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Abstract 
The elliptically polarized undulator with a period length 

of 56 mm, called EPU56, is part of the Taiwan Photon 
Source (TPS) phase-III beamline project. Its control sys-
tem is built within the EPICS framework using motion con-
trollers and EtherCAT. The control systems of EPU56 in-
clude a safety interlock system, which automatically stops 
movement based on limit switches, torque limit switches, 
emergency stop button, and readings from the enclosed lin-
ear optical encoder. In addition, the control system offers 
settings for adjusting the correction magnets' power supply 
and employs optical absolute encoder motors to control the 
movement of the Gap and Phase. In order to maintain sta-
bility during movement, PID control is applied to the mo-
tion process by the motion controller. To further enhance 
precision, the system also employs an integrator limit 
within the motion controller for additional adjustments. 
This paper describes the development of the control system 
and the improvement made to the insertion device move-
ment process.  

INTRODUCTION 
The third phase project of the Taiwan Photon Source 

(TPS) beamline includes the elliptically polarized undula-
tor (EPU) [1], specifically the EPU56, which is shown in 
Figure 1 and is currently in testing. The EPU56 insertion 
device, which uses permanent magnet technology, needs 
six motors in total for adjusting the gap and phase posi-
tions. 

The Experimental Physics and Industrial Control System 
(EPICS) [2] and Ethernet for Control Automation Technol-
ogy (EtherCAT) [3] serve as the foundation for control au-
tomation in the control system of the EPU56, ensuring sys-
tem consistency and facilitating maintenance.  

 
Figure 1: EPU56 of TPS Phase-III beamline project. 

Gap and Phase control, as well as the creation of hard-
ware and software protection mechanisms and a Graphical 
User Interface (GUI) for user operation, are all included in 
the motion control testing of EPU56. During operation, 
high magnetic force from permanent magnets affects both 
the movement of Phase and Gap, which are controlled by 
EPU56 through motors. Hence, closed-loop control using 
linear encoders is used for the motor control of the EPU56. 

DRIVER SYSTEM 
With the motor driver set to torque control mode, EPU56 

uses two servo motors to control the position of Gap. The 
drive configuration for Gap is displayed in Figure 2. The 
motor rotates a ball screw after going worm reducers and 
gear box. The ball screw has a 16mm gap width, and the 
worm reducer has a reduction ratio of 1:40 and the gear box 
of 1:25. As a result, after the motor passes through the re-
ducers, its overall reduction ratio is 1:1000. The upper 
mounting bracket travels in tandem with the motor's com-
plete rotation, causing a 32µm gap to open or close. The 
EPU56's gap can be adjusted between 17 and 120 mm. 

 
Figure 2: Gap driver mechanism of EPU56. 

EPU56 uses four servo motors to control the position of 
Phase. The drive configuration for Phase is displayed in 
Figure 3. The motor rotates a ball screw after going gear 
box. The ball screw has a 16mm gap width, and the gear 
box has a reduction ratio of 1:100. As a result, after the mo-
tor passes through the reducers, its overall reduction ratio 
is 1:100. Phase moves 160µm after each motor completes 
a full rotation. Phase in the EPU56 has an adjustable range 
of -28mm to +28mm. 

 ___________________________________________  

† email address   wu.zq@nsrrc.org.tw. 



15th International Particle Accelerator Conference,Nashville, TN

JACoW Publishing

ISBN: 978-3-95450-247-9

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2024-THPG22

MC6.T04 Accelerator/Storage Ring Control Systems

3301

THPG: Thursday Poster Session: THPG

THPG22

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



 
Figure 3: Phase driver mechanism of EPU56. 

DESIGN OF EPU56 CONTROL SYSTME 
Control System Architecture 

A user interface, motion controller, motors and motor 
drivers, fast synchronous interface (BiSS C) optical enco-
ders, limit switches, auxiliary position sensors, interlock 
safety, and emergency buttons make up the components of 
the EPU56 control system architecture [4], which is shown 
in Figure 4. EtherCAT and EPICS IOC technologies serve 
as the foundation for the control system [5]. 

