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Standard PseudoMotor

Two motors started 
simultaneously but finish 
independently.

Makes the motion deviate 
from path.

Typical step scan. 
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Standard PseudoMotor
With synchronized linear 
speed, motors start and 
finish simultaneously. 

Cut corners in the 
trajectory.

Common in 
monochromators.
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Following trajectory
A trajectory is followed when 
start, stop, speed and 
acceleration is adjusted along 
the path. 

Possible to scan e.g. energy in 
constant speed. 

Trajectories is now a function 
available in the IcePAP motion 
system through its 
collaboration.
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Rowland Spectrometer
With a curved grating with 
radius 2R, the detector will 
be in focus if the source, 
grating center and detector 
is on the same circle with 
radius R.

Great example where 
trajectories are useful.

PETER SJÖBLOM
ICALEPCS ’23 – TH2BCO01



Detector
wagon

Sample
manipulator

Grating
chamber

Mirror
ChamberVacuum pipeRail system

Beam from 
exit slit

Bellow and 
support 
system

Veritas Rowland Spectrometer



Veritas Rowland Spectrometer
What to move?

grating

beam 
pipe

bellow

mirror
chamber

detector 1

detector 2

Parameters
- Energy
- Detector 1 angle adjust
- Detector 1 distance adjust
- Detector 1 height adjust
- Grating line density
- Detector 2 angle



Detector wagon detail
Objects are interlinkedEach motion needs to have 

its equation. 

Trajectories makes updates 
easy.

Blue beam path travel 
through mirror camber to 
two detectors while motion 
and joints keep them 
aligned. 
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How to make a trajectory move
Function f(energy) calculates positions for mot1 and mot2

Function units2steps() converts from units to motor steps

Make the tables: 

energytable = [ ]

mot1table = [ ]

mot2table = [ ]

for energy in range(0,100):

– mot1, mot2 = f(energy)

– energytable.append(energy)

– mot1table.append(units2steps(mot1))

– mot2table.append(units2steps(mot2))



"ActiveTrajectory": {
"_description": "Normal trajectory, 240.0-960.0, 9.0-9.0, 0.0-0.0, 0.0-0.0, 1350.0-1350.0, 67.0-67.0, 0.00262-0.00262, 0.03054-

0.03054, ",
"_table": [

[
240.0,               

240.72072072072072,
...
...
...
...

959.2792792792792,
960.0

],

[               
166.95959306707357,        
166.42171860494807,

...

...

...

...
7.352565954100715,           
7.414482558850775

],

[
-164.33317679657114,
-163.6535240867587,

...

...

...

...
55.33610679205606,           
55.41263456218098

],

[              
8.860391518052928,           
9.249130018203317,

...

...

...

...
-71.4607670496774,            
-71.5626280589275

],

[            
2657.4049499999996,        
2645.9161999999997,

...

...

...

...
-1062.1475500000001,       
-1063.4650500000002

],

],
"_time": "2023-09-27T01:14:24.841193+02:00"

}

The structure of a active trajectory 
uploaded in IcePAP



How to make a trajectory move
1. Upload table to each motor using pyIcePAP:

ipap[mot1axis].clear_parametric_table()
ipap[mot2axis].clear_parametric_table()
ipap[mot1axis].set_parametric_table(energytable, mot1table, mode='LINEAR’)
ipap[mot2axis].set_parametric_table(energytable, mot1table, mode='LINEAR')

2. Move onto trajectory:
ipap.movep(energytable[0], [mot1axis, mot2axis], group=True)

3. Set velocity:
ipap[mot1axis].parvel = vel
ipap[mot2axis].parvel = vel

4. Move along trajectory:
ipap.pmove(75.3, [mot1axis, mot2axis], group=True)

Or ‘SPLINE’

Can be different!

Important!



Various notes
• Each motor can have a different parametric velocity.

• Without group mode: If one motor stops due to some error the others 
continue.

• It’s still possible to move each motor individually, doing so breaks the 
trajectory “magic” and it’s necessary to do a MOVEP to get them back in sync.

• Trajectory coordinate can be read from any axis:
Pos = ipap[mot1axis].parpos

• If a motor is not on the trajectory this will raise an exception.
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Changing other parameters
Method 1: keep trajectory coordinate

Most requests result in  
small changes in trajectory.

The new setpoint will be 
the same value on the new 
trajectory.
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Changing other parameters
Method 2: keep master position

With a new trajectory resulting in 
a large time consuming motion, a 
new setpoint is defined as the 
physically closest point.

The way between them are 
traveled through a temporary 
trajectory 

Automatically uploaded, 
removed and replaced with the 
final trajectory when the change 
is completed.

PETER SJÖBLOM
ICALEPCS ’23 – TH2BCO01



Measured position and 
uploaded trajectory

Prior motion, the trajectory 
is calculated and uploaded 
and here plotted as a solid 
line. 

During motion, the tango 
attribute position is plotted 
as dots and laid in the same 
graph. 

The two datasets matches 
well with each other.  
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Trajectories at work

During operation, the 
trajectories need to be 
followed at all time. 

1. Energy scan
2. Grating exchange
3. Energy scan
4. Focus scan

PETER SJÖBLOM
ICALEPCS ’23 – TH2BCO01



User Parameters

- Detector height offset
- Detector rotation offset
- Detector focus offset
- Grating line density
- Grating curvature 
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Fitting routine
• The exact trajectory of the Rowland geometry is very sensitive to 

parameters such as grating radius and line density. 

• By finding a few known points along the energy scale, by using 
samples with well-known emission, it's possible to fit the 
parameters. 

• Given the recorded detector positions at these known points, the 
routine optimizes the Rowland parameters to generate a trajectory 
that gets as close as possible to these positions, at the correct 
energies. 

• The output is a set of adjusted parameters that can be entered in the 
Sardana motor controller.



Summary
• Trajectories successfully brings new capabilities to MAX IV motion 

systems in terms of motion along non-trivial and non-linear paths.

• Parameter to follow can be arbitrarily chosen as e.g. energy or a curvature in 
space. 

• A large set of motors can be treated as one unit and the complex motion is 
solved without the need of interference from the user.

• They are deployed in production at several instruments including

• SCANIA spectrometer at Balder beamline

• flight tube at CoSAXS beamline

• monochromators at FlexPES and FinEstBeAMS beamlines

• Veritas Rowland Spectrometer



<<
  /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 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 /Remove
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 ()
  /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 false
      /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 [595.000 791.000]
>> setpagedevice


