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o Aims
Reflectometry data : y(t) = A(t)eid)(t)
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o Aims
Reflectometry data : y(t) = A(t)eid)(t)

@ extract the components ykN(t) of the signal : reflections on the plasma,
on the pothole, on the wall of the tokamak, ...
© estimate the phase derivative of the components, d¢k = (t)
o Tools

@ Filtering, Fourier Transform
@ Time-Frequency representation : Spectrogram, Wigner-Ville, Wavelet,
Tomogram
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o Tomogram

@ Some results on simulated data

@ Some results on reflectometry data
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Tomogram

@ Time-Frequency operator
£ = pt + v t+i d
X = rw == 1V—
K K P

Eigen vectors {wl)f’,,}
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Tomogram

@ Time-Frequency operator

R R . d
= pt+ vl == pt + iv—
ut + v ut+iv ™

Eigen vectors {wl)f’y}
@ Tomogram : Time-frequency distibution of the analytical signal s
X 2
Ms (X, pn,v) = ‘< R >‘
- with normalisation [ Ms(X, u, v)dX =1

- =1, v =0, distribution in the time domain M(t,1,0) = |s(t)|*
- =0, v =1, distribution in frequency domain Ms(w,0,1) = |3(w)[?
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Tomogram Symplectic

@ single parameter 6
% = cos 0t + sin 6

M(X,6) = ] [ o5 @sta

2

1 icost iX
X 2

t) = t° — t
Vo (¢) 27 |sin 0] P <2sin9 sin 6 >
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SD # 1 : Component decomposition

@ Sinusoidal signal
y(t) = y1(t) + y2(t) + y3(t) + b(t)
y1(t) = exp(iwgt),t €0, T]

ya(t) = exp(iwit),t e [O,H

i (t) = expliwnt),te BT]
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SD # 1 : Component decomposition

@ Sinusoidal signal
y(t) = y1(t) + y2(t) + y3(t) + b(t)
y1(t) = exp(iwgt),t €0, T]

ya(t) = exp(iwit),t e [O,H

i (t) = expliwnt),te BT]

@ Real part of the time signal (SNR = 10 dB)
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SD # 1 : Component decomposition

@ Tomogram (contour plot)
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SD # 1 : Component decomposition

Projection, in the case of finite time t € [0, T]

@ orthonormal basis {¢97:X}

T T
< g x,%9,x, >= Om,n
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SD # 1 : Component decomposition

Projection, in the case of finite time t € [0, T]

@ orthonormal basis {¢97:X}

T T
< g x,%9,x, >= Om,n

@ Projections
-
Ch =<S, ’Q/Jg’Xn >

@ Representation of the projections c, of the signal y(t) for 6 = ¢

abs(cn)
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SD # 1 : Component decomposition

@ Component y» (t)

redllyd)
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SD # 1 : Component decomposition

@ Component y» (t)

redllyd)

@ Component y3 (t) components

realyd)

time
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SD # 2 : Component decomposition and phase derivative

o Chirps : y(t) = /(1) 1 e/®2(t) 1 p(¢) SNR=10dB
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SD # 2 : Component decomposition and phase derivative

o Chirps : y(t) = /(1) 1 e/®2(t) 1 p(¢) SNR=10dB

@ with %d)l(t) =at’? +bht+a
and Z0,(t) = bot + bVt + .
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SD # 2 : Component decomposition and phase derivative

@ Chirps : y(t) = e/®1(t) 1 i®2(t) 1 p(t)
@ with d>1( )=ait’ + bit+c
and 8 ¢2( ) = bot + db/t + .

@ Representation of %Cbl( ) and —cbz( ) as a function of time.

Phase derivative
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SD # 2 : Component decomposition and phase derivative

@ Frequency representation
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SD # 2 : Component decomposition and phase derivative

@ Tomogram of the chirps signal

pir2

teta
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SD # 2 : Component decomposition and phase derivative

@ Projection § = atan(%) ~ g
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SD # 2 : Component decomposition and phase derivative

Phase derivative

@ The phase derivative can be estimated from the projections {c,},

0 r(t)
st =m () &)
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SD # 2 : Component decomposition and phase derivative

Phase derivative

@ The phase derivative can be estimated from the projections {c,},

0 B r(t)
0= (506) W
@ with 9
M) =" o 057 (1) )
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SD # 2 : Component decomposition and phase derivative

Phase derivative

@ The phase derivative can be estimated from the projections {c,},

0 B r(t)
0= (506) W
@ with 9
M) =" o 057 (1) )
@ and
7(6) =D el (¢) (3)
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SD # 2 : Component decomposition and phase derivative

@ Phase derivative 0 ~

s
8

phase derivative

time

F. Briolle () tomogram-data analysis 16 / 34



Reflectometry data : choc 42824

@ Time representation of the signal
Fast-sweep X-mode reflectometer on Tore Supra, V band
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Reflectometry data : choc 42824

@ Frequency representation of the signal

choc 42824  (prof 1003/2086) tps : 9.9996 s
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Reflectometry data : choc 42824

@ Spectrogram of the signal

choc 42824  (prof 1003/2086) tps :9.9996 s
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Reflectometry data : choc 42824

@ Tomogram of the signal

choc 42824  (prof 1003/2086) tps:9.9996s
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Reflectometry data : choc 42824

@ Spectrum cﬁn of the reflectometry signal y(t) for 0 =7 — ¢

choc 42824  (prof 1003/2086) tps:9.9996 s
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Reflectometry data : choc 42824

@ Components of the reflectometry signal : 6 =7 — T

choc 42824  (prof 1003/2086) tps:9.9996 s
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Reflectometry data : choc 42824

@ Separation of the components in the reflectometry signal

choc 42824  (prof 1003/2086) tps:9.9996 s
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Figure: Full signal and reflexions on the wall and on the plasma (dB)
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Reflectometry data : choc 42824

H . _ T
@ Components of the reflectometry signal : 0 = 5

choc 42824  (prof 1003/2086) tps:9.9996 s
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Reflectometry data : choc 42824

: . .
@ Components in the reflectometry signal : 6 = 7

choc 42824  (prof 1003/2086) tps:9.9996 s
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Reflectometry data

choc 42824

@ Phase derivative of the three components (6 = 7 —

F. Briolle
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Reflectometry data : LH antenna choc 29286 tps: 1.43536
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Reflectometry data :

LH antenna choc 29286 tps: 1.43536

@ Time representation of the data (red line filtered data)

Amplitude (dB)

o TS 29296 (prof 2) tps=1.43536
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Reflectometry data : LH antenna choc 29286 tps: 1.43

@ Frequency representation of the data

TS 29296 (prof 2) tps=1.43536 sweep time : 20 micros npts=2000

Power Spectrum
o
N
1

0.05 b

o .
-50 (o] 50
Frequency (MHz)

F. Briolle () tomogram-data analysis 29 / 34



Reflectometry data : LH antenna choc 29286 tps: 1.43536

@ Extraction of the two components
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Reflectometry data : LH antenna choc 29286 tps: 1.43536

@ Extraction of the two components

TS 29296 (prof 2) IPS 1 4353s sweep time: 20us_ npt=2000 _ FFT : win=40 step=10
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Reflectometry data : LH antenna choc 29286 tps: 1.43

@ Extraction of the two components
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CONCLUSIONS

@ Tomogram gives promissing results for reflectometry data
@ separation of components
@ phase derivative estimation

@ Applications

o First frequency cutoff determination
@ Separation of close multicomponents (reflectometers in Heating
Antennas ICRH, LH)
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Tomograms associated to the conformal group

@ Time-frequency tomogram

R ~ . d
= ut + vl = pt + iv—
ut+ v = pt+ iv o

t+ d 1
IV -
K s
= d+lV d+E
Hat Lt

d
X4 = pt + iv <t2 + t)
dt

@ Time-scale

@ Frequency-scale

@ Time-conformal
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