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Abstract: Objective Twenty-three pairs of chromosomes, including 22 pairs of autosomes and a pair of sex chromosomes,
are found in the cells of a healthy human body. As those chromosomes are vital genetic information carriers, karyotyping
chromosomes is important for medical diagnostics, drug development, and biomedical research. Chromosome karyotyping
analysis refers to segmenting chromosome instances from a stained cell microphotograph and arranging them into karyotype
in accordance with their band criterion. However, chromosome karyotyping analysis is usually performed by skilled cytolo-
gists manually, which requires extensive experience, domain expertise, and considerable manual efforts. In this study, we
focus on the segmentation of chromosome instances because it is a crucial and challenging obstacle of chromosome karyoty-
ping. Method In this study, we propose the AS-PANet (amount segmentation PANet) method by improving the PANet
instance segmentation model for the segmentation task of chromosome instances. We add a chromosome counting task into
AS-PANet for joint training, thereby enabling the classification, detection, segmentation, and counting tasks to share latent
features. We propose a chromosome label augmentation algorithm for augmenting the training dataset. Result We collect
clinical metaphase cell microphotograph images from Guangdong Women and Children Hospital. Then, we build a clinical
dataset by labeling 802 chromosome clusters. The clinical dataset is split into training and testing datasets with a ratio of
8 : 2. The proposed augmentation algorithm augments the training dataset from 802 samples into 13 482 samples. Our
solution achieves a more competitive result on the clinical chromosome dataset with 90. 63% mean average precision
(mAP), whereas PANet yields 89.45% mAP and Mask R-CNN (regirn with convolutional neural network ) obtains
87.78% mAP at the equal experimental condition. The AS-PANet method yields 85% instance segmentation accuracy,
which is 2% higher than the result of PANet and 3. 75% higher than the result of Mask R-CNN. Conclusion Experimental
results demonstrate that the proposed method is an effective and promising solution for solving the segmentation problem of
clinical chromosome instances. The contributions and highlights of this study are summarized as follows: 1) we proposed a
novel chromosome instance segmentation method by improving the path aggregation network architecture. 2) We built a
clinical dataset for training and verifying the proposed method. 3) We demonstrated the effectiveness of the proposed meth-
od for tackling the chromosome instance segmentation task. Experimental results showed that the proposed method is more
promising than previous studies. 4) The highlights of this work are high chromosome segmentation certainty and accuracy
with a small amount of manual labeling cost.

Key words: amount segmentation PANet ( AS-PANet) ; path aggregation network (PANet) ; chromosome segmentation;

instance segmentation; chromosome karyotyping analysis
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Fig.2  The illustration of chromosome instance
segmentation task ( (a) an chromosome
cluster which contains two overlapping chromosome instances;

(b) two instances which have been separated from (a))
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Fig.3 The architecture of AS-PANet
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Fig.4 Examples of labeled chromosome cluster
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(I,I}) =v_flip( I,,I},) // T %

X =X U (IL.I)

(I,I}) =h_flip( I,,I}) ///K¥-Els

X =X U (L.IT)

for @ in O do: //TE X G iEFEm M &
I, = rotate(1,,0) // 5 IELTER: 6°
IT = rotate(I},,0) // FRiEHEFEAL T
X =X U (I.I})
End for
End for
Return X’
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3.1 LIGIMEEA

FLT Pytorch I 22 55 3 AS-PANet 5 AY ) fdi F
opencv-python FEAE N EG AL EE T H, SR P E T
B A AL FESE A Intel (R) Xeon(R) CPU E5-2620 0
@ 2.00 GHz, 17>} 80 GB, i F 7= NVIDIA TI-
TAN XP, 5474 12 GB, AS-PANet % i 25015 &
L1 frs,

%=1 AS-PANet &8 S48 E
Table 1 The settings of the AS-PANet model

ZH {H
learning_rate 0. 000 1
weight_decay 0.000 1
gamma 0.1
steps [0, 120 000,160 000 ]
max_iters 250 000
BATCH_SIZE_PER_IM 512
RPN_PRE_NMS_TOP_N 2 000
MASK_RESOLUTION 28
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BATCH _SIZE _PER_IM ; 45 I [&] % v $2 B 1Y
Rol %8, RI7E RPN [ 28 3 73, 4 Je 2 B F 1) Rol
B,

RPN_PRE_NMS_TOP_N. 7t RPN W22 )5, 4>
F]H NMS ( non-maximum suppression ) 2 ( Neubeck
Hl Van Gool ,2006 ) %f 4 H 1| 1) Rol E474b B, i 1%
i RPN_PRE_NMS _TOP_N ™ B AT R F Y Rol,
LS FERR S proposal

MASK_RESOLUTION : 7& mask il i e
HOHE 15 & 43 HE %, K /N S MASK _ RESOLUTION x
MASK_RESOLUTION,, 7 5£ 5] 73 %1 v, — i@ <145 th
TR AR, H T3 KT BT RA: , X
TXIG 0 FERTRERCRAT, T BP0 25 R 1 56 o A2 15
BRI LA 3a i 8 03 1 5 v AR A3 3 ) 1
28R AT N ( Kirillov 4,2019)

e300 T R T T 4 2 K S
(You %,2017) , B Pytorch #E %2 #7 fY) Multi-StepLR
Jitho WG~ % learning_rate 2y 0. 000 1, A 3%
Ul 5 5 weight_decay B 2 0. 000 1 LI -3 045
It H & [\ b X Ay [0, 160 000, 200 000 ], 44>
batch 7 4 1gE 1%, —3L3EYIZE 250 000 4~ batch,
£ 0,160 000 Fi1200 000 3% Xt 2% > #3047
B PRHE R T 2] Y gamma fERII
3.2 ZWHRSM
3.2. 1 LRSI AR K oA

