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TOM TAT— Bénh bach ciu nguyén bao cp tinh (ALL) 13 mdt trong 4 bénh ung thw t& bio bach ciu; bénh nay phé bién & ca
tré em va nguoi 16m trén toan thé gi¢i. Tr d6 van dé chin doan bénh ung thu t&€ bao bach ciu bing cac cong cu tin hoc di thu
hit nhiéu chd y cia nha nghién ciu trong va ngoadi nwéc nhitng nam gan day. Tuy nhién, viéc phat trién mot cong cu phat
hién ung thw bach ciu cho dén nay van con nhiéu thach thirc do mdt s6 tinh chat dic thu ctia bai toan. Dic biét van dé bi mat
d¥ liéu c4 nhan trong linh vuc y t&€ din dén sw khan hiém dit liéu huin luyén; sw twong dong vé mit hinh théi gitra té bao ung
thw véi cac t€ bao binh thwdng; ddng thoi véi sw mat cAn bang dit liéu gitta cac 1¢p cang lam ting thém sw phirc tap cua bai
todn. Bai bdo nay dwa ra gidi phap thwc nghiém st dung cdc md hinh vé mang neuron tich chip (CNN) va cdc ham mit méat
(loss function) c6 san st dung tap dit liéu C-NMC2019 ctia cudc thi ISBI2019. Tap dit liéu ndy bao gdm anh cac ctia t& bao ung
thw va cua té bao khoe manh. Nghién ciru nay dé xuit mét ham mit mat dit tén la Focal Hinge Loss (FHL) dwoc cai tién tir hai
ham mit mat Focal Loss va Hinge Loss, tir 46 két hgp hai mé hinh CNN 1a DenseNet201, EfficientNetB2 dé gidi quyét vin dé
dat ra. K&t qua thir nghiém nhin dworc rat hiéu qua véi F1 Score 14 91.94%; déng thoi dwoc x€p top 5 trén bang xép hang cla
cudc thi ISBI2019.

Tir kh6a—CNN, xt¥ Iy anh, bénh ung thw, dit liéu m4t can bang.
I. GIO'1 THIEU

Bénh bach ciu thuc chit 1a bénh ung thw t€ bao bach ciu c6 ngudn gdc trong tiy; bénh nay xuit hién & ca nguoi
16n va tré em. Bénh bach ciu cé thé tré thanh Ianh tinh hoidc 4c tinh (bi bénh) dwa trén qua trinh dién bién.
Nguyén nhén chinh la t&€ bao bach ciu khong hoat dong ding d6 13, t€ nao nay khéng phat trién cac chirc ning
clia mot t€ bao mau tring binh thwong nén ton tai trong co thé nhu mot té€ bao non tré. Nhitng t€ bao non tré nay
tich tu trong tuy xwong, dan dén tinh trang bach cau, hong cau, tiéu ciu khong con chd dé khu tri; sb lwgng té
bao hdng ciu, bach cuy, ti€u ciu bi gidm bét. T d6 1am cho tuy xwong khée manh bi thay thé b&i nhirng té bao
non tré, thiu chirc ning; nhirng t€ bao non tré nay theo dong mau di khip co thé lam cho ngwdi bénh c6 triéu
chirng thiéu mot loai té€ bao mau nao dé.

Hién nay nguwoi ta biét dwoc c6 4 loai bénh bach ciu chinh, d6 1a bénh Bach ciu nguyén bao cip tinh (Acute
Lymphoblastic Leukemia - ALL), bénh Bach ciu bach huyét bao man tinh (Chronic Lymphocytic Leukemia -
CLL), bénh Bach ciu tuy bao cip tinh (Acute Myelogenous Leukemia - AML), bénh Bach ciu tuy bao man tinh
(Chronic Myeloid Leukemia - CML). Truwdng hop cdp tinh, gay gt (acute) phai diéu tri ngay vi cac t€ nao non tré
nay khong trwdng thanh dwoc va hoan toan vo dung. Con trwong hop man tinh, kinh nién (chronic) nhirng té
bao nay trwdng thanh hon, c6 thé chdp nhan vi da tré nén quen thudc véi co thé nén khong cin phai diéu tri
ngay, hoic ciing ¢ thé khéng can diéu tri.

