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CiA WD 417 CANopen application profile for lift control systems Part 1: General definitions and physical layer specification e.g. node-ID assignment procedure Part 2: Virtual device definition e.g. description of functionality and support of application objects as well as access Part 3: Communication model e.g. pre-definition of PDOs Part 4: Detailed application object specifications e.g. value definitions
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Protocol Layer Interactions Transmitting Device CANopen Application Layer CAN Data Link Layer CAN Physical Layer



Object at Index



ID + Data CAN_L



... CAN_H



ID + Data CAN_L



Receiving Device CANopen Application Layer CAN Data Link Layer CAN Physical Layer
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Broadcast Communication CAN Station 1 (Consumer)



CAN Station 2 (Producer)



CAN Station 3 (Consumer)



CAN Station 4 (Consumer)



Local Intelligence



Local Intelligence



Local Intelligence



Local Intelligence



Filter



Frame I



Filter



Filter



Filter



bus lines © CiA



Remote Request CAN Station 1 (Requester)



CAN Station 2 (Producer)



CAN Station 3 (Consumer)



CAN Station 4 (Consumer)



Local Intelligence



Local Intelligence



Local Intelligence



Local Intelligence



RTR I



Frame I



Filter



Filter



Filter



Filter



bus lines © CiA
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Multiple Bus Access CAN Station 1



CAN Station 2



CAN Station 3



Local Intelligence



Local Intelligence



Local Intelligence



Frame 2



Filter



Frame I



Filter



Filter



CAN Station 4



Local Intelligence



Frame 3



Filter



bus lines © CiA



Bus Arbitration Method Node 1



ID 100



Data



ID 20



Node 2



ID 80



Node 3 Bus



Data



ID 100



Data



ID 20



Data



ID 80



Data



ID 80



Data



Frame transmission request
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Collision Avoidance S R O Identifier T Control F 10 9 8 7 6 5 4 3 2 1 0 R Field



Data Field



Listening Mode



Node 1 Node 2



Listening Mode



Node 3 recessive



Bus



dominant
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Communication Services Producer request



Write Object



Consumer(s) indication(s)



0 to 8 Byte CAN Data Frame



indication



Read Object



request(s)



CAN Remote Frame



response



0 to 8 Byte



confirmation(s)



CAN Data Frame
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CAN Data Frame S Bus CRC ACK Arbitration Control Data EOF O Idle Field Field Field Field Field F 1Bit 12 or 32 Bit 6 Bit 0 to 8 Byte 16 Bit 2 Bit 7 Bit



IFS 3 Bit



Remark: CAN Specification 2.0 B passive implementations can’t store or transmit Extended Data Frames; CAN Specification 2.0 B active implementations can store and transmit Standard Data Frames as well as Extended Data Frames.
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CAN Remote Frame S Bus Arbitration Control CRC ACK InterO EOF Idle Field Field Field Field Mission F 1 Bit 12 or 32 Bit 6 Bit 16 Bit 2 Bit 7 Bit 3 Bit ◆ CAN controller with receive buffer or receive FIFOs answers Remote Frames only under CPU control. ◆ CAN Controller with standard message storing answers Remote Frame automatically without CPU control. ◆ CAN Controller with advanced message storing answers Remote Frames automatically and optionally under CPU control. © CiA
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Active Error Frame Global Error Condition Uncompleted Frame



IFS 6 Bit



8 Bit



Error Flag



Error Delimiter



3 Bit



Error Frame
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Local Error Globalization Transmitter



Data



Data



Error Frame 8-Bit Delimiter IFS



Receiver 1



Data



Data



Error Frame



Receiver 2



Data



Error Frame



bus-level



Data



Next Frame



Next Frame



Next Frame



Next Frame
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Error Detection Analysis Probability of Non-detected Faulty CAN Standard Frames:



ρ < 4.7 x 10 -11 x error rate Example: 1 bit error each 0.7 s, 500 kbit/s, 8h / day, 365 days / year statistical average: 1 undetected error in 1000 years
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CAN Node Error States Reset and Configuration Error Active REC => 127 or TEC => 127 REC < 127 or TEC < 127



