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4.Result

¸J-TEXThas a density feedbackcontrol system based on the single chord
measurementof the HCNinterferometer.

¸Theoriginal systemis not sufficient for future experimentdue to unreliable
densitymeasurementandlimited function.

¸J-TEXTnewly deployed three-wave polarimeter-interferometer (POLARIS)
systemprovidebetter measurementof the densityoverthe interferometer.

¸POLARIShas17 probing chords,time resolution 1~10 s˃, spatial resolution
15mm,phaseresolution0.1£

1. Introduction 2. Real-time density calculation and feedback 
control system 

3. Real-time density profile calculation
The real-time FFT is in good agreement with the off-line calculation.

¸ Implementedon POLARISDAQsystem
¸Minimum changes are made to the

existingDAQsystem
¸Acquire16 IF signalchannelsat 120 MS/s

rate
¸Density calculation and feedbackcontrol

algorithmimplementedon FlexRIOFPGA
¸Thehostuploaddatato MDSplusdatabase

by Ethernet
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The Line integrated electron density can be written as
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¸Plasma vertical and horizontal
displacement from PCS via
reflectivememory

¸16 IF signal is acquiredand chord
integrated density is calculated
densityon the FlexRIOFPGA

¸Reference probe signal is
transferredusingp2p

¸Profile calculation and feedback
control is on the host running
LabVIEW-RT

¸Densityprofile calculationҒ400˃ s
¸Wholecontrol cycle< 1ms
¸Future,the real-time reconstructed

flexsurfacefrom PCSwill beused

Abel Inversion Modeling

¸13 chords, 9 constant density zone
arechosento calculatethe profile

¸ In J-TEXTlimiter plasma,flux surface
isconsideredto becircular

¸plasmadisplacementisconsidered
¸Shafranovshift is ignored,symmetric

profile canbecalculated

¸Real-time densityprofile is in goodagreement
with offline result (which takes into account
the Shafranovshift andtakesminutesto run)

¸Thissystemisableto calculatedensityprofile in real-time.
¸With the densityprofile it canusecompensatedcentralchord integratedor

averagedensityascontrol target.
¸Profilecanalsobeusedin the future PCSanddisruptionpredictionsystem
¸Thedensityprofile calculationcyclerate iswithin 1KHz.

Structure of POLARIS system on J-TEXT.

Plasma is always in contact with the limiter, 
flux surface is circular

The configuration and data flow of the density profile calculation

The structure of POLARIS data acquisition system.

Comparison of central chord integrateddensity.

Comparison of density profile calculation.

Data flow of the density feedback control system

¸The real-time electron
density feedback control
systemis implemented on
the already existing
POLARIS DAQ system
which is basedon FlexRIO
FPGA.

¸NI P2P technologyis used
to transfer processeddata
from a FlexRIOboard to
another in real-time
without usingthe CPU.

The block diagram of the FFT phase shift and density algorithm on FlexRIO FPGA.

¸Real-time compensatedcentralchordintegrateddensityresult calculatedusingthe
real-time profile is slightlybiggerthen the direct centralchordmeasurementwhich
isaffectedby the plasmadisplacement

¸Thereal-time calculatedprofile canbe usedin densityfeedbackcontrol, future PCS
anddisruptionpredictionsystem.

¸Usingp2p feature to exchangedata among
FlexRIOs
Vdatatransferdelay< 20˃ s
Vbandwidth 1.5GB/s

Çhordintegrated density calculatedon one
FlexRIOand streamed to another FlexRIO
usingp2p
Ḩost running Windows is only archive the
data,not involvedin anyreal-time control
P̧IDfeedbackcontrol the gaspuffing valve
doneon anotherFlexRIO

¸Chord integrated density
calculation delay 80 s˃,
feedback control cycle 1
kHz

¸3 phase shift detection
methods are implemented
on the FPGAandevaluated

¸The FFT method has the
best overall performance
on speed, resource and
accuracy
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