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master frames issued by the master

6 Ohits 4 12 B MSD = Master 2 52 Jia gls Cu(9 bits)
] CS = (i 02 £ (8 bits)
MSE) | sddres €
(33) S} | sso €8 FLrE (301

slave frames sentin response to master frames

16 bits
3 m. 550 = Slte a2 g
9 32 bits 8
(4%73 data | €3
1 9 64 bits B
&) data lcs
9 64 bits 8 Gabits 4 8
2 et - -
9 64 bits g G4bits ,, 8 G4bits 8 6
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Master Frame Slave Frame
F_code | address request source size | response destination
0 16
1 single 32 all
2 logical Process_Data device 64 Process_Data devices
3 subscribed 128 | (application subscribed
4 as 256 | -dependent) as
5 reserved source sink
6 reserved
7 reserved
8 all devices| Master_Transfer Master 16 Master_Transfer | Master
9 device General_Event >=ldevices 16 Event_ldentifier Master
10 device reserved -
11 device reserved - -
12 device Message_Data single device | 256 | Message_Data selected device
13 group Group_FEvent >= 1devices 16 Event_ldentifier Master
14 device Single_Event single device | 16 Event_ldentifier Master
15 device Device_Status single device | 16 Device_Status Master or monitor
5 oMbl sl |, General Event Poll l.,8 Master Jl. olge a

Slave ¢ cool ails Jlo,l 4 g Lag e F-Code L 55 &0 4 ool
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StartEvent Poll  Event [dentifier Event Identifier Event data
(parameters and Response returned as master
satup) from slave frame

ET 1234

XXX }{}{}{}{

fime

Event Poll telegram Event Read telegram
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5 Obits 4 12§ MSD = Master # 54 Jila £ls Cu(9 bits)
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slave frames sentin response to master frames

9 16bits 8
38 _caa 65 S90Sl i g
” g 32 bits 8
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64 g 64 bits 8
&) data | cg
g 64 bits g G4bits &
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single frame loss:

respond within raspond within
1.3ps<tms<4.0ps 4ps<tsm<1.3ms

MSD ADDRESS a 55D DA‘T}\’ )

= - / - L I

time

tom  13ms

EEZ] 224
=22 s =22 s ”

k3 e
ADDRESSa. . @-. 5s

double frame loss:

M3

L ]
=

time
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accept if 0.5ps < t mm <427 ps
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Tapography:

bus (copper), active star (optical fibre)

Medium:

copper: twisted wire pair
optical: fibres and active star coupler

Covered distance:

OGF: 2000 m, total 4096 devices
EMD: 200 m copper with transformer-coupling
ESD: 20 m copper (R5485)

Communication chip

dedicated IC available

Processor participation

none (class 1), class 2 uses minor processor capacity

Interface area on hoard

20 cm2 (class 1), 50 cm?2 (class 2)

Additional logic

RAM. EPROM _ drivers.

Medium redundancy:

fully duplicated for availability

Signalling:

Manchester I + delimiters

(Gross data rate

1,0 Mbls

Respanse Time

typical 10 ps (<43 ps)

Address space

4096 physical devices, 4096 logical ports per bus

Frame size (useful data)

16, 32, 64, 128, 256 bits

Integrity

CRC8 per 64 bits, HD =8, protected against sync slip

Bombardier &Y guaxo j0 MVB SS9
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|S charl Size | Type |Seq no|D addr|S addrl Checksum | Data | Checksum |

[€=i€ i€ >e—>

Synchronization Header Data Data Confrol

| & Y |

I~ Z1
Frame

23,kees 25,5 MVB JSGg 0 00,8 YF-Y-) S
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network
addresses

"= link header — e

I |
ﬂqal orilgin MTC

8bits8 8|8 |8 8 8 8|8

WTB

A A A A A A A A A A A A A A A A AR AR,

I I
final orirqin MTC
1

4 12 4 12|18 8 8 8 8 8

MVB

OD: désiinatior dovice Link Data Unit - common to all busses

SD: source device
LLC: link layer control
MTC: Messsage Transport Control
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Neuron® C | oolatwl LC by & Glaely Jlasl cpl 5l as
5l Jliuses a4 Sbl Jows o5 098 oo aig o] (1, Programmer
325 ool 1) gl uallS g 00,5 Slgslé |, Offset Jaie oyos RESET
95 93,5 ey AID G 9 03,5 a1 Jhue (65 4ged E5
AID Jooss plail 5l am g aiS cyyed aSl o 1) Lo il Sy e
ass izl | oledll

#include <stdlib.h>
#include "a2d.h"

//  Declare node-level self-decumentation
#pragma set node sd string "&3.061Temp Snsr"
// Declare sensor output network variable
network output sd string("@1|1") SNVT temp nvoValue;
// Declare sensor configuration parameters
config network input sd_string{"&O,S,0\x80,26") SNVT_temp nciOffset;
config network input sd_string{"&O,l,0\x80,31") SNVT_muldiv neiGain;
config network input int nciSampleRate;
/| Reset task - initialize A/D converter
when( reset ) {
a2d_enable(nciSampleRate)
aZd;mux(O);
// 3/D conversion complete task - propagate network variable
when ( an_dnne(] ) | // fixed point linear scaling

nvoValue = muldiv(an;read{J, nciGain.multiplier, neiGain.divisor) + nciOffset;

}
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Meuron® CPO[] Ay 510 }.<
Chip cr1—2 K, A

Ok * Ok F R R

510 |
TMPM  CP2 W Node #54
M50 CP3 +% N

or CP4 :I—L I —

TMPM Z 2 k0 77 Lapa- 1020
3120

+5y (Al resistors are metal film £1%, 1/8 W)

*All Neuron chips need common ground kevel.

ol de 50 00l 12 ) o 79 A e Jlas] Y-V IS



S a8 Siygisle 9 S8 winnw W 0F

slaile, 5l #laS o pivw b (ais 4 Lo Lonworks 4l o

555 1,8 solainl 0550 (Sod Y mhaw ,0 Wil oo bl 5l S 5L g 59
Db ged jd S 5o s (S Y SOl eolaiul 4 093 g

sl 5 @Sl s )5 L3 5l egie &Y gae Echelon o5 5

k2 5 6T 9 699y9 Sl b5 (s 5 99,5 Sl
&S oo a8l Lonworks asils (o ool



OV M b Sy ygnle g JynS s slod il 5 pme 2 gl uad
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LenTall¢ Protocol Data Unit Summary

f [ f

li

PPDU  [BHSyne|ByteSync [PriorARPath |Deka BL|

PO [eRe]

fxed-ength figlos

variable-lengih fields

2 1 ™ s

NPDU | Version | POUF i | AddiFint | Lenglh | Addvess | Domain | Encl PDU |

(ineludes
LPOU, MPDU) L’”'"“ I-.O
Address Formats y L !