Error Passive



Reset, Configuration and Reception of 128x11 recessive Bits



Bus Off TEC > 255



REC: Receive Error Counter



TEC: Transmit Error Counter
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Bit-timing Specification Sample Point Time Quantum (TQ)



1 Mbit/s TQ=125ns



1



2



3



4



5



6



7



8



Nominal Bit Time



800 kbit/s TQ=125ns



1



2



3



4



5



6



7



8



9



10



10-500 kbit/s TQ=250ns.. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 6,25µs 19
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Bit-timing Programming Bit rate Bus length



(1)



1 Mbit/s



Nominal



Number of



Length of



Location of



bit time



time quanta



time



sample



tb



per bit



quantum tq



point



1 µs



8



125 ns



800 kbit/s



1.25 µs



10



125 ns



500 kbit/s



2 µs



16



125 ns



250 kbit/s



16



250 ns



14 tq



2



8 µs



16



500 ns



20 µs



16



1.25 µs



(3)



14 tq



4



14 tq



5



(17.5 µs)



50 µs



16



3.125 µs



(3)



10 kbit/s



3



(7 µs)



(3)



20 kbit/s



14 tq (3.5 µs)



(2)



50 kbit/s



5000 m



4 µs



(2)



125 kbit/s



2500 m



1



(1.75 µs)



100 m



1000 m



8 tq (1 µs)



50 m



500 m



0



(750 ns)



25 m



250 m



6 tq



Index



14 tq



6



(43.75 µs)



100 µs



16



6.25 µs



14 tq



7



(87.5 µs)
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9-pin Sub Connector DIN 41652



Pin 1 2 3 4 5 6 7 8 9



Signal CAN_L CAN_GND (CAN_SHLD) GND CAN_H (CAN_V+)



Description Reserved CAN_L bus line dominant low CAN Ground Reserved Optional CAN Shield Optional Ground CAN_H bus line dominant high Reserved Optional CAN external positive supply
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Device Model CAN



Protocol Stack



Object Dictionary



PDO Protocol SDO Protocol Sync Protocol Time Protocol Emergency Protocol NMT Protocol Heartbeat Protocol etc.



Data Types Communication Objects Application Objects Proprietary Objects



Application Software



I/O



Virtual Device Profile Implementation Proprietary Software Routines
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All virtual lift control devices shares the same profile area Index (hex) 0000 0001-001F 0020-003F 0040-005F 0060-007F 0080-009F 00A0-0FFF 1000-1FFF 2000-5FFF 6000-9FFF A000-AFFF B000-FFFF



Object Reserved Static Data Types Complex Data Types Manufacturer Specific Data Types Device Profile Specific Static Data Types Device Profile Specific Complex Data Types Reserved for further use Communication Profile Area Manufacturer Specific Profile Area Standardized Application Profile Area Network Variables Reserved for further use
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Communication Objects Index (hex) 1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 100A 100B 100C 100D 100E 100F 1010 1011 1012 1013 1014 1015 1016 1017 1018 ::::: 11FF



Object



Name



VAR VAR VAR ARRAY



device type Unsigned32 error register Unsigned8 manufacturer status register Unsigned32 pre-defined error field Unsigned32 Reserved for compatibility reasons COB-ID SYNC-message Unsigned32 communication cycle period Unsigned32 synchronous window length Unsigned32 manufacturer device name Vis-String manufacturer hardware version Vis-String manufacturer software version Vis-String Reserved for compatibility reasons guard time Unsigned32 life time factor Unsigned32 Reserved for compatibility reasons Reserved for compatibility reasons store parameters Unsigned32 restore default parameters Unsigned32 COB-ID time stamp Unsigned32 high resolution time stamp Unsigned32 COB-ID Emergency Unsigned32 Inhibit Time Emergency Unsigned16 Consumer Heartbeat Time Unsigned32 Producer Heartbeat Time Unsigned16 identity object Identity ::::: ::::: reserved



VAR VAR VAR VAR VAR VAR VAR VAR VAR VAR VAR VAR VAR VAR ARRAY VAR RECORD :::::



Type



Acc.



