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Introduction
This document describes the CANopen specification for system Panther.
2. General
The Panther receiver CANopen interface operates according to CANopen Application Layer and Communication Profile and Pre-Defined Connection Set defined in CiA DS-301 version 4.2.0.

General features:

· CANopen Slave device

· 4 freely mappable Transmit Process Data Objects (TPDO)

· 4 freely mappable Receive Process Data Objects (RPDO)

· 1 Service Data Object (SDO)

· Synchronisation Object (SYNC) Consumer

· Emergency Object (EMCY) Producer

· NMT protocols

· Bootup Protocol

· Node Guarding Protocol

· Heartbeat Protocol

· Layer Setting Service (LSS)

· CANopen Node ID selectable via User Interface: 1-127

· CANopen baudrate selectable via User Interface: 10 kbps, 20 kbps, 50 kbps, 100 kbps, 125 kbps, 250 kbps, 500 kbps, 800 kbps 1 Mbps
· Vendor ID: 0x000000A6

3. Bus termination
The CANopen interface does not contain an internal bus termination resistor. If the Panther receiver is the last unit on the bus, the bus has to be terminated externally.
4. Selection of CANopen node ID
The CANopen node ID is selected using the PC program Settings Manager IV. The selected node ID has to be in the range 1 to 127.

5. Selection of CANopen baud rate
The CANopen baud rate is selected using the PC program Settings Manager IV. The following baud rates can be selected: 10 kbps, 20 kbps, 50 kbps, 100 kbps, 125 kbps, 250 kbps, 500 kbps, 800 kbps, 1 Mbps.
6. LED indications

The CANopen interface has two indication LEDs, see table below.

Run-LED:

	LED State
	Indication
	Description

	Off
	-
	No power

	Green
	OPERATIONAL
	State=OPERATIONAL

	Green, blinking
	PRE-OPERATIONAL
	State=PRE-OPERATIONAL

	Green, single flash
	STOPPED
	State=STOPPED


Err-LED:

	LED State
	Indication
	Description

	Off
	-
	No power / Device is in working condition

	Red, single flash
	Warning limit reached
	A bus error counter reached or exceeded its warning level.

	Red, flickering
	LSS
	LSS services in progress

	Red
	Bus off (Fatal Event)
	Bus off.


7. Internal states

The CANopen interface supports the following states: 
[image: image1]
	State Transition
	Trigger for State Transition

	(1)
	At Power On the Initialization state is entered autonomously

	(2)
	Initialization finished – enter state PRE-OPERATIONAL automatically

	(3), (6)
	Start Remote Node indication (NMT message)

	(4), (7)
	Enter PRE-OPERATIONAL State indication (NMT message)

	(5), (8)
	Stop Remote Node indication (NMT message)

	(9), (10), (11)
	Reset Node indication (NMT message)

	(12), (13), (14)
	Reset Communication indication (NMT message)


8. Pre-defined connection set

The communication objects according to the pre-defined connection set have the following COB-IDs and communication parameters:

	Object
	Default COB-ID
	Communication/Mapping Parameters at Index

	NMT
	0h
	-

	SYNC
	80h
	1005h, 1006h, 1007h

	EMERGENCY (EMCY)
	80h + Node ID
	1014h, 1015h

	RPDO 1
	200h + Node ID
	1400h, 1600h

	RPDO 2
	300h + Node ID
	1401h, 1601h

	RPDO 3
	400h + Node ID
	1402h, 1602h

	RPDO 4
	500h + Node ID
	1403h, 1603h

	TPDO 1
	180h + Node ID
	1800h, 1A00h

	TPDO 2
	280h + Node ID
	1801h, 1A01h

	TPDO 3
	380h + Node ID
	1802h, 1A02h

	TPDO 4
	480h + Node ID
	1803h, 1A03h

	Default SDO Client->Server (rx)
	600h + Node ID
	1200h

	Default SDO Server->Client (tx)
	580h + Node ID
	1200h

	NMT Error Control
	700h + Node ID
	1016h, 1017h


Default PDO transmission type is 254 (transmission when data changes).

