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ABSTRACT

EtherCAT is an Ethernet-based fieldbus system standardized in IEC 61158 and SEMI, and widely used in the fields
of factory automation, semiconductor equipment and robotics. In this paper, we summarize the current status of

Xenomai real-time framework and RTnet, which are essential for Linux operating systems to operate in real-time, and

implement a real-time EtherCAT master system with these open sources. The real-time performance of the
implemented EtherCAT master is evaluated according to Intel network controllers 82574L, 1219, 1210, and 1225,

respectively. The results show that the implemented EtherCAT master provides precise control performance for

control frequencies from 1KHz to 8KHz and similar performance for 1219, 1210, and 1225, and relatively slightly

larger jitter for 82574L.
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EtherCAT(Ethemet for Control Automation Technology)2 IEC
61158, SEMI(Semiconductor Equipment and Materials International)
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Table 1. Xenomai versions and supported Linux Kernel

Xenomai Version | Interrupt Pipeline |  Linux Kernel (LTS)
I-PIPE v5.10 ©] A
V3.2.x
Dovetail v3.10, v5.15
V3.3-dev Dovetail v6.1, v6.6
V4 Dovetail v5.10, v5.15, v6.1, v6.6
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Table 2. Intel network controllers and Linux drivers

. Host Linux Driver Max
Controller Interface (Generic/RTnet) Speed
82574L PCle vl.1
e1000e
1218
Proprietary /rt_e 1000e
1219 1Gbps
1210
PCle v2.1 igb/rt_igb
1211
1225 PCle v3.1 ige/rt_ige 2.5Gbps
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Table 3. Version of tools

Ubuntu LTS 22.04

Linux kernel v6.1.y-dovetail

Xenomai v3.3-dev

SOEM 1.4.0(stable)

Table 4. Platform specifications

CPU Intel i5-7600@3.5GHz
Network Controller 1219-LM, 1210-IT x 2
(on board)

Network Controller 825741, 1225-V

(PCle slot)

Memory DDR4 8GB
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Fig. 1. Experimental setup.
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while (1) {

wke = ec_receive processdata(EC_TIMEOUTRET);
ecatcheck(wke, 0);

/* do something here */

rt_task_wait period(NULL);
ec_send_processdata();
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Fig. 2. Period measurement of the transmitted packets for
1219 network controller (control frequency 8KHz).
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Fig. 3. Period measurement of the transmitted packets for
1225 network controller (control frequency 8KHz).
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Table 5. Period measurement of the transmitted packets
according to network controller (in microsecond)

Controller 82574L 1219 1210 1225

Min 995.54 995.27 994.64 996.01

Avg 1,000.00 | 1,000.00 | 1,000.00 [ 1,000.01

1KHz Max 1,005.70 | 1,004.64 | 1,006.27 | 1,004.65
Max-Min 10.16 9.37 11.63 8.64

Std. Dev. 0.13 0.10 0.17 0.15

Min 493.53 495.54 496.13 496.65

Avg 500.00 500.00 500.00 500.00

2KHz Max 506.49 505.62 504.30 504.08
Max-Min 12.96 10.08 8.17 7.43

Std. Dev. 0.11 0.10 0.14 0.11

Min 246.65 246.08 246.33 246.73

Avg 250.00 250.00 250.00 250.00

4KHz Max 254.17 255.05 254.01 253.84
Max-Min 7.52 8.97 7.68 7.11

Std. Dev. 0.10 0.10 0.11 0.13

Min 121.52 121.84 122.41 122.16

Avg 125.00 125.00 125.00 125.00

8KHz Max 128.72 127.76 128.32 128.16
Max-Min 7.20 5.92 5.91 6.00

Std. Dev. 0.09 0.09 0.10 0.09
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