M/O



ro ro ro ro



M M O O



rw rw rw c c c



O O O O O O



rw rw



O O



rw rw rw rw rw rw rw rw ro :::::



O O O O O O O O M :::::
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Object Dictionary Browser



© CiA



Communication Protocols ◆ Process Data Object (PDO) Protocol ◆ Service Data Object (SDO) Protocols ◆ Special Object Protocols: - Synchronization (SYNC) Protocol - Time Stamp (TIME) Protocol - Emergency (EMCY) Protocol ◆ Network Management Protocols: - NMT Message Protocol - Boot-Up Protocol - Error Control Protocol © CiA
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PDO Protocol



Producer



Write PDO



request



Consumer(s) indication(s)



Application Objects 0 < 1< 8 byte



indication



Read PDO



request(s)



CAN Remote Frame



response



Application Objects



confirmation(s)



0 < 1< 8 byte
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PDO Parameter Sets Receive PDO Communication Parameter (20H) st 1 receive PDO Parameter PDOCommPar rw M/O* 2 nd receive PDO Parameter PDOCommPar rw M/O* ::::: ::::: ::::: ::::: 512 th receive PDO Parameter PDOCommPar rw M/O* Receive PDO Mapping Parameter (21H) st 1600 ARRAY 1 receive PDO mapping PDOMapping rw M/O* nd 1601 ARRAY 2 receive PDO mapping PDOMapping rw M/O* ::::: ::::: ::::: ::::: ::::: ::::: 17FF ARRAY 512 th receive PDO mapping PDOMapping rw M/O* Transmit PDO Communication Parameter (20H) 1800 RECORD 1 st transmit PDO Parameter PDOCommPar rw M/O* 1801 RECORD 2 nd transmit PDO Parameter PDOCommPar rw M/O* ::::: ::::: ::::: ::::: ::::: :::: 19FF RECORD 512 th transmit PDO Parameter PDOCommPar rw M/O* Transmit PDO Mapping Parameter (21H) st 1A00 ARRAY 1 transmit PDO mapping PDOMapping rw M/O* nd 1A01 ARRAY 2 transmit PDO mapping PDOMapping rw M/O* ::::: ::::: ::::: ::::: ::::: ::::: 1BFF ARRAY 512 th transmit PDO mapping PDOMapping rw M/O* * If a device supports PDOs, the according PDO communication parameter and PDO mapping entries in the object dictionary are mandatory. These may be read_only. 1400 1401 ::::: 15FF



RECORD RECORD ::::: RECORD
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Communication Parameter Index Sub-Index 1XXXh 0h 1h 2h 3h 4h 5h



Description number of entries COB-ID transmission type inhibit time reserved event timer



Data Type Unsigned8 Unsigned32 Unsigned8 Unsigned16 Unsigned8 Unsigned16
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PDO COB-ID 31 30 29 28 0/1 0/1 0 0/1 0/1 1



11 10



000000000000000000



0 11-bit identifier



29-bit identifier



MSB



LSB



31: PDO exists (0), does not exist (1) 30: RTR allowed (0), not allowed (1) 29: standard frame format (0), extended frame format (1)
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PDO Scheduling Modes Internal 1. Event- or Timer- event driven producer



2. Remotely requested



consumer(s)



Remote Frame producer



Sync 3. Synchronous transmission (cyclic, acyclic)



producer



consumer(s)



consumer(s)
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PDO Transmission Types Type No. 0 1-2401 241-251 2522 2533 2544 2555



cyclic acyclic synchronous asynchronous RTR only x x x x reserved x x x x x x



1 the



type indicates the number of SYNC objects between two PDO transmissions 2 data is updated (but not sent) immediately after reception of the SYNC 3 data is updated at the reception of the RTR 4 application event is device-specific 5 application event is defined in the device profile
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PDO Inhibit Time PDO transmission request



PDO_2 PDO_1



PDO_1



200



600



400



PDO_3 PDO_1



800



1000



1200



t/µs



PDO_1 Inhibit Time PDO_1



200



400



PDO_1



PDO_3



PDO_2



600



800



1000



1200



t
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Mapping Parameter Index



SubIndex 1XXXh 0h 1h 2h .. 40h 31 16-bit Index



Description



Data Type



number of mapped 1st object 2nd object ..



