HMH A+ =233 JHE

O[MILt, o212 F8lnoj2, AMZ™

il
LT
or
njo
® O
ofo
ro
o
=2
P
)
Q
Q
(2]

AMCHstn of st

shR 4Rt e WA R el

One-stage chromosome counting system development based on Deep learning
Seungyoung Kang', Junghun Han', Jiseung Ryu', Sena Lee!, Inkyoung Lee?, Haemi Joo?, Sejung Yang'*
Department of Biomedical Engineering, Yonsei University, Korea!

Radiation Health Institute, Korea Hydro & Nuclear Power?
tigerkang96@gmail.com, “syang@yonsei.ac.kr

Abstract

As the use of radiation increases, interest in the damage caused by radiation is also increasing. When exposed to radiation,
changes occur in the chromosome unit, such as abnormal chromosomes or a change in the number of chromosomes. Therefore,
karyotype analysis, which analyzes the number of chromosomes or the shape of chromosomes, is important. Since karyotype
analysis performed by experts is time-consuming and expensive, in this study, we developed a system for automatically counting
chromosomes using deep learning. This system accurately discriminates overlapping chromosomes and showed more than 0.995
in precision and recall, and 0.909 or more in mAP 0.5 and mAP 0.5:0.95.

1. A HYA

A2 AFE SAMUES AMBEM 2etd TE EE XE

Sxoz AFRSILE O|UX| WHS YA ALStT UCt
olof mat WAMO| o[t mHE X&sjM BAS wa ~ N N
QLG HARMO| OIXof DjXe s Crem 2ot ’.G ! \
CHElo| WARMS %S 29 mE oA, WE oj P 7 e

Za, e AFO| O[27|7HX| BHCHIL T EXoz %

OIHE THSHE HURIE WAMO| EntEBA ofuUX|S Wi ).
410] MZHo| DNA EXAPF TS0l MES A of

SM4S W2 & YTt WAMO| TEE S FMHos % \ / \//
SeM7 £ JHA EXMBHS Dicentric, FMHZE ZofX o= l
UM Fragment S Of2| HERS| 0|4 HMH7} wys (7' =g

S oolon WMo 7t ASAL BT 2 UL i

H0|ZS SO YMHES HUGHYUS U B2 TS0 MM W o

4 ok s® 2Me gumol W, & HANEES J

FARSIOl WARN TZOZ Ol WAMHO| WS et 4

ot SHE|E MBIt FMHE MY e £5Moz

AMHOl W42 M7 TR0l AlZt Am7 2; AR

e Aot ge2bX| 7|2 oot o|MolE He{dg #8519
HMHE 2M5tHE A= X[SHM AFEO] 2} Song
et al[2]2 Convolutional Neural Network (CNN) 7Z|gt9]|
DEz gy 2 V|HE Sdl AX™T GMHE FE51

33 1. Si0[Z2 = EFE AMH B4 oAl

=20 o~

QldHt& O] AlZto| MK FHAO|CH Axio Im rZ2 0|41
SIRIE 27} 0|40l EAHII BHE AL TEEX p 4 amerole o oo s o o
BRACE FMME FEoks ol AN FMT FUML oo = =0 sigsls FAoZ  Mm I =0
TEo| M 22 FMH 0|Qe| =M= FMHMO STFS  uyygr|o] 9s HEHO|CH 22 AFRIO| MEZS YT £
F&£st= O o{2{20| AR/ACE O[0| Bai et al[3]2 CNN=2 st MZ AEjO| e 12 10 o= Hp9p ZH0|
ez A HE TSS MA2EM CSEOMU aumst @M Al ®Zol EWE 4 Utk M
Mol EXHEZ FEOY 23| TES5t= AFE gAol  TJ|=  1024*1024°] 2Mx  Jatolc) &
UYL opxE, 9 AT= O Jfel CNN E22 qgojgz z 25332 AM83tYon AZGHoE  100%
AH8St0] HAEE ARBSEY[0| TR ALHEO| BCH=

=)
Ct. h2kAf ofH A0 = ®Z0| EXdts
M= HEHA B0l ts22 FMA A=

iy 24 TUdsts HEld €12FS MAIC

HOlH=  HAMIEAROA

Hset

HAE Ed 100822 M2 FHJUCL HMA OOH=
MK HMEZF 2HO|H AtEEop ofHEES Tdsien, zZt
FMKCl YXYEE HIRT HAZ BEAISIILCEH

Ao StUE  45~477H2]  HMAH|O| CHet  AKIZEIE
EMSIH AT GMAel Z2 LErHel FMHM ECoh 1
=7t H7| ME2o GHolH 3F Zlgs M85 AN

Aol Jf+E S8 20| o5 HIOHZ ASSHAL.



