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Implementation of Real-time EtherCAT Control System
based on Open Source
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Abstract: Real-time control communication network system is important for developing defense
robots because it affects environmental interaction, performance, and safety. We propose a real-time
control communication network using the Xenomai real-time operating system and the open-source
EtherCAT master library, SOEM. EtherCAT is an Ethernet-based industrial communication method. It
has low latency and many functions such as cable redundancy and distributed clock synchronization.
We use Xenomai RTOS and Intel NUC to develop the system. Experimental tests demonstrate the
Real-time EtherCAT master implementation, and communication with CiA301-based slave devices.
The jitter measurement was conducted to validate the real-time performance of the system. The
proposed system shows possibility for real-time robotics applications in various defense robots.
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ul2~E 2o]H ]l SOEM (Simple Opensource EtherCAT
Master)< 5-3l14] Hoh A2 531 Alo] o] Hold AA|
E A FA Y EH A Al 2818 A 9kshct,

2. EtherCAT &4l HIE3A

2.1 EtherCAT

EtherCAT “8-41-> Ethernet 521 7]9Fe] 21918841 w2 o]t
EtherCAT-& ¢42] 21318 Ethemet 541 % 3o ]t [Fig. 119} 2]
EtherCAT->OSI 7715 31 BEle] E2]5ol FMMU (Fieldbus
Memory Management Unit)<- -3l 4] Hlo]¥] 22g|qlo] 2}7te]
ol BE Fsh 7t &lo]H.e] 1O EnEellA] ol
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[Fig. 1] Ethercat communication: FMMU data process!'?!
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[Table 1] EtherCAT Master Library

SOEM IgH
Publisher RT-LAB EtherLAB
Linux, Windows, .
oS MAC, MCU Linux
Supported RT Xenomai, RTAI, Xenomai, RTAI,
Core RT-Preempt RT-Preempt

TE3E EtherCAT Redundancy(F|©]&- ©]%3}), Distributed
clock(i4t 28 7155 A dgth AlolE o]Fsh= 7719
Ethernet 7055 ¥ EE2A] A48 =H, F719] Alol&
< gk 7le AlolEe] EAE T ek Bl EEEA|RE Al A
28l A8 B fAIske] FAlY] AR S FolaL o o]

=
F 2ol FAL 5 UL Fk 12 22 7)5e 7

Ag el =T o=2T M
Lol vhrke] e AeubA] wAste] e 2gle] Alo]
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2.2 EtherCAT Master Library

EtherCAT W=ElE 7Ee}7] 913 Q&4 TR AE=
A SOEM} IgH Z2 A E7} git}, 7} gfo] v eg] X2 A E
ukey 7]} 7t 31742 [Table 12 22t)

SOEMe®| 74-5- A #rel A s2fsh= Wb, 1gHe] 74
A gl A T2t s AAE e
ATk AT IgHE A F3H= ATF=7F Al §HA o]
Tdo] Fakek v o] EAehH, R 9] F2to] glo] He]
) HT} AT EQo)7} 7 AL w3 gt} vh
2 EtherCAT glo] He|g] 24 Thekeh Z 2% o]4]o] Lo]F
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[Fig. 2] Structure of linux patched xenomai

7F Ethernet =2}o]H] X Z A =] RT-Net S 28-3}17] 9]alA]
Xenomai £ ©]85}0] AA7E S|A|E A sd i, [Fig, 219} 2
©] Xenomai 2| 71 2]~ A k| AAR L2 O3S
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3.2 Implementation of EtherCAT Master

E =T A EtherCAT FAEIS 71 81791804 A5
Master PC<= IntelAF2] NUC 9 Pro Kit Mini PC©]t}, 31%-PC A}
k2 [Table 2] 2} AT,

7]l AAE MESA A IEFo]2 Fk= T i210-AT
RT-Net& A 1ghth vt 35 245 914 4 Port W5
RT-Net©] A1 == Intel 1340-T4 7h= =2 A 8130

kol ARE-E ST E gloj o] Bl [Table 313 2}

=l A= flok 2 Sl A TS Kegsiol o,

GUI Z Al 2=0] 23k Latency & "#[517] #1814 2522 0S

[Table 2] Master PC Specification

CPU Intel Core i7-9850H
Network Interface |Intel® Ethernet Connection i219-LM Intel®

Card (On board) Ethernet Connection i210-AT
Network Interface Intel® Ethernet Connection 210-AT
Card (PCI-e Slot) (Intel 1340-T4 4Port)

Memory/GB 16

[Table 3] Version of development tool

(0N Ubuntu 20.04 Sever LTS
Linux Kernel 5.4.180
RT-Core Xenomai 3.2.1
SOEM 1.4.0
Build Tool CMake, Ninja
e
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[Fig. 3] CPU isolation
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4.1 CPU-isolation Latency Test
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4.2 EtherCAT Master Test

733 EtherCAT W=E 9] Ade& HF537] #1814 o)
oF 22 A9 W e A sl

PEAE] PCOIA Slave A1l 7] H% S 1 kHzo] A6 57
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[Fig. 4] Environment of ethercat master test
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[Fig. 5] Environment of CoE master test
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4.3 CoE (CANopen over EtherCAT) Master 712
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[Fig. 6] Result of CPU-isolation cyclictest
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[Fig. 7] Result of normal linux latency test
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[Fig. 8] Result of CPU-isolation latency test
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[Fig. 9] Result of ethercat master test

[Fig. 10] Result of CoE master test
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