______________ N

| BT P

| D|SrcSubnet| [tchoge | Dstaubngt | Protacal
Yersion

|1IScSubneH|SrcNude|DsGmup| . .
b

|2a (5rcsubne] | |SrcNude|DsSuhnet| |Dsthde| \é "

|2b (3rcSubnet] 1 |3rchod | DstSubnet | 1 |Dthode | Gruup |GrpMemb|

fFHT=1
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Preamble bit sync bit + N# | Receiver Synchronization (N is
configurable)
Preamble byte sync bit) Receiver synchronization
Log Data bytesy | Definition of the message type
Source address bytesy Addressing
Destination bytesy-\ Addressing
Domain bytess-- Addressing
Message Type bity Definition that network variable
is transmitted
Network Variable bit\f Logical identifier
Selector
Data bytestito ) Payload
CRC bit\# CRC
Line Code Violation bita.v Violation of the Manchester

code
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Preamble bit sync

bit + Ns

Receiver Synchronization (N is
configurable)
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Preamble byte sync bit\ Receiver synchronization
Log Data bytesy Definition of the message type
Domain bytess-- Addressing

Source address bytesy Addressing
Destination bytesy-\ Addressing
Message Type bit\ Definition Explicit Message
Message code bitsy Definition News Service
Data YYAto \From Payload
bytes
CRC bit\s CRC
Line Code Violation bita.v Violation of the Manchester

code
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Summary of technical data

Interface MVB, 2 Ethemnet, Serial x 2, USB

Summary of technical data

Standard Interfaces:

Ethernet 2x 107100 Base-T

Ethernet dzxsxs U
Xerox dntel DEC slbeS 1o (gom 31 VA Jlu jo Ethernet asii
b g sodls W sl by Hlea Co 5l ansin w5 &)
aasin el 7 cpl aes o plxl |y losls wlbls,l js OSI Jas
oo ©95 52 Lzl el YASVIEEE 043+ Jlo o .ol YA+ YIEEE

S lastiwl 4 ol jLacil 5l s oS ol i (Twisted Pair) ool ouls z95

D yeguieo Base TV ¢

Base TY+ & yluiliw! Wlasico

sleo )5 0 9 STP o alds g4 ool 00l zgy L 9 UTP LIS 5l
e Z9) 99 O9d o oolwl ITP (Industrial Twisted Pair) ;1 o
Sy oy o 1P L )Y phie maw g erl Voo dasin ulaal
lo IS Slasio 4 a2 b 5 )15 S8 4 4z b i)ls 095 slassla
Ll 8 jlastiwl () 5o conlio LIS OCAT LIS osel 5 40 4
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Cate5 (UTP) Cate5 (STP)

Jacket

Foil shield around wire pair

Care Pair 1
perd ___ Dummy,Elements

oy,

Overall braided screen

-~ \;1_“_ 2 \
Core Pair 2 Y \
™~

(ITP)Cated
dCate slo b5 slasges Y-0-) S
Specification of Various Cable Categories
Category 3 Category JE | Category 6 Category 7
Parameter (568.A-5)
Specified frequency range 1-100 MHz 1-100 MHz 1-250 MHz 1-600 MHz
Attenuation MdB 24 4B 21.7 4B (36 4B) 208 4B (34.14B)

1wl 2y Oyge STP o UTP Lch'szng GL“W Lghmj.;)

GRN ., WHT/GRN i
’ R =

ORG , ORG/WHT b ek — 2t

BRN , BRN/WHT £ esid i 5l

BLU, BLU/WHT
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RPC PR VWY B S N VI /Ls_ﬂ S, 4 z95 99 ITP e o
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Pair 2 (white/orange)
Fair 1 {whtefbiue)

beraided Blind
tnmnM_\ sheeig [ilhﬁ-rhd copper braid) Y’"h

\mw

[consecutive number)

Par shield
{plastc laminaied
aluminum fiod)

Plastic fod

{pair 2)

ITP s 3l (gligas ¥-0-) S

Cable categories EN 50173 CATS
DC loop resistance maximum 124 ohm'km
DC insulation resistance minimum $Gigachmkm
Attenuation/100 m a4 MHz maximum 3.6dB
10 MHz 5.7dB
100 MHz 130dB
Near end crosstalk loss at 1300 MHz MMM 804B
| (NEXT)100m
Characteristic impe-dance at  1--100MHz 100 chm=/- 13%
100 -300 MHz 100 ohm+- 43%
Transfer impedance a 10 MHz favimiim m ol
Structural remurn logs at 1100 MHz minmum 348
100 --300 MHz 15dB
Longitudinal conversion loss minimm 43dB
Capacitance unbalance pair to maximum 3400 pFkm
| grotind
Dielectric strength at 50 Hz effective value
-conductor/conductor loun 100V
-conductorshield Imin 0V
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AB ol a4 g0 puw lp o9, 99 YORj [0 09 oo eolawl YYM

3,15 092
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1
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HHS Jeck RS Jack
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| WHT/ORG 1 WHT/GRN
2 ORG/WHT 2 GRN/WHT
3 WHT/GRN 3IWHT/ORG
4 BLUWHT 4 BLUWHT
5 WHT/BLU 5 WHI/BLU
6 GRN/WHT 6 ORGWHT
7 WHT/BRN TBRN/WHT
§ BRN/WHT 8§ WHT/BRN

port
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1 port
R+
2
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Rx

Tx+

- \;2:,.

'
‘'l




S SDyge g 03,8 b1y eunli oo 4 Slape e il ) sga> )
ol 50 eSS oo v Ol 1) TOR] eSS g e oo S8 o lasbinl g0
s Lpps (30,5 &3 4 g5k b

FORJ SOl (05 oS g 4y b $-0-) IS5

oolawl YUIP Lol )l (gl 5 smo slrlaow 0 VWM ,eSSES 5
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Pin 1-Tx+
Pin 2 - Rx+
Pin 3 - Tx-
Pin 4 - Rx-
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Base T)++ g Base TY+ aSnd (559l90 99
o9y ol Cuje ded oo diug o)l 4y Base TV -+ - g Base TV- Sl
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HUB
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Tx Rx Rx
Station A Station B Station C|
ATransmits others receive

Sla L3l o Sslets -0-) S
ASla> Base TV e+ jo il aily oo (29,5 VY U T lilo spaa )
arwgs Glp ol o YIO o1 Blas g e Voo Gla b &ljgos alold
2 635 Dygo 4 3ad eolitnl Ky 4 lls Jlail 5l i 45
JB e Feor b o 3l Oligos dold iSTas HUb (10,5 (6w & g0
uplink ob @ ol e G,k 5l 50 S00G @ HUb Jlasl .cal il
(Cross) Jlail oSG a ole g0 Jlasl als S35 a5 jsb e ol Seow
il ee Bl S 4 S Jlasl e 4 Hub Jlasl

el PPV, span slasl 4 gGlawlre ploil acojls asiils Job Sl

Wyl o b1y alold o iy 4l 4o 4T (0,5 g ot span acwle
SleMbl polas il &jgo cpl e 5o ail atily jlre o5t Wb
OIS Goe pj akaly o Sl opl @, o0 YU (collision)

Repeater Delays+ Cable Delay+ NIC Delays + Safety Factor (& bits

minimum) <Y.0% ms
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Component Maximum Delay (ps)
Fast Ethernet NIC 0.25

Fast Ethernel Switch Port 023

Class | Repeater 0.7 max

Class || Repealer (.46 max

UTP Cable (per 100 m/330 1) 055

Multi mode Fibra (per 100 m/330 ft) 0,50

Wb @Sl jo polar I 6,5 9k> (gl Y.A-YIEEE &b : PPVaulxe

Iy abwg s w05l Cole) patie Sloj alols S Lus Jlgie atey 5o
Variability Value ggozo 4 .cl bit time o1y L Variability Value
g5 oo Path Variability Value(PPV) cuul Sl Jolsd Byxe a5 il
Sloy aloldh oo & jle a4 ogibit time ¥ 5l cin Wl 4l S PPV

sl ayLbittime £+ 5l S ke game bodiny

ﬂdfMM}@YbQW‘%@QQ@@M@HUbM
Al doles Al adad Conw a5 0 PLST S

:Base T++ g Base T+ (g l¥dlccw ¥ gilw ooly

FoelS S b Sippgile 5 S w1 5 slalld o
Al g lPlesn Y aSlln S5 all ool (g5lw ool PLC L S
Golleds Y gilw ooly )l uoren 05 dwly> Base TV« /).
£ YVeoAS, WA VQ,RTLFJYAENC jomen baails 5, lawg
5525 55 SPI &y @,k 5l s DSP L S Sie S LS 8 AV \RTL

RPN
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FCS ailxe

f FCS

Y dodde

[ Job G f# Pad | Data

V ogaybf daie £ lae
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(octet can Joleo o OF) dodie )
(octet G Jobeo S A) a8 9,0 Y
(octet i Jolee oo FA) duaio MAC wyol Y

