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MiKPOKOHTpoOaepa:
UART,

Controller Area Network (CAN)

Bumorun Ao KOMyHiKauii MiXXK KOHTpoaepamu
(By3anamum):

KomMyHiKaLlia B peasibHOMY 4aci =
NPOrHO30BaAHICTb Yacy AOCTaBKMU
HannpocTiwa peanisauia — 2 nposoau (3BuTa
napa), WWMHHA ToNooridA

3aXUCT AaHUX, BUSHAYEHHA NOMUJIOK,
aBTOMATUYHA PETPAHCMICIA NPU NOMUIKAX
Multi-Master = KoXKeH By30/1 MOXe iHilitoBaTH
nepenavy

ApbiTpaxK Npyn HamaraHHi AeKiZibkoma By31amu
BeCTU Nepenavyy o4HOYACHO, NpiopUTHU3aALLIA
AAHUX NPU OOMIHI
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®isnyHum piseHb CAN

@iznannii pisens (ISO 11898-2)

35

EIRT

® 5|

»
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118 Om < RT < 130 Ot
CAN_H
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PetjeccuBHbIn

JIOMUHAHTHUA

Peueccuesui

v~

- cuMmetpiiHa (Judepenmiiiia) nepejjada mo Hanpysl CAN H mix CAN L, Bura napa 120 Owm;
- MOKJIMBICTE MO/aul JKHBIIEHH OKpeMOoIo napoto npoomie CAN V+ GND;

- TOTOJIOTISE — IMIHHA, ¢ KOPOTKHMH BITaITy KEHHIMII,
- joBxnHa mH1l g0 1000 Mm;

- 61rora mBHKIcTE B 10 x6it/c go 1 Mb6it/c, marpumka npuctpoem 20 Koit/c — 06oB’ a3K0Ra;

Bit Rate | Bus Length | Nominal Bit-Time

1 Mbit/s 30 m 1us
800 kbit/s 50 m 1,25 us
500 kbit/s 100 m 2 us
250 kbit/s 250 m 4 us
125 kbit/s 500 m 8 us
62,5 kbit/s 1000 m 20 us
20 kbit/s 2500 m 50 us
10 kbit/s 5000 m 100 us

- aBa TepMiHanbHUX pesnctopu 120 Owm (108-132) B KIHISX MTIHIL;
- PIBHI JUIsl IOMIHAHTHOTO Ta PelecUBHOTO O1Ta;

- MakcuMyM 64 TIpICTPOL HA CErMEHT

Node 2 Node 3 Node 4
Ld
Lt

npu 1 Moir/c Ld<0.3 M

Ld = Drop Length

Lt = Trunk Length
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PeuecuBHi Ta AOMiHaHTHI 6iTK Healthinoore

Vol'csA High Speed CAN Voltage Levels ISO 11898-2

3.75 == ===~ Dominant
’ CAN High \ ’ \ ,

25 =-uEsss000 0 Eeemmmm=0 ;eI emmeemmm——— Recessive
\ CAN Low } \ / \

1.25 = ==== Dominant

Data 0 1 0 1
3aMiCTb BUKOPUCTAHHA ABIMKOBUX 3HauYeHb AK «0» Ta «1» B cneuundikauii CAN BBeaeHi TepMiHW:
- JdomiHaHTHMM biT (0)
- PeuecuBHuM 6iT (1)

NomiHaHTHMI BiT 3aBXKAM nepemarae (AOMiHY€E) Haa peuecuBHUM

AKLLO WKWHa B peLecMBHOMY CTaHi, NnepeBecTu il B AOMiHAaHTHe MoXKe byab-KniA By30/1.
AKLWO WMHa B AOMIHAHTHOMY CTaHi, NepeBeCTU ii B peL,eCUBHE He 3MOMKe HiIKUIA BY30.

Author | Department 5
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dpenm (Tenerpama)

CAN bitstream

-—_———

CAN RX

4

© | Start of frame

SIEMENS'.;..
Data Frame, Remote Frame Healthineers -
Complete CAN frame -
Arbitration > Control —=<——Data > CRC g . < End of frame
§ B
P =~ = TON~O g
F Soar-ol 22328328 nrmnrnn QW0 b= COUEOHNFO
= = - EO0O000OEEESSeEES0000 883 O0UIxxPRTRRER o r o
S8838858E85 000055555 T5550R0R0RRERER000R0R 8808 00
1 0/0i0/0/0{1(0/0|0|1 1 1(111(10(1{1|1|0{1{0{1|0({O1|T(1{O{T |1 T ({1|{T|T1|1(T]|1]|1|1
o = 1 l ¥ r pemie—a. 1
[ (1 . U UL L
Field name Length (bits) Purpose

