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LOI CAM POAN

Toi xin cam doan rang luin 4n nay 13 cong trinh nghién ctiu do t6i thuc hién dudi
su hudng dan khoa hoc ctia PGS.TS. Nguyén Viét Anh va PGS.TS. Vi Vin Hiéu.

Cac két qué nghién ctiu, sb liéu thuc nghiém va ndi dung trinh bay trong luan 4n la
trung thuc, phan 4nh ding qua trinh nghién ctu clia tic gia va chua tiing dugc cong bd
trong bat ky cong trinh nao khac dudi danh nghia mot luan an hoidc luan vin d€ bao vé
hoc vi, trit nhitng n6i dung da dudc trich dan, ké thita va ghi rd nguon tai liéu tham khao
theo dung quy dinh.

Téi xin cam doan ring moi su giip dd vé chuyén mon, hoc thuat va ky thuit trong
qua trinh thuc hién luin 4n déu da dudgc tran trong ghi nhan; moi tai lidu, két qua, sb liéu
va nhan dinh cta céc tdc gi khac dudc st dung trong luan 4n déu dugc trich dan day du,
chinh xac va minh bach.

Toi hoan toan chiu trach nhiém trudc phap luit va quy dinh clia co sé dao tao vé
tinh trung thuc, chinh xdc va nguyén gdc clia cic ndi dung trinh bay trong luin 4n nay.

Ha Noi, ngay 12 thang 9 nam 2026
Tac gia luin an

Nguyén Thi Trang
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L.OI CAM ON

Tru6e hét, tic gia xin bay td 1ong biét on sau sic va tran trong t6i PGS.TS. Nguyén
Viét Anh va PGS.TS. Vii Vin Hiéu, 13 nhitng ngudi thay huéng din khoa hoc da tin tinh
dinh hudéng, chi bdo va hd trg tic gia trong sudt qua trinh hoc tip, nghién ctiu va hoan
thanh luan 4n. Nhiing y kién chuyén mon siu sic, su nghiém tic trong nghién cttu khoa
hoc va su dong vién kip thdi ctia cac thay 1 ngudn dong lvc quan trong gidp tac gia vuot
qua nhitng kho khan trong qua trinh thyc hién ludn an.

Tac gia xin trin trong cdm on Ban Gidm ddc, cic thy cd gido, cic nha khoa hoc
va can bd cua Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam da tao diéu kién thuan 10i vé hoc thut, chuyén moén va moéi trudng nghién ctiu
trong sudt thdi gian hoc tap va thuc hién luan 4n.

Tac gia xin chan thanh cdm on Ban Giam hiéu, 1anh dao don vi, cing cdc dong
nghié€p tai Truong Pai hoc Ha Long, noi tac gia dang cong tac, da ludn quan tam, tao
diéu kién thuin Igi va hd trg tdc gia trong qud trinh hoc tap, nghién cifu va hoan thién
luan an.

Tac gia cling xin chan thanh cdm on cic dong nghiép, ban bé va nhiing ngudi da
ludn quan tAm, chia sé, dong vién va hd trg trong sudt qua trinh hoc tip, nghién ciiu va
hoan thién luan an.

Cubi cung, tac gia xin bay té long biét on sau sic t6i gia dinh va ngudi than da ludn
& bén canh, dong vién, chia sé va tao moi diéu kién thuin 16i ca vé tinh than 1dn vat chit
d€ tac gia yén tam hoc tap, nghién ctiu va hoan thanh luan 4n nay.

Tac gia xin tran trong cam on.

Ha Noi, ngay 12 thang 9 nam 2026
Tac gia luin an

Nguyén Thi Trang
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E Edge set Tap canh




viii

Ne(vi) Set of k nearest neigh- | Tap k nit lang giéng gan
bors nhét cla nit v

Sij Cosine similarity b0 tuong dong cosine
gitia hai nut

fo Classification model M6 hinh phén loai

0 Model parameters Tham s0 mo hinh

Lsup Supervised loss Ham mat mat c6 giam sat
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Chit viét tat | Tiéng Anh Tiéng Viét

ACC Accuracy D0 chinh xac

AUC Area Under the Curve | Dién tich du6i duong cong

ROC Receiver Operating | Puong cong dic trung
Characteristic hoat dong cua bo thu

F1 F1 score biém F1

CNN Convolutional ~ Neural | Mang nd ron tich chap
Network

DNN Deep Neural Network | Mang nd ron sau

MLP Multilayer Perceptron Mang perceptron nhi€u

16p

GNN Graph Neural Network | Mang nd ron do thi

GCN Graph  Convolutional | Mang tich chip do thi
Network

GAT Graph Attention Net- | Mang chu y do thi
work

GIN Graph  Isomorphism | Mang diang ciu do thi
Network
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Network with Edge | dac trung canh
features
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KNN K Nearest Neighbors Phuong phap k lang giéng
gan nhit
RF Random Forest Rung ngau nhién
RGB Red Green Blue Khong gian mau do, luc
va lam
HSV Hue Saturation Value Khoéng gian mau sac do,
dd bao hoa va do sang
GLCM Gray Level Cooccur- | Ma tran dong xuat hién
rence Matrix muc xam
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Attention Module tich chap
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Error
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Imaging Collaboration | anh da
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MO PAU

1. Tinh cap thiét cta luin an

Trong nhitng nim gan day, tri tué nhan tao, dic biét 1a hoc siu, da dudc ing dung
ngay cang rong rai trong phan tich anh y té va hd trg chan doan. Trong d6, phan loai anh
ton thuong da 1a mot bai toan cé y nghia khoa hoc va thuc tién rd rét, do c¢6 kha ning
hd trg phat hién sé6m céc t&n thuong nghi ngd, cung cip thém thong tin tham khao cho
bac si va gop phan nang cao hiéu qua sang loc bénh da liéu. Viéc phét hién sém céc tdn
thuong nguy hiém nhu ung thu hic td da (melanoma) c6 vai tro quan trong trong ning
cao hiéu qua diéu tri va gidm nguy co td vong ctia ngudi bénh. Tuy nhién, dif liéu anh
t6n thuong da trong thuc t& thudng c6 su bién thién 16n vé mau sic, két cau, hinh dang va
kich thudc gilta cac 16p ciing nhu trong cing mdt 16p tén thuong. Nhiéu loai tdn thuong
c6 biéu hién thi gidc tuong dong nhung khac biét vé miic do nguy hiém, trong khi cling
mot loai ton thuong lai ¢6 thé xuat hién dudi nhiéu dang khac nhau do diéu kién thu nhan
anh, thiét bi chup hoic dic diém sinh hoc cta tiing bénh nhan. Bén canh d6, dit liéu anh
t6n thuong da thudng mét can bing 16p, trong d6 s6 luong mau lanh tinh 16n hon dang k&
s0 v4i céac 16p 4c tinh hodc hiém gip. Dit liéu gan nhan trong linh vuc y té ciing thudng
han ché do can chuyén gia da liéu va chi phi gan nhan cao, trong khi dif liéu chua gan
nhan c6 thé ton tai v6i s6 lugng 16n. Nhitng dic diém nay 1am cho bai todn phan loai anh
ton thuong da van con nhiéu thach thiic va can tiép tuc dudc nghién citu [1-3].

O trong nudc, mot s6 hudng nghién citu lién quan da dudc trién khai theo céc truc
chuyén biét nhu phan loai dnh quy md 16n, niang cao chét luong anh y sinh, do tin ciy
ctia mo hinh hoc sau va ting dung ky thuat hinh 4nh trong da liéu [4—7]. C4c nghién ciu
nay cho thy tiém niing ting dung cta thi gidc mdy tinh va hoc siu trong céc bai toan anh
y té. Tuy nhién, s luong nghién ciu tiép cin bai toan phan loai 4nh tdn thuong da theo
mot khung tich hop, trong d6 biéu dién dic trung, hop nhit da ngudn, md hinh héa quan
hé gilia cdc mau, khai thac dif liéu chua gin nhan va luong hoéa do tin cdy dudc xu ly
thdng nhat, van con han ché. Diéu nay cho thiy can c6 mot huéng nghién ciiu lién mach
hon, vira bam sat tién bd qudc té, vira phit hop véi dic thu dit liéu anh y té va muc tiéu
ting dung trong thuc té.

Mot huéng nghién ctiu nén tang trong phan loai 4nh tdn thuong da Ia sit dung céc
dic trung thi cong nhu mau sac, két cdu va hinh dang. Céc dic trung nay c6 uu diém la
dé dién giai, phan 4nh dudc mot s6 dau hiéu thi gidc quen thudc trong phan tich anh da
liéu va tiing dugc st dung rong rai trong cac hé thong phan loai tén thuong da [8-10].
V& mit y nghia mién, dic trung mau sic c6 thé phan dnh su phan bb sic td, dic trung két
cu c6 thé mo ta bé mit ton thuong, con dic trung hinh dang c6 thé hé trg nhan dién tinh
bat d6i xting hodc mifc do khong déu clia viing t&n thuong. Tuy nhién, cdc dic trung thi
cong phu thudc nhiéu vao kinh nghiém thiét ké, khé bao quat hét cac bién thién phic tap
clia 4nh y t& va thuong suy gidm hiéu qua khi dit liéu thay d6i vé diéu kién chup, nhiéu
hoic phan bd 16p. Vi vdy, miic du dic trung thl cong van c6 gia tri bd trg, viée chi dua
vao nhom dic trung nay la chua di d€ xay dung mot hé phan loai 6n dinh.

Hudng nghién ciu tiép theo khai thac dic trung hoc sau thong qua cdc md hinh
CNN, hoc chuyén giao va cac kién tric hoc sau hién dai. Cdc nghién ctiu theo huéng
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nay cho thiy dic trung hoc siu c6 kha ning bi€u dién manh hon so véi dic trung thi
cong, dic biét trong cc bai toan c6 cau tric hinh anh phc tap [11-13]. Tuy nhién, nhiéu
phuong phap van st dung truc tiép toan bd dic trung hoidc toan bo feature map dudc trich
xuét tif mang ma chua c6 co ché dinh gia miic do hitu ich cla tiing feature map ddi véi
bai todn phan loai. Trong khi d6, khong phai moi feature map déu mang thong tin hitu
ich; mot s6 feature map c6 thé chiia nhiéu, thong tin du thira, phan hdi yéu hoic phan hoi
khong 6n dinh. Néu cé4c thanh phan nay dudgc giif lai va dua truc tiép vao budc hop nhit,
chiing c6 thé 1am suy gidm chit luong va kha ning phan biét ctia biéu dién cudi clung.
Vi vay, can c6 co ché danh gia va chon loc dic trung sau & miic biéu dién trudc khi dua
vao hop nhat va phan loai.

Bén canh viéc khai thic titng ngudn dic trung riéng 18, hdp nhat dic trung da ngudn
1a mot huéng tiép can quan trong nham tan dung tinh bé tro giita cic dang biéu dién.
Trong bai todn phan loai 4nh ton thuong da, dic trung hoc su c6 thé mo td cac mau hinh
phtic tap tlf anh, trong khi dic trung thi cong c6 thé bd sung cdc mo t truc quan vé mau
sac, két cu hoic hinh dang [9, 10]. Ngoai ra, metadata 1am sang nhu tudi, gidi tinh va
vi tri t&n thuong c6 thé cung cap thong tin ngit canh hitu ich, gép phan cai thién hiéu
qua phan loai trong mot sb thiét 1ap [14—16]. Céc nghién ciu gan day tiép tuc mé rong
hop nhét anh va dit liéu mo ta 1Am sang bing attention, cross-attention va Transformer,
cho thdy xu huéng chuyén tir ghép ndi truc tiép sang hoc tuong tic gitta cac nguodn [14,
17-19]. Tuy nhién, nhiéu phuong phdp hop nhit hién nay chii yéu giai quyét tuong tac
gitfa cac ngudn trong pham vi tiing mau, trong khi viéc dong thdi Iua chon biéu dién dau
vao, mo hinh héa quan hé lién mau va khai thic dit liéu chua gan nhan c6 ki€m sodt do
tin ciy van chua dudc nghién ciiu day di. Do d6, vin dé quan trong khong chi 13 hop
nhat nhiéu nguodn dic trung, ma 1a t& chiic, chon loc va hop nhit ciac ngudn biéu dién
mot cach c6 kiém sodt trong mot quy trinh hoc théng nhét.

Mot van dé khéc can dudc chd y 12 phan 16n cdc mo hinh phan loai 4nh truyén théng
Xt Iy tiing 4nh nhu mdt mau doc 14p. Trong thuc té, cic 4nh tén thuong da c6 thé ton tai
quan hé tuong dong vé mau sic, két ciu, hinh dang hoic dic diém 1am sang. Viéc khai
thac quan hé gitta cic mau c6 thé bd sung thém thong tin cho qua trinh phan loai, nhét
12 trong diéu kién dif liéu c6 nhan han ché. Cac mo hinh hoc trén do6 thi mé ra kha ning
bi€u dién mo6i mau dit liéu nhu mot nut va khai thac quan hé gitia cic mau thong qua céc
canh ciia do thi [20-22]. Tuy nhién, viéc két hop hoc da ngudn véi hoc trén dd thi trong
bai toan phan loai anh t&n thuong da van can dudc nghién ctu sau hon, dic biét khi dong
thoi xét dén dic trung hoc siu, dic trung thii cong va metadata.

Ngoai dif liéu c6 nhan, dit liéu chua gan nhin 12 mot ngudn thong tin tiém ning
trong 4anh y té. Cac phuong phap hoc ban gidm st va gan nhin gid da dudc nghién ctiu
nhim tan dung nguon dit liéu nay [23-25]. Tuy nhién, néu mo hinh du doén sai nhung
van c6 do tu tin cao, cac nhin gia sai c6 thé tiép tuc dudc dua ngudc vao qud trinh huin
luyén va gy lan truyén sai léch. Rai ro nay dic biét dang chi y trong dif liéu y té mat
can bang, khi céac 16p 4c tinh hoic hiém gip thudng khé nhan dién hon. Vi vay, viéc khai
thac dit liéu chua gan nhan can di kém co ché danh gia do tin cdy ctia du dodn trudc khi
st dung cho tdi huén luyén.

Tt céc phan tich trén, c6 thé thiy bai toin phan loai 4nh tn thuong da khong chi
can mot mo hinh hoc sau manh hon, ma can mot cach tiép cin toan dién hon dbi véi biéu
dién dit liéu. Céc van dé cdt 16i bao gom: lua chon feature map c6 gid tri thong tin phu
hop, hop nhat hiéu qué dic trung hoc sau vé6i dic trung thi cong va metadata, mo hinh
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hda quan hé gilta cdc mau, va khai thac dit liéu chua gdn nhan mot cach dang tin cay.
Trén cd sé d6, luan an lua chon huéng nghién ctiu hop nhit dic trung da ngudn cho phan
loai 4nh t&n thuong da. Hudng tiép cin cla luin 4n khong tip trung vao viéc xiy dung
mdt backbone hoc sau hoan toan méi, ma tip trung vao cich td chiic, chon loc, hop nhét
va khai thac biéu dién dif liéu trong diéu kién di liéu c6 bién thién 16n, mit cin bi“mg
16p, han ché nhin va ton tai nhiéu ngudn thong tin bé tro.

Céc nghién ctu ban dau cta Nghién cdu sinh da tiép cin bai toan phan loai 4nh
theo hai hudng hd trg cho luan 4n. Cong trinh [CT1] kh4o sat kha ning hop nhét dic
trung thi cong va dic trung hoc sau trong phan loai 4anh, cho thiy cdc nhém dic trung
nay c6 tinh bd tr¢ va c6 thé cai thién hiéu qua phan loai khi dudc két hop phu hop.
Cong trinh [CT2] tiép tuc danh gid cac m6 hinh CNN va mo hinh ensemble trén dif liéu
HAM10000, qua d6 1am r6 vai trd clia cic backbone hoc siu trong phan loai ton thuong
da. Tuy nhién, [CT1] va [CT2] chi yéu déng vai trd 1a cdc nghién ctiu nén tang va dinh
hudng. Céc cong trinh nay chua gidi quyét truc tiép cic van dé cbt 16i cla luan 4n nhu
lua chon feature map theo entropy (dai lugng do mic dd phan tan cua thong tin trong
mot phan bd), cin bang biéu dién dic trung, md hinh héa quan hé giita cic mau bing dd
thi va khai thac dit liéu chua gan nhin c6 kiém sodt dd tin cdy. Vi vay, luan 4n tiép tuc
phat tri€n hai huéng déng goép chinh dudgc trinh bay trong [CT3] va [CT4].

2. Khoang trong nghién ciru

Céc két qua nghién ciu di cong bd cho thdy mang hoc siu c6 kha ning tao ra biéu
dién manh cho &nh t6n thuong da. Tuy nhién, tai mdi tang tich chap, mo hinh thudng sinh
ra nhiéu ban do6 dic trung, trong khi miic do dong gép clia tiing ban dd dbi v6i nhiém vu
phan loai khong dong déu. Viée st dung toan bo cac ban dd dic trung ma khong danh
gia trudc c6 thé duy tri cdc thanh phan du thita, phan hdi yéu hodc khong &n dinh, tit
d6 1am gidm chat luong biéu dién dua vao hop nhit va phan loai. Entropy c6 thé hd trg
dinh lugng thong tin ctia ban dd dic trung; tuy nhién, entropy cao khong mic nhién dong
nghia v6i kha ning phan biét t6t, vi mot ban dd c6 entropy cao van c6 thé chita nhiéu. Do
d6, viéc lua chon can dua trén mot khoang entropy phu hdp va dugc ki€ém ching bang
hiéu qua phan loai, thay vi chi uu ti€n cac gia tri entropy 16n.

Sau budc chon loc, hiéu qua ctia biéu dién con phu thudc vao cach két hop cac
ngudn dic trung. Pic trung hoc sau c6 kha ning mo t4 cdc mau hinh phic tap, trong khi
dic trung thii cong cung cap cac mo ta dua trén mau sic, két cdu va hinh dang. Hai nhém
dic trung c6 tinh bé trg, nhung phép ghép nédi truc tiép chua bao dam loai bo nhiéu, giam
du thira hodc xi ly su khac biét vé s6 chiéu va phan bd giita cac ngudn. Pong thoi, mat
can bang 16p c6 thé tiép tuc lam cho biéu dién cia cac 16p hiém chua dudc hoc day du.
Vi vy, chon loc ban dd dic trung, can bang biéu dién va hop nhit véi dic trung thi cong
can dudc xem 12 cac thanh phan lién két trong cling mot quy trinh, thay vi nhiing thao
tac tach roi.

O mach nghién cttu md rong, anh t&n thuong da khong chi cung cp thong tin thi
gidc ma con c6 thé di kém dit liéu mo té 1am sang nhu tudi, gidi tinh va vi tri ton thuong.
Céc nguodn nay khac nhau vé ban chit nhung c6 thé bd trg cho nhau. Tuy vay, phan 16n
mo hinh van xd ly méi anh nhu mot mau doc 1ap nén chua khai thac diy da quan hé
tuong dong giita cac mau. Biéu dién dit liéu dudi dang dd thi, trong d6 méi mau 12 mot
nit va quan hé tuong dong gitta cic mau 1a mdt canh, cho phép dua thong tin lién mau
vao qud trinh hoc. Hiéu qua clia cach tiép cin nay con phu thudc vao viéc t6 chiic bidu
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dién da ngudn va xay dung quan hé phu hop, bsi cac lién két thiéu tin cdy c6 thé truyén
thong tin sai gitta cic mau.

Bén canh d6, hoc ban gidm sat, phuong thiic hoc dong thdi tit dif liéu c6 nhan va
dit liéu chua gan nhin, 12 mot huéng phu hop khi nhian chuyén gia khan hiém. G4n nhin
gia, tic st dung du dodn clia md hinh 1am nhén tam thdi cho mau chua gan nhan, c6 thé
mé rong tap huin luyén nhung ciing tao nguy co khuéch dai sai 1éch néu du doan khong
chinh x4c dudc tdi st dung. Vi thé, qua trinh nay can mot co ché kiém soat do tin ciy,
chang han stt dung entropy du dodn dé chi Iua chon nhiing nhin gia c6 miic bit dinh thip
trude khi tai huin luyén.

Tir céc 1ap luan trén, luan 4n xac dinh hai khoang tréng nghién citu c¢6 quan hé ké
tiép nhau. Thi nhét, con thiéu mot quy trinh thong nhit c6 kha ning Iva chon céc ban
do dic trung theo khoang entropy phi hop, st dung cic biéu dién da chon dé hd tro
can bang 16p va hop nhét chiing véi dic trung thi cong nham nang cao chét lugng bidu
dién cho phan loai anh t6n thuong da. Khoang trong nay dugc luan an gidi quyét bing
mo hinh BlockNet va dudc kiém ching trong cong trinh [CT3]. Thy hai, con thiéu mot
khung hoc da ngudn ban gidm sit c6 kha niing két hop anh, dic trung thii cong va dit lidu
mo ta 1am sang, dong thdi md hinh héa quan hé giita cic mau bang dd thi va khai thac
dit liéu chua gan nhan thong qua gan nhin gia ¢ kiém soat dd tin cdy. Khoang tréng nay
dudgc gidi quyét trong hudng nghién citu ctia Chuong 3 va dugc ki€ém chiing trong cong
trinh [CT4]. Hinh 1 minh hoa truc quan cic khoang trong nghién cttu d6 trong chudi xir
ly cia hé thdng phan loai 4nh t6n thuong da.

Hinh 1: Khodng trong nghién ciiu cua hé théng phdn loai dnh ton thuong da. Cdc viing
khoanh dé thé hién nhitng han ché chinh lién quan dén chdt lugng biéu dién ddu vao,
mdt cdn bang dit liéu, do on dinh ciia mé hinh va khai thdc chua ddy di thong tin da
nguon.

3. Muc tiéu nghién ctru cua luin an

Trén co s8 hai khoang trong nghién citu da xac dinh, muc tiéu téng quat ciia luin
an 1a phat trién cdc phuong phap hop nhét dic trung da ngudn nham nang cao hiéu qua
phan loai anh t6n thuong da trong diéu kién dit liéu bién thién 16n, mat can bang 16p, han
ché nhin va c6 nhiéu ngudn thong tin bé trg.

Dé dat dudc muc tiéu tong quat, ludn 4n tap trung vao hai muc tiéu cu thé:

Thit nhit, d& xuit md hinh BlockNet c6 kha ning lua chon cdc ban dd dic trung
theo khoang entropy phu hop, hd trg can bing 16p trong khong gian dic trung va hop
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nhét diic trung hoc siu véi dic trung thi cong, qua d6 nang cao chit luong biéu dién va
hiéu qué phan loai anh t6n thuong da.

Thi hai, phat trién khung hoc da ngudn ban gidm sat dua trén do thi, két hop dic
trung hoc sau, dic trung thid cong va dif liéu mo td 1am sang, dong thdi khai thdc quan
hé giita cac mau va dit liéu chua gan nhin bang co ché gan nhan gia c6 kiém sodt do tin
cay, nham nang cao hiéu qua phan loai va han ché su lan truyén ctia nhan sai.

4. Pbi twong va pham vi nghién ciu

Déi tuong nghién cifu ctia luan 4n 14 cic phuong phdp hop nhit dic trung da ngudn
cho bai toan phan loai anh ton thuong da. Trong d6, luan 4n tap trung vao cach trich
xuat, chon loc, t& chifc, hop nhit va khai thac cac nguodn thong tin khac nhau gom dic
trung hoc sau, dic trung thi cong va metadata 1Am sang nham nang cao hiéu qua phan
loai.

Pham vi nghién cttu cia luan an dudc xac dinh nhu sau:

« Vé bai toan nghién citu: Luén 4n tap trung vao bai toan phan loai anh tdn thuong
da. Céc bai toan khac nhu phan doan ton thuong, phat hién ving ton thuong, dinh
vi tén thuong, truy vAn 4nh tuong tu hodc xdy dung hé théng chin dodn 1am sang
hoan chinh khong thudc pham vi chinh cta luan an.

« Vé dit liéu nghién cdu: Luan 4n st dung cdc bo dif liéu nh tdn thuong da phuc
vu danh gid thuc nghiém, trong d6 c6 cac dit liéu phd bién nhu HAM10000, ISIC
va dit liéu VNCancer. C4c bd dif liéu nay dudc st dung nham kiém chiing hiéu qua
ctia phuong phap trong diéu kién dit liéu c6 bién thién hinh thai, mit can bing 16p
va khéc biét vé ngudn thu nhan.

. Vé nguﬁn thong tin dau vao: Luan dn xem xét ba nhém thong tin chinh: dac trung
hoc sau trich xut tif anh, dic trung thi cong md td mau sac, két ciu, hinh dang, va
metadata 1am sang nhu tudi, gidi tinh, vi tri t6n thuong khi dit liéu c6 cung cap. Cac
nguodn dit liéu phi ciu triic nhu bénh 4n vin ban tu do, dif liéu xét nghiém hoic dit
liéu di truyén khong thudc pham vi nghién cifu.

. Vé phuong phap: Luin an tip trung vao cac ky thuit chon loc feature map theo
entropy, ting cudng/can bang biéu dién, hop nhét dic trung, hoc da ngudn, hoc trén
dd thi va hoc ban gidm sit dua trén gan nhan gia ¢ kiém soat do tin cdy. Luin 4n
khong ddt muc tiéu xay dung mot backbone hoc siu hoan toan mdi.

« Vé danh gia: Ludn 4n ddnh gia mo hinh thong qua céc chi sb phan loai phi hop véi
dit liéu mat can bﬁng nhu Accuracy, Precision, Recall, F1-score, AUC, Sensitivity
va Specificity. Viéc ddnh gia tap trung vao hiéu niang phan loai, do on dinh va kha
ning khai thic dit liéu chua gan nhin, khdng bao gdm thif nghiém lam sang trén
nguoi bénh.

Nhu vay, pham vi clia ludn dn dugc giGi han & nghién ctiu phuong phap va kiém
chung thuc nghiém cho bai todn phan loai anh t6n thuong da, vdi trong tam Ia cai thién
chat lugng biéu dién, khai thac dif liéu da nguodn va st dung dit liéu chua gan nhan mot
cach dang tin cay.



5. Phuong phap nghién citu

Dé dat dudc cac muc tiéu nghién cifu da dit ra, luan 4n st dung két hop cac phuong
phap nghién citu phu hop véi dic thu cia linh vuc khoa hoc may tinh, bao gdm nghién
ctfu ly thuyét, mé hinh héa thuat todn, thuc nghiém tinh to4n va phan tich danh gia dinh
lugng. Céch trinh bay nay nham lam rd phuong phap nghién citu & cip dd hoc thuat,
dong thdi phan biét v6i cac ky thuat cu thé dudc st dung trong qud trinh xay dung mo
hinh.

