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0 Overview
0.0 Description

The LAT contains multiple clocks and counters that run independently of each other. In some operations, it is necessary to convert counters from these clocks into an “absolute” time to assign to detected events. The Time Hack Services (THS) provide utilities to convert these counter values to absolute time. In addition, the utilities will compensate for drift of the clocks over time due to temperature variations.

The clocks/counters within the LAT are:

· 25 bit counter on the GEM incremented by the 20 MHz Latp clock on the GEM – The value of this counter will be tagged to every event the GEM triggers.
· Two 32 bit counters on each CPU (SIU, EPU0, EPU1) feed by sub-multiple of PCI 33 MHz clock – These counters are used to determine absolute current time on a CPU.
· TMR counter – This counter is fed by a 8.3 MHz clock (for Rad750, 16.6MHz on mv2304) and can be read by the software with a TMR_GET() or PTS_GETS() routine.

· Snapshot counter – This counter is fed by a 2.083 MHz clock (for Rad750, does not exist on mv2304). The value of the counter is latched into the snapshot register on a PPS interrupt. The software reads the snapshot register to determine its value at PPS.

The THS package determines linear coefficients to convert the above counter values into absolute time. To keep the time accurate and account for drift in the clock, the Spacecraft will provide two signals:

· PPS (PulsePerSecond) – A time accurate pulse provided every second on the second. It is fed into the GASU from the satellite. The GASU will then distribute the PPS signal out to all the CPU’s. The PPS is fed into either PID 9 and 12 on the CPU which will have an interrupt routine attached to it.

· TimeTone Message – This message is provided over the 1553 from the satellite every second approximately 500-800 milliSec before the PPS pulse. It provides an absolute time in seconds since 1/1/2001 which is the time of the next PPS pulse.

The user of these services, the “application” programmer, will see none of these details. The programmer will use the THS module in two ways:

· Call WCT_get() to get the current absolute time.

· Call THS_gemAbsTimeEvent() to convert the gem clock value stored in the event data to absolute time of that event
0.1 Constituents

The constituents in THS are:
· Ths – basic THS routines
· ThsTest – basic THS routines and routines for testing the THS package
· Timetone – routines to simulate the timetone from the satellite by polling on an SNTP server that also provides the PPS signal
· TimetoneExe – test routine for Timetone constituent
1 CPU Hack

Note that CPU time hack is only used with the WCT_get() call. One can determine only the current corrected absolute time from the CPU clock with the CPU time hack.
1.0 Description 
The CPU time hack works in cooperation with the WCT system. Applications will call WCT_get() to get the absolute time whether time hack is running or not. However, when time hack is running the coefficients within the WCT module will be updated every second on PPS. The coefficients are updated through the WCT_set() call.

The basics of the CPU time hack are as follows:

· Upon receiving timetone message over 1553 from spacecraft

· Store the timetone time (seconds since 1/1/2001) for use by the upcoming PPS signal

· On PPS interrupt

· Calculate the extrapolation factor, Kcpu, from the difference in the CPU HW clock counter between PPS.

· Use Kcpu and the last timetone time stored as inputs to WCT_set(). This will determine the proper offset and coefficient to use when calculating the absolute time for the next second.

· When WCT_get() is called, it will calculate the absolute time in nanoSecs with the equation:

· AbsTimeNanoSec = timeTone * 10**9 + (currentClk-clkAtLastPps)*Kcpu
1.1 Snapshot HW on Rad750

The Rad750 contains timer hardware implemented thru PIDs that are used by the time hack. The associated PIDs and their function are described in the following table.

	PID and Timer
	Timer Function
	Use in Time Hack

	PID 13   PTIM3
	Clear  
	Not used

	PID 12   PTIM3
	Snapshot
	Primary PPS input, this causes the timer counter value to be transferred to the snapshot register and an ISR routine to be run. 

