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PART 01

Background



Background

Advantages：

• The Bayesian inference takes the prior information 𝒑 ത𝑰 , the 

likelihood probability 𝒑 ഥ𝑫𝑴𝒂𝒈 ത𝑰 into consideration to give 

the current distribution in a probabilistic manner.

• The error is visually represented by a given uncertainty

• Other diagnostics were easily integrated by joint probabilities

Previous works ：

plasma current tomography based on CAR(conditional autoregressive) prior [1]

• The model was severely affected by the diagnostics (damaged)

• The current at the core is always under estimated

[1] Z. J. Liu and et al. Plasma current profile reconstruction for east based on Bayesian inference. Fusion Engineering and Design
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Plasma current tomography



EAST

EAST

Assume: The fitting error satisfies with the Gaussian distribution

𝒑 ഥ𝑫𝑴𝒂𝒈 ത𝑰 =
𝟏

𝟐𝝅 ൗ𝑵𝑫
𝟐 ന𝜮𝑫

ൗ𝟏 𝟐
𝒆𝒙𝒑 −

𝟏

𝟐
ന𝑮ത𝑰 + ഥ𝑪 − ഥ𝑫𝑴𝒂𝒈 𝑻

ന𝜮𝑫
−𝟏 ന𝑮ത𝑰 + ഥ𝑪 − ഥ𝑫𝑴𝒂𝒈

Magnetic diagnostics on EAST

•Pickup coils 38(red dot)

•Magnetic flux loops 35 (blue asterisk )

•Rogowski loop 1

The yellow grids contain the plasma

Biot-Savart Law :  𝑩 = 𝒅𝑩׬ = 𝑰 ׯ
𝝁𝟎

𝟒𝝅

𝒅റ𝒍×𝒓

𝒓𝟑
= 𝑮𝑰

ഥ𝑫𝑴𝒂𝒈 = ന𝑮ത𝑰 + ഥ𝑪
The contribution of the PF 

coil current to the diagnostic 

signal

Covariance matrix, determined by the diagnostics

Likelihood 𝒑 ഥ𝑫𝑴𝒂𝒈 ത𝑰

𝒑 𝑩 𝑨 = 𝒑 𝑩
𝒑 𝑨 𝑩
𝒑 𝑨

∝ 𝒑 𝑩 ∙ 𝒑 𝑨 𝑩

𝒑 ത𝑰 ഥ𝑫𝑴𝒂𝒈 ∝ 𝒑 ത𝑰 ∙ 𝒑 ഥ𝑫𝑴𝒂𝒈 ത𝑰

Plasma current tomography



Construcr 𝝈 as a proportional function of current
(The current is from reference discharge)

If   (i = j) 𝝈 = 𝒌 ∗ ഥ𝑰′𝒊

Else 𝝈 = 𝒌 ∗ ഥ𝑰′𝒊 ∗ ഥ𝑰
′
𝒋

Where k is a constant

𝑷 ത𝑰 =
𝟏

𝟐𝝅
ൗ

𝑵𝑰
𝟐|ന𝜮𝑰|

ൗ𝟏 𝟐

𝒆𝒙𝒑(−
𝟏

𝟐
ത𝑰𝑻ന𝜮𝑰

−𝟏ത𝑰)

𝓚𝑺𝑬 ഥ𝒙𝒊, ഥ𝒙𝒋 = 𝝈𝟐𝒆𝒙𝒑(−
ഥ𝒙𝒊−ഥ𝒙𝒋

𝟐

𝟐𝓵𝟐
)

ASE (Advanced squared exponential) prior

ന𝜮𝑰 =
𝓚(ഥ𝒙𝟏, ഥ𝒙𝟏) ⋯ 𝓚(ഥ𝒙𝟏, ഥ𝒙𝒏)

⋮ ⋱ ⋮
𝓚(ഥ𝒙𝒏, ഥ𝒙𝟏) ⋯ 𝓚(ഥ𝒙𝒏, ഥ𝒙𝒏)

