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Magnetic structure design based on magnetic levitation
type gene biological imaging scanner

Liu Ziqi, Chen Qimeng,Li Zibo, Wu Qiong, Wang Zhe
( Changchun University of Science and Technology, Changchun 130022, China)

Abstract : The mechanical wear of adjustment mechanism in the conventional gene biochip imaging system caused by frequent adjustment
of gene chip pose is a key problem. To address this issue, a gene biochip imaging scanner based on magnetic levitation is designed.
According to genetic biochip imaging scanner work principle and structure characteristics of magnetic suspension technology, a system is
established, which consists of electromagnetic parameters and the imaging resolution differential array. Through the theory of
optimization, the structure parameters are determined. The finite element analysis is used to analyze the system structure of
electromagnetic heat coupling, optimize analysis results and set up the experimental test equipment. The device is used to calibrate the
parameters of the gene biochip imaging scanner, verify the magnetic levitation system structure design results of the scanner, and
compare the experimental test data with the imported PCR instrument. Results show that when the number of turns of electromagnetic
structure of the designed magnetic levitation genetic biological imaging scanner is 340 N, the effective electromagnetic area is 180 mm®,
and the accuracy error of magnetic levitation system is less than 0. 15 mm. They are basically consistent with the simulation data.
Compared with the data of T790M mutation detection by bio-RAD digital PCR system in the United States, CV is less than 5%. The
precision of the designed gene-biochip imaging scanner based on magnetic levitation can meet the requirements of gene-biochip imaging
detection, provide core technical support for improving the service life of the adjustment device, and play an important role in improving
the gene-diagnosis technology of clinical tumor screening.
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Fig.2  Structure diagram of chip clamp and maglev platform
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Fig.3 The theoretical model of Halbach array electromagnet
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Fig. 4 Diagram of the permanent magnet module array
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Table 3 Results of droplet recognition

BB P/ pixel I RAA/pixel  Ihe/IME/ pixel Frife
6800 12.1145788 18.0 5.0 0.651 4929
7504 11.859 340 7 68.0 3.0 1.642 907 6
5041 11.474 018 2 41.0 3.0 1.296 011 6
4999 12.343 2000 47.0 4.0 1.092 727 1
5924 12.204 5570 53.0 3.0 1.477 611 3
6896 11.9547253 60. 0 3.0 1.551 3396
860 11.751 4518 27.0 3.0 1.111 677 3
6612 12.170 119 5 21.0 4.0 0.786 649 0
7078 11.856 996 3 65.0 3.0 1.801 573 3
6014 11.495594 3 28.0 3.0 0.978 283 8
6636 12.092 059 7 51.0 3.0 1.594 839 5
6899 11.8117216 74.0 3.0 2.015439 5
2646 11.500 188 9 46.0 3.0 1.419 5149
6240 12.1325108 46.0 3.0 1.529 172 2
7147 11.709 304 0 49.0 3.0 1.618 930 1
2074 11.5532530 31.0 3.0 1.118 544 0
6029 12.1872305 71.0 3.0 2.165 702 3
6509 12.212 5960 72.0 3.0 2.529 584 3
3163 11.667 8255 24.0 3.0 1.231 8726
4957 12.4255748 24.0 4.0 0.832 567 5
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Fig. 16  System imaging test results
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Fig. 17 Gene imaging chip imaging results
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4.4 HEEFXNEREYRGEWT X

B4 AR SCRT T A %% B 5 26 [ Bio-Rad QX200 %07
PCR &5 QuantaSoft AT EBREEAR S0 X L, i AR
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SRy SZBRAGIIMERE . QuantaSoft 2} 745 N2 4 P
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Table 4 QuantaSoft classification results

T790M CH1 CH2 CH1 CH2 Fraction
AR POS  POS  Copies/pl.  Copies/pl.  Abundance/%

80 3344 3.998 23 167. 185 09 2.335 64
BRI 56 2353  3.764 96 171. 854 45 2.143 82
60 2122 4.034 43 153.613 98 2.559 13

CV/% - - 0.146 252 871 9.475 342 52 0.207 856 156
. 122 2353 8.22052 171. 854 45 4.565 05
A
166 2956 8.162 15 180. 301 97 4.330 88
x5 AXAWER
Table 5 Analysis results of this article
T790M CH1 CH2 CH1 CH2 Fraction

ZARKM POS  POS  Copies/pl.  Copies/pl.  Abundance/%

42 1379 3.93112 147.904 12 2.671 6
PR 62 2070 4.169 19 149. 553 38 2.712 15
41 1447 3.93267 149. 105 67 2.569 73

CV/% - - 0.311979 902 2.966 062 699 0. 128 002 278

. 16 313 8.277 34 175. 851 04 4.495 42
A
32 604 8.418 89 172.259 59 4. 659 59
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