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Fig. 1. Cell simulation model.
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Table 1.  Summary of simulation parameters.
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Fig. 2. Schematic diagram of random distribution strategy of cell location. Blue indicates normal cells, and green indicates cancer-

ous cells.
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Fig. 3. Nyquist plot of cancerous cells at partial concentra-
tions: (a) Nyquist plots of randomly distributed cells at
5 times when the concentration of cancerous cells is 1%; (b)
Nyquist plots of different cancerous cell concentrations.
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Fig. 4. The training results of the three regression models on the simulation data set: (a) Training results of the training set;

(b) predicted results on the test set.

F 2 PiEAEEY AR RS TR IE SR

Table 2. Validation results of three regression algorithms for simulation data.
MLR SVR GBR

R? MSE MSE R? MSE

1 0.9999 0.0006 0.0006 0.0257 0.9994 0.0066

2 0.9995 0.0009 0.0009 0.0313 0.9985 0.0171

3 0.9998 0.0006 0.0006 0.0336 0.9986 0.0179

4 0.9999 0.0012 0.0012 0.0267 0.9986 0.0156

5 0.9996 0.0008 0.0008 0.0335 0.9987 0.0176
RRerd 0.9997 0.0008 0.0008 0.0302 0.9988 0.0150
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Fig. 5. The difference between the predicted value and the true value of partial data by three regression models: (a) The difference

between the predicted value of the training set and the true value; (b) the difference between the predicted value of the test set and

the true value.
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Fig. 6. Bioelectrical impedance spectroscopy instrument: (a) Schematic diagram of experimental equipment; (b) sensor structure dia-

gram.
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Fig. 7. The difference between the predicted value and the
true value of the data set by MLR. The inset is an en-
larged image of the error between the MLR predicted value

and the true value.
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Table 3. The average absolute error of each red blood cell suspension concentration.

WEE /% 0 10 15

20 25 30 40 50

SEH TR 0.0104 0.0124 0.0113

0.0134 0.0129 0.0165 0.0158 0.0161

F 4 MLR FIEGEM T3 LIRSS

Table 4.  Cross validation results of MLR regression algorithm.

1 2 4 5 T
R? 1.0000 0.9998 0.9999 0.9996 0.9999 0.9998
MSE 0.0015 0.0021 0.0152 0.0035 0.0173 0.0079
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Abstract

Based on bioimpedance spectroscopy technology, a method of automatically identifying the cell suspension
concentration is proposed. This method combines multiple linear regression algorithm and bioimpedance
spectroscopy technology, which can identify the concentration of cell suspension quickly and accurately. Firstly,
a strategy of random distribution of cell locations is proposed to simulate the true existence of cells. Secondly,
2400 groups of normal, cancerous and mixed cell models with different concentrations are generated by
numerical simulation and their bioimpedance spectroscopy data are calculated.Thirdly, the multiple linear
regression algorithm (MLR), support vector machine (SVM), and gradient boosting regression algorithm (GBR)
are used to identify the concentration of cancerous cells. The simulation results show that the MLR is the best
regression model for cell suspension concentration identification and its average goodness of fit and mean square
error are 0.9997 and 0.0008respectively. Finally, the MLR is applied to the identification of red blood cell
suspensions with different concentrations, the experimental results show that the average goodness of fit and
mean square error are 0.9998 and 0.0079, respectively, indicating that this method has a greater ability to

identify cell suspension concentrations.

Keywords: cell concentration measurement, bioimpedance spectroscopy (BIS), multiple linear regression
(MLR), random distribution strategy of cell
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