Trudc hét, luan 4n st dung phuong phap nghién citu ly thuyét thong qua khao sat,
phan tich va téng hgp cc cong trinh nghién ciu lién quan dén phén loai &nh t&n thuong
da, trich xuét diic trung thi cong, dic trung hoc sau, hop nhét dic trung, hoc da ngudn,
hoc trén dd thi, hoc ban giam sat va danh gia do tin cdy ctia md hinh. Viéc tdng hop nay
nham xdc dinh cdc han ché con ton tai va 1am co sé hinh thanh cac ciu hdi nghién ctiu
cua luan an.

Tiép theo, luin 4n st dung phuong phdp mo hinh héa va xay dung thuit toan dé
phat trién cac thanh phin dé xuit. O huéng nghién ciiu thi nhét, luan an xdy dung mo
hinh BlockNet dua trén cd ché chon loc feature map theo entropy, ting cudng/can bang
biéu dién va hop nhét véi dic trung thi cong. O huéng nghién citu thit hai, luan an xay
dung khung hoc da ngudn ban gidm sat trén do thi, trong d6 dic trung hoc sau, dic trung
thd cong va metadata dudc hop nhit dé€ tao bi€u dién nit, sau d6 cac miu dudc lién két
thanh dd thi va huén luyén bang cic md hinh mang nd-ron dd thi.

Luan 4n st dung phuong phap thuc nghiém tinh toan dé ki€m ching hiéu qua cta
cac md hinh dé xuat. Céc thuc nghiém dudc tién hanh trén cac bo dit liéu anh tén thuong
da, véi cac thiét 14p so sanh gilta mo hinh dé xuit va cdc mo hinh co s8. Qua trinh thuc
nghiém bao goém tién xt 1y dit liéu, trich xuat dic trung, xdy dung tip huin luyén va tap
kiém tra, huan luyén mo hinh, danh gia két qua va phan tich 16i.

Déi véi dit liéu chua gan nhan, luan 4n trién khai quy trinh hoc ban gidm sit dua
trén gan nhan gia c6 chon loc. M6 hinh dudc huin luyén ban dau trén dit liéu c6 nhan,
sau d6 du dodn nhan cho dif liéu chua gan nhin. Entropy ctia phan phdi du doan dudc
st dung dé€ danh gia do tin cdy; cic miu c6 entropy thip, tuong ting v6i dd tin cly cao,
dugc Iva chon d& bd sung vao tip huin luyén trong pha tdi hun luyén.

Cubi clng, luan 4n st dung phuong phdp phan tich dinh lugng va so sanh thuc
nghiém d€ danh gid hiéu qua mo hinh. Cac chi s6 nhu Accuracy, Precision, Recall, F1-
score, AUC, Sensitivity va Specificity dudc st dung nham phéan anh hiéu ning phan loai
trong diéu kién di liéu mit can bang. Ngoai ra, luin 4n phan tich ma trin nham 1an, su
khac biét gitta cac 16p, anh hudng cua entropy, hi€u qua ctia gan nhan gia va vai tro cua
cac nguon dic trung dé 1am rd wu diém ciing nhu han ché cta cic phuong phap dé xuat.

Nhu vay, phuong phap nghién cifu ciia luan an két hop gitta khao sat ly thuyét, mo
hinh héa thuit todn, thuc nghiém trén di liéu thuc va phan tich danh gid két qua, nham
bio ddm cac dong gép clia luan an dudc kiém chiing mot cach hé thdng va phu hop véi
bai todn phan loai 4nh ton thuong da.

6. Dong gop cua luan an
Luén an co hai dong gop chinh tuong tng voi hai muc tiéu nghién cuu:

Thit nhit, ludn 4n dé& xuAt mo hinh BlockNet lua chon cdc ban dd dic trung theo
khoang entropy phtl hop, st dung cac bi€u dién dudc chon d€ hd trg can bang 16p trong
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khong gian dic trung va hdp nhét ching véi dic trung thi cdng. Mo hinh gép phan giam
4nh hudng ctia cdc phan hoi du thita, yéu hoic khong &n dinh, dong thdi khai thac tinh
bd trg gitta dic trung hoc sau va tri thiic mién dé nang cao chét ludng biéu dién cho phan
loai 4nh t6n thuong da. Péng gdp nay dudc trinh bay va kiém ching trong [CT3].

Thit hai, luan 4n phat trién khung hoc da ngudn ban gidm sat dua trén do thi, trong
d6 dic trung hoc sau, dic trung thii cong va dif liéu mo ta 1am sang dudc hop nhat dé
biéu dién mau; quan hé tuong dong giita cdc mau dugc md hinh héa bang dd thi; dit liéu
chua gan nhan dudc khai thic biang cd ché gan nhin gia c6 kiém soat do tin cy dua trén
entropy du doan. Khung dé xuit cho phép khai thac dong thdi thong tin da ngudn, quan
hé lién mau va dit liéu chua gan nhin, dong thdi han ché nguy co lan truyén nhin sai
trong qud trinh tdi huin luyén. Péng gép nay dudc trinh bay va kiém ching trong [CT4].

7. Cau truc cua luidn an

Ngoai phan M§ dau va Két luan, ludn 4n gdbm ba chuong nghién cttu chinh, dudc
t6 chiic theo trinh tu tif tdng quan co sé ly thuyét dén cac phuong phap dé xuat va thuc
nghiém danh gia.

Chuong 1 trinh bay téng quan vé bai toan phan loai anh tén thuong da va cic co sé
ly thuyét lién quan. Noi dung chuong tip trung vao cac dang bi€u dién dic trung anh,
bao gdm dic trung thii cong, dic trung hoc siu va metadata; ciac phuong phap hop nhét
dit liéu da nguodn; vai trd ciia entropy trong hoc bi€u dién va ddnh gia do tin cdy; cac mo
hinh hoc trén do thi va hoc ban gidm sat; cling véi cac chi sd danh gid mo hinh trong bbi
canh dif liéu méit can bang.

Chuong 2 dé xudt mo hinh BlockNet dua trén co ché chon loc feature map theo
entropy va hop nhit diic trung cho phan loai 4nh t6n thuong da. Chuong nay trinh bay
phuong phap Iya chon cac feature map c6 gia tri thong tin phu hgp, st dung cac feature
map dudc chon dé ting cudng va can bang biéu dién, sau d6 két hop véi dic trung thi
cong nham nang cao chit luong biéu dién dau vao va cai thién hiéu ning phan loai.

Chuong 3 dé xuit mo hinh hoc da ngudn ban giam sat dua trén do thi véi co ché
danh gia do tin cdy dua trén entropy cho phan loai dnh ton thuong da. Noi dung chuong
tap trung vao viéc két hop dic trung hoc sau, dic trung thi cong va metadata trong mot
khong gian biéu dién chung, xay dung d6 thi quan hé giita cdc mau va khai thac dit liéu
chua gan nhin thong qua gan nhin gia c6 kiém soat do tin cy dé ti huin luyén mo hinh.

Phan Két luan téng hop céc két qua dat dugc ctia luan 4n, chi ra nhiing han ché con
ton tai va dé xuit cac huéng nghién ciiu tiép theo.



CHUONG 1: TONG QUAN VE PHAN LOAI TON THUONG DA
VA CO SO LY THUYET
M6 dau

Chuong nay trinh bay t6ng quan vé bai toan phan loai &nh t6n thuong da va co s&
ly thuyét cho cac phuong phap dé xuat. Noi dung tip trung vao biéu dién anh, hop nhat
dic trung (feature fusion), entropy, hoc trén do thi, hoc ban giam sat va cac do do danh
gia trong bdi canh dit liéu mét can bing.

Céc noi dung dudc td chifc theo hai huéng nghién citu: chon loc va hop nhit dic
trung & miic biéu dién; hoc da ngudn (multimodal learning) ban gidm sat trén do thi co
kiém sodt do tin cdy. Tir 1an xuat hién tiép theo, luan 4n théng nhit st dung cac thuit ngi
tiéng Viét da dudc x4c lap.

1.1.Tong quan bai toan phan loai anh ton thuong da

Anh t6n thuong da 1a dnh ghi nhan ving da c6 biéu hién bit thudng vé mau sic,
hinh dang, két cAu hoic ciu triic bé mit. Trong luan 4n, hai dang 4nh dudc xem xét gdm
anh 1am sang chup bang dién thoai va anh soi da (dermoscopy), tiic anh dudc thu nhan
bang thiét bi chuyén dung c6 kha ning quan sit rd hon céc ciu triic dudi bé mit da. So
v6i 4nh ty nhién, d6i tugng can nhan dang trong &nh tdn thuong da thudng khong c6 hinh
dang cb dinh, ranh gi6i v6i viing da lanh c6 thé khong rd va dau hiéu phan biét giita cac
bénh c6 thé chi ndm & nhitng bién ddi nhé vé sac t6, dudng bién hoic két ciu.

Phan loai anh t6n thuong da la bai toan gan mdi anh dau vao vao mot 16p bénh 1y
hoic mot nhém chan doén xac dinh trude. Trong hoc c6 giam sat, tiic cach hoc mo hinh tir
cdc miu da c6 nhin, mo hinh dugc huin luyén trén tap 4nh da dugc chuyén gia xac dinh
16p va sau d6 du doan nhan cho anh méi. Céc 16p c6 thé gdbm u hic t 4c tinh (Melanoma,
MEL), ung thu biéu mé té bao ddy (Basal Cell Carcinoma, BCC), day sting dnh sing
va ung thu biéu mo té bao trong da (Actinic Keratoses and Intraepithelial Carcinoma,
AKIEC), t6n thuong dang day sting lanh tinh (Benign Keratosis-like Lesions, BKL) cling
cac 16p khac tuy theo bd du li€u. Bai toan da dudc nghién ctiu trén cac bo du liéu nhu
HAM10000 va ISIC, dong thai 13 mot huéng ting dung ctia hoc siu trong hd trg chan
doén da liéu [1, 3, 26, 27].

V& hinh thiic, gia st tap dif liéu c6 nhian dudc ky hiéu theo Cong thic (1.1)

2 = {(xy) Hilts (1.1)
trong do x; 1a nh ton thuong da thd i, y; € # 1a nhan tuong tng, % = {1,2,...,C} la
tap nhan gdom C 16p, va N 1a s6 luong mau cé nhan.

Muc tiéu cia md hinh phan loai 1a hoc mot anh xa nhu trong Cong thic (1.2)
foi X =X, (1.2)

trong d6 2" 1a khong gian anh diu vao va 0 1a tap tham sb ctia mo hinh.
Trong ciac md hinh hoc siu, dau ra thudng 12 mot phan phdi xdc suét trén cac 16p
theo Cong thic (1.3).

po(y|x) = [pe(1|x),pe(2|x),...,pe(C|x)], (1.3)
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v6i pg(c | x) 1a xac sudt mau x thudc 16p c. Nhan du doén dudc xic dinh theo Cong
thiic (1.4).

y = argmax pg(c | x). (1.4)
ceY

Trong bai todn phan loai anh tdn thuong da, dif liéu dau vao c6 thé gdm anh va céc
ngudn thong tin bd trg nhu dic trung thii cong hodc dit liéu mo ta 1am sang (metadata).
Do d6, mot mau dit liéu c6 thé dudc mo ta dudi dang da ngudn theo Cong thiic (1.5).

xi = (a9 ). (1.5)

1 ]

(

i

()

me) hidu dién thong tin anh, x; ’ biéu dién cédc déc trung thi cong nhu mau

sac, két cAu hodc hinh dang, va xl(m) biéu dién dif liéu mo ta 1am sang nhu tudi, gidi tinh
hodc vi tri ton thuong néu dit liéu c6 cung cip. Nguon thong tin niy cung cip ngit canh
bo trg cho cdc bi€u hién thi giac trén anh [14, 28, 29].

Bai toan c¢6 mot s6 dic thil so v6i phan loai anh tu nhién. Bién thién ndi 16p, tiic
mtc khac biét 16n gilta cac anh ciing mot 16p, thé hién qua su thay ddi vé kich thudc,
mau sic, hinh dang, két ciu va diéu kién thu nhan. Ngugc lai, tuong dong lién 16p, tiic
su giébng nhau vé biéu hién thi gidc gilta cac 16p khdc nhau, khién ranh gidi phan loai
tré nén khong rd. Dit liéu con thudng mat can bang 16p, nghia 1a s mau gifta cac 16p
chénh 1&ch 16n. Téc hoic 16ng, phan xa anh sang, viing nén, mau da, thiét bi va khoang
cach chup c6 thé che khuit hodc 1am thay d6i diu hiéu bénh ly. Viéc x4c 1ap nhan can
chuyén gia y té nén dit liéu c6 nhan thuong han ché, trong khi dif liéu chua gan nhan c6
thé nhiéu hon [30-34].

Sau anh trong Hinh 1.1 minh hoa cac kho khan trén. Ba anh BCC khac nhau 6 rét
du ciing nhin; trong d6 anh VNCancer do bac si chup biang dién thoai khic vé trudng
nhin, nén 4nh va diéu kién chiéu sang so v6i hai 4nh soi da cia HAM10000. Ba anh
AKIEC, BKL va MEL lai c6 mot s6 biéu hién gin nhau v& ving sic t6, dudng bién
khong déu hoic két cAu bé mit. Hinh nay chi minh hoa dic diém thi gidc va sai khac
nguodn thu nhén, khong thay thé két luan chin dodn clia bac si.

Nhiing dic thu ndy dit ra yéu cau md hinh phai hoc dudc bi€u dién c6 kha ning
phan biét, khai thac hdp ly thong tin bd trg va xi ly tinh trang thiéu nhan. Vi vy, hudng
thd nhét ctia luin 4n st dung entropy kich hoat nhu mot tiéu chi sang loc khong giam sat
ddi véi cac ban d6 dic trung trudc khi hop nhit véi dic trung thi cong; hiéu qua phan
loai ctia tip ban dd dudc chon dugc danh gid bang thuc nghiém. Hudng thi hai biéu dién
quan hé gilta cic mau bing dd thi, hop nhét nhiéu ngudn di liéu va khai thac dit liéu
chua gan nhin bing co ché gan nhin gia c6 kiém soat do tin ciy. Cac phan tiép theo trinh
bay cd s ly thuyét tuong dng cho hai huéng nghién ctiu nay.

trong do x

1.2.Biéu dién anh va cac loai dic trung
1.2.1. Lua chon ddc trung cé gidm sdt bang tiéu chi Chi-square

Chi-square 12 mot tiéu chi théng ké c6 giam sat dung dé€ danh gia miic do phu thudc
gitta diic trung va nhan 16p [35]. V6i mot dic trung da dudc bi€u dién phu hop va nhan
16p, dit liéu dudc t6 chuc theo cdc gid tri quan sat O, va céc gia tri ky vong E,. ting véi
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(a) BCC, VNCancer, anh (b) BCC, HAMI0000, (¢) BCC, HAMI0000,
dién thoai ISIC_0024345 ISIC_0024411

(d) AKIEC, HAMI0000, (e) BKL ~ HAMI0000, (f/ MEL  HAMI0000,
ISIC_0033869 ISIC_0034235 ISIC_0024313

Hinh 1.1: Minh hoa bién thién noi I6p, tuong dong lién I6p va sai khdc nguon thu nhdn
trong dnh tén thuong da.

mtc r cta dic trung va 16p ¢. Thong ké Chi-square dudc xdc dinh bdi

OVC_EI'02
pr =y y O ) - s (1.6)

trong d6 E,. 1a tan sut ky vong khi dic trung va nhan doc 1ap. Gia tri x2 16n cho thiy
phan bd clia diic trung gitta cac 16p khac biét rd hon, do d6 dic trung c6 mic lién quan
théng ké cao hon véi nhan. Tiéu chi ndy cung cap thif hang vé mic lién quan, nhung
khong tu khang dinh quan hé nhan qua hoic bao dam ring dic trung cé diém cao sé ludn
cai thién md hinh khi két hop véi cac dic trung khac.

Khi 4p dung cho Iuya chon dic trung, cac gid tri dau vao can c6 biéu dién phu hop
v6i phép kiém dinh, chang han cac dai luong khong am hoic dit liéu dudc phan khoang
trudc khi 1ap bang tan suét. Viéc xdc dinh cach biéu dién phai dudc thuc hién nhit quan
gitta cdc tap dit liéu. Pong thdi, diém Chi-square va quyét dinh Iya chon dic trung chi
dudc udc luong tir tip huin luyén; quy tic da xdc dinh sau dé méi dudc ap dung cho
tap kiém dinh va tip ki€m tra. Nguyén tic nay ngin thong tin nhin ngoai tip huin luyén
tham gia vao qua trinh lua chon va han ché 1o ri dit liéu.

Trong luan 4n, Chi-square dudc stt dung & Chuong 3 d€ so sdnh muc lién quan ctia
cac nhém dic trung thi giac ng vién v6i nhin phan loai. Piém clia ting thanh phan dudc
tong hop theo nhém dé hd trg xép hang cic loai dic trung. Metadata 1am sang dudc xd
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ly & mot nhanh riéng va khong thudc bude xép hang cic nhém dic trung thi gidc bang
Chi-square. Chi tiét 4p dung va cdc nhém dic trung dudc lua chon dudc trinh bay tai
Muc 3.5.3.

1.2.2. Pdc trung thii cong: mau sdc, két cdu, hinh dang

Dic trung thi cong 1a cac dai luong dudc thiét ké dua trén tri thiic mién dé mo ta
truc tiép mau sac, két ciu va hinh dang cda anh [8—10]. Pic trung mau phan dnh phan
bd sic t6; dic trung két ciu mo td quan hé cudng do va ciu tric bé mit; dic trung hinh
dang phan 4nh huéng canh, dudng bién va mic do khong déu clia tdn thuong [36-39].
Trong luan 4n, cdc dic trung niy cung cap thong tin bé trg cho dic trung hoc sau, khong
dugc xem 12 phuong 4n thay thé diic trung hoc sau.

V6i anh gdbm N diém anh, histogram chuin héa ctia kénh mau c tai khoang thi b
dugc xac dinh bdi

| N
hc,b:NZH(qc(x,,)zb), b=1,...,B., (1.7)
n=1
trong d6 g.(x,) 1a chi sb khoang sau khi lugng ti héa gid tri kénh c ctia diém anh x,,, B,
12 s6 khoang ctia kénh va I(-) 12 ham chi thi. Véc-to histogram mau dudc tao bing cach
ghép histogram cua cac kénh:

h = [h;;hy;...;h¢], dhist = ZB (1.8)

Néu xay dung riéng histogram cho tiing kénh r6i ghép ndi thi sb chiéu dudc xdc dinh
bing tdng s6 bin ctia cac kénh. Néu xdy dung histogram lién hgp nhiéu chiéu thi s6 chiéu
dugc xac dinh bang s6 td hop bin cia cac kénh [37, 38].

Péi véi histogram HSV, sic do H phan anh loai mau, do bio hoa S phan dnh do
thuén ctia mau va do sang V phan dnh mic sang. Ba thanh phan dudc lugng tif hda dong
thoi d€ tao histogram lién hop ba chiéu [38, 40]. Goi gx, gs va gy 1an luct 1a cdc ham
lugng tif héa kénh H, S va V. Phan ti histogram tai 6 (a,b,c) dudc xc dinh bi

Els,\g Z]I qgu(Hy) = a, qs(Sp) =b, qv(Vy) =¢), By =8, Bs=2, By=2.

(1.9)
Sau khi trai phang histogram ba chiéu theo mdt thi tu ¢ dinh, mdi t6 hop khoang
(a,b,c) tao mot thanh phan. Do dé, sd chiéu clia véc-td histogram HSV 1a

dusy = ByBsBy = 8 x 2 x 2 = 32. (1.10)

Viéc danh nhiéu mic luong tit hon cho kénh H gitp giit chi tiét bién ddi sac do; hai
mtc ctia S va V biéu dién miic thap va mic cao ctia dd bao hoa va do sang. Méi t6 hop
(a,b,c) 12 mdt bin mau cda histogram lién hop HSV. Vi vay, sé chiéu dudc tinh bing
tich s6 bin ctia ba kénh.

Dic trung két cAu dudc tinh tlit ma trin dong xuét hién miic xam GLCM. Véi khoang
céch 8 va hudng 6, phan th Ps (i, j) biéu dién xdc sudt mic xdm i xult hién dong thoi
v6i mic xam j. Bén dai luong dudc st dung gdom

Contrast = Y (i — j)*Ps o(i, /), (1.11)
irj
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(i—.ui)(j—ﬂj)P

Correlation = Z —— 5.0(15J), (1.12)
i 0.0;
Energy = )" Ps ¢(i, /), (1.13)
L,j
Ps oli, j
Homogeneity = Z 16%(])' (1.14)
" i—j

L]
Khi mdi dai lugng dudc ldy trung binh trén cac huéng khao sit, véc-td GLCM géom bon
thanh phan, do d6

dgLcm = 4. (1.15)

Dic trung HOG md ta phan bd hudng gradient [39]. Gia st anh c6 kich thudc
W x H, mdi 6 c6 kich thude py x py, mbi khdi gdm b, x by, 6, cac khdi dich chuyén véi
budc mot 6 va histogram gdm K hudng. S6 khdi theo hai chiéu 1a

%4 H
N, = L—J —by+1, Ny = {—J —by+1, (1.16)
Px Py
va s6 chiéu HOG trudc budc rit gon hoic Iua chon 12
dnoG = NxNybbyK. (1.17)

Dic trung fractal mo ta muic do phiic tap va khong déu ctia ciu tric ton thuong [41,
42]. Theo phuong phéap dém hdp, goi N(€) 1a s6 hop canh € can d€ phi chu tric dang
xét, chiéu fractal dudc xac dinh bdi

logN
D; — lim 102N (E)

e—0log(l/€) (1.18)

Dé biéu dién su khong déu cla toan bo dudng bién bang mot véc-to ¢ dd dai cd dinh,
dudng bién tén thuong dudc tham sb hoa theo chiéu dai cung va noi suy thanh Q diém
cch déu { pq}qQ:1 . Tai mbi di€m p,, xét mot 1an can dudng bién €, va dém s6 hop N, (&)
giao véi lan can nay tai cac ti 1€ &, s = 1,...,S. Thanh phan tht ¢ cua chit ky fractal 1a
hé s6 goc udc lugng bang binh phuong tbi thiéu:

Zle (us — i) (vg,s — Vg)
Zf:l(“s —i1)?

Céc gia tri D, m6 ta miic do phuic tap cuc bd quanh céc vi tri lién tiép trén duong bién.
Véc-ta fractal dugc xac dinh bai

x) = [Dy,D,,...,Dg],  df=0Q. (1.20)

D,= , ug =log(1/&), vqs=1ogN,y(&). (1.19)

Khi dudng bién dugc chuin héa thanh Q = 128 diém, mdi diém tao mot thanh phan
fractal cuc b nén véc-to mo ta hinh dang c6 dy = 128 chiéu. Gi4 tri ndy dugc viét tudng
minh dud6i dang

df = Q=128 (1.21)

Dic trung LBP m6 t4 ciu triic vi md quanh mdi diém anh [43]. V6i P diém 14n can
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trén ban kinh R, ma LBP tai vi tri (u,v) dugc xac dinh béi

P I, a>0
LBPpr(u,v) =Y s(g,—g)2%, sla)=<¢ 7 T 7 1.22
IURY pz,o (8p — &) (a) {0, e (1.22)

trong d6 g, 1a miic xdm cla di€ém trung tam va g, 1a mdc xdm cla di€ém lan can thi p.
Histogram chuén héa ctia cac ma LBP tao véc-td dic trung; néu histogram gdm By gp
khoéng thi dy gp = BLBp.
Bo loc Gabor & tan sd f va huéng 6 dudc biéu dién bdi [44]
x%, + Yzy%
202

gro(x,y) :exp<— >005(27foe+¢), (1.23)

trong d6 xg = xcos 0 +ysin O va yg = —xsin O +ycos 0. V6i modi cap (f,0), gid tri trung
binh va phuong sai ctia dp ting loc dugc gitt lai. Néu st dung Ny tan sb va Ng hudng thi

dGabor = 2NsNp. (1.24)

V6i ba tan sd va bdn huéng, dgapor = 2 X 3 x 4 = 24.
Pic trung wavelet dudc tao bang bién ddi wavelet rdi rac hai chiéu [45]. V6i mbi
nhom hé s6 Wy, véc-to gil lai gia tri trung binh va phuong sai:
1 2
PR R S
il &, Wi

weW,

(1.25)

Néu c6 K, nhém hé sb dudc tong hop thi dyayeler = 2Ky

Didc trung bién dugc tinh sau khi phat hién bién Canny va xic dinh cic ducng
bao [46]. Goi L, 1a dd dai dudng bao thi r, r = 1,...,N,. Hai thanh phan dudc st dung
la

1 Y

1 X
_ Ly ==Y (L), 1.26
M=+ 1 oL Ncr:Zl( Uz (1.26)

C =

do d6 véc-tS U, O1] €6 dedge = 2 chitu.
Pic trung tuong quan mau do quan hé tuyén tinh giita tiing cip kénh RGB bing hé
s6 tuong quan Pearson [38, 47]:

N (an—a)(b,—Db)

Pab = n=1 —
VI (an— @)L (b~ B)?

Ba cip kénh (R,G), (R,B) va (G, B) tao véc-t0 [Prc, PrB, PGB) €O deorr = 3 chiéu,

Sau khi hinh thanh, c4c thanh phan dic trung c6 thé dudc danh gia bd trg bing
Chi-square theo Muc 1.2.1. Cong thiic va tham sb trich rit quyét dinh s6 chiéu ban dau,
con Chi-square chi danh gid muic lién quan véi nhin. Khi nhiéu bo mo ta cing phan anh
mdt nhém thong tin, cdc thanh phan dudgc chon hoic rit gon dudc ghép thanh ba nhém
mau, két ciu va hinh dang:

x® = [x©:xO0:xO) dinirafied = de +dy +ds. (1.28)

(1.27)

Céc gia tri d,, d; va dy dudc xac dinh bsi loai bd mo t4, tham sb trich rit va phuong phap
riit gon hoic Iua chon dic trung; chiing khong dudc suy ra tif diém Chi-square. Chang
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han, Cong thiic (1.10) x4c dinh véc-to mau HSV c6 32 chiéu, con Cong thiic (1.15) xic
dinh véc-to két cAu GLCM c6 4 chiéu. Histogram mau phan dnh phan b cudng do hoic
sac do nhung khong biéu dién day di két ciu va hinh dang ctia d6i tugng. Vi viy, cac
nhém mau sic, két ciu va hinh dang thudng dugc két hop d€ tao bicu dién bé trg va day
du hon [48, 49].

