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Abstract: Industrial network, often referred to as fieldbus, becomes an indispensable component for intelligent manufacturing
systems. Thus, in order to satisfy the real-time requirements of field devices such as sensors, actuators, and controllers, numerous
fieldbus protocols have been developed. But, the application of fieldbus has been limited due to the high cost of hardware and the
difficulty in interfacing with multi-vendor products. As an alternative to fieldbus, the Ethernet (IEEE 802.3) technology is being
adapted to the industrial environment. However, the crucial technical obstacle of Ethernet is its non-deterministic behavior that
cannot satisfy the real-time requirements. Recently, the EtherCAT protocol becomes a very promising alternative for real-time
industrial application due to the elimination of uncertainties in Ethernet. This paper focuses on the implementation of the IEC 61800
based real-time EtherCAT network for multi-axis smart driver. To demonstrate the feasibility of the implemented EtherCAT slave
module, its synchronization performance is evaluated on the experimental EtherCAT testbed with a single axis smart driver.
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(a) Picture of the EtherCAT slave module.
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(b) Schematic diagram of the EtherCAT slave module.
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Fig. 3. EtherCAT slaver module.
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(a) Schematic diagram of the experimental testbed.

(b) Implementation details for the experimental testbed.

Z1%] 4. EtherCAT &lo]H. RE 45 37 A9 =9
Fig. 4. Experimental testbed of performance evaluation of the
EtherCAT slaver module.

A8 pCB 7)3-S EtherCAT &0l B. 5, w1 =gloy
olm, 1= 35 A7} 7hsek A8 BHS BALE H)
ZEH| S0l IZol| & EtherCAT Wl BE 7]5& T3
S =ESo|th AT HI7ME $18 EtherCAT &d|olH. B
£ EtherCAT MAC} DLL (Data Link Layer)”} ASICO.& &
ol S+ ET11008 ARE-3ISITh ET 11000] &}1+9] Ethernet
YEZ AHE 41 Bom UE Ethemet XEE F3olo] &
A1) EtherCAT telegram®ll dA]2] RE auto forwarding T
£ o]&sto] 713t

a9 S@T W 9] =dtolH AJ=EE flste] Albgh
EtherCAT &#o|B. 2E9] 5713} A%S H71e 492 o
B3 9t} 5718F A5S Hrtsl] Sk, AEE HAE
H|=ol] 3% AWEE EtherCAT <d|o]B HEo| dZAEo] gl
t}. Aol AFS-E EtherCAT &eo]H BE-S &% 10m UTP

AolES ARt 718t Ades Bk Sk
EtherCAT &dlo]H. 50| AHE 42151, EtherCAT <3|
o|lH BE9| O A% E WAL 1 255 24]d QAR
2327 ZAFIAT) 1ol A EtherCAT £o]H. 519
AZF Aol oF 222058 B Y-S il

IH 5(b)= MCUSH PCe] A58 1ef3ke] 1ms W 1 A
A F7)0ll A At EtherCAT £ellolB B&Ee] Al 715
Yehla 9ok 282 EtherCAT vh~E] RENA 1ms 7]
= 47byte WAIA] 2 JNE EtherCAT S¥o]H. REZ AF
stal AEE WA 718 SAsHE UHoE 59l
th AdolA A& F7]= EtherCAT WhAE] g4 5%
HIAIA] 7} EtherCAT Eel|o]B. Bgoll Al wf Al 2)7l

Tek I Tria'd B4 Pos: 0.000s
+

Sl e e

1 falling edge

—» <—
about 22nsec

\

\‘\ 2 falling edge e

Ml
o e o g

CHZ 200V M250ns CHZ . 255V
4-981-10 16:23 100239

(a) Performance of synchronization.

B G A T S e L 3 e

Transmission Interval (msec)
*

0 500 1000 1500 2000 2500 3000 3500 1000 4500 5000

Number of Message

(b) Transmission interval.

