
Requirements and Coherent Realization of the HICAT Control System 
functionality for Tests, Commissioning and Operation

Abstract
The control system for the HICAT project comprises several rather different functionalities for the whole range of 
demands starting from tests of single components up to the specified operation mode where the accelerator has 
to deliver a beam of high-energy ions with requested energy, focus and intensity for tumor treatment. We outline 
the concept and realization of this system which is capable of fulfilling all those needs within the implemented 
functions and GUIs. The range of functionality spans from test environments and trace-possibilities for single 
front-end controllers up to complete integrity tests of the whole accelerator for the designed operation mode. E.g. 
for commissioning of the LINAC division the control system utilizes a 5Hz mode while typical synchrotron cycles 
last for several seconds and can be used with similar adjustments. In normal operation mode diagnostics like 
beam current are only evaluated at special times in a cycle, but it is possible to monitor and record these data at 
high sampling rates in a continuous mode over several hours. Furthermore it is possible to accomplish long-term 
stability tests of single components during normal operation.
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Front End Control – Device Control Units
• Test possibility with serial connection

• Bus communication with up to 5 interface cards

• µs timing / real-time bus

• 7 different device classes

• different HW/SW versions

Interpolated Device Data for Therapy
• Combinations of 255 energies, 6 foci, 15 intensities (EFI)

• Device dependencies / independencies of 

• Beam parameters

• Ion source - target room combination

• Therapy device settings in nonvolatile memory (flash)

• Interpolation of settings between different combinations

Quality Assurance and Beam Diagnostics
• Verification of beam properties for therapy

• Automated test procedures / protocol functions

• Monitoring of all devices along the beamline

• Storage of necessary device read values

• No changes allowed during therapy 

Online Device Data
• Control of single devices during cycle

• Monitoring of individual device properties

• Monitoring of set/read values at important times

Commissioning Tools
• 5 Hz  Mode for LINAC commissioning

• Long time stability tests

• Possible parallel test system

• Tracing possibilities

Real-Time Beam Diagnostic Data
• Data displayed already during cycle

• Trending functionality

Beam diagnostics device classes
Event counting, profile grids, phase probes, AC/DC 
transformers, viewing screens, BPM

GUI to control all DCU device state in a certain section, status of a selected 
virtual accelerator and to analyze device errors (inset: a DCU).

GUI to control and set device parameters. The inset shows interpolation 
results of one parameter for all energies and one pair of intensity and focus.  

GUI to verify calculated device settings. Shown are current and voltage 
ramps for synchrotron dipoles including conditioning at the end of the cycle.  

GUI showing online current data from one cycle for three devices.  GUI showing event counting device's data from one cycle.  

GUI  to measure online profiles and trend of the beams center and width.

GUI analyzing optical beam information at the isocenter

GUI to measure online data of one cycle. upper picture: voltage and current 
ramps of synchrotron dipoles for one cycle with low energy. lower picture: 
begin of one cycle shown for two slow dc dipoles and synchrotron dipols.

Virtual Accelerators 
• Experimental accelerator settings

• Accelerators for therapy including all EFI combinations

• Pulse to pulse variation of beam properties

• Pulse to pulse variation of ion source / target room

Global System Properties
• Single components can be commissioned during normal 
operation.

• Parallel operation of both ion sources.

• Coupling of accelerator CS and therapy CS impose 
constraints for e.g. commissioning due to safety functions.

• Different system modes for commissioning, QA, therapy.

HICAT Facility
• 1300 patients a year

• Different ions

• Energies up to 430MeV/u

• 500 components

• µs timing for most components

• High reliability and stability                                 
for at least 25 years

• Combinations of 250 energies, 
6 foci and 15 intensities (EFI)

• Pulse-to-pulse variation

• Only two operators in normal 
operation mode

• CS modes for therapy, quality 
assurance, commissioning

• Interface to therapy CS

Ion Sources

Linac

Synchrotron
horizontal target
rooms 

Gantry target room

medical research
target room

MEBT

LEBT

HEBTGantry



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