1.2.3. Ddc trung hoc sdu trong biéu dién dnh ton thuong da

bic trung hoc sau la cac dac trung dudc hoc tu dong tu du liéu thong qua cac mo
hinh mang nd-ron, dac biét la mang nd-ron tich chap (CNN). Khac véi dac trung tha
cong, dic trung hoc sau khong can thiét ké truc tiép ting thuoc tinh thi gidc, ma dudc
hinh thanh thdng qua qu4 trinh lan truyén anh qua nhiéu tang tich chap. Céc tang dau
ctia CNN thudng hoc cdc dic trung miic thip nhu bién, huéng canh, ving mau va két
ciu don gian; trong khi cic ting sau hon c6 xu huéng hoc ciac mau hinh phic tap hon
lién quan dén cAu tric ton thuong [1, 50-53].

Su phat trién clia cac kién triic CNN hién dai nhu VGGNet, ResNet, DenseNet va
EfficientNet di gitip cdi thién hiéu ning phan loai anh y té néi chung va &nh t&n thuong
da néi riéng [27, 51, 52, 54]. Gan day, EfficientNetV2 tiép tuc cai thién hiéu qua huin
luyén va hiéu qua tham sb ctia cac backbone CNN, trong khi cdc mo hinh Transformer
thi giac nhu Vision Transformer va Swin Transformer cho phép khai thac quan hé khong
gian & pham vi rong hon thong qua co ché self-attention [55-57]. Trong linh vuc anh da
liéu, cac mo hinh dinh huéng tdn thuong da nhu DermViT ciing cho thiy tiém ning cia
Transformer trong phan loai &4nh ton thuong da [33, 58]. Tuy nhién, muc tiéu ctia luin
an khong phai 1a xay dung mot backbone hoc sau hoan toan méi, ma tap trung vao cach
danh gia, chon loc va hop nhét cac biéu dién dic trung dudgc trich xuit tif mang hoc sau.
Céc md hinh hoc sau hién dai thuong sinh ra s6 luong 16n ban dd dic trung & nhiéu block
khéic nhau ctia mang. Khong phai moi ban do dic trung déu mang gid tri thong tin nhu
nhau ddi véi bai todn phan loai ton thuong da; mot s6 ban dd c6 thé chia phan hdi yéu,
du thira, it lién quan hoiic khong dn dinh. Néu cic thanh phan nay déu duogc giit lai trudc
khi hop nhit, chiing c¢6 thé gay nhiéu biéu dién va lam gidm kha ning phan biét clia mo
hinh trong diéu kién dit liéu y t& han ché hoic mit cin bﬁng.

Mot kién tric CNN dién hinh thudng dudc t6 chiic thanh nhiéu khdi xt 1y (block),
trong d6 mdi khbi gdbm mot hoic nhiéu 16p tich chap, ham kich hoat va c6 thé di kém
16p pooling. Hinh 1.2 minh hoa kién triic VGG16 duéi dang céc block lién tiép. Trong
VGG16, céac block dau xit ly anh & do phan gii cao va sinh ra cac ban do dic trung cé
kich thuéc khong gian 16n; cac block sau giam dan kich thudc khong gian nhung ting
s6 lugng kénh dic trung. Cach t6 chiic ndy cho phép mo hinh hoc biéu dién phan cap tir
cdc tin hiéu thi gidc don gidn dén céc dic trung ngit nghia phic tap hon.

V& hinh thifc, gia st anh x; dudc dua qua mdt mang CNN va xét tai 16p tich chap
tht /. DPau ra tai 16p nay 1a mot tip cac ban dd dic trung:

trong d6 mdi ban dd dic trung fl(Q 12 phan ting ctia mdt bd loc tich chap d6i véi mot kiéu
mau thi gidc nhét dinh trong anh.

Khong chi dong vai tro 1 biéu dién trung gian, cdc ban dd dic trung da dudc nhiéu
nghién cttu khai thac d€ phan tich va gidi thich mo hinh hoc siu. Zeiler va Fergus [59] da
dé xuét phuong phap truc quan héa dé quan sat cach cac 16p CNN phan tng véi dif liéu
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Hinh 1.2: Minh hoa kién triic VGG16 dudi dang cdc block tich chdp.

dau vao. Cac phuong phdp nhu Class Activation Mapping (CAM) [60] va Grad-CAM
[61] tiép tuc st dung ban dd dic trung d€ x4c dinh cac ving anh quan trong dbi véi quyét
dinh phan loai. Trong linh vuc anh y té, cac phuong phép giai thich dua trén ban do dic
trung ngay cang dudc quan tim nham ting kha ning dién giai va do tin ciy ctia mo hinh
[62, 63].

D& minh hoa cu thé, Hinh 1.3 trinh bay toan bd 64 ban dd dic trung thu dudc khi
dua anh ISIC_0024345 qua I6p blockl_convi clia VGG16. Day la 16p tich chap dau
tién, do d6 cic ban dd dic trung chii yéu phan dnh cic dic trung miic thip nhu bién,
viing chuyén mau va két ciu.

Trong linh vuc phan loai anh tn thuong da, ban dd dic trung ciing dudc khai thac
d€ ho trg giai thich va céi thién hiéu qua mo hinh. Van Molle va Cong su [64] stt dung
truc quan héa ban dd dic trung d€ hd trg quyét dinh 1am sang, trong khi cic phuong
phdp dua trén CAM dugc dp dung d€ xéac dinh vung ton thuong quan trong [65]. Ngoai
ra, cac dic trung hoc sau trich xuét tif cac tang CNN ciing dugc st dung truc tiép nhu
vector dac trung cho cac mo hinh phan loai [66].

Céc ban do dic trung sau dé cé thé dudc tdng hop dé tao thanh vector dic trung:

A =(dy,dy,....dy), (1.30)

Tuy nhién, cic ban do dic trung c6 kiéu phan bd kich hoat khac nhau. Mot sd ban
dd phan 4nh rd ciu tric clia anh, trong khi mot sd khac chia phan hoi yéu, du thia, it
lién quan hoic khong &n dinh. Viéc giif lai dong thdi cac thanh phan nay c6 thé 1am giam
chat luong biéu dién truéc buée hop nhat va phan loai. Piéu d6 dit ra nhu cau xay dung
mot tiéu chi sang loc ban d6 dic trung va danh gid tac dong ctia tap biéu dién dugc chon
bing két qua phan loai, 1a co s& cho hudng nghién ctiu dudc phat trién trong Chuong 2.
1.2.4. Cdc huwdng khai thdc va lua chon ban do ddc trung hoc sdu

Trong phan loai 4nh t6n thuong da, mot hudng phé bién 1a trich xuét dic trung tur
cdc mang CNN di dugc huén luyén trudc, sau d6 hop nhit dic trung ldy tif nhiéu tng
hoic nhiéu kién tric d€ ting tinh b trg ctia biéu dién. Mahbod va Cong su hop nhit cac
dic trung hoc sau tif nhiéu mang da tinh chinh, con Benyahia va Cong su khai thic dong
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Hinh 1.3: Bdn do ddic trung ciia dnh tai I6p blockl_conuvl.

thoi nhiéu biéu dién hoc sau cho phan loai ton thuong da [11, 66]. Cac phuong phap nay
cho thiy lgi ich ctia viéc két hop nhiéu biéu dién, nhung trong tam Ia Iva chon tang, lua
chon md hinh hodc ghép ndi cac véc-to dic trung dau ra; chiing chua danh gid riéng miic
dong gép cla tiing ban do dic trung trong mdi block trudc khi hgp nhat véi dic trung
thu cong.

Mot hudng khac 13 hoc trong s6 cho cic kénh dic trung ngay trong mang. Khbi
Squeeze-and-Excitation hoc quan hé¢ gitta cac kénh va tai hiéu chinh dap tng cua tung
kénh bing trong s6 phu thudc dit liéu [67]. CBAM mé rdng co ché nay bang cich lan
ludt tao attention theo kénh va theo khong gian dé ting cudng céac dap ing quan trong
[68]. Hai phuong phép déu 1a co ché gan trong s6 mém, dudc tdi vu cing md hinh theo
ham mat mat c¢6 st dung nhin. Chiing khong loai bd truc tiép mot tip ban dd dua trén
théng ké phan bd kich hoat va ciing khong nhiam tao tap dic trung da sang loc dé hop
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nhat véi dic trung thii cong bén ngoai mang.

Entropy ctia ban dd dic trung ciing da dudc st dung dé€ chon loc b loc nham nén
CNN. Wang va Cong su xay dung tiéu chi tAm quan trong dua trén entropy ctia ban do
dic trung d€ loai cdc bd loc it dong gbp, trong khi Shao va Cong su do lugng thong tin
ctia ban dd dé€ danh gia tam quan trong cta bd loc va gidm chi phi ctia mang [69, 70].
Cic nghién cifu nay x4c nhan rang thdng ké trén ban dd dic trung c6 thé h trg danh gia
bo loc, nhung muc tiéu chinh 13 nén kién tric va giam sd phép tinh. Bai toan cda luin
an khac & chd khong thay ddi backbone CNN, ma danh gia tuong ddi cdc ban dd trong
tiing block, chon bi€u dién truéc khi hop nhit v6i dic trung thi cong va kiém chiing tap
dic trung thu dudc trén dif liéu tdn thuong da mit cn bang.

Do d6, diém cn tiép tuc nghién citu khong phai 1a khang dinh chua ting c6 phuong
phép Iua chon hoiic gan trong s6 cho kénh CNN. Van dé cu thé 1a xay dung co ché sang
loc ban dd theo ting block, khong phu thudc nhén tai budc tinh tiéu chi, phu hop véi
qua trinh hop nhét dic trung hoc sau va dic trung thi cong. Trong co ché nay, entropy
chi cung cAp mot tiéu chi hd trg danh gid vé mifc phan tan cda kich hoat. Gia tri dbi véi
phan loai phai dudc xac nhan bang két qua thuc nghiém, thay vi suy ra truc tiép tir do
16n entropy.

Bdng 1.1: So sdnh hudng tiép cdn ciia BlockNet vdi cdc nhom phuong phdp gdn nhdt

Tiéu chi Hop nhit truc tiép SE CBAM Chon loc bing BlockNet
entropy dé nén
mang
Déi tuong xirly  Véc-to dic trung Kénh dic trung Kénh va vi tri khong B loc hodic bdn dd  Bén dd dic trung
gian déc trung trong tung block
Tiéu chi Iva chon Khong lua chon timg Trong sb kénh hoc  Attention theo kénh  Entropy hoic lugng  Khoang entropy
hoic diéu tiét bén d6 dugc va khong gian thong tin tuong ddi trong tiing
block
St dung nhan tai  Khong ap dung Gidn tiép quaham  Gidn tiép quaham  Khong tryc tiép Khong
budc lua chon méit mat méit mat
Pham vi xt ly Tang hodic m6 hinh  Céc block ¢6 Cac mo-dun CBAM  Nhiéu 16p trong Dboc lap theo tung
dudgc chon mod-dun SE mang block

Phuong thiic hgp  Ghép ndi, cong hodic Tii hidu chinh kénh  Tii hiéu chinh kénh  Khéong phai muc tiéu Ghép ndi dic trung
nhét két hop tuyén tinh trong CNN va khong gian chinh hoc séu da chon véi
ddc trung thi cong
Xt 1y mét can Khong tich hgp c6  Khong tich hop Khong tich hgp Khong tich hgp L4y mAu Lip trong
bing dinh khong gian déc trung

So sanh trong Bang 1.1 cho thiy déng gép clia BlockNet khong nam & viéc tao
backbone CNN méi, ciing khong nam riéng & phép ghép ndi. Diém khac biét 1 chudi
xt ly théng nhat gdm chon loc ban do theo titng block bang mot tiéu chi khong st dung
nhan tai buéc lua chon, tao biéu dién hoc sau tif tip ban d6 dudc gitt lai, hop nhat véi
dic trung thii cong va gidm mat can biang trong khong gian dic trung. Entropy chi dong
vai trd tiéu chi chon loc; hiéu qua ctia toan bo chudi xi ly dudc ki€ém chiing biang thuc
nghiém thay vi suy ra truc tiép ti entropy.

1.3.Hgp nhét dac trung va hoc da nguﬁn

Trong bai toan phan loai &nh t&n thuong da, mot mau ¢ thé gdm 4nh, dic trung thi
cong va dif liéu mo ta 1am sang. Hoc da ngudn khai thac tinh bé trg gifta cdc ngudn nay
dé tao biéu dién phuc vu phan loai [14, 15, 48, 49, 71, 72].
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1.3.1. Hop nhdt ddc trung sdu va ddc trung thii cong

Dic trung hoc sau bi€u dién cdc mau phiic tap dugc hoc tir dit liéu, con dic trung
thd cong mo td mau sic, két cAu hoic hinh dang dua trén tri thiic mién. Hop nhit hai loai
ddc trung gidp khai thac tinh bd trg gitta kha ning hoc biéu dién va kha ning dién giai,
nhét 12 khi dit liéu tn thuong da c6 quy mo han ché hodc mét can bang [8-11, 66].

(h)

i

V& hinh thic, gia st xl(d) 12 dic trung hoc siu va x
x;, biéu dién hop nhit c6 thé dudc viét:

A = 7 (xﬁ"),xl(h)) , (1.31)

trong d6 .% (-) 1a ham hop nhat dic trung.

Céc nghién cifu gan day cho thiy viéc két hop dic trung sau va dic trung thii cong
c6 thé gitip cai thién do &n dinh ctia mo hinh trong diéu kién dit liéu mat cin bang hoic
dit liéu c6 su bién thién 16n gitta cdc mau [32, 73]. Tuy nhién, hiéu qua cia qu4 trinh hop
nhat phu thudc vao chét luong biéu dién cia tiing nguodn dic trung trude khi két hop.
Néu dic trung dau vao chia nhiéu thanh phan du thita hoic nhiéu, qui trinh hop nhét
c6 thé 1am ting do phuc tap clia biéu dién ma khong céi thién tuong ing kha ning phan
loai.

la dac trung thu cong cua anh

1.3.2. Hop nhat dnh va dit liéu mé td lim sang

Dit liéu m6 ta 1am sang nhu tudi, gidi tinh va vi tri ton thuong cung cip ngif canh
bd trg cho anh. Cac md hinh da nguodn c6 thé ghép ndi truc tiép hoidc hoc tuong tic gitta
dic trung anh va ngudn dif lidu nay bing attention, cross-attention hay Transformer [14,
15, 17-19, 28, 29]. Muc dich Ia diéu tiét déng gép clia tling nguodn thay vi xem di liéu
mo ta 1am sang nhu mot véc-td phu doc 1ap.

V& hinh thiic, biéu dién da ngudn ctia mot mau c6 thé dugc viét:

xi= 7 (" 5", (1.32)
(m)

trong d6 x; " 1a véc-to dit liéu mo ta 1am sang va .Z (+) 1a ham hgp nhat cac ngudn déc

trung.

Miic du dit liéu md ta 1am sang thudng c6 s6 chiéu nhd hon dic trung anh, viéc hop
nhat van phai xét su khac biét phan phdi va mifc dong gép clia tiing nguodn trong biéu
dién chung.

1.3.3. Cdc phuong phdp hdp nhdt phé bién

Hop nhét dic trung két hop cac véc-to tif nhiéu ngudn thanh mot bi€u dién chung.
Céac phép cong, nhan va ghép ndi 1a nhiing cach hop nhit truc tiép, don gidn va thudong
dugc ding 1am phuong phap d6i chiing [48, 49, 72]. Céc phuong phép dua trén attention,
cross-attention va Transformer c6 thé hoc tuong tac gitta cac ngudn nhung phic tap hon
va doi hoi nhiéu dit liéu hon [29, 74]. Vi vay, hiéu qua khong chi phu thudc sd ngudn ma
con phu thudc cch lua chon va diéu tiét biéu dién trude khi hop nhit.

Gia st x = (x1,x2,...,X,) la vector ddc trung anh va ¢ = (cy,c2,...,c,) la vector
dic trung bé trd, cac phuong phap hop nhét co ban c6 thé dugc mo ta nhu sau:

Cong tung phﬁn tlr (element-wise sum):

y=x+c=(x1+c,x2+c2,...,xn+Cn), (1.33)
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trong d6 mdi thanh phan dau ra 12 tdng cla cac thanh phan tuong ng. Phuong phap nay
khong 1am ting s6 chiéu biéu dién nhung gia dinh ring cic dic trung tuong dng cd y
nghia tuong dong nhu minh hoa trong Hinh 1.4.

Hinh 1.4: Minh hoa hop nhdt ddc trung bang phép céng ting phdn tir.

Nhan tung ph?m tlr (element-wise product):
y=xOc=(x1€1,X€2, ..., XnCn), (1.34)

trong d6 ® 13 phép nhan Hadamard. Phuong phap nay c6 thé dugc xem nhu mot co ché
diéu bién, trong d6 mot ngudn dic trung c6 thé 1am ndi bat hoidc 1am suy gidm anh hudng
clia ngudn con lai nhu minh hoa trong Hinh 1.5.

Hinh 1.5: Minh hoa hop nhdt ddc trung bdng phép nhdn tieng phdn ti.

Ghép ndi vector (concatenation):
y = [xic], (1.35)

trong d6 vector dau ra dudc tao bang cach nbi cic vector dau vao. Day 1a phlIdng phap
linh hoat va dudc st dung rong rai do khong yéu cau cac vector phai c6 cung sb chiéu
nhu minh hoa trong Hinh 1.6.

Miic dit phép ghép ndi vector c6 uu di€m don gian va giit lai toan bo thong tin clia
cac nguodn dic trung, phuong phap ndy ciing 1am ting sd chiéu cta biéu dién dau ra. Khi
s6 Iuong ngudn dit liéu hodc s6 chiéu dic trung ting 1én, bi€u dién hop nhit c6 thé trd
nén du thita va 1am ting nguy co qua khép, trong cac bai toan y té c6 sb lugng mau huin
luyén han ché. Ngoai ra, phép ghép ndi truc tiép khong phan biét dugc mic do quan
trong ctia tiing ngudn dif lidu, do d6 cac dic trung it hitu ich hodc chifa nhiu van c6 thé
4nh huéng dén biéu dién cudi cing.

Hop nhét c6 trong sd va cic co ché attention diéu tiét déng gép clia tiing ngudn
hoic tiing thanh phan dic trung [17, 75, 76]. Cidc mo hinh Transformer va phuong phap
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Hinh 1.6: Minh hoa hop nhdt ddc trung bang phép ghép néi vector.

dua trén ly thuyét bang chiing con hoc tuong tac hoic miic tin ciy gita cic nguodn [18,
19, 29, 77]. Pdi vé6i anh tén thuong da, cic mo hinh nay c6 tiém ning khai thac t6t hon
4nh va dif liéu m6 ta 1am sang, nhung do phic tap va nhu cau dit liéu khién cac phép hop
nhat truc tiép van can thiét 1am co s dbi ching [15, 28].

1.3.4. Han ché ciia cdc phwong phdp hop nhdt truc tiép

Hop nhét truc tiép c6 ba han ché chinh. Thi nhét, cac phép cong, nhan hoic ghép
ndi chua mod hinh héa day di tuong tac gitta diic trung anh, dic trung thii cong va dit liéu
mo ta 1am sang [17-19, 75]. Thi hai, ghép ndi c6 thé 1am ting sb chiéu, git lai thanh
phan du thita va ting nguy cd qua khdp khi dii liéu y t& han ché [49]. Thd ba, cic phép
hop nhat nay khong danh gia chét lugng titng nguodn trude khi két hop. Do d6, can lua
chon va diéu tiét bi€u dién trudc hop nhat dé€ han ché nhiéu, dong thdi khai thac quan hé
gitta cdc mau trong cic chuong tiép theo.

1.4.Entropy trong hoc biéu dién va danh gia do tin cay

Viéc hoc biéu dién dic trung va hop nhit da ngudn dit ra hai vin dé quan trong: (i)
danh gia chat luong cla dic trung va (ii) do ludng do tin cdy cta du dodn. Entropy, xuit
phat tir 1y thuyét thong tin [78, 79], dugc st dung trong luan 4n trén hai phan phdi khac
nhau. Entropy kich hoat dudc tinh tif tan suit cia cic mtc gia tri xuit hién trong ban do
dic trung bang logarit co sd 2 va c¢6 don vi bit. Entropy du doan dudc tinh tif phan phbi
xéc sudt 16p bang logarit tu nhién va cé don vi nat. Hai dai lugng khac d6i tuong tinh, co
s6 va muc dich st dung nén khong dudc dién giai thay thé cho nhau.

1.4.1. Entropy trén phdn phéi xdc sudt

Trong bai todn phan loai, diu ra cia md hinh thudng dudc bi€u dién dudi dang

phan phdi xdc sut trén céac 16p. Entropy clia phan phdi nay phan dnh miic do khong
chic chan ctia mo hinh d6i véi du doan. Khi phan phdi xdc suit tip trung manh vao mot
16p, entropy thudng thap va cho thiy md hinh ¢ xu huéng tu tin hon véi du doan. Ngudc
lai, khi x4c suat phan b tuong dbi déu gitta nhiéu 16p, entropy cao hon va phan dnh miic
do khong chic chan 16n hon [80, 81].
DINH NGHiA 1.1 [Entropy du dodn] Cho mo hinh phén loai fp véi tap tham s 6.
V6i mot miu dau vao x, mo hinh sinh ra phan phbi x4c suit du dodn trén (C) 16p:
po(¥|x) = [pe(1]x), ..., pe(Clx)]. Entropy dy dodn cia md hinh d6i véi mau (x) dugc
xac dinh theo logarit ty nhién bdi:

a

Hpreq(po(x Z (c|x)Inpg(c|x). (1.36)
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Trong d6, pg(c|x) 1a x4c suét du dodn mau x thudc 16p c. Entropy du doan st dung
logarit tu nhién, c6 don vi nat va dudc dung dé so sanh muc dd chic chan giita cic du
dodn. V&i bai toan nhi phan, gia tri 16n nhit 12 In 2, dat dugc khi hai 16p cling c6 x4c suit
0,5.

Gi4 tri entropy thip cho thdy phan phbi xdc suit du doan tip trung vao mot hoic
mot sb it 16p, tuong ing v6i miic do khong chic chan thap hon. Ngugc lai, gid tri entropy
cao cho thiy xéc suit du doan phan tan hon trén nhiéu 16p, phan dnh mic d6 khong chac
chin cao hon ctia mo hinh.

Trong nhiéu nghién cttu gan ddy vé& hoc sau c6 kiém sodt do tin ciy, entropy du dodn
dudgc stt dung nhu mot chi s6 phan anh mic dd khong chic chan ctia mé hinh, qua d6 hd
trg phat hién cac mau khé phan loai hoidc cic du dodn c6 do tin cay thip [82—-84]. Bén
canh do, entropy ciing dudc khai thac d€ lua chon nhan gia trong hoc ban gidm sat hodc
ddnh gid mic dd tin cly cia mo hinh khi gip dit liéu c6 phan b6 khac véi dif liéu huin
luyén [25, 85]. Trong pham vi luan an nay, entropy du doan dugc st dung nhu mét tiéu
chi dinh lugng dé€ danh gia miic do khong chac chan ctia mé hinh, 1am co sd cho viéc lua
chon cdc mau chua gan nhan c6 do tin cdy cao trong qua trinh gan nhan gia § Chuong 3.
Vi DU 1.1 [Entropy trén phan phdi xc suét] Xét bai todn hai 16p.

Truong hop 1 (entropy thdp):

p =1[0.95,0.05]

H = —(0.951n0.95+0.051n0.05) = 0.1985
Truong hop 2 (entropy cao):
p =1[0.50,0.50]

H=—(0.5In0.540.5In0.5) = 0.6931

Két qua cho thiy entropy trong trudng hop thi hai 16n hon, phan d4nh miic do khong
chac chan cao hon ctia mé hinh. Cac gia tri trong vi du dudc tinh bang logarit ty nhién
va cO don vi nat.

1.4.2. Entropy trén biéu dién ddc trung

Bén canh entropy du dodn, entropy c6 thé dudc tinh trén histogram gi4 tri kich hoat
ctia tiing ban do dic trung CNN. Pai lugng niy md ta mic phan tdn ctia dap tGng trong
ban do: phan bd tip trung tao entropy thip, con phan bd rong hon tao entropy cao. Vi
phép tinh khong st dung nhin 16p, entropy kich hoat khong truc tiép do kha ning phan
biét, mic lién quan dén nhan hoic gi4 tri chan dodn ctia ban do dic trung.

Dé dinh ludng miic dd da dang thong tin ctia ban do dic trung, entropy c6 thé dudc
tinh dua trén histogram ctia cdc gia tri trong ban dd dic trung [78, 79]. Céc nghién ciiu
gan day ciing cho thiy entropy c6 thé hd trg danh gia va Iua chon dic trung trong cic mo
hinh hoc sau [84, 86]. Trong muc nay, entropy dudc trinh bay & mifc tong quan nhu mot
thuéc do phan 4dnh su phan bd thong tin clia ban do dic trung; cach st dung entropy dé
chon loc ban dd dic trung trong md hinh dé xuit sé dudc trinh bay cu thé & Chuong 2.

Trong luén 4n, entropy kich hoat khong dudc sit dung nhu mot tiéu chi tuyét dbi dé
khang dinh ban do dic trung tdt hay x4u. Entropy thap chi cho biét phan bd kich hoat tap
trung hon; entropy cao chi cho biét phan b6 rong hon va trong mot s6 trudng hop c6 thé
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di kém nhiéu. BlockNet st dung mot khoang entropy tuong dbi trong tiing block nhu gia
thuyét sang loc khong giam sat. Tinh hitu ich ddi véi phan loai cia tip ban d6 dudc giil
lai dugc kiém chiing bang céc thi nghiém & Chuong 2, thay vi suy ra truc tiép tif entropy
clia tiing ban do.

Entropy dudc tinh ti histogram ctia mot ban do dic trung 1 entropy bién ctia phan
bd kich hoat. Pai luong nay khong st dung nhan 16p va khong truc tiép do khi ning
phan biét gitta cac 16p. Vi vdy, mot ban do c6 entropy cao van c6 thé chi yéu phan anh
nhiéu hoic bién thién khong lién quan; ngudc lai, mot ban do entropy thip van c6 thé
hitu ich néu phén ting chon loc v6i mot diu hiéu quan trong cda tdn thuong. Cach dién
giai phit hop 1a entropy mo td mic phan tan ciia dap ing, khong phai thuée do tuyét dbi
vé gia tri chdn doan ctia ban do dic trung.

