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Fast Orbit Feedback System for HEPS

 Physical requirement(SR: 1360.4 m)

The response matrix R satisfies:𝑅 𝛥𝜃 ൌ 𝛥𝑥 ൌ 𝑥 െ 𝑥ீ𝛥𝜃 ൌ 𝑅௩ 𝛥𝑥
Fast corrector power supply setting value:𝑆 ൌ 𝑃𝛥𝜃  𝑆

Δx : orbit error given
Δθ : corrector strength change
Rinv : SVD inverse response matrix

< 30μs

 16 FOFB cells @ 1152 BPMs data @ 384 fast correctors 

500Hz @ 150μs

close collaborators: Physics, BPM, Power Supply, Magnet, Vacuum, RF, TM, Control

Point-to-PointSD : corrector DC current

calculate during data transfer

Two key issues:
• How to reduce the latency?

Long time stability and reliability.
• How to maintain the accuracy ?

High performance.

 Bi-direction data transfer with 
each direction 3 channels

– Time : Orbit distortion < 10%(RMS), FOFB delay < 30μs
– Frequency : Closed-loop bandwidth >= 500Hz



Fast Orbit Feedback System for HEPS
 Hardware design

Core backplane Interface boards

– Core backplane
– BPM interface board
– Fast-corrector interface board
– Timing interface board

– ATCA Mechanical architecture
– Core：Xilinx V7 + K7 FPGA 
– Interface：Muti-boards

（BPM、TM、Fast corrector）
– data trans ：Muti-Mode Fiber 

GTH（4.76Gbps）
– X-BPMs / RF backup

…  …

 Hardware finalized
（1/4 sub-station）

XC7VX690T-
FFG1927

XC7K325T-
FFG676

W5500

Molex

Flash*1
for K7 

configuration

Flash*2
one for V7 

configuration

GTH*8
to Front
Modules

I2C/SPI

Timing 
Inputs

GTH*80
to Front
Modules

Fast Corrector 
Power Supplies

Timing 
Inputs

Backup
IOs

Clocks

xTAL rf Clock

Backup
IOs

Local 
Power 

Supplies

the architecture of Sub-station the function of core backplane

original intention: self-developed  and multi-purpose, FOFB、FPS、Timing

（budget & performance）



Fast Orbit Feedback System for HEPS
 Logic design(modularity)

The equation of incremental PID algorithm :     

 read 12 BPM data and 12 data mapped in the response 
inverse matrix (24 groups) in one pipeline cycle

– Clock
– Data encoding 
– Data storage 
– Data arithmetic
– Data transceiver
– Parameter configuration
– Correction data transceiver

 PID & Matrix multiplication(DSP48E1,3600 slices; BRAM,53Mb) 

u(k)=u(k-1)+Δu
=u(k-1)+Kp[e(k)-e(k-1)]+Kie(k)+Kd[e(k)-2e(k-1)+e(k-2)]

 use the "binary tree" to add up the results of the 12×12 
vectors to get 24 vectors in turn.

Correction data 
transceiverData Encoding 

Data 
Transceiver

Parameter 
configuration

Data 
Arithmetic

Data 
Arithmetic

CLOCK

data(64bit)

clk_W & clk_R clk_W

data(64bit) & Addr clk_N & clk_R value

clk_C & clk_W

clk_W

para

code

data & para
value & para

strategy: synchronized with the same clock source, ordering data, interrupt ID and FIFO

– A synchronous clock 
reduce latency and minimize resources

– The pipeline
make full use of the data transmission delay

– Data width of calculation gradually increased
to maintain precision



Fast Orbit Feedback System for HEPS
 Time consumption and performance : meeting the requirements (~50% resources used)

4 3

2

1

– BPM data acquisition: T1
– BPM data treatment: T2
– BPM data transmission: T3
– Matrix calculation for local BPM: T4
– Matrix calculation for global BPM: T5
– Fast-corrector data transmission: T6

Total consumption : ~10.5μs 

Transfers 64-bit data between sub-stations(comma detection to align words)
(res[24][1]:  parallel output)

Pipeline : 470nslocal BPM data transmission :850ns

global BPM data transmission :950ns

Matrix operation(cell): 53ns



Fast Orbit Feedback System for HEPS

Half Mode Full Mode

single break single recovery

synchronization!
quickly set sub-discretization set

10μs 20μs 10μs20μs

Timing
22kHz

FOFB 
cycle

Current 
Cycle Value

Last Cycle
Value

Current 
Cycle Value

Last Cycle 
Value

Current 
Cycle Value

10μs

~ 45μs

– normal:
the data only transfer half a ring

– if disconnection:
part of data transfer the whole ring

The correction settings does not change 
much between two adjacent cycles (PID)

– Local orbits may not be well corrected by 
the FOFB due to the slow drift and few fast 
correctors

– Both fast and slow correctors used for orbit 
correction, settings synchronized to 
minimize disturbances

 Synchronized orbit correction

 Half ring mode or full ring mode 



Fast Orbit Feedback System for HEPS

Summarize

Thanks for your attention !

 All hardware for the 4 sub-stations manufactured, installed and tested;

 Main logic design finished, further development and test on going. 

 The overall delay is about 10μs, fulfilling the requirements.



<<
  /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