 
Figure 4: Control System Architecture of EPU56. 

Industrial Computers based on Linux 
Based on the Linux operating system, the industrial com-

puter runs CentOS 7 and has three Ethernet ports assigned 
to the EtherCAT, TPS control system, and motion control-
ler networks, in that order. Through the control system net-
work, remote control is made possible by the industrial 
computer running EPICS IOC. Since Ethernet-based de-
vices have become widely used, maintenance and upcom-
ing equipment upgrades or replacements will be easier. 

EtherCAT 
A real-time Ethernet communication protocol called 

EtherCAT was created especially for automation control 
settings. To satisfy the real-time communication require-
ments of automation technology hardware and software, 
Beckhoff Automation first proposed it, and it was later pub-
lished in the IEC standard IEC61158. EtherCAT's primary 
advantage is its low oscillation characteristics, which allow 
for more accurate synchronization, and its large cycle time 

reduction to less than 100 milliseconds. All slave nodes in 
an EtherCAT network get signals from the master control-
ler, which are swiftly read by all slave devices, which then 
insert data into the frame as it travels downstream. 

EtherCAT modules serve as the foundation for multiple 
functions of the EPU control system. These include poten-
tiometer modules for reading potentiometer values, digital-
to-analog converter (DAC) modules for reading power 
control outputs and motor drive status values, analog-to-
digital converter (ADC) modules for controlling power 
output settings, and digital output modules for controlling 
24V, 9V and 5V power switches and resetting torque limit 
switches. Correcting the magnet control section involves 
restarting the magnet controller, adjusting the output set-
tings of the magnet power supply, and correcting the output 
readings of the magnet power supply. 

An open-source EtherCAT communication solution for 
Linux platforms is the IgH EtherCAT master [6], which is 
now in use. Based on this master, Diamond Light Source 
(DLS) has created matching scanning programs that can 
transfer data over UNIX connections between the Ether-
CAT master and the EPICS IOC. For the purposes of this 
application, the data transfer between the PC (master) and 
the Ethernet module (slave) is set up to last for 2 millisec-
onds. The system requires an EPICS environment with 
asynDriver (asynchronous driver support) and Sequencer 
(snc/seq) modules in order to run EPICS IOC. 

Motion Control 
Motion controllers from the Galil DMC40x0 series [7] 

are used to solve difficult motion control issues like point-
to-point positioning and jogging. They have two Ethernet 
connections thus one can daisy-chain numerous controllers 
and Computers with them. Two DMC-4040 motion con-
trollers are used in the EPU56 system. They have four mo-
tion control axes and Biss C encoder feedback functional-
ity, which are utilized to interface with motor drivers and 
optical encoders to create closed-loop control, which con-
trols motor motion on both Gap and Phase. 

Protection 
Through the use of EtherCAT technology, motion con-

trollers, interlocking protection circuit boards, and emer-
gency stop buttons, we have implemented three layers of 
basic safety protection. In this system, we utilize circuit 
boards to distribute the outputs of limit switches and emer-
gency stop buttons to the motion controller, EtherCAT 
module, and interlocking protection circuit board, creating 
three independent safety layers. 

The first layer of protection is implemented by the mo-
tion controller, which is responsible for monitoring the 
travel limit switches and ensuring that the closed-loop po-
sition error remains within acceptable limits. The second 
layer of protection is implemented through software pro-
grams, which check the gap deviation every 10 millisec-
onds. If the deviation exceeds the preset limit, the system 
immediately shuts down the output of the motor drive. The 
third layer of protection is provided by the interlocking 
protection circuit board, which is dedicated to interlocking 
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safety protection. When the system detects any abnormal 
signals, the interlocking protection circuit board immedi-
ately cuts off the output of the motor drive, swiftly stopping 
the motor operation. After resolving all errors, the system 
needs to undergo a reset procedure to resume operation. 