VE ban chét, thong tin tuong hd (mutual information) danh gia miic phu thudc giiia
dac trung va nhan; Fisher score so sinh muc phan tach gitia cac 16p v6i mic phan tan
trong tiing 16p; con Chi-square danh gid mifc phu thudc thong ké giita dic trung va nhan
sau khi bi€u dién dii liéu phit hgp. Dy 1a cic tiéu chi c6 gidm sat, khic vdi entropy bién
dugc tinh truc tiép trén tiing ban ddo ma khong can nhan. Vi céc dai luong do nhitng thudc
tinh khdc nhau, khong th€ méc nhién suy ra tuong quan don diéu gitta entropy véi thong
tin tuong ho, Fisher score hodc Chi-square. Trong luin 4n, entropy dudc dung lam tiéu
chi sang loc khong giam sat; tinh hitu ich cta tap ban dd dudc chon phai dudc danh gia
bing hiéu ning phan loai va céc thi nghiém dbi chiing trinh bay & Chuong 2.

DINH NGHIA 1.2 [Entropy ctia ban do déc trung] Cho ban do déc trung f gdm Ny phén
ti. Goi Ky la s6 mtc gia tri kich hoat khac nhau thuc sy xuat hién trong f, n, 1a s6 lan
xuét hién ctia miic thd r va p, = n, /N +. Trong d6 entropy kich hoat dugc xac dinh bdi:

Kr
Hact(f) = - Z prlog, py. (1.37)

r=1
Entropy kich hoat c6 don vi bit va thoa man:

0 < Hai(f) <log, Kf <log, Ny. (1.38)

Gia tri Hyeo(f) phan dnh midc do phan tdn cla cdc gia tri kich hoat trong ban dd dic
trung. Entropy thap cho thdy céc gia tri tAp trung vao mot s6 it miic, con entropy cao cho
thiy céc gia tri phan bd rong hon trén nhiéu muic. Vi Hye(f) khong st dung nhan 16p,
dai lugng nay khong truc tiép do kha ning phan biét gitta cac 16p. Trong luan an, Ha.(f)
dugc st dung nhu mot tiéu chi sing loc khong gidm sat theo nghia tuong dbi trong ting
block.

Vi DU 1.2 [Entropy ctia nhiéu ban d6 dic trung trong cing mot block] Xét 4nh ISIC_0024345
tai 16p blockl_convl ctia VGG16. Gia st chon 5 ban d6 dic trung véi cdc phan phoi
histogram:

p) =10.70,0.20,0.08,0.02], p'® =1[0.55,0.25,0.15,0.05],
p3) =10.40,0.30,0.20,0.10], p™* =10.30,0.25,0.25,0.20],

p® =10.25,0.25,0.25,0.25]
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Entropy tuong tng:
H(f1) =0.8503, H(f;)=1.1217, H(f3)=1.2799,

H(fy) =1.3762, H(fs)=1.3863

Két qua cho thay ban dd dic trung c6 phan phdi cang tap trung thi entropy cang
thip, trong khi phan phdi cang dong déu thi entropy cang cao. Trong ciing mot block,
entropy dudc st dung d€ so sanh tuong d6i miic phan tan ctia phan b kich hoat gitta cac
ban dd dic trung.

Trong cting mot 16p tich chap, entropy clia cac ban do dic trung c6 thé dudc so sdnh
theo phan bd chung clia toan bd cac kénh. Cu thé, goi Hy, 12 entropy ctia ban do dic trung
tht k, va H 13 gia tri entropy trung binh cla tat ca cac ban d6 dic trung trong 16p. Khi
do:

« Ban dd dic trung ¢ Hy nhd hon so v6i H dudc xem 1a entropy thap, thudng phan
anh phan bd gid tri tip trung va c6 thé chia it bién thién thong tin.

* Ban do dic trung c6 Hy xap xi H dugc xem 12 entropy trung binh, thudng phan
anh miic do phan b thong tin cin bing hon trong cuing 16p tich chap.

* Ban dd dic trung c6 Hy 16n hon so v6i H dudc xem 1a entropy cao, thudng phan
anh phan bd gid tri phan tdn manh va c6 thé chifa nhiéu hoic biéu dién kém 6n dinh.

Trong nghién ctiu nay, viéc phan loai entropy thip, trung binh va cao dudc hiéu theo
nghia tuong dbi trong cting mdt 16p hodc cing mot block, thay vi st dung mot ngudng
tuyét d6i cb dinh cho moi trudng hgp. Cach phan loai chi so sanh mic phéan tan kich
hoat gitta cac ban do; n6 khong xép hang truc tiép kha ning phan biét 16p. Co ché sang
loc theo khodng entropy va cach danh gia tip ban dd dudc giit lai dudc trinh bay trong
Chuong 2.

Bang 1.2 minh hoa mot s6 ban dd dic trung dudc chon tir 16p blockl_convil. Céc
ban dd dic trung c6 entropy thép, trung binh va cao dudc xic dinh tuong dbi theo phan
bd entropy ctia toan bo cac kénh trong cting mot 16p.

1.4.3. Vai tro cua entropy

Luan 4n st dung hai dai lugng can dudc phan biét. O Chuong 2, entropy kich hoat
H,ei(F;,) dudc tinh trén histogram ctia ban do dic trung va mo ta muic phén tén kich hoat.
O Chuong 3, entropy dy dodn Hyeq(§;) dudc tinh trén phan phéi xdc suét 16p va dugc sd
dung nhu tiéu chi hd trg danh gid gan ding vé mifc d6 khong chic chan. Entropy kich
hoat khong truc tiép do kha niing phan biét 16p; entropy du dodn thip ciing khong bao
dam du dodn ding néu md hinh chua dudc hiéu chinh x4c suat tét.

Trong cac mo hinh hoc sau hién dai, entropy ngay cang dugc st dung rong rai dé
danh gida mic do khong chic chin, chit lugng hiéu chinh x4c suit va do tin ciy cia mo
hinh [81, 87, 88]. Pic biét trong linh vuc anh y té, entropy da dugc ting dung dé:

e phat hién cac mau khé phan loai,
 danh gia do tin cay cia du doan,

e chon loc nhan gia trong hoc ban giam sat,
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Bdng 1.2: Vi dy entropy ciia mot s6 bdn do ddc trung cia dnh “ISIC_0024345.jpg” tai
Iop blockl_convl ciia VGGI16

Kénh Ban d6 dic trung Nhom entropy
H = 0.0000

o) Thép
43 Trung binh
48 Trung binh
30 Cao

e va phan tich chat lugng biéu dién dic trung.

Céc nghién ctiu gan day tiép tuc khai thac entropy va cac thudc do khong chic chin
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dé€ nang cao do tin cdy ctia md hinh hoc siu trong anh y té [82-86].

Trong luan an, entropy dudc st dung theo hai hudng ddc 1ap vé dbi tugng do: (i)
sang loc khong gidm sat cac ban do theo miic phan tan kich hoat tuong ddi trong ting
block & Chuong 2; va (ii) phan tang mic do tu tin tuong d6i ctia du doan dé€ ho trg chon
nhan gid & Chuong 3. Hiéu qua ctia huéng thit nhit dudc danh gia bang két qua phan loai
clia tap biéu dién sau sang loc; do tin cdy ctia hudng thif hai dudc dién giai trong gidi
han ctia entropy du doan va khong thay thé viéc danh gid chat luong hiéu chinh xdc suat.

1.5.Hoc trén do thi va hoc ban giam sat

Trong céc bai todn phan loai anh, trong linh vuc 4nh y té, dit liéu thudng ton tai
dudi dang cac mau doc 1ap va sb luong dit liéu c6 nhan thudng han ché. Piéu nay lam
gidm kh4 niing tdng quat héa ctia md hinh hoc sau néu chi dua trén dit liéu ¢6 nhin. Do
do, viéc khai thac mbi quan hé gitta cac mau va tin dung dit liéu chua gan nhin trd thanh
mot huéng tiép cin quan trong. Hai huéng nghién ciiu tiéu biéu 1a biéu dién dit liéu dudi
dang d6 thi va hoc ban giam sat [20-22, 89].

Céc nghién citu gan day cho thiy mang nd-ron do thi (GNN) c6 kha niing khai thac
hiéu qua ciu tric quan hé giita cic mau dif lidu thong qua co ché lan truyén thong tin
trén dod thi [90, 91]. Pong thdi, hoc ban giam sit ngy cang dudc quan tAm trong &nh y
té do kha ning tin dung dif liéu chua gan nhan d€ ci thién hiéu qui mo hinh ma khong
can chi phi gan nhan 16n [92, 93].

1.5.1. Biéu dién dit liéu trén dé thi

Trong cic phuong phap hoc truyén thong, cdc mau dit liéu thudng dudc xem 13 ddc
lap. Tuy nhién, trong nhiéu bai toan thuc té, diic biét 1a phan loai anh ton thuong da, cic
mau c6 thé ton tai nhitng mdi quan hé tiém an. Do d6, mot cach tiép can hiéu qua la biéu
dién dit liéu dudi dang do thi G = (V, E), trong d6 mdi niit v; € V tuong ting v6i mot mau
dit liéu (vi du: mot &nh), va mdi canh e;; € E bi€u dién mbi quan hé gitia hai mau.

Mbi quan hé gilta cdc mau thudng dudc xic dinh dua trén do tuong dong trong
khong gian dic trung. Ma tran ké ctia do thi dudgc xay dung nhu sau:

Aij = sim(xi,xj), (139)

trong d6 sim(-) c¢6 thé 1a cosine similarity hodc khoang cach Euclidean. Trong thuc té,
dé dam bao tinh hiéu qua va tranh nhiéu, do thi thudng dudc xiy dung bang phuong phap
k-nearest neighbors (k-NN), trong d6 mdi nuit chi két nbi v6i mot s6 luong hitu han cac
ntt 1an cén c6 do tuong dong cao [89, 90]. Tham s6 k trong do thi k-NN khdng nén dugc
hi€u 12 mot hang s6 c¢d dinh cho moi dif lidu, ma 12 mot siéu tham s6 can dudc lua chon
theo dic diém ctia tap di liéu, mat d6 mau va muc tiéu can bing gitta kha ning khai thac
quan hé 1an cin va nguy cd dua thém canh nhiéu vao do thi.

Trén co sé do thi nay, cdc md hinh hoc sau trén do thi, diic biét 1a mang no-ron do
thi (mang no-ron dd this — GNN), dudc st dung dé khai thdc ciu tric quan hé gitta cac
mau. Thong qua cd ché lan truyén va tdng hop thong tin giiia cac nit 1an cin, GNN cho
phép mdi nut khdng chi hoc tir ddc trung ctia chinh né ma con tit cdc nit xung quanh, tir
d6 hinh thanh céc biéu dién dic trung c6 tinh nglt canh [20-22, 91].

Diéu nay dic biét phit hgp trong bai todn phan loai 4nh tén thuong da, ndi cdc miu
c6 thé c6 biéu hién thi gidc tuong tu nhung thudc cac 16p khic nhau, hodc ngudc lai.
Viéc khai thic quan hé gitta cdc mau trong khong gian dic trung giip mo hinh tin dung
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thong tin bd trd tif cac mau lan cin, qua d6 cai thién kha nidng phan biét gitia cdc 16p va
tdng tinh dn dinh clia biéu dién.
Mot budc cap nhat dic trung di€n hinh trong GNN c6 thé dudc md ta nhu sau:

hﬁl“)o( y W<l>h§.”>, (1.40)

JEN (i)

trong do hl@ la vector dac trung cta nut i tai 16p [, .47 (i) 1a tap cac nut lan cén, va w®
12 tham s6 can hoc [20-22].

Ngoai cdc md hinh GCN c¢o ban, nhiéu bién thé GNN khéc ciing da dudc dé xuat
nham cai thién kha ning biéu dién va lan truyén thong tin trén do thi, chang han nhu
Graph Attention Network (GAT), GraphSAGE va Graph Isomorphism Network (GIN)
[21, 22, 91]. Cac md hinh nay cho phép hoc bi€u dién linh hoat hon thong qua attention
hoic co ché téng hop dic trung thich nghi.

Hinh 1.7 minh hoa c4ch dit liéu 4nh dugc chuyén ddi thanh do thi va dudc xit 1y bi
cdc md hinh hoc trén d6 thi. Trong d6, cdc anh dau vao dudc trich xuét thanh cic vector
dic trung, sau d6 ducc biu dién dudi dang cac nit trong do thi. Cac canh gitta cdc niit
phén d4nh mic do tuong ddng gitta cidc mau, trong khi cac 16p GNN thuc hién viéc lan
truyén thong tin d€ hoc céc biéu dién dic trung c6 tinh ngi canh.

Hinh 1.7: Minh hoa pipeline hoc trén doé thi cho bai todn phdn loai dnh ton thuong da.
Cdc ddc trung dnh va metadata duoc sit dung dé xdy dung do thi, trong dé méi niit biéu
dién mot mdu va cdc canh phdn dnh miic dé tuong dong giita cdc mdu. Mé hinh GNN
lan truyén thong tin giita cdc niit ldn cdn nham hoc biéu dién co tinh ngit cdnh, tao co
sd cho viéc khai thdc quan hé gifta cdc mdu trong cdc thiét Idp hoc bdn gidm sdit.

Tit hinh c6 thé thiy ring mdi anh dudc biéu dién nhu mot niit trong dd thi, trong d6
cac canh thé hién mbi quan hé tuong ddng gitta cdc mau. Qua trinh lan truyén thong tin
trong GNN gitip c4c nit cap nhat bi€u dién clia minh dua trén ngli canh lan can, tir d6
nang cao kha nang phan biét gitta cac 16p di licu.
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Trong linh vuc 4nh y t&, nhiéu nghién ctiu da ing dung GNN cho céc bai toan phan
loai bénh, phan tich &nh m6 bénh hoc va phan loai ton thuong da [89, 94, 95]. Cé4c nghién
ctfu nay cho thly GNN c6 kha ning tin dung hiéu qui mbi quan hé giita cac mau dit lidu
trong khong gian dic trung, trong cac thiét 1ap dif liéu han ché nhan.

1.5.2. Hoc ban giam sat

Trong nhiéu bai todn thuc té, dif liéu c6 nhin thudng khan hiém trong khi dif liéu
chua gan nhin lai rit phong phi. Hoc ban giam sat (semi-supervised learning) dudgc phat
trién nham tin dung ca hai loai dit liéu nay dé nang cao hiéu qua ctia md hinh [96, 97].

Trong bdi canh hoc trén dd thi, GNN c6 kha ning lan truyén thong tin tif cac niit c6
nhin sang cdc niit chua c¢6 nhan thong qua ciu triic két ndi ctia dd thi. Piéu nay gitp cai
thién kha ning hoc biéu dién va phan loai ngay ca khi s6 luong nhan ban dau han ché
[20, 93].

Mot ky thuat phd bién trong hoc ban gidm sat 12 gan nhin gia, trong d6 mo hinh
dudc st dung d€ du doan nhan cho cac mau chua gan nhan, sau d6 cdc nhan du dodn nay
dudgc st dung nhu nhin gia d€ mé rong tap dit liéu huan luyén [23-25]. Vé ban chit, gan
nhan gia cho phép mo6 hinh khai thac thém thong tin tit dit li€u chua gan nhan ma khong
can chi phi chi thich thii cong. Khi cdc du doan di chinh xdc, phuong phdp niy c6 thé
gitip md rong tap hun luyén hiéu qua va cai thién kha ning tdng quit héa ctia mo hinh.

Tuy nhién, gan nhin gid ciing tiém 4n rdi ro lan truyén sai léch néu mo hinh s
dung céc du doan thiéu tin cay dé ti huin luyén. Trong trudng hop mo hinh du dodn sai
nhung van c¢6 do tu tin cao, cac nhin gi sai c6 thé tiép tuc dugc dua ngudc vao qua trinh
hoc, 1am khuéch dai sai s6 qua nhiéu vong lip huin luyén. Hién tudng nay thudng ducc
goi 1a confirmation bias [25]. Rii ro nay dic biét dang chi y trong cac bai toan anh y té
va dif liéu mat can bang, ndi cc 16p hiém thuong khé du doan hon va dé bi chi phdi béi
cac 16p phd bién.

Do d6, trong cdc nghién ctiu gan ddy, vin dé quan trong khong chi nam & viéc tao
nhén gi4, ma con & cach danh gid do tin cdy ctia nhin gia true khi st dung cho tdi huin
luyén. Nhiéu huéng tiép cin da dé xuét cac co ché c6 xét dén mic do khong chic chin
hoic c6 kiém sodt do tin cdy nham Iya chon cac mau c6 dd tin cdy cao [84, 85, 98]. Mot
s6 nghién ctiu st dung entropy hoic uéc lugng mitc d6 khong chic chan dé danh gid miic
d6 chic chan ctia md hinh trudc khi sinh nhin gia [80, 82]. Pay ciing 1a co s d€ luan
4n tiép cAn bai todn gdn nhin gia theo hudng c6 ki€m sodt do tin cdy, trong d6 entropy
du dodn dudc st dung d€ ddnh gid do tin cay va chon loc cic nhan gia tru6e khi tdi huin
luyén trong Chuong 3.

Cac phuong phap hoc ban giam sat hién dai nhu FixMatch, consistency regulariza-
tion hoic self-training da cho thiy hiéu qua trong nhiéu bai todn thi gidc mdy tinh va anh
y t& [24, 99]. Pic biét, trong anh y té, hoc ban gidm sit dugc xem 12 hudng tiép can phi
hop do qua trinh gan nhan thudng yéu ciu chuyén gia va chi phi cao [92].

1.5.3. Rui ro cuia gdn nhan gia

Mic du gan nhin giad mang lai nhiéu 16i ich, phuong phap nay ciing tiém 4n nhiing
rdi ro. Néu mo hinh dua ra du dodn sai va cac nhin sai nay dudc st dung trong qud trinh
huén luyén tiép theo, sai s6 c6 thé bi khuéch dai qua cac vong lip, din dén hién tugng
lan truyén sai 1éch nhan, thudng dudc goi 1a confirmation bias [25].

Rii ro ndy dic biét nghiém trong trong cac bai toan dif liéu mat can bang, khi cac
16p chiém uu thé c6 thé chi phdi qud trinh hoc va lam suy gidm khé ning nhan dién céc
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16p hiém. Do d6, van dé cbt 16i khong chi nam & viéc st dung nhin gia, ma & cach lua
chon va kiém soat chit lugng clia cdc nhan gid dudc dua vao huén luyén.

Nhiéu nghién ctiu gan diy da dé xuit cic co ché c6 xét dén miic do khong chic
chin hoic c6 kiém sodt dd tin cdy nham gidm rii ro ctia gdn nhan gia bang cach chi lua
chon cdc mau c6 dd tin cay cao [84, 85]. Mot s6 phuong phap con két hop entropy hoiic
uéc lugng mic dd khong chac chan dé danh gid miic d6 chic chian cia md hinh trudc
khi sinh nhan gia [80, 82].

Trong bbi canh anh tn thuong da, viéc két hop hoc ban gidm sit v6i mo hinh hoc
trén do thi va co ché danh gia do tin ciy dudc xem la hudng nghién ciu tiém ning nham
tan dung dit liéu chua gan nhin dong thdi han ché nguy co lan truyén sai 1éch nhan.

1.6.Panh gia mo hinh phan loai anh y té

Panh gia mo hinh 12 mot buée quan trong trong cc bai todn phan loai anh y té
nham xdc dinh kha ning tdng quat héa, d6 &n dinh va mic dd tin ciy ciia mo hinh trén
dit liéu chua quan sit. Trong cic bai to4an phan loai ton thuong da, di liéu thuong méat
cin bang manh gitta cic 16p, do d6 viéc chi st dung accuracy la chua di d€ phan anh
day dd chat lugng ctia md hinh [100-104].

Céc nghién cdu gan day trong linh vuc 4nh y té thudng st dung dong thdi nhiéu
do do nhu precision, recall, sensitivity, specificity, F1-score va AUC nham danh gida mo
hinh tif nhiéu géc nhin khac nhau [105-108]. Ngoai ra, trong cdc thiét 1ap di liéu mat
can bang, cic dd do macro-average ngay cang dudc st dung rong rdi nham gidm anh
hudng chi phdi cta céc 16p 16n [102-104].

1.6.1. Cdc chi sé theo Idp trong dit liéu mdt cdn bang

Trong céac bai toan phan loai véi dit liéu mét can bang, viéc danh gia mo hinh chi
bang accuracy la chua di, vi md hinh c6 thé dat d6 chinh xdc cao nhung van hoat dong
kém trén cac 16p hiém. Do d6, cic chi s6 theo 16p nhu precision, recall, sensitivity,
specificity va Fl-score dugc st dung dé phan dnh diy dd hon hanh vi ctia bo phan loai
[100-104].

Accuracy dudc xac dinh béi Cong thic (1.41).

TP+TN

Acc = . (1.41)
TP+TN+FP+FN

Trong d6, Acc 1a d chinh x4c tng thé; TP 1a s6 mau duong tinh ding; TN 1a sb mau
am tinh ding; FP 12 s6 miu 4m tinh bi du dodn sai thanh duong tinh; va FN 1a s mau
duong tinh bi dy doén sai thanh dm tinh.
Precision cua 16p ¢ dudc xac dinh bdi Cong thiic (1.42).
TP.
TP.+FP.

Prec. = (1.42)

Trong d6, Prec, 1a precision ctia 16p ¢; TP, 1a s6 mau dudc du doan diing thudc 16p c; va
F P. 13 6 mau khong thudc 16p ¢ nhung bi du dodn nham 12 16p c. Precision dic biét hitu
ich khi can kiém soat s6 lugng du doan duong tinh gia [100, 102-104].
Recall cta 16p ¢ dugc xac dinh bsi Cong thic (1.43).
TP.

< (1.43)
TE. + FN,

Rec. :=
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Trong d6, Rec, 1a recall ctia 16p ¢; TP. 1a s miu duong tinh ding ctia 16p c; va FN, 1a
s6 mau thudc 16p ¢ nhung bi du dodn sai. Recall phan anh kha niing phat hién ding céc
mau thudc 16p quan tam [100, 102—-104].
Sensitivity dudc xac dinh bdi Cong thuc (1.44).
TP

Sens i = ——. (1.44)
TP+FN

Trong d6, Sens 1a do nhay; TP 13 s6 miu duong tinh diing; va FN 1a s6 miu duong tinh

bi du doan sai. Trong cac bai toan y sinh, sensitivity dac biét quan trong vi phan anh kha

nang phat hién dung cac truong hop bénh [101, 103-105].
Specificity dugc xac dinh b6i Cong thuc (1.45).

TN
TN+FP
Trong d6, Spec 1a do dic hiéu; TN 1a sé6 mau am tinh ding; va FP 1a s6 miu 4m tinh
bi du dodn sai thanh duong tinh. Chi sb nay phan anh kha ning loai trir ding cic mau
khong thudc 16p bénh [101, 103-105].

F1-score dugc xac dinh béi Cong thuc (1.46).
_ 2PrecRec
~ Prec+Rec’

Spec := (1.45)

Fl: (1.46)

Trong d6, F1 1a trung binh diéu hoa gitta precision va recall; Prec 1a precision; va Rec
1a recall. Fl1-score phu hop khi cin ddnh gi4 dong thoi kha ning phat hién ding va kha
ning han ché du doan nham trong diéu kién dit liéu léch 16p [100, 102—104].

Ngoai céac chi sd trén, gia tri loss ciing thudng dudc theo déi trong qua trinh huin
luyén dé€ danh gid kha niing hoi tu va do &n dinh cla qud trinh tdi uu. Tuy nhién, loss
chti yéu phan anh hanh vi tdi uu héa, trong khi accuracy, precision, recall, sensitivity,
specificity va Fl1-score phan 4nh truc tiép chat luong phan loai trén dif liéu danh gia.
1.6.2.ROC, AUC va cdc dé do tong hop

DE danh gid kha ning phan biét cia md hinh trén toan bd mién ngudng quyét dinh,
duong cong ROC va dién tich dudi duong cong AUC dudc st dung rong rai [101, 103—
105].

True Positive Rate dugc xac dinh bsi Cong thic (1.47).
TP
" TP+FN’

Trong d6, TPR Ia ti 1¢ duong tinh diing; TP 1a s mau duong tinh diing; va FN 1a s6 mau
duong tinh bi du doén sai.

False Positive Rate dudc xac dinh bdi Cong thic (1.48).
. FP
"~ FP+TN’

Trong d6, FPR 14 ti 1& duong tinh gia; FP 13 s6 miu 4m tinh bi du dodn sai thanh duong
tinh; va TN 1a s6 mau am tinh ding.

Hinh 1.8 cho biét dudng cong ROC va dién tich dudi dudng cong AUC. Pudng
cong cang tién gin goc trén bén trdi thi mo hinh cang c6 kha ning phan biét tot; tuong

TPR (1.47)

FPR (1.48)
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ting, AUC cang 16n thi kh4 niing xép hang miu duong cao hon miu am cang tot [101,
103-105].

Hinh 1.8: Puong cong ROC minh hoa méi quan hé giita True Positive Rate va False
Positive Rate khi thay déi ngudng quyét dinh. Dién tich dudi duong cong, ky hiéu la
AUC, phdn dnh khd ncing phdn biét tong qudt ciia mé hinh.

Trong thiét 1ap da 16p hoic khi dit liéu mit can bang manh, cic do do tong hop theo
ki€u macro-average dugc st dung dé tranh hién tudng 16p 16n chi phdi két qua chung
[102, 108]. Macro F1 dugc xac dinh béi Cong thuc (1.49).

1 C
MacroFl := = }  Fl.. (1.49)
c=1
Trong d6, MacroF1 1a F1-score trung binh theo 16p; C 1a s6 16p; va F1,. 1a Fl-score cia
16p c.
Macro AUC dudc xac dinh bdi Cong thic (1.50).

C
) AUC.. (1.50)

c=1

1
MacroAUC = —
acro c
Trong d6, MacroAUC 1a AUC trung binh theo 16p; C 1a s6 16p; va AUC,. 1a AUC cia 16p
c trong thiét 1ap one-vs-rest.
Macro sensitivity dudgc xac dinh bsi Cong thic (1.51).

1& TP

MacroSens := — Z m
C C

- (1.51)

c=1

Trong d6, MacroSens 1a sensitivity trung binh theo 16p; TP. 1a s6 mau duong tinh diing
ctia 16p ¢; va FN, 1a s6 miu ctia 16p ¢ bi du dodn sai.
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Macro specificity dugc xac dinh béi Cong thuc (1.52).