	PID 11   PTIM3
	Clock
	Setup to feed internal 33/8=2.083 MHz clock into timer counter

	PID 10   PTIM2
	Clear  
	Not used

	PID   9   PTIM2
	Snapshot
	Redundant PPS input, this causes the timer counter value to be transferred to the snapshot register and the an ISR routine to be run

	PID  8    PTIM2
	Clock
	Setup to feed internal 33/8=2.083 MHz clock into timer counter


The basic idea here is that the snapshot counter is being incremented every 480 nSec (2.083 MHz clock) and at PPS the contents of the counter is saved in the snapshot register. The snapshot register now contains the clock value at PPS. The ISR caused by PPS will then read this snapshot value and determines the proper coefficients.
Note that the snapshot clock is divided by 4 from the HW clock accessible from TMR_GET() or PTS_GETS(). The software must convert it to value to be used with the PTS clock value. This includes not only a multiple but an offset adjustment. The delta between these two values will be used with the coefficients to calculate the absolute time.
1.2 Primary and Redundant PPS

The CPU handles two PPS signals, one on PID9 and the other on PID12. The primary PPS, PID12, comes from the primary DAQ (also called DAB) board in the GASU while the secondary PPS, PID9, is from the second DAQ board. The CPU therefore uses the PID corresponding to the primary/redundant fabric select of the LCB (which should corresponds to which DAQ board is powered up and being used). Note that the spacecraft also provides two PPS signals (A and B) but that both of these are fed into both of the DAQs in the GASU. Therefore a register on the selected DAQ (CRU Config register) must be set to pick which of the PPS signals from the spacecraft is used. 

1.3 Snapshot Rollover Problem

An interesting problem with the Timer hardware on the Rad750 is that the snapshot register is also used as the reload register. The reload register contains the value to set the counter to when it is cleared or it rolls over. This is problematic for us since when the counter rolls over, it will reload the last snapshot value saved rather than rolling over to zero. (There is no way to disable this “feature”). 
The simplest solution is for the ISR routine to set the snapshot to zero immediately after it reads it so that the counter will go to zero on rollover. However, this has small window between PPS and setting it to zero within ISR where this would fail. If it rolled over during this window (which might be as high as 150 uSec), the counter would reset to the last snapshot value rather than zero.  This would cause one to “loose” some time in this case.
The implemented solution to the “rollover” problem described above is as follows:

· Use the counter as a 31 bit counter by ignoring the top bit

· The ISR will check for the top bit set and clear it. This will prevent the rollover from ever happening. The rest of the number will remain as is.
· An additional slight adjustment is needed to compensate for the fact the clock will increment during the read-modify-write cycle needed to clear the top bit. It was determined experimentally that this takes 2 or 3 counter clock tics, so 3 tics were added whenever the top bit was cleared.

1.4 Multiple CPU’s

The CPU time hack must be done on each CPU (SIU, EPU0, EPU1) since the clock on each runs independently. The ISR routine remains the same on either SIU or EPU.

The timetone delivery is slightly different on the EPU. The SIU will receive its timetone value over the 1553. This value must then be echoed by the SIU to all the EPU’s. So the EPU will receive its timetone value used for time hack over the event fabric of the LCB rather than 1553.

1.5 Startup Considerations

1.6 Range Checks

The software can be setup to do a range check on the CPU clock. One can specify an expected clock frequency (16666666 Hz) and a range in Hz. The ISR will confirm that the number of HW clocks tics between PPS fall within in this range. In the case where the clock register falls outside this range, a warning message will be issued and the clock value will be ignored. The coeffients to calculate the absolute time will remain at their present value.
2 GEM Hack

The GEM time hack allows one to determine the corrected absolute time of events received from the EBM on the GASU. The correct time can be determined with any event that occurred within the 128 seconds. This limit is set by the size of the hack table.
2.0 Description

The GEM time hack system works with the cooperation of the timetone, PPS interrupt, LCB command response fabric, and LCB event fabric. 
Each event triggered by the GEM and delivered by the EBM in the GASU contains two clock values from the GEM:

· 25 bit gem clock value at time of event

· Gem strobe register where

· 7 bits – counter incremented on each PPS

· 25 bits – counter value at last PPS

The basic algorithm works as follows:
· Upon receiving timetone message over 1553 from spacecraft

· Store the timetone time (seconds since 1/1/2001) for use by the upcoming PPS signal

· On PPS interrupt

· Start a read of the gem strobe register over the LCB command response fabric.

· On command response complete (i.e. GEM read complete)
· Store the gem strobe register value (with counter and gem clock at PPS) in the 128 entry gem hack table, use the 7 bit counter value in the register as the index into the table.

· Calculate the extrapolated Kgem coefficient using the gem clock value from the last two gem clock times at PPS and save in gem hack table

· Save the timetone value in the time hack table.

