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A. MOTIVATION C. EXPERIMENTAL SETUP
* Importance of turbulence in fusion devices * Tomography with one camera Camera detalils: « 270 kfps, 128x144 pixels, 2.1 ys
* Hard to diagnose scrape-of-layer (high fluxes) *Light coming from neutral | |12 bits SA-X2 photron camera e Mostly Da
- Optical diagnostics popular — visible camera haturally present in vessel * CMOS sensor 20x20 pm? » Resolution 0.4 mm at 28 cm
* Light coming from interaction neutral/plasma =
* Gas-puff imaging to have 2D poloidal section * Passive diagnostic @>0 ':::'*:;!,‘
* Not passive diagnostic — perturbation [1] * Just need 1 window + 1 camera elescone ke f e
optic S - S o
LY T 7 :
B. TOMOGRAPHIC TECHNIQUE [3,4] ( Vv & 7, A\l \n
- . jective iective Chip  Objectivez e’ -~ |4 N5
Different from SVD or least-squre methods chip e foag rm positon 16 mm i P o 2 T e
Goal is to retrieve from a picture Iy (z,y) = / S0 (V(82y),0(S2y)s P(Suy)) dSuy e | eV I\ T
|, the plasma emissivity S: o povon ST e
U is a flux coordinate, 6 a poloidal coordinate and ¢ the toroidal angle camera _ | s AN
C-mount distance . . N | \\"x
~17.5 mm 1 .' IR Y
3D (space) to 2D (camera chip) problem - Assume constant emissivitiy along B '
S,(¥,8,90) - S (¥,0)
« At @, discretize the poloidal plane so that for |, an orthogonal basis: Data from COMPASS #15487
N, ~1150 ms L-mode n_=3.10*° m™® Ip:180 KA
So—E SA?,DA—E Y |50) ¥ — I=KS=§ sy K
— < | > 0 0 — A w)\: Raw image - 54196 Median filtered image - 54196 Median and gaussian filtered image - 54196
20 o 20 . 20
* Assuming K is inversible and taking advantage of the adjoint K*: (K a|b) = (a|K"b) 40 300 40 50 40
we define K o - ZE -
f— K 80
O A o AXA With k, such that ||¢ ||=1 100 100 100
Ex = KU 10 390 120 120
: : : : PR : 140 - 140 140
« From the previous equations and since the (), is an orthogonal basis, it follows that: B BB 1 5. fh: 00 20 60 100
N, . - -
1 if\A=)\ Median filter calculated over 10 frames.
So _Z (Tol&x) #3 and (Exbxx) = { 0 otherwise Gaussian filter with 5 pixels standard deviation
A=1
D. VALIDATION Original picture Resulting image for comparison E. STRUCTURE TRACKING
e — (1.2 —0.2 _ _
A B A D) 20 « Example of blob evolution: T,=1150 ms - tracking by TRACK software [4]
40 ..: ; : . 0.1 40 0.15
60 f&F sadein 5 60 0y Frame 54195 Frame 54196 Frame 54197 Frame 54198 Frame 54199
80 b Tas ey 80 ' T, + 3.7 ps T, +7.41 ps T, + 11.11 s T, + 14.81 us
100 R E————— 100
_ %, USSR eiAe 0.1 \ 0.05
Academic case 120 [ S 120 [N
_ 140 R e S i 4 0.2 140 0 .
= 20 60 100 20 60 100 .S..
synthetic filament Reconstructed plane before denoising Reconstructed plane after denoising
T NOISE : . . 0.2 : 0.65 : : 0.65 : : 0.65 : : 0.65 : : 065 :
0.2 P R (m) R (m) R (m) R (m)
= “-' 0.15 -7 -6 -4 -2 0 2 4 6 8 10 12 13
: | | | | |
| Frame 54200 Frame 54201 Frame 54202 Frame 54203 Frame 54204
0.6 0.65 0.7 0.6 0.65 T, + 18.52 us T, + 22.22 us T, + 25.93 us T, + 29.63 us T, + 33.33 us
r(m) r (m -
* Validated using data from TOKAM3X [2]. emissivity slowly varying along B lines
* Experimental validation by correlation between 10000 images reconstruction
and Isat measurement with Langmuir probes in the divertor:
i 0.6 0.65 0.7 0. 0.65 . . 0.65 . . 0.65 . . o 65 .
0.1 'Curr Isat LPAS 0.4 U11'|me dEIE',f bk} - C : }0'1 R (m) R (m) R (m) R (m)
+ Probes ~2.5m from 013 , 03 015 » Complex turbulent dynamic: 626 positive structures tracked at least 5 images
reconstructed plane s R ' £ s _ _ . :
— ' 0.2— Radial velocity Poloidal velocity
N -0.25 - N -0.25 i T - | | | | .
* Time delay on B line = 3.7 ps 0.3 L 0.3 “ <V, > 315 mis
— fast transport along B 0350 ) | e . | , 035 | . | ol <Ve43zmis _ 20 -
0.5 0.6 0.7 0.5 0.6 0.7
a0 A
* Time delay always = 0 at location R (m) i m 2 L s |
connected to probe Corr Iisﬂt LPA39 Time dEIﬂ? '[;1.5] - Cmax.':'-ﬂ.l % o 4'-15'
-0.1 ; ; 55 = o
- signal well reconstructed 5 < 5 101
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035} ] ; | V_(mfs)in the box V, (m/s) in the box
0.5 0.6 0.7 0.5 0.6 0.7 - -y = -y - - - - .
R (m) R (m) TRACK provides positions, velocities, size, aspect ratio — lot of infos and great statistics
CONCLUS'ON REFERENCES
* No pertubations BUT » Lower signal to noise ratio than GPI » Compare statistics from this method 2] 3o Conmtier ot o 2019 Nosh Fucion 26 0a6025 (e
* No need to install in-vessel gas-puft » No control on neutral influx and from standard GP! 13] Nguyen Van Yen et al. 2012 Nuclear Fusion, 52 013005 (11p)
* Good alternative to GPI [4] Track software. http://www.aprex-solutions.com/
EUROPEAN UNION - ’
European Structural and Investment Funds
Operational Programme Research, /]S \\\% P )) u S I O n
Development and Education VI L e shonre Cl1 \;ﬁ

™


http://www.aprex-solutions.com/

	Slide 1