Tudi tac cling 1a nhan t6 nguy co quan trong &nh hwdng dén sw chidn doan, méi nguy co nay phat trién cao nhit &
tré em dwdi 5 tudi, gidm cham & gitra 20 tudi va bat diu ting cham tré lai sau 50 tudi [1]. Tuy nhién, néu dwoc
chin doan vao giai doan dau, c6 kha ning ting ti 1é séng cho bénh nhan. Do d6, vin dé phat hién té bao ung thw
bach ciu & giai doan dau ludn luén dwgc dit ra; tir dé cho thay viéc phan loai té bao 1a mét van dé can gidi quyét.

Phan loai té bao thong qua xt 1y hinh anh da thu hut dwgc nhiéu sy quan tAm. P& di dén cac két luan vé mic do
tién trién clia bénh, viéc xac dinh té bao 4c tinh v&i do chinh xac cao 1a rit quan trong. Cac cong cu hd trg clia
may tinh c6 thé rat hiru ich trong viéc tw déng hda qua trinh phin doan va nhan dang té bao. Viéc xac dinh té bao
c tinh va té€ bao binh thwong tir anh kinh hién vi rat khé khin, vi vé mét hinh thai ca hai loai té bao rat giéng
nhau. Ching han, Hinh 1 dwoc trich tir bd dir liéu C-NMC2019 [2], phia trai 12 t& bao bj bénh ALL, con phia phai la
té€ bao binh thwdng. Ca hai hinh 4nh nay rat khé phan biét dau 1a bi bénh, dau la lanh tinh.

R4t nhiéu huéng gidi quyét dwoc dé xuit trong cudc thi ISBI2019 [3], trong d6é phai ké dén phwong phép cua
nhém tac gid Shubham Goswami va cac cong sw dd dé xuit ham mat mat méi 1a “Heterogeneity Loss” [4], vdn dé
mat can bang dir liéu duoc gidi quyét bang cach budc mang neuron phai hoc cac dic trung d8i twong doc 1ap, voi
d6 chinh xac F1 Score ctia nhém nay la 95,26% véi tp dir liéu kiém tra chudn. Nhém tac gia nay dirng dau trong
bang xép hang cudc thi ISBI2019 vi b dir liéu C-NMC2019 nhw dé cip dé phan 16p té bao ALL. K& dén tac gia
Shiv Gehlot va cac cong sw da dé xudt moé hinh CNN méi cho phan 16p chin doan bénh ung thw, gidi phap nay dat
F1 Score 13 94,8% xép hang 2 trén bang x€p hang [5]. Tac gia Jonas Prellberg va cong sw dé xuit mang ResNext
két hop véi Squeeze-and-Excitation dd dat F1 Score 1a 88.91% [6]. Tiép theo tac gia Fenrui Xiao va céng sw da
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d@é xuat mang DeepMEN va str dung b tang thoi gian thwe nghiém dat F1 Score 88.56% [7]. Tac gia Hao-Yu Yang
da cing cong su dé xuat phwong phap hoc tap hop (ensemble learning) bing cach dit trong s6 cho méi md hinh
theo dd tin cdy dw doan thu dwoc tir Monte Carlo dropout két qua dat F1 Score 89.28% [8].

Hinh 1. Té&bdo bi bénh ALL va té bao khée manh

Trong cong trinh nay, chung t6i xin dwa ra giai phap thwc nghiém str dung cdc mé hinh vé mang neuron tich chép
(CNN) va cadc ham mat mat (loss function) c6 sin str dung tap dit liéu C-NMC2019 ctia cudc thi ISBI2019. Tap dit
liéu nay bao gdbm anh céc cta té bao ung thw va cia té€ bao khée manh. Nghién cru nay dé xudt mot ham mat mat
dit tén 1a Focal Hinge Loss (FHL) dwoc cai tién tlr hai hAm mat mat Focal Loss va Hinge Loss, tir d6 két hop hai
mé hinh CNN la DenseNet201, EfficientNetB2 d€ giai quyét van dé dit ra. K&t qua thr nghiém nhin dwoc rat
hiéu qua véi F1 Score 1a 91.94%; dong thoi dwoc x€p top 5 trén bang xép hang cua cudc thi ISBI2019.

Bai bdo dwoc trinh bay gdm 5 phén, phin thir nhit nhw & trén trinh bay khai niém vé bénh bach ciu hay con goi
12 bénh ung thw té bao bach ciu; cling nhw nhitng két qua c6 dwoc qua khio sat vé cudc thi ISBI2019 gin nhit dé
chon ra giai phép t6t cho viéc dw doan qua hinh anh thu nhén tir kinh hién vi. Phan 2 tiép theo trinh bay cac khai
niém va phwong phap lién quan; phin 3 mo ta dir liéu va phwong phap chinh st dung trong nghién ctru nay,
phin 4 mo6 ta cac thwe nghiém va két qua cung véi cac ban ludn; phan 5 cudi cung 1a phin két ludn va hwéng
phat trién.

