The LCS-ELMB protocol for the ATLAS TGC DCS

Or in more or less plain English: 

The protocol used in the ATLAS Thin Gas Chmbar (TGC) Detector Control System (DCS) to communicate, over a CAN bus, between the DCS personel computers (LCSs) and the mini-computers distributed on the TGC detecors (ELMBs).
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Doc version: 0.048

History:

· 19/1/04 – (0.048)

Clarified some issures with EEPROM and ASIC usage. Added XILINX_POWER_ON.

· 18/12/03 – (0.047)

· Added a “go wild after set” bit for threshold behavior in the internal mode register, accessible via INTERNAL_MODE_MODIFY.

· Added I2C address entries for TTCrx related commands 
(see TTC_ADDRESS_SET, TTC_ADDRESS_GET, TTC_ADDRESS_IS).

· Added an “erase-flag” to enable the invalidation of an existing threshold configuration in the EEPROM (see EEPROM_STORE_CONFIG). 
However, this is not implemented yet (ELMB-SW v2.11).

· 14/12/03 – (0.046)
Added EEPROM commands (MASTER_INIT, STORE_CONFIG)

· 9/12/03 – (0.045)
Added TTCrx messages.

· 24/11/03 – (0.044)
Continued updating <Code> for xxIC_CONF – added config-from-EEPROM flag (0x04).

· 18/11/03 – (0.043)
Updated the <Code> property in xxIC_CONF / xxIC_DUMP_REQUEST.
This is not really a new protocol, but it has been disabled so far.

· 30/10/03 – (0.042) 
Added ADC_SET_AVERAGING
Added INTERNAL_MODE_MODIFY

· 29/10/03 – (0.041) 
changed to formatted-layout to enable TOC, etc.
Added VREX_READOUT item under “Analog monitoring”

· 10/09/03 – (0.040) Added Pre-Calibration Test commands.

· 30/07/03 – (0.032) Changed the CCMC_REPORT message definition, according to comm.
These are implemented on ELMB SW version >= 1.04. 
Also – some points regarding the OP_CODE for ASIC R/W were clarified.

· 29/07/03 – (0.031) Added all the missing commands from the old document.

· 24/07/03 – (0.030) New CCMC protocol (SET has new name and a YOYO ACK, report changed, fixed documentation bug for CCMC_CHANGE_REQ’s YOYO ACK) & added the missing non-ASIC commands (including our NMTs).
· 27/05/03 – (0.020) Complying to ELMB-SW v1.02 (at the H8 test-beam)

· CCMC:

· L2E_CCMC_STOP_REQ

· L2E_CCMC_CHANGE_REQ

· JRC:

· INT_MODE_PSB_StepOnJRC bit accessible via L2E_PSBMON_MODE

· OTHER:

· YOYO-ACK: common (doc-wide) ELMB acknowledgement format

· 30/04/03 – (0.011) Adding some PS-board monitoring stuff

· 05/02/03 – (0.010) Adding (preliminary) information about CANopen NMT messages at startup.

· 31/12/02 – (0.002) THR_SET – threshold limits are now 10bit each.


· 30/12/02 – Editing… v0.000…
         - (0.001) THR_SET: bytes order changed.

· 29/12/02 - Created, based on older and better documents.
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1. Messages dedicated for TGC-DCS

All TGC-dedicated CAN messages are based on a standard 8-byte long message structure.

Data of messages, which are parts of trains, starts with byt0 = TrID + OFFSET = TID’.

Command messages (not a part of a train) start with byt0 = 0x00, then the Command-ID is in byt1.

After some experience with CAN communication problems, a common CAN-Acknowledgement message format has been introduced in ELMB v1.02 (26/5/2003) – ‘YOYO-ACK’.

This is not an overhead protocol, just avoiding unnecessary documentation when describing the same over and over again.

When a YOYO-ACK or just a ‘YOYO’ is included in an LCS command description, this means that bytes 2-7 of the corresponding command are sent back to the LCS, as an acknowledgement, with a separate Command-ID. Obviously, the YOYO Command-ID (i.e. byt1) is included in the description.

All basic communication is done via 2 generic CANopen objects (ArbIDs) – one for each direction (this will probably change soon enough). On the ELMB these are denoted by PDO1TX and PDO1RX.

Arbitration ID for LCS messages to ELMB:
0x200+NodeID 

(11bit ID: 0100 NNNNNNN ; <N> - 7bit nodeID)

Arbitration ID for ELMB messages to LCS:
0x180+NodeID 

(11bit ID: 0011 NNNNNNN ; <N> - 7bit nodeID)

In the message descriptions below - arbitration IDs are omitted. The ArbID must be one of the above mentioned, corresponding to the message direction (see below).

