Full-pulse tomographic reconstruction
with deep neural networks

Diogo R. Ferreira, Pedro J. Carvalho, Horacio Fernandes, and JET Contributors
EUROfusion Consortium, JET, Culham Science Centre, Abingdon, UK
IPFN/IST, University of Lisbon, Portugal

(PN g | TECNICO
{_J) EUROfusion C; W it

2nd IAEA Technical Meeting on Fusion Data Processing, Validation and Analysis
MIT Plasma Science and Fusion Center, May 30 - June 2, 2017



The KB5 diagnostic at JET

* 2 cameras with 24 bolometers each + 8 reserve channels (total 56|
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Tomographic reconstruction

* Iterative constrained optimization method
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* KB5 sampling rate: 5 kHz
* window average of 5 ms (25 samples)
* 5kHz /25 =200 Hz

* pulse duration: ~30 sec
* 30 sec x 200 Hz = 6000 reconstructions/pulse
* in practice, only a few (0-99)

* time per reconstruction

* >1h on average
* 6000 x 1h =250 days
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Deep neural networks

* traditional CNNs (convolutional neural networks)
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Deep neural networks

* Inverse of a CNN ~ "deconvolutional” neural network
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* dataset
* range of pulses: 79886 to 92504 (post-ILW)
* 24203 sample reconstructions
* 90% training (21783), 10% validation (2420)

* training
* adaptive gradient descent (Adam|
* learning rate: 0.0001 (10)
* batchsize: 411 (21783 /411 =53.0)
* 53 batches = 53 updates/epoch
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Training
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Hardware: Nvidia Titan X GPU
memory usage: 3759 MB

Training time: 60 hours
12652 epochs

Min. val. loss: 0.01010275
epoch 6911



Results

* Pulse 92213 t=49.70s (true vs. prediction)
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Results

* Pulse 92213 t=49.90s (true vs. prediction)

Pulse 92213 t=49.90s Pulse 92213 t=49.90s

structural similarity
o SSIM: 0.923945

peak signal-to-noise ratio
PSNR: 28.16129

MW m—3

normalized root-mean-square error
NRMSE: 0.084369
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Results

* Pulse 92213 t=50.00s (true vs. prediction)

Pulse 92213 t=50.00s Pulse 92213 t=50.00s

structural similarity
[ SSIM: 0.913419

peak signal-to-noise ratio
PSNR: 28.86369

MW m—3

normalized root-mean-square error
NRMSE: 0.077504
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Results

* speed
* 3000 reconstructions/sec (on GPU|
* 250 days => 2 sec

* viewing the results

* plot the reconstructions

* encode as video frames
use lossless compression
processing speed ~ 40 frames/sec
6000 frames ~ 150 sec
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92213 (baseline high power)

time range: t=47.00s to t=54.19s
dynamic range: 0= P,, < 1.5 MW m?3
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92213
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92213
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92213
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t=5250s

t=5257s t=5258s t=5261s : t=5265s t=5269s
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92213 disruption

time range: t=53.668s to t=53.747s
dynamic range: 0= P,, < 1.5 MW m?3
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92213
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92286 (tungsten ablation)|

time range: t=41.00s to t=45.79s
dynamic range: 0 = P,_, < 150 kW m-3
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92286

t=4100s t=4101s t=4102s t=4103s t=4104s t=4105s t=4106s t=4107s t=4108s t=4109s t=4110s t=4111s t=4112s t=4113s t=4114s

t=4123s

t=4117s t=4118s t=4119s t=41.20s t=4124s t=4126s t=4127s t=4128s t=4129s

t=4130s t=4131s t=4132s t=4133s t=4134s t=4135s t=4136s t=4137s t=4138s t=4139s t=4140s t=4141s t=4142s t=4143s t=41445

t=4153s

t=4145s t=4146s t=4147s t=4148s t=4149s t=4150s t=4151s t=4152s t=4154s t=4155s t=4156s t=4157s t=4158s t=4159s
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t=4160s t=4161s t=4162s t=4163s t=4164s t=4165s t=4166s t=4167s t=4168s t=4169s t=4170s t=4171s t=4172s t=4173s t=4174s

t=4178s t=4179s t=4180s 2 t=4184s t=4185s t=4186s t=4187s t=4188s t=4189s

t=4190s t=4191s t=4192s t=4193s t=4194s t=4195s t=4196s t=4197s t=4198s t=4199s t=4200s t=4201s t=4202s t=4203s t=42045s

t=4205s t=4206s t=4207s t=4208s t=4209s t=4210s t=4211s t=4212s t=4213s t=42145s t=4215s t=4216s t=4217s t=4218s t=4219s
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t=4220s t=4221s t=4222s

t=4237s
t=4250s

t=4251s t=4252s

t=4266s
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t=4265s t=4267s

t=4238s

t=4253s

t=4268s

t=4224s t=4225s t=4226s t=4227s t=4228s t=4229s t=4230s

t=4239s t=4240s t=4241s t=4242s t=42445s t=4245s

t=4254s t=4255s t=4256s t=4257s t=4258s t=4259s t=4260s

t=4269s t=4270s t=4271s t=4272s t=42745 t=4275s
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t=4280s t=4281s t=4282s : t=4284s t=4285s t=4286s t=4287s t=4288s t=4289s t=4290s t=4291s t=4292s ! t=42945s
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t=4297s t=4298s t=4299s t=43.00s t=43.04s t=43.06s t=43.07s t=43.08s t=43.09s

t=43.10s t=4311s t=43.12s t=4313s t=4314s t=43.15s t=43.16s t=4317s t=43.18s t=43.19s t=4320s t=4321s t=4322s t=4323s t=43245

t=4333s

t=4325s t=4326s t=4327s t=4328s t=4329s t=4330s t=4331s t=4332s t=4334s t=4335s t=4336s t=4337s t=4338s t=4339s
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t=4340s t=4341s t=4342s ‘ t=43445 t=4345s t=4346s t=4347s t=4348s t=4349s t=4350s t=4351s t=4352s t=4353s t=43545

t=4363s

t=4357s t=4358s t=4359s t=4360s t=4364s t=4366s t=4367s t=4368s t=4369s

t=4370s t=4371s t=4372s t=4373s t=4374s t=4375s t=4376s t=4377s t=4378s t=4379s t=4380s t=438ls t=4382s : t=4384s

t=4393s

t=4385s t=4386s t=4387s t=4388s t=4389s t=4390s t=4391s t=4392s t=43945s t=4395s t=4396s t=4397s t=4398s t=4399s
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t=4400s t=4401s

t=4430s
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t=4431s

t=4432s

t=4445s t=4446s t=4447s t=4448s
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t=44045s t=4405s t=4406s

)

t=4407s

t=4434s t=4435s t=4436s t=4437s

‘7

t=4449s t=4450s t=4451s t=4452s

t=4408s

t=4438s

t=4453s

t=4409s t=4410s

t=4439s t=4440s

t=44545 t=4455s

l
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t=44145

t=44445

t=4459s
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t=4477s
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t=44091s t=4492s

t=4506s
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t=4505s t=4507s

t=4478s

t=4493s

t=4508s

t=4464s t=4465s t=4466s t=4467s t=4468s t=4469s t=4470s
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t=4520s t=4521s t=4522s

t=4537s
t=4550s

t=4551s t=4552s
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t=4538s

t=4553s

t=4568s

t=4524s t=4525s t=4526s t=4527s t=4528s t=4529s t=4530s

t=4539s t=4540s t=4541s t=4542s t=45445s t=4545s

t=4554s t=4555s t=4556s t=4557s t=4558s t=4559s t=4560s

t=4569s t=4570s t=4571s t=4572s t=45745 t=4575s
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92286 tungsten event

time range: t=43.1060s to t=43.1177s
dynamic range: 0 = P,_, < 40 k\WW/ m-3
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Conclusion

* some remarks
* speed, accuracy, usefulness
* generally applicable, with training data
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