(octet s Joleo con FA) Tae MAC oyol  F
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(octet g5 Joles s VF) g5/ Jsb .0
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33,5 o0 i JSSon 85 Sjge (nl w50 9 Jsb ke

55l SO U b e Jolee ccan VYoo BYPA o) ools F
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i il o1 8 laald
)| ..).;‘u)t_c AY Y o)\‘.\.BL'J.M:‘ Lgl.:bp.:).‘) 3O 890 Lchm.\L.é ‘5'}).3

Y.A-YIEEE
dodia| £9p8 | as lame g5l Job Pad | Data FCS
% \ s ¢ \ Vo - b FS ¥
Ethernet
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A g | Y \0e - s ¥

e w L g ail o cwulle oo slace pw yo Sl yod Sl ol 5l as
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Olsie 4 MVBA-PAYVOIEC o lubiwl ,o ab o,lil a5 jebylen
b 3 Ll ccwsl oals By yo colazwl gl o laikesl Vehicle bus
0590l 0,5 oolatwl mhaws (1l o lsi co 55 CAN(Control Area Network)
Lawsgs CAN JS5g 5 ool gl Sl 55803 slyllad po (ol ! 51 oolice
VIAY Jlo 5o b o5 5 (siboile Jitl o)Sam b g gl gy 55
&S cSlo | AYOYS gadly a4 pawge CAN (salsl s oydol il o855
G dos gl 15 Loy Hled jo 0l LSS AYAYY gadl s jo leas
o= 0903 CAN J i8S 6l p Ve e CAY gadl s colo 4 pladl 15 yuods
CAN laasly cole 4 pladl 55 NEC 4 Yg,540 slocS, o o
4 g &b s CAN in Automation(CiA) 5,5 VAT Jlu o .dioged
sxio slmoslatul gl CAN Gy a5 g VYAAAISO s lasbin any Lo
5o oolatul (gl lail CAN ouiss” JiuS aSus bl )l JSTg, cdl jLul
Onizmed g jaeliaibge ooliinl JLis 4 .ad (b Ji5 5 Jo> slaceile
JrS by e gemlagil @l 5 Gbg cnl 5 oslinl 5 (sl
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2 Sl il oS,

O JeeSS g amgi Caz 50 b9y ol 5l 0938l eolind Jlis a4y
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CAN (gaSndds (8 yxo
Glalase sl aSid ol Lolul ol S S e a5t Caisee CAN

sl g b STP)) Hlo Ladlrs il oduzmnpdds e Sl o (S,
Qg Ogb oo |2l o) puw ol e 4y Ribbon cable)) cow LIS L UTP))
s$las ol il 50 a5 cl (wl) (b3 90 Silng ol by
Sgi g0 oolaiwl Pin D Maled gg5 16555 G 5l 0,5 12 (6l o)l LS
O D)9 & e 98 (ke o505 sl (S SIS 10, s0920
.l (Non Return to Zero (NRZ)) L Stuffing <o SO L joo 4 ciS b
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http://www.interfacebus.com/Definitions.html#NRZ_Encoding

Ve B s (S gl g S et (o il 3 yme o) b

O o 2 o placel gl YU gliebl o Jlasl olaw J8las

Pin Signal Signal Description
# Names

\ Reserved Upgrade Path
Y CAN L Dominant Low
¥ CAN_GND Ground

f Reserved Upgrade Path
O CAN_SHLD Shield, Optional
& GND Ground, Optional
\ CAN_H Dominant High
A Reserved Upgrade Path
Q CAN V+ Power, Optional

CAN BUS  >g,5 556 slacyn

Odley sl CAN SGgy S oo 5,85 bl s 50 S alwy 4

el ooy (b cub A iSTlas Job b obisS slaplis
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Kbps) ()1 ¢S g MbPSY SS9, el 5o ools Jlu)l &5 02 ¥
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Sy 00 oolial Loy g8 4 B Jsb i8S Sluxdy |, KbpsY-
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s JB Job
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b Jsb e S 55 e S
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Transceiver IC Manufacturer}
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Intel, Intel App Notes {CanBus Interface AYOYY IC}
Linear Technology {CAN Transceiver IC Manufacturer}
Maxim_Integrated Products {DSA-CY4- Dual CAN High-Speed

Microprocessor, bus controller IC}
Melexis {CAN Bus Transceiver IC Manufacturer}

Microchip {MCPY®)\ - Stand-alone CanBus Controller IC}

National Semiconductor {uP with CANBus Interface}
NXP {A/\#-bit CAN Bus Y.+ Controllers/Transceiver}

OKI {CAN Controller}
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Communication Interface Object Dictionary Process Interface Application

Defines
¥ Protocol Types : Defines 0
0 PDO Data Base for Data Types =
E S0 Device Profile ¢
Ug=P| | NMT Application: Implementation 0
z Special Function : Data + Parameters %
z SINC /0 Iterface .. &
5 EMCY Communication Parameters i

Draft Standard : DS301 Draft Standard : DSdxx Draft Standard : DS4xx
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Function code Node ID|RTR Data length, Data
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CANopen message types
Message Type Description COB-ID

NMT Network Management (broadcast) Oh
NMT Error Control Network management error control 701h-77Fh
BOOT-UP Boot-Up message 701h-77Fh
SYNC Synchronization message (broadcast) 80h
EMERGENCY Emergency messages 81h - FFh
TIME STAMP Time stamp (broadcast) 100h
PDO Process Data Objects 181h - 57Fh
300 Service Data Objects 581h - 67Fh
COB-ID Object Mandatory/optional
0x000 NMT Mandatory

0x080 SYNC Optional

0x081 - 0xOFF EMERGENCY Optional

0x100 TIME STAMP Optional

0x181 = Ox1FF PDO1 (transmit) Optional

0x201 - 0x27F PDO1 (receive) Optional

0x281 - 0x2FF PDO2 (transmit) Optional

0x301 - 0x37F PDO2 (receive) Optional

0x381 - 0x3FF PDO3 (transmit) Optional

0x401 - 0x47F PDO3 (receive) Optional

0x481 - Ox4FF PDO4 (transmit) Optional

0x501 - 0x57F PDO4 (receive) Optional

0x581 - Ox5FF SDO (transmit / server) Mandatory

0x601 - 0x67F SDO (receive / client) Mandatory

0x701 - 0x77F

NMT Error Control

Mandatory
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+ [Node ID of client to reach] d4 -x -Server: COB-ID =
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Index = | Subindex | Data =
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3 bits | 1 bit 2bits |1hit |1hit | 2bytes | 1byte | 4 bytes

Index = | Subindex | Data =
0x2000 |=0x00 | OxAA

cs=2 |reserved(=0) [n=3 |e=1 |s=1

Type ID DLC Data

Data 601 8 4000 20 00 00 00 00 00
Data 281 8 4F 002000 AA DO Q000
CANopen_SDOC_Exp_Read(CAN_SLAVE) NODE, XYoo,

+ X+ +, (uintA_t*)buffer, NULL);

while('(CANopen_SDOC_State == CANopen_SDOC_Succes ||
CANopen_SDOC_State == CANopen_SDOC_Fail));
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i Initiate SDQ Upload
Client Server