Unsigned8 Unsigned32 Unsigned32 ..



64th object



Unsigned32



16 15



8 7



0



8-bit Sub-index length
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PDO Mapping Object Dictionary Index



Sub



1ZZZh



01h



6TTTh TTh



Object contents 8



1ZZZh



02h



6ZZZh ZZh



16



PDO_1



1ZZZh



03h



6XXXh XXh



8



Object A



6TTTh



TTh



Object A



6UUUh UUh



Object B



6VVVh VVh



Object C



6WWWh WWh



Object D



6XXXh XXh



Object E



6YYYh YYh



Object F



6ZZZh



Object G



ZZh



Object G



Object E
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Service Data Object (SDO) Peer-to-Peer Communication



SDO Client



Node n-1



OD



ID 1 Data ID 2 Data



Node n



OD



SDO Server OD
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Segmented SDO Services Client



Server initiate SDO down-/upload (e=0) confirm initiate SDO down-/upload down-/upload SDO segment 1 (t=0, c=0) confirm down-/upload segment 1



down-/upload segment n (t=?, c=1) confirm down-/upload segment n
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SDO Message Format Byte 0 Command Specifier LSB



Byte 1-3: Multiplexor 16-bit-Index



Byte 4-7: Data



8-bit 1-4 byte parameter data Sub-index MSB
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SDO Parameter Set



Server SDO Parameter (22H) st 1 Server SDO parameter SDOParameter ro O 2 nd Server SDO parameter SDOParameter rw M/O** ::::: ::::: ::::: ::::: 128th Server SDO parameter SDOParameter rw M/O** Client SDO Parameter (22H) 1280 RECORD 1 st Client SDO parameter SDOParameter rw M/O** nd 1281 RECORD 2 Client SDO parameter SDOParameter rw M/O** ::::: ::::: ::::: ::::: ::::: ::::: SDOParameter rw M/O** 12FF RECORD 128th Client SDO parameter 1300 reserved ::::: ::::: ::::: ::::: ::::: ::::: 13FF reserved ** If a device supports SDOs, the according SDO parameters in the Object Dictionary are mandatory 1200 1201 ::::: 127F



RECORD RECORD ::::: RECORD
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SDO Parameter Record Index



SubIndex 12XXh 0h 1h 2h 3h 31 30 29 28 0/1 0



0



0/1 0



1



Description



Data Type



Number of entries COB-ID client-to-server COB-ID server-to-client Node-ID of server/client



Unsigned8 Unsigned32 Unsigned32 Unsigned8



11 10



000000000000000000



0 11-bit identifier



29-bit identifier



MSB



LSB 31: SDO exists (0), does not exist (1) 30: reserved (always 0) 29: standard frame format (0), extended frame format (1)
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Emergency (EMCY) Emergency Consumer(s) ID4 Emergency



ID1 Emergency



Emergency Producer 1



Emergency Producer 2



Emergency Producer 3



Emergency Producer 4



EMCY Producer COB-ID (1014 h) EMCY Inhibit Time (1015h) EMCY Consumer COB-Ids (1028 h)
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Emergency State Machine 0



0: Error free state will be entered automatically after power on



error free



1: Error occurred state will be entered after Emergency has been generated



4



1



2: One error has been gone but not all



2 error occurred



3



3: An additional error has been occurred 4: All errors have been gone
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Emergency Protocol Emergency Consumer(s)



Emergency Producer



indication(s)



request



MEF



EEC ER 2 byte



1 byte



5 byte



EEC = Emergency Error Code ER = Error Register (1001h) MER = Manufacturer-specific Error Field
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Error History Object 1003 h 31



0



16 15



Sub-index 1



Additional error info



Error code n



Sub-index 2



Additional error info



Error code n - 1



Sub-index 3



Additional error info



Error code n - 2



Additional error info



Error code n - 253



Sub-index 254



MSB



LSB



NOTE: If writing 0 to sub-index 0, the entire error history list is deleted
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Network Management (NMT) NMT-Master ID 0 NMT



