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Slow Blood Flow Detection Based on Red Blood Cell
Characteristic Volume Model Matching

Chen Ming, Xu Junyi, Gao Zhishan, Zhu Dan, Yuan Qun”

School of Electronic and Optical Engineering, Nanjing University of Science and Technology,

Nangjing, Jiangsu 210094, China

Abstract Simultaneous phase-shifting interferometric microscopy is proposed herein to measure the phase of red
blood cells for leveraging the characteristics of slow blood flow and a small number of red blood cells in
microvessels. A characteristic volume model of red blood cells is established to match characteristic red blood cells
from multi-frame phase maps. Then, slow blood flow detection is realized. A @100-pm microvessel prototype with
a flow rate of 0.1-1.0 mm/s is prepared using Alsever’s solution of bovine red blood cell. A simultaneous phase-
shifting interferometric microscopy experimental setup based on a micro-polarization array is constructed to validate
the feasibility of the proposed detection method, and the measurement error of the blood flow velocity is no greater
than £11.2%.

Key words medical optics; slow blood flow detection; characteristic volume model; simultaneous phase-shifting
interferometric microscopy
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Fig. 3 Results of simulated microvascular fitting residual extraction. (a) Fitting wavefront; (b) wavefront residual
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Fig. 4 Phase of bovine red blood cell. (a) Three-dimensional height distribution; (b) cross-sectional height curve
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Fig. 8 Phase of characteristic red blood cells extracted from the wavefront residuals of simulated microvessels.

(a) First-frame processing result; (b) second-frame processing result
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Table 1 Experimental results of blood flow velocity of

simulated microvascular at flow rate of 0.1 mm/s

n X, /pixel Y, /pixel Distance /pixel Azimuth /(%)
0 33 314 0 0

1 42 278 37.11 75.96

2 51 243 37.11 75.58

3 61 207 37.36 74.48

4 69 170 37.85 77.80

5 76 132 38.64 79.56

6 87 97 36.69 72.55
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Table 2 Experimental results of blood flow velocity of simulated microvascular at flow rate of 0.1-1.0 mm/s

Measured velocity /(mmes ')

Theoretical value /(mmes™')

Average velocity /

(mmes ')

Deviation /%

Group 1 Group 2 Group 3
0.1 0.0900 0.0882 0.0878 0.0888 11.2
0.2 0.1849 0.1848 0.1802 0.1833 8.4
0.3 0.2712 0.2768 0.2750 0.2743 8.6
0.4 0.3628 0.3620 0.3672 0.3640 9.0
0.5 0.4618 0.4584 0.4558 0.4587 8.2
0.6 0.5438 0.5444 0.5446 0.5443 9.3
0.7 0.6604 0.6548 0.6614 0.6589 5.9
0.8 0.7382 0.7230 0.7364 0.7325 8.4
0.9 0.8512 0.8456 0.8448 0.8472 5.9
1.0 0.9304 0.9286 0.9380 0.9323 6.8
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