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15.2 Example 2: Read from INAeX 5, PArAMELET 2........c.iiiiiiiie ettt bt se bbbt st e e e 12
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1 SERIAL COMMUNICATION PROTOCOL

1.1 Overview

The AMC serial protocol is a character-based, binary, master-slave protocol to access drive ‘commands’. The drive
commands provide read or write access to drive parameters with each command containing one or more parameters.
Each command is assigned a unique index number and parameters within a command are given offset values. As a
result, parameters are referenced using a combination of the command index and parameter offset values. The serial
protocol utilizes variable length commands to access one or more parameters within an index.

1.2 Physical Layer

RS232: single node, point-to-point only.

RS485: multi-node, full or half duplex.

RS232/485 settings: 1 start bit, 1 stop bit, 8 data bits, no parity.
Max Baud rate: 921600 bits/s, factory default is 9600 bits/s.
Node address range: 1 to 63; factory default is 63.
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1.3 Message Structure (COMMAND)

1.3.1 COMMAND (Master = Slave)

The master (or host) sends the following command frame:

HOST READ/WRITE COMMAND

Header Section Data Section
SOF Control Data CRC Data Field CRC
(Ash) | Address | “pie | Index [Offset] i | (vsB firsty|  (LsB first) | (MSB first)
8 bits 8 bits 8bits 8bits 8hits 16 bits 25fn ‘;"frd 16 bits

Reserved | Sequence | Command
(msb) # (Isb)

2 bits 4 bits 2 bits

1.3.2 S.O.F (Start Of Frame)
Every message between a Master and Slave begins with the SOF byte. SOF is always A5h whether message
is from Master or Slave.

1.3.3 ADDRESS

Message destination address, each node must have a unique Node-ID set either via hardware addressing
switches, or via setup software. Valid Node-ID ranges are shown in table below.

Factory default node address = 3Fh. See hardware and software help-file documentation for setting unique
node addresses.

Address number \ Description
00h Command message from host broadcast to all drives
Valid range of node addresses. Host may only communicate with
01h - 3Fh . .
one drive at a time.
40h — FEh lllegal addresses
FFh Reserved for Master address. All node Replies will address FFh.

1.3.4 CONTROL BYTE

The control byte is used to specify each messages function and sequence. Table 1 contains bit level details for
setting the control byte.

1.34.1 SEQUENCE BITS

Any number applied to the sequence bits, by the host, will be returned in the node reply therefore indicating
which host command the response pertains to. It is suggested to implement a counter that increments the
sequence number every Host Command. The number will roll over at OFh and start at 00h again. This method
allows the Master to monitor the Node replies for correct sequencing. If a Node reply is received that does not
match the last Master sequence number, a message was likely lost or ignored.
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Command Sequence Reserved

Table 1: Control Byte Bit Definition

Bits0&1 Bits2-5 | Bits6&?7 Description
0 Us_e_r 00 Reserved for future use.
specified

User This message does not contain data. The Node's response message
1 specified 00 will contain the number of words specified in the command’s “Data
P Words” byte from a location specified by the command’s “Offset” byte.

This message contains the number of words specified by the

User command’s “Data Words” byte to a location specified by the
specified command’s “Offset” byte. The Node’s response message will not
contain data.

This message contains the number of words specified by the

User command’s “Data Words” byte to a location specified by the_ _

3 specified 00 command’s “Offset” byte. The Node's response message will contain
the number of words specified in the command’s “Data Words” byte

from a location specified by the command’s “Offset” byte.

Example: Host issues a 1 Command with a sequence value of 5. Control byte = 00010101 or 15h.

1.3.5

1.3.6

1.3.7

1.3.8

9/6/2007

INDEX

The basic operation of AMC servo drives relies on a list of Indexes that contain parameters within them (just
like an array). Each Index is an 8-bit number that identifies each “parameter structure.” In order to change
parameters in the drive, the correct parameter structure must be located and the corresponding Index used in
the actual message frame. Use the attached Object Dictionary to locate the appropriate index for a particular
parameter.