1. & TN
MacroSpec == — ) ———¢__ 1.52
acroSpec =7 ) TN, +FP. (1.52)

c=1

Trong d6, MacroSpec la specificity trung binh theo 16p; TN, 1a s6 miu 4m tinh diing ctia
16p c; va FP. 1a s6 miu am tinh bi du doén sai thanh 16p c.

Ngoai céc do do trén, trong nhiéu nghién ctiu hién dai, qua trinh dénh gid con dudc
thuc hién thong qua cross-validation nham giam anh hudng cia viéc chia dit liéu ngiu
nhién va ting tinh 6n dinh ctia két qua [106, 107]. Trong cé4c bai toan anh y té véi di
liéu han ché, repeated stratified k-fold cross-validation thudng dudc st dung dé ddm bao
phan bd 16p 6n dinh giita cic fold va phan dnh khach quan hon kha ning téng quat héa
cua mo hinh [103, 104].

Céc do do tong hop nay dic biét phi hdp trong cac bai toan phan loai ton thuong da
va dit liéu mét can bing, ndi hiéu ning trén 16p hiém cé y nghia thuc tién cao va khong
nén bi che khuit bdi 16p chiém uu thé.

1.7.Co s6 hinh thanh hudng tiép cin cia luin an

Trén co s3 cac ndi dung tdng quan di trinh by, muc nay hé thong héa nhiing khoang
trong nghién cifu lién quan truc tiép dén hudng tiép can cla luan dn. Cac khoang trong
nay tap trung vao hai nhém van dé: chon loc va hop nhit dic trung da ngudn; hoc ban
giam sat trén do thi c6 kiém soat dd tin ciy.

1.7.1. Cdc vdn dé nghién citu can tiép tuc gidi quyét

Cac nghién ctiu gin day trong phan loai anh tdn thuong da cho thdy xu hudng
chuyén tit mo6 hinh 4nh don ngudn sang md hinh khai thac anh, dic trung hoc sau, dic
trung tha cong va dit liéu mo ta 1am sang [14, 28, 49, 72, 109, 110]. Tuy nhién, van con
mot sd van dé can gidi quyét.

Thit nhét, cdc mo6 hinh hoc sau tao ra nhiéu ban do dic trung & cc tang khac nhau
[59-61]. Cac nghién citu phan loai tdn thuong da da hgp nhit dic trung tif nhiéu tang
hoidc nhiéu CNN [11, 66]; cdc co ché Squeeze-and-Excitation vi CBAM da hoc trong
s6 dé tai hiéu chinh dap ting theo kénh hoic theo ca kénh va khong gian [67, 68]; céc
phuong phap chon loc dua trén entropy hodc lugng thong tin ctia ban do da dudgc ding
dé€ danh gia bd loc nham nén mang [69, 70]. Tuy nhién, cdc nhém phuong phap nay lan
lugt tip trung vao hop nhat véc-to dic trung, gan trong s6 mém trong mang hoic nén
kién tric. VAn dé con lai d6i véi luan 4n 12 chon loc tuong d6i cac ban do trong tling
block ma khong st dung nhén tai bu6c tinh tiéu chi, giif nguyén backbone, rdi hop nhét
tap bi€u dién da chon véi dic trung thii cong trong bdi canh dit lidu tén thuong da mét
can bang. Entropy chi dugc xem la tiéu chi hd trg danh gia vé phan bd kich hoat; hiéu
qua phan loai ctia lua chon nay phai dudc kiém chiing thuc nghiém.

Thi hai, hop nhét dic trung thii cong va dic trung hoc sau da dugc st dung dé khai
thac tinh b6 trg gitta cac nguodn biéu dién [9, 10, 111]. Tuy nhién, nhiéu phuong phap
van dua trén ghép ndi vector hodc két hgp tuyén tinh. Céch tiép can nay don gidn nhung
chua diéu tiét déng gép cua tiing ngudn dic trung theo chit luong thong tin, dong thoi
chua kiém soat t6t thanh phan du thira hodc nhiéu trong khong gian biéu dién [48, 72,
112]. M6t s6 nghién ciu da st dung attention hodic cross-attention dé hoc quan hé gitia
cac ngudn dif lidu [17, 29], nhung viéc lua chon dic trung trudc khi hop nhit van can
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dugc nghién ctiu thém.

Tht ba, dit liéu md ta 1dam sang nhu tudi, gidi tinh va vi tri t6n thuong 13 ngudn
thong tin b trg cho phan loai [14, 28, 109, 110]. Ngudn nay thudng chi dudc dua vao
md hinh nhu mot véc-to phu; vai trd ctia nd trong xay dung bi€u dién niit va quan hé gitta
cdc mAu trén do thi vin chua dugc khai thac day da [14, 18, 19].

Thii tu, hoc ban gidm sit va gan nhan gia phit hop véi anh y t& do dit liéu ¢ nhan
thudng han ché, trong khi dit liéu chua gan nhan nhiéu hon [23, 24, 95, 113]. Tuy nhién,
chat luong nhan gia anh hudng truc tiép dén qu4 trinh huan luyén lai. Néu mau gan nhan
sai dugc dua vao huén luyén, sai 1éch c6 thé lan truyén, nhat 1a trong di liéu mit can
bang. Cac nghién ctiu gan diy da nhin manh rii ro sai 1éch nhan gia va nhu cau kiém
soat dd tin cdy trong hoc ban giam sat [25, 84, 85]. Trong hoc ban gidm sat trén do thi,
viéc danh gid mic d6 khong chac chan va do tin cdy ctia nhin gia van con han ché [92,
93].

Thi niim, mang no-ron do thi da dudc st dung dé€ khai thac quan hé gitta cic mau
[20, 22, 91]. Tuy nhién, viéc két hop dic trung hoc sau, dic trung thii cong va di liéu
mo t4 1am sang trong mot bi€u dién do thi théng nhét vin can dudc nghién ciiu, nhét 1a
trong hoc ban gidm sét va dif liéu mit can bing [89, 95].

Bdng 1.3: Tong hop cdc hudng hoc da nguon, hoc trén do thi va khai thdc dit liéu chua
gan nhan

Nhém phuong  MetadataQuan D Kiém BDic diém va gidi han
phéap hé lién  liéu soat
mau chua nhan
nhan  gia

Hopnhitdanhva C6 Khong Khong Khong B& sung ngit canh 14m sang cho biéu dién

metadata [14, 4nh, nhung chii yéu xi ly tiing mau doc
28] lap.

Attention hoac C6 Khong Khéng Khong Hoc tuong tic thich nghi giita cac ngudn
cross-attention trong tiing mAau, nhung chua moé hinh héa
da ngudn [17, quan hé lién mau.

18]

Gannhan giac6 Tuy Khong Co C6  Giam anh hudng cia nhan gia kém tin
kiém soat do tin  phuong ciy, nhung it khai thac dong thdi ciu triic
cly [84, 85, 113] phép quan hé va biéu dién da ngudn.

Hoc ban giam Han Co Co Han Khai thiac quan hé lién mau, nhung co ché
st trén do thi ché ché  phdi hop metadata, dic trung thi cong va
[93, 95] loc nhin gia chua dudc xem xét dong thai.

Bang 1.3 cho thiy bon huéng nghién citu phat trién theo céc truc b trg nhung chua
hdi tu hoan toan. Hop nhit anh v metadata 1am giau ngi canh cho biéu dién cla tliing
maAu; attention va cross-attention cho phép diéu tiét tuong tac gitta cic ngudn; gan nhan
giad md rong pham vi khai thdc dit liéu chua gan nhin; con hoc ban gidm sat trén do thi
dua quan hé lién mau vao qud trinh lan truyén thong tin. Su tach biét giiia cac truc nay
tao ra ba gidi han lién quan. Thif nhit, tuong tic da ngudn thudng dugc mo hinh héa
trong pham vi tiing mAu nén chua phan dnh ciu tric 14n cin cda dif liéu. Thi hai, cdc
phuong phap gan nhan gia c6 kiém soat do tin cdy chua khai thac day da biéu dién dong
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thi tf 4nh, dic trung thd cong va metadata trén do thi. Thi ba, hoc ban giam sit trén
dd thi da tin dung quan hé lién miu nhung viéc két hop co ché hop nhat da nguodn véi
lua chon nhén gia theo d tin cdy van con han ché. Tir d6 hinh thanh nhu cau nghién ciu
mot khung théng nhét gitta bi€u dién da nguodn, ciu tric do thi va co ché khai thic dit
liéu chua gan nhan c6 kiém soat.

T c4c phan tich trén, khodng trong thit nhit 1a thiéu mot co ché thong nhét dé€ chon
loc ban d6 dic trung theo titng block, giit nguyén backbone, sau dé hop nhét biéu dién
da chon véi dic trung thi cong va xi ly dif liéu mét can bang. Khoang trong nay khong
pht nhan cdc nghién ctiu vé attention kénh hoic chon loc bd loc bing entropy nhim nén
mang, ma xac dinh phan chiing chua gii quyét trong quy trinh hop nhit dic trung cia
luan 4n. Khoang trong thi hai 1 thiéu mot khung hoc ban giam sat két hop dic trung
4nh, dic trung thi cong va metadata d€ mo hinh héa quan hé gitta cdc mau trén do thi,
dong thoi kiém soat do tin cdy clia nhin gia. Hai khodng trong tucng ing vdi hai huéng
phuong phép dugc phat trién trong Chuong 2 va Chuong 3.

1.7.2. Dinh huédng tiép cdn ciia ludn dn

Tt cdc khoang trdng nghién citu da phan tich, luin 4n xé4c dinh hai huéng tiép cin
chinh.

Hudng thid nhit st dung entropy kich hoat nhu mdt tiéu chi sang loc khong giam
sat trude khi hop nhét. Entropy md ta mic phan tan cta histogram kich hoat va khong
truc tiép biéu thi kha ning phan biét 16p. BlockNet x4c dinh khoang entropy tuong ddi
trong tiing block, xay dung biéu dién tir tip ban d6 dudgc giit lai va danh gid lua chon nay
bing hiéu niing phén loai trong Chuong 2.

Hud6ng thit hai mo hinh héa dit liéu da ngudn bang hoc trén dd thi va hoc ban gidm
sat. Dic trung anh, dic trung thi cdng va di liéu mo ta 1am sang dudc dung dé xay dung
bi€u dién niit va quan hé giita cdc miu; mang no-ron do thi sau d6 khai thac quan hé lién
mau thay vi x@t ly titng mau doc 1ap [20, 22, 89, 91].

Bén canh do6, ludn an khai thac dit li€éu chua gan nhan thong qua gan nhan gia cé
ki€m soat do tin ciy. Md hinh ban dau dudc huin luyén trén dif liéu ¢ nhan, sau d6 du
doan nhan gia cho cidc mau chua gan nhan. Thay vi st dung toan bd nhan gia, luan an
lua chon cac miu cé dd tin cdy phu hdp nham han ché lan truyén sai léch nhan trong
qua trinh huan luyén lai [25, 85]. Noi dung nay 1a co s& cho phuong phap dudc trinh bay
trong Chuong 3.

Céc dinh hudng trén dudc hinh thanh tif qua trinh phat tri€n nghién ctiu cia Nghién
ctiu sinh. [CT1] khao sét viéc két hop dic trung thi cong va dic trung hoc siu trong
phan loai anh; [CT2] d4nh gia cac md hinh CNN va ensemble learning trén dit liéu ton
thuong da. Tir nén tang d6, [CT3] tap trung vao lua chon ban dd dic trung theo entropy
va hop nhét dic trung da ngudn; [CT4] md rong sang hoc ban gidm sat trén do thi véi co
ché danh gid do tin ciy dua trén entropy.

Két luan Chuong 1

Chuong 1 da trinh bay bai to4dn phan loai anh ton thuong da véi dic trung hoc sau,
dic trung thd cong va dit liéu mo ta 1am sang; dong thdi hé théng hda co s vé hop nhit,
entropy, hoc trén do thi, hoc ban gidm sat va danh gid mo hinh.

Tir tong quan nghién cifu, chuong di x4c dinh cac khoang trong chinh: thiéu co ché
lua chon ban d6 dic trung trude khi hop nhat; hop nhit da nguén con han ché trong kiém
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soat thong tin du thira va nhiéu; metadata chua dudc khai thic day dd trong xay dung
quan hé gita cdc mau; va gan nhin gia trong hoc ban gidm sat can co ché kiém sodt do
tin cdy.

Céc phan tich nay dinh huéng hai ndi dung nghién ciu tiép theo ctia ludn 4n.
Chuong 2 dé xuit phuong phap hop nhit dic trung dua trén chon loc entropy, con
Chuong 3 trinh bay md hinh hoc ban giam sat da ngudn trén do thi cho phan loai 4nh t6n
thuong da.
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CHUONG 2: HOP NHAT PAC TRUNG PA NGUON DUA TREN
CHON LOC ENTROPY CHO PHAN LOAI ANH
TON THUONG DA

M¢ dau

Céc mo hinh hoc sau, trong d6 ¢6 mang no-ron tich chap (CNN), dudc st dung rong
rii trong phén loai &nh y té, bao gdm anh t6n thuong da [1, 12, 27]. Cac mang CNN tao
ra nhiéu ban d6 dic trung & cac block khac nhau, nhung miic déng gép cia ching d6i
v6i bai toan phan loai khong dong déu. Viéc gii lai cac phan hoi yéu, du thira, it lién
quan hoic khong 6n dinh c6 thé gay nhiéu va 1am gidm chit luong bi€u dién trudc qua
trinh hop nhit va phan loai. Vi vy, cin danh gid va sang loc cic ban do dic trung truéc
khi x4y dung biéu dién hop nhat.

Bén canh d6, nhiéu huéng nghién ctu da két hop dic trung hoc siu véi dic trung
thi cong d€ khai thac tinh bd trg gitta biéu dién tu dong va tri thic mién [8—10]. Tuy
nhién, phan 16n cic phuong phap hién nay van thuc hién hop nhit truc tiép cic vector
dic trung thong qua céc phép ndi vector hodc cac phép két hop tuyén tinh don gian. Khi
biéu dién dau vao con chifa nhiéu thanh phan du thita hodic nhiéu, qua trinh hop nhat cé
thé 1am tidng do phtic tap cia md hinh ma khong céi thién tuong ing kha ning phan loai.
Dong thdi, dit liéu 4nh t6n thuong da thudng ton tai hién tugng mat can bang 16p nghiém
trong, trong d6 cac 16p thiéu s6 c¢6 s6 lugng mau rat han ché. Piéu ndy 1am cho mo hinh
dé thién 1éch vé 16p chiém uu thé va 1am gidm kha niing nhan dién céc tén thuong nguy
hi€m.

Chuong nay ké thita mot phan dinh hudng nghién ctu tir [CT1] vé két hop dic trung
tht cong va dic trung hoc sau trong phan loai anh. Tuy nhién, [CT1] chii yéu thuc hién
hop nhit truc tiép cdc vector dic trung va chua xem xét viéc sang loc tiing ban do dic
trung trong cac block CNN truéc khi hdp nhat. Vi vay, Chuong 2 phat trién mo hinh
BlockNet, trong d6 entropy kich hoat dudc dung dé mo ta do phan tan cla céc gid tri
trén titng ban dd va thiét 1ap mot quy tic sang loc khong giam sat; gia tri phan loai ctia
tap ban dd dudc giit lai dudc ddnh gid bing thuc nghiém & budc sau.

Khéc véi cac phuong phép chi st dung dic trung tif mot ting CNN cudi hodic hop
nhit truc tiép toan bo ban do dic trung, phuong phap dé xuat khai thac dong thdi nhiéu
block tich chip nham thu nhan cic muc biéu dién khdc nhau cia anh tSn thuong da. Trén
c0 s3 cdc ban do dic trung dudc trich xut tif cac block ctia mang CNN, entropy dudc st
dung nhu moét tiéu chi dinh lugng dé ddnh gia mic do phan b thong tin clia titng ban do
dic trung. Céc ban do dic trung c6 entropy phit hop dugc Iva chon d€ gidm thanh phan
du thira va nang cao kha ning biéu dién ctia dic trung hoc siu trudc khi thuc hién hop
nhat véi cac dic trung thi cong.

Bén canh d6, chuong ciing dé xuit cd ché can bang trong khong gian dic trung
nham cai thién kha ning hoc dbi vé6i cac 16p thiéu s trong dif liéu méit can bang. Thay
vi ting cudng tryc tiép trén dnh dau vao, qua trinh cin bing dudc thuc hién trén cac biéu
dién dic trung da dugc chon loc theo entropy va hgp nhit da ngudn. Cach tiép can nay
hudng t6i cai thién chat lugng biu dién dau vao trude khi thuc hién qua trinh hgp nhét
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va phan loai.

Noi dung chuong bao gdm md hinh biéu dién dic trung da ngudn, co ché Iva chon
ban d6 dic trung dua trén entropy, phuong phap hop nhit dic trung, chién ludc can bing
trong khong gian dic trung va phan tich két qué thuc nghiém ctia mo hinh dé xuét.

Noi dung ctia chuong lién quan dén cong bd ctia Nghién ctiu sinh & [CT3].

2.1.Phat biéu bai toan

Ké thira phat biéu bai toan phan loai anh va cac ky hiéu nén tang da trinh bay &
Chuong 1, chuong nay tap trung vao bai toan xay dung biéu dién dic trung da ngudn cho
phan loai anh t&n thuong da dua trén chon loc ban do dic trung theo entropy.

Trong phuong phéap dé xuit, mo hinh phan loai khong dugc xay dung truc tiép trén
&nh dau vao, ma trén khong gian biéu dién dic trung sau qu4 trinh lua chon ban do dic
trung va hop nhat da nguon. Tap dit liéu c6 nhan dudc ky hiéu theo Cong thiic (2.1).

2 = {(x,y1) Y1, (2.1)

trong d6 x; 12 mau dit liéu dau vao thi i, y; € # = {1,2,...,C} 1a nhan 16p tuong ting, C
12 56 16p va N 1a s6 luong mau.

B0 phan loai dudc xay dung trén khong gian dic trung hop nhat, dugc xac dinh theo
Cong thuc (2.2):

Dz a (2.2)

trong d6 Z 1a khong gian biéu dién dic trung sau hop nhit va @ 12 tap tham sd cia mo
hinh.

Trong chuong nay, méi mau di liéu dugc biu dién dudi dang da ngudn, bao gdom
thong tin 4nh va céac dic trung bo trg:

X% = (x,(img),xﬁh)) , 2.3)

trong do xl(img ) ")

hinh dang.

Khéc véi cac phuong phap chi st dung dic trung tit mot ting CNN cubi, BlockNet
khai thac dong thai nhiéu block tich chip nham thu nhan cdc miic biéu dién khac nhau
cia anh ton thuong da. Cdc block ctia mang CNN dugc xdc dinh theo Cong thic (2.4).

12 4nh dau vao va xl( 1a cac dic trung thi cong nhu mau sic, két cau va

2% = {blockl_convl,blockl_conv2,... block5_conv3}, (2.4)
V6i mbi block b € 4, tap ban dd dic trung dudc xac dinh theo Cong thifc (2.5).
b
FO(x) = (R ()}, 25)

trong do Fn(ib) (x) 1a ban do dic trung thd m cla block b, va Mj, 1a s6 lugng ban do dic
trung cua block dé.

Céc ban d6 dic trung khong chi dudc st dung nhu biéu dién trung gian ctia CNN,
ma con dudc xem nhu cic thanh phan can danh gia va lua chon trudc khi hop nhit.
Tt cac ban d6 dudc trich xuét tai tiing block, dic trung hoc siu dudc xay dung va két
hop v6i dic trung thi cong dé tao biéu dién cubi cung ctia miu. Véi mau x;, trong do
i=1,2,...,N va N la sb luong mau, biéu dién dic trung hop nhét tai block b dudc xac



37
dinh theo Cong thuc (2.6):
4 =y (4", 2.6)

(d.b)

trong d6 b € 4 1a chi s6 block CNN dudc xét; z; " la vector déc trung hoc siu ciia mau
(h)

x; tai block b sau budc chon loc ban d6 dic trung; z; 1a vector ddc trung thi cong cuia
mau x;; va y(-) 1a phép hop nhit dic trung.

Céc ban do dic trung c6 phan bd kich hoat khdc nhau va khong nhat thiét déng gép
nhu nhau cho biéu dién hgp nhit. Dya trén khdi niém entropy da trinh bay & Chuong 1,
chuong nay st dung entropy kich hoat nhu mot tiéu chi khong gidm sat d€ dinh lugng do
phan tan cla cic gid tri trén ban dd dic trung. Pai luong nay khong st dung nhan 16p va
khong truc tiép do kha ning phan biét:

Kn
Ho(FY (0)) = = Y prlog, pr, 2.7)

r=1

trong d6 F,) (x) 1a ban dd ddc trung thd m cla block b, K,, 1a sé mic gid tri kich hoat

thuc su xuét hién va p, 12 tAn suit tuong d6i ctia mic thd r. Cic ban dd c6 entropy nim
trong khodng dudc xéc dinh cho tiing block dudc giit lai d€ xay dung bi€u dién hoc sau
trude khi hgp nhét da nguon.

DINH NGHIA 2.1 [BlockNet [CT3] ] Cho anh dau vao x;, véii=1,2,...,N, trong d6 N
1a s6 Iuong mau trong tap dit lidu dang xét. Goi 4 1a tap cac block CNN dudgc st dung
d€ trich xuit dic trung, va b € 4 1a chi s6 ctia mot block cu thé. Tai block b, tip cac ban
do dic trung dudc trich xut tir anh x; dudc xdc dinh theo Cong thiic (2.8):

M,

FO(x) = {Fn(f’) (x,-)} , (2.8)

m=1

trong d6 .7 (%) (x;) 1 tp toan bo ban do dic trung ctia miu x; tai block b; £ (x;) 1a ban

dd dic trung thi m ctia mau x; tai block b; m = 1,2, ..., M, la chi s6 ban do dic trung;
va M), 1a sb luong ban do6 dic trung dudc sinh ra tai block b.

BlockNet dugc dinh nghia 12 mdt mo hinh hop nhit dic trung da nguén gdom bbdn
thanh phan chinh: (i) trich xuit ban dd dic trung tif cac block tich chap ctia CNN; (ii)
d4nh gia va lua chon ban dd dic trung dua trén entropy; (iii) xdy dung dic trung hoc sau
tlf cdc ban d6 dic trung dudc lua chon va hop nhit véi dic trung thi cong; va (iv) can
bing dit liéu trong khong gian dic trung dé hd trg qud trinh phan loai.

V6i mbi block b € A, sau budc Iua chon ban dd dic trung dua trén entropy, Block-
Net tao ra mot biéu dién dic trung hop nhit cho mau x; theo Cong thiic (2.9):

Z,(b) =y (Zfd’b),zl(h)) ; (2.9)

trong do zlgb) 1a vector dic trung hop nhit ctia mau x; tai block b; zl(d’b) la vector dac trung

hoc sau clia mau x; tai block b, dugc xay dung tif cic ban d6 dic trung dugc lua chon
sau budc danh gia entropy, vdi chi s6 d bi€u thi nhém dic trung hoc siu; zgh) la vector
dic trung thd cong clia mau x;, v6i chi s6 h bi€u thi nhém dic trung thi cong; va y(-)
12 ham hop nhét dic trung. Trong thuc nghiém ctia luan 4n, y(-) dudc cai dit biang phép
ghép ndi vector nham két hop thong tin tir dic trung hoc siu va dic trung thii cong.
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Sau budc chon loc entropy, mdi block ctia CNN hinh thanh mot tap biéu dién dic
trung riéng phuc vu cho qud trinh huan luyén va danh gia. Céch tiép cin nay cho phép
mo hinh khai thdc dong thsi cdc miic biéu dién khac nhau ctia 4nh t6n thuong da, tlf cic
dic trung muic thip nhu mau sic va két ciu dén cic dic trung ngit nghia phiic tap hon &
cac block sau.

Bén canh dé, dit lidu thuc té thudng cé phan bd nhan khong cin bang, trong dé mot
s6 16p c6 sb luong mau it hon so v6i cac 16p con lai. PE giam anh hudng ctia hién tuong
nay, chuong nay xem xét co ché can bang trong khong gian dic trung thong qua viée ting
cudng biéu dién cho céc 16p thi€u sb sau budc trich xuit dic trung, thay vi ting cuong
truc tiép & miic 4nh dau vao.

Bai todn clia chuong nay 1a xdy dung mot phuong phép trich xuét, lua chon va hop
nhét dic trung da ngudn dua trén entropy dé€ tao ra cic biéu dién dic trung theo tling
block CNN, gidm thanh phan du thita trong biéu dién va hd tr¢ phan loai trong diéu kién
dit liéu mit can bing.

2.2.Y tudng phuong phap dé xuat

Tir phan phat bi€u bai toan, hiéu ning phan loai phu thudc vao chét luong biéu dién
dau vao. Mang CNN tao ra nhiéu ban dd dic trung & cic tang khac nhau, nhung miic
dong gop clia ching khong dong déu. Mot s6 ban do phan 4nh cu triic tén thuong, mau
sac hodc két ciu, trong khi mdt s6 khac chida phan hoi yéu, du thira, it lién quan hoic
khong 6n dinh. Viéc gitt lai dong thdi cc thanh phan nay c6 thé gy nhiéu va lam giam
chét Iugng biéu dién trudc qua trinh hop nhit va phan loai.

Bén canh d6, nhiéu nghién ctiu hién nay chi khai thac dic trung tif mot ting CNN
cudi hoiic hdp nhit truc tiép toan bd ban dd dic trung bing cic phép két hop don gian
[9-11]. Cach tiép can nay chua tan dung day du kha ning biéu dién da miic ciia mang
CNN. Trong thuc té, cac block khac nhau ctia CNN thudng phan dnh cac mic dic trung
khéac nhau ctia anh tdn thuong da: cdc block ndng c6 xu huéng biéu dién mau sic, bién
va két cAu cuc b, trong khi cic block siu hon phan dnh cac ciu triic ngit nghia phic tap
hon cta ton thuong [50-52]. Vi vay, viéc t6 chic va khai thac dic trung theo titng block
CNN Ia can thiét nham danh gid va Iva chon céc biéu dién phu hop cho bai toan phan
loai.

Y tudng chinh ctia chuong 1a danh gia va chon loc ban dd dic trung trude khi hop
nhat. Entropy dudc dung dé€ mé ta miic phan tan cla cdc gia tri kich hoat trong tliing ban
dod, khong truc tiép do kha ning phan biét 16p. Entropy thap c6 thé phan dnh phan b
tap trung, con entropy cao phan anh phan bd rong hon nhung ciing c6 thé lién quan dén
nhiéu. Vi vay, BlockNet st dung khoang entropy tuong dbi trong tiing block nhu mot gia
thuyét sang loc; gia tri ctia tp ban dd dudc giit lai dudc xdc nhan bang hiéu ning phan
loai trong phan thuc nghiém.