Other common parameters are the message length (DLC=8) and these messages being NOT requests for transmissions (RTR=0).

General:

====================================================================================

ERROR

Desc: Various abnormal situations

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x20 | CODE |  More info…

More: CODE indicates the type of error that occurred. Additional information may follow.

Code 0xFF is reserved for the driver’s (PVSS00tgc.exe) internal usage.

A textual description for most errors can be found in tgc_lib.ctl’s tgc_lib_parseELMBerror().

====================================================================================

INTERNAL_MODE_MODIFY

Desc: Modify the internal operation mode pattern of the ELMB

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x42 | BIT  |  VAL |  x   |  x   |  x   |  x   | 

More: ELMB operates according to an internal mode bit-pattern. This commands allows to switch all bits on/off, making it pretty powerfull…

· BIT : the number of the bit to set/clear (0..15)

· VAL : bit #<BIT> will be set if <VAL>!=0 or cleared if <VAL>==0.
· The numbers below are those to which the access from the LCS was specifically requested, However all may be used (with care!). See below for a complete listing.
· Bit0: periodic (slow) reports to LCS are ON (1)/OFF (0)
· Bit1: automatic value read-back after set (thresholds) is ON (1)/OFF (0)
· Bit2: thresholds are ‘wild’ right after set. This means reports every 1-sec for the first 10-sec after each threshold is set. If it goes out of set limits, this reporting will not stop. Feature is ON (1)/OFF (0)

· Here’s a print-out of the existing bit numbers, from within the ELMB-SW code:

//--------------------------------------------------------------------------
// int_mode - ELMB SW Internal operation-mode Register
//  bit |  description                             
// --------------------
//   00 | Analog monitoring CAN messages to LCS (1=ENA/0=DISA)
//   01 | INT_MODE_ReportAfterSet    : After 'set' command from LCS - report back  
        | value (1=ENA/0=DISA) 
//   02 | INT_MODE_ThrGoWildAfterSet 
//
  03 | INT_MODE_PSB_AlertOnMismatch
//
  04 | Faulty JRC route setting is ignored (to allow SW flow), warning is issued
//   05 | No ASICS are present ==> do not shift real data in/out
//
  06 | ASIC configuration image is updated when a successful SET occurs
//
  07 | ASIC registers are to be monitored regularly
//
  08 | ASIC SEU registers (only) are to be monitored regularly
//   09 | JTAG infrastructure is to be monitored
//
  10 | JTAG infrastructure FIXING should be attempted if needed
//
  11 | ASIC registers - attempt FIX when needed 
//   15 | No CAN control is present, working in UART debug mode (for CCMC etc)

· However, note: not everything here is still implemented. Some are useless, some do more than it seems. This command was tested for { <BIT>=0, <BIT>=1 }, for which it was required. Try not to do anything else without consulting… ;-)… well, it won’t do any REAL harm though… 
====================================================================================

INTERNAL_MODE_REQ

Desc: Request a report of the internal operation mode pattern of the ELMB

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x43 |  x   |   x  |  x   |  x   |  x   |  x   | 

====================================================================================

INTERNAL_MODE

Desc: A report of the internal operation mode pattern of the ELMB

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x44 |  v3  |  v2  |  v1  |  v0  |  x   |  x   | 

More: v3 contains the MSBits (24-31), so currently v3 & v2 will be zero.
Train protocol messages

====================================================================================

GO_AHEAD                                                                            

Desc: 'Go ahead' message for trains protocol (2)                                

Direction: train receiver to train sender

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x21 | TID' |  x   |  x   |  x   |  x   |  x   |

More:

====================================================================================

ACKNOWLEDGE (ACK)                                                                                        

Desc: 'Acknowledge' message for trains protocol (3)                                 

Direction: train receiver to train sender)

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x22 | TID' |  x   |  x   |  x   |  x   |  x   |

More:

====================================================================================

ABORT 

Desc: Request for train abortion 

Direction: LCS to ELMB 

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x23 | TID' |  x   |  x   |  x   |  x   |  x   |

More:An ABORT_ACK message acknowledges the execution of this request (see below).