OFFSET BYTE

In order to identify a parameter within a specific Index, an offset value is used. This value indicates in “words”
(1 word = 2 bytes) how far into the Index a parameter is. If there are 3 2-word parameters in a particular Index,
then the total length of the Index is 6 bytes. The offset of each parameter is 0, 2, and 4.

Offset values are Zero Based therefore if it is desired to access parameter 3, and an offset of 4 is used: This
indicates the entry point into the parameter structure is 8 bytes down and the next 2 words correspond to
parameter 3.

All parameter offsets should be provided in the Object Dictionary, if they are not, they can usually be
calculated by looking at the data type of all the parameters in an Index and adding up the bytes to get to the
desired parameter. Divide the number of bytes by 2, which should always be an integer.

DATA WORDS

8-bit value that indicates the number of words (2 bytes) in the DATA field. The data field cannot have more
than 255 words (510 bytes), therefore the valid range is from 0 — 255.

In case of a WRITE command, Data Length indicates the number of data words in the host's Command
message. In case of a Read command, Data Length indicates the number of data words in the node’s
Response message.

HEADER CRC VALUE

Both the Header section and Data section of a message must have a CRC value included. If there is no data,
there will be no Data Section CRC bytes. If a node does not identify with the Address byte, and the node does
not agree with the Header section CRC check, the message will be ignored until another SOF occurs. If the
Header section passes the two tests, but the Data CRC bytes fail, a frame error will be sent out by the drive.
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The CRC algorithm is based on the standard CCITT polynomial X**+X'?+X°+1. The following CRC lookup
table (Table 2) may be used with this sample C-code from Joe Campbell’'s C Programmer’s Guide to Serial
Communications, Second Edition:

void crccheck(USHORT data, USHORT *accumulator, USHORT *crctable)

*accumulator = ( *accumulator << 8 ) ~ crctable[( *accumulator >> 8) ~ data]

b
Where:

Variable Description

crctable[] 256 element 1-dimensional array shown in the Table 2
data The input data byte into the algorithm, pass 1 byte to this
argument

The accumulation of each data byte that is processed and

accumulator . ;
factored into the previous accumulator value.

The easiest way to use this is to populate each byte of the Header section into an array and put this code
inside a FOR loop where each element of the array is processed as the “data” term one at a time. The final
value in the accumulator should then be placed MSB first into the CRC portion of the Header Section. The
accumulator must begin at zero for each message. The same process works for the Data Section CRC bytes.

Table 2 shows the CRC lookup table is a 1-dimensional array with 256 elements. It is laid out as element 0, 1,
2, 3 .... until the last column, then the next row starts the next element. For example, 70E7 is element 7, and
8108 is element 8. Thus this table may be copied and formatted into a one dimensional array and used.

Alternatively, the code in Appendix A will automatically create the crc-table, possibly eliminating typos.

Table 2: CRC Table for Standard CCITT method.

0000 1021 2042 3063 4084 50A5 60C6 70E7
8108 9129 Al4A B16B C18C D1AD E1CE F1EF
1231 0210 3273 2252 52B5 4294 12F7 62D6
9339 8318 B37B A35A D3BD C39C F3FF E3DE
2462 3443 0420 1401 64E6 74C7 44A4 5485
A56A B54B 8528 9509 ESEE F5CF C5AC D58D
3653 2672 1611 0630 76D7 66F6 5695 46B4
B75B ATTA 9719 8738 F7DF E7FE D79D C7BC
48C4 58E5 6886 78A7 0840 1861 2802 3823
CoCC D9ED E9SE FOAF 8948 9969 A90A B92B
S5AF5 4AD4 7AB7 6A96 1A71 0A50 3A33 2A12
DBFD CBDC FBBF EBOE 9B79 8B58 BB3B AB1A
6CA6 7C87 ACE4 5CC5 2C22 3C03 0C60 1C41
EDAE FD8F CDEC DDCD AD2A BDOB 8D68 9D49
7E97 6EB6 5EDS 4EF4 3E13 2E32 1E51 OE70
FFOF EFBE DFDD CFFC BF1B AF3A 9F59 8F78
9188 81A9 B1CA AlEB D10C C12D F14E E16F
1080 00A1 30C2 20E3 5004 4025 7046 6067
83B9 9398 A3FB B3DA C33D D31C E37F F35E
02B1 1290 22F3 32D2 4235 5214 6277 7256
B5EA A5CB 95A8 8589 F56E ES54F D52C C50D
34E2 24C3 14A0 0481 7466 6447 5424 4405
A7DB B7FA 8799 97B8 E75F F77E C71D D73C
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1.3.9