D& giai quyét cdc vAn dé trén, chuong nay dé xuit BlockNet — mot phuong phap hop
nhét dic trung da ngudn c6 chon loc dua trén entropy theo tiing block ctia mang CNN.
Y tudng tong thé ctia phucng phdp dudc minh hoa trong Hinh 2.1. Tit 4nh dau vao, dic
trung dudc xay dung dong thdi theo hai huéng: (i) dic trung hoc sau dudc trich xuat tir
cdc ban do dic trung cla cac block CNN da dudgc huin luyén trude va (ii) dic trung thi
cong phan dnh mau sic, két ciu va hinh dang ciia t&n thuong.

Trong BlockNet, mdi block b € % clia mang CNN tao ra mot tip ban do dic trung
riéng . (%) (x). Thay vi gop truc tiép toan bd ban dd dic trung tit cac ting CNN, phuong
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Dac trweng tha céng
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Hop nhat da }_)‘ Biéu dién hop nhat
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Hinh 2.1: Y tudng phuong phdp dé xudt: chon loc ban do ddc trung dua trén entropy va
hop nhdt ddc trung da nguon.

/AKIEC/BCC/NV/MEL

\_ Y,

Két qua: VASC/DF/BKL ‘

phap xu 1y ddc 14p ting block d€ xiy dung céc biéu dién dic trung tuong tng cho tliing
muc bi€u dién ciia mang CNN. Cdch t6 chiic nay cho phép danh gid kha ning bi€u dién
ctia titng block thay vi chi st dung mot ban do dic trung don 1é hodc mot ting CNN cubi.

BlockNet st dung entropy dé so sanh miic phan tan kich hoat giita cic ban do trong
tiing block. Phuong phap khong dong nhét entropy cao véi thong tin hitu ich hoic entropy
thAp v6i thong tin kém gia tri. Thay vao d6, cdc ban d6 nim trong khoang entropy dudc
xdc dinh tuong ddi cho tiing block dudc giit lai d€ xdy dung bi€u dién, sau d6 tinh hitu
ich cda Iwa chon nay dudc danh gia bang két qua phan loai.

Hinh 2.2 minh hoa c4c ban dd dic trung dudc trich xuat tif cic block khac nhau ctia
mang CNN. Mbi 4nh dau vao tao ra s6 luong 16n ban d6 dic trung v6i miic do thong
tin khac nhau. Mot s6 ban dd dic trung phan anh rd ving tdn thuong hoic ciu tric dic
trung ctia anh, trong khi mot s6 khac c6 phan hoi yéu hodc chifa it bién thién. Diéu nay
cho thiy su can thiét clia viéc danh gid va lua chon ban do6 dic trung trudc khi thuc hién
hop nhit dic trung.

Sau budc chon loc entropy, cdc ban do dic trung hop 1é ctia titng block dudc chuyén
ddi thanh vector dic trung hoc sau. Céc vector nay sau d6 dudc két hop vdi cac dic trung
thd cong dé tao thanh biéu dién da ngudn dudc x4c dinh theo Cong thiic (2.9).

Viéc hop nhit nay cho phép khai thac dong thdi kha ning hoc bi€u dién clia mang
CNN va tri thiic mién tif cac dic trung thii cong, tif d6 nang cao khé ning phan biét gilia
cac 16p ton thuong da. Pong thdi, mdi block CNN tao ra mot tap biéu dién dic trung
riéng, cho phép danh gid 4nh hudng clia cac miic bi€u dién khac nhau dén két qua phan
loai.

Ngoai ra, dif liéu anh t6n thuong da thudng tdn tai hién tuong méit cin bang nhan,
trong d6 céc 16p 4c tinh hoic cac 16p hiém c6 sd luong mau thip hon so véi cac 16p phd
bién. D& gidm 4nh hudng ctia hién tugng niy, phuong phap thuc hién ting cudng trong
khong gian dic trung bang cach bd sung céac biéu dién dic trung cho céac 16p thi€u sb
dua trén cac ban do dic trung da dugc lua chon. Qu4 trinh nay dudc thuc hién riéng cho
tiing block CNN, véi b € % 1a chi s6 block dang xét, tlt d6 tao ra tap dif liéu dic trung
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Hinh 2.2: Vi du cdc bdn dé ddc trung duoc trich xudt tiv cdc block khdc nhau ciia mang
CNN.

~ Y b
can bang D éaianced'
Tap dit liéu dic trung can bang tai block b dudc xéc dinh theo Cong thifc (2.10):
b) (e Y\
Dbalanced - { (Zi 7)71') }i—l ) (2.10)
trong do D](f;%anced 1a tap dif lidu dic trung sau cin bang tai block b; zEb) la vector dac

trung hop nhat clia mau thy i tai block b; y; 1 nhan 16p tuong ting ctia mau x;; va N, 1a
s6 luong mau trong tip dif liéu dic trung sau cin bang tai block b. Tap dif lidu D]gl;ianced
dudc st dung d€ huin luyén bod phan loai tuong tng vé6i block b. Viéc can bi”lng du liéu
chi dugc thuc hién trén tip huin luyén, khong 4p dung cho tap kiém tra, nham bao dam
tinh doc 1ap cia qua trinh danh gia.

Céch tiép can nay gitp tip trung vao cac biéu dién dic trung da dudc danh gid bang
entropy thay vi tao thém dif liéu truc tiép & miic anh du vao, gidm nguy co khuéch dai
nhiéu hoic bién d6i khong phu hop trong dit liéu anh.

Téng thé, phuong phap dé xuit bao gdm cac budc chinh: (i) trich xuat ban do dic
trung tif cac block ctia mang CNN, (ii) tinh todn entropy va lua chon ban dd dic trung
hop 18, (iii) trich xuét dic trung thi cong, (iv) hop nhét dic trung da ngudn theo tling
block, (v) can bing dit liéu trong khong gian dic trung, va (vi) huin luyén bo phan loai
trén cac tap biéu dién dic trung tuong vng.

Su khéc biét giita BlockNet va cac huéng hop nhat truc tiép, ti hiéu chinh kénh
hoic khong gian, cling cac phuong phap chon loc bd loc bang entropy nham nén mang
da duoc téng quan va dbi chiéu trong Chuong 1. Trén co s& khoang tréng da xac dinh,
phan tiép theo tap trung trinh bay thiét ké, thuat toan va kiém ching thuc nghiém ctia
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BlockNet.
2.3.Phuong phap BlockNet dé xuat

2.3.1.Kién tric tong quan ctia BlockNet

Kién tric tdng quan ctia mo hinh BlockNet dugc minh hoa trong Hinh 2.3. Hinh
nay mo ta quy trinh xd Iy cia phuong phdp, bat dau tif co s& dif liéu anh dau vao, qua
mang CNN tién huin luyén, trich xuit ban do dic trung tai cdc block tich chap, lua chon
ban d6 dic trung dua trén entropy, hop nhét diic trung da ngudn va ting cudng trong
khong gian dic trung truée khi xay dung cac co s& dif liéu dic trung phuc vu huin luyén
va danh gia bd phan loai.

Hinh 2.3: Kién triic téng quan ciia mé hinh BlockNet.

V6i mot anh dau vao x, BlockNet sit dung mang VGG16 da dudc huin luyén trudc
d€ trich xuét dic trung tif cac block tich chap trung gian. Khic véi cac phuong phép chi
st dung dic trung tif tang CNN cudi, BlockNet khai thac dong thdi cac ban do dic trung
tai nhiéu block khic nhau ctia VGG16, tit blockl_convl dén block5_conv3. Cach tiép
can nay cho phép md hinh thu nhan dong thdi cac dic trung mifc thip nhu bién, mau sic
va két cAu, ciing nhu céc dic trung mic cao hon phan anh cau tric hoic hinh dang tdn
thuong.

Tap céac block tich chap dudc st dung trong BlockNet da dugc xac dinh theo Cong
thiic (2.4). V6i mdi block b € 2, tap ban dd dic trung dudc trich xuit tif nh dau vao x
dugc xdc dinh theo Cong thiic (2.5). Diéu nay cho thdy méi block ctia mang CNN tao ra
mot tap ban do dic trung riéng v6i kha ning biéu dién khac nhau.

Sau budc trich xuét, cac ban do dic trung tai moi block dugc danh gid theo entropy.



42

Nhiing ban do6 c6 entropy nam trong khoang phui hdp ciia block dudc giit lai d€ xay dung
biéu dién hoc siu, con cac ban do nim ngoai khodng nay dudc sang loc. Diéu kién Iva
chon va tip ban do dic trung thu dudc dugc xac dinh chinh thic trong Dinh nghia 2.4.
Céch trinh bay nay phan biét phan mo ta kién tric téng quan vdi phan dinh nghia toan
hoc cua budc chon loc.

Trong BlockNet, bu6c Iwa chon ban dd dic trung dudc thuc hién trude khi xay dung
co s§ dit lidu dic trung. NhS d6, cac dic trung dudc Iuu trit va sit dung cho huin luyén
khong phai 13 toan bo ban do dic trung thd, ma 1a cac biéu dién da dudc chon loc theo
tiéu chi entropy. Piéu nay gitip gidm thanh phan du thita trong khong gian biéu dién, han
ché 4nh hudng ctia nhiéu va 1am cho dic trung diu vao gon hon nhung van giilt dudc cac
thanh phan thong tin.

Nhu da d6i chiéu trong Chuong 1, BlockNet khac cic co ché attention & chd khong
gan trong s6 mém cho toan bo kénh, va khac cac phuong phap chon loc bo loc nham nén
mang & chd khong thay doi backbone. Viéc chon loc dugc thuc hién trén biéu dién cla
titng block trudc khi hgp nhét véi dic trung thd cong.

Sau budc chon loc entropy, cdc ban do dic trung hop 1é ctia titng block dudc chuyén
(d.b)

doi thanh vector déc trung hoc sdu z;" . Bén canh do, céc dic trung thi cong nhu mau

sac, két cAu va hinh dang dugc trich xuit d€ tao thanh vector zl(h). Hai nguodn dic trung
nay dugc hop nhét theo tiing block dé tao thanh biéu dién da ngudn theo Cong thiic (2.9).

Ciéch t6 chic nay cho phép mdi block CNN hinh thanh mot tip bi€u dién dic trung
riéng. Thay vi chi sit dung mot ban do dic trung don 1€ trong mdi block, BlockNet khai
thac tap cdc ban do dic trung hop 1é d€ giit lai nhiéu thanh phan thong tin bé sung trong
ciing mot block. Diéu nay cho phép danh gid kha ning biéu dién ctia tiing block CNN
thong qua cac tap di liéu dac trung tuong ung.

Ngoai ra, dif lidu anh tn thuong da thuong ton tai hién tudng mét can bing 16p,
trong d6 cac 16p hiém hoic 16p 4c tinh c6 s lugng mau thip hon so vé6i cac 16p phd bién.
D€ giam anh hudng cta hién tugng nay, BlockNet thuc hién tdng cudng trong khong
gian dic trung sau budc chon loc entropy va hdp nhit dic trung.

V6i mdi 16p k, gia st ny 12 sd lugng mau ciia 16p d6 va nmay 12 s6 luong miu 16n
nhét trong cic 16p. Hé s ting cudng dudc xac dinh theo Cong thiic (2.26).

Khi d6, s6 luong biéu dién dic trung sau ting cudng ctia 16p k dugc xac dinh theo
Cong thiic (2.27). Do co ché ting cudng dudc thuc hién theo hé sd nhan nguyén my, sb
lugng biéu dién sau ting cudng c6 thé xip xi hoic 16n hon nmay, thay vi bdo ddm bing
tuyét doi gitra tit ca cac 16p. Vi vay, bu6e nay ducgc xem 1a co ché gidm mét can bing
trong khong gian dic trung, thay vi cAn bang tuyét dbi s6 lugng miu theo tiing 16p. Sau
budc ting cudng, mbi block b tao thanh mot cd sé dif liéu dic trung can bing Dl(f;ian ced

Céc co s6 dit lidu dic trung nay dudc st dung d& hun luyén va danh gia bd phan
loai tuong tng véi tiing block CNN. BlockNet c6 kha nang danh gia anh hudng cua cac
muc biéu dién khic nhau dbi véi két qua phan loai anh t&n thuong da.

Téng thé, kién tric BlockNet gdom cac thanh phan chinh: (i) co s dif liéu anh dau
vao, (ii) mang VGG16 tién huan luyén, (iii) trich xuit ban d6 dic trung tir cac block tich
chap, (iv) lua chon ban do dic trung dua trén entropy, (v) hop nhat dic trung da ngudn
theo ting block, (vi) tang cuong trong khong gian dac trung, (vii) xay dung co sé dit liéu
dic trung can bang, va (viii) huan luyén bo phan loai.

Céc bude xit Iy nay hinh thanh quy trinh xdy dung biéu dién dic trung theo tiing
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block CNN va gidm thanh phan du thira trong khong gian biéu dién.
2.3.2. Trich xudt va biéu dién ban do ddc trung tit CNN

Trong BlockNet, mang CNN dugc sit dung nhu mdt bd trich xuit dic trung hoc siu
dé€ khai thac cdc biéu dién khong gian clia anh dau vao. Khac véi cac phuong phap chi
st dung dic trung & tang CNN cudi, phuong phdp dé xuat khai thac ban do dic trung tit
nhiéu block tich chip trung gian nhim thu nhin dong thdi cic dic trung mifc thap nhu
bién, mau sic, két cdu va cic dic trung mic cao hon lién quan dén céu triic ton thuong.

VGG16 dudgce st dung 1am backbone dé trich xuit ban do dic trung. Viéc lua chon
VGG16 xuit phat tif mot sd Iy do. Thi nhit, VGG16 c6 kién tric tuan tu 16 rang véi
cac block tich chap dudc t& chic theo cau tric phan cip, thuin I0i cho viéc trich xuit
va phan tich ban dd dic trung & nhiéu miic biéu dién khac nhau. Thi hai, cdc tang tich
chip ctia VGG16 st dung bd loc kich thudc nhé 3 x 3, gitip tao ra cdc ban do dic trung
on dinh va dé phan tich theo tiing block. Thit ba, VGG16 da dugc huin luyén trudc trén
tap dif liéu 16n nén c6 kha ning cung clp céc biéu dién thi giac tdng quat, phit hop trong
diéu kién dit liéu 4nh y t& c6 s6 luong mau han ché. Ngoai ra, muc tiéu clia chuong nay
khong phai 1a dé xuit mot backbone CNN mdi, ma 13 dé xuét co ché lua chon va hop
nhat ban dd dic trung dua trén entropy; do d6 mot kién tric CNN chuén, 6n dinh va dé
dién giai nhu VGG16 1a phu hop dé kiém chiing y tudng dé xuat.

Trong BlockNet, diac trung hoc sau khong dudc xay dung tor mot 16p tich chap duy
nhat ma dudc t3 chiic theo tiing block ctia VGG16. Tap cac 16p tich chap dudc sit dung
trong nghién ctu da dugc xac dinh theo Cong thuc (2.4).

V6i mdi block b € 2, tap ban do dic trung dudc xic dinh theo Cong thiic (2.5).
Mbi block CNN tao ra mdt tap ban do dic trung riéng v6i kha ning bi€u dién khac nhau.

Sau budc lua chon entropy va cin bing dit liéu trong khong gian dic trung, véi mdi

block b € %, BlockNet hinh thanh mot tip dif liéu dic trung cin bing p® Tap nay

¢ ! balanced*
gdm céc cip (Z,( ),yi), trong do6 Zz( )

va y; la nhan 16p tuong ung.

12 vector dic trung hop nhit ctia mau x; tai block b,

Céch t6 chiic nay cho phép BlockNet danh gi4 kha ning biéu dién cua tiing block
CNN thong qua cdc tap dif lidu dic trung tuong dng, thay vi chi sit dung mot ban do dic
trung don 18 hoic chi khai thac dic trung & tang CNN cubi.

Kién tric phan cip clia cac block tich chap trong VGG16 dugc minh hoa trong
Hinh 2.4. Hinh 2.4 cho thiy kich thu6c khong gian ctia ban do6 dic trung gidm dan theo
dd siu clia mang, trong khi s6 luong kénh dic trung ting 1én. Piéu nay phan dnh qua
trinh chuyén déi tit cac bi€u dién miic thip & cac block dau sang cic biéu dién c6 tinh
tritu tugng cao hon G cac block sau.

Bang 2.1 tém tét cac block ctia VGG16 dudc sit dung trong BlockNet, bao gom s6
16p tich chap, kich thudc dau ra va sd luong ban do dic trung tuong dng.

V6i mot anh dau vao x, mdi 16p tich chap trong VGG16 tao ra mot tap cac ban do
dic trung. V& mit hinh thiic, ban dd dic trung thi m ctia block b dudc xac dinh theo
Cong thuc (2.11):

FO ) = oW sx+ b)), 2.11)
trong d6 W) 1a bo loc tich chap thi m cia block b, b 1a hé sb bias, ky hiéu * bidu
dién phép tich chap va o (-) 1a ham kich hoat phi tuyén.
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Hinh 2.4: Cédu triic phdn cdp cdc block tich chdp ciia VGG16 dugc sit dung dé’trich xudt
bdn doé ddc trung.

Bdng 2.1: Cdc block tich chdp ciia VGG16 dugc si dung dé’trich xudt bdn do ddc trung.

Block Cac 16p st dung S616p Kich thuéc daura S6 ban do diic trung

blockl blockl convl, blockl conv2 2 224 x 224 64

block2 block2 convl, block2 conv2 2 112 x 112 128

block3 block3_convl, block3_conv2, 3 56 x 56 256
block3_conv3

block4 block4_convl, block4 conv2, 3 28 x 28 512
block4_conv3

block5 block5 convl, block5 conv2, 3 14 x 14 512

block5 conv3

Tap ban d6 dic trung dugc trich xuit tit block b da dudc xic dinh theo Cong
thic (2.5). Piéu nay cho phép biéu dién dic trung dudgc t8 chic theo tiing block CNN
thay vi gom toan bo ban do dic trung vao mot tip duy nhéit.

Hinh 2.5 minh hoa céc ban do dic trung thuc té dudc trich xuit tif toan bd cac 16p
tich chap dudc st dung trong VGG16. M6i dong tuong ting véi mot 16p tich chap, trong
d6 mot sd ban do dic trung dau va cubi dugc hién thi; dau “...” biéu dién cac ban do dic
trung trung gian khong dudc trinh by dé tranh 1am hinh qua day.

Tt Hinh 2.5, c6 thé quan st thy rang cc 16p dau nhu blockl_convI va blockl_conv2
thudng tao ra cac ban dd dic trung c6 do phan giai khong gian cao, phan anh cic dic
trung muc thap nhu bién, mau sac va két ciu cuc bo. Cac 16p & gitta nhu block3_convl,
block3_conv2 va block3_conv3 bat dau biéu dién cidc mau hinh cuc bd phiic tap hon.
Trong khi do, cac 16p siu hon nhu block4_conv* va block5_conv* c6 kich thudc khong
gian nhé hon nhung biéu dién céc dic trung tritu tuong hon, lién quan dén ciu triic tong
thé hoic viing phan hdi cta ton thuong.

Hinh minh hoa cho thiy c4c ban d6 dic trung c6 kiéu phan hoi khac nhau. Mot s6
ban dd thé hién ving cé céu tric, trong khi mot s6 khac gan nhu phang, ¢6 phan hdi yéu
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Hinh 2.5: Vi du cdc bdn dé dic trung duoc trich xudt tir cdc 16p tich chdp ciia VGGI6.
Moéi dong biéu dién mot I0p tich chdp, gom mot sé ban do ddc trung ddau va cudi; ddu
“...” biéu dién cdc ban dé ddc trung trung gian khong hién thi.

hoic it bién thién. Quan sat thi gidc ny chi mo ta su khic biét cla dap ing, khong di dé
két luan truc tiép kha niing phan biét 16p. Tuy nhién, viéc gilf cic phan hdi yéu, du thira
hoic khong 6n dinh cé thé gdy nhiéu biéu dién, vi vay can danh gid ching trudc bude
hop nhit.
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Sau khi dugc trich xut, cac ban dd dic trung ctia tiing block dudc chuyén ddi thanh
vector dic trung hoc sau d€ phuc vu cho cic buée Iua chon, hop nhat va phan loai. Biéu
dién dic trung hoc sau ctia block b di véi anh x dudc xdc dinh theo Cong thiic (2.12):

74P = ¢ (ﬂ(“ (x)) : (2.12)

trong d6 ¢ (+) 1a ham chuyén ddi tap ban do dic trung clia block b sang vector dic trung
hoc séu.

Trong BlockNet, qué trinh niy khong diing lai & viéc sit dung toan bo ban do dic
trung, ma tiép tuc do do phan tan kich hoat ctia tiing ban do6 bing entropy trudc khi xay
dung biéu dién hop nhit cudi ciing. Sau budc sang loc theo khoang entropy, mdi block
CNN hinh thanh mét tap bi€u dién riéng dé€ huin luyén va danh gid bo phan loai; chinh
két qua phan loai dudc dung dé kiém chiing quy tic sang loc.

Nhu vdy, qud trinh trich xuit va biéu dién ban do dic trung tit CNN déng vai tro
nén tang trong BlockNet. N6 tao ra cac khong gian biéu dién theo tiing block CNN vdéi
muc dd triru tuong khac nhau. Tuy nhién, do sb lugng ban dd dic trung 16n va chét lugng
thong tin khong dong déu, can c6 co ché xac dinh khoang entropy phu hop d€ lya chon
cac ban do dic trung hitu ich truée khi thuc hién hgp nhit dic trung. Noi dung nay dudc
trinh bay trong muc tiép theo.

2.3.3. Xdc dinh khoang entropy phu hop

Sau khi trich xuét ban do dic trung tif cac block tich chiap cia CNN, cin xem xét
su khac nhau giita c4c kiéu phan hoi. Mot sb ban dd gan nhu dong nhét va it bién thién;
mot sd khac c6 kich hoat phan tan hoic khong 6n dinh. Céc hién tugng nay khong truc
tiép xac dinh kha ning phan biét 16p, nhung cung cip co sé dé xay dung gia thuyét sang
loc. Thay vi chi chon cdc ban dd c6 entropy 16n nhét, BlockNet x4c dinh mot khoang
entropy tucng dbi cho ting block va kiém chiing tip ban dd dudc giit lai bang hiéu ning
phan loai.

Trong BlockNet, entropy dudc st dung nhu mdt do do phan anh mic do da dang

trong phan bd gia tri ctia ban dd diic trung. Entropy dudc tinh riéng cho tiing ban do dic
trung cua tung block CNN. Dinh nghia 2.2 trinh bay cach xac dinh entropy cua mot ban
dd dic trung.
DINH NGHiA 2.2 [Entropy clia ban do dic trung [CT3] ] Tit Pinh nghia 1.2  Chuong 1,
xét ban do dic trung Fn(qb) (x) gdm N, phan ti. Goi K, 1a sb miic gi4 tri kich hoat khéc
nhau thuc sy xuat hién, 7, 1a s6 l1an xuét hién cia mic thd r va p, = n,/N,,. Trong qua
trinh thyc nghiém, entropy dudc tinh bing ham shannon_entropy (feature_map) véi
cd sb mic dinh bang 2. Do d6, entropy kich hoat dudc xéc dinh:

K
Haa(FY (1) = =Y. prlog, pr, (2.13)

r=1
Entropy c6 don vi bit va thda man:
0 < Hua(F (x)) < 1ogy Kin < logy Ny (2.14)
Entropy tai day phan anh muic dd phan tan cua céac gia tri kich hoat trong mot ban
dd dic trung. Entropy thip cho biét cac gia tri tap trung vao it bin hon, con entropy cao
cho biét phan bd rong hon. Vi histogram nay khong chita nhin 16p, entropy kich hoat
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khong phai do do do chinh xdc, dd 6n dinh hay kha niing phan biét 16p ctia ban dd; ban
dd entropy cao c6 thé chita nhiu va ban do entropy thip van cé thé hitu ich. Do do,
khodng entropy ctia BlockNet chi 1a gia thuyét sang loc, dudc kiém chiing & miic tip hop
bing hiéu niing phan loai.

Vi DU 2.1 [So sdnh entropy giita hai ban d6 dic trung don gidn] Xét hai ban dd dic trung
don gian F4 va Fp dugc minh hoa trong Hinh 2.6.

(a) Bdn do ddc trung Fy (b) Bdn do ddc trung Fg

Hinh 2.6: Hai bdn do ddc trung minh hoa cho qud trinh tinh entropy.

Ban dd dic trung Fj c6 toan bd gid tri déu bang 120. Khi d6, xadc suat xuit hién clia
muc gia tri 120 la:

p(120) =1. (2.15)
Entropy co s 2 ctia ban dd dic trung Fy dudc tinh:

H(Fy) = — (1 xlog,(1))
= —(1x0) (2.16)
= 0.

Theo Cong thidc (2.16), ban dd dic trung F4 c6 entropy bang 0 bit do toan bd gid tri
déu gibng nhau.
Déi v6i ban dd dic trung Fp, tht cd 16 gid tri déu khac nhau. Do d6, x4c suit xuat
hién ctia moi gid tri 1a:
1
pi= e 2.17)

Mbi thanh phan entropy co s 2 dudc tinh:

1 1
pjlog(pj) = 1—610g2 (E)
log,(16) (2.18)

T 16
~ —0.25.
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Do c6 16 thanh phan giéng nhau nén entropy ctia ban do dic trung Fp 1a:

HF) = (16 (-0

=log,(16) = 4 bit.

(2.19)

Két qua trong Cong thiic (2.19) cho thiy ban dd dic trung Fp c6 entropy cao hon
F4, nghia 1a cdc gid tri cda Fp phan tdn trén nhiéu muc hon. Két qua nay khong cho phép
két luan Fp chifa nhiéu thong tin phan biét 16p hon F.

Vi du 2.1 chi minh hoa cach entropy phan anh do phan tan cta cac gia tri kich hoat.
Trong BlockNet, dai lugng nay dudc ding dé thiét 14p tip ban dd dng vién; mic do phu
hop ctia biéu dién sau sang loc dudc x4c dinh bing két qua phan loai.

Trong BlockNet, khoang entropy dudc xac dinh riéng cho tung block CNN vi cac
block tao ra cac phan b kich hoat khac nhau. Cac block dau thudng duy tri do phan giai
khong gian cao, trong khi c4c block sau hon tao phan hoi tritu tugng hon. Vi vy, mot
khoéng entropy chung cho toan bd cic block s& khong phan anh diing su khac nhau vé
thang va do phan tan kich hoat gitta cdc nhém ban do.