An event received from the GASU over the LCB event fabric will contain a header with the values of the gem clock and the gem strobe register at the time of the event. An application can then use the routine THS_gemAbsTIme() with these values to get the absolute time of the event. The  THS_gemAbsTIme() does the following:

· Use 7 bit counter field from the event’s gemStrobe register value to determine the index into the hack table. Check that table is up to date by checking that the gemStrobe value in the table matchs that in the event. If no match, error out (this indicates that the value in the hack table is older than 128 seconds).
· Use the Kgem and timetone from the hack to determine the absolute time as follows:
· AbsTimeNanoSec = timeTone * 10**9 +                                              (gemCounter - gemCounterAtLastPps)*Kgem

An interesting timing window occurs when THS_gemAbsTime() is called before the gem read started by the ISR has completed. In this case, THS_gemAbsTime() will try to calculate the time hack table values itself and fill them in.  
2.1 Multiple CPU’s

The gemHackTable will exist on all CPUs (SIU and EPU’s) but there is only a single gem clock in the GASU. Therefore the table will be the same in all CPU’s.
However, the SIU and EPU gem timehack will be different as follows:

· As in CPU time hack, the timetone on the SIU is received over the 1553 interface and then echoed to the EPU over the LCB’s command response fabric.

· Since only the SIU can read over the command response fabric, the gem values read after PPS will need to be echoed to the EPU over the LCB’s event fabric. The EPU will then fill its gem hack table with thee values.
2.2 Startup Considerations

2.3 Range Checks

The software can be setup to do a range check on the GEM clock. One can specify an expected clock frequency (20000000 Hz) and a range in Hz. The ISR will confirm that the number of HW clocks tics between PPS fall within in this range. In the case where the clock register falls outside this range, a warning message will be issued and the clock value will be ignored. The coefficients to calculate the absolute time will remain at their present value.
3 Routines

3.0 Application routines

WCT_time WCT_get() 
Retrieves the current time in absolute time. (This routine will also work without time hack running but will just return the number of seconds since boot )
· Returns 64b value of number of nanoSec since 1/1/2001
WCT_time THS_gemAbsTimeEvent (int gemStrobeIn, int gemClk) 
Calculate absolute time for event from strobe and clk provided with event (20MHz GEM clock).
· gemStrobeIn  stobe counter from GEM from event data
· gemClk  clk counter from GEM from event data 

· returns 64b value of number of nanoSec since 1/1/2001

    THS_GEM_HACK   = 1,  /*!< enable time hack for gem clock (20 MHz) */

    THS_CPU_HACK   = 2,  /*!< enable time hack for cpu clock (33/4 MHz) */

    THS_SIU_HACK   = 4,  /*!< this cpu is the SIU */

    THS_GEMPPS_HACK= 8,  /*!< setup GEM to produce PPS */
3.1 THC control routines

Unsigned int THS_init (int mask)

This routine does basic init for THS and requires a few modules to be init (PBS,MSG, ??). It setup the Pid TImers for the PPS interrupt and prepares to handle timeones.  Howver, it takes several seconds for time hack to be operational and THS_start() can  be used to determine if it is operational..

· mask specifying options to enable

· 1 = enable time hack for GEM clock (20 MHz)

· 2 = enable time hack for CPU clock (33/4 MHz)

· 4 =  this CPU is the SIU

· 8 = setup GEM to produce PPS
· returns status

Unsigned int THS_wait ()

Time hack requires a number of subsystems to be operating. These includes LCB driver, 1553 driver, and time tone messages from the spacecraft. Since this module requires two timetone messages from the spacecraft it might take 2 seconds before it is operational. The routine does a slow poll waiting for the THS to be operational.
· returns status

unsigned int THS_timetone (unsigned int absTimeSec, unsigned short flags) 
This routine provides the absolute time for next PPS. This should come from the spacecraft once a second approx. 500-800 milliSec before PPS
· absTimeSec - absolute time for next PPS pulse in secs since 1/1/2001
·  flags
· returns status

unsigned int THS_cpuSetWarning (unsigned int expectedClkHz, unsigned int expectedDeltaClkHz ) 
Set range for cpu clock warning messages.
· expectedClkHz - expected clock in Hz, <=0 uses default of 2.083MHz
· expectedDeltaClkHz - expected delta clk in Hz, <0 uses default of 2% of clock 

· returns status
unsigned int THS_gemSetWarning (unsigned int expectedClkHz, unsigned int expectedDeltaClkHz) 
Set range for gem clock warning messages.
· expectedClkHz - expected clock in Hz, <=0 uses default of 20MHz
· expectedDeltaClkHz - expected delta clk in Hz, <0 uses default of 1% of clock 

· returns status

void THS_setSlaveSend (THS_sendSlaveRtn rtn, void *arg, int lsmId)

