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Optimization of electrode array for lung electrical impedance imaging
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Abstract: The design of electrical impedance tomography (EIT) electrode array is one of the key factors affecting the performance and
imaging effect of the system. At present, the electrode array is optimized under the premise of regular shape field and equal spacing
distribution which is not suitable for irregular lung boundaries. In this paper, an optimization method of electrode array based on deep
learning network is proposed for lung EIT. The optimization goal of the network is electrode position. The relative error of the
reconstructed image, the image correlation coefficient, the distribution uniformity and the condition number of the Hessian matrix for the
sensitive field are used as the network inputs. The positions of the electrodes are taken as the network output. The optimization model is
constructed based on DNN network. The experimental results show that, for end-expiration and end-inspiration states, the ICC, SSIM
and PSNR of images reconstructed based on measured data obtained from optimized electrode increased by 33.17% and 33. 86%,
14. 5% and 14.39% , 26.3% and 28.27% , respectively, compared with the traditional electrode array with equal-distance distribution.
Therefore, it can be concluded that optimizing electrode positions for lung EIT using deep learning is more suitable than traditional
methods.
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Fig. 1  The process of building a three-dimensional

human chest model

RS0 ST AS TR A T ol I PR 28, S A
BERIUNIE] 2 B FE R s v L B — = Lk BT R
WAEATT I, F AR P J 7 S T B 5 T P A 3 s
SR FH AR 8] e £ 5 SCRLAR A B, MLRE AN Jis L Awf o 31
FEEARAR R T o LA I o R L e . AR 5E
ZHERTR EIT AR 51— R 1 20 20 A B AR B O 1%
P T R 140 58 B JLART I AR AN ), AR SR T F A 1] Sl
FAYIE) 1A 7% I R JHAR <8 U8l A 418 I k) 7 AR
IR R

2 FfiEB EIT BBARFES ik

2.1 EIT & RIE
EIT RECAR A ] LIRR N



5 6 3]

i3 e, BELAT B 1% P A R AR AR T i 5 - 57 -

(a) WPAARRE

(a) End-expiration state

(b) BSARRS

(b) End-inspiration state

B2 AN ISR A5 = 2k i oA 2
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Fig. 8 The optimized electrode array profile of the proposed method
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Table 3 The angle and position coordinates for each optimized electrode

Cik S IR LRI R AL RS AL AR AL AL B/ em TRALST W %/ (em™" )
1 22.5° 29.08° (=0.549 76,-24. 440 16,-385) 0. 069
2 22.5° 37.78° (-10.230 46,-24. 321 07,-85) 0.077
3 22.5° 19. 55° (-14.725 28,-19.968 97,-85) 0.075
4 22.5° 24.13° (—18.064 33,-12.989 73,-85) 0.073
5 22.5° 26. 12° (-15.937 52,-11.183 92,-85) 0. 094
6 22.5° 10. 19° (-13.477 3,-17.393 8,-85) 0. 092
7 22.5° 24.91° (-8.116 2,-21.725 6,-85) 0. 083
8 22.5° 31.68° (-2.592 48,22.623 79,-85) 0.076
9 22.5° 17.2° (0.078 12,-22.422 79,-85) 0. 089
10 22.5° 31.6° (4.9554,-22.292 16,-85) 0. 081
11 22.5° 15° (8.6256,-5.19479,-85) 0. 083
12 22.5° 14. 27° (12.079 33,-12.554 62,-85) 0. 088
13 22.5° 24.12° (10.775 86,-9.588 89,-85) 0. 085
14 22.5° 11.18° (10.774 96,-13.572 39,-85) 0.091
15 22.5° 30.29° (11.564 45,-20.447 99,-85) 0. 093
16 22.5° 12.9° (8.945 24,-22.696 21,-385) 0. 096
x4 AEEREIRUTELERIILE
Table 4 Comparison of results of different electrode array optimization methods
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Table 5 Comparison of reconstructed images

before and after optimization of electrode array
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