II. DU’ LIEU VA PHUO'NG PHAP LIEN QUAN

A. PO LUONG SU’ SAI KHAC THONG TIN

Entropy la mdt dai lwong trung binh nhé nhit (trong CNTT thwong do bing bit) d€ ma hoa thdéng tin ma van
khong lam mat mat thong tin d6. Nén khi c¢6 sw hén ddn thong tin thé hién qua cadc mau dir liéu (dataset), can
dung Entropy dé do sw hén don dé. Véi N mau can logN bit dé mi hoa, tir day ta thdy xac sudt trung binh ctia 1
maula P = 1/N thi s6 bit d€ ma hoa logN = —logl/N = —logP.

L4y trung binh cho N mAu, ta c6 kich thuwé¢c ma hoa trung binh nhé nhit1a —1/N Y'Y logP = —P ¥V logP.

Téng quat hod, véi xac xuidt moi mau 1a P; thi Entropy E la:

N
E = —Zpilogpi
i=1

DAy chinh 14 cong thirc tinh Entropy ctia N mAu.

Khi thong tin cang phirc tap thi Entropy cang 16n, nén c6 thé ding Cross Entropy (CE) d€ do lwong sw sai khac
giita cc phan phdi x4c suit. Chinh xac hon, Cross Entropy dé do lwgng thong tin trung binh dwgc ma hoa phan
phdi x4c sudt P = (py, P, -, py)T (phdn phéi ding dang cé tir dataset) thay cho ma hoad phan phdi xac suit
Q = (q1,92, -, qn)T (phdn phéi cin dw dodn) 1a

N
H(P,Q) = - ) plogy;
i=1
Khi dung Cross Entropy lam ham méit mat, vi -log(x) ting nhanh khi x tién vé 0, nén ham nay phat rit ning
(trirng phat) khi xac suit p; 1én nhwng x4c suit g; lai nho. Cling chinh vi vy ma hoi quy Logistic dung ham Cross
Entropy lam ham mit mat (logistic loss hay log loss) v&i ham kich hoat 14 Softmax.
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B. MOT SO HAM MAT MAT
Véi bai todn c6 mau dit liéu can bing gitta cac 16p, thi phwong phap Binary Cross Entropy phit hop; nhung véi bai
toan mat can bing dir liéu, chiing ta phai diing dén Weighted Cross Entropy. Pay 1a phwong phap phd bién dwoc
dung vé&i cac bai toan xtr Iy mat can bang dit liéu. Muc dich “trirng phat” manh d6i véi 1ép c6 s6 lwgng miu it.
Trong s6 W; cta tirng 16p dugc biéu dién béi

N

W=—

cn;

Trong d6, n; 12 s6 lwgng mAiu cla lép thit i, N 1a tdng s6 mau dit liéu, c 12 tong s6 16p.

Vi bai todn can bang gitra cac 16p, hAm mat mat cho 2 lép, véi ham kich hoat sigmoid() gid tri duw doan
@; = log q(y;) dwoc thé hién nhw sau:

1 N
- NZ yilog q(y;) + (1 — y)log(1 — q(y:))

Trong dé y; 1a nhan cac mau con q(y;) 1a phan phéi xac suit can dw doan ctia cAic mAu nay. Pay chinh 1a hAm mat
mat cia phwong phap Binary Cross Entropy.

(' day chiing ta dung Weighted Cross Entropy véi ham mat mat, nén cin c6 thém cac trong s W, Wi.

1 N
=2 Wayidog q(v) + Wo(1 - ylog(1 - ()

i=1
Truwdng hop can bing (Balanced Cross Entropy), hAm mat mat nhan cac trong s6 W; c6 tdng bang 1.