DINH NGHIA 2.3 [Khoang entropy phu hgp [CT3] ]

Cho block b € A, trong d6 % 1a tap cic block CNN dudc sit dung dé trich xuit dic
trung. V6i ban do dic trung Joid (x;) clia mau x; tai block b, gid tri entropy tuong Ung
duoc ky hicu Ia H(E (x;)). Goi 6(*) 1a nguéng entropy téi thiéu ciia block b. Trudc hét,
cdc gid tri entropy nhd hon hoic bing o) dudc loai bd dé thu dudc tap entropy hop I&,
dugc xac dinh theo Cong thic (2.20):

E® — {H(Fnﬁb)(xi)) |HEY () > 6P, i=1,2,....N, m= 1,2,...,Mb}, (2.20)

trong d6 E®) 1a tap céc gia tri entropy hop 18 ciia block b; N 1a sb lugng miu trong tap
dit liéu dang xét; M), 1a sd lugng ban do dic trung tai block b; m 13 chi sd ban do dic
trung; va (%) 1a ngudng entropy t6i thiu ding dé loai bd cac ban dd dic trung cé mic
phén hoi qua thép.

(b) (b)

Goi e’ va o, 1an luct 1a gia tri trung binh va do 1éch chudn cla céc gia tri entropy

trong E(?). Khi d6, khoang entropy phi hop ciia block b dudc xdc dinh bdi [el(fi)n, el(lll’a),x],
() ()

trong do e Va emax 1an luot 12 can dudi va can trén ctia khoang entropy phu hop:

elon = max (min(E®), u” — ("), 2.21)
¢®) — min (max(E(b)), w4 aﬁ”)) . (2.22)
Trong do, ,ue(b) phan anh muc entropy trung binh ctia cic ban d6 dic trung hop 1é

tai block b, con Gg(b) phan anh muc dd phan tan cia cac gia tri entropy nay. Khoang
() (b)

e, emax) gilf lai cac ban dd c6 entropy nam trong ving dudc xac dinh tuong dbi tir
phan bo entropy tai block b, dong thai sang loc cac gia tri § hai phia ngoai khoang nay.

Viéc ndm ngoai khoang entropy khong tu né chiing minh mot ban d6 khong c6 kha
ning phan biét 16p. Entropy thip cho biét phan b kich hoat tip trung hon, con entropy
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cao cho biét phan bd rong hon va trong mot s6 truong hop c6 thé di kém nhiéu. Vi vay,
khodng trén 1a tiéu chi sang loc cia BlockNet; tinh hitu ich ctia cdc ban do dudc giit lai
phai dudc x4c nhan bang thuc nghiém phan loai.

Can luu y rang khoang entropy phu hop trong Pinh nghia 2.3 khong dudc hiéu 1a
mdt mién tdi vu tuyét ddi cho moi tip dit liéu hodc moi kién triic mang. Khodng nay
dugc x4c dinh theo phan bd entropy ctia tiing block CNN trong thiét 1ap thuc nghiém,
nham sang loc cic ban d6 c6 phan bd kich hoat qua tip trung hodc qua phan tan trudc
khi xay dung bi€u dién hoc sAu.

Trong Pinh nghia 2.3, ngudng ) ¢6 vai tro sang loc cic ban dd c6 phéan b kich
hoat gan nhu dong nhit trong block b. Gid tri ue(b) phéan 4anh trung tdm ctia phan b
entropy hdp 1€, trong khi Géb) phan anh d6 phan tan cta cac gia tri entropy. Viéc st dung
khoang:

" = ot 1+ ol
gidp gilf lai cdc ban dd dic trung c6 miic thong tin 6n dinh, dong thdi loai b cic phan
hdi qud thap hodc qué bat thudng.
Vi DU 2.2 [X4c dinh khoang entropy phil hop tif phan bd thuc nghiém] Xét cic ban do
dic trung dudc trich xuat tit 16p blockl_convl ctiia mang VGG16 dbi v6i anh dau vao
2_Basal Cell Carcinoma_Picturel.jpg. L6p blockl_convl tao ra 64 ban do dic trung co
kich thuGc 224 x 224,

Hinh 2.7 minh hoa ba ban d6 dic trung dau va ba ban do dic trung cubi; dau “.....”
bi€u dién c4c ban dd dic trung trung gian khong hién thi.

Hinh 2.7: Minh hoa mét sé bdn do dic trung dau va cudi duogc trich xudt tir I0p
blockl_convl ciia VGG16 dobi véi mot dnh dau vao.

Sau khi tinh entropy cho toan bd 64 ban dd dic trung ctia 16p blockl_convi, ta thu
dugc phan bd entropy nhu minh hoa trong Hinh 2.8.

Trong Hinh 2.8, dudng nét dit biéu dién ngudng t6i thiu 6(?), dung dé loai bd céc
ban dd dic trung c6 entropy qué thip. Pudng cham biéu dién gi4 tri trung binh [.Legb) cua

b) « (b) 1~ A N A A o
fni)n va er(n,ix, la can dudi va can trén cua

céc entropy hop 1&. Hai dudng con lai biéu dién e
khoéng entropy phut hop dbi véi block dang xét.
Tir phan bd nay, cac ban d6 dic trung dudc Iva chon néu entropy clia ching nim
trong khoang:
) < H(EY (x)) < el (2.23)

mimn —

Hinh 2.9 minh hoa ba ban dd dic trung dai dién: mot ban dd dic trung cé entropy
thip, mot ban dd dic trung nam trong khoang entropy phit hdp va mot ban do dic trung
cO entropy cao.

Mbi ban d6 ctia blockl_convl c6 N,, = 224 x 224 = 50176 phan ti, nén entropy co
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Hinh 2.8: Phdn bo entropy ciia cdc bdn dé ddc trung tai I6p blockl_convl va cdc
nguong diung dé xdc dinh khodng entropy phit hop.

Hinh 2.9: Ba bdn dé ddc trung dai dién theo cdc miic entropy khdc nhau: thdp, nam
trong khodng phit hop va cao.

sd 2 thoa man
Hyet <10g,(50176) ~ 15.6147 bit.

Do d6, cac gid tri H = 2.6482, H = 8.1569 va H = 13.7215 déu thudc mién hop 1é. Cac
gi4 tri nay 1an ludt biéu thi phan bd kich hoat tip trung hon, trung gian va phan tdn hon;
chiing khong truc tiép xac dinh kha ning phan biét 16p.

CHU Y 2.1 Hinh 2.8 biéu dién phan b entropy ctia cdc ban dd dic trung dudc trich xult
tlt 16p blockl_convl. Truc hoanh bi€u dién gia tri entropy, trong khi truc tung bi€u dién
s6 lugng ban do dic trung tuong ting vdi tiing khoang entropy.

Phan b nay cho thdy do phan tan kich hoat clia cic ban do6 dic trung khong dong
déu: mot sd ban dd c6 entropy rat thap, trong khi mot sd khac cé entropy rat cao. Su
khac nhau ndy chua tu n6 x4c dinh gid tri phan biét 16p ctia tliing ban do.

Ngudng 0 dugc st dung d€ sang loc cic ban dd c6 entropy rat thip. Céc ban dd
dudi ngudng thudng cé phan bd kich hoat tip trung, gin nhu dong nhit hoic chi phan
hdi & mot s6 viing nhé. Pay 13 diu hiéu vé kiéu phan bb kich hoat, khong phai két luan
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truc tiép vé kha ning phan biét 16p; tdc dong cta viéc sang loc dudc ddnh gia bang thuc
nghiém.
Céc ban do dic trung c6 entropy nam trong khoang:
b () ()
0Y) <H(Ey' (x)) < el
dugc xem 1a cdc ban do dic trung c6 mic thong tin thip nhung bit dau xuit hién céc
phén hdi cuc bo. Tuy nhién, cic phan hodi nay van con han ché va chua di dn dinh dé
bi€u dién rd céu tric cia dbi tuong.
Khoéng entropy phil hgp dugc xac dinh trong mién:
b b b
e < H(EY (x)) < et
Cic ban dd dic trung trong khoang nay thudng thé hién su cin bing giita mifc do
phan hdi va kha ning biéu dién ciu tric. Chung giit lai dudc cc dic diém nhu bién, két
cAu hoic viing tdn thuong ma khong bi phan tdn qua mic. Day 1a nhém ban d6 dic trung
mang tinh bi€u dién két quéa nhit cho bai toan phan loai.

Ngudc lai, cidc ban d6 c6 entropy 16n hon e§£§X c6 phan bd kich hoat rong hon.

Entropy cao khong dong nghia véi hitu ich cho phan loai va trong mot sb trudng hop cé
thé di kém nhiéu hoidc phan hdi khong dic hidu. Vi vay, cdc ban dd nay dudc sang loc
theo gia thuyét ctia BlockNet va tac dong ctia quyét dinh d6 dudc kiém chiing trong phan
thuc nghiém.

Do d6, khoang entropy phit hgp khong phai 14 viing c6 entropy 16n nhét, ma 1a ving
can bang gitta kha ning biéu dién thong tin va mic do 6n dinh clia ban do dic trung.

Do d6, BlockNet khong Iwa chon ban dd dic trung theo nguyén tic entropy cang
16n cang t6t. Phuong phap xdc dinh mot khoang entropy tuong dbi cho tiing block dé tao
tap ban dd dng vién, thay vi khang dinh truéc kha ning phan biét ctia tiing ban dd.

Tit kho4ng entropy phu hgp ctia tiing block CNN, mot ban do dic trung dugc giit
lai néu théa man diéu kién trong Cong thiic (2.23). Piéu kién nay sang loc cic ban do c6
phan b kich hoat ndam ngoai khoang di xac dinh. Chat lugng cta tip ban do dudc lua
chon ddi v6i hop nhét va phan loai dugc danh gia bang thuc nghiém, khong dudc suy ra
truc tiép tir entropy.

Khoéng entropy phu hgp dong vai tro 1a co ché loc thong tin trong BlockNet. Co
ché nay khong chi gidp gidm s6 lugng ban do dic trung du thita ma con nang cao chit
lugng biéu dién diu vao biang cach gilt lai cac ban do dic trung cé muc théng tin phu
hop trong tiing block CNN. Py 1a budc trung gian trudc khi thuc hién lua chon ban dd
dic trung va hop nhat véi cac dic trung thi cong.

2.3.4.Chon loc bdn do ddc trung dua trén entropy

Sau khi xac dinh kho4ng entropy phu hdp cho tling block CNN, budc tiép theo cia
BlockNet 12 st dung khodng nay dé lua chon céc ban d6 dic trung phuc vu qud trinh xay
dung biéu dién dic trung. Muc tiéu ctia budc chon loc khong phai 12 giit lai cic ban do
dic trung c6 entropy 16n nhét, ma 12 loai bd cic ban d6 dic trung c6 mic phan hdi qua
yéu hoiic qua phan tan, tif d6 gidm thanh phan du thira va han ché cic phan hoi khong 6n
dinh trudc khi hop nhat dic trung.

V6i mbi block b € A, tap ban do dic trung dudc trich xuit tif mau dau vao x; dudc
ky hiéu 1a .7 ®) (x;) = {anb) (xi) %b: .- Entropy ctia tiing ban do dic trung F,,(lb) (x;) dugc
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tinh theo Cong thic (2.13). Dua trén khoang entropy phu hgp [eﬁfi)n,eﬁﬁgx] da xac dinh
cho block b, cac ban do dic trung dudc gitt lai dudc xac dinh theo Dinh nghia 2.4.
DINH NGHIA 2.4 [Ban dd dic trung hop 1& [CT3] ]

Cho tap ban dd dic trung .% ) (x;) ctia miu x; tai block b. Tap cac ban dd dic trung
hop 1€ sau budc chon loc entropy dudc xac dinh theo Cong thuc (2.24):

7O w) = {F () € 7V (w) | ey SHES () Seln . 224)

Trong d6, .7 *(®) (x;) 1a tAp céc ban do dic trung dudc gitt lai cia miu x; tai block b
sau budc chon loc entropy; Fy” (x;) 1a ban dd dic trung thd m tai block b; H(FLY) (x;)) 1a
entropy ciia ban do dic trung do; effi)n va e{l), 14n Iugt 1a can dudi va can trén ciia khoang
entropy phu hgp da xac dinh cho block b.

Dinh nghia 2.4 x4c dinh budc chon loc entropy & miic ban d6 dic trung cla ting

block CNN. Ci4c ban d6 dic trung c6 entropy nhé hon efr[fi)n thuong c6 phan hoi yéu, it
bién thién hoic chi biéu dién mot sé6 ving nhod chua di 6n dinh. Ngudc lai, cdc ban dd
déc trung c6 entropy 16n hon effgx c6 thé c6 phan hdi qua phan tan trén anh, chifa nhiéu,
vung nén hodc cdc phan hoi khong dic hiéu. Do d6, BlockNet Iua chon ,czic ban do6 dic
trung nam trong khoang entropy phu hgp, thay vi lua chon theo nguyén tac entropy cang
16n cang cao.
Vi DU 2.3 [Minh hoa x4c dinh kho4ng entropy phu hop va chon loc ban dd dic trung]
Xét anh dau vao 2_Basal Cell Carcinoma_Picturel jpg va 16p blockl_convl clia mang
VGG16. L6p nay tao ra 64 ban do dic trung, ky hiéu tit FM1 dén FM64. Vi du nay thuc
hién phép tinh entropy, xac dinh khoang entropy phit hop va lua chon cdc ban do dic
trung dudc giif lai; tip ban dd sau lua chon dugc trinh bay tiép trong Vi du 2.4.

Hinh 2.10 minh hoa qu4 trinh chon loc ban d6 dic trung. Entropy cta tiing ban do6
dic trung dudc tinh theo Cong thic (2.13). Céc gid tri entropy hién thi trong Hinh 2.10
dudc st dung d€ minh hoa qua trinh xdc dinh khoang entropy phu hop.

V6i ngudng entropy tbi thiéu @(blocklconl) — (10, cac ban dd dic trung cé entropy
nhd hon hoic biang ngudng nay sé bi loai khoi tap entropy hop 1é theo Cong thiic (2.20).
Trong vi du nay, tit cd 64 gid tri entropy déu 16n hon 0.10, do d6 tap entropy hop 1&
E (blockl_convl) o8 toan bd 64 gid tri sau: Vi cdc gid tri dudc tinh theo logarit co sb 2,
giGi han trén ctia mdi entropy la log, (50 176) ~ 15.6147 bit. Gi4 tri 16n nhit trong danh
sach 12 13.72 bit, nén toan bo 64 gid tri déu théa man gidi han toan hoc ctia dinh nghia
da sua.
gblockl_com) _ 8 75 510,9.22,8.76,10.35,5.41,7.05,11.20,
13.40,5.24,8.72,4.76,2.65,5.09,6.92,13.72,
11.12,6.15,6.37,12.29,5.10,9.64,5.41,6.93,
4.88,4.13,8.21,11.68,8.39,11.50,6.46,10.70,
11.03,11.72,8.46,8.52,5.41,9.57,5.04,6.12,
3.95,7.49,8.27,7.78,4.90,8.50,11.72,8.16,
11.18,4.94,5.55,8.36,11.87,11.43,6.70,4.96,

10.59,6.71,8.89,11.19,8.24,6.09, 8.45,10.07}.
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Tit céc gid tri entropy trong E (Plockl_convl) “oi4 tri trung binh dudc tinh béi:

&4 (blockl 1
H ( Jais ockl_conv
m=1

(blockl_convl) 1
Ji!

1 e
{ == (x,)) 8.0806.

D06 1éch chuan clia céc gid tri entropy dudc tinh béi:

(blockl_convl) 1 &
Gg - - a Z

m=1

2
(H (anblock]_conv]) (xi)) o ‘u(gblockl_conv])) ~2.6297.

Theo Cong thuc (2.21), can dudi cia khoang entropy phu hgp dudc xac dinh bdi:

e(b‘lock]_convl) — max (min(E(blOCk]—ConVJ)), e(block]_conv]) Ge(block]_conv]))

min -

= max(2.65,8.0806 — 2.6297)
= max(2.65,5.4509)
~ 5.45.

Tuong tu, theo Cong thic (2.22), cén trén clia khoang entropy phu hgp dugc xac
dinh béi:
gllaalgck]_convl) — min (maX(E(bZOCk]—COWI)),uéblwk]_conv}) 4 Ge(block]_convl))

= min(13.72,8.0806 +2.6297)
= min(13.72,10.7103)
~10.71.

Nhu vay, khoang entropy phu hgp cua 16p blockl_convl la:

{egrl:ilgck]_convl) ’ er(llfell)o(ck]_convi)} ~ [5.45,10.71].

Mot ban do dic trung f blockl_convi) (x;) dudc giit lai néu entropy ctia n6 thda man
diéu kién trong Cong thiic (2.24), tic la:

545<H (F,Sl”“"’—“”” )(xi)) <10.71.

Chzzlng han, trong Hinh 2.10, FM1 c6 H = 8.75 nén dudc git lai vi 5.45 < 8.75 <
10.71; FM2 ¢6 H = 5.10 nén bi loai vi 5.10 < 5.45; FM5 c6 H = 10.35 nén dudc giti lai
vi 5.45 <10.35 < 10.71; FM8 c¢c6 H = 11.20 nén bi loai vi 11.20 > 10.71; va FM9 c6
H = 13.40 ciing bi loai vi 13.40 > 10.71.

Vi diéu kién lua chon trén, trong tdng sb 64 ban do dic trung ctia 16p blockl_convl,
c6 34 ban do6 dic trung dudc giif lai va 30 ban do dic trung bi loai bd, ding nhu minh
hoa trong Hinh 2.10. Két qua nay minh hoa nguyén tic lua chon ctia BlockNet: gii lai
cdc ban do dic trung c6 entropy nam trong khoing phu hop ciia tiing block CNN, thay
vi chon theo gia tri entropy 16n nht.

CHU Y 2.2 Hinh 2.10 minh hoa ring cdc ban dd bi sang loc gdm ca trudng hdp entropy
thp va entropy cao. Entropy thip thudng di cling phan bd kich hoat tip trung, con
entropy cao phan anh phan bd rong hon va trong mot sb trudng hdp cé thé di kem phan
hdi khong 6n dinh. BlockNet giif cic ban d nam trong khoang entropy ctia ting block
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Hinh 2.10: Minh hoa chon loc bdn do ddic trung dua trén entropy tai ldp blockl_convl.
Cdc bdn do ddc trung co vién xanh duoc gint lai do nam trong khodng entropy phit hop;
cdc bdn do ddc trung cé vién dé bi loai bo.

nhu mot quy tic sang loc, sau d6 ddnh gia quy tic nay bang két qua phan loai.

Sau budc chon loc, tip .# *(b) (x;) dugc st dung d€ xay dung vector dic trung hoc
sau zgd’b) clia mau x; tai block b. S6 lugng ban do6 dic trung dudc gitt lai khong dudc an
dinh truSc theo mot gid tri c6 dinh nhu top-k, ma phu thudc vao s ban do6 dic trung c6
entropy nam trong khoang phti hop [effi)n, eg@lx]. Noi cach khac, BlockNet khong st dung
toan bo ban do dic trung ban dau, dong thdi cling khong chon mot sb luong cd dinh ban
dd dic trung cho moi block, ma Iva chon cdc ban dd dic trung thdéa man tiéu chi entropy
phu hgp cia tung block CNN.
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Trong pham vi budc chon loc entropy, s6 lugng ban do dic trung dudc giit lai dudc
kiém soat bdi khoang entropy phu hdp cia ting block. Sau d6, khi cc ban dd dic trung
hop 1é dugc chuyén doi thanh vector dic trung hoc sau va to chiic thanh tap di liéu dic
trung phuc vu huin luyén, s6 luong mau trong titng 16p tiép tuc dudc diéu chinh thong
qua co ché can bang dif liéu trong khong gian dic trung, dudc trinh bay & muc tiép theo.
(d,b)

Vector dac trung hoc siu z; sau d6 dudc hop nhat véi vector dic trung thi cong

z§’” dé tao thanh biéu dién dic trung hop nhit zl(b) phuc vu cho qua trinh phén loai. Nhu
vay, bu6e chon loc ban do dic trung dua trén entropy déng vai trd trung gian gitta qua
trinh trich xuit ban dd dic trung tit CNN va qu4 trinh hop nhit dic trung da ngudn trong
BlockNet.

Céch t6 chiic ndy giam s lugng ban do dic trung can xt 1y, han ché cac phan hoi
du thira hodic khong 6n dinh va giit lai cac ban do dic trung c6 miic thong tin phu hop
cho tuing block CNN.

2.3.5. Hop nhat ddc trung da nguon

Sau budc chon loc ban d6 dic trung dua trén entropy, BlockNet thu dudc cic tap
ban dd dic trung hop 1¢ dé xay dung vector dic trung hoc sau. Tuy nhién, cdc dic trung
hoc sau dugc trich xuét tit CNN chi yéu phan 4nh cic biéu dién dugc hoc tu dong tir dit
liéu anh, trong khi mot sb dic diém truc quan nhu mau sic, két ciu hoic hinh dang tén
thuong van c6 thé dudc md ta két qua bang cic dic trung thi cong. Vi viy, BlockNet
thuc hién hop nhit dic trung da ngudn d€ khai thac tinh bé trg giita dic trung hoc sau va
dac trung thu cong.

DINH NGHIA 2.5 [Trich rut dac trung tit BlockNet [CT3] ]

Cho 4nh dau vao x va block b € 4, BlockNet thuc hién qua trinh trich xuat dic
trung theo bon budce chinh: (i) trich xuit ban d6 dic trung ti block tich chap ctia CNN;
(i) d4nh gid entropy va chon loc cdc ban dd dic trung hop 1¢; (iii) chuyén ddi cic ban do
dic trung dudc giii lai thanh vector dic trung hoc siu; va (iv) hop nhét vector dic trung
hoc sau véi vector dic trung thii cong dé tao biéu dién dic trung cudi cung.

V6i mdi block b, biéu dién dic trung hop nhét ctia BlockNet dudc xdc dinh theo
Cong thuc (2.6).

Dinh nghia 2.5 cho thiy BlockNet khong truc tiép st dung toan bo ban dd dic trung

dudc tao ra tit CNN, ma xay dung bi€u dién dic trung theo tliing block thong qua co ché
chon loc entropy tru6c khi thuc hién hgp nhit da ngudn. Cach tiép can nay gitp gidm
du thira trong khong gian bi€u dién va giil lai cdc thanh phan thong tin phit hop hon cho
phan loai.
Vi DU 2.4 [Minh hoa tip ban d6 dic trung dudc giil lai] Vi du nay tiép tuc st dung
anh 2_Basal Cell Carcinoma_Picturel.jpg va 16p blockl_convl da xét trong Vi du 2.3.
Theo két qua tinh toan tir 64 gia tri entropy trong vi du trudc, khoang entropy phit hop
1a [5.45,10.71]. C6 34 ban dd dic trung thda man diéu kién Iya chon va 30 ban do dic
trung bi loai. Hinh 2.11 trinh bay riéng tap ban dd dic trung dudc giif lai d€ xay dung
vector ddc trung hoc sau.

Trong BlockNet, tip ban dd dic trung hop 1é clia mau x; tai block b, ky hiéu 1a
F*()(x;), déng vai trd 12 ngudn biéu dién hoc sau cho budc hop nhét da ngudn. Cac ban
dd dic trung nay dudc chuyén d6i thanh vector dic trung hoc sau thong qua cic phép
bién d6i nhu chuin héa, pooling hoic flatten. Vector dic trung hoc sau thu dugc ky hiéu
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Hinh 2.11: Cdc bdn dé dic trung hop 1é duoc giit lai tix I6p blockl_convl.

la zl(d’b). Do dau vao ciia budc nay da dugc chon loc theo entropy, vector z,(d’b) co xu

hudng gon hon va it chifa thanh phan du thita hon so véi trudng hop st dung toan bd ban
dd dic trung ban dau.

Song song véi dac trung hoc sau, BlockNet stt dung ba bo mo ta thu cong dudc trich
Xuat tryc tiép tir 4nh dau vao, gdm histogram HSV md ta phan bd mau, GLCM mo ta
két cau va fractal mo ta do phtc tap hinh dang. Véc-to dic trung thi cong dudc ky hiéu
la zl@. Sau do, véc-to diac trung hoc sau zl{d’m va véc-to dac trung thu cong zl(h) dudc
hop nhit d€ tao biu dién dic trung cudi cung ctia block b, dudc x4c dinh theo Cong
thuc (2.25).

@7 =y ("), (2.25)

trong d6 y(-) 1a phép hop nhét dic trung.

Phép hop nhét dudc thuc hién theo cd ché ghép nbi vector dic trung. Cach tiép can
nay gif lai thong tin tf tiing ngudn biéu dién, dong thdi cho phép bd phan loai khai thac
quan hé bd trg gitta dic trung hoc sau va dic trung thi cong.

Trong BlockNet, qua trinh hop nhit dic trung dudc thuc hién riéng cho titng block
CNN. biéu nay c6 nghia 12 mdi block b sé tao ra mot biéu dién dic trung da ngudn riéng:

(b)

1

Tir d6, mdi block hinh thanh mdt tap dit liéu dic trung tuong ting phuc vu cho qua
trinh hu4n luyén va danh gia bd phan loai. Cach t3 chiic nay cho phép danh gia kha ning
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biéu dién ca ting block CNN thong qua cac biéu dién da ngudn da dudc chon loc bing
entropy. Viéc hgp nhét dic trung da ngudn c6 cdc vai tro sau. Thi nhéit, dic trung hoc
sau c6 kha niing hoc cdc mau biéu dién phuc tap tir dif liéu anh, 1a cac cau tric khong dé
mo ta bang cong thic thii cong. Thit hai, dic trung thi cong gitip bS sung cac mo ta truc
quan &n dinh nhu mau sic, két cdu va hinh dang, von c6 y nghia trong phan tich anh tn
thuong da. Thit ba, viéc két hop hai nhém dic trung gitip ting tinh phong phu ctia biéu
dién dau vao, qua d6 hd trd bo phan loai trong diéu kién dit liéu c6 do bién thién cao.

Ngoai ra, viéc thuc hién hop nhit sau buéc chon loc entropy gidm anh hudng cia
cac ban dd dic trung du thira hodc c6 phan hdi khong 6n dinh. Diéu nay gép phan lam
cho biéu dién cudi ciing gon hon nhung van duy tri dugc cic thanh phan thong tin dbi
vOi phan loai.