7.5 4.0 m reserved

ces=2 X T
request / \‘ indication
— —>
; ) 0 1 4 8 ¢
confirm response

7.5 4 32 1 0 m d

Figure 20: Inifiate SDO Upload Protocol

Refrence: CiA-Y -\ page Y#
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3bits | 1 bit 2bits |1bit |1bit |2bytes | 1byte |4 bytes
_ _ _ _ _ Index = | Subindex | Data =
cs=3 |reserved(=0) |n=0 |e=0 |s=0 0x2000 | =000 | 0x00
Type ID DLC Data
Data 601 8 2F 002000 55000000
Data 581 8 6000 20 00 00 00 00 00
CANopen_SDOC_Exp_Write(CAN_SLAVEY_NODE, XYoo,
+ X+ +, (UintA_t*)buffer, 1);
while('(CANopen_SDOC_State == CANopen_SDOC_Succes ||
CANopen_SDOC_State == CANopen_SDOC_Fail));
Initiate SDO Download
Client Server

request

—

‘7

confirm

8

7.5
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PE

S

7.5
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4.0

m reserved

Initiate SDO Download Protocol

Refrence: CiA-Y -+ \ page Y¥
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3 bits | 1 hit 2bits | 1hit | 1hit 2hbytes | 1hyte | 4bytes
Index = | Subindex | Data =
0x2200 | =0x00 | 0x00

cs=2 |reserved(=0) [n=0 |e=0 |s=0
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3bits | 1 bit 2bits |1bit |1bit |2bytes | Tbyte | 4bytes
Index = | Subindex | Data =
0x2200 | =0x00 | 0xQ0

cs=2 |reserved(=0) [n=0 |e=0 |s=0
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3 bits 1 hit 3 bitsu 1 bit 7 bytes
cs=3 t=0 n=0 [=0 data = 0x00
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3 bits 1 bit 3 bits 1 bit 7 hytes
cs=0 t=0 n=0 [=0 data="7?

ack cudlS s 0gd e IS T g ¥ al> e o )lgs tpxiy Al o

D9 S VK00 i B U a3 e jg g S

N g Ol oo S Cap Q%PT ool plad sl Loyl jo il al> o
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3 bits

1 bit

3 bits

1 bit

7 bytes

cs=0

t=77

n=7??

[=1

data=?7?




Type ID DLC Data

Data 601 8 40 00 220000000000
Data 581 3 40 00 220000 00 0000
Data 601 8 60 00 00 00 00 00 00 00
Data 581 8 00 426F 6F 74 2D 75 70
Data 601 3 7000000000000000
Data 581 3 1020 76616C 756520
Data 601 3 60 0000 0000 000000
Data 581 3 00 6F 66 20 53 44 4F 20
Data 601 3 70 00 00 00 00 00 00 00
Data 581 3 10 32 32 30 30 68 00 00
Data 601 8 60 00 00 00 00 00 00 00
Data 581 8 0000 00 00 0000 00 00
Data 601 8 7000 00 00 0000 00 00
Data 581 3 10 00 00 00 00 00 00 00
Data 601 3 60 00 00 00 00 00 00 00
Data 581 8 00 00 00 00 00 00 00 00
Data 601 8 7000 00 000000 00 00
Data 581 g 1000 0000 00 00 00 00
Data 601 g 600000000000 0000
Data 581 g 09 00 00 00 00 00 00 00

CANopen_SDOC_Seg Read (node_id, index, subindex, buff,
buffSize);
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i Upload SDO Segment
Client Server

0 1 8

.5 4 3.0 reserved

6es=3 t X s
request / \ indication
— —»
¢ V\o 1 8 /‘—
confirm response

1.5 4 3a 0 seg-data

Figure 21: Upload SDO Segment Protocol

Refrence: CiA-Y -+ \ page YV
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Type D DLC Data
Data 601 8 21002200 2C 000000
Data 581 8 6000 220000000000
Data 601 8 0054686973206973
Data 581 8 2000 220000000000
Data 601 8 102061206D657373
Data 581 8  3000220000000000
Data 601 8  0061676520656E 74
Data 581 8 2000 220000000000
Data 601 8 1065726564 206672
Data 581 8 3000 220000000000
Data 601 8  0D6F6D 2074686520
Data 581 8 2000 220000000000
Data 601 8  107465726D696E61
Data 581 8 3000 220000000000
Data 601 8  0B6C 000000000000
Data 581 8 2000 220000000000

CANopen_SDOC_Seg_Write(node_id, index, subindex,buff, length);
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ROM 3 592158 (ylghe a1 yisu g
CXXVVLPX asly ;0 ROM o jelyo flae @ pig S Jold oS

ool 3l ol 3T sl S A a8 ol ) CaashS VE SIS alls ol el
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ROM **rom = (ROM **)-x\FFF\FFA;/* ROM entrypoint for on-

chip CAN drivers */
/* Global variables */

volatile uintY'Y_t CANopen_Timeout;/* CANopen timeout timer for

SDO client */
volatile uintA_t* CANopen_SDOC_Exp_ValidBytes;/* Number of

valid bytes for SDO client expedited read */
volatile uintY'Y_t CANopen_SDOC_InBuff;/* Number of bytes in

SDO client buffer for segmented read/write */
volatile uintA_t* CANopen_SDOC_Buff;  /* Buffer for SDO client

segmented read/write */
volatile uintYY_t CANopen_SDOC_Seg_BuffSize;/* Size of SDO

client buffer in number of bytes */



e o Sisygisle s S5 s W NYF

volatile uint\#_t CANopen_SDOC_Seg_ID; /* Target node ID for
SDO client segmented read/write */

volatile uintA_t CANopen_NMT_MyState; /* Present state of NMT
state machine */

volatile uintA_t CANopen_SDOC_State;/* Present state of SDO client
state for controlling SDO client transfers */

volatile uintY'yY_t CANopen_Heartbeat_Producer_Counter;

C_CAN API
init_can
isr
config_rxmsgobj
can_receive
can_transmit
ROM Driver Table config_canopen
Ox1FFF 1FF8 canopan_handler
Ptrto Device Table 0 config_calb
0x1FFF 1FFC
Ptr to Device Table 1 Device n
Ox1FFF 2000
Ptrto C_CAN API Table | Ptrto Function 0

Ptrto Function 1

Ptr to Function 2

Ptrio Device Tablen

Ptr to Functionn

canopen_driver y& 3¢ g0 &lg5

g sls Lols by aS o ls vszg wilgs 5l ] canopen_driver.h o
il ) O)ge &

ool aslsl jo as” Canopen g1 50 adsl Sleylass slxil :CANopeninit .
00 03l (6 iy oy &b

5 ogh Sle3l b sl Lo o ,» ms_tick\CANopen_ .Y

:..Ubo(_s.o ‘abu‘ ‘) | ).:) 6LQ)15
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CANopen_SDOC_Fail coxsg g o,y |, SDO jo timeout G @

2 oo Sl |,
4 Gy A% 4 g A5 (o0 oz | 0ailS wdg S Djla adys e
asbss a5 |; CANopen_Heartbeat Send U ool (s jiSlos lade
oo 1) cosl Can Oyl dlaz ) 0550 40 aSll o pae plo L)l 5 oy
G &g Cow Syl 8L 3 pas 3 g pwyp |y csalie Cu] e
CANopen_Heartbeat_Consumer b ool (posd 5Slas Jlade 4 o,

jesn lo 1) Sl o e ply 0dg5 sl | _Failed

@ oaS ady Can Ol ley Slade glul puda 5L gl e @
s gy by SDO_EXP 3y )b 5+ (oSl 515 9 Vo VWX Sl ol

Brae S Oyl jlade poil Ojg0 50 gelul wlas b 6l e 0
Gk 5l e a5 X WSWl g Ve VEXe Suan) eyol @ eansS
S5 o bl 00 g s L SDO_EXP

5 Canopen !, adsl wlodais ;o &l s CANopen_Init SDO .Y
& ol g Slo1E aSd Cupae plod lawgi 058 (b )y 50
“’*Ss’“)“"’ﬁ w.Ja.,.: o)l.gso ‘) LR’W U)Lm ):QLM &S Sl Py Sygo

for(i=-; i<WatchListLength; i++)

{
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WatchList[i].value = -;

WatchList[i].counter = «;

}

CANopen_Heartbeat_Producer_Value =
HEARTBEAT _PRODUCER_TIME;

CANopen_Heartbeat Producer_Counter = +;

P ;o &b ol :CANopen_NMT_Reset Node_Received .f
wgdise Sle1d Mog 0,5 i)y I aSl Cy pae Gleyd 2l o
e o &b pl :CANopen_NMT_Reset Comm_Received .0
Sadign g3 LSl 535 o) I 455 Sa i ol jp 2l
3¢5 S 45 89 aili o] :CANopen_Heartbeat_Consumer_Failed %
SloFd ol oyl aseie loy o 1) Con Oyle ssslie Cudd o

30 098 G &89 :CANopen_NMT_Consumer_Bootup_Received .Y

A dwlg Sles 18wl pl s yls Jlsl 1, Bootup ply saalive cancd

o9l &y
ol 35 Dygo 4 s, IS 4 LAPI &lgy condd
typedef struct _CAND {
void (*init_can)(uintY'Y_t * can_cfg, uintA_t isr_ena);
void (*isr)(void);

void (*config_rxmsgobj)(CAN_MSG_OBJ * CANopen_Msg_Obj);
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uintA_t (*can_receive)(CAN_MSG_OBJ * CANopen_Msg_Obj);

void (*can_transmit)(CAN_MSG_OBJ * CANopen_Msg_Obj);
void (*config_canopen)(CAN_CANOPENCFG * canopen_cfg);
void (*canopen_handler)(void);

void (*config_calb)(CAN_CALLBACKS * callback_cfg);
}CAND;

(init_can) CAN aud gl wloudass é.ng
ol Bus Timing L BTR y> ;) o S LSl (6 Slandais Julis

void CANopenlnit(void)

{
CAN_MSG_0OBJ CANopen_Msg_Obyj;

uintY'y_t ClkInitTable[Y] = {/* Initialize CAN Controller structure*/

eXoeooeaens UL,/* CANCLKDIV */
X+ +++\COYUL/* CAN_BTR */
+H

BitRate = Fcclk/(APBDIV * (BRP+Y) * ((Tseg\+1)+(TsegY+1)+1))



IRC | 12.000 MHz

S lad Kigygisle 9 JyS piane HY.

XTAL | 12,000 MHz

¥

L 4

WOT | 0200 MHz

S L

¥

SYSPLLCLKSEL

SYSPLL

MANCLKSEL HCLK 2000 MHe
[ cLock | w2000 me
L& DIVIDER i

> /1

L~

SYSPLLCLKOUT | 0.000 MHz

SYSPLLCLKIN 12000 MHz

/I Initialize CAN Controller @ \ YMHz

uintY'Y_t ClkiInitTable[Y] =

{

D CR R R UL, // CANCLKDIV: /\ = \YMHz

+x\Y+-YUL// CAN_BTR: \ - - -khz

}

/lInitialize CAN Controller FAMHz-\ + « - kbps

uintY'yY_t ClkInitTable[Y] = {

eXe oo UL, //ICANCLCLKDIV -> div: -
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+X++++YBCYUL, //ICAN_BTR -> BRP: Y, Quanta: \#, Seg\: Y,
SegY¥: ¥, SIW: Y, Sample A%

}

/I Initialize CAN Controller @Y AMHz &« +kHz
uintY'y_t ClkiInitTable[Y] = {
eXe oo YUL, // CANCLKDIV

-x\ - YUL// CAN_BTR

}

&) CAN 1,8 o aady LT oS 050 nd b+ 9 ) L culd 5o
29 Joo (A5 pus g 4 b a0
/* Initialize the CAN controller */

(*rom)->pCAND->init_can(&ClkInitTable[-], V);
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Imtemupt Enable
|ER: | 000000003

v RIE [~ DOIE [T IDIE
»* TIE1 [~ TIEZ [ TIE3
[ EIE [ EPIE [T ALIE
[~ BEIE [~ WUIE

Bus Timing
BETR: |G«0025C004

BRP: k0004 [~ SAM

SIW-3 x| TseG2
TSEGT: |6 | |2 -
Baudrate: |500.00 kHz
config_rxmsgobj ely <8l ;0 ;8 Oleudass &b
S on pll S8l o gl (6,050 Sladats dd> o ol o
typedef struct  CAN_MSG_OBJ {

uintY'y_t mode_id;
uintY'y_t mask;
uintA_t data[A];
uintA_tdic;
uintA_t msgobj;
}CAN_MSG_OBJ;

uintA_t (*can_receive)(CAN_MSG_OBJ * CANopen_Msg_Obj);
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/* Configure message object Y to receive all \ \-bit messages +xV- «-

*XYYF: NMT EROOR */
CANopen_Msg_Obj.msgobj = Y;
CANopen_Msg_Obj.mode_id = +xV - «;
CANopen_Msg_Obj.mask = +xYA+;

(*rom)->pCAND->config_rxmsgobj(&CANopen_Msg_Obj);

/* Configure message object & to receive all Y \-bit messages * X« « «:
NMT Object */

CANopen_Msg_Obj.msgobj = &;
CANopen_Msg_Obj.mode_id = « X+« +;

CANopen_Msg_Obj.mask = - xYFF;
(*rom)->pCAND->config_rxmsgobj(&CANopen_Msg_Obj);

/* Configure message object V to receive all \ \-bit messages +XOA «-

OFF: SDO Server Object */
CANopen_Msg_Obj.msgobj = V;
CANopen_Msg_Obj.mode_id = «XOA+;

CANopen_Msg_Obj.mask = «xYA-;

(*rom)->pCAND->config_rxmsgobj(&CANopen_Msg_Obj);
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CAN caél yo &b
(*rom)->pCAND->can_receive(&CANopen_Msg_Obj);

CAN Jlw,l &b
CANopen_Msg_Obj.msgobj = A;
CANopen_Msg_Obj.mode_id = «x#+ + + CANopen_SDOC_Seg_ID;

CANopen_Msg_Obj.data[+] = «x#+ | ((CANopen_Msg_Obj.data[ + ]
& (V<<¥)) M (V\<<¥));/* toggle */

CANopen_Msg_Obj.data[\] = + X~ -

x

CANopen_Msg_Obj.data[Y] = «x- -

x

CANopen_Msg_Obj.data[Y] = + X~ -

x

CANopen_Msg_Obj.data[¥] = +x- -;

x

CANopen_Msg_Obj.data[d] = « X~ -

x

CANopen_Msg_Obj.data[#] = + X~ +;

X

CANopen_Msg_Obj.data[V] = + X+ -;

x

(*rom)->pCAND->can_transmit(&CANopen_Msg_Obj);

CANopenCFG &lowkiss

g <l SDO SS9y g 5 ob (6 ,utSos Slonlats g bl SO Jols
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SDO ;o Jlu)lg 8L 0 ol s bo)les Y
&L L aids 3,k 51SD0 & o8 7wl olas ) S peal o2y ¥
3,5 Algz ai 1) 5 Joaz g0 ojlal aS g g0 W

Ll (g ,iS0s jo guilys lats g col slagog,g ol Jgl Joo 0
o ol Ef Sledlbl ol g wjls 018 Lads oads & 55 SDO o a5 o
ool (gL BTN a8 L ol B )]

g g loigme 5 s o (6,iS00 o e Jold pgd Jeux  F
#define CAN_MASTER_NODE ~ -XxYD /* \Y)*/

#define CAN_SLAVE\_NODE -x- \/*\ */

#define CAN_SLAVEY NODE -x- Y/* Y */

#define CAN_NODE_ID  CAN_MASTER_NODE

CAN_CANOPENCFG myCANopen =

{
CAN_NODE_ID, /*node_id */

\,/* msgobj_rx */

Y./* msgobj_tx */
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\,/*isr_handled true=\, false=+ */