Start-of-frame

1

Denotes the start of frame transmission

11 A (unique) identifier which also represents the message priority

1 A bit of the opposite polarity to maintain synchronisation; see Bit stuffing, below
Remote transmission request (RTR) (blue) 1 Must be dominant (0) for data frames and recessive (1) for remote request frames
Identifier extension bit (IDE) 1 Must be dominant (0) for base frame format with 11-bit identifiers
Reserved bit (r0) 1 Reserved bit. Must be dominant (0), but accepted as either dominant or recessive.
Data length code (DLC) (yellow) 4 Number of bytes of data (0-8 bytes)l

064 (0-8 bytes)

Data to be transmitted (length in bytes dictated by DLC field)

CRC 15 Cyclic redundancy check

CRC delimiter Must be recessive (1)

ACK slot Transmitter sends recessive (1) and any receiver can assert a dominant (0)
ACK delimiter Must be recessive (1)

End-of-frame (EOF)

Must be recessive (1)

Inter-frame spacing (IFS)

Wi N R R

Must be recessive (1)



https://en.wikipedia.org/wiki/Bit_stuffing
https://en.wikipedia.org/wiki/CAN_bus#cite_note-16
https://en.wikipedia.org/wiki/Cyclic_redundancy_check#CRC-15-CAN
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Bit Stuffing Healthineers “:*°

«——— Data —

Bit Stuffing:
BiT NnpoTUAEXHOI NONAPHOCTI A0JAETLCA NicnA 5
NOCNiAOBHMX DiTiB OAHIEI MONAPHOCTI

MNocnifoBHICTb 3 AoAaHMMK NepeaaBavyem ctaddp-bitamm ‘

po3WmndpoBYE NpUNMaY, Buaansaoum ctaped-6itm -i-
(He Bci yactuHu Tenerpamm ctadpdpnatbca — CRC delimitier, ['
ACK, EOF are not stuffed)

DATA7
DATAG
DATAS
DATA4
DATA3
stuff bit
DATA2
DATA1
DATAO

6 NOCNIAOBHUX AOMiIHAHTHUX BIiTiB — Le ¢prar NOMUIKHK ]'
(amB. HUXYe Error Frame) 2 S
P\1L N—

Author | Department 7
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Kanajibauii piseas. Metoj 1octyny SIEMENS .-

Ap6|Tpa)K Healthineers --*°
(BOSH CAN 2.0A/B, ISO 11898-1)
R
Identifier —*| T|Control Data
10 9 87 6 5 0 R ield Al

I' listening only

. listening only
! |
l=“

racessive l. ..
bus-level TT— l ll ll

By3on, Wo nepenaBas peuecMBHUM BIT B TOM Yac KOM HA LWMHI 3HAaX0AUTbCA AOMIHAHTHUI BIT NnepegaHUM iHWKNM
BY3/10M, NPOTPaE apbitpask Ta NEPEXOANTb B MACUBHUN PEXUM.

node 1

node 3

S
O
il
node 2 I
i
]

MpioputeT ppenmy TUM BULLUN,

4YuM 6ANKUNU A0 HynA moro ID !1! Author | Department 8
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SIEMENS .-,
Error Frame Healthineers "’

Example 3: "Active’ CAN bus error frame (9 bits of Active Error Flags)
Primary Active __|

Bit Error ~. " Error Flag

CAN node 1
(transmitter
& discoverer)

¢———————— CAN bus error frame ———

(Partial) Primary Active ___ Secondary Active Error
CAN frame Error Flag Error Flag(s) Delimiter

IT™ —=

. ISecondary .
Active Error Flag

0-6 bits 8 bits

| I I I | CAN node 2

Example 3: 9 bits of error flags

Here, CAN node 1 has already transmitted a sequence of 3,y ode 2
dominant bits when it discovers a Bit Error and begins

sending 6 dominant bits.

. Secondary
Active Error Flag

Once halfway through the primary Active Error Flag, nodes +——— CAN bus error frame ———
2 and 3 recognize the Bit Stuffing Error (due to the 3 initial et
dominant bits being followed by another 3 dominant bits) BLEMO |~ Erorfeg " Delmter —"" ™

and they begin raising their error flags. The result is that
the sequence of dominant bits from error flags becomes 9 ~ “ANbus
bit long.

