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Performance evaluation and analysis of multichannel brain injury detection system based on

microwave

LIU Yuening, ZHUANG Wei, ZHANG Haisheng, ZHAO Shuanglin, CHEN Mingsheng, QIN Mingxin

Teaching and Research Section of Electronic Engineering, Department of Biomedical Engineering and Imaging Medicine, Army

Medical University, Chongqing 400038, China

Abstract: Objective To develop a multichannel detection system based on microwave for the rapid pre-hospital diagnosis of
traumatic brain injuries, and to analyze the system sensitivity by physical simulation experiment. Methods The system
mainly consists of vector network analyzer, 8-antenna array and multiplexing switch. Different concentrations of
physiological saline were used to simulate blood, cerebrospinal fluid, white matter and gray matter which had different
electrical conductivities. The S21 phase values of 4 simulated solutions with different volumes (0-10 mL) were measured by
a self-made microwave detection system. Each measurement was repeated 4 times. Finally, Matlab and SPSS 20.0 software
were used for statistical analysis. Results At scanning frequency of 1-3 GHz, the S21 phase values of 4 simulated solutions
measured by each channel of the detection system were decreased with the increase of frequency. At the two characteristic
frequency points of 2.20 GHz and 2.85 GHz, the sensitivity of all detection channels to the volume changes of the simulated
solutions was statistically significant (P<0.05). At the frequency of 2.20 GHz, the sensitivity of channel 9 was the highest,
and the S21 phase had a negative correlation with volume; and at the frequency of 2.85 GHz, the sensitivity of channel 4 was
the highest, and the S21 phase was positively correlated with volume. The results of Friedman M test showed that there were
statistical differences in the S21 phase values of 4 simulated solutions having different electrical conductivities (P<0.05).
Conclusion The detection system can be used to distinguish the simulated solutions which have same electrical conductivity
and different volumes, and to differentiate various simulated solutions having different electrical conductivities.
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Fig.1 Hardware structure diagram of the detection system
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Tab.1 Correspondence of channel and antenna number

K& i's A B C D

1 Chl Ch2 Ch3 Ch4
2 Chs Ché6 Ch7 Ch8
3 Ch9 Ch10 Chl1 Chi2
4 Ch13 Chl4 Chls Chl6
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Fig.2 Multi—antenna measurement device
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Fig.3 Diagram of channel and antenna number
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Tab.2 Electrical conductivities of different tissues at the

corresponding frequency (s/m)

[EIVRIT

1.8 GHz 2.2 GHz 2.88 GHz
Bl 2.04 2.34 2.93
i 7 2.92 3.24 3.88
K% 1.39 1.64 2.12
B 0.92 1.09 1.44

3 ALIH & AARIEL KGR E R 3t R R 2R
Tab.3 Concentration of saline prepared in the

experiment and the corresponding tissues

BB K e /gL % /s !
ML 11.93 2.04
I 17.08 2.92
YU 8.13 1.39
1B 5.35 0.92
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Fig.4 S21 phase waveform of simulated blood detected by channel 1
at frequency of 1-3 GHz
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Fig.5 S21 phase difference waveform of simulated blood detected

by channel 1
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Fig.6 Linear fitting diagram of each frequency point (simulated blood)
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Tab.4 Linear regression results under each frequency

point of simulated blood

WAE/GHz  ACIEDRGE RBR? FIHRE (R FME PAH

1.20 0.083 -0.144 0.818  0.389
1.25 0.214 -0.276 2457  0.151
1.30 0.354 -0.376 4,928  0.054
220 0.984 -4.114 553.468  0.000
225 0.966 -3.625 252.661  0.000
2.30 0.889 -2.879 72392 0.000
2.80 0.942 5.339 147.375  0.000
2.85 0.949 5.557 168.628  0.000
2.90 0.949 5.176 166.254  0.000
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5 FBEBLMUENER R, ~2.20 GHz)
Tab.5 Linear fitting analysis results of each channel (simulated
blood, /=2.20 GHz)

WiE  KRIERERHR FHRHGEER)DL  FE P{H

1 0.992 -4.488 1145551 0.000
2 0.995 -3.967 1641.603  0.000
3 0.989 -4.754 832.88 0.000
4 0.768 -2.082 29.866  0.000
5 0.981 -3.400 473.585  0.000
6 0.997 -4.326 3254.059 0.000
7 0.996 -4.525 2228.026  0.000
8 0.990 -5.309 886.942  0.000
9 0.984 -5.974 567.762  0.000
10 0.989 -5.340 781.546  0.000
11 0.990 -5.082 912.877  0.000
12 0.992 -4.421 1089.509  0.000
13 0.953 -2.639 181.863  0.000
14 0.993 -3.617 1331.321  0.000
15 0.993 -3.476 1342316  0.000
16 0.996 -4.080 2172.044  0.000

BAE AT Z A A A AR L 1Y Friedman M KG 59 , 45
W7, 0] A : Friedman 8¢ 1= Y IR R 54370 , H.
PIEIA/INT 0.05, AT [FA]— AT FT 4 FOAs [A] By, 32
T S21 ML Y 25 S A e it 3, BRI X
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X3 HE
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518 (1D7E 1~3 GHz IR T, K6 28 450 45 38 38 X
4 BB %) S21 AF A 0 5t (L 357 Bl A 35 114) 34 I 17 9
N5 (2)Z K 22 5 T A 3 3 X [R]— H S R TR AR R
AL ELAT By UM 7E 2.20 GHz I, 9 3 18 5k
PRI R, I S21 AR S5 ARFRE TR DG, T 7E 2.85 GHz
i, 4 3 T AU i e, MR S2 1 AR SRR L IR AH G 5
(3)4 A ] H S R AL (1) S21 AH AV Friedman M
R g4 L m 25 7 BT G 2E L (P<0.05) .

SR, BB B A 5 I 4 i) XoF 45 368 18 7 36 B i) 7
ASRFAEAS ST SEAT R 2 BT, X B AN B AR A 1) AT
FERAIEIRN 3 KX B AR AT I b T —

F6 FRBLMIESINER (R, f=2.85 GHz)
Tab.6 Linear fitting analysis results of each channel (simulated
blood, f=2.85 GHz)

Wi RIERERBR RARKGEFE)DL  FE PHE

1 0.987 3.779 690.444  0.000
2 0.985 2.844 579.162  0.000
3 0.988 3.921 757.828  0.000
4 0.964 11.003 240.075  0.000
5 0.703 7.886 21.271  0.001
6 0.937 2.967 134.560  0.000
7 0.916 1.948 98.147  0.000
8 0.944 5.707 151.529  0.000
9 0.988 5.607 728.575  0.000
10 0.970 4.768 293.957  0.000
11 0.979 3.450 426.116  0.000
12 0.984 2.611 528.888  0.000
13 0.796 8.576 35.171  0.000
14 0.981 10.300 459.756  0.000
15 0.924 6.876 109.697  0.000
16 0.981 5.092 454.262  0.000

37 Friedman M#QIG4ER
Tab.7 Friedman M test results

$i%/GHz T X8 df Pl

2.20 9 8.04 3 0.045

2.85 4 14.04 3 0.003
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