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Fig.1 Flowchart of cell solution concentration recognition method
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Fig. 2 Experimental setup for GHz—EIS measurement system
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Table 1 The mass and volume of dry yeast required for cell solutions of different concentrations

Concentration/% Mass of dry instant yeast/g Volume of dry instant yeast/ml Total volume of solution/ml
10 0.4 0.50 10
15 0.6 0.75 10
20 0.8 1.00 10
25 1.0 1.25 10
30 1.2 1.50 10
35 1.4 1.75 10
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Fig.3 Experimental sample preparation
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Fig.4 Experimental impedance data for different volume fractions of yeast cell solutions

(a) Resistance R, of yeast cell solutions;

reactance X of dispersed medium.
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Fig. 5 Dielectric properties of yeast cell solutions of different volume fractions

(a) Permittivity ¢, of yeast cell solutions;

conductivity g, of dispersed medium.
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Fig. 6 MAPE calculation results of generated data and real data
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Table 2 Recognition results of cell suspension concentra-

tions at different concentrations and their errors

Sample Real concentration (cen-  BP recogni- Ao /%
trifugation) /% tion/%
1 10 10.20 2.00
2 15 14.60 2.65
3 20 20.25 1.24
4 25 24.78 0.90
5 30 30.20 0.66
6 35 34.80 0.57
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Fig.7 Visualization results of cell suspension concentrations at different concentrations and their errors

(a) Real concentrations by recognized concentrations;  (b) relative error between real concentrations and recognized concentrations.
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Fig. 8 Comparison of recognition performance among three models
(a) Comparison of three model identification with real data; (b) comparison of evaluation indicators for the identification results of the three

models.
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Abstract Objective Although GHz electrochemical impedance spectroscopy (GHz-EIS) enables rapid and
label-free detection of cell suspensions, significant challenges remain in interpreting GHz impedance data for
complex samples, limiting the broader application of this technique in cellular research. To address these
challenges, this study presents a novel approach that integrates GHz impedance spectroscopy with deep learning
algorithms to enhance the precision of cell suspension concentration identification and quantification. This
method provides a more efficient and accurate solution for analyzing GHz impedance data. Methods By
integrating GHz impedance spectroscopy with a backpropagation (BP) neural network algorithm, this study

develops an optimized BP neural network model to intelligently extract and analyze key electrochemical
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characteristics of cell samples, enabling precise identification of cell suspension concentrations. Results The
results demonstrate that the model successfully establishes a nonlinear mapping relationship between cell type and
concentration, accurately identifies different cell samples, and predicts cell concentration with an error of less than
5%. Conclusion This study confirms that combining GHz-EIS with BP neural network algorithms enables
accurate and efficient cell concentration identification. This advancement lays the foundation for developing a

convenient online cell analysis platform and highlights promising application prospects.

Key words GHz electrochemical impedance spectroscopy, BP neural network, dielectric properties, cell solution

concentration
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