Author | Department 9
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®penm (Tenerpama) Health e o

Overload Frame

MaWxke He BUKOPUCTOBYIOTbCA !
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KoHTpOoAb nOMUNOK Healthineere "
Hardware reset
Error frames, error types, counters and states. +
CAN Error Types: Error
Active

1. Bit Error [Transmitter]

2. Bit Stuffing Error [Receiver]
3. Form Error [Receiver] ;
4. ACK Error [Transmitter] /
5. CRC Error [Receiver]

" 4 Hardware reset or
4 host reset with
128 x 11 recessive
bit waiting time

REC<128 or
TEC <128

] Bit Error Node transmits a dominant/recessive bit, Errqr > Buﬁ?
! but reads back the opposite logical level Passive TEC = 255 O
Bit Stuffin Node detect f 6 bits of th :
2 & e TEC: Transmit Error Counter

Error same |ogical level between the SOF and CRC
REC: Receive Error Counter

Node detects a bit of an invalid logical level

3| Form Error in the SOE/EOE fields or ACK/CRC delimiters TEC +8 Transmitter raises primary error flag —p e |
- y receives message
Node transmits a CAN message, but the ACK REC +8 Receiver raises primary error flag -
4 ACK Error Sl s p e et bygrelceiver(s) TEC -1 Transmitter successfully sends message

REC +1 Receiver raises secondary error flag

Node calculates a CAN message CRC that
diff f h itted CRC field | Author | Department 11
SHersrany the ransmitie 659, value Restricted © Siemens Healthineers, 2020

5| CRCError




Q&A - CAN Healthineers

* Questions so far? (CAN only related questions)

Author | Department 12
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c ﬂ N O p @ n Healthineers "’

Developer: CiA (CAN in Automation) www.can-cia.org
Standard documents:
CiA 301 - Application Layer and Communication Profile

Device Profile Spgc_lﬂcatlon

6: Presentation Layer

5. Session Layer
4: Transport Layer
3: Network Layer

Interface Profile Specification

Application Framework Specification

Author | Department 13
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http://www.can-cia.org/

anOp@ (1 Cepsicu CANopen oo EMENS .

#1 Network Management (NMT)

#2 Synchronization (SYNC)
#3 Emergency (EMCY)
#4 Timestamp (TIME) [PDO]
#5 Process Data Object [PDO]

#6 Service Data Object [SDO]

#7 Node monitoring (Heartbeat) [SDO

Author | Department 14
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anOp® (| Po6ota 3 06’ekTamu OD

Predefined Connection Set

Ana pocrtyny po o6’eKriB Ta cepsiciB CANopen
po3pobneHa eguHa cxema posnoainy
ineHTndikaTtopis (Basic CAN, 11 bit)

Bit-No.: 10 0
COB-Identifier

- - |
Function Code Node-ID

Figure 50: Identifier allocation scheme for the pre-defined connection set

Node-ID: 7 bit 1~ 127 (0x7F), 0 = broadcast

SIEMENS .-,
Healthineers -*

Table 33: Broadcast Objects of the Pre-defined Connection Set

object function code resulting COB-ID Communication Parameters
(binary) at Index

NMT 0000 0 -

SYNC 0001 128 (80h) 1005h, 1006h, 1007h

TIME STAMP 0010 256 (100h) 1012h, 1013h

Table 34: Peer-to-Peer Objects of the Pre-defined Connection Set

object function code Resulting COB-IDs Communication Parameters

(binary) at Index
EMERGENCY 0001 129 (81h) — 255 (FFh 1014h, 1015h
PDO1 (i) 0011 I_M 1800h
PDO1 (rx) 0100 | 513 (201h) — 639 (27Fh) 1400h
PDO2 (tx) 0101 641 (281h) — 767 (2FFh) 1801h
PDO2 (rx) 0110 769 (301h) — 895 (37Fh) 1401h
PDO3 (tx) 0111 897 (381h) — 1023 (3FFh) 1802h
PDO3 (rx) 1000 1025 (401h) - 1151 (47Fh) 1402h
PDO4 (tx) 1001 1153 (481h) — 1279 (4FFh) 1803h
PDO4 (rx) 1010 1281 (501h) — 1407 (57Fh 1403h
SDO (tx) 1011 1400 (581h) _ 1535 (SFFh) 1200h
SDO (rx) 1100 1537 ‘601hl — 1663 ‘67th 1200h
NMT Error 1110 1793 (701h) — 1919 (77Fh) 1016h, 1017h
Control

Author | Department 15
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anOp (1 KoHuenT CnoBHUKY O6’eKTiB Healthineore e
Object Dictionary (OD) . crpykrypaob

Index (hex) | Object

0000 not used
* O6’eKT — AaHi, 3 imeHem, TUNOM Ta aTpubyTamm, oNUCYETbCA 0001-001F | Static Data Types
TaKo Tab/IMYHOIO CTPYKTYpOIO: 0020-003F | Complex Data Types
Ingdex; | Diyact Nams Type Asrin.. | WO 0040-005F | Manufacturer Specific Complex Data Types
(hex) (Symbolic Name)