19 5. EtherCAT £@o]H. 25 X5 B7} A3k
Fig. 5. Performance evaluation result of the EtherCAT slaver
module.

o] ~E3 Elole Akl éz%awu} T A% EtherCAT &
ZolB BES Hit AL F7]= EE 1.00mse] 3+ 7HA
th gl HHe] Ao 1.00ms ©]€le] W FUIE

7H& A& EtherCAT &£do]H. BEo) A& 0S7F AAIRE

S B E8= Window OS7} EtherCAT Ldllo]lB BE
oA 2AEH | HAIE AR AR K] W
o]t}

AE Avlor] Ho]Fo] EtherCAT Edlo]H. RE9 %
718 AL 1ms W€l AR 4L 18T of FAE
U&% 2re &0171 rrﬂ*Oﬂ HH}E SR *4301 sk Ao 4l

B o
s

LI WL

rlo

E2 AARE AS 548 7= EtherCAT 22
29 Leoln HES TAS: WU Ak 53,
AFSH= EtherCAT &do]H RELS 2vtE “elolH HF
ol IEC 618002 7]Fo= AABIIth IEC 61800 F2S o]&
3t 39 “alolH A|AE AAE A A A4 W2
Bo| vF mE selomE #8d £ rks e 7Hd
4= Aok wpAEte 2 AQket EtherCAT &#lo]H. RES o4
alo] EtherCAT HIESAE Tkl 5713} A% 545 o



IEC 61800 JIEt I} =ct0lH] AIAES

7¥ele] s Frkeilom ved 22 ARS 48 3
At

A, A AES a7k v 99 SetolH Al2H)
°ﬂ EtherCAT Z2EFo] A§e-g RISt 53], ARt

%3 5713 As H7HE B8] AtE EtherCAT T2E

%«l A 7hs s ASsIith

=4, IEC 61800 B2 288 99 =atol] Al2=8l A7
£ Fote] 710 EEtolE ity =Al BES o] &%
It =gty A S ARSIt 53], 3¢ Eetold
A 2ElS EtherCAT Z2EZ dAAIsle] &dloln RER
AMgro 2 Bl 71%5E JHE T3¢ =Etold] A|2~ElY
A0 7FsdE ERIsHITh

AU B =78 PC 7|t EtherCAT vhAE 25 &5
9] EtherCAT &£dlo|H BES 0|88t AdA 459 H7}
£ Fdste] 1 A8 7FsAS wUREIITE mEbA, AblE
2RoR9 AL VS Huh FAHCE el $18t
o] AAZE 1 FAlo]l Fagh AA 2R Ao oA
EtherCAT 2 EZo] A% w7l Fosit) 3|, At A%
3} gRlelA BAE F e 1S U] AEE EtherCAT
TrEF] A 58 Wl gk 7129 A7 st
t}. 3k Window CE 2 A|9&}= EtherCAT "hAE] RES
AAste] thFek AE oA F71st 2 AT AeS
7Vle A7t Besit) vlA 9o 2 EtherCAT &#0]
Y 5713 9 AR B4S Adsl] flste] o
T2EZI] v ANE HlLoP— A% Qi)

N

> oo

ol 14 ﬂll

HADE

[11 S. M. Song and S. H. Hong, “A scheduling method of periodic
data in the Foundation fieldbus and experimental evaluation,”
Journal of Control, Automation and Systems Engineering, vol.
11, no. 2, pp. 167-174, 2005.

[2] M. G Song and Y. Y. Choo, ‘“Performance analysis of sensor
network real-time traffic for factory automation in intranet
environment,” Journal of Korea Multimedia Society, vol. 11, no.
7, pp. 1007-1015, 2008.

[3] IEC 611584, Digital data communications for measurement
and control-Fieldbus for use in industrial control systems-part 4:
data link protocol specification, 1999.

[4] J. P. Thomesse, “Fieldbus technology in industrial automation,”
IEEE proceedings, vol. 93, no. 6, pp. 1073-1101, 2005.

[5] H. S. Park and W. H. Kwon, “Industrial network and
application,” Jowrnal of Control, Automation and Systems
Engineering, vol. 2, no. 4, pp. 4-18, 1996.

[6] K. C. Lee and S. Lee, “Real-time transmission properties of
industrial switched Ethernet with cascade structure,” Journal of
Control, Automation and Systems Engineering, vol. 10, no. 8, pp.
718-725,2004.

[7]1 A. Willig, “Polling-based MAC protocols for improving real-
time performance in a wireless PROFIBUS,” I[EEE
Transactions of Industrial Electronics., vol. 50, no. 4, pp. 806-
817, Aug. 2003.