(uintYY_t)NULL, /* od_const_num, set to right value in CANopen
initialization */

(CAN_ODCONSTENTRY *)myConstOD, /* od_const_table */

(uintYY_t)NULL,/* od num, set to right value in CANopen
initialization */

(CAN_ODENTRY *)myOD,/* od_table */

b

typedef struct  CAN_CANOPENCFG {

uintA_t node_id;
uintA_t msgobj_rx;
uintA_t msgobj_tx;
uintA_t isr_handled;

uintY'y_t od_const_num;
CAN_ODCONSTENTRY *od_const_table;
uintY'y_tod_num;

CAN_ODENTRY *od_table;
}CAN_CANOPENCFG;

laglis ol 5 o513 51 e
myCANopen.od_const_num = NumberOfmyConstODERntries;

myCANopen.od_num = NumberOfmyODEntries;
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(*rom)->pCAND->config_canopen((CAN_CANOPENCFG
*)&myCANopen);

ool )0 ol 5 (e slajeme gl
#define OD_NONE - x- +/* Object Dictionary entry doesn't exist */
#define OD_EXP_RO -+x\-/* Object Dictionary entry expedited,
read-only */

#define OD_EXP_WO -+xY-/* Object Dictionary entry expedited,
write-only */

#define OD_EXP_RW -xY/* Object Dictionary entry expedited,
read-write */

#define OD_SEG_RO -x¥Y-/* Object Dictionary entry segmented,
read-only */

#define OD_SEG_WO -x0-/* Object Dictionary entry segmented,
write-only */

#define OD_SEG_RW -x#-/* Object Dictionary entry segmented,
read-write */

g sagme 9 (69959 £ (6 ESGS G psie el pgo Jou
FIVIV) Wb ool o Sledibl Job ol &5 SDO o Sl uw‘y 9

s o0 0511 é.'a.o.w SDO 5 5 ol (ol

Typedef struct _CAN_ODENTRY {

uint\#_t index;
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uintA_t subindex;

uintA_t entrytype_len;

uintA_t *val,

}CAN_ODENTRY;

3 a5 g0 Jgu 31 JUWCAN_Node_Def.C.o,ls 5925 pulais

/* Application variables used in variable OD */

uintA_t error_register;
uintA_t LEDArray;

volatile SDOS_Buffer_t SDOS_YY - - =

{
(uintA_t*)SDOS_YY - - _Data,

sizeof(SDOS_YY - - _Data),
b

volatile uintA_t SDOS_YY - -_Data[Y0d] = "Boot-up value of SDO
YY--+h"

uintY'Y_t CANopen_Heartbeat_Producer_Value;
WatchNode_t WatchList[];

uintA_t WatchListLength = sizeof(WatchList)/sizeof(WatchList[ - ]);
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CAN_ODENTRY myOD [] =
{

/* index, subindex,access_type | length, value_pointer */

{+xV++), +x++,0OD_EXP RO |\, (uintA_t *)&Error_Register },
{+x\+\F, +x+ -, OD_EXP_RO |V, (uintA_t *)&WatchListLength},

{ X\ \%, +X+ Y, OD_EXP_RW | \¢ (uintA_t
*)&WatchList[ - ].value},

{ XV \?%, +X+Y, OD_EXP_RW | \¢ (uintA_t
*)&WatchList[].value},
{ +XY-VY, eXe e, OD_EXP_RW | Y, (uintA_t

*)&CANopen_Heartbeat_Producer_Value},

}://master and Slave

11{ XYoo, X e, OD_EXP_RW | \, (uintA_t
*)&LEDArray},//slave

IH{ +xYY++, -x-+,OD_SEG_RW, (uintA_t *)&SDOS_YY - - } //slave
sz cnl ol o

uintY'yY_t NumberOfmyODEntries = sizeof(myOD)/sizeof(myODI - ]);
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Sl Ll (652508 )0 sl i 5 cull slasog s Jols sl Jsor

¥ ol yoead cud Sledbl Job g wijlo 0,15 add oy x5 i SDO o 4
el (CaL FIVY) S Lol

Typedef struct  CAN_ODCONSTENTRY {
uint\#_t index;
uintA_t subindex;

uintA_t len;

uintY'y_tval,
}CAN_ODCONSTENTRY;
3,10 3929 pudais 3 CAN_Node_Def.C jo a5 1\ Jgux 5l Jls

CAN_ODCONSTENTRY myConstOD [] =
{

/* index, sub index, length, value */

{~X\~~~,'X~,\°,°X ........ UL}’

L XV VA, oXee, ), eXeovoonn \UL }/* only vendor ID is
specified */

L XV VA, «xo), F, eXevves YDCUL },/* NXP vendor ID for
CANopen */

j
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:Jgoz (nl sl iog

uint'yY_t NumberOfmyConstODENntries = sizeof(myConstOD) / sizeof
(myConstOD[ - ]);

(CALLBACKS) WAPI zslgi ploi  SlgsT 48 aubs

g iy ,a CANOPEN o | alalin g 00l g pud il g oyailes AU oyl
wlai oo )5 a4y oolol
CAN_CALLBACKS callbacks = {

CAN_RX,/* callback for any message received CAN frame which ID
matches */

CAN_TX,/* callback for every transmitted CAN frame */
CAN_Error,/* callback for CAN errors */

CANopen_SDOS_Exp_Read, /* callback for expedited read
access (SDO server) */

CANopen_SDOS_Exp_Write, /* callback for expedited write
access (SDO server) */

CANopen_SDOS_Seg_Read, /* callback for segmented read
access (SDO server) */

CANopen_SDOS_Seg_Write, /* callback for segmented write
access (SDO server) */

NULL,/* callback for fall-back SDO handler (not used) */
b

/* Configure the CAN callback functions */
(*rom)->pCAND->config_calb(&callbacks);
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CAN_Node_Def.h y8 9g> 90 OleMb|
gkl 5 i sloogi oyl L)
SDO 5 locasMS (sl 4l (oo ool 5 TIMEOUT boj jlade .Y
Lol 60500 4 oad Jate o yiite 5 5Ll (g ases Y
odnlin bB sloog cand .F
#define CAN_MASTER_NODE XYD [*\YD*/
#define CAN_SLAVE\_NODE +x+\/*\ */

#define CAN_SLAVEY NODE - x- Y/* Y */

#define CAN_NODE_ID  CAN_MASTER_NODE

#define CANOPEN_TIMEOUT_VAL Voo [Finms*/
extern uintA_t error_register;/* CANopen error register */
extern uintA_t LEDArray;/* LEDs of MCB\\C\ ¥ board */

extern uintYY_t CANopen_Heartbeat_Producer_Value;/* heartbeat

producer value */

extern volatile SDOS Buffer t SDOS YY--;/* buffer structure

associated with segmented entry YY -« «h */

extern volatile uintA_t SDOS_YY- - Data[YO0];/* buffer associated

with segmented entry YY « «h */

extern WatchNode_t WatchList[];  /* for watching nodes */
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extern uintA_t WatchListLength; /* number of nodes in watchlist

must be known */






ka0 Main.c é.ng'
BALS B pan g ouisS gl gl cu Oyl ey )

#define HEARTBEAT_PRODUCER_TIME Y- - «/*inms */
#define HEARTBEAT_CONSUMER_TIME Y&+ «/* in ms */

CANopeninit ledass § (codwaws Slondas plil b Sles18 -Y

ol 00 00l 3“95" )L_‘i as

Systemlnit();
CANopenlInit();

so ol gile Jud Y
[* Timer\#B- */

LPC_SYSCON->SYSAHBCLKCTRL |= (V<<Y);/* Enable clock for

\ 7-bit counter/timer - */

LPC_TMR\#B-->MCR = Y;/* Interrupt and Reset on MR+ */
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LPC_TMR\#B-+->MR+ = SystemCoreClock/\ - « «;/* Interrupt and
Reset on MR+ */

