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Abstract

Blood diseases such as acute lymphocytic leukemia have become an important
threat to human health. For peripheral blood cell research, cytological analysis
methods mainly rely on pathological slices are also the gold standard for the diagnosis
of blood diseases. But pathological slicing 1s a time-consuming and laborious process,
the use of chemical reagents after dyeing can also cause irreversible damage to cells,
and artificial chemical staining will be misfected phenomenon leading to misdiagnosis.
In this paper, we try to explore the virtual stamning method of human peripheral blood
cells in the above context, the main work of this topic is divided into the following
steps:

(1) Collection of data sets. Through the optical microscope X 40 objective
observation through the Wright-Gemsa dyeing before and after the cell slice, using the
microscope imaging system to record the two slices in the microscope field of view to
form a 2560 x 1920 pixel image.

(2) The processing of the data set. Data sets are divided into training and test sets,
and the captured images are data enhanced according to different needs. The number
of data sets 1s expanded by 70 times when the fragment 1s dyed by cropping, and the
number of data sets is increased by 4 times when the overall staining is rotated.

(3) The proposed network model. Using a model U-GAT-IT based on
unsupervised image-to-image translation, the training set is put into the model for
training, and virtual staining can be achieved after completion, 1.e. an unstained white
sheet can be entered, and virtual staining image can be generated in one second.

(4) Evaluation of results. The staining effect of U-GAT-IT is demonstrated, the
performance of five different GAN models is compared on this data set, and the five
GAN models are evaluated in groups with three different evaluation indicators to

show the superiority of U-GAT-IT.



The introduction of virtual staining solves the main problems of artificial dyeing, saves a
lot of time and labor costs, and is also a high precision, complete automation and
non-subjective method. Cycle generative adversarial network does not need the paired images,
although the accuracy is not ideal at the moment, has great potential for development and can

be used as a basic method for building virtual staining systems across the country.

Key Words: Virtual staining; peripheral blood cells; Wright-Giemsa staining method: Cycle

generative adversarial network: Pytorch
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Wb V(D.G) Ny ap i (CAE XU RIRED » x BN LS R z 7k it
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min? (D, G)=F., ,|log (1-D(6(2)))] (2-4)

GAN BB B4 G I LA A R AS USSR 2 ) 3 D, S5 31 40 9 3 G 32
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CycleGAN [t H bralt A& 2% 2 P ANz (] (b B SRE . IR SR F Ot 25 A ot ) 4% v )
e, ELF nT RO X i P R x Ao Y R A B Y F(x) . (R BRAT TR
FSGA AT I 26w ey A 0 s A ) A R B JE A s RBE AN IR N Dy . A
FATTAI L R E A R IE AR KN GAN $i 2k

minmax ¥ (D.G)=E, , , [logD; (¥)]+E; 5 _,|log(1-D; (F (x)))] (2.5

s FI AN R PR B0 b SRR A e 6 T 2% g4 2 pR SO A R AHRRAR R
XA g A RE ELE I ZR I O F 2R P47 100 x RS 45 Y b g 1) — ke Pl s
XK PR BOR AR 3 BMEREATIA R LR . [Hitk CycleGAN H21 19 5F —3
P4 2 o 2L

FHER B> ] BORE Y SR B REAS y B o X b FEAS G(y) 1995 RIS G CycleGAN
FI =21 F NG AR, JRl i AN L1 SRRk E R F(G ()~ > BL K
G (F(x))~ x . IXFEH X BFEARAH S Y WS, 36 0] BLTCET R4 o) X B, AT o) BAFL
i GAN HRLE I A7 1) x AR Sy Y S i e -k By . i F(G(v))~» B K
G(F(x))~x, IXAJET LR CPEApd2E) M0 — Sk 4 2k o Hol e SO

3



Loaw=E.p_MIGEQ I+ E, , JFGO-3I]

A ARG G gl A KBS D« o B el BLE 304> GAN 46 2k
L ou (F.Dy) . sz 22 i 40 S gt =30 0 AL Rl
L=Ly (F.D;)+Ly,, (G.Dy )+ Ly, . (F.G)
=E 5 o [1ogD; (9) ]+ Ex oo [log (1-D,(F (x])]] +Ey p_[logDy(x)]

+Ep_p,_ | 108(1-Dr (G(3))) |+ Exep o [ G (F (%)) = 21 ]+ Eros o, [ F (G(2)) - 1] (2-7)
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A A AR A 25 P9 A DY A B 22 By N AR ZE L, SRR R R R AV . e
R (RS UM SR I R LR A o ARy = (HAE R R RCR SRR
FER B N 7R MR BRI AT IR ). B OREF T WA EAE . X T 4%
R ERFAT TR 1 B RIAS [H] L 91 Y PatchGAN (Bl multi-scale PatchGAN) . &K 5 #(70 x
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FeH8 3.1 U-GAT-IT = hl 258 524