Bué6c hop nhit dic trung da ngudn dong vai tro két ndi gitta co ché chon loc ban do6
ddc trung dua trén entropy va giai doan phan loai. V6i mdi block CNN, BlockNet xay
dung mot biéu dién dic trung da nguodn riéng, tao cd sd cho cic bude can bang di liéu
trong khong gian dic trung va huin luyén bo phan loai & cic muc tiép theo.

2.3.6.Cdn bang dit liéu trong khong gian ddc trung

Trong cac bo dif liéu anh y té, sb luong mau giiia cac 16p thudng khong dong déu.
Mot s6 16p c6 nhiéu mau hon so véi cac 16p con lai, trong khi cac 16p thiéu sb lai ¢6 it di
liéu dé mo hinh hoc dudc dic trung phan biét. Hién tudng ndy c6 thé lam cho bd phan
loai thién 1éch vé cac 16p c6 sd luong mau 16n va lam gidm kha ning nhan dang d6i véi
céc 16p it mau.

Trong BlockNet, can bﬁng dit liéu dudc thuc hién trong khong gian dic trung dé
phil hop véi quy trinh trich xuit va chon loc dic trung da trinh by & cac muc truée. Sau
khi céc ban d6 dic trung hop 1é ctia tiing block CNN dudc Iya chon theo Pinh nghia 2.4,
cac biéu dién dic trung da nguon thu dugc sé dudc st dung lam co sé cho budc ting
cuong di liéu.

Nhu viy, qué trinh cin bang khong dugc thuc hién truc tiép trén dnh dau vao, ma
dudgc thuc hién trén cac vector dic trung da ducc xay dung tii cic ban do dic trung hop
1& va dic trung thii cong. Cach tiép cin nay gidp duy tri tinh nhit quan giita budc chon
loc entropy va budc tang cuong du liéu trong BlockNet.

V6i mbi block b € 4, tap bi€u dién dic trung da ngudn dugc xac dinh:

AR {ng)}N ;
i=1

(b)

i

1a vector dic trung hop nhit ctia mau thi i d6i véi block b.

Gia su n,((b) 12 s6 luong vector dic trung thudc 16p k trong tap biéu dién ctia block b,

trong do z

nEfo = ml?x (n,({b) )

12 s6 luong mau 16n nhét giiia cdc 16p cia block do6.
Dé giam chénh 1éch s6 luong mau giiia cic 16p, BlockNet st dung hé sb ting cudng
da dugc xac dinh theo Cong thic (2.26):

b
m® = {—”‘(“ﬂ (2.26)
S IO ‘
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Khi d6, s6 luong biéu dién dic trung sau ting cudng cta 16p k trong block b dugc
xac dinh:
n® =n? "), 2.27)
(b)

Trong céch biéu dién nay, my’ cho biét s6 1an cac vector dic trung hop 1é ctia 16p k

trong block b dudc st dung lai trong qua trinh tang cudng. Do m,(cb) dugc xdc dinh bang

A o A X v N ! z A M v 2,
phép lam tron 1€n, so lugng biu dién sau tdng cudng nk(b) co thé bang hodc 16n hon nr(fgx.

Diéu nay cho thiy co ché nay huéng téi viéc 1am gidm mét cin biang 16p trong khong
gian dic trung, thay vi bit budc s6 luong maiu sau ting cudng ctia moi 16p phai biang
nhau tuyét dbi.

D€ trinh bay rd hon qua trinh thuc hién trong thuit todn, sd luong vector dic trung
can bd sung cho 16p k ctia block b dudc ky hiéu 1a:

AP = O 0, (2.28)

Nhu vay, m,(cb), n;c(b) va A,({b) khong biéu dién ba co ché can biang khac nhau, ma la

ba dai luong mo ta cing mdt qud trinh ting cudng trong khong gian dic trung. Cu thé,
A o N ! N A 2 X o v N N
m,((b) la hé sO tang cuong, nk(b) l1a sO lugng biéu dien dic trung sau tang cuong, con A,((b)

12 s6 lugng vector diic trung can bd sung trong qud trinh thuc hién thuat todn.

Néu A,(Cb) > 0, cac vector dac trung hgp 1€ cua 16p k trong block b dudc chon va su

dung lai d€ b6 sung vao tap dit liéu huan luyén. Néu A,(Cb) =0, 16p d6 khong can b sung

thém bi€u dién dic trung.

Sau budc ting cudng, mdi block b hinh thanh tip dif liéu dic trung cAn bing
Dgance\d, trong d6 cdc biu dién dic trung da ducc chon loc theo entropy, hop nhit
da nguodn va tang cuong trong khong gian dic trung.

Trong BlockNet, qu trinh cin bang dif liéu dudc thuc hién riéng cho titng block
CNN. Piéu nay c6 nghia 1a mdi block sau budc chon loc entropy va hgp nhét dic trung
s& tao thanh mot tap biéu dién dic trung riéng phuc vu cho qud trinh huin luyén va danh
gia bd phan loai.

Ciéch t6 chiic nay cho phép ddnh gia kha ning bi€u dién cla tiing block thong qua
cac tap dit liéu dic trung tuong dng. Thay vi st dung mot ban dd dic trung don 1é ctia
mdi block, nghién ctu khai thac tip cic ban d6 dic trung hop 1é sau budc chon loc
entropy dé giif lai nhiéu thanh phan thong tin bd sung trong cing mdt block. Do d6, mdi
block dudc xem nhu mdt ngudn biéu dién dic trung riéng biét trong BlockNet.

Viéc xay dung céc tap du liéu dac trung riéng cho tung block cting gidp danh gia
4nh hudng ctia miic do tritu tuong cia dic trung CNN dbi v6i bai todn phan loai. Cac
block dau thudng phan dnh cac dic trung mic thip nhu bién hodc két ciu cuc b, trong
khi c4c block sau hon c¢6 xu huéng biéu dién cac cAu triic ngit nghia phiic tap hon. Thong
qua céc tap dif liéu dic trung D) | BlockNet c6 thé danh gid két qua biéu dién ciia
tiing block trude khi xac dinh ciu hinh phit hop cho qua trinh phan loai.

CHU Y 2.3 co ché can bang dif liéu dudc thuc hién trong khong gian dic trung d€ duy tri
tinh nhit quan vdi thiét ké ctia BlockNet. Trong tdm ctia chuong khong phéi 1a so sanh
toan dién cac chién ludc ting cuong dif liéu khac nhau, ma 13 trinh bay mot quy trinh
théng nhat gdm trich xuit ban dd dic trung, chon loc bang entropy, hop nhét dic trung
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da nguodn va can bang trén biéu dién dic trung da chon.

V& ban chit, co ché trén 1a iy mau ting cudng ngau nhién cé hoan lai trong khong
gian dac trung (random oversampling in feature space). Phuong phap st dung lai cac
vector diic trung hop nhat hién c6 ctia 16p thi€u sd; khong sinh thém 4nh va khong ndi
suy dé tao vector tdng hdp méi. Toan b thao tac chi dudc thuc hién trén phan huin luyén
cua ting fold sau khi dit liéu da dudgc chia; tap xac thuc va tap kiém tra dudc gitt nguyén
d€ tranh 1o ri thong tin.

Co ché nay can thiép & miic phan bd miu nén khac véi ham mat mat c6 trong s theo
16p (class-weighted loss), trong d6 dit liéu dudc gilt nguyén nhung sai s6 ctia 16p thiéu
s6 dugc gan trong sd 16n hon; va khac véi focal loss, trong d6 dong gép clia cac mau
dé dugc gidm d€ mo hinh tap trung hon vao cac mau khé [114, 115]. So v6i SMOTE,
phuong phép ctia BlockNet khong tao vector méi bang noi suy gitta cac mau thiéu s, do
d6 tranh dua thém bi€u dién tong hop vao khong gian dic trung [116]. M6i hudng xt 1y
c6 uu diém va han ché riéng; phan d6i chiéu nay nham lam rd vi tri can thiép ctia co ché
dudc st dung, khong dugc xem la mdt so sanh hiéu nang thuc nghiém gitta cac phuong
phéap xtt Iy mit can bang [117, 118].

Vi DU 2.5 [Minh hoa can bing dif liéu trong khong gian dic trung] Gia st dbi v6i mot
block CNN, 16p ¢6 s6 lugng mau 16n nhat cé:

n2) = 100.
Xét mot 16p thiéu sb co:
n”) = 60.

Theo Cong thiic (2.26), hé s6 ting cudng clia 16p nay dudc x4c dinh:
() _ 1007 _,
m [ 01—y

Khi d6, s6 lugng biéu dién dic trung sau ting cudng dudgc xac dinh theo Cong
thuc (2.27):

" = 60 x 2 = 120.
Sé lugng vector dic trung can bd sung dudc xac dinh theo Cong thiic (2.28):
AP =120 - 60 = 60.
Vi du nay cho thay sb 111:Qng mAu sau ting cubnfg c6 thé 16n hon ngfgx do st dqu
phép lam tron Ién trong hé so tang cuong. Vi vay, ket qua sau tang cudng khong nhat

thiét tao ra sb luong mau tuyét ddi bang nhau gitta cac 16p, ma nhiam lam gidm mic do
mét can bang trong khong gian dic trung.

Sau khi hoan tit budc cin bing, tap dit liéu dic trung Dgamed cta tung block CNN
sé dudc st dung 1am dau vao cho bo phan loai. Noi dung vé bd phan loai va ham muc

tiéu duoc trinh bay trong muc tiép theo.
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2.3.7. B6 phdn loai va ham muc tiéu

Sau khi hoan tit c4c budc chon loc ban dd dic trung, hop nhit dic trung da ngudn

va can bing dif liéu trong khong gian dic trung, mdi block CNN tao ra tap dif liéu dic
(b)

balanceq- MO1 mau ddu vao trong tap dit liéu nay dugc bi€u dién béi

trung cin bing D
vector dic trung hop nhat zl(b), va vector niy dudgc st dung 1am dau vao cho bo phan loai
nham du doan nhén 16p tuong ting.

DINH NGHIA 2.6 [Ham phan loai] Him phan loai tong quit da dudc x4c dinh trong
Cong thic (2.2). Trong giai doan huln luyén ctia BlockNet, diu vao cu thé cia ham

()

phan loai la vector dic trung hgp nhat z; ' clia mau x; dbi véi block b.

()

Khi d6, bo phan loai hoc dnh xa tir bi€u dién déc trung z;”’ sang nhan 16p y; € %

Trong thuc té, hAm phan loai tra vé vector xac suat du dodn:
. (b b) ( (b
B =’ ("), (2.29)
(b)

trong do P, la vector xac sut du dodn ctia block b, con ®?) 1a tip tham sb clia bd phan
loai tuong ting véi block do.

bd phan loai Multi-Layer Perceptron (MLP) dudgc st dung dé€ danh gid két qua cla
cac biéu dién dic trung do BlockNet tao ra. Viéc st dung MLP véi kién tric tuong dbi
don gian gitip tp trung ddnh gid chit luong clia cic biéu dién dic trung sau cac budc
chon loc entropy, hop nhit da ngudn va cin bang trong khong gian dic trung, thay vi dé
két qua bi chi phdi béi mot kién tric phan loai qua phiic tap.

Diéu nay cho thdy trong tim ctia BlockNet khong nam & viéc dé xuit mot kién triic
hoc sau méi cho bo phan loai, ma nam & co ché xay dung biéu dién dic trung két qua tir
ban do6 dic trung ctia CNN va cdc dic trung thi cong. Do d6, MLP dudc lua chon nham
phan 4nh rd hon vai tro clia cac budc xi Iy dic trung trong quy trinh dé xuét.

Trong BlockNet, qua trinh hu4n luyén va danh gia bd phan loai dugc thuc hién riéng
cho tiing block CNN. Cu thé, mdi block b € % tao ra mdt tap dif lidu dic trung cin bing
Dganced va mot bd phan loai tuong ting gEo) Céch t0 chuc nay cho phép danh gid kha
ning biéu dién cia ting block CNN thong qua két qua phan loai trén céc tip dic trung
tuong ung.

V6i vector dic trung hop nhat ng), bd phan loai MLP gom cdc 16p fully-connected
lién tiép. Mi 16p 4n thuc hién phép bién ddi tuyén tinh két hgp véi ham kich hoat phi
tuyén nhiam hoc cdc quan hé giita cac thanh phan dic trung.

O 16p ddu ra, ham softmax dudc st dung dé chuyén cic gid tri ddu ra thanh phin b
xéc suét trén C 16p:

) exp(ol)
xS exploy))

1a gi4 tri dau ra tru6c softmax tuong tng véi 16p ¢ clia mau i dbi véi block

(2.30)

()

trong do o,

b, con p(b)

c
Nhin du dodn cudi ciing ctia mau x; dbi v6i block b dudc xéc dinh:

12 x4c suit du dodn mau i thudc 16p c.

yﬂgw:arg max pfc)- (2.31)
ce{l,....C}
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DPé& huin luyén bd phan loai, ham mit mat cross-entropy dudc st dung. Vi nhin
that ¢ dang one-hot:

Yic,

ham mAat mat trén tip huin luyén cta block b dudc xac dinh:

1 N C
2 =23 Y yiclog (ﬁﬁf)) . (2.32)

i=1c=1
Trong Cong thiic (2.32), néu mau i thudc 16p c thi:

Yie = 17
ngudc lai:

Yic =0.

Ham méat mat nay khuyén khich mo hinh gdn x4c suét cao cho 16p diing va x4c suit
thip cho cac 16p con lai.

Qua trinh t6i vu héa bo phan loai dudc thuc hién bing lan truyén ngudc va thuat
todn t6i uu Adam. Céc tham sb ®®) ciia bd phan loai dudc cip nhat nhim cuc tiéu héa
ham mét mat trong Cong thiic (2.32).

Sau khi huén luyén, bd phan loai cta tiing block CNN nhéan vector dic trung hop
(b)
Bo phan loai trong BlockNet dong vai tro 1a thanh phan ra quyét dinh cubi cing
trén cic biéu dién dic trung da dudc xay dung qua cc budc trich xuat ban dd dic trung,
chon loc entropy, hop nhét da ngudn va can bang dit liéu trong khong gian dic trung.

nhit z;/ clia 4nh dau vao va tra vé nhan du dodn tuong dng.

Céch thiét ké nay gitip nhan ring két qua ctia mo hinh dé xuét chi yéu dén tir chit
luong biéu dién dic trung dudce xay dung theo tiing block CNN, thay vi tit do phtc tap
cta bo phan loai.

2.4.Thuit toan dé xuat va quy trinh thuc hién

Tir cac thanh phan da trinh bay & cac muc trude, quy trinh BlockNet dudc téng hop
thanh ba thuét to4n chinh. Thuit todn 2.1 thuc hién chon loc ban do dic trung dua trén
entropy. Thuit todn 2.2 thuc hién can bing di liéu trong khong gian dic trung. Thuat
toan 2.3 mo ta quy trinh tong thé ctia BlockNet theo titng block CNN, ti trich xuét ban
dd dic trung, chon loc entropy, hop nhét dic trung, can bang dif liéu trong khong gian
dic trung dén huén luyén va danh gid bo phan loai.

Phan tich thuat toan. Thuat to4n 2.1 thuc hién chon loc ban d6 dic trung & miic
timg block CNN. Pau vao ciia thudt todn 1a tdp ban do dic trung .Z ) (x;) da dugc trich
Xuét tif mau x; tai block b. Trudc hét, entropy ctia tiing ban do dic trung dudc tinh nham
danh gid mic do phan bd thong tin cla ban do dic trung d6. Cac ban do dic trung c6
entropy nhé hon hoic bing ngudng 0 bi loai khoi tap entropy hop 16. Khi d6, E®) 1a
tap céc gid tri entropy hop 1€ tai block b, dudc st dung dé xac dinh khodng entropy phu
hOp (e} e

Sau khi x4dc dinh khoang entropy phut hop, thuit todn giif lai cic ban do c6 entropy
nam trong khoang [effi)n, eﬁfiﬁlx] dé tao thanh tap .Z*®)(x;). S luong ban db dugc giit lai
khong 4n dinh trudc theo gid tri top-k, ma phu thudc vao phan bd entropy tai tiing block.
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Thuét toan 2.1 Chon loc ban d6 dic trung dua trén entropy

Pau vao: Tip ban db dic trung .Z ) (x;) ctia mau x; tai block b; ngudng entropy tbi
thi¢u 6¥).
Pau ra: Khoang entropy phit hop [er(fl’i)n, er(ffgx]; Tap ban dd dic trung hop 16 .7*) (x;).
1: Khdi tao tap entropy hop 18 E(®) « 0.
2: for mdi ban dd dic trung FY (x;) € Z®)(x;) do
3 Tinh entropy H (anb) (x;)) theo Cong thic (2.13).
4 FHEY (x) > 0©) then
5. Thém H(FY (x;)) vao E®).
6 end if
7: end for
8: Xdc dinh ") theo Cong thiic (2.21).
9: Xic dinh e\%); theo Cong thiic (2.22).
10: Xdc dinh tap ban do dic trung hop 1& .Z () (x;) theo Cong thiic (2.24).
11: return .Z*®)(x;), [efﬁi)n,eggx].

Céach 1am nay sang loc hai phia ctia phan b tru6e khi xay dung véc-to dic trung hoc sau.

Do phitc tap. Gia st block b ¢c6 M, ban d6 dic trung, mdi ban do dic trung c6
kich thuéc Hj, x Wj,. Viéc tinh entropy cho toan bd M, ban do dic trung c6 do phic tap
O(M,H,W},). Sau khi cac gia tri entropy da dudc tinh, viéc xac dinh khoang entropy phu
hop va chon loc ban dd dic trung c6 do phic tap O(M,). Do dé, do phic tap téng quat
cua Thuat toan 2.1 la:

O(MbeWb) .

Sau Thuit todn 2.1, mbi mau x; tai block b thu dudc tip ban d6 dic trung hop 1é
Z*()(x;). Tap nay dugc chuyén ddi thanh vector dic trung hoc siu zl(d’b) va hop nhit vé6i
l(h) d€ tao thanh vector dic trung hop nhit zl(b). Khi toan bd
cdc mau huén luyén da dugc biéu dién dudi dang céc cip (ng) ,¥i), budc tiép theo 1a can
bing tap biéu dién nay trong khong gian dic trung d€ gidm anh hudng clia mit can bang
16p trude khi hudn luyén bd phan loai. Noi dung nay dudgc trinh bay trong Thuit toan 2.2.

Phan tich thuét toan. Thuit todn 2.2 thuc hién can bang dif liéu trong khong gian

vector dac trung thu cong z

dic trung, tic 1a thao tac trén cdc vector dic trung hop nhat zl(b) da dudc xay dung tai
tiing block CNN, thay vi tao thém anh mé6i & mic dit liéu dau vao. Vi mbi block b, thuat
todn xdc dinh sb lugng méu cia tiing 16p trong tap 2°?), sau d6 tinh sb lugng vector dic
trung can bd sung cho cac 16p thiéu sb.

Viéc bo sung dit liéu dugc thuc hién bﬁng cach chon ngau nhién ¢6 hoan lai céc
vector dic trung hién c6 ctia 16p can cin bang. Co ché nay 1a mot dang 1y mau lip trong
khong gian dic trung; thuat toan khong sinh anh mdéi va cling khong tao vector tong hop

mdi. Do do, Dt(ganced la tap dif liéu dic trung sau can bang tai block b, gdm cac cip

(zl(b),yi) va dudc st dung d€ huan luyén bo phan loai tuong tdng véi block dé. Cach td
chiic nay gidp gidm anh hudng ctia mit cin bang 16p trong qua trinh huin luyén, dong
thoi tranh 1am thay d6i dit liéu anh gbc.
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Thuét to4n 2.2 Can bang di liéu trong khong gian dic trung

Déu vao: Tap bi€u dién diic trung hop nhit tai block b, Z®) = {(z?),y)1¥; tap nhan
78
Pau ra: Tap dit liéu dic trung sau cin bang D

. (b)
1: Khdi tao Dy ;. .q < Q‘”(b(l.)

2: Xdc dinh s0 lugng mau n;”’ clia timg 16p k € ¥

()

balanced"

3. Xic dinh n2); 1a s6 lugng mAu 16n nhit giita céc 16p.
4: for mdi 16p k € % do
5:  Tinh hé s cin bing m,((b) theo Cong thiic (2.26).

6: Tinh s6 lugng biéu dién sau cin bang n;((b) theo Cong thiic (2.27).
7: Tinh sb lugng vector can bd sung A](cb) theo Cong thic (2.28).
8. if A" > 0 then
9: Chon ngau nhién ¢6 hoan lai A,({b) vector dac trung tu tap {Z,(b) | yi =k}
10: Bd sung cac vector dudc chon cung nhan 16p k vao Dgﬁanced.
11: end if
12: end for
13: return D(b)

balanced*

Do phite tap. Gia sit 2°() ¢6 N mau dic trung va tap nhin c6 C 16p. Viéc dém sb
lugng mau cua tiing 16p can duyét qua N phan tif nén c6 do phiic tap O(N). Viéc tinh hé
s6 can bing, s luong sau cin bing va sd lugng vector can bd sung cho tling 16p c6 dod
phtic tap O(C). Goi R, = Y'<_, A,((b) 12 téng s6 vector dic trung dudc bS sung tai block b.
Khi do, chi phi bd sung vector 1a O(R;,), va do phiic tap tong quat ctia Thuat todn 2.2 1a:

O(N+C+Ry).

Thuét todn 2.2 tao ra tip dit liéu dic trung sau cin bang Dganced cho mot block b
cu thé. Tuy nhién, BlockNet khong chi xtt Iy mot block don 1é ma 1dp lai toan bd chudi
thao tac cho titng block CNN dugc lua chon. Vi vy, can md td mot quy trinh tdng thé
d€ lién két cac budc trich xuét ban dd dic trung, chon loc entropy, hop nhit dic trung,
can bang dif liéu trong khong gian dic trung va huin luyén bd phén loai theo tiing block.
Quy trinh day da nay dudc trinh bay trong Thuat toan 2.3.

Phin tich thuit toan. Thuit todn 2.3 mo ta quy trinh tong thé ctia BlockNet theo
tiing block CNN. Véi mdi block b, thuat toan trich xuat tip ban do dic trung tif anh dau
vao, ap dung Thuit todn 2.1 d€ giit lai cdc ban do dic trung hop 18, sau d6 chuyén ddi
chiing thanh vector diic trung hoc sau. Vector nay dudc hop nhit véi dic trung thi cong
d€ tao biéu dién dic trung hop nhat zl(b).

Tap biéu dién dic trung hop nhét ctia block b dugc cin bing bing Thuit todn 2.2
trude khi huan luyén bd phan loai. Nhd thuc hién quy trinh riéng cho tiing block CNN,
BlockNet tao ra céc tap biéu dién dic trung tuong tng vé6i tiing muc biéu dién clia mang
CNN. Céch t6 chiic ndy cho phép danh gia vai trd cla ting block trong bai todn phan
loai, dong thoi lién két thdng nhit cic bude chon loc entropy, hop nhat dic trung, can
bing di liéu trong khong gian dic trung va hun luyén bo phan loai.
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Thuét toan 2.3 Quy trinh tong thé clia BlockNet

Pau vao: Tap dit liéu huin luyén D = {(xi,y:) }¥ ;5 tap block CNN 4; dic trung thu
(h); ngudng entropy 8%) véi b € A.

cong z;

()

balanced )

()

Pau ra: Cic tap dit liéu dic trung sau can bang D cac bo phan loai g ; nhan

du doan 7.

i

1: for moi block b € £ do

2: Khéi tao tap biéu dién dic trung hop nhit 2°(®) «+ 0.
3. for mdi mau (x;,y;) € D do
4: Trich xut tap ban db dic trung .Z () (x;) theo Cong thiic (2.5).
5: Chon tap ban db dic trung hgp 1& .7 *(®) (x;) bang Thuat toan 2.1.
6: Chuyén déi .7 *)(x;) thanh vector dic trung hoc siu zl(dVb).
7: Trich xuét hodc nap vector diic trung thii cong zl(h).
3. Hop nhit 2\” va 2" dé tao z”) theo Cong thiic (2.25).
9: Thém (ng),yi) vio Z ().
10: end for
11: Tao tap dif liéu dic trung sau cin bang Dgamed bing Thuat toan 2.2.
12: Huén luyén bo phan loai gg,) ) trén Dt()l;ianced.
13: Tinh x4c suit du doan theo Cong thiic (2.30).
14: Xéac dinh nhan du doan theo Cong thic (2.31).
15 Toi vu bd phan loai theo ham méat mat trong Cong thiic (2.32).
16: end for

17: return Dl()zianced, gg,’), yA(b) vG6i moi b € A.

i

D6 phitc tap. Gia st s6 block CNN dudc st dung 1a T = | %8|. V6i mdi block b, chi
phi chon loc entropy trén mot mau 1a O(My,H,W,,) nhu da phan tich trong Thuat toan 2.1.
V6i N miu, chi phi trich xuit va chon loc ban dd dic trung cho block b 12 O(NM,H,W).

()

Goi dp, 1a chiéu clia vector dic trung hgp nhét z;’, chi phi xay dung va td chic tap dic

i
trung tai block b la O(Nd,). Goi Tb(fllnce = O(N +C +Ry) 1a chi phi can bing dit lidu
trong khong gian ddc trung va TC(I?) la chi phi huin luyén bo phan loai tai block b. Khi
do, do phuc tap tong quat cia Thuat toan 2.3 1a:

b b
0 ( Z (NMbeWb + Ndb + Tb(al?'mce + Tc(lf))> .
beR

Trong d6, Ry, 12 téng s6 vector dic trung dudce bd sung trong bude cin bang di lidu
ctia block b. Biéu thiic trén cho thiy chi phi chinh ctia BlockNet dén tif qua trinh trich
xuat, tinh entropy va chon loc ban d6 dic trung theo tling block, cuing véi chi phi cin
bing dif liéu trong khong gian dic trung va huin luyén bd phan loai trén céc tip dic
trung tuong ung.

Sau khi da mo t4 dy dud ba thuat todn ctia BlockNet, phan tiép theo trinh bay cich
thiét 1ap thuc nghiém dé€ kiém chiing két qua clia quy trinh dé xuat. Cu thé, c4c ndi dung
tiép theo bao gdm bo dit liéu st dung, cic mo hinh so sdnh, ciu hinh thuc nghiém va
cac do do danh gid. Cac thiét 1ap nay 1a co sé d€ phan tich anh hudng cia chon loc ban
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dd dic trung dua trén entropy, hdp nhét dic trung da ngudn va cin bang dii liéu trong
khong gian dic trung & cdc muc két qua thuc nghiém.

2.5.Thiét lap thuc nghiém
2.5.1.Bé dit liéu

Ciéc thuc nghiém trong chuong nay dudc thuc hién trén hai bod dit liéu anh ