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indicator for diagnosing diseases such as diabetes, anemia, and heart failure;

however, their accuracy is poor due to subjective analyst interpretations since

they change reversibly based on various environmental factors such as

Keywords: _ viscosity, osmotic pressure, and calcium in the blood. In this study, an
Diagnosis Al algorithm . . .

algorithm that objectively analyzes the shape of RBC and measures the ratio
YOLOvVS5

Red blood cell

Image processing

using YOLOVS, an Al technology, was developed and used to distinguish them
as normal or abnormal. Data was augmented using image processing
technology due to low data, and the YOLOvV5 model was applied after labeling,

where it was classified into four classes. The developed algorithm was verified
through precision and recall, and subsequently applied to the test data to

distinguish normal/abnormal red blood cells to obtain a ratio.
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(a) Normal RBC image (b) Synthetic RBC image

Fig. 1 RBC image (a) normal RBC image, (b) synthetic RBC
image. Blue arrows indicate synthetic RBCs imported
from and referenced from RBCs of diseased animals

image

Fig. 2 Augmentation RBC image (a) binary RBC image, (b)
rotation and shear RBC image
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(a) Normal image (b) Abnormal image
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(c) Series image (d) Cut image

Fig. 3 Labeling RBC image (a) normal image (b) abnormal
image (c) series image (d) Cut image
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Table 1 Specification of hardware & software

Configuration Specifications
CPU Intel i7-8700
GPU Nvidia GTX 1050ti

Language Python 3.7.1
Framework Pytorch 1.5.0

batch size 16, epoch 1000 A-&3tct 2E FX2E yolovss,
yolovsm, yolov5l, yolov5x7t §low, Z7te] mel.e AJ7ko] H]
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Table 2 The predicted number of normal/abnormal RBC by

test data
Normal Abnormal Normal/Abnormal
data 1 17 10 0.59
data 2 19 0.32
data 3 23 0.39
data 4 19 10 0.53
data 5 21 0.29
data 6 32 2 0.06
data 7 21 30 1.43

Table 3 The number of synthetic labeled as abnormal RBC and
synthetic predicted as abnormal RBC in test data

Synthetic Predicted synthetic

data 1 0 0

data 2 2 2

data 3 0 2

data 4 2 3

data 5 4 4

data 6 5 5

data 7 4 4
e Bk
3.2 ¢1E|E ME

AR d12ES test dataol] A-g35t0] ZH7t] FAE o=
St AN H1&S FSisit. Fig 79 SmeEol 5
ojmA|E B BE Ao th3 bounding box7} FAE0] A
dto] tiste] HgsiA ddshs e & 4 Aok =3, A4
HY7e] s vl é %5?91 Hlgo] £& 22 B 4 glout

Aoz ggol B =4
g5 718 woll= selresfl} cut 2AE A Qs
o] vl &Z Fstglon Z74o] Hlojefol tisiil=
SFITt. Test data®] F oJu|z|oflA] AP LE HHFHoR
23707} 271=9ek & 7709 test data = e Ea
25 Bl Al ARG AEFES cut FHAR EF
T olQZ FFEA] LTt 224A abonomal F
AZ 7H FAAE LY & data 30]ME 071, data 4ol M=
UERITE SHAIEE, oS ZAfollAl= abnormal AR £
FE AR 4 27, 3R dIEH AT ol cut FEA
2 BRFY F4HE7t o= dataoME abnormal F2A
EHREQ7] digolth. UmA| test dataclA= FAAAITE
o]Zo] Askst 7o & FRIFTE test data P8 TN 3
o

AR Aeeet Aol FdAHT] = Table 3]

ox
M oox

a, SFA }\-114
&
2712

5o
=

o=
=

98

773k,

4. 8 E

A=k

B ERoldE ¥ Axo Y
YOLOVSE sl Aliel 7H59I=% A4 Au7E
Pt gueiEg st Atk tolelel A4E 2w
o171 Sietel ol el 5ol HlolElE 2t oo
A v vEE ALtsl] sl A4, Bl ol
Fef= AQw]ojof StEE normal, abnormal SajAe} A==
A9l series, cute.Z & 4719 FA2 1/]-—,—01 ISR o
e Eo s B7HE Aol A=t AdES ARE A8
il 479] Ferol A mAPE Folel BAAY HEEL
abnormal2 93.2%, cut< 85.9%, normal 71.7%, series=
92.8%% ISt LuPES AAR A slo] nE HFLs}
bounding boxZ ZEAIEE Z& ERlstgod, HEe] HAxt

_“1

1

T

_:Lru
rir

HlgA ElES ek
£ o e elolt® AL A8l B3t g
2 BRIt HlgS o LnBS AT 33 HolH
s 27z 9430}1 N N
o AAHY HHES ol Y NF 50| Asto] thek Aol
s Aoz Bl
% 7]

o QFE 20204 HW(RSR)Y Ao HFRATAR)
A9 wol 53l 7|2 ATARRIY(No. FEAT AR Fofzt
TAHS: 2020R111A3073575/NRF-2020R1F1A1072926).

References

[1] Merino, A., Puigvi, L., Boldq, L., Alférez, S., Rodellar, J., 2018,
Optimizing Morphology through Blood Cell Image Analysis, Int.
J. Lab. Hematol., 40:1 54-61, https://doi.org/10.1111/ijlh.12832.

[2]1Kim, J. H., Lee, H. Y., Shin, S. H., 2015, Advances in the
Measurement of Red Blood Cell Deformability: A Brief Review,
J. Cell. Biotechnol., 1:1 63-79, https://doi.org/10.3233/JCB-
15007.

[3] Choi, J. M., Lee, W. S., 2013, Development of a Poikilocyte
Measuring Method Using Image Analysis Software, Lab. Med.
Online, 3:6 6-14,https://doi.org/10.3343/lmo.2013.3.1.6.

[4] Hyun, B. H., Gulati, G. L., Ashton, J. K., 1991, Differential



Journal of the Korean Society of Manufacturing Technology Engineers 31:2 (2022) 94~100

Leukocyte Count: Manual or Automated, What Should It Be?,
Yonsei Med. J., 32:4 283-291, https://doi.org/10.3349/
ym;j.1991.32.4.283.

[5] Taylor, J. J., 2010, Blood Cell Morphology: Grading Guide, Arch.
Pathol. Lab. Med., 134:8 1229-1230, https://doi.org/10.5858/
2009- 0646-BK. 1.

[6] Briggs, C., Longair, 1., Slavik, M., Thwaite, K., Mills, R.,
Thavaraja, V., Foster, A., Romanin, D., Machin, S. J., 2009, Can
Automated Blood Film Analysis Replace the Manual
Differential? An Evaluation of the CellaVision DM96
Automated Image Analysis System, Int. J. Lab. Hematol., 31:1
48-60, https://doi.org/10.1111/j.1751-553X.2007.01002.x.

[7] Riimke, C. L., 1985, The Imprecision of the Ratio of Two
Percentages Observed in Differential White Blood Cell Counts:
A Warning, Blood Cells, 11:1 137-140.

[8] Gyawali, P., Richards, R. S., Bwititi, P. T., Nwose, E. U., 2015,
Association of Abnormal Erythrocyte Morphology with
Oxidative Stress and Inflammation in Metabolic Syndrome,
Blood Cells Mol. Dis., 54:4 360-363, https://doi.org/10.1016/
j-bemd.2015.01.005.

[9] Turchetti, V., De Matteis, C., Leoncini, F., Trabalzini, L.,
Guerrini, M., Forconi, S., 1997, Variations of Erythrocyte
Morphology in Different Pathologies, Clin. Hemorheol.
Microcirc., 17:3 209-215.

[10] Constantino, B. T., 2015, Reporting and Grading of Abnormal
Red Blood Cell Morphology, Int. J. Lab. Hematol., 37:1 1-7,
https://doi.org/10.1111/ij1h.12215.

[11] Papasouliotis, K., Murphy, K., 2021, Pictorial Guide to Canine
and Feline Blood Smears, Part 2: Abnormal Findings —
Erythrocytes, In Practice, 43 363-372, https://doi.org/
10.1002/inpr.99.

[12] Christopher, M. M., Hawkins, M.G., Burton, A.G., 2014,
Poikilocytosis in Rabbits: Prevalence, Type, and Association
with Disease, PloS One, 9:11 e112455, https://doi.org/
10.1371/journal.pone.0112455.

[13] Lenske, E., Padula, A. M., Leister, E., Boyd, S., 2018, Severe
Haemolysis and Spherocytosis in a Dog Envenomed by a
Red-bellied Black Snake (pseudechis porphyriacus) and
Successful Treatment with a Bivalent Whole Equine IgG
Antivenom and Blood Transfusion, Toxicon, 151 79-83,
https://doi.org/10.1016/j.toxicon.2018.07.005.

99

—
- e

g

Jin-Gu Kim

M.Sc. candidate in the Department of
Interdisciplinary Program in
Biohealth-machinery convergence
engineering, Kangwon National
University. His research interest is Machine.
E-mail: jink4763@gmail.com

Ji-Hun Kang

M.Sc. candidate in the Department of
Interdisciplinary Program in
Biohealth-machinery convergence
engineering, Kangwon National
University. His research interest is Machine.
E-mail: jihunkang0426@kangwon.ac.kr

Kyoung-Cheol Choi

M.Sc. candidate in the Department of
Interdisciplinary Program in
Biohealth-machinery convergence
engineering, Kangwon National
University. His research interest is
biological.

E-mail: crudc925@gmail.com

Woong-Ki Jang

Post-doctoral associate in the Department of
Smart Health Science and Technology,
Kangwon National University. His research
interest is Micro/nano scale surface
texturing technologies and digital twin.
E-mail: wkddndrl@kangwon.ac.kr

Ho-Jin Ha

Professor in the Department of Smart Health
Science and Technology, Kangwon
National University. His research interest is
Machine.

E-mail: hojinha@kangwon.ac.kr

Kwang-Suk Lim

Professor in the Department of Smart Health
Science and Technology, Kangwon
National University. His research interest is
Antibody-drug conjugate, immuno-cancer
cell therapy / gene and drug delivery system
E-mail: kslim@kangwon.ac.kr




Kim-Jingu et al.

™ W Byeong-Hee Kim

(} _A Professor in the Department of Smart Health
=) Science and Technology, Kangwon National

{ - University. His research interest is micro and
F\ ) “ | /‘

I : : . | l/ nano system design and precision control of
S = | machine tools.

E-mail: kbh@kangwon.ac.kr

Yong-Jai Park

Professor in the Department of Smart Health
Science and Technology, Kangwon National
University. His research interest is Soft

Robotics, Novel Mechanism Design,

Bio-inspired Robot and Robot Application
E-mail: yjpark@kangwon.ac.kr

100



	YOLOv5를 이용한 정상/비정상 적혈구 구별 알고리즘 개발
	ABSTRACT
	1. 서론
	2. 방법
	3. 결과
	4. 결론
	References