NVIC_EnablelIRQ(TIMER_\Y#_- _IRQn);/* Enable the Timer-

Interrupt */

LPC TMR\#B+->TCR = \;/* Enable Timer« */
s Slandas jo ogs cnalive cud odgy -F
WatchList[ - ].NodelD = CAN_SLAVE)_NODE;
WatchList[ «].ConsumerTime = HEARTBEAT _CONSUMER_TIME;
WatchList[ - ].ProducerTime = HEARTBEAT_PRODUCER_TIME;
WatchList[\].NodelD = CAN_SLAVEY_NODE;
WatchList[Y].ConsumerTime = HEARTBEAT_CONSUMER_TIME;
WatchList[Y].ProducerTime = HEARTBEAT _PRODUCER_TIME;
Jol sudol Slandass plxil -0
S oo Jb b ) S Sl Sl el (sl
//Configure slave node

WatchList[-].value = +x- +; /* Disable heartbeat checking while

configuring */
25 9 VWX WSanl epol w4 essS ol cwn Syl ley lade

9o Jlo)l Jgl el (5l 00 g a5 L SDO_EXP 35k 51+ (Sl



VY B d (S gtle g S s clad kil 5 pme 2 gl uad

Buffer[+] = (WatchList[ - ].ProducerTime >> A) & - xFF;
buffer[V] = (WatchList[ - ].ProducerTime >> +) & +XFF;

CANopen_SDOC_Exp_Write(CAN_SLAVE\_NODE, XYY,
+ X+ +, (uintA_t*)buffer, Y);

weilo oo hatie gulul )L 5T ACK il

while(!(CANopen_SDOC_State == CANopen_SDOC_Succes ||
CANopen_SDOC_State == CANopen_SDOC_Fail));

plml T sazme il Jlb 6lp con ol lade uils Sy Sllee
Dy o0
if(CANopen_SDOC_State == CANopen_SDOC_Succes)
WatchList[ - ].value = (WatchList[ - ].NodelD)<<\ ¢ |
WatchList[ - ].ConsumerTime;/* node \ */
Sl 55 g Ve VX wSanl ol 4 eaiS Upas Con Ola lude
odls & i b SDO_EXP 5 ,b 5l cowl ].value - WatchList[ (gl a5+ VX
ges Juo)l Jol geleol (sl
buffer[-]= +x- +;
buffer[\] = CAN_NODE_ID;

buffer[Y] = (WatchList[ - ].ConsumerTime >> A) & - xFF;

buffer[Y] = (WatchList[ - ].ConsumerTime >> +) & - xFF;
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CANopen_SDOC_Exp_Write(CAN_SLAVE\_NODE, X\ \?%,
+X+ Y, (uintA_t*)buffer, ¥);

weilo oo shatie sell G,b 51 ACK cdls b

while('(CANopen_SDOC_State == CANopen_SDOC_Succes ||
CANopen_SDOC_State == CANopen_SDOC_Fail));

oS oo Jd e 1) s Oyl Olendais plxil 6l
WatchList[V].value = +x- +; /* Disable heartbeat checking while
configuring */
© Sl s g VoVYXe Sl ol 4 eaisS adg as Ole e
buffer[ -] = (WatchList[\].ProducerTime >> A) & - xFF;

buffer[\] = (WatchList[\].ProducerTime >> +) & - xFF;

CANopen_SDOC_Exp_Write(CAN_SLAVEY_NODE, XYY,
+ X+ +, (UintA_t*)buffer, Y);

oo oo Hhaiie gl B,k ST ACK il o b

while(!(CANopen_SDOC_State == CANopen_SDOC_Succes ||
CANopen_SDOC_State == CANopen_SDOC_Fail));

sl T same gl Jbd gl G Ola Jade il S lles
D9 50

if(CANopen_SDOC_State == CANopen_SDOC_Succes)



WA B las (S0 gile 5 J S s (sl kol 8 yme z gl Juab

WatchList[ ].value = (WatchList[Y].NodelD)<<\ ¢ |
WatchList[V].ConsumerTime;/* node Y */

Sl 55 g Ve VX wSanl ol 4 eaisS Gpas Con Ola lude
o &y b SDO_EXP 53 ,b 3l cowl ].value - WatchList[ (gl »» a5+ Vx>
Sediee Jlol pgs gkl (sl

buffer[\] = CAN_NODE_ID;
buffer[Y] = (WatchList[\].ConsumerTime >> A) & - xFF;
buffer[Y] = (WatchList[\].ConsumerTime >> +) & - xFF;

CANopen_SDOC_Exp_Write(CAN_SLAVEY_NODE, X\ \?%,
+X+ Y, (uintA_t*)buffer, ¥);

pilo oo ylatie gl b ST ACK il ,o b

while('(CANopen_SDOC_State == CANopen_SDOC_Succes ||
CANopen_SDOC_State == CANopen_SDOC_Fail));

Jol gudsl jo Sledbol miigs -V
U Oye 5l ats, SO oledbl él o
fgets(buffer, sizeof(buffer), stdin);
i=-;
while(buffer[i])

i++;
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Jj‘ 5;1.»)‘ )Q D & JSQ_;_':‘ )‘.’} 9 YYo e X+ L)ASJJJ" d’)O] )Q Q—“—"*’ﬁj

CANopen_SDOC_Seg_Write(CAN_SLAVE) NODE, XYY

+X+ +, buffer, i-);

eilo oo haie gulul )L 5T ACK il

while('(CANopen_SDOC_State == CANopen_SDOC_Succes ||
CANopen_SDOC_State == CANopen_SDOC_Fail));

£90 gkl jo SledMbl fmlg -A
U Oye 5l ats, SO Oledbl él o
fgets(buffer, sizeof(buffer), stdin);
i=-;
while(buffer[i])
i++;
p9d gulwl jo v eXe uSanl py g YV oxe GuSail ool jo i

wlaiis SDO &l by

CANopen_SDOC_Seg Write(CAN_SLAVEY_NODE, XYY

+ X+ +, buffer, i);

plo oo e gl b 5 ACK il o b

while(!(CANopen_SDOC_State == CANopen_SDOC_Succes ||
CANopen_SDOC_State == CANopen_SDOC_Fail));
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Jol gudslyl fyaile> -9
259 YV oXe WSl g Jgl gebl 095 ool 51 ailss jelate ol (6
Dgud on oolaiwl y 3 Hemws 31,80 A%lj 3O (gl g Py S Ay
CANopen_SDOC_Seg Read(CAN_SLAVE\ NODE,- XYY -,
+X~ +, buffer, sizeof(buffer));
s5d Jl o S o Sl g oopol ples 5l pailss pslate cnl sl
Print. SDO_SEG_Entry(CAN_SLAVE\_NODE, *XYY++, +X*+);
259 YV Xe uSanl g pgd galusl 05 o yol 5l pailss pslaie ol (6l
g oo oolatul 5 jgiws 51 8L al,T o Lhg g ey WS anl
CANopen_SDOC_Seg_Read(CAN_SLAVEY_NODE,- XYY -,
+ X+ +, buffer, sizeof (buffer));
a5 Jbp Syg 50 Dl g ool plea Sl s pslate ol sl
Print._ SDO_SEG_Entry(CAN_SLAVEY_NODE, +XYY~++, +X*+);
Jb e Sy 5l et ) SO Sledbl cdl o

fgets(buffer, sizeof(buffer), stdin);

i = sscanf(buffer,"%X", (uintY'Y_t*)&buffer[+]);
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a5 Jgl gkl 53 ¢ X GuSal p5 g YevoXe uSanl upol jo i
00 & yud SDO b5 dawgi wlos )57 s |8 SILED ioles (sl p
CANopen_SDOC_Exp_Write(CAN_SLAVE\ NODE, XYoo,
+ X+ +, (UintA_t*)buffer, Y);

eilo oo haie gulul )L 5T ACK il

while('(CANopen_SDOC_State == CANopen_SDOC_Succes ||
CANopen_SDOC_State == CANopen_SDOC_Fail));

aS gl gl 51 exs WSanl p5 g Voo oXe Sl oyl 5l sl
IR W) &y SDO é.al.a Lwaﬁ.! ‘-g.*‘oo;u.....u J..ﬁ)‘ LED u,..ul.o; 6‘)‘.’