MK A42 UM M A LOFoA

rlo
or

= N2 . L
. = co= Original Prediction
20|= YOLOVSE MERLL. YOLOVS= Cross Stage Patial
Network (CSP) 2= 2=2 AMEdl0] ZEO| F=3 O|KN J 3=
WSS MAIEZ2ZEM A& HIES FO0|1 ChYe HEHQ 8 /i' X ‘ %
SHE FBT 4 s BHO| UTh + 703 % -
RN it TN ‘Ngﬂmﬂ A
3. o3 ZHut @(‘ % @E
2 97 AMEel GMAH YoM HMNE FHI
BRI @MAQ 8 & Me Ae FEE dds | 5
TIHACH Hh2 G 820 HHEE FHSH7| 212 iou loss?t | ) Q Q
gfA Qo EHTF A=K R=XE BESHZ| Tt Binary ™ g=
@ - :;@* 4 - YL
— train - e, )"& - %u
— valid :\dag g&ﬂ A
0.05 + 2 ve Y
’\1\%
0.04 4
3 ©
0.03 1
0.02 1
0.01 T T T T
0 100 200 300 400 500
Epoch
(b) 10/ @
0.9
0.8 «w&"
8 0.7 1
206
057 —— precision
— recall
041 —— mAPOS5 2
0.34 mAP 0.5:0.95
. 100 00 200 a0 o0 @, (b) OIM & = UAXO0l 270 olgel HMHZ EH
Epoch EA%SHE Yoot 2t MNE FYSHA EBXISte AS
a2 3 My AL Ba 9K U aa A golgh & 1, A8 3 (o Oﬂ*? 2 SMH Hof gt
=2 =1 T = > s A A2 GMMESE FMM=z Z=H5HA EHAISts ZUE
Cross Entropy loss& AM83t0] RS X XISIACE. 08 2 woyz=olct
(@ oM E2Ol= Hiet 20| 29| Q= 550 UHEN  AMHg xesiHA 12 3 (d) 9 Zo| H|xs
et At daote o2 20D, O 2 (b) & 20l 37|10 gMHy7} X Yoz ZANK S A=

DHo| M=tz &E LIEILY= precision, recall, mAP 0.5, mAP
0.5:095 X[EOME FX HEsts oS EOFULCL
DEol ddtgl 452 EOF7| fiot Zit& E 11t ZCt

Precision Recall mAP mAP
0.5 0.5:0.95
Valid 0.995 0.997 0.995 0.909
Test 0.999 0.999 0.995 0.943
B 1 GMH A=+ HAE Ao
4% Hlo|Het HAE HO|E{0A Precisiontt Recall 2%

0995 Of&to| ZAntr} LiEtGD, 2K HEOM 71
MEE7 52 X|'EQ mAP 052F mAP 0.5:095 OAME
0.909 O|&to| AME 2O FICE

O3 32 gMA A== 8 HE ZME EOELCHL 18 3

H2S gA7[2] HwdtE I non-maximum
suppression (NMS)O|A  F71o| HA  F
MAE= 27t UJACE F==Zof Tl AN
A™T Mo CHof Hl=ot A7|9| E

AR|SHR| Q= NMS Z1E|ES %

.I
— =
AMH A4 50| FHY HO= oA

il

4. Acknowledgements

of g7= S=rHAXNHE YAIEHRS XS ~Oot
TS AZ. (A211F03)

5.0 249

[1] Patterson, D. (2009). Molecular genetic analysis of Down
syndrome. Human genetics, 126(1), 195-214.
[2] Song, S., Bai, T., Zhao, Y. et al. A New Convolutional
Neural Network Architecture for Automatic Segmentation of
Overlapping Human Chromosomes. Neural Process Lett 54,
285-301 (2022). https://doi.org/10.1007/s11063-021-10629-0



[3] H. Bai, T. Zhang, C. Lu, W. Chen, F. Xu and Z. -B. Han,
"Chromosome Extraction Based on U-Net and YOLOV3," in
IEEE Access, vol. 8, pp. 178563-178569, 2020, doi:
10.1109/ACCESS.2020.3026483.

[4] G. Jocher, A. Chaurasia, A. Stoken, J. Borovec,
NanoCode012, Y. Kwon, TaoXie, et al. “Ultralytics/yolov5:
V6.1 - Tensorrt, Tensorflow Edge TPU and Openvino Export
and Inference”. Zenodo, February 22, 2022.
https://doi.org/10.5281/zenodo.6222936.