====================================================================================

ABORT_ACK

Desc: Acknowledgement for train abortion

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x27 | TID' |  x   |  x   |  x   |  x   |  x   |

More:


- This comes as a result of an ABORT command (see above)

====================================================================================

TRAIN_STAT_REQ

Desc: Request for trains status on ELMB (existing/free trains)

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x28 |  x   |  x   |  x   |  x   |  x   |  x   |

More:

====================================================================================

TRAIN_STAT

Desc: Status of trains on ELMB

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x29 | MASK |  0   |  0   |  0   |  0   |  0   |

More:

· MASK: bit <N> (0..7) is set ==> Train <N> exists (i.e. busy)

Analog (passive) monitoring and periodical reporting

====================================================================================

PERIODICS_OFF

Desc: Turn off periodic reports to LCS

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0xc5 |  x   |  x   |  x   |  x   |  x   |  x   |

More:

====================================================================================

PERIODICS_ON

Desc: Turn on periodic reports to LCS

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0xc4 |  x   |  x   |  x   |  x   |  x   |  x   |

More:

====================================================================================

ADC_SET_AVERAGING

Desc: Change the number of ADC conversions for each reading

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0xc0 |  N   |  x   |  x   |  x   |  x   |  x   |

More:

· Each ADC reading will perform averaging over <N> measurements.
However – note that, since this is a relatively slow process, if the time it takes becomes about as large as the typical frequency of such events, the timed-events handler will be blocked – thus things of lower priorities will be not functional!
I tested it with values up to about <N>=80 (0x50). For <N>=100 (0x64) the system was jammed!
This can be fixed, but for the time being, it’s a ‘feature’… (
(Ronen 30/10/2003 – ELMB SW v1.33)

· This message is replied by a YOYO-ACK with byt1=0xc1.

 

====================================================================================

ADC_SET_AVERAGING_ACK (YOYO)

Desc: Acknowledgement message for ADC_SET_AVERAGING (see above)

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0xc0 |  N   |  x   |  x   |  x   |  x   |  x   |

====================================================================================

ANALOG_READ_BACK

Desc: Analog channel read back

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x48 |  N   |  HI  |  LO  |  x   |  x   |  x   |

More:

· ADC <N> has the value <HI>*4+(<LOW>/64). So he 10 ADC bits are packed in HI & LO as follows: the 8 MSBits are in HI, the 2 LSBits are the MSBits of LO.

====================================================================================

LV_READOUT

Desc: reports the current voltage in the 3 LV lines

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x4C | ASDHI|ASDLO | PSBHI|PSBLO | -HI  | -LO  |

More:

· Each readout has 10 bits, packed into high & low bytes as in ANALOG_READ_BACK.

· The ASD current is +3.3; the PSB current is supplied as +3.3, but will drop to +3 for some boards (this was called +3.0 before); the negative current is –3.0.

====================================================================================

VREX_READOUT

Desc: reports the current voltages on the VREG and VREF lines

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 |  byt2  |  byt3   |  byt4   |   byt5  | byt6 | byt7 |

--------------------------------------------------------------------

|  0   | 0x4D | VREF_HI| VREF_LO | VREG_HI | VREG_LO |  X   |  X   |

More:

· Each readout (VREF and VREG) has 10 bits, packed into high & low bytes as in ANALOG_READ_BACK.

· NOTE: VREG monitoring should be more than this (i.e. disabling, etc…) This is not yet implemented, thus it’s regarded just as a voltage to be reported.
ASD Thresholds

====================================================================================

THR_READBACK

Desc: ASD Threshold monitoring data from ELMB

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x41 |  N   | HI   | LO   | CORR |   X  |   X  |

More:

· threshold <N> has the value <HI>*4+(<LOW>/64), and had <CORR> corrections since the last periodic report. 
· The threshold value is packed into high & low bytes as in ANALOG_READ_BACK.
====================================================================================

THR_SET
Desc: Set ASD threshold

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x40 | MODE |  N   | VAL  | LIM2 | LIM1 | LIM0 |

More:

· Command sets threshold <N> to the 8bit value <VAL>.

· Monitoring will attempt to correct the value if it is outside a predefined tolerance. The high and low boundaries are obtained from the LIM0..2 bytes, this is done as follows:

· <LIMn> bytes layout:
Since the HIGHEST and LOWEST boundary values for thresholds are 10bits long; therefore, the numbers are stretched onto 3 bytes. The data layout is:

byte name:            <<LIM2>>  << LIM1>>  <<LIM0>>
bit in byte:          76543210  76 543210  76543210
bit in boundary val:  98765432  10 987654  3210XXXX
boundary val name:    <<HIGHEST>>> <<LOWEST>>>> 


· HIGHEST and LOWEST setting is relevant only if 'Autoprotection' is OFF, see below (<MODE>) for more details on operation.

· <MODE> is a configuration bitmask, which switches on/off some operational features, as follows:


  Bit# | What happens when set?


  -----------------------------


    0  | NO_AUTOP: Auto protection is OFF


    1  | NO_TIMED: Time triggered monitoring of this threshold is OFF


    2  | Not used (free)


    3  | Not used (free)


    4  | Not used (free)


    5  | Not used (free)


    6  | Not used (free)


    7  | NO_SET: Actual setting IS NOT DONE, i.e. this command will not perform any 

       | DAC operation. 


· Using the NO_SET option, threshold configuration may be split to several CAN messages, i.e. boundaries (<HI>/<LO>), auto protection, timing and value set.

· A ‘failing’ threshold is always corrected to the last value set (not read). 
Thus when changing a threshold value without changing the corresponding boundaries – the correction attempts will be ‘unsuccessful’ and the analog output will stay stable. 

CCMC

====================================================================================

CCMC_SET

Desc: Turn on CCMC with the given settings.

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x30 | CHM  | OPM  | HI   | LO   | TO   |  x   |

More:

· <CHM> is the requested CHannel Mask. Setting bit N in <CHM> corresponds to 
operating with analog CCMC channel N. When more than a single bit is set, autoscanning will run through the selected channels, starting with the lowest one selected. A single bit (=channel) does not activate autoscanning - CCMC will stop after data taking is finished.

· <OPM> stands for OPeration Mask, a bitmask who's meaning is as follows:


  Bit# | Name | What happens when set?


  -----------------------------


    0  | OVF  | Acquisition stops when a single histogram channel overflows.


    1  | INT  | ------- “ –------ when the integral on the whole histogram reaches


       |                          the counter limit = 256 * <HI> + <LO>


    2  | TIM  | ------- “ –------ when a timeout event occurs. 

       |                          This happens after <TIM> minutes. 


    3  |      | Not used (free)


    4  |      | Not used (free)


    5  |      | Not used (free)


    6  |      | Not used (free)


    7  | DT   | Dub/Trip selector. '1' for DUBLET, '0' for TRIPLET logic operation.

· <HI> is the high byte for counter limit if used (see <OPM> above).

· <LO> is the low byte for counter limit if used (see <OPM> above).

· <TO> is the timeout value (in minutes) for CCMC acquisition.

· NOTE: For each of the stop-parameters, values are ignored when the corresponding flag is not set. An (informative) error message is sent when non-logical combination is selected (i.e. INT=1 && HI=LO=0 etc). (27/5/2003 ELMB v1.02)

· This message is replied by a YOYO-ACK with byt1=0x38 (E2L_CCMC_READOUT).

====================================================================================

CCMC_REPORT_REQ

Desc: Request an update on the CCMC circuit’s state.

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x32 |  x   |  x   |  x   |  x   |  x   |  x   |

====================================================================================

CCMC_REPORT

Desc: An update on the CCMC circuit’s state.

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x33 | CH   |  HI  |  LO  | STM  |  x   |  x   |

More:

· CH is the (current) CCMC analog input channel.

· HI & LO hold the current counter.

· STM stands for STate Mask, a bitmask who's meaning is as follows:

Bits 0-1 = SW state (2-bit-number = 0 for OFF, 1 for ON, 2 for PAUSED)

Bits 2-4 = X (currently not used)

Bit  5   = CCMC HW state = value of the ENABLE to the CCMC  (1=ON).

Bit  6   = CCMC-IRQ ENABLE value onboard the ELMB (1=this interrupt is ENABLED).

Bit  7   = GLOBAL-IRQ ENABLE val (if this is zero, no interrupt can be active!).

· Note that the 3 most bits in STM are for diagnostics purposes.

====================================================================================

CCMC_CHANGE_REQ

Desc: Change CCMC parameters without stopping it

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x36 | CHM  | OPM  | HI   | LO   | TO   |  x   |

More:

· The data-bytes interpretation is the same as for CCMC_REQUEST (see above)

· NOTE – since CCMC is not stopped or re-initialized, some parameters WILL NOT be changed for the current run:

· Current input channel (resulting from the old <CHM>)

· Current counter value

· Current doublet/triplet setting

· This command is intended for non-foreseen situations. 
At this point, 
I (R) don’t think this should be implemented on the LCS at all ;-).

· This message is replied by a YOYO-ACK with byt1=0x37.

====================================================================================

CCMC_STOP_REQ

Desc: Stop the current CCMC run.

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x34 | WHA  |  x   |  x   |  x   |  x   |  x   |

More:

· <WHA> is a mask describing WHAt should be done next, corresponding to the CCMC stop. :


  Bit# | Name | What happens when set?


  -----------------------------


    0  |      | 


    1  |      | 


    2  |      | 


    3  |      | 


    4  |      | 


    5  |      | 


    6  |      | don’t send this histogram to LCS (i.e. ignore the collected data)


    7  |      | don’t continue channel ‘auto-scan’ if exists (i.e. stop CCMC)

· This message is replied by a YOYO-ACK with byt1=0x35.

====================================================================================

CCMC_STIMU (debugging feature)

Desc: Periodic software stimulation of CCMC interrupt pin

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0xc7 | BOOL |  x   |  x   |  x   |  x   |  x   |

More:

· This feature is set ON for a nonzero <BOOL> value. A zero <BOOL> will turn this 
off.

· WARNING: soft stimulation of the IRQ pin includes reconfiguring this pin as OUTPUT! Don’t use this with real hardware attached.

· This feature is intended for DEBUGGING only!

====================================================================================

XILINX_POWER_ON

Desc: Turn the power to the Xilinx EPLD on

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x3f |  x   |  x   |  x   |  x   |  x   |  x   |

PSboard: ASIC configuration commands (set/get)

====================================================================================

PPIC_CONF

Desc: Configure all the registers on a PPIC

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x50 | CODE | ROUT | INDEX|  x   |  x   | TID  |

More:

· CODE: For this explanation – Bit7 is the MSBit, Bit0 is the Lsbit:

· Bit0: (if set) configure the HW

· Bit1: (if set) store into the EEPROM

· NOTE: currently these (bits 0,1) are independent, so both operations can be done by the same command. However real HW is done first.

· Bit2: (if set) configure HW from EEPROM (this overrides bits 0 and 1).

· NOTE: This is done using a fake incoming data train that the ELMB ‘sends’ to itself. The internal buffer used is the one pointed at by TID.

· ROUT is the JTAG route (JRC) of the PPIC.

· INDEX is the corresponding index inside the route.
Examples: for a 2-PPIC JTAG chain – this can be 0 or 1.

====================================================================================

PPIC_DUMP_REQUEST

Desc: Request a dump of all the registers on a PPIC

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x51 | CODE | ROUT | INDEX|  x   |  x   | TID  |

More:

· CODE: For this explanation – Bit7 is the MSBit, Bit0 is the Lsbit:

· Bit0: (if set) read from the HW

· Bit1: (if set) read from the EEPROM

· NOTE: currently these are independent, so both operations can be done by the same command.
Unlike for PPIC_CONF – this is risky here, pay attention!

· ROUT & INDEX as above.

====================================================================================

PPIC_DUMP

Desc: A dump of all the registers on a PPIC

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x52 | CODE | ROUT | INDEX|  x   |  x   | TID  |

More:

· CODE:

· Bit0: data comes from the HW

· Bit1..7 : not used

NOTE: For future dev, this byte should not be canceled.
Currently, it must be set to “0x01”.

· ROUT & INDEX as above.

====================================================================================

PPIC_REGISTER_CONF

Desc: Sets a PPIC’s register

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x53 | ROUT | INDEX| IREG |  v2  |  v1  | v0   |

More:

· ROUT & INDEX as above.

· IREG registers are numbered as in the AsicConfigurationData.xls document.

· registers are given from the left (MSbit of byt5) and padded with zeroes on the right.

====================================================================================

PPIC_REGISTER_REQUEST

Desc: Request a readout of a PPIC register

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x54 | ROUT | INDEX| IREG |  x   |  x   |  x   |

More:

· ROUT, INDEX & IREG as above.

====================================================================================

PPIC_REGISTER

Desc: A readout of a PPIC register

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x55 | ROUT | INDEX| IREG |  v2  |  v1  |  v0  |

More:

· ROUT, INDEX & IREG as above.

· v2, v1 & v0 contain the register, packed as in PPIC_REGISTER_CONF above.
===================================================================

PPIC_CONF_DONE

Desc: PPIC (1 Register or all of them ) was configured by ELMB (response to 50/53)

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x56 | ROUT | INDEX| IREG |  x   |  x   |  x   |

More:

· ROUT, INDEX & IREG as above.

· IREG is 0 for a full dump (response to PPIC_CONF), otherwise it’s as above (response to PPIC_REGISTER_CONF).

====================================================================================

SBIC_CONF

Desc: Configure all the registers on an SBIC

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x60 | CODE | ROUT | INDEX|  x   |  x   | TID  |

More:

· CODE, ROUT & INDEX as for PPIC_CONF above. Note that in the current PS Board architecture the index is 0 for all SBICs.
 

====================================================================================

SBIC_DUMP_REQUEST

Desc: Request a dump of all the registers on an SBIC

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x61 | CODE | ROUT | INDEX|  x   |  x   | TID  |

More:

· CODE, ROUT & INDEX as for PPIC_DUMP_REQUEST above.

====================================================================================

SBIC_DUMP

Desc: A dump of all the registers on an SBIC

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x62 | CODE | ROUT | INDEX|  x   |  x   | TID  |

More:

· CODE, ROUT & INDEX as for PPIC_DUMP above.

====================================================================================

SBIC_REGISTER_CONF

Desc: Sets an SBIC’s register

Direction: LCS to ELMB

Data:

-----

For registers of length <= 24 bit:

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x63 | ROUT | INDEX| IREG |  v2  |  v1  | v0   |

Otherwise a train, whose locomotive is:

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x63 | ROUT | INDEX| IREG |  0   |  0   | TID  |

More:

· ROUT, INDEX, IREG & v2-v0 as for PPIC_REGISTER_CONF above.

====================================================================================

SBIC_REGISTER_REQUEST

Desc: Request a readout of an SBIC register

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x64 | ROUT | INDEX| IREG |  x   |  x   |  x   |

More:

· ROUT, INDEX & IREG as above.

====================================================================================

SBIC_REGISTER

Desc: A readout of a SBIC register

Direction: ELMB to LCS

Data:

-----

For registers of length <= 24 bit:

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x65 | ROUT | INDEX| IREG |  v2  |  v1  | v0   |

Otherwise a train, whose locomotive is:

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x65 | ROUT | INDEX| IREG |  0   |  0   | TID  |

More:

· ROUT, INDEX, IREG & v2-v0 as for PPIC_REGISTER_CONF above.

===================================================================

SBIC_CONF_DONE

Desc: SBIC (1 Register or all of them ) was configured by ELMB (response to 60/63)

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x66 | ROUT | INDEX| IREG |  x   |  x   |  x   |

More:

· ROUT, INDEX & IREG as above.

· IREG is 0 for a full dump (response to SBIC_CONF), otherwise it’s as above (response to SBIC_REGISTER_CONF).

PSboard: error detection (disabled)

====================================================================================

PSBMON_MISMATCH

NOTE: This is currently disabled (Ronen Oct 2003)

Desc: Notification about a MISMATCH in ASIC register values (JTAG)

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0xd3 | ROUT | INDX | REG  |  x   |  x   |  x   |

More:

· ROUT is the JTAG route (JRC) to which the faulty (?) ASIC is connected.

· INDEX is the corresponding index inside the route. Examples: for a 2-PPIC JTAG chain – this can be 0 or 1; for a SBIC it’s 0.

· REG – the number/index of the register where a mismatch was detected. The numbering complies to what is used in set/get command, the context is therefore different when reporting a PPIC or a SBIC.

PSboard: mode/access control

====================================================================================

PSBMON_MODE

Desc: Configure the PS-board monitoring (JTAG)

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0xd0 | MASK |  x   |  x   |  x   |  x   |  x   |

More:

· MASK is an 8 bits long mask, defining PS-board monitoring features.

· For this explanation – Bit7 is the MSBit, Bit0 is the Lsbit:

· Bit7: Regular (non-SEU) registers monitoring is [1=ON/0=OFF]

· Bit6: SEU monitoring is [1=ON/0=OFF] 

· Bit5: Configuration Image (*) variable Update-On-Set is [1=ON/0=OFF]

· Bit4: CAN reporting (to LCS) on a register MISMATCH (**) is [1=ON/0=OFF]

· Bit3: JRC ‘other’ route is forced-out when using the JRC [1=ON/0=OFF]
      This happens only when initial JRC setting fails.

· Bit2: X

· Bit1: X

· Bit0: X

· After the ELMB receives this command, an acknowledgement message is sent back to the LCS (PSBMON_MODE_ACK).

· (*) The configuration image variable is what the ELMB compares to, when monitoring a certain register. When this feature is ON (default), this variable is automatically updated on every SET event

· Thus, to check monitoring capabilities – the LCS should turn off ‘Update-On-Set’, perform a SET of any ASIC register, and then turn this feature back on.

· (**) On a MISMATCH, a PSBMON_MISMATCH message is sent (see below)
====================================================================================

PSBMON_MODE_ACK

Desc: Acknowledgement to a PSBMON_MODE message

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0xd1 | MASK |  x   |  x   |  x   |  x   |  x   |

More:

· MASK should be exactly equal to the one specified by the LCS when sending the PSBMON_MODE command

TEST sequence

===================================================================

TEST_INFO

Desc: Enter TEST mode with this info (TTCrx Pre-calibration test pulses)

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7  |

----------------------------------------------------------

|  0   | 0x2a | ROUT*| INDX*| CMD  |  C1  |  C2  | DELAY |

More: 

· ROUT: May be the JTAG route number, but (hence the *) it may 0x10 meaning: all the 

SBICs. In the latter case, the INDX will contain the number of SBIC. One day we may also implement a value bigger than 0x10 meaning: all the PPICs.

· INDX: Usually the JTAG index, but (hence the *) as noted above, may contains number of SBICs.

· CMD: in the following table, the MSBit is Bit #0.holds the direction in which to shift, 0=left, 1=right. The next to MSBit is “continue on error?”. The rest of the bits holds shift amount (how many bits to shift in each sub-cycle).

· <MODE> is a configuration bitmask, which switches on/off some operational features, as follows:


  Bit# | What happens when set?


  -----------------------------


   0-4 | Shift amount


    5  | SHIFT_TPP: otherwise shifts the MASK1P register


    6  | CONTINUE_ON_ERROR

    7  | SHIFT_RIGHT: Holds the direction in which to shift, 0=left, 1=right.
· C1-C2: action sub-cycle = perform a shift every how many pulses for each ASIC. C1 is for the 1st ASIC, if more than 1 ASIC is in the test, the rest are according to C2.

· DELAY: If 0, use external trigger. Otherwise, it’s the delay between triggers (that will be generated internally in the ELMB) given in arbitrary units.

===================================================================

ENTERED_TEST

Desc: Informs LCS that the ELMB entered TEST mode (TTCrx Pre-calibration test pulses).

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x2b | …

===================================================================

LEFT_TEST

Desc: Informs LCS that the ELMB left TEST mode (TTCrx Pre-calibration test pulses).

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x2c | …

===================================================================

ABORT_TEST

Desc: Exit TEST mode now (TTCrx Pre-calibration test pulses).

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x2d | …

TTCrx configuration

====================================================================================

TTC_REGISTER_CONF

Desc: Sets a TTCrx register

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x73 | IREG | val  |  x   |  x   |   x  |   x  |

More:

· IREG registers are numbered as in the ????? document.

· Val contain the register (TTCrx registers are 8-bits-long).

====================================================================================

TTC_REGISTER_REQUEST

Desc: Request a readout of a TTCrx register

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x74 | IREG |  x   |  x   |  x   |  x   |  x   |

More:

· IREG as above.

====================================================================================

TTC_REGISTER

Desc: A readout of a TTCrx register

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x75 | IREG | val  |  x   |  x   |   x  |   x  |

More:

· IREG as above.

· val contains the register.
===================================================================

TTC_CONF_DONE

Desc: TTC register was configured by ELMB (response to 73)

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x76 | IREG |  x   |  x   |  x   |  x   |  x   |

More:

· IREG as above.

====================================================================================

TTC_ADDRESS_SET

Desc: Set the address of the TTCrx on the I2C bus

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x77 | ADDR |   x  |   x  |   x  |   x  |   x  |

More:

· NOTE: not fully implemented yet

· This message will be followed by a TTC_ADDRESS_IS message from the ELMB (see below).

· However – the address indicated in the report will be just identical to what was received by the ELMB, as an acknowledgement for the setting, unlike the situation of a response to a report request (see below).

====================================================================================

TTC_ADDRESS_GET

Desc: Request a report of the address of the TTCrx on the I2C bus

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x78 |   x  |   x  |   x  |   x  |   x  |   x  |

More:

· NOTE: not fully implemented yet

· This message will be followed by a TTC_ADDRESS_IS message from the ELMB (see below).

· The address here will be a result of an address-scan on the I2C bus. Thus this is the way to ‘search’ for a connected TTCrx in case of a problem either in DCS or in the readout/timing chain.

RONEN: will the ELMB start to use this address automatically? I suggest not.
====================================================================================

TTC_ADDRESS_IS

Desc: Report the I2C address of the TTCrx to the LCS

Direction: ELMB to LCS

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0x79 | MODE | ADDR |   x  |   x  |   x  |   x  |

More:

· NOTE: AH changed this…

· MODE – 0 = this is the address the ELMB will now use,
       1 = this is the address found in a scan.

EEPROM configuration commands

====================================================================================

EEPROM_MASTER_INIT

Desc: Initializes the whole TGC configuration volume in EEPROM 

Direction: LCS to ELMB

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0xda | DOI  | MODh | MODl |  x   |  x   |  x   |

More:


This command is meant to be used for the initial setup of the EEPROM, i.e. a new ELMB on its first use, or a major upgrade.

The whole TGC data-block in the EEPROM is physically erased and re-configured to be ready for use (yet empty of data).

· DOI : Do On Init. This is a bitmask ‘script’, that is executed on each(!) ELMB boot up. The implemented bits are:

· Bit0: set the (internal) operation mode according to EEPROM

· Bit1: restore threshold settings according to EEPROM

· Bit2: FREE

· Bit3: FREE

· Bit4: FREE

· Bit5: FREE

· Bit6: FREE

· Bit7: FREE

· MODh/MODl are high and low bytes of the 16 bits long operation-mode, to be stored in the EEPROM and used at the next boot up (according to DOI above).

· For the specifications of the internal mode, refer to INTERNAL_MODE_MODIFY.

====================================================================================

EEPROM_STORE_CONFIG

Desc: Copies/updates the whole setting of a configuration item in the EEPROM for re-use.

Data:

-----

| byt0 | byt1 | byt2 | byt3 | byt4 | byt5 | byt6 | byt7 |

---------------------------------------------------------

|  0   | 0xdc | IID  |  A1  |  A2  |  A3  |  A4  |  A5  |

More:


IID is the Item ID of what is to be written to the EEPROM.

A1..A5 are arguments to be interpreted according to IID.

Implemented items and corresponding argument definitions:

· IID=0x40: ASD threshold configuration

· A1: threshold number

· A2: erase-flag: if this byte is non-zero, this command will erase a threshold configuration in EEPROM, if exists.
NOTE: this is not implemented yet!

· A3: FREE

· A4: FREE

· A5: FREE

After this command is carried out, the threshold config resides (unless... see erase-flag above) in the EEPROM and is used when ELMB initializes on bootup (according to “DoOnInit” – see EEPROM_MASTER_INIT).


· IID=0x42: Internal operation mode

· A1: FREE

· A2: FREE

· A3: FREE

· A4: FREE

· A5: FREE

After this command is carried out, the current (!) setting of the internal operation mode (see INTERNAL_MODE_MODIFY) is written to the EEPROM and is used when ELMB initializes on bootup (according to “DoOnInit” – see EEPROM_MASTER_INIT).

Notes:

(1) TID' = (Train ID) + OFFSET 
OFFSET = 0x10
Number of available trains is currently <6>. No need for direction dependent allocation for train ID.

(2) A train sender expects a GOAHEAD message after the train initiator ('locomotive'), and after every N additional messages.


(3) ACK message is to be sent by a train receiver after a successful reception
of a whole train. When coinciding with GOAHEAD, only ACK is required.

2. Central-DCS CAN messages

2.1 Messages at startup

When an ELMB is turned on, a sequence of Network ManagemenT (NMT) CAN messages is transmitted. 

A basic description is as follows:

	Triggered by
	Name
	CAN ID
	DLC
	Byt0
	1
	2
	3
	4
	5
	6
	7
	Other

	bootup
	C91_BOOTUP
	0x700 + NodeID
	1
	0x00
	-
	-
	-
	-
	-
	-
	-
	

	Hardware reset flag
	Emergency – RESET_TYPE
	0x080 + NodeID
	8
	0x00
	0x50
	X
	0xF0
	A
	0
	0
	0
	A=MCUCSR

	Hardware init result
	Emergency - HARDWARE
	0x080 + NodeID
	8
	0x00
	0x50
	X
	0x10
	0
	0
	0
	0
	

	CRC master result
	Emergency – CRC
	0x080 + NodeID
	8
	0x00
	0x50
	X
	0x30
	1
	0
	0
	0
	


2.2 NMT Messages

We implement (both on ELMB & LCS) the NMT_OP_NODE_RESET & NMT_OP_COMMUNICATION_RESET messages.
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