CANopen_SDOC_Exp_Read(CAN_SLAVE\_NODE, XY e,
+ X+ +, (uintA_t*)buffer, NULL);

ple e Hlaie 8L o plesl célo b

while('(CANopen_SDOC_State == CANopen_SDOC_Succes ||
CANopen_SDOC_State == CANopen_SDOC_Fail));

Corsg b LEDAmmay s lade abl oo alodl cwyo 4y Jlo)l S
if(CANopen_SDOC_State == CANopen_SDOC_Succes)

]; - LEDArray = buffer[

Syl aidy (g 5o a4l (e ) &b Sl Y
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void TIMER\Y#_ - _IRQHandler(void)

{

static uintY'Y_t PrevButtons;
LPC_TMR#B+->IR = \;/* o,Lgs iy gl */
PrevButtons = (LPC_GPIO «->DATA);
CANopen_\ms_tick();

}
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/* Timer\#B- */

LPC_SYSCON->SYSAHBCLKCTRL |= (\<<Y); /* Enable clock

for \#-bit counter/timer « */
LPC_TMR\#B-->MCR = Y;/* Interrupt and Reset on MR+ */

LPC_TMR\#B+->MR+ = SystemCoreClock/\ - « +; /* Interrupt and
Reset on MR+ */

NVIC_EnableIRQ(TIMER_\Y#_- IRQn);/* Enable the Timer-
Interrupt */
LPC TMR\#B-->TCR = \;/* Enable Timer« */
CANopeninit Sledas 3 cotuw Slopdas sloml o Sles1,8 -
Lol 00l 00ls sy ‘)Ls aS
SystemInit();

CANopenlInit();

o yoli adBy (g 50 4l (e ) b Sl T8 Y
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void TIMER\Y#_ - _IRQHandler(void)

{

static uintY'Y_t PrevButtons;
LPC TMR\#B-->IR = \;/* clear interrupt flag */
/* CANopen Yms tick */

CANopen_\ms_tick();
[* save button state */

PrevButtons = (LPC_GPIO«->DATA &);

}

gy oalal s b (6 ,1iSh 0lys ewbais ! CAN_Node Def.C o -¥

3,8 3929 LEDAITAY 999 0,L,0 5,18 8929 s 4o assl

CAN_ODENTRY myOD [] =
{

/* index, subindex,access_type | length, value_pointer */

/Imaster and Slave

1{ XY, *X++, OD_EXP_RW | Y, (uintA_t
*)&LEDArray},//slave

IH{ +xYY++, +x+-+,0D_SEG_RW, (uintA_t *)&SDOS_YY - - },//slave

}



NCYFLPC all 5 B yxo

Al alg> oolaiwl all s pl 5l CANopen JSGg, (g5kw colo Cg>

NXP oS ,b el oo YV < ARM Cortex-M oaisls n G allys oyl
ST b g Sram alitls Gl S A g il alitls CenglS YY L ool
by Wy oo 305 9,800 (al S wdloe 5,056 00 )5 (WIS
) oyl Jles,S Lawgi b g 55,086 VY ojlail & L31s RC gl
VY asls ol 4dss 0sd el ol LIl cgm PLL 5 555, Ke YO
oS ey L EY g 0wl g0 g +YY 4 1, FF g Al g0 Wb as el 2
Sl 8525 518 ol gl Ve il Joo g0 laasly (nl (e o Sl S0
cle 4 cwl jlisyee g 0ol doy g O wdss 55 CAN Cwedd
sty g 0,5 513 000 o 69559 4o sike Sy @ Al Cenles
il oad el T 50 sla,g5YsS,
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LPC1xXX
XTALIN XTALOUT
6 7
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SPI slaasly

MISO0 (Master In Slave Out for 55P0. input 55P0 master/output from 55P0 slave) [PO.8]
MISO1 (Master In Slave Qut for 55P1, input 55P1 master/output from 55P1 slave) [P2.2]
MOSI0 (Master Qut Slave In for 55P0. out from 55P0 master/input to 55P0 slave) [P0.9]
MOSI (Master Qut Slave In for 55P1. out from 55P1 master/input to 55P1 slave) [P2.3]
SCKD (Serial clk for S5P0. 55P0 clk cut from master/input to slave) [P0.10]

SCKD (Senal clk for 55P0. 55P0 clk out from master/input to slave) [P0.6]

SCKD (Serial clk for S5P0. 55P0 clk cut from master/input to slave) [P2.11]

SCK1 (Serial clk for 55P1. 55P1 clk out from master/input to slave) [P2.1]

S5ELD (Slave Select for 55P0, Selects the 55P0 interface as a slave) [P0.2]

55EL1 (Slave Select for 55P1. Selects the 55P1 interface as a slave) [P2.0]

CYlI Lgl.tbd.il.%

SCL I2C clk /O, Open-drain output]) [P0.4]
SDA (I2C data I/O. Open-drain cutput) [P0O.5]

Oles b s Vo g ST 6099 JUS A ol aly (2l ADC (slaasly

ADOD (AD converter O input 0 [PO11]
ADDD (A/D converter 0 input 1) [P1.0]
ADD.2 (A/D converter 0 input 2) [P1.1]
ADDS (A/D converter O input 3) [P1.2]
ADDA (A/D converter O input 4) [P1.3]
ADDS (A/D converter 0 input 5) [P1.4]
ADDG (A/D converter 0 input &) [P1.10]
ADOT (A/D converter O input 7) [P1.11]
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:USART (_SLQA.'{L&

RXD (Receiver input for UART) [P1.6]
TXD (Transmitter output for UART) [P1.7]

il ) Oyg0 4 ool ol jlade b g plp g 7S slaal

CAPDD (Capture input for Timer 0 channel 0 [CT32B0] ) [P1.5]
CAPLD (Capture input for Timer 1 channel 0 [CT32B1] ) [P1.0]
CAP2.0 (Capture input for Timer 2 channel 0 [CT16B0] ) [PD.2]

CAP3.0 (Capture input for Timer 3 channel 0 [CT16E1] ) [P1.8]
MATO.0 (Match output for Tirner O channel 0 [CT32B0] ) [P1.6]

MATOD (Match output for Tirner 0 channel 1 [CT32B0] ) [P1.7]
MATO.2 (Match cutput for Timer 0 channel 2 [CT32B0] ) [PO1]
MATO.3 (Match cutput for Timer 0 channel 3 [CT32B0] ) [PO11]
MATL.O (Match output for Tirmer1 channel 0 [CT32B1] ) [P11]
MATL (Match output for Tirner1 channel 1 [CT32B1] ) [P1.2]
MATL.2 (Match cutput for Timer 1 channel 2 [CT32B1] ) [P1.2]
MATL.3 (Match cutput for Timer 1 channel 3 [CT32B1] ) [P1.4]
MATZ.0 (Match cutput for Timer 2 channel O [CT16B0] ) [PO.E]
MAT21 (Match output for Tirner 2 channel 1 [CT16B0] ) [P0.9]
MAT2.2 (Match output for Tirner 2 channel 2 [CT16B0] ) [P0.10]
MAT3.1 (Match cutput for Timer 3 channel 1 [CT16B1] ) [P1.10]
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ISP entry

The VTREF pin on the SWD connector enables the debug connector to match the target voltage.
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Automatic Train Control  folS” KU pivaw G 0ill oo oli5xe
ATP L8 5l alize sl psn Jold piaw opl 058 0 00U(ATC)
5 (Automatic Train Protection), ATO (Automatic Train Operation)
2 Sy a bl jo a5 wbl o (ATS) Automatic Train Supervision
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