9. Transmit Process Data Objects (TPDO) overview
The default mappings of the TPDOs are listed below. These are sent from Panther receiver to the CANopen network. The index/subindex in the object dictionary is shown below each description.
TPDO 1: System status
	UNSIGNED8
	UNSIGNED8
	UNSIGNED8
	UNSIGNED8
	UNSIGNED8
	UNSIGNED8
	UNSIGNED8
	UNSIGNED8

	Byte 1
	Byte 2
	Byte 3
	Byte 4
	Byte 5
	Byte 6
	Byte 7
	Byte 8

	RX packet counter / 8
	RX RSSI 4-bit
	RX status 1
	RX status 2
	Active radio channel
	TX Status
	Load selection
	Status Code

	2001h/01h
	2001h/05h
	2001h/03h
	2001h/04h
	2001h/08h
	2001h/09h
	2001h/0Bh
	2001h/0Ch


TPDO 2: Buttons and directions
	UNSIGNED16
	UNSIGNED16
	UNSIGNED16
	UNSIGNED16

	Byte 1
	Byte 2
	Byte 3
	Byte 4
	Byte 5
	Byte 6
	Byte 7
	Byte 8

	Buttons step 1
	Buttons step 2
	Buttons both steps
	Directions

	2002h/01h
	2002h/02h
	2002h/03h
	2002h/04h


TPDO 3: Current TX ID and slot
	UNSIGNED32
	UNSIGNED8
	Data type: N/A

	Byte 1
	Byte 2
	Byte 3
	Byte 4
	Byte 5
	Byte 6
	Byte 7
	Byte 8

	Current TX ID
	Current TX slot
	Reserved
	Reserved
	Reserved

	2003h/01h
	2001h/0Ah
	Not mapped


TPDO 4: Reserved
	Data type: N/A

	Byte 1
	Byte 2
	Byte 3
	Byte 4
	Byte 5
	Byte 6
	Byte 7
	Byte 8

	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved

	Not mapped


10. Receive Process Data Objects (RPDO) overview
The default mappings of the RPDOs are listed below. These are received by the Panther receiver from the CANopen network. The index/subindex in the object dictionary is shown below each description.
RPDO 1: System commands
	UNSIGNED32
	Data type: N/A

	Byte 1
	Byte 2
	Byte 3
	Byte 4
	Byte 5
	Byte 6
	Byte 7
	Byte 8

	System command
	Reserved
	Reserved
	Reserved
	Reserved

	2101h/01h
	Not mapped


RPDO 2: Reserved
	Data type: N/A

	Byte 1
	Byte 2
	Byte 3
	Byte 4
	Byte 5
	Byte 6
	Byte 7
	Byte 8

	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved

	Not mapped


RPDO 3: Reserved
	Data type: N/A

	Byte 1
	Byte 2
	Byte 3
	Byte 4
	Byte 5
	Byte 6
	Byte 7
	Byte 8

	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved

	Not mapped


RPDO 4: Reserved
	Data type: N/A

	Byte 1
	Byte 2
	Byte 3
	Byte 4
	Byte 5
	Byte 6
	Byte 7
	Byte 8

	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved

	Not mapped


11. Manufacturer Specific Objects

The following Manufacturer Specific Objects are available in the object dictionary:

	Index
	Object Name
	Description
	Data Type
	Access

	2001h
	Panther receiver to CANopen:

System status
	Packet counter, RSSI, RX/TX status, radio channel, load selection
	U8 Array
	RO

	2002h
	Panther receiver to CANopen:
Buttons and directions
	Buttons step 1/step 2/both, directions
	U16 Array
	RO

	2003h
	Panther receiver to CANopen:

Current TX ID
	ID of current TX if radio link is active
	U32 Array
	RO

	2101h
	CANopen to Panther receiver:

System Commands
	System commands from CANopen
	U32 Array
	RW


Object 2001h: System status
	Index: 2001h
Name: System status
Sub-indexes: 0Ch
Data type: UNSIGNED8
Access: RO

	Sub-index
	Description

	1
	RX packet counter / 8
Packet counter for the number of received radio packets by the receiver unit. It increases value by 1 for every 8th received radio packet and counts from 0 to 255, and then resets and start over again.

	2
	RX packet counter direct
Packet counter for the number of received radio packets by the receiver unit. It increases value by 1 for every received radio packet and counts from 0 to 255, and then resets and start over again.

	3
	RX status 1
Bit 0: Radio link active

Bit 1: Delayed radio link

Bit 2: Raw radio link

Bit 3: Zero position

Bit 4: Start phase

Bit 5: Kill function

Bit 6: RSSI too strong

Bit 7: RSSI too weak

	4
	RX status 2
Bit 0: Got stop command

Bit 1: Button timeout

Bit 2: Register mode active

Bit 3: Extended register mode active

Bit 4-7: Reserved

	5
	RX RSSI 4-bit

Bit 0-3: Receiver RSSI level: 0000=RSSI low, 1111=RSSI high

Bit 4-7: Reserved

	6
	RX RSSI 8-bit filtered

Low-pass filtered receiver RSSI value in –dBm.

	7
	RX RSSI 8-bit unfiltered

Unfiltered receiver RSSI value in –dBm.

	8
	Active radio channel

2.4GHz frequency band: Value 11-26 => radio channel 11-26

If the radio link is down and the receiver frequency scanning is active, the value for active radio channel is 00h.

	9
	TX status
Bit 0: TX battery bad

Bit 1-7: Reserved

	10
	TX slot

Slot of currently active TX if radio link is up. If the radio link is down, this contains the value FFh.

	11
	Load select
Bit 0-3: Load select bits A-D from TX

Bit 4-7: Reserved

	12
	Status code
Latest error code from radio packet handler. One of the following:
00h: Normal operation, no error

03h: Valid register packet received

66h: Unregistered TX

67h: Packet not accepted in register mode

68h: Bad config ID

69h: Repeated packet sequence number

6Ah: Mismatch of continuous/discontinuous mode

6Bh: Custom ID not allowed

6Ch: Login failed

6Dh: RSSI too low, packet thrown away

6Eh: Locked on other TX/Bad load selection bits


Object 2002h: Buttons and directions
	Index: 2003h
Name: Buttons and directions
Sub-indexes: 04h
Data type: UNSIGNED16
Access: RO

	Sub-index
	Description

	1
	Buttons step 1

Bit 0 – 15: Buttons 1 – 16 step 1

	2
	Buttons step 2

Bit 0 – 15: Buttons 1 – 16 step 2

	3
	Buttons both steps

Bit 0 – 15: Buttons 1 – 16 both steps

	4
	Directions
Bit 00: Direction 1, position -2

Bit 01: Direction 1, position -1

Bit 02: Direction 1, position +1

Bit 03: Direction 1, position +2

Bit 04: Direction 2, position -2

Bit 05: Direction 2, position -1

Bit 06: Direction 2, position +1

Bit 07: Direction 2, position +2

Bit 08: Direction 3, position -2

Bit 09: Direction 3, position -1

Bit 10: Direction 3, position +1

Bit 11: Direction 3, position +2

Bit 12-15: Reserved


Object 2004h: Current TX
	Index: 2004h
Name: Safe state data
Sub-indexes: 01h
Data type: UNSIGNED32
Access: RO

	Sub-index
	Description

	1
	Current TX ID
ID number of currently active TX if radio link is up. If the radio link is down, this contains the value 0h.


 Object 2101h: System Commands
	Index: 2101h
Name: Relay control
Sub-indexes: 01h
Data type: UNSIGNED32
Access: RWW

	Sub-index
	Description

	1
	System command
Bit 00-07: Contains the ascii value ‘T’

Bit 08-15: Contains the ascii value ‘R’

Bit 16-23: Contains the ascii value ‘C’

Bit 24-31: One of the following values:

01h: Activate register mode on RX. This will expire after a 10 sec timeout if no valid packets are received.


12. Emergency Object (EMCY)

The Emergency Object is sent to the CANopen network with the following information:
	Byte 0
	Byte 1
	Byte 2
	Byte 3
	Byte 4
	Byte 5
	Byte 6
	Byte 7

	EMCY Error Code

Low Byte
	EMCY Error Code

High Byte
	Error Register (1001h)
	Manufacturer specific field (not used)


The EMCY Error Codes for internal CANopen diagnostics are interpreted as follows:

	EMCY Error Code
	Description

	8110h
	CAN controller signalled a lost message

	8120h
	CAN controller reached the warning limit due to error frames

	8210h
	A received PDO was smaller than specified by the valid mapping table

	8220h
	The DLC of a received PDO exceeded the length specified by the valid mapping table

	8130h
	An error control event has occurred (either a life guarding or a heartbeat event)

	8140h
	CAN controller has recovered from a BUS OFF state

	8150h
	COB-ID collision detected


13. Object Dictionary
Abbreviations:

	RO: Read Only
	RW: Read, Write
	U8: Unsigned8
	U16: Unsigned16
	U32: Unsigned32
	
	

	
	
	I8: Integer8
	I16: Integer16
	I32: Integer32
	
	


	General Parameters

	Index
	Object Name
	Sub-Index
	Description
	Data Type
	Access
	Note

	0002h
	Dummy Object
	00h
	Dummy Type Object for I8
	U32
	RW
	0000 0008h

	0003h
	Dummy Object
	00h
	Dummy Type Object for I16
	U32
	RW
	0000 0010h

	0004h
	Dummy Object
	00h
	Dummy Type Object for I32
	U32
	RW
	0000 0020h

	0005h
	Dummy Object
	00h
	Dummy Type Object for U8
	U32
	RW
	0000 0008h

	0006h
	Dummy Object
	00h
	Dummy Type Object for U16
	U32
	RW
	0000 0010h

	0007h
	Dummy Object
	00h
	Dummy Type Object for U32
	U32
	RW
	0000 0020h

	1000h
	Device Type
	00h
	Device Type
	U32
	RO
	0000 0000h (No Profile)

	1001h
	Error Register
	00h
	Error Register
	U8
	RO
	-

	1003h
	Pre-defined error field
	00h


	Number of errors


	U8


	RW


	

	
	
	01h-08h
	Error field
	U32
	RO
	

	1005h
	COB-ID Sync
	00h
	COB-ID Sync
	U32
	RW
	Default value is 0000 0080h

	1006h
	Communication Cycle Period
	00h
	Period between transmissions of SYNC in µs
	U32
	RW
	0000 0000h

	1007h
	Synchronous Window Length
	00h
	Synchronous Window Length in µs (0 is disabled)
	U32
	RW
	0000 0000h

	1008h
	Manufacturer Device Name
	00h
	Manufacturer Device Name
	Visible string
	RO
	“R18-1” for Panther Fieldbus RX

	1009h
	Manufacturer Hardware Version
	00h
	Manufacturer Hardware Version
	Visible string
	RO
	-

	100Ah
	Manufacturer Software Version
	00h
	Manufacturer Software Version
	Visible string
	RO
	-

	100Ch
	Guard Time
	00h
	Guard Time
	U16
	RW
	-

	100Dh
	Life Time Factor
	00h
	Life Time Factor
	U8
	RW
	-

	1010h
	Store Parameters
	00h
	Largest sub-index supported
	U8
	RO
	02h

	
	
	01h
	Store all parameters
	U32
	RW
	Both sub-indexes have the same effect when ASCII “save” is written

	
	
	02h
	Store Communication parameters
	U32
	RW
	

	1011h
	Restore Parameters
	00h
	Largest sub-index supported
	U8
	RO
	02h

	
	
	01h
	Restore all default parameters
	U32
	RW
	Both sub-indexes have the same effect when ASCII “load” is written

	
	
	02h
	Restore communication default parameters
	U32
	RW
	

	1014h
	COB-ID EMCY
	00h
	COB-ID EMCY
	U32
	RO
	-

	1015h
	Inhibit Time EMCY
	00h
	Inhibit Time EMCY
	U16
	RW
	Default value is 0000h

	1016h
	Consumer Heartbeat Time
	00h
	Number of entries
	U8
	RO
	01h

	
	
	01h
	Consumer Heartbeat Time
	U32
	RW
	Node ID + Heartbeat Time. Value must be a multiple of 1ms.

	1017h
	Producer Heartbeat Time
	00h
	Producer Heartbeat Time
	U16
	RW
	-

	1018h
	Identity object
	00h
	Number of entries
	U8
	RO
	04h

	
	
	01h
	Vendor ID
	U32
	RO
	

	
	
	02h
	Product Code
	U32
	RO
	

	
	
	03h
	Revision Number
	U32
	RO
	

	
	
	04h
	Serial Number
	U32
	RO
	

	1019h
	Synchronous counter overflow value
	00h
	Synchronous counter overflow value
	U8
	RW
	-


	Server SDO Parameters

	Index
	Object Name
	Sub-Index
	Description
	Data Type
	Access
	Note

	1200h
	Server SDO Parameter
	00h
	Largest sub-index supported
	U8
	RO
	02h

	
	
	01h
	COB ID Client to Server (Receive SDO)
	U32
	RO
	Node ID + 0600h

	
	
	02h
	COB ID Server to Client (Transmit SDO)
	U32
	RO
	Node ID + 0580h

	Receive PDO Communication Parameters

	Index
	Object Name
	Sub-Index
	Description
	Data Type
	Access
	Note

	1400h

…

1403h
	Receive PDO Communication Parameter
	00h
	Largest sub-index supported
	U8
	RO
	02h

	
	
	01h
	COB-ID used by PDO
	U32
	RW
	-

	
	
	02h
	Transmission Type
	U8
	RW
	-

	Receive PDO Mapping Parameters

	Index
	Object Name
	Sub-Index
	Description
	Data Type
	Access
	Note

	1600h

…

1603h
	Receive PDO Mapping Parameter
	00h
	Number of mapped application objects in PDO
	U8
	RW
	00h – 08h

	
	
	01h
	Mapped object No.1
	U32
	RW
	-

	
	
	02h
	Mapped object No.2
	U32
	RW
	-

	
	
	…
	…
	U32
	RW
	-

	
	
	08h
	Mapped object No.8
	U32
	RW
	-

	Transmit PDO Communication Parameters

	Index
	Object Name
	Sub-Index
	Description
	Data Type
	Access
	Note

	1800h

…

1803h
	Transmit PDO Communication Parameter
	00h
	Largest sub-index supported
	U8
	RO
	05h

	
	
	01h
	COB-ID used by PDO
	U32 
	RW
	-

	
	
	02h
	Transmission Type
	U8
	RW
	-

	
	
	03h
	Inhibit Time
	U16
	RW
	-

	
	
	05h
	Event Timer (ms)
	U16
	RW
	-

	Transmit PDO Mapping Parameters

	Index
	Object Name
	Sub-Index
	Description
	Data Type
	Access
	Note

	1A00h

…

1A03h
	Transmit PDO Mapping Parameter
	00h
	Number of mapped application objects in PDO
	U8
	RW
	00h – 08h

	
	
	01h
	Mapped object No.1
	U32
	RW
	-

	
	
	02h
	Mapped object No.2
	U32
	RW
	-

	
	
	…
	…
	U32
	RW
	-

	
	
	08h
	Mapped object No.8
	U32
	RW
	-


	Manufacturer Specific Parameters, outgoing

	Index
	Object Name
	Sub-Index
	Description
	Data Type
	Access
	Note

	2001h
	Panther Receiver to CANopen: System status
	00h
	Largest sub-index supported
	U8
	RO
	0Ch

	
	
	01h
	RX packet counter / 8
	U8
	RO
	-

	
	
	02h
	RX packet counter direct
	U8
	RO
	-

	
	
	03h
	RX status 1
	U8
	RO
	-

	
	
	04h
	RX status 2
	U8
	RO
	-

	
	
	05h
	RX RSSI 4-bit
	U8
	RO
	-

	
	
	06h
	RX RSSI 8-bit filtered
	U8
	RO
	-

	
	
	07h
	RX RSSI 8-bit unfiltered
	U8
	RO
	-

	
	
	08h
	Active radio channel
	U8
	RO
	-

	
	
	09h
	TX status
	U8
	RO
	-

	
	
	0Ah
	TX slot
	U8
	RO
	-

	
	
	0Bh
	Load select
	U8
	RO
	-

	
	
	0Ch
	Status code
	U8
	RO
	-

	2002h
	Panther Receiver to CANopen: TX buttons and directions
	00h
	Largest sub-index supported
	U8
	RO
	0Ah

	
	
	01h
	Buttons step 1
	U16
	RO
	-

	
	
	02h
	Buttons step 2
	U16
	RO
	-

	
	
	03h
	Buttons both steps
	U16
	RO
	-

	
	
	04h
	Directions
	U16
	RO
	-

	2003h
	Panther Receiver to CANopen:  Current TX
	00h
	Largest sub-index supported
	U8
	RO
	04h

	
	
	01h
	Current TX ID
	U32
	RO
	-


	Manufacturer Specific Parameters, incoming

	2101h
	CANopen to Panther Receiver: System commands
	00h
	Largest sub-index supported
	U8
	RO
	01h

	
	
	01h
	System command
	U32
	RWW
	-
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