0060-007F | Device Profile Specific Static Data Types
0080-009F | Device Profile Specific Complex Data Types

* Index (Subindex) — no3uuis BcepeauHi cnosHnKa OD 00AQ-OFFF | Reserved for further use
1000-1FFF | Communication Profile Area

* Symbolic Name — BUKOpPUCTOBYETbLCA AK im’s1 3MiHHOI B C

* Name — KOpoTKni onuc PpyHKLUioHany |
A000-BFFF | Standardised Interface Profile Area
CO000-FFFF | Reserved for further use

* Attribute — npaBa goctyny go o6’ekty: RW, RO, WO, Const

* M/O — Mandatory (required by standard) or Optional

Author | Department 16
Restricted © Siemens Healthineers, 2020



anOp (1 KoHuenTt CnoBHUKY O6’eKTiB Healthineore e
Object Dictionary (OD)

Mpuknagu onucy ob’ekriB (gemoHcTpauis in live)

= w6401 - Analog Input 16bit o Jopesir] S
----- (5] 000 - Number of Entries R ?
----- = 001 - Analog Input 16bit AINO indexc 6401 Add new Sub Index
..... (5] 002 - Analog Input 16bit AIN1 £DS Name: [Analog nput 1661
""" (S 003 - Analog Input 16bit AIN2 DataType:  |INTEGER16 = Object Code-  [Array -
----- (5] 004 - Analog Input 16bit AIN3 CName:  [read_AI_16bit

Description:

daiinn OD — Tunu EDS, XDD (gemoHcTpauis in live)

Onuc cnosHUKa 06’eKTiB B C Koai (aemoHcTpaduia in live)

Author | Department 17
Restricted © Siemens Healthineers, 2020



anop @ Cepsicn CANopen: SIEMENS .

SDO - Service Data Object Healthineers =

el

Manager
._c :l\'_f.’\ Y

SDO Client

-
= |
o
()
E
-
()]
8
R -t
53
Q
(D
red
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CANopen

Six confirmed services (SDO Download, SDO Upload, Initiate SDO Upload, Initiate SDO Download, Download SDO
Segment, and Upload SDO Segment) + one unconfirmed service (Abort SDO Transfer) are defined for Service Data
Objects doing the standard segmented/expedited transfer.

Cepsicu CANopen:
SDO - Service Data Object

SIEMENS ...
Healthineers -*

Eight confirmed services (SDO Block Download, SDO Block Upload, Initiate SDO Upload, Initiate SDO Block
Download, Download SDO Segment, Upload SDO Segment, End SDO Upload and End SDO Block Download) + one
unconfirmed service (Abort SDO Block Transfer) are defined for Service Data Objects doing the optional block

Transfer.

Client 500 Ugtoad (narmal)

Server

ale SO0 Updoad 3]

| g 34oad 500 Segeven (120, e

Lipioad SD0 Segmer (=1 o0

"MI‘M 500 Segrent (10 e~

9400 SDO Segeeent (07, oa1)

Client

SD0 Upioad (axpadns)

Inisate 500 Updood

u_s-:} X
request /
—ipl

Initiate SDO Upload
Client 7 Server

\ indicaton
>

< \0 1 4

confirm
7.8 ¢ 12 ] 0 - q
o5 X n

xe=d

* ccs: client command specifier
2! Initiate upload request
* scs: server command specifier
2 Initiate upload response
* n:Only valid if e= 1 and s = 1, otherwise 0. If valid it indicates the number of bytes in d that do not
contain data. Bytes [8-n, 7] do not contain segment data.
« e transfer type
0 normal transfer
1:  expedited transfer
*  s:size indicator
0. data set size Is not indicated
1 data set size is indicated
m; multiplexor, It represents the index/sub-index of the data to be transfer by the SDO

d is reserved for further use.
1 d contains the number of bytes to be uploaded.
Byte 4 contains the Isb and byte 7 contains the msb.
d contains the data of length 4-n to be uploaded,
the encoding depends on the type of the data referenced
by index and sub-index
e=1,s5=0: dcontains unspecified number of bytes o be uploaded.
¢ X:not used, always 0
* reserved: reserved for further use , always 0

request

/ C(';:) ; .
s
* o 1
confim
rs ‘ ER 0
- n (S

Client Upload SDO Segment

Server

<«

response

8
\ indication
>
8 /

ccs: client command specifier

3. upload segment request

scs: server command specifier

0. upload segment response

t: toggle bit. This bit must alternate for each subsequent segment that is uploaded. The first
segment will have the toggle-bit set to 0. The toggle bit will be equal for the request and the
rasponse message.

c: indicates whether there are still more segments to be uploaded.