Integrator Limit 
PID is a widely utilized feedback parameter in industrial 

control systems. The system is more precise and reliable 
because of its adjustable proportional, integral, and deriva-
tive units. We use IL commands from the Galil DMC40x0 
series motion controllers during movement and PID assis-
tance for localization to guarantee the correctness of the 
platform movement. Integrator gain can be limited by IL 
commands, which maintain voltage control within certain 
limits. Our goal with this feature is to improve performance 
stability when moving and arriving at specific position. IL 
can be turned on or off using our usage approach, which is 
shown in Figure 5. When enabled, the movement speed is 
fixed at the maximum value if there is no movement or if 
it exceeds the maximum value; while movement, the posi-
tion error and movement status are used to update the IL 
parameters. 

 
Figure 5: Motion control test platform moving. 

Graph User Interface 
Figure 6 displays the EPU56 motion control testing plat-

form's simple graphical user interface. Users have the op-
tion to modify the Phase or Gap axis at the top of the GUI. 
They can enter certain places or adjust the position settings 
by using the buttons below. They may also use the button 
condition to control the motor's start, stop, and movement. 
The icons below will turn red when the limit switch is ac-
tivated, and the motor will stop working right away. The 
platform's position at present is shown in the chart at the 
button. 

 
Figure 6: EPU56 Simple Graphical User Interface 

MOTION CONTROL TEST 
EPU56 and control system will be integrated in the 

fourth quarter of 2024. At the moment, we are testing the 
EPU56 control system on a motion control test platform. 
The motion control test platform's test results, which show 
a movement from 0 to 5 mm, are displayed in Figure 7. The 
motion testing platform position is shown in Figure 7(a), 
and its error during platform movement is shown in Figure 
7(b). We used positional parameters like PID and IL. More 
precise positions are easy to obtain on the test platform 
with the help of IL. After the insertion device and control 
system are integrated, further confirmation of the stability 
during movement is still necessary. 

 
Figure 7: (a)Moving Position and (b) Position error 

SUMMARY 
This paper describes the content and development pro-

gress of the EPU56 motion control system, including the 
drive system of insertion device, the design of the control 
system, and the protection mechanism. The control system 
is developed based on EPICS and EtherCAT, currently in 
the testing phase of the motion control test platform, and 
integration with insertion device is scheduled for the fourth 
quarter of 2024. The system provides a graph user inter-
face, allowing users to easily operate motor start-up and 
motor driver reset. A three-layer protection mechanism is 
implemented through motion controllers, limit switches, 
and interlock protection circuit boards. PID control com-
bined with IL achieves more precise and easier position 
control. 

 



15th International Particle Accelerator Conference,Nashville, TN

JACoW Publishing

ISBN: 978-3-95450-247-9

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2024-THPG22

MC6.T04 Accelerator/Storage Ring Control Systems

3303

THPG: Thursday Poster Session: THPG

THPG22

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



REFERENCES 
[1] K. T. Hsu et al., “Current Status of the TPS and its Future 

Prospects”, AIP Conference Proceedings, vol. 2054,  
p.030003, Jan 2019. doi:10.1063/1.5084566 

[2] EPICS Control System, https://epics.anl.gov/ 
[3] EtherCAT, https://www.ethercat.org/ 
[4] C. Y. Wu et al., “Control System of EPU48 in TPS”, in 

Proc. IPAC'14, Dresden, Germany, Jun. 2014, pp. 3180-
3182. doi:10.18429/JACoW-IPAC2014-THPRO123 

[5] C. Y. Liao et al., "Design and Development of a New Con-
trol Architecture for Elliptically Polarizing Undulators at the 
Taiwan Photon Source," in IEEE Transactions on Applied 
Superconductivity, vol. 30, no. 4, pp. 1-5, June 2020.  doi: 
10.1109/TASC.2019.2960740. 

[6] IgH EtherCAT master,  
https://etherlab.org/en/ethercat/ 

[7] Galil Motion Control, https://www.galil.com 



15th International Particle Accelerator Conference,Nashville, TN

JACoW Publishing

ISBN: 978-3-95450-247-9

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2024-THPG22

3304

MC6.T04 Accelerator/Storage Ring Control Systems

THPG22

THPG: Thursday Poster Session: THPG

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 792.000]
>> setpagedevice