Setup callback to be used by THS to send messages to THS module on the EPU.
· Rtn – Routine to transport a buffer from the SIU to the EPU. This routine will probably be supplied by the LSM module.
· Arg – First argument of given routine.
· lsmId – Second argument of the given routine. It is used to distinguish between THS, ANC, and ATT messages.
unsigned int  THS_slaveProcessMsg  (int func, void *payload, unsigned int len)

Routine to run on EPU to process a message received from the SIU.
· Func – message id of payload, this is passed in as the 3rd arg of the THS_sendSlaveRtn when sending the message

· Payload – buffer received on EPU from SIU
· Len – length in bytes of payload

4 Testing


[image: image2]
4.0 Required Test System

To properly test the THS module, the following is required:

· PPS signal source that can:

· Provide a LVDS PPS signal to the GASU

· Provide a time correlated with the PPS signal to the spacecraft CPU

· A spacecraft CPU that can:

· Provide a timetone message over the 1553 interface. The timetone value should be correlated with the PPS signal.

· Provide a boot message over the 1553 to both the SIU and EPU 

· SIU Rad750 CPU with connection to GASU

· EPU Rad750 CPU with connection to GASU

The THS software is designed to simulate PPS and/or timetone signals if they are not provided. One can run the software on various hardware (mv2304, rad75) and without external PPS (GASU can also optionally provide PPS). The mv2304 has no PPS interrupt so it always simulates PPS (and therefore is never correlated with the timetone). The THS software may output warning in these situations and inaccurate times, but it should basicly function.
4.1 Time Tone Simulator

Since a time accurate timetone signal was needed to test this package, an SNTP reader was developed for this purpose (THS_sntpReader.c). This was developed for use with the Symmetricom “Xli Time and Frequency System”. This box provides a TTL PPS signal, a programmable PPO signal, and a network accessible SNTP server that was correlated with the PPS signal. 
The sntpReader task polls the SNTP server every 100 miilliSec waiting for a change in the seconds field of the absolute time. At a change in the second field, it calls a provided callback (which will somehow send out the timetone message to THS). 

Note that the Xli has a 10baseT network interface rather than the more common 100baseT. The Xli also seems to use TCP protocol for SNTP rather than UDP (which is the the standard for SNTP).

4.2 Cpu Test – THS_cpuTest()
The CPU time hack test sets up a WUT timer to go off every second. The initial start time will be random but each successive time should be 1 second later by the absolute time. The delta values over a second for the snapshot clock will vary some but should be stable within the requirements.

The specification requirements are that the timehack provide clock accuracy within 10 microSecs with an aim of 2 microSecs.

4.3 Gem Test – THS_gemTest() and THS_gemTestEpu
The GEM hack test is designed to receive an event every second and determine the accuracy of the event in time. The event can be triggered in 3 possible ways:

· External Trigger – This is the preferred method where an external piece of hardware produces PPS and a PPO signal into the external trigger of the GASU at some set offset (say 800 milliSec) after PPS. The gem test will then calculate the absolute time of each event which should correspond to the offset of the PPO signal.

· GEM produced PPO at PPS – One can setup the GEM to trigger am event on PPS signal. This will produce event on every second with the PPS and the event time should be some some small delta after a second, say eventTime=xxx.000000600 or similar. This will test most of the time hack system. However, since the offset from PPS I very small it does not test the accuracy of the coefficients very well.
· CPU solicited event – The test can be setup to have the CPU solicit event on a one second interval as determined by CPU clock and software WUT/WCT system.  This test will show the variations in these time interval calculations and the delay over the cmd/response fabric getting the solicit request to the GEM.

The test will print the calculated event time for each event. These events are expected to be one second apart. The software displays the delta from one second for the calculated event time.

The software also displays the CPU time (from WCT_get()) when the ISR for the event is received. Note, however, that this time includes the interrupt latency which is sometimes as high as 140 uSec.

The desired test of the time hack system will use the external trigger and a simulated spacecraft that produces:
· PPS signal every second fed into the external PPS of the GASU

· Timetone messages send over 1553 to SIU at 500-800 milliSec before PPS.

· An event trigger signal fed into the external trigger of the GASU at some set time after PPS, say 800 milliSec.

The gem test run with these inputs should produce a series of event times very close to the offset of the event trigger signal. It will measure the variations of this offset value to determine if the time hack system is within the desired specification.