Trudng hop can bing (Balanced Cross Entropy), hAm mat mat nhan cac trong s6 W; c6 tong bang 1, nén trong
treong hop nay ham mat mat con dwoc viét dwdi dang:

1 N
—NZ Bylog q(y) + (1 — B — y)log(1 — q(:)

Khi cdc mAu c6 trong nhiéu dir liéu va mau khéac c6 it trong dir liéu, ham mA4t mat trong trudng hop nay can phai
1am gidm anh hwéng ctia cdc mAu nhiéu. Nhém tac gid Gao Huang [10] da dé xuit hAm mat mat trong trudng hop
nay nhu sau:

N
1
- Nz B —p()) yilog q(v) + (1 = B)(p(y))" (1 — y)log(1 — q(v1)
i=1
Khiy = 0, tré vé véi ham mat mat Balanced Cross Entropy.
Ham mit mat trong trwedng hop nay la
max{O,l - yypred}
Véi y 1a nhan trong miu dit liéu, con yprea 12 két qua dy doan; s6 1 trong ham mit mat nay dwoc goi 1a 18
(margin). Dy 12 hAm m4t mat don gidn nhat, tuy nhién vAn mang lai hiéu qua trong mot sé trudng horp.
C. BO DU’ LIEU
B0 dit liéu dung trong qua trinh nghién ctru 12 tp anh hién vi ung thw mau trdng do bénh bach ciu lympho-B 4c
tinh gay ra (C-NMC2019), dwoc cung cdp trong cudc thi ISBI 2019 béi SBILab [2]. Mdi 4nh c6 dd phan gidi 450 x
450 str dung hé th6ng mau RGB 24-bit, phan kich thuéc ctia té bao trong mdi dnh c6 do phan giai xap xi 300 x 300.
Phan phdi s6 lwgng mAu & mdi 1¢p clia mbi tap trong bd dit liéu C-NMC2019 nhu Bang 1

Bang 1. S6 lwgng mlu & cdc Iép tai mét tap div liéu

Té bao ung thw | T€ bao binh thwong
Tap huan luyén 7272 3389
Tap danh gia 1219 648
Téap kiém tra 1761 825

D. XU’ LY ANH PAU VAO
Mobi anh trong bd dit liéu c6 kich thwéc 450x450 pixel, c6 phan den khong chira thong tin. Vi vy can phai xén
anh theo kich thwéc sat nhat clia té bao ma van gitr nguyén ti 1& nhw Hinh 2.
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Hinh 2. Anh sau khi dwoc cdt véi hang trén la té bao khée manh, hang dudi 1a té bao dc tinh

Sau d6, anh dwoc diéu chinh vé kich thwéc phit hop véi mo hinh huin luyén. Pong thoi chuidn héa dnh dwédi dang
Data Mean. Méi tdm anh dwgc trir cho trung binh (Mean) va chia cho @9 léch chuin (Std) cta tip dit liéu
huén luyén.

Tié€p dén, can phai ting cwdng dit liéu thong qua viéc bé sung thém dit liéu 4nh bing mot s6 phwong phap phé
bién nhw diéu chinh d6 twong phan CLAHE [9], 1at ngang, 14t doc, xoay ngau nhién. S6 lwong mau huin luyén 1a
20.050, trong d6 10.778 mau cho 16p 0 (1ép khée) va 9.272 miu cho 1ép 1 (16p ALL).

E. PHUONG PHAP

Qua qué trinh huin luyén, ching t6i nhin thiy ham mit mat déng vai tro quan trong trong viéc ning cao hiéu
sudt, cai thién dwgc sy mat can bing dir liéu. Dya trén y twéng tir ham mat mat Focal Loss va Hinge Loss, trong
nghién ciru nay chung t6i dé xuit ham mit mat véi tén goi Focal Hinge Loss dang nhw sau:

1
2v-1 (max{O,l - yypred})y

Twong tu véi focal loss, chiing ta cé thé diéu chinh sy tip trung ciia moé hinh thong qua nhan té y. Vi y cang 1o,
mé hinh cang tip trung vao cac trwong hop bi phan 1ép sai nhiéu hon, va nguoc lai danh it sw tip trung hon cho
cac trweong hop dé dang dwgc phan 16p ding.

1L KET QUA THU'C NGHIEM

Trong nghién ctru ndy, m6 hinh mang DenseNet201 va EfficientNetB2 dwgc st dung bang cach t6 hop lai; st
dung phén trich xuit dic trung cia kién tric mang goc, néi tiép véi lop global average pooling, mét 16p fully-
connected gdbm 256 neuron v&i ham kich hoat ReLu va cu6i cung 1a mét neuron véi ham kich hoat Sigmoid 1am
16p phan loai.