0:  more segments to be uploaded

1. no more segments o be uploaded

seg-data: at most 7 bytes of segment data to be uploaded. The encoding depends on the type of
the data referenced by index and sub-index

n: indicates the number of bytes in seg-data that do not contain segment data. Bytes [8-n, 7] do
not contain segment data. n = 0 if no segment size is indicated.

X: not used, always 0

reserved: reserved for further use, always 0

Author | Department 19
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anOp@ (| Cepsicu CANopen: HeatHEMENS .

SDO - cepsic goctyny Ao 06’ekris OD By3s1a mepexi

MpakTnyHuM npuknag yntanHa ob’ekris: (Node-ID = 0x1C: 0x61C = 0x600 + Node _ID, 0x59C = 0x580 + Node_ID)
1017 : Producer Heartbeat Time

Transmit: Ox6lc 8-Data: 40 17 10 00 00 00 00 0O | @ | SDO (rx) INI UPL REQ | Producer heartbeat time

Receive: 0x59¢c 8-Data: 4b 17 10 00 -OO 00 | K | SDO (tx) ini upl rsp | Producer heartbeat time=_

100A : Manufacturer Software Version - Segmented Transfer case

Transmit: Ox6lc 8-Data: 40 Oa 10 00 00 00 00 0O | @ | SDO (rx) INI UPL REQ | manufacturer software version

Receive: 0x59c 8-Data: 41 0a 10 00 14 00 00 OO0 |A |SDO (tx) ini upl rsp | manufacturer software version DatalLen=20
Transmit: Oxo6lc 8-Data: o0 00 00 00 00 00 00 0O | © | SDO (rx) UPL SEG REQ |

Receive: 0x59c 8-Data: 00 56 41 30 30 41 20 41 | VAOOA A|SDO (tx) upl seg rsp | StringData: VAOOA A

Transmit: Ox6lc 8-Data: 70 00 00 00 00 00 00 00 |p | SDO (rx) UPL SEG REQ |

Receive: 0x59c 8-Data: 10 70 70 6c 69 63 61 74 | pplicat]|SDO (tx) upl seg rsp | StringData: pplicat

Transmit: Ox6lc 8-Data: 60 00 00 00 00 00 00 0O |~ |SDO (rx) UPL SEG REQ |

Receive: 0x59c 8-Data: 03 69 6f 6e 00 00 00 00 | ion |SDO (tx) upl seg rsp | StringData: ion

Author | Department 20
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anop@ﬂ Cepsicu CANopen: SIEMENS ..,

Healthineers **
PDO - Process Data Object

» [103BO/ISIE NepeaaBaTh AeKinbKa 06’ eKTiB 3i
cnoBHMKa (OD) B oaHin Tenerpami

Single device Multi device

* Multicast — nepegaya moxxn1mBa ogHO4YaCHO

AEKIIbKOM By3/1aM ]

* Moxnusi Tpurepun nepegavi PDO:
» Application SW
» Time driven (cyclic PDO)
» Synchronous (SYNC related)
» Event (COS = change-of-state)
» Combination of abovementioned

Author | Department 21
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(| Cepsicu CANopen:

PDO - Process Data Object

PDO Communication Parameters:

Transmit PDO Parameters:

 TPDO1..TPDO512

* |ndex 1800h...19FFh

Fde £dit  Generate

Shaw

gip[:m Help

Receive PDO Parameters
RPDO1...RPDO512
Index 1400h...15Fﬂ

FH @B D

mr_‘l
@
@ =
& [
@ =
@
@[
G-
@-H
@
& @
AL
@
@ o
@ [
@
@ &
@ [
& &
@
a [

1000 -
1001

1009

Dcwce Type

- Error Register
1002 -
1003 -
1005 -
1008 -
- Manufacturer Hardware Version

- Mamusfacturer Software Version

- Guard Time

- Life Time Factor

- Store Parameter Field

- Restore Default Parameters

- COB-ID EMCY

- Inhibit Time Emergency

- Producer Heartbeat Time

- Identity Object

- Error Behaviour

- RPDO Communication Parameter 1
- RPDO Communication Parameter 2
- RPDO Mapping Parameter 1

- RPDO Mapping Parameter 2

Manufacturer Status Register
Pre-defined Error Field
COB-ID SYNC

Manufacturer Device Name

ommurnicabon Parameter |

Vast | Stucew | Ostimzation |

PDO Settings

Tranamssion Mode/Type

 Synchronous ™ RTR oaly

= Asynchronous " Manufacturer specific

@« Profile specific

Nr. of SYNC Peclods 1 =
Resulting Value: E
WS&M@

¥ Uss inhibit Tims (0-65535 (100 us)) .—
W Use Event Tener (0-85535 ms). lm :
I” Uss Sync start value (0-255) |t‘ 9
Dymamic Mazping
™ Enable dynamic PDO Mapping