The requirements are that the timehack system provide clock accuracy within 10 microSecs with a desired accuracy of 2 microSecs.
4.4 Include Files Public Include Files 

The public include files required to use THS as a software module are:

· THS.h – public routines for THS module

· THS_test.h – public test routines

· THS_sntpReader.h – prototype for sntpReader to provide timetone with tests

4.5 THS Tests Routines 

These subroutines can be called from WindSh, VxSHell, or LTX for testing the THS module. They are in the thstest constituent which should be used instead of the ths constituent when testing is begin done (i.e. thstest contains al code in ths and the additional testing code). 
unsigned int THS_cpuTest (int numSec) 
Routine to test the time hack services for CPU clock by starting a periodic WUT timer every second, then printing absTime and deltaCpu. This test can be run on either the EPU or the SIU.

· numSec  number of seconds to run test

· returns status  0=success, 1=failure (does not meet 10 uSec spec)

unsigned int THS_gemTest (int numEvt, int howTrigMask, unsigned int expectedOffsetNanoSec) 
This test the GEM time hack by printing the event time calculated thru the time hack of all events received.It can optionally setup events to trigger on the following

The most useful trigger is one setup to go off at some N (say 800 nilliSec) after PPS (where PPS is feed into GASU). In this case, one can see how accurate the time calcualted for the event compares with actual time of the event.

NOTE: Since this routine writes to the GASU, it can only be run from the SIU. It does, however, setup the event to be broadcast to all CPUs so one should see the same events on an EPU by using the THS_gemTestEpu() test.

NOTE: To run accurately, this must be run on a Rad750 with a PPS that is correlated with timetone messages received on the SIU. It will run on other HS (mv2304) and without correlated timetone, but the timing numbers will not be correct.

· numEvt  number of events per test (1 per sec), if 0 defaults to 60

· howTrigMask  

· howTrigMask = 0 -  Will trigger on an external trigger signal (will always trigger on external trigger)

· howTrigMask = 1  - CPU SW will generate a EventSolicte signal every second (not very precise, useful to force events)

· howTrigMask = 2  - GEM setup to trigger event on PPS (accurate with gem clock, but not that useful for testing time hack calculation accuracy since very near PPS)

· expectedOffsetNanoSec - expected offset of event from PPS, setup as follows:

· howTrigMask=0 this should be the offset of the trigger signal from PPS

· howTrigMask=1 this value does not matter since offset is somewhat random

· howTrigMask=2 this should be zero since event comes at PPS

· returns status  0=success, 1=failure (does not meet 10 uSec spec)

unsigned int THS_gemTest Epu (int numEvt, unsigned int expectedOffsetNanoSec) 
This test requires one to first run THS_gemTest() on the SIU to start event generation.It sets up EPU to receive and print times of all events received on the EPU. It should match the events received on the SIU.

NOTE: To run accurately, this must be run on a Rad750 with a PPS that is correlated with timetone messages received on the SIU. It will run on other HS (mv2304) and without correlated timetone, but the timing numbers will not be correct.

· numEvt  number of events per test (1 per sec), if 0 defaults to 60

· expectedOffsetNanoSec - expected offset of event from PPS, setup as follows (according to howTrigMask is set on the SIU) :

· howTrigMask=0 this should be the offset of the trigger signal from PPS

· howTrigMask=1 this value does not matter since offset is somewhat random

· howTrigMask=2 this should be zero since event comes at PPS

· returns status  0=success, 1=failure (does not meet 10 uSec spec)

5 Example Code
The following is an example of running the THS tests from WindSH or VxSHell.

On spacecraft:

0 <scp_sumtED.vx
1 SCP_init 3
2 PBC_sendBoot 0,1,1,1      (boots SIU)
(do the startup of the SIU below)
3 PBC_sendBoot 1,1,1,1      (boots EPU)
4 (do the startup of the EPU below)   
On SIU:
5 <lcp_sumt.vx

6 LCP_init 0,1,1            (sets up ITC and other tasks)
7 LCP_addEPU 1              (sets up GASU to talk to EPU)
8 (can now do EPU boot above)
9 THS_cpuTest               (runs local test on CPU time hack)
10 THS_gemTest 100,2         (sets up GEM to create events on PPS, then
                           Receives 100 events)
On EPU:
11 <lcp_sumt.vx

12 LCP_init 1,0,1            (sets up ITC and other tasks)
13 THS_cpuTest               (runs local test on CPU time hack)
14 THS_gemTestEpu 100        (Sets up EPU to receive 100 events, this setup
                           Of GASU must have been done on SIU)
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