𝒑(ത𝑰)



Posterior probability: 𝒑 ത𝑰 ഥ𝑫𝑴𝒂𝒈 =
𝟏

𝟐𝝅
ൗ

𝑵𝑰
𝟐|𝜮| ൗ

𝟏
𝟐

𝒆𝒙𝒑[−
𝟏

𝟐
ത𝑰 − ഥ𝒎 𝑻ന𝜮−𝟏 ത𝑰 − ഥ𝒎 ]

Covariance matrix: ന𝜮 = ന𝑮𝑻ന𝜮𝑫
−𝟏ന𝑮 + ന𝜮𝑰

−𝟏 −𝟏

Mean:   ഥ𝒎 = ന𝑮𝑻ന𝜮𝑫
−𝟏ന𝑮 + ന𝜮𝑰

−𝟏 −𝟏
ന𝑮𝑻ന𝜮𝑫

−𝟏(ഥ𝑫𝑴𝒂𝒈 − ഥ𝑪 − ന𝑮ഥ𝒎𝑰)

• Prior probability:                   

𝒑(ത𝑰) =
𝟏

𝟐𝝅
ൗ

𝑵𝑰
𝟐 ന𝜮𝑰

ൗ𝟏 𝟐
𝒆𝒙𝒑[−

𝟏

𝟐
ത𝑰 𝑻ന𝜮𝑰

−𝟏 ത𝑰 ]

• Likelihood probability: 

𝒑 ഥ𝑫𝑴𝒂𝒈 ത𝑰 =
𝟏

𝟐𝝅 ൗ𝑵𝑫
𝟐 ന𝜮𝑫

ൗ𝟏 𝟐
𝒆𝒙𝒑[−

𝟏

𝟐
ന𝑮ത𝑰 + ഥ𝑪 − ഥ𝑫𝑴𝒂𝒈 𝑻

ന𝜮𝑫
−𝟏 ന𝑮ത𝑰 + ഥ𝑪 − ഥ𝑫𝑴𝒂𝒈 ]

Posterior

𝒑 ҧ𝐼 ഥ𝑫𝑴𝒂𝒈



Relative error :

𝜉𝑖 =
| ҧ𝐼𝑖
𝑟𝑒𝑐− ҧ𝐼𝑖|

𝑚𝑎𝑥 ҧ𝐼

Rooat-mean-square deviation :

𝑅𝑀𝑆𝐷 =
σ𝑖=1
𝑛 ( ҧ𝐼𝑖

𝑟𝑒𝑐 − ҧ𝐼𝑖)
2

𝑛

2.2524

0.0021

Result from simulation



Configuration USN LSN DN

C1 (cm) 0.0545 0.0476 0.0850

C2 (cm) 0.0953 0.0093 0.0372

C3 (cm) 0.1100 0.0474 0.1600

C4 (cm) 0.0107 0.0652 0.0820

C5 (cm) 0.0535 0.0305 0.0539

C6 (cm) 0.0161 0.0589 0.0561

𝑿𝑼(cm) 0.0668 0.0305

𝑿𝑳(cm) 0.0289 0.1580

Max Error(cm) 0.4800 0.1700 0.7800

Max 𝜉 Current (%) 5.47% 3.34% 5.95%

RSMD Current (A) 2.2524 1.1884 1.7880

Max 𝜉 Flux (%) 1.30% 0.97% 0.86%

RSMD  Flux (Wb) 0.0021 0.0017 0.0018

Different configration

Robustness

Add 3% noise



Reference discharge

• The different current 

distributions were obtained by 

changing the q. 

• Select  q = 2 as  reference 

discharge and reconstruct 

plasma current at q = 1.5, 

2.5 and 3

Robustness



Different devices   HL-2A
Robustness

RETINA, schematic diagram of the integrated data analysis 

platform on HL-2A
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Input
49
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600

Output
506

Dense1
200

Dense2
400

seluselu selu relu

Activation function

Loss function (MSE)

Train Data

Neural network gives the reference discharge



Reference discharge from 85559 # 5.0s

Reference discharge from Neural networks

Experiment result from different reference discharge
85559 # 5.0s

Red line is the boundary from EFIT, Write Line is from the Bayesian model
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Integrated data analysis



POINT
(Polarimetry interferometer)

HCN interferometer

𝑃𝑜𝑖𝑛𝑡2 = 𝜙 =
𝜙𝑅 + 𝜙𝐿

2
= 2.82 × 10−15𝜆න𝑛𝑒 𝑑𝑙

𝑃𝑜𝑖𝑛𝑡1 = 𝜓 =
𝜙𝑅−𝜙𝐿

2
= 2.62 × 10−13𝜆2 𝑛𝑒׬ 𝐵//𝑑𝑙

𝐻𝐶𝑁 =
𝜋

𝜆𝑛𝑐
න𝑛𝑒(𝑧) 𝑑𝑧

Diagnostic principle

𝐼𝑝𝑙𝑎𝑠𝑚𝑎

𝑛𝑒

HCN interferometer

Polarimetry interferometer

Pickup coils, flux loops, 

Rogowski loops 

Forward model Inverse model

𝐼𝑝𝑙𝑎𝑠𝑚𝑎

𝑛𝑒

Bayesian 

Model

POINT

HCN



𝒑 ത𝑰, ഥ𝒏𝒆 ഥ𝒅𝒑𝒐𝒊𝒏𝒕𝟏, ഥ𝒅𝒑𝒐𝒊𝒏𝒕𝟐, ഥ𝒅𝑯𝑪𝑵, ഥ𝒅𝑴𝒂𝒈 ∝ 𝒑(ഥ𝒅𝒑𝒐𝒊𝒏𝒕𝟏|ഥ𝒏𝒆) ∙ 𝒑(ഥ𝒅𝒑𝒐𝒊𝒏𝒕𝟐|ത𝑰, ഥ𝒏𝒆) ∙ 𝒑(ഥ𝒅𝑯𝑪𝑵|ഥ𝒏𝒆) ∙ 𝒑(ഥ𝒅𝑴𝒂𝒈|ത𝑰) ∙ 𝒑 ᪄𝒏𝒆 ∣ ത𝑰 ∙ 𝒑(ത𝑰)

𝑝( ҧ𝐼, ത𝑛𝑒| ҧ𝑑𝑝𝑜𝑖𝑛𝑡1, ҧ𝑑𝑝𝑜𝑖𝑛𝑡2, ҧ𝑑𝐻𝐶𝑁, ҧ𝑑𝑀𝑎𝑔)

𝑃𝑜𝑠𝑡𝑒𝑟𝑖𝑜𝑟 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦

∝ 𝑝( ҧ𝑑𝑝𝑜𝑖𝑛𝑡1, ҧ𝑑𝑝𝑜𝑖𝑛𝑡2, ҧ𝑑𝐻𝐶𝑁, ҧ𝑑𝑀𝑎𝑔| ҧ𝐼, ത𝑛𝑒)

𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦

∙ 𝑝( ҧ𝐼, ത𝑛𝑒)

𝑃𝑟𝑖𝑜𝑟𝑖 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦

𝑝 ҧ𝐼, ത𝑛𝑒 ҧ𝑑𝑝𝑜𝑖𝑛𝑡1, ҧ𝑑𝑝𝑜𝑖𝑛𝑡2, ҧ𝑑𝐻𝐶𝑁, ҧ𝑑𝑀𝑎𝑔 = 𝑝( ҧ𝑑𝑝𝑜𝑖𝑛𝑡1| ҧ𝐼, ത𝑛𝑒) ∙ 𝑝( ҧ𝑑𝑝𝑜𝑖𝑛𝑡2| ҧ𝐼, ത𝑛𝑒) ∙ 𝑝( ҧ𝑑𝐻𝐶𝑁| ҧ𝐼, ത𝑛𝑒) ∙ 𝑝( ҧ𝑑𝑀𝑎𝑔| ҧ𝐼, ത𝑛𝑒)

