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Abstract: Recently, with the adoption of modern computing and communication technologies, manufacturing
systems have become more autonomous and intelligent. Thus, as the number of field devices with smart
sensors also increase, the need for an integrated management of such devices becomes essential. This paper
proposes a smart encoder architecture that integrates the position sensing function with CANopen connectivity.
In addition, an integrated system is proposed to simultaneously control and monitor multiple encoders over
the Controller Area Network (CAN) fieldbus network. We evaluated the performance and functionalities of
the proposed system by comparative experiments with commercial CANopen smart encoders using a CANopen
conformance test.
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Table 1 CANopen communication objects
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Fig. 1 CANopen profile reference model
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Table 2 H/W and HAL configuration for CANopen
encoder
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Table 3 OD entries for CANopen encoder

RIS e &
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PDO2
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Table 4 OD entries for CANopen master

P EALTIE BN N %
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Fig. 6 Software architecture of CANopen master
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Table 5 Types of user control commands

Mo |Arg 1| Arg 2| Arg 3 | Arg 4 &2
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Table 6 Test scenario for CANopen stack test

A | FE | AU A T&A A A5
1 Slave Boot-up |* Pre-OP A EHIZ A& ¢
5 NMT gy Ao || A 4e JEHR gH o
(Reset, Stop, OP)
AdE
3 02]130 05 Lﬂi « SYNC "A]A] vje]
g .
sl * COB-ID 0x80 &l
SDO ob d=3
- . QA == 1%
4 0x1017 ¥ o] P;aﬁb;at 49 F715 1
0x03E8 27 =°
Heartbeat | © uf Zult} Heartbeat A
5ONMT| o0 skl ] 2 o
7 e FA A oP A
* SYNC HA#] Al &
Al R
6 |PDO|SYNC #IAA | o A R HE

2% B Table 60 AAH B 52 Al 7|05
= A AvE iy
H2E Ay 2o 3t

9l CANopen 3= ] 1w<l CiAdlA A&
3} CANopen Conformance Test Tool(©]3} CTT)
ARgate] EAl 2" gig 7 HEs W
3ttt CTTol M= B4 L2392 CiA 3010 o)
g HAETS Adatm, F71HoR A4 Ho]
e golA 94 HeolgE ZAAlshs =y 7]
ol AA A AY HAE ARE Az 15

N

O oL
q 10 %
ol
o
X
e
5
o
o
o,
ol
o
2,
)

o

ol glo} d=mr J5g WAL @
gA HsEE NS $A49 deas
310 = whet FheaeE R o
A, CANopen ST FZFol] Qo] 7}
=23 &E2 SpPO, PDO, NMT| that &
ojth, AT HAHANA 3.28A 7]E3 A
CanFestivalS 7|¥Fo 2 F33 W& <
B2 AR e AL oE 2R
Wo| WAEo] B FJES 93 =
sttt AF AT A3, Table 701 AlA]
ol AA 977 H|AE 3Ed ] A
F0 tiH] Ve How 5T ARE A5

2
2L
o,

R

;grgmrﬁgo:gmmogw
\I
N
4
i)
¥ Oko oo mlt o MY Jm

32 H —‘.‘ioé":'
olFT,V_(, i
ax
ro

ral
of
O
f m

-

= Qo= CAN Y ESHAE T3
zto] 713t Aex HAEselth v
ZT O 2 KublerAlo] & ozmdo] sfwt
Agk A4S A83te] SYNC HAIA]
2} TPDO 2¢l4] 0x6004 / 0x0°] x| o]
AESEE sgon, QAEZAFTTE ALE

N

RS S
m
in)
S
offt
(o]

Gl

ad e Axgel 7 539

Table 7 Conformance test results

IE | A% | ARE | PAE | KA
Pass 23 19 19
SDO Warn. 0 0 0
(3071 Error 0
Skip. 7 11 11
Pass 25 25 25
PDO Warn. 0 0 0
(337h) Error 0 0 0
Skip. 8 8 8
Pass 3 2 3
EMCY Warn. 2 2 0
©7h Error 0 1 2
Skip. 1 1 1
Error Pass 19 16 18
Cirl. Warn. 0 0 0
207h) Errior 0 3 2
Skip. 1 1 0
Pass 7 8 7
States Warn. 1 0 0
870 Error 0 0 1
Skip. 0 0 0
Pass 77 70 72
Total Warn. 3 2 0
9770 Error 0 4 5
Skip. 17 21 20
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