B || A RS | EEIEIRE]
(h,w,3)—>(h,w,64) CONV-(N64.K7,51,P3),IN,ReLU
Fibddr AR (hw,64) — (; Z,128) CONV-(N128,K3,52,P1),IN,RelLU
(‘; 5 123)_>(4 T 256) CONV-(N256,K3,52,P1),IN,ReLU
(h, W,256) - (‘}_1 w ,256) ResBlock-(N256,K3,51,P1),IN,ReLU
i 4 4 4
(Z,%,zg,e) - (4 4 256) ResBlock-(N256,K3,51,P1),IN,ReLU
(}3,5,256) = (_,_,256) ResBlock-(N256,K3,51,P1),IN,ReLU
Hahddr kb i 4 i 4
(Z’%’ZBE’) - (4 1’: 256) ResBlock-(N256,K3.51,P1),IN,ReLU
(}_I,E,gg,e) > (_,_,256) ResBlock-(N256,K3.51,P1),IN,ReLU
4 4 4" 4
(E,%, 256) - (%,%,256) ResBlock-(N256,K3.51,P1),IN,ReLU
h w h w Global Average & Max Pooling,
AR AE Y cam Z’E’ 14 MLP-(NI), Multiply the weights of MLP
(E,%jlz) —>( — 256) CONV-(N256,K1,51),ReLU
g (2,2,256) — (1,1,256) MLP-(N256),RelLU
' (1,1,256) — (1,1,256) MLP-(N256).ReLU
(1,1,256) — (1,1,256) MLP-(N256).ReLU
256 —.,256 AdaResBlock-(N256,K3,51,P1),AdalLN,ReLU
(h,”” ) - (‘:,":, ) daResBlock{ ),Adal
( 256) - (3_1 w 256) AdaResBlock-(N256,K3,51,P1),AdalLN,ReLU
r r 4 4

AdaResBlock-(N256,K3,51,P1),AdalLN,ReLU

Lan]

b T FE Tl e I 256) - (_ > 256)
fEias M2

4" 4’
hw
44
h w
44’
h w h AdaResBlock-(N256,K3,51,P1),AdalLN,RelLU
_,_’256 — —,—,256 gty ! '
hw AdaResBlock-(N256,K3,51,P1),AdalLN,ReLU
(=, —,256) —>( 256)
44’
hw AdaResBlock-(N256,K3,51,P1),AdalLN,ReLU
(=, —,256) —>( 256)
44’
h w Up-CONV-(N128,K3,51,P1),LIN,ReLU
WIS RRE (3:3:259) *( 5:128)
Fii = = - -
(5’5’128) . (h,w,64) Up-CONV-(N64,K3,51,P1),LIN,ReLU

(h,w,64) - (h,w,3) CONV-(N3,K7.51,P3),Tanh

Feh3-2 U-GATIT Ji| 3l 4okl

B | FN—Fn s | ks
hw
(hw,3) — (5,5,64) CONV-(N64,K4,52,P1),5N,Leaky-ReLU
(%, 5 ,64) — (%,;123) CONV-(N128,K4,52,P1),5N,Leaky-RelU




L TR (E,f,lzs) - (5,%,256) CONV-(N256,K4,52,P1),5N, L eaky-ReLU
(5,2,256) - (5,%,512) CONV-(N512,K4,51,P1),5N, Leaky-ReLU
HI 25 1) cAM hw h w Global Average & Max Pooling,
(§‘§'512) - (§,§,1024-} MLP-(N1), Multiply the weights of MLP
hw hw
(551028 = (5,2.512) CONV-(N512,K1,51), Leaky-ReLU
AT
ZESH (%,%,5123 R (%,%,13 CONV-(N1,K4,51,P1),5N

3.3 BHERGIH

(1) i Attention FLiil .

U-GAT-IT 14|\ BT Attention #i8E.  HEWS 5| b e s ST AL B op Y b 5 H b
Il ey S ECEE R X MBS A AR (R R DR LR AR AR T MR R I SO AT 1)
WhPLEE ).

P 3-2 Jgos CYEREIHLH R SSEaE WG Se Bl B, R FORRRE MR RS
# g S HENERL S (Encoder Feature map) #25i°F-H4Jith{t. (Global average pooling) Flfi
Kithft (Global max pooling) Jii. T3F WA~ A [5] ) {H A8 I IH B ERriEfiik . Jdid
fipp L) % el 2 R % 2 B i 2% 2 ) AT, JRATT e it ke e S v g oA T 820 L 1
AMEE (weight)  XANBEAR [O@EE N, A BCGE GG EFIEMUR EO A A
P Jn P, iGN E RS A NI S B, RSO T AdaLIN ) —
(& (N

TS AEEIRBINH A BX1 4R MER (B A& BatchSize, —illl£iik
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