~Geweal PO Seltings
I” Enable bewese Encoding for PDOs
I~ No sutomatic mapping for SYNC PDOs before sending (TPDO)
™ Enatée RTR-PDO Indication Functien (TPDO)
I” Enabie PDO Evert Timer Indication
™ Enable Wrong PDO Length indication (RPDO)
I~ Enabls usage of wiual obgcts in PDO

SIEMENS .-,
Healthineers -
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c n N O p @[\ Cepsicu CANopen:

PDO - Process Data Object

* Time trigger — BCTAaHOBNIOETbCA 3HAYEHHAM NapameTpy
= Hanpuknag 5000 ms (0x1388)

RO
RO
RO

RO

Hepnonikn BuKopuctaHHa Event Timer:

Index 1800h...19FFh, Subindex 5 (Event Timer)
NodelD=0x1C, TPDO1 COB_ID = 0x180.

01
01
01
01

121
122
122
122

:56, 7936:
:01, 7935:
:06,7935:
:11,7935:

0x19c
0x19c
0x19c
0x19c

1-Data:
l1-Data:
1-Data:

1-Data:

ff
ff
ff
ff

0x19C=COB_ID + NodelD

e [laHi MOXKYTb OYTU HE3MIHHUMMU, a/ie NOI0CY NPONYCKAHHA — 3aMMatoTb

e Tanmepwu Big, pi3HMX BY3/1iB HECUHXPOHI30BaHi

SIEMENS ...
Healthineers -

| PDO1 (tx)
| PDO1 (tx)
| PDO1 (tx)
| PDO1 (tx)
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c n N O p @ () Cepsicu CANopen:

PDO - Process Data Object

* Event Driven trigger — BCTAaHOB/IIOETbCA 3HAYEHHAM NapameTpy
Index 1800h...19FFh, Subindex 2 (Transmission type)
HanpuKknag OxFE (Manufacturer Specific), OxFF (Device Profile specific)

RO
RO
RO
RO

RO

01:
01:
01:
01:
01:

41

47 :

41 -

41

417 :

:39,4804:
40,0634:
40,2214:
:40,0044:
40,7254:

0x19c
0x19c
0x19c
0x19c
0x19c

1-Data:
1-Data:
1-Data:
1-Data:

1-Data:

NMNepeBara Event Driven Trigger:

* [laHi nepenatoTbCa TiNIbKM KOMM 3MiHIOIOTbCA (36epiraeTbca nonoca NponyckaHHA)

Heponiku Event Driven Trigger:

ff
£7
ef
fe

ed

| PDO1
| PDO1
| PDO1
| PDO1

| PDO1

SIEMENS ...
Healthineers -

* AKLWO NPpUMManbHNI BY30/ 3arpy3nTbCaA NisHille, BiH He byae 3HaTU AKi AaHi aKTyanbHi Ha 3apa3

» Tpeba BpaxoByBaTh nNoTpebu iHwWmMx By3AiB (use Inhibit Time Parameter — next slide)
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PDO - Process Data Object

* Inhibit Time — BCcTaHOBNIOETbLCA 3HAYEHHAM NMapameTpy
Index 1800h...19FFh, Subindex 3 (Inhibit Time)

Transmit requests by three nodes, shown by CAN ID

PDO 283k | PDO 185h h

Transmission WITHOUT Inhibit Time

PDO 181h DO 181h PDO 181h
- - <N e e e e AR 2 S SN, G et . ’ S S - PAW. L

Transmission WITH Inhibit Time of ,,10“ (=1ms) for PDO 181h
250 500 750 1000 1250 1500  us/ms
<—— PDO 181h Inhibit Time 10 —-| |<— PDO 181h Inhibit T

i)
s !A ..;..._‘.v,f:.‘,.,”.s.

Author | Department 25
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PDO - Process Data Object

* SYNC- Related PDO — BCTaHOB/NOETbCA 3HAUYEHHAM NapameTpy
Index 1800h...19FFh, Subindex 2 (Transmission type = 1~254 )
Transmission type = number of SYNC messages

SYNC-Related PDO nepepa€etbca TinbKu nicna nosiBn BU3HadeHoi KifibkocTi SYNC Ha WKHI.