𝑝 ҧ𝑑𝑝𝑜𝑖𝑛𝑡2 ത𝑛𝑒 𝑝( ҧ𝑑𝐻𝐶𝑁|ത𝑛𝑒) 𝑝( ҧ𝑑𝑀𝑎𝑔| ҧ𝐼 )

𝑝 ҧ𝐼, ത𝑛𝑒 = 𝑝 ᪄𝑛𝑒 ∣ ҧ𝐼 ∙ 𝑝( ҧ𝐼)
The isoelectron density surface and the isomagnetic surface are on the 

same surface, and the magnetic flux is related to the current

Integration probability model 



Likelihood---Forward model

𝑃𝑜𝑖𝑛𝑡2 = 2.82 × 10−15𝜆න𝑛𝑒 𝑑𝑙 ≈ 2.82 × 10−15𝜆෍𝑛𝑒 ⋅ ∆𝑙 = ത𝑅𝑝𝑖𝑜𝑛𝑡2 ത𝑛𝑒

𝐻𝐶𝑁 =
𝜋

𝜆𝑛𝑐
𝑛𝑒(𝑧)׬ 𝑑𝑧 = ധ𝑅𝐻𝐶𝑁 ⋅ ᪄𝑛𝑒

𝒑 ᪄𝒅𝒑𝒐𝒊𝒏𝒕𝟐 ∣ ᪄𝒏𝒆 =
1

2𝜋
𝑚
2 ᪄᪄𝛴𝑝𝑜𝑖𝑛𝑡𝟐

1
2
exp −

1

2
ധ𝑅𝑝𝑖𝑜𝑛𝑡𝟐 ⋅ ᪄𝑛𝑒 − ᪄𝑑𝑝𝑜𝑖𝑛𝑡𝟐

𝑇 ᪄᪄𝛴𝑝𝑜𝑖𝑛𝑡𝟐
−1 ധ𝑅𝑝𝑖𝑜𝑛𝑡𝟐 ⋅ ᪄𝑛𝑒 − ᪄𝑑𝑝𝑜𝑖𝑛𝑡1

𝒑 ᪄𝒅𝑯𝑪𝑵 ∣ ᪄𝒏𝒆 =
1

2𝜋
𝑚
2 ᪄᪄𝛴𝐻𝐶𝑁

1
2
exp −

1

2
ധ𝑅𝐻𝐶𝑁 ⋅ ᪄𝑛𝑒 − ᪄𝑑𝐻𝐶𝑁

𝑇 ᪄᪄𝛴𝐻𝐶𝑁
−1 ധ𝑅𝐻𝐶𝑁 ⋅ ᪄𝑛𝑒 − ᪄𝑑𝐻𝐶𝑁

𝑃𝑜𝑖𝑛𝑡1 = 2.62 × 10−13𝜆2න𝑛𝑒 𝐵//𝑑𝑙 ≈ 2.62 × 10−13𝜆2෍𝑛𝑒 ⋅ ( ധ𝑅1 ҧ𝐼+ ധ𝑅2 ҧ𝐼𝑝𝑓)𝑖 ⋅△ 𝑙 = ധ𝑅𝑝𝑖𝑜𝑛𝑡2 𝑑𝑖𝑎𝑔( ᪄𝑛𝑒) ҧ𝐼 + ҧ𝐶1

𝒑 ᪄𝒅𝒑𝒐𝒊𝒏𝒕𝟏 ∣ ത𝑰 =
1

2𝜋
𝑚
2 ᪄᪄𝛴𝑝𝑜𝑖𝑛𝑡1

1
2
exp −

1

2
ധ𝑅𝑝𝑖𝑜𝑛𝑡1𝑑𝑖𝑎𝑔( ᪄𝑛𝑒) ҧ𝐼 + ҧ𝐶1 − ᪄𝑑𝑝𝑜𝑖𝑛𝑡1

𝑇 ᪄᪄𝛴𝑝𝑜𝑖𝑛𝑡1
−1 ധ𝑅𝑝𝑖𝑜𝑛𝑡2𝑑𝑖𝑎𝑔( ᪄𝑛𝑒) ҧ𝐼 + ҧ𝐶1 − ᪄𝑑𝑝𝑜𝑖𝑛𝑡1



Prior 

𝑘𝑺𝑬 ഥ𝒙, ഥ𝒙′ = 𝝈𝟐𝐞𝐱𝐩(−
ഥ𝒙−ഥ𝒙′

𝟐

𝟐𝓵𝟐
)

𝒑 ᪄𝒏𝒆 ∣ ത𝑰 =
𝟏

𝟐𝝅
ൗ𝑵𝒏𝒆
𝟐|ന𝜮𝒏𝒆|

ൗ−𝟏
𝟐

𝒆𝒙𝒑(−
𝟏

𝟐
ഥ𝒏𝒆

𝑻ന𝜮𝒏𝒆ഥ𝒏𝒆)
If   (i = j) 𝝈 = 𝒌 ∗ ഥ𝑰′𝒊

Else 𝝈 = 𝒌 ∗ ഥ𝑰′𝒊 ∗ ഥ𝑰
′
𝒋

𝑷 ത𝑰 =
𝟏

𝟐𝝅
ൗ

𝑵𝑰
𝟐|ന𝜮𝑰|

ൗ𝟏 𝟐

𝒆𝒙𝒑(−
𝟏

𝟐
ത𝑰𝑻ന𝜮𝑰

−𝟏ത𝑰)

SE kernel function

Construcr 𝝈 as a proportional function of current

𝑷 ത𝑰

𝒑 ᪄𝒏𝒆 ∣ ത𝑰

Convert Cartesian coordinates ഥ𝒙, ഥ𝒙′ to magnetic 

coordinates ത𝜓, ത𝜓′

ത𝜓 = ധ𝑅1 ҧ𝐼+ ധ𝑅2 ҧ𝐼𝑝𝑓

𝑘𝑺𝑬 ത𝜓, ത𝜓′ = 𝝈𝟐𝐞𝐱𝐩(−
ഥ𝜓−ഥ𝜓′ 𝟐

𝟐𝓵𝟐
)

𝑘𝑺𝑬 ഥ𝒙, ഥ𝒙′ = (𝒌 ∗ ഥ𝑰′𝒊 ∗ ഥ𝑰
′
𝒋)
2𝐞𝐱𝐩(−

ഥ𝒙−ഥ𝒙′
𝟐

𝟐𝓵𝟐
)

ന𝜮 =
𝓚(ഥ𝒙𝟏, ഥ𝒙𝟏) ⋯ 𝓚(ഥ𝒙𝟏, ഥ𝒙𝒏)

⋮ ⋱ ⋮
𝓚(ഥ𝒙𝒏, ഥ𝒙𝟏) ⋯ 𝓚(ഥ𝒙𝒏, ഥ𝒙𝒏)



Result from simulation
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Summary



Summer

➢ ASE Bayesian probability model performs well on reconstructing the plasma current

➢ For ASE Bayesian probability models, Bayesian probability have strong robustness, 

which can also achieve accurate plasma equilibrium reconstruction when there is a large 

difference between the reference discharge and the true discharge, and also be migrated 

to different devices.  

➢ Neural network can  automatically provide the appropriate reference discharge for our 

model

◆ The simulation of the integrated analysis will be further improved 

◆ The model will be tested using the experimental data

◆ Integrate more diagnostics, and build a large integrated analysis platform 

Summary

Next steps
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