (If you've got a valid address) is the echo command. The '@' is sent with
        even parity and may show up as something else on your terminal. The
        typical form of this command is #CKA!EC01A[cr] to get the round trip
        delay to node clock #C01A. You get the answer with #CKA?L2 which shows
        the time of the two @'s. The difference of these two times is the round
        trip travel time plus 10ms plus the reply delay (see 6.10) which is usually
        set to 3333µs.

6.14 !Sb
        GPS sync on (b=1) or off (b=0). The ref clock's RTC rate is always
derived
        from the GPS receiver and hence does not drift as long as the GPS receiver
        is providing valid data. If Sync is off (!S0), the RTC value may be set
        to any value using the !T command. (See 5.6). It Sync is on (!S1), and the
        GPS has a valid time lock, the GPS time string will overwrite the HH:MM:SS
        to UTC. The day count will still increment at midnight and may be set the
        DOY (Day Of Year) or MJD (Modified Julian Day) by the !T command whenever
        you wish, even when in the Sync condition. When Sync is active, you must
        still use the entire !T string, ending with an @ to set the days, but
        only the first four of the required 10 digits are kept and used as the
        day count.

6.15 ?S
        See Sync Condition- Responds '?Sync Flag in OFF, GPS is NOT valid!' or
        whatever is correct.
6.16 Basic Monitor Functions- Same as Node clocks, see 5.25

7. TRANSCRIPT OF A SAMPLE CLOCK SETTING SESSION

Clock Timekeeping tests
Thu, Apr 14, 2005, 14:44
50 km of fiber between shore B and node A
SAIL A and SAIL B are jumped together at shore end and in node

7.1 Setting and Verifying the Node Clocks

        #CKB?T= 3474 17:12:44...¿
        :#CKA?L1
         3474 17:12:44.000003           A clock reads B's time
        :
        :#CKA?T= 3474 17:12:59...¿
        :#CKB?L1
         3474 17:12:59.000003           B clock reads A's time
        :
        :#C01A!T                        set node clocks from shore clock A
         #C01B!T
        #CKA?T= 3474 17:13:56...¿
        :
        :#C01A?T= 3474 17:14:31...¿     read node A's time
        :#CKA?L1
         3474 17:14:31.000518           518µS on Shore A clock
        :#CKB?L1
         3474 17:14:31.000518           ..and on shore B clock
        :
        :#C01B?T= 3474 17:14:59...¿     now read node A's time
        :#CKA?L1
         3474 17:14:59.000517           delays differ by 1 least count
        :#CKB?L1                          on shore A and B
         3474 17:14:59.000518
        :
        :#C01A!O0258                    set offset of 258µS into
        :#C01B!O0258                      both node A and B
        :
        :#CKA!GS...  #G¿                send time sync, offset will be used

        #C01A?T= 3474 18:29:38...¿      check time offset A
        :#CKA?L1
         3474 18:29:38.000260
        ;
        :#C01B?T= 3474 18:30:00...¿     and offset B
        :#CKA?L1
         3474 18:30:00.000260
        :

7.2 Using the Echo Function to measure propagation delay

        #CKA!EC01A[cr]                  Shore Clock A is told to "ping" #C01A
        #C01A!E¿¿                                  ...which answers and gives its prompt
        ;

        #CKA?L2                                 Now Shore A is asked for the time of the
         3475 13:55:32.266660      last two @'s on the bus
         3475 13:55:32.252815
        :
        :#C01A?D 1000                   check turn around delay constant, $1000=3333µS


 (3475 13:55:32.26660)-(3475 13:55:32.252815)=13845µS

  13845µS -10ms -3333µS = 512µs

        10ms is the fixed delay in #C01A
        3333µS is the settable reply delay currently used in #C01A

  512µS is the round trip time

  512/2 = 256µS is the one-way trip time

  N.B. This offset is put in #C01A with the !O command described above. This
        would be #C01A!O0256[cr]. After trying this and checking times, I found
        a fudge of 2µS should be added to get better sync, so used the value
        258µS.
