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1. Bolometer tomography at JET
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4. Real-time tomography
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vertcal camera e has two cameras (a
horizontal and a vertical one)
with 24 lines of sight each. The sequence of frames on
o5 the left shows the real-time
From the meas_ur_ements. of reconstructions produced by
these cameras, it is possible the model for an example
to _re_construct ’.che plasma pulse (92213).
0.6 radiation profile using
tomography techniques. Here it is possible to observe
_ the development of a
0.4 The reconstlructlon _Process radiation blob at the
IS Cc_)mput_atlonally |nten§|ve outboard edge, followed by
and is typically done offline, the development of a
after the pulse. radiation blob at the plasma
0.2 - core, which eventually leads
Hovyever, in this work we use to a disruption.
a simpler model to perform »
0.0 :hetﬁompqtiﬂ?{: f[m.thh fastgr, One of the main advantages
o the point that it can be y \ | y of real-time tomography is
used in real-time. y / y ) > D/ ad g ’

Plasma profile
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that it allows monitoring the
radiated power in different
regions of interest, namely at
the edge, at the core, and at
the divertor.

2. Tomographic reconstruction by matrix multiplication
Matrix
(48%196%115)
The model is based on 5 Radiated . . Fint t
' matrix multiplication over the - hadiated power in regions of Interes
bolometer signals.
g pulse 92213 (disruption @ t=53.698s) t=52.343s (1.355s5 before disruption)
Given a batch of bolometer — prad
Bolometer data Matrix Plasma profiles data (either a single sample s | — e
nx48 t ot Nnx196x115 or a batch of n samples) the — cori | |
( ) multiplication ( ) plasma radiation profile is By integrating the plasma
obtained by a single matrix radiation profile in certain
Test multiplication step. 207 regions, it is possible to
B G ELLILEET R RREERE R RS total radiated power monitor the radiated power
Training The matrix itself is obtained in those regions and keep
P| fil by ftraining on a large 1251 track of signals such as
asma proties number (~10,000) of existing N those displayed on the left.
(Nx196%115) reconstructions at JET. g L
T 10.0 - I _ In this example pulse, it is
Specifically, the matrix is § -5 apparent that edge radiation
found by using gradient 2 LW HﬂJJ ,J" J dominates up to a certain
descent to minimize the error [ g point, and then core radiation
_ . between the training profiles takes over.
Bolometer data Machine Matrix and the result of matrix
(Nx48) learning (48%x196%115) multiplication. edge (outboard) core U In particular, when core
>0 radiation becomes too high,
the plasma may develop a
threshold hollow temperature profile
2.5 (3 MW) that eventually leads to a
/ | Il disruption by core collapse.
3. Training of the tomographic reconstruction matrix A W A= SR oA AT o ”““".-'L.-J'ﬁ!-,ﬁ
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The figure on the left shows
how the error decreases
0.045 - . .
during the training process.
£ 0.040 1 All training data was loaded 6 A|al’m on core radlatIOn
E onto a single GPU and the Usi time t H
S 0.035 A model was trained for many —sing real-lime 1omography,
@ epochs. it is possible to throw an
E disruptive 4 :- N SN & IS SES B SN SIMIES mENS S S8 0 -:E:i - SPE WSS W S5 5 5 SEES B S = » SN BEEE S WM & B " me semm - e alarm When core radlatlon
5 0.030 - ™~ | ™~ exceeds a certain threshold.
_“E The_ model Conver%es LO at false negatives 50% 1 50% true positives
m minimum error o abou (missed alarms) ' :
& 0.025 - S : This plot shows that b
= 0.015 MW/m3, which is quite | false positives imposing a threshold of 3MV3//
low (more  sophisticated true negatives 95% | 5% (false alarms) on core radiation it is
0.020 - models, such as a neural — | — .
network, have an error of ron-cisruptive | ememe ————-—-—“—\/ Iy possible to catch 50% of
: disruptive pulses with only a
0.015 - around 0.010). - . l : . . 5 5% faFI)se algrm rate. ’
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