Sensor A m

Sensor B

Serial transmission via CAN, Serial transmission via CAN,

o m butte highest proriyfingt highest priority first
TO 02:12:09,1280: 0x080 O-RemoteFrame | SYNC
TO 02:12:09,5580: 0x080 O-RemoteFrame | SYNC
TO 02:12:09,9187: 0x080 O-RemoteFrame | SYNC
RO 02:12:09,9192: 0x29c 8-Data: fe 0f fe 0f 3b 0Oa fe 0f | ; | PDO2 (tx)
NodelD=0x1C, TPDO2 COB_ID = 0x280. 0x29C=COB_ID + NodelD

Author | Department 26
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Mapping objects in PDO

[eKkinbKa 06’eKTIB 3i CZIOBHMKA MOXKYTb nNepeaasatmnca B ogHomy PDO.
ManniHr — ue npouec BU3HA4YEHHA AKi came 06’ekTn nepeaatotbea B PDO.

Index Subldx Type Description

6000h Process data, digital inputs
0 UNSIGNEDS = 2 (Number of sub-index entries)

’I}) | UNSIGNEDS8 8-bit digital input

6401h Process data, analog inputs
UNSIGNEDS = 2 (Number of sub-index entries)

PDO llllillll.’ o

|"71 BVIe 2

Author | Department 27
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Mapping objects in PDO

PDO Mapping Parameters:

Transmit PDO Mapping Parameters: Receive PDO Mapping Parameters
TPDO1... TPDO512 RPDO1...RPDO512
Index 1A00h...1BFFh Index 1600h...17FFh
=-fm 1A01 - TPDO Mapping Parameter 2 Mask ] Structure | Optimization | Mask | Structure ]Dptimizatiun]
- /=] 000 - Number of Entries .
. PpIing
~ ~[3] 001 - Mapping Entry 1 PDO Mappin . _ . Sub-Index CANopen
_____ [E 002 - Mapping Entry 2 PDO-mappable Sub Indices Mapping Entries
""" = 003 - Mapping Entry 3 Index ISub ILengtIName "Entries ) .
5 004 - Mapping Entry 4 6000 001 8  Read DI ByteD 0x64010110 SIEE [1801 I PDO Mapping
6401 001 16 Analog Input 16bit AIND 064010210 Sub-Index: IUU1 ™ Monvolatile Storage
6401 002 16 Analog Input 16bit AINT 064010310
6401 003 16 Analog Input 16bit AINZ 064010410 -
6401 004 16 Analog Input 16bit AIN3 EDS Name: |Mapping Entry %s
Data Type: |UNSIGNED32 ﬂ Access: |Cunstant j
Size: |4 Lower Limit: |Ux0
Unit: | Default Value: v [[0x64010110
Upper Limit: |UxFFFFFFFF

Mapping Entries:
» 32 bit value:
+ Pointer to data (16bit Index and 8bit Subindex)

- Length of data in bits (8bit value)
« For compatibility only use multiple of 8

31 16 15 87 0
0X20030120 Restricted © Siemens Healthineers, 2020
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PDO Transmit to Receive Mapping

R i« i,

CANopen Node CANopen Node CANopen Node
RPDO1 Obj Dict Obj Dict Obj Dict

[2000,01] =7 [2000,01] =A [2000,01]=?

[2000,02] =B

CANopen Node

Obj Dict TPDO1
[2000,01] = A - Valus !
00 i =g, ValoeD

Value D

. [2000,02]

e 02]=B
—— e |
- e —

(2000,03] =7

[2000,04] =D [2000,04] =D [2000,04] =D

[2000,04) =D

TPDO2 RPDO2

R |

(2011.001=F B8
[2012,001=G |
[2300,01] =H

: [2011,00]=F
_ | | [2012,00]=G ] y object e
[2300,01] =7 [2300,01] = H [2300,01] =2
(2300,02] =2 , [2300,02] =2

2300,04]=% R300,08=7 [2300,04] =K e : [2300,04] =

PO00.0Y)~ W
000,03 -~ Y 2 200001) - ¥

200003 ~ ¥

2000,04] - 2

' [(2300,04) »
[2000.01) = A (2300021~ 7

200003~ C ’ 300,04 ~ ¥
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NMT - Network Management

B npoueci poboTu By3na — MOXKAMBI AeKinbKa CTaHIB (KapTUHKa
cnpaBa), B KOXXHOMY 3i CTaHIB MOX/INBO KOPUCTYBATUCA TUM YU

iHWwnm cepsicom CANopen (Tabnnyka 3HU3y).

