| #2598 Bom/2002 53 A/MASHETER

iyt Bl St FZFHE

AV f%*"w]?}bﬁﬁfifﬁlk A i LAY
155 R A SR

ERC, FEF KUA, XTTE
WL R S TR, VT8 BV 212013;
LR FHUE TR B, 7T BUT 212013

FEE TSl L AR A S0 Af P b B T i R R A Y ) R AR 3 AR B AN S0 0 BT TR T AR B SR A AR
BeE IR T ORAESEMS o 25 AL ML BIL B SR P RE TR Y L 28 28 Sl SR AR T B T 0BT TR R AR AR AL N
SE P AR A R R o AG I 45 SR B S o G RO 5 4 A A 2R AR AR [] A 2 BRAE: i IR S SR F ST, X6 LU 23 B AS TR SR A A
37 B G RO A A RS 3 58 285 SR B S ), oF 22 e 22 7 A Y R IR HEAT T 20 A, 45 10 T OIS b B OCER R RR . 255
2 20 IR FHEXT LE 3 AT B0 A SR L RS T A N TR S AR R R TR S A A R AR Uy 52, b PR R4S 1
PRSAL S IR ARG I £ 2

KR EWER; SRWE; MG AL K R R

RESES 0436 XEKARERS A doi: 10. 3788/LOP202259. 0617030

Experimental Sampling Strategy for Rapid Extraction of
Morphological Features Based on Phase Edge Detection
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Abstract To address the problem of how to select appropriate edge sampling points in the phase distribution map,
in this paper, we analyze the advantages and disadvantages of different processing schemes and propose a sampling
strategy based on phase imaging theory and experiments. Combined with the phase imaging mechanism, several
gradient-based classical edge detection operators were used to analyze the source of uncertainty in the position of
sampling feature points and its influence on the detection results. Actual samples showing a morphological structure
with different complexities were selected to conduct experimental research. Furthermore, the influence of different
sampling points on the sample size calculation results was compared and analyzed. Subsequently, the causes of
various errors were investigated and their theoretical correlation and explanation were presented. Based on the
results of a comparative analysis of multiple groups of experimental data, a morphological structure feature extraction
scheme suitable for samples with different complexities was proposed. The processing efficiency of this scheme can
meet the needs of a rapid real-time detection.
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Fig. 1 Simulation of cellular models. (a) Nucleated cell model; (b) physical thickness of the model at point A along the direction of

light incidence; (c) phase distribution of the model
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Fig. 2

Gradient data of phase for cellular models. (a) Gradient processing distribution of the cell model phase; (b) gradient

distribution curve of the model along the AD direction
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Table 1  Size analysis of sampling under different feature points in the sample model

A D, A-D, B-C, B,-C,
Parameter ) ) ) )
(start point) (peak point) (start point) (peak point)
Pixel coordinate 32-225 34-223 102-155 104-153
Theoretical value /pm 30. 00 30. 00 8.00 8.00
Measured value /pm 30. 27 29.65 8.31 7.69
Absolute error /pm 0.27 —0.35 0.31 —0.31
Relative error / % 0.90 1.17 1.03 1.03

Elapsed time /s 0.472
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Fig. 3 Processing results of edge detection operator in cell model. (a) 3*¢/dx”distribution of model phase; (b) \a;p/af

‘ 2

distribution of model phase; (c) Canny distribution of model phase; (d) 3*¢/dx” curve of the model along the AD direction;

(e) ‘ dp/dx ‘ * curve of the model along the AD direction; (f) Canny curve of the model along the AD direction
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Fig. 4

Gradient processing results of polystyrene microspheres.

(a) Fluorescence imaging of polystyrene fluorescent

microspheres; (b) phase distribution of microspheres; (c¢) phase gradient distribution of microspheres; (d) curve of

microsphere gradient distribution in the B,B; direction; (e) curve of microsphere gradient distribution in the B,B, direction
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Table 2 Size analysis of polystyrene microspheres at different sampling points under phase gradient distribution

BHiBlﬂ 8127[-332 HﬂiBﬁﬂ 812717322
Parameter ) ) ) )
(start point) (peak point) (start point) (peak point)
Pixel coordinate 376-429 391-414 207-260 221-243
Theoretical value /pm 4.236 4.236 4.236 4.236
Measured value /pm 7.844 3.404 7.844 3.256
Absolute error /pm 3.608 0.832 3.608 0. 980
Relative error / % 85.17 19. 64 85.17 23.14

Elapsed time /s
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Fig. 5 Laplacian processing results of polystyrene microspheres. (a) Laplacian processing result of polystyrene microsphere phase; (b)

distribution curve of microspheres along the B,B, direction; (c) distribution curve of microspheres along the B,B, direction
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Table 3 Size analysis of polystyrene microspheres at different sampling points under phase Laplacian processing distribution

Bll_Blil BIZ_BSZ B41_BZI B42_B22
Parameter . X . .

(start point) (peak point) (start point) (peak point)

Pixel coordinate 387-418 395-411 216-248 224-239

Theoretical value /pm 4.236 4.236 4.236 4.236

Measured value /pm 4.588 2.368 4.736 2.220

Absolute error /pm 0.352 —1.868 0.500 —2.016

Relative error / % 8.310 44.098 11. 80 47.592

Elapsed time /s

0.675
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Fig. 6 Processing results of the phase of polystyrene microspheres. (a) Processing results of Canny operator for the phase

distribution of polystyrene microspheres; (b) processing results of ‘3@/&1’
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operator for the phase distribution of
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Fig. 7 Phase analysis of onion epidermal cells using gradient operator. (a) Fluorescence microscopy of onion epidermal cell;
(b) bright field map of onion epidermal cell; (¢) phase map of onion epidermal cell; (d) d¢/dx distribution of onion epidermal
cell phase; (e) dg/dx distribution curve of onion epidermal cell along C,C, direction; (f) d¢/dx distribution curve of onion

epidermal cell along C,C, direction
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Table 4 Size analysis of onion epidermal cell nucleus under phase gradient treatment

Parameter G oo CorCa o
(start point) (peak point) (start point) (peak point)

Pixel coordinate 518-595 537-580 379-435 387427

Theoretical value /pm 17.142 15.824 20. 608 17.142
Measured value /pm 28.336 15. 824 20.608 14.72

Absolute error /pm 11.194 —1.318 3.466 —2.422

Relative error /% 65. 302 7.689 20.189 14.129

Elapsed time /s 0.614

K5 07e/0x® AL BRTT I 2R B MM I AZ ) RSE 23 B

Table 5  Size analysis of onion epidermal cell nucleus under 9°¢/dx” phase treatment

Parameter G G CaCa o
(start point) (peak point) (start point) (peak point)

Pixel coordinate 535-582 538-576 383-429 389-425

Theoretical value /pm 17.142 17.142 17.142 17.142

Measured value /pm 17.296 13.984 16.928 13. 248

Absolute error /pm 0.154 —3.158 —0.214 —3.89%4

Relative error /% 0.898 18.423 1.248 22.716
Elapsed time /s 0.733
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Fig. 8 Phase analysis of onion epidermal cells using Laplacian operator. (a) d°¢/dx” distribution of onion epidermal cell

phases; (b) 0°¢/dx” distribution curve of cells along the C,C, direction; (¢) 9°¢/dz” distribution curve of cells along the

C,C, direction
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