19 % 510 KA 5 ¥ Bt 2% % il Vol.19 No.1
2024 1 H JOURNAL OF ATMOSPHERIC AND ENVIRONMENTAL OPTICS Jan. 2024

DOI: 10.3969/j.issn.1673-6141.2024.01.003

% 20 e Itk 15 TR R IR B Bh iR
ARSI A

AR, REEEY, BREAY, BHES
?ij‘ pg 1,2,3 ﬁg j—_!1: 1,2,3 T /—J\:\ ﬁg 1,2,3
(1 ERARAR R IAERE 5 IR R, 2B &AL 230026;
2 R B AR R TR e O RS S LB FUPT, A R A B RO B ROR E SR =,

2R AR 230031;
3 R B M B R E T 50 =, 2 AR 230031)

SR R i A T e S U S B N0 R S s A 22 1= R A I 1 /1 o T 130 A s 9 N E b o @ S i U
R ) R, AT TR TR A3 I S AR T AR AR BT ) A T AR i, AR R T AR R U A
T F SR BU R vk . 5 RN, HEREEEAE 10~~30 wL/min Y A, e INE 2 N T 5%, 4> B
i ST 9 R ) e R B R, S R AR A G R AR — B, HLRE R HRE T 68% A b WAL
&5 BN RN 0 S R e R B SRR L T S T

X B2 1R AN SRS - AUSUR AR I S B B SR

FE S LS Q334 XHFRIEEE: A MEHRS: 1673-6141(2024)01-038-009

A subsection control method of microfluidic automatic sampling
in algal cell microscopic imaging
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Abstract: The rapid and automatic acquisition of microscopic images of algae cells has important

application value. To address the issues of sample injection efficiency and cell imaging quality in
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microfluidic-microscopic imaging technology, a method for detecting the average flow rate of samples
based on the duration of algal cells passing through the fluorescence detection window is studied, and a
segmented control method of microfluidic auto-injection based on volume flow regulation is proposed.
The results show that the average flow rate detection error of the sample is less than 5% when the
sampling speed is within the range of 10-30 pwL/min, and the segmented control realizes the automatic
acquisition of high-quality microscopic images for algae cells. The quality of the microscopic images is
basically consistent with that of microscopy, while the sample injection speed is increased by more than
68%. The research results provide an effective and practical method for efficient and automatic acquisition

of microscopic images of algae cells.

Key words: algae cells; microfluidic-microscopic imaging; flow rate detection; segmented control;

automatic sampling
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Fig. 1  Schematic diagram of experiment system
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Fig. 2 Schematic diagram of cell detection device. (a) Binarized fluorescence signal; (b) fluorescence signal of algal cell;

(c) detection process of algal cell fluorescence
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Fig.3  Schematic diagram of Injection segment control
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Fig. 5 Probability distribution of particle velocity passing through a section in unit time
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Tabel 1 Comparison of sample average flow rate and theoretical rate results

Flow rate/(wLmin™) 5 10 20 30 40 60 80
Theoretical velocity/(mm-s™) 1.35 2.71 5.41 8.12 10.83 16.24 21.65
Experimental
1.11 2.76 5.19 7.81 10.18 12.14 27.21

Velocity/(mm-s™)
Deviation/% 18.00 1.80 3.98 3.77 5.96 25.25 25.68
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Fig. 7  Automatic acquisition of algae cell images at different flow rates and microscopy results. (a) 0.24 wL/min;

(b) 1.50 pL/min; (c) 6.00 pL/min; (d) images obtained through microscope
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Tabel 2 Comparision of image quality

Image Fig.7 (a) Fig.7 (b) Fig.7 (c) Fig.7 (d)
Velocity/(pL+min™) 0.24 1.50 6.00 0.00
Average gradient value 14.42 3.16 1.21 14.61
Deviation/% 1.31 78.34 91.75 0.00
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Tabel 3 Comparison of injection times between segmented control and slow injection

Group 1 2 3 4 5 6 7 8
61.00 58.00 173.00 36.00 76.67 85.00 146.00 156.33
Injection time under segmented control/s 115.67 37.00 131.67 71.33 40.00 96.67 102.33 128.00
51.33 24.33 23.33 108.67  55.67 114.33 34.67 166.33

Average time under segmented control/s 87.22

Theoretical slow injection time/s 275.00

Improvement/% 68.28
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