T VAL AS-PANet BEAY T G g8, 1A S 451 43 1 1Y)
ORI EC(2) 5 SR 3 BIER R A (4) 8 L)
PR A EIRE RE mAP A EEEAE R bR TRl , SR ]
S o3 F e FH Y BE 2R A B Mask R-CNN #27 (He
55,2017 ) DL R ot Z Wi i) PANet #588Y ( Liu 4%,
2018) 1F Skt AR Y

XFEE LI A5 R AN 2 R, Horp Mask R-CNN
R R BE A% G (A Hh i 2 4381t 81. 25% i gL
ARSI, SF- 45 5 A~ 52 48] 1 43 RS o6 B8 A 87.78%
TEAH [R) 69 B0 4k 4R oF, PANet 4 B A9 25 3 LE Mask
R-CNN BRI S g fi s, Horpr PANet £ 8 4 52451 3
ENME B FE N 83% , Lk Mask R-CNN 5 7 &
1.75% - 1943 e o i Oy 89. 45, 1, Mask R-CNN
B i 1. 67% o A3 AS-PANet BRI REAE ML (4,
P TE A 43 81t 85% 1 SE 8], A HE SRR AT 4R T
T 3.75% V- RS S 43 RS BE ik 90. 63%
HH L BB AR T 2. 85%

x2 EWHERILCE
Table 2 Summary of experimental results
/%
MRS

iR mAP

Mask R-CNN(Jk) 87.78 81.25

PANet 89.45(1.671) 83.00(1.751)
30 ( AS-PANet) 90.63(2.85 1)

T L AR e

85.00(3.75 1)

X F SR DL B o A R AR SO A
Eb 2 B S5 3 AR Mask R-CNN FIE 75 14 5 51
Sy FIRETY PANet BUINAT & G (PRS2 Bl 50 AT 55, fiE
WA B 1 ) 43 R 38R 23 HRE B o

T R T SR )RR A R AT T
FERE O Rl RESE SR , SEIR R R AR 3 PR .

R3 HBUIREI HBKIGER
Table 3 Results of ablation experiments
/%

R B mAP HER A
¥ 65. 86 55.33
PANet
4 89.45(23.59 1) 83.00(27.67 1)
v 68.31 60. 26

A3 ( AS-PANet)
A 90.63(22.321) 85.00(24.74 1)

T L AR e

THRE SR 45 R R AR B0 AR T B 1 1
DLT, JGi s PANet FET i JE AR SCHE U 4 AN BEAS 5
A RN G, B G OS50 5 Y 25 R A B
o S RIA ORI ) Ik Jm , PN RRRHER T LA
PRI GR , JGIE L 43 0 HE B 530 2 7 FR A L
PIA R 20% AP THIE L . % TH B SL A R KW
TR R A A R
3.2.2 ISR b

Y RENE SR A 3 R /AR R A S P P Y
RCRFIAFAE R [ R, n] L 2o 52 Bt 91 ik — 28 AT
SIS

5 B T HR MR (4 73 FIOCR ETRE B, 5 1
T ES N R i de AR, g E R P& T2
S O SATHE fih 114 175 D0 AN 22 2% e (RS2 SO HL
BERTEOL. 55 2 470 AS-PANet 155 i) 3 I 45 2R .
ML F) BN 45 2R, A7 S5 0] 3 B TE A 201 o (H
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Fig.5 The example of chromosome cluster segmentation results

((a) chromosome cluster images (b) corresponding segmentation

results where different colors mean different instances)

BT (4 43 BRE B, T3 et iy 23 [, i an e &1 5
(56 4 FIRIREBI R, A7 i 0 G e R S BT A 3 4y
X IR BB o
4 & £

AR TR B 24 2] ) AS-PANet Y2 [ 5%
SRR | BB A AR 2 S e 0 IR R fih S AR
BN = U R CR SR N 7 7 e 7 o [ R
S YL AR S B 43 E) ) 8 — PR 2 e ik B B
RIS T A SR KPR RRIME RS AR ORI TR I R (2
PRS- B Hp IR TS5 U T ARy ik A e L
A S e AR S A G B ) ) A 5 o AR SO AR
TRk LS R

D)3 SBT3 T 400 & AR A B T A e
L R3E X FE & A 43 H) AS-PANet f57,

2)) i Fi W PR G o R B 2R A7 N A T I A A
T Y ARSI o BB A, O 52 A R AR A B
RSk

3) DA o U] S A o S RO B B 4 2
FEIG PREC AR 1 T J& P45 1 XoF Hb S 56, T B AR SO
R T T LR A

AR AS-PANet FETY )25 s 0] LA ZEUNR

1) 3B MER BE 75 . AS-PANet #5376 Ifs PR B4
LERIYIE T ARAT T 85% 140 H iR B A1 90. 63% Y
Gy EIKE B, ¥4 F PANet A58 7 1 SE 5] 43 1 42 b5
Mask R-CNN il
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