[8] K.C.Lee,S. Lee, and M. H. Lee, “Remote fuzzy logic control
of networked control system via Profibus-DP,” [EEE
Transactions of Industrial Electronics, vol. 50, no. 4, pp. 784-

I8t EtherCAT &2II0I18 28 28 181

792, Aug. 2003.

[9]1 Y. K. Bae, J. H. Park, K. C. Lee, and S. Lee, “Design of
EtherCAT slave module for multi-axis smart driver,” 2010
Korea Society for Precision Engineering Spring Conference, pp.
69-70,2010.

[10] K. C. Lee, S. Lee, and M. H. Lee, “Worst-case communication
delay of real-time industrial switched Ethernet with multiple
levels,” IEEE Transactions of Industrial Electronics, vol. 53, no.
5, pp- 1669-1676, 2006.

[11] Y. S. Moon, G S. Lee, D. J. Seo, and Y. C. Bae, “The
development of motor controller based on network using optic-
EtherCAT,” Journal of Korea Multimedia Society, vol. 14, no. 5,
pp. 467-472,2008.

[12] G Beckmann, EtherCAT communication specification, version
1.0, EtherCAT technology group, 2004.

[13] J. H. Park, Y. K. Bae, K. C. Lee, and S. Lee, “Design of
EtherCAT network for high speed synchronous control of
industrial manufacturing robots,” 2009 Korea Automation
Control Conference, pp. 949-951, 2009.

[14] G Cena, L. C. Bertolotti, A. Valenzano, and C. Zunino, “A high-
performance CAN-like arbitration scheme for EtherCAT,” IEEE
International Conference on Emerging Technologies & Factory
Automation, pp. 1-8, 2009.

[15] J. C. Lee, S. J. Cho, Y. H. Jeon, and J. W. Jeon, “Dynamic drift
compensation for the distributed clock in EtherCAT,” 2009
IEEE International Conférence on Robotics and Biomimetics
(ROBIO), pp. 1872-1876, 2009.

[16] Y. S. Moon, N. Y. Ko, E. J. Kim, and Y. C. Bae,” Network
module design based on photonic-EthetCAT for robot drive,”
International Conference on Control, Automation and Systems,
pp. 824-829, 2008.

[17] K. C.Lee, M. H. Kim, S. Lee, and H. H. Lee, “IEEE 1451 based
smart module for in-vehicle networking systems of intelligent
vehicles,” IEEE Transactions on Industrial Electronics, vol. 51,
no. 6, pp. 1150-1158, 2004.

Ak s

1977 49 1624, 2001 Folthst

7IAlE - £41. 2002 ‘:'*Pﬂk‘aﬂ A

F7)AFEE AL 2008 5 oieked

HEAL 20063~20108 o) -7 4@71%

(DGIST) ZEAR7| &AL S

9. 20103~31 4] kel 7] A 3ske
TARAE AY AT BARoks A%E =D A~
&, det)= Alg, A3 68 9 T A2E, 1Ee
R EET D )

g x &

19819 29 8L, 2004 FAbrjsta
ZIAESHE E. 20043~ A] Bk
gl gl As7AE S AEAE
d Ags. ARk UEYA
7]H]— H/\};\]/\Eﬂ CAN, FlexRay7]H]' ;2].
28 | E =1, Embedded Ao A]Z~Hl.



ol 4

19611 12€ 1194, 19843 A-&hs}
A AR 9. 1985 AAERY
o} F=Hthetnl A} 1990 & tiekyd
AL 1990%3~1993% AAWE] thekal
7IAEE} 20 19933~ A FAt
st Z)AE e W BlEoks
Ade HED, g YEYT, & UE=, A4 YE
3.

oA, 03

=}

ol d %

19711d 59 1294, 19961 Fakoehal
AW AES 4. 1998 5 ek
A AL 20039 5 oiEkd HRAL 1998
d~2003d 7]AIEEATHRAE A
179 20031120059 S4TSR Lﬂ_
A7 AFsst AFAE AJAT
2005\ 3~AA] FA it Ao AST I Zug ﬂr*dfOlP
Adg UEY D, =g UEYD, & YEYA, A4 dE
3.