1.3.10 DATA CRC VALUE

26D3 36F2 0691 16B0O 6657 7676 4615 5634
D94C C96D FO0E E92F 99C8 89E9 BO8A A9AB
5844 4865 7806 6827 18CO0 08E1 3882 28A3
CB7D DB5C EB3F FB1E 8BF9 9BD8 ABBB BBY9A
4AT75 S5A54 6A37 7A16 0AF1 1ADO 2AB3 3A92
FD2E EDOF DD6C CD4D BDAA ADSB 9DES8 8DC9
7C26 6C07 5C64 4C45 3CA2 2C83 1CEO 0CC1
EF1F FF3E CF5D DF7C AF9B BFBA 8FD9 9FF8
6E17 7E36 4E55 SE74 2E93 3EB2 OED1 1EFO
DATA FIELD

This is the variable length data field with the following format:

Contains an even number of data bytes in the case of a “write” command.

Contains nothing in the case of a “read” command.

1.
2.
3. Data is always in Little Endian format (LSB first).
4.

Maximum Data length = 510 bytes (255 words)

16-bit CRC on the DATA field only. Organize CRC bytes MSB first (opposite order of Data bytes). Use the

same method for calculating Data CRC as in the Header CRC Value section.

1.3.11 Host Command Notes:
All bytes are sent least significant bit (LSB) first.

9/6/2007

The two 16-bit CRC'’s are sent with upper byte first, then lower byte.

For CRC calculation, use the CRC X.25 (CCITT) polynomial: X**+X™+X>+1 with the CRC table provided in
Header CRC Value.
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1.4 Message Structure (REPLY)
1.4.1 Reply (Slave = Master)
The destination node (slave) responds with the following command frame:
ODE RESPO
Header Section Data Section
SOF | Address | Control | Status | Status | Data CRC Data Field CRC
(A5h) (FFh) Byte 1 2 Words | (MSB first) (LSB first) (MSB first)
8bits 8 bits 8bits  8bits 8bits  16bits 20> Word 16 bits
max
Reserved | Sequence | Command
(msb) # (Isb)
2 bits 4 bits 2 bits
142 S.O.F (Start Of Frame)
Every message between a Master and Slave begins with the SOF byte. SOF is always A5h whether message
is from Master or Slave.
1.4.3 ADDRESS
Always FFh in the case of Node Response to host. All nodes will always reply with FFh.
1.4.4 CONTROLBYTE
The control byte is used to specify message function and sequencing. Table 3 contains bit level details for
interpreting the node response.
1.44.1 SEQUENCE BITS

Any number applied to the sequence bits by the host will be returned by the node therefore indicating which
host command this response pertains to. The suggested use is to implement a counter to increment the
sequence bits, every host command, until rollover and keep incrementing. This method allows the host to
monitor the node responses for missed messages.

Table 3: Control Byte Bit Definition

Command Sequence Reserved Description
Bits 0 & 1 Bits 2 - 5 Bits 6 & 7 P
0 Us_e_r X This message contains no data.
specified
User : .
1 specified X This message contains no data.
User This message contains Data as specified by Data Words in
2 e X )
specified the Header section of the Response message.
User This message contains Data as specified by Data Words in
3 iy X )
specified the Header section of the Response message.
Example: Node responds to a Host 1 command containing a sequence value of 5. Node Response Control byte
value = 00010110 or 16h; this indicates node is sending the requested data to host.
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1.45 STATUS1

8-bit field, with following meanings:

Value Description

1h

Command complete

2h

Command incomplete

4h

Invalid command

6h

Do not have write access. See Index “Access Control” for
obtaining write access.

8h

Frame or CRC error

1.46 STATUS 2
To be defined.

1.4.7 DATA WORDS

8-bit value that indicates the number of words (2 bytes) in the DATA field of the response message. The data
field cannot have more than 255 words (510 bytes), therefore the valid range is from 0 — 255.

1.4.8 HEADER CRC VALUE

Both the Header section and Data section of a message must have a CRC value included. If there is no data,
there will be no Data CRC bytes. The host should use the CRC calculation in the Header CRC Value (Host
Command section) on each node response to check the integrity of the message.

1.49 DATAFIELD

This is a variable length data field with the following format:

1. If Control Byte > Command Bits = 0 or 1, there is no Data or Data CRC bytes.

2. If Control Byte > Command Bits = 2 or 3, this message contains data of length specified in the Data
Length field of the Node Response - Header section.

Data is always in Little Endian format (LSB first).
4. Maximum Data length = 510 bytes (255 words)

1.4.10 DATA CRC VALUE

16-bit CRC on the DATA field only. Organize CRC bytes MSB first (opposite order of Data bytes). Use the
same method for calculating CRC as in the Header CRC Value (Host Command section).

1.4.11 Node Response Notes:

All bytes are sent least significant bit (LSB) first.

The two 16-bit CRC'’s are sent with upper byte first, then lower byte.

For CRC calculation, use the CRC X.25 (CCITT) polynomial: X'®+X*+X>+1 with the CRC table provided in
Header CRC Value (Host Command section).
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1.5 Examples

1.5.1 Example 1: Write to Index 5, parameter 2

Write value 01234567h (19088743 decimal) to Commanded Input Parameters > Commanded Input Value #
2. Node address is 3Fh.

“Commanded Input Parameters” happens to be Index 69 (45h). Index 69 (45h) has eight parameters called
“Commanded Input Values # 1 - 8.” Each parameter is 2 words (4 bytes).

Commanded Input value # 2 starts at the 5" byte into Index 69 (45h) and takes up the next 2 words (4 bytes).
Therefore the offset value needed is 02h, indicating to the node that it must start writing data just after the first
2 words of Index 69 (45h).

Because each parameter is a 32-bit value, the Data Length will be 2 to indicate to the node that it will only be
writing 4 bytes. Below are the Write Command and Node Reply.

1511 HosT WRITES

Figure 1: Host Write Command To index 5

Header Section Data Section

CRC CRC Data (Hex) CRC CRC
SOF Adrs Control Index Offset MSE  LSB L SB first MSB LSB
67 | 45

A5h | 3Fh 02h 45h 02h 02h 96h | 2Bh 23 |1 01 | BDh | 36h

15.1.2 NODE REPLIES

Figure 2: Node Response to Host Command

Header Section Data Section

Status  Status CRC CRC Data (Hex) | CRC CRC
R 1 2 MSB LSB LSB first | MSB  LSB

Abh FFh 00h 01lh 00h 00h CFh B6h None None

1.5.2 Example 2: Read from Index 5, parameter 2

Read current value from Commanded Input Parameters - Commanded Input Value # 2. Node address is
3Fh.

As in example 1 “Commanded Input Parameters” is Index 69 (45h). Index 69 (45h) has four parameters called
“Commanded Input Values # 1 - 4.” Each parameter is 2 words (4 bytes).

Commanded Input value # 2 starts at the 5" byte into Index 69 (45h) and takes up the next 2 words (4 bytes).
Therefore the offset value needed is 02h, indicating to the node that it must start transmitting data just after the
first 2 words of Index 69 (45h).

Because each parameter is a 32-bit value, the Data Length will be 2 to indicate to the node that it will only be
transmitting 4 bytes. Below is the Read Command and node Reply.

15.21 HosT WRITES

Figure 3: Host Write Command To index 5
Header Section Data Section
CRC CRC Data (Hex) CRC CRC
MSB LSB LSB first MSB LSB

A5h 3Fh 01h 45h 02h 02h 0Dh F7h None None

SOF Adrs Control Index | Offset Length
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1.5.2.2 NODE REPLIES

SOF Adrs Control

A5h | FFh 02h

Figure 4: Node Response to Host Command

Header Section

Status  Status CRC CRC Data (Hex)
1 2 MSB LSB LSB first

01h 00h 02h 02h | 9Ch | 67 | 45

Data Section
CRC CRC

LSB
36h
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