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A plasma discrimination model for color changing ink based on improved U-Net
ZHANG Hanwen', CAO Weijuan®, LUO Gangyin', JIANG Hao', QIU Xiang®, XU Jie', SHI Rongrong’, ZHENG Ran’
'Suzhou Institute of Biomedical Engineering and Technology, Engineering Laboratory of Advanced In Vitro

Diagnostic Technology, Chinese Academy of Sciences, Suzhou 215163; *SuZhou Municipal Health Commission,
Suzhou 215006, China

[Abstract] Objective: Due to inconsistent subjective assessment criteria and excessively long calculation responses ; there is a high
risk of mistakenly discarding suspected hemolytic plasma and inappropriately discarding suspected non - hemolytic plasma during
plasma preparation, posing significant risks to patient safety and leading to waste. This study aims to resolue these problems. Methods:
A thresholding method that integrates deep learning with color-changing ink concepts was developed. By employing an enhanced U-Net
architecture for image segmentation, the study introduces an advanced attention mechanism, batch normalization, and a padding
module to tackle issues such as mean estimation bias, computational inefficiencies, and limited receptive field sizes in spatial mapping
relationships. The model was validated and compared using a self-collected sample dataset. Results: This study employed the color-
changing ink boundary method for classification, enhancing the computational efficiency of plasma discrimination and reducing
discrimination time, while ensuring the accuracy of plasma sample identification. The accuracy rate of the experimental results is
99.52% . Conclusion: The results indicate that the plasma discrimination accuracy of this model is superior to other discrimination
models, and it is expected to be applied in clinical practice.

[Key words] plasma; suspected hemolysis and non suspected hemolysis; U-Net; color-changing ink; machine learning
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Figure 6 Sample HSV-3D component image and distribution histogram of HSV components in each channel
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Figure 7 Comparison of H-channel distribution between standard plasma and hemolytic plasma using a histogram
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Table 1 The average comparison results of standard deviation experiments for each model conducted ten times

Training set

Testing set

Model Acc(%) Pre(%) Re(%) T(ms) Acc(%) Pre(%) Re(%) T(ms)
UCSALL 99.19 99.48 99.22 1598.36 94.69 96.12 95.38 1627.33
UCSH 98.71 99.22 98.71 807.13 93.24 96.77 92.31 798.42
UCSS 99.52 100.00 99.23 586.38 99.03 100.00 98.46 617.02
UGSV 93.06 95.99 92.76 693.29 87.44 90.63 89.23 739.11

ZAERE—DHTIT . 1E4FEEA H UCSS B2 L RE
FERT AR E , IZREE SRR Ace (U FEMK0.49%. HR
3 AT 2B SR EE Ace 7 B BRAK 4.5% . 5.47%
H15.62%, AL A BE ST AHNT UCSS 8855 .
22 HERERAXR
5, WAEE WA CA B 1% 3% K, BN Al

Padding 5 AR0} ML 15 3o ) VERE 2, 7E SRS
P S RURL I RS z8 328 /N TR AR 4 B, JE 52 37 52 PR
SEOLES E IR EE R, DA R 2 DL
KK AZ BT 10 77 2OR 2B AR Ik — BB, (AP To vk $E B 4
HARFAE, FIH CA B R A Y KERE . b5
LllEBN*}'Zi}% T S 2% 1R R R A AR AR

X LEAR Y 2 B A 2 E RO, BRAE T
JZ W 286 AN T a3k AT 2 500 i LATE R = S 300 AR
o B 5 Padding B, B &R 2 09 %0 N\ S04 70 45 —

BLALE R A AR, X 2% 2 8005 oA 205 3547 norm, i
1368 2 M N B o A — S CRISSME R 0, T 2N
1), ZIME % N, AT DL G 5 [F] 45, AT i 3
“ZTFIRAIE DL, RIS A R R 2.

Model_1 % Model _7 %} EL54IE T CABN 5 Pad-
ding FEER X 1 S22 3] CCTIE IR J2 UCREE $2 HUR )
IS - AN Hﬁ%zT%m N FLAS e A LA
U-Net W 45 H1 2232 Ji 53 G FE R B0 55 A4 A5 B DA
ARG NFER U-Net X 48 232 74> BURE FE 5 1R
5 Y S 56 , Model _4 5 ¥ ) 21 25 A5 ek 2 il o) 4%
(1) Ace $2 Tt 1 6.28%; 4 3 Pl S AL [FI B 5] A 22
FEAH U-Net M 2%, AcePreRe 20 B4R & 1 7.73%-
5.56%+6.92%, T 4545 7 902.24 ms. I filSZ 06 25 1
T, AR T T IEAAERHAE R 2 A T7 TR 2R I
T RERNTTIERZ 2NV IST: =1k g -



445559 TR SO, WYELE, B WA, S5 T o5dE 2 U-Net (10745 €003l 5 0 28 40 S s 0 L) 0.
202449 H R ER R E MR CH ARBHERRD 5 2024, 44(9): 1179-1189 <1187
F2 BEIT10RAY TR SRS
Table 2 Average ablation experiments conducted ten times
Discriminant method
Model CA BN Padding S-channel Acc(%) Pre(%) Re(%) T(ms)

U-Net - - - Vv 91.30 94.44 91.54 1519.26
Model_1 V - - V 87.92 92.68 87.69 1307.49
Model_2 - V - V 85.51 90.32 86.15 965.17
Model_3 - - VvV V 83.57 89.34 83.85 1489.24
Model_4 V VvV - V 97.58 98.45 97.69 641.59
Model_5 V - VvV V 97.26 99.21 96.92 685.34
Model_6 - V V VvV 93.72 95.35 94.62 679.11
UCss V VvV VvV V 99.03 100.00 98.46 617.02

Vv represents the application of this module in the model; — represents not used.
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Table 3 Comparison of average models running 10 times

Training set

Testing set

Model

Acc(%) Pre(%) Re(%) T(ms) Acc(%) Pre(%) Re(%) T(ms)
U-Net-PCA-SVM 99.03 99.23 99.23 792.21 98.55 99.22 98.46 872.99
U-Net-PCA-KNN 98.07 99.22 97.69 776.52 97.57 100.00 96.15 849.57
UCSS 99.52 100.00 99.23 586.38 99.03 100.00 98.46 617.02
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Figure 11 Example diagram of discrimination results
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