MNepexig mixk cTaHamu KoHTpontoeTbcA NMT Master, yepes
06’exkT 3 COB-ID =000

INITIALISING

PRE-OPERATIONAL

OPERATIONAL

STOPPED

PDO

SDO

Synchronisation Object

SIEMENS ...
Healthineers -*

Power on or Hardware Reset

l (1)

Yvy

(14)

(13)

Initialisation

AAA

(2)
Y (11)

Pre-Operational

~—

(10)

—

[ e R I
4) ?)\*{
(3) (6) Stepped }_

(12) : }/é
4[ Operational J

~

(9)

Table 31: Trigger for State Transition

(1)

At Power on the initialisation state is entered autonomously

Time Stamp Object

(2)

Initialisation finished - enter PRE-OPERATIONAL automatically

Emergency Object

X| X| X| X

x| X| X| X| X

(3).(6)

Start_Remote_Node indication

(4).(7)

Enter_ PRE-OPERATIONAL _State indication

Boot-Up Object

(5).(8)

Stop_Remote_Node indication

(9).(10),(11)

Reset_Node indication

Network Management
Objects

(12),(13),(14)

Reset_Communication indication

Author | Department 30
Restricted © Siemens Healthineers, 2020



c n N O p @ () Cepsicu CANopen:

NMT - Network Management

Start Remote Node Protocol

NMT Master Start Remote Node NMT Slave(s)
Request 0 1 2 Indication(s)
»[CS=1__[Node-ID [-——> indication
request COB-ID =0 indication
N indication
Stop Remote Node Protocol
This protocol is used to implement the 'Stop Remote Node' service.
NMT Master Stop Remote Node NMT Slave(s)
Request 0 1 2 | 1dicati0n(s)
»(CS=2  |Node-ID ———»> iGN
request COB-ID=0 indication
. indication

Enter Pre-Operational Protocol

The protocol is used to implement the 'Enter_Pre-Operational' service.

NMT Master

Request

request

Enter Pre-Operational

0 1 2
——»——»{CS=128 [Node-ID ——p»

SIEMENS ...
Healthineers -*

NMT Slave(s)

ndication(s)

indication

indication

2
—»

COB-ID=0
Reset Node Protocol
NMT Master Reset Node
Request 0 1
»CS=129 |Node-ID
request

COB-ID=0

> indication

NMT Slave(s)

ndication(s)

indication

> indication

indication

>

Author | Department
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Heartbeat, Bootup

COB-ID = 1792 + Node-ID

SIEMENS ...
Healthineers -

Heartbeat
Consumer

Heartbeat
Producer
/A request
Heartbeat — unMkniyHe NoBiAOMANEHHA WO Hece B cobi AaHi NPO NOTOYHUIN
ctaH (NMT state) By3na. Heartbeat
Producer
. . Time
HanawTtoByeTbca 06’ektom 1017hex, B minicekyHaax. :
A4
COB-ID = 1792 (0x700) + NodelD =
RO 00:12:48,0947: 0x71lc 1-Data: 05 | NMT Nodeguarding/Heartbeat 28 Operational
RO 00:12:49,0947: 0x71lc 1-Data: 05 | NMT Nodeguarding/Heartbeat 28 Operational
:send:nmt 2 nodeid
TO 00:12:49,3497: 0x000 2-Data: 02 1c | NMT Stop Remote Node 28
RO 00:12:50,0947: 0x71c 1-Data: 04 | NMT Nodeguarding/Heartbeat 28 Stopped
RO 00:12:51,0947: 0x71c 1-Data: 04 | NMT Nodeguarding/Heartbeat 28 Stopped

:send:nmt 128 nodeid

TO 00:12:57,1171: 0x000 2-Data: 80 1c
RO 00:12:58,0947: 0x71lc 1-Data: 7f

RO 00:12:59,0947: 0x71c 1-Data: 7f

RO 00:13:00,0947: 0x71c 1-Data: 7f

:send:nmt 129 nodeid

NMT Enter Pre-Operational Node 28

TO 00:18:25,3057: 0x000 2-Data: 81 1c | NMT Reset Node 28
H
RO 00:18:25,3335: 0x71c 1-Data: 00 | NMT Bootup Node 28

NMT Nodeguarding/Heartbeat 28 Pre-Operational
NMT Nodeguarding/Heartbeat 28 Pre-Operational
NMT Nodeguarding/Heartbeat 28 Pre-Operational

r: reserved (always 0)

indicatiorP
indication
indication” /.

Heartbeat
Consumer
Time

Figure 42: Heartbeat Protocol

s: the state of the Heartbeat producer

0: BOOTUP
4: STOPPED
5: OPERATIONAL

127: PRE-OPERATIONAL

indication
indication \/
indication

Heartbeat
Consumer
Time

> V
Heartbeat Event
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e Questions so far?
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for your enthusiasm!

Roman Fedoryak

SIEMENS HEALTHCARE LIMITED LIABILITY COMPANY
SHS TE ME PLM SD ESW UKR1

14 Uhorska Street

79034 Lviv, Ukraine

mailto: roman.fedoryak@siemens-healthineers.com
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