Két quia vGi 5 thwe nghiém twong &ng 1an lwgt véi 5 ham mat mat Binary Cross Entropy, Weighted Binary Cross
Entropy, Focal loss, Hinge loss va cu6i cung 13 ham mit mat dwoc dé xuit. Két qua tot nhit sau cling cia hai mo
hinh dwoc st dung dé tao thanh mé hinh t6 hgp. Him Optimizer Adam dwoc sir dung cho qud trinh huin luyén,
v&i learning rate 1a 0,00001; betal 1a 0,7; beta2 1a 0,999. Batch size dwoc thiét 1ap 1a 32. T4t ca cac thwc nghiém
duogc thyc thi bing ngdn ngtr 1ap trinh Python, st dung thw vién Keras v&i Tensorflow 1am backend va dugc
thuyc thi trén Google Colab.

Két qua thwc nghiém dat dwoc thé hién trén cac d6 thi Hinh 3, 4 va Bang 2,3 bén dudi.
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Bang 2. K&t qud thuc nghiém ctia ham loss dé xudt so véi cdc ham loss cé sdn trén tdp final test ctia cudc thi theo F1 Score
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Hinh 4. Biéu db biéu dién qud trinh train va ddnh gid ctia DenseNet201

Loss Funtion DenseNet201 EfficientNetB2
Binary Cross-entropy 85.59 86.78
Weighted Binary Cross- 86.86 85.29
entropy
Focal Loss 88.53 86.13
Hinge Loss 89.65 87.43
Focal Hinge Loss 90.7 89.38
Ensemble DenseNet201 and
EfficientNetB2 91.94

Bang 3. Két qud phwong phdp dé xudt trén tdp validation

Accuracy Precision

Recall

F1 score

84.25 82.73

95.89

88.82

Theo két qua trong Bang 1, dé xuit clia cong trinh dat dwgc hiéu suit tdt hon so véi mét s6 cong trinh khic vé F1
Score trén dit liéu ki€m tra ctia cudc thi néu trén.

Bang 4. Bdng 1 So sdnh két qud F1 Score v&i cdc bai bdo lién quan. Dong cudi la két qud dé xudt ctia chiing téi

Cong trinh so sanh F1 Score
Jonas Prellberg, Oliver Kramer [6] 88.91
Fenrui Xiao [7] 88.56
Ying Liu, Feixiao Long [9] 88
Hao-Yu Yang, Lawrence H. Staib [8] 89.29
Ekansh Verma [10] 89.47
Proposed method 91.94
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IV. KET LUAN

Trong bai b4o nay, mé hinh mang CNN dwoc st dung véi thwe nghiém két hgp 2 mé hinh mang DenseNet201,
EfficientNetB2 trén bd dit liéu C-NMC2019 dwoc cung cip trong cudc thi ISBI 2019 bdi SBILab. Bai bdo dé xuit
ham mit mat Focal Hinge Loss dwa trén y twdng tir 2 ham mit mat 1a Focal Loss va Hinge Loss, cling nhw két hop
v&i 2 mo hinh EfficientNetB2 va DenseNet201 thong qua phwong phap x& ly dnh d4u vao nhuw xén anh va ting
cwong anh nhw xoay, 14t ngang, 14t doc da mang lai hiéu qua t6t hon so véi cdc moé hinh trwée dé. Tir két qua dat
duoc cho thiy viéc nghién clru vé hAm mat mat 1a mot van dé dit ra khi dir liéu mat can bing. Tuy nhién, viéc cai
tién thém ham mat mat va thwc nghiém trén cadc mé hinh mang CNN m&i hon ciing 12 mot van dé cin nghién ctru.
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CLASSIFICATION OF MALIGNANT LEUKEMIA CELLS ON IMAGES FROM
MICROSCOPIC

Ly Hong Thien An, Tran Duong Kha, Le Minh Hung, Tran Dinh Toan, Tran Van Lang

ABSTRACT—Leukemia ALL is a common worldwide childhood and adult leukemia. Along with the strong development of
machine learning, especially deep learning with the popularity of CNN network in building applications on computers to
assist doctors in diagnosing leukemia cancer has attracted much attention of researchers in recent years. However, the
development of a detection tool for leukemia is still challenging so far due to the specific properties of the problem, such as
the problem of data security in the medical field, leading to a lack of in the absence of training data, the morphological
similarity between cancer and normal cells and the data imbalance between classes adds to the complexity of the problem.
This study conducted experiments using CNN models and available loss functions running on data set C-NMC2019 of the
ISBI2019 competition included images of cancer cells and healthy cells. Then, we propose a loss function named Focal Hinge
loss modified from Focal loss and Hinge loss. We combine two models DenseNet201, EfficientNetB2 with the loss function
proposed on data set C-NMC2019. Our proposed method has shown a good effect with results achieved on final test with F1
score is 91.94% and reaching the top 5 position on the competition rankings.