NMTSlave



NMTSlave



NMTSlave



NMTSlave
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NMT Slave State Machine Power-On



Reset Communication



Reset Application



Initialization



Pre-Operational Stopped Operational
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NMT Protocol NMT Slaves(s)



NMT Master Byte 0



request



CS



Byte 1



indication(s)



Node-ID



Command Specifier (CS) indicates state transition to be performed
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Initialization State Power-on



Initialization



Reset Application



Reset Communication Boot-up Message



Pre-Operational
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Slave boot-up procedure Start Process Boot Slave



Start Parallel Process Boot Slave



Wait asynchronously 1s



Boot Slave



No



signal first boot access on optional slave



No



error status B ?



is Must bit set and boot time elapsed?



Yes



Object 1F89h Bit 3



No



Yes Object 1F81h



Signal received ? error status OK ? signal successfull boot or elapsed time



Yes



No



Inform application



Yes



End of Process Start Boot Slave End Sub Process
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Boot-up Protocol NMT Slave



NMT Master 0



request



1



0



indication
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Heartbeat Protocol Heartbeat Producer



Heartbeat Consumer(s) 0 0..7 s



request Heartbeat Producer Time (1017h)



1



0



request



indication(s)



1 0..7 s



indication(s) Heartbeat Consumer Time (1016h)



Heartbeat Event



indication © CiA



Virtual position sensor device



Index Name



M/O



Access



XX01h position_sensor_status



O



ro



XX02h absolute_car_position



M



ro



XX03h car_position_scaling_and_offset



O



rw



XX04h absolute_car_velocity



O



ro



XX05h car_velocity_scaling_and_offset



O



rw
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Default PDO Mapping Transmit_PDO 31



0



Absolute car position (Unsigned32) MSB



LSB



Default communication parameter • COB-ID: to be defined • Transmission type: e.g. timer-driven (255) • Inhibit timer: 0 • Event timer: x ms
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Pre-defined COB-IDs object



function code (binary)



resulting COB-ID



Communication Parameters at Index



NMT



0000



0



-



SYNC



0001



128



1005h, 1006h, 1007h



TIME STAMP



0010



256



1012h, 1013h



EMERGENCY



0001



129 – 255



1014h, 1015h



-



385 – 1407



14XXh, 16XXh, 18XXh, 1AXXh



SDO (tx)



1011



1409 – 1535



1200h



SDO (rx)



1100



1537 – 1663



1200h



NMT Error Control



1110



1793 –1919



1016h, 1017h



PDO1 to PDO1022
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Pre-defined PDO Linking Device X



TPDO_1_X TPDO_2_X



Device Z e.g. car door



RPDO_1_X RPDO_2_X



e.g. car tableau



RPDO_1_Z RPDO_2_Z RPDO_3_Z TPDO_1_Z TPDO_2_Z



Device Y e.g. position controller



TPDO_1_Y TPDO_2_Y RPDO_1_Y RPDO_2_Y RPDO_3_Y © CiA



Store and Restore SDO write to 1011 h signature “LOAD”



Restore default values NMT command message “RESET”



After reset default values are valid SDO write to several configuration objects



New configuration values SDO write to 1010 h signature “SAVE”



New values are valid
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Electronic Data Sheet



EDS file information: creation time, version, etc.



General device info: name,serial number, hardware revision, etc.



Object dictionary with default values
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EDS Generator
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Conformance Testing



© CiA



Safety-relevant Systems
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Safety-relevant Data Object CAN Data Frame 1



request



1 to 8 Byte



Bit-wise inverted Data Field of CAN Data Frame 1



indication(s)



1 to 8 Byte
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SRDO Timing SRDO1



SRDO1



SRDO1 refresh-time



refresh-time



SCT expired time



SCT



SRDO1



SCT



SRDO1



SCT SRDO1 SRVT expired



SRVT



SRVT



SRVT



time
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Milestones for WD 417 Part 2 and part 4: Virtual devices and detailed application object definitions End of 2002 Part 3: Default PDO mapping and pre-defined PDO linking Beginning of 2003 Part 1: Virtual devices and detailed application object definitions Spring of 2003 First CANopen-based lift prototypes at Interlift ‘03
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