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Research on electrical impedance tomography method for
mineral slurry level based on TV-KF

Li Xiting,Gao Yunpeng,Xie Qin, Yang Tangsheng, Wang Junlin

(College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: A hybrid TV-KF slurry level impedance imaging method combining total variation regularization and Kalman filtering is
proposed to address the challenges of accurate detection of slurry level, low visualization level, and overly smooth imaging results in
flotation processes. Firstly, a field model for measuring the flotation slurry level is constructed to obtain the boundary voltage of the field,
and a flotation process error function based on total variation regularization is established to calculate the initial conductivity value of the
slurry level. Secondly, based on the total variation regularization algorithm, the conductivity value is calculated as prior information for
the prediction equation of the Kalman filter algorithm. The updated equation and prediction equation of the Kalman filter algorithm are
iteratively updated using the measured voltage values over time. Finally, based on the proposed TV-KF impedance imaging algorithm,
the conductivity distribution of the slurry level is solved to obtain accurate slurry level detection results. The simulation and experimental
results show that the proposed algorithm has higher resolution and better edge characteristics of the interface between slurry and froth,
providing more comprehensive and accurate slurry level information. In various slurry level simulation models, the Pearson correlation
coefficient (PCC) exceeds 85% , while the image reconstruction error (IRE) is lower compared to other algorithms, resulting in better
reconstruction performance. The maximum measurement error of the slurry level on the on-site experimental platform is less than 2. 4 c¢m,
meeting the accurate detection requirements of the flotation industry’s on-site liquid level. Compared with the existing methods, the
proposed algorithm exhibits stronger visualization of froth layer information, better adaptability to slurry variations, higher sensitivity to
froth fluctuations, and sustained, stable measurement of slurry levels, making it highly valuable for practical flotation applications.
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Fig. 9  Reconstruction of conductivity curves using
different imaging algorithms
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Table 1 PCC comparison

Lfroth/cm  Hfroth/ecm — TV-KF Tikhonov TV NOSER
20 60 0.8787  0.370 3 0.765 4 0.7317
20 40 0.867 3 0.3105 0.569 2 0.308 9
30 50 0.941 1 0.3347 0.8596 0.851 1
30 90 0.9219 0.4042 0.8133 0.789 3
30 80 0.930 5 0.407 1 0.812 9 0.789 3
40 60 0.9452  0.4027 0.9206 0.891 4
50 85 0.9694  0.4322 0.8030 0.884 0
80 100 0.8552 0.3526 0.7526 0.413 3
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Table 2 IRE comparison

Lfroth/em  Hfroth/cm — TV-KF Tikhonov TV NOSER
20 60 0.3682  0.8400  0.608 0 0.5853
20 40 0.4188  0.6275 0.592 2 0.623 4
30 50 0.2717  0.5302  0.386 4 0.404 3
30 90 0.3708  0.743 3 0.538 6 0.574 4
30 80 0.340 5 0.7479  0.5058 0.535 6
40 60 0.2020 0.4588  0.2880 0.317 9
50 85 0.1732  0.4915 0.388 8 0.3222
80 100 0.2213 0.4380 0.4380 0.361 2

5 WRKAGHEBHIAKRSEIEIE

51 RBETEER

DY IE ST TV-KF FRBH AT 3 55k 0 3 PRk
RV R S5 Ty 2 v M, R /N B PR R A 1 A
IO SR 5 AN AT 10 s

AN 10, R A A TS 30 e ] e L[] 5 7 e A o
Yo IF AT AL Hh 3 W e 3 ORI B, A BE S U AT B R
7 fESL R AR O TSRS MR AL, 7E S g R
A 3t P A R T B 23 0™ AR R, BE S BT
TERHFN AN SAE I T 2R, il W EAZE R
R TS 9 IR VR R A A A ) e A A BE A
FORT S B TR 52 B B WL AR €

O I S 9 R R K B A RS TR 2
A IAK FrsE R T8GR W 0D B, e )m A2
Pett B 2 TEAG K o) M BLEIRZ 7SR A, Fiifd

o CIE LT ]%;jn
;;g

wE |
Mo

I ! i
D<F— -— =4

— i
R K

K 10 FREALmEa

Fig. 10  Flotation column experimental platform
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Table 3 Imaging error of slurry liquid level (cm)

S RURIIEEES HEEE AR
1 14.8 17.1 2.3
2 15.0 16.9 1.9
3 14.9 17.3 2.4
4 29.6 31.4 1.8
5 29.9 31.5 1.6
6 30.0 31.5 1.5
7 45.0 43.2 1.8
8 45.2 43.6 1.6
9 44.8 44.0 0.8
10 55.5 53.8 1.7
11 54.6 53.1 1.5
12 55.8 54.9 0.9
13 65.6 65.0 0.6
14 65.0 64.2 0.8
15 65.3 64.9 0.4
16 79.2 77.2 2.0
17 80.5 78.7 1.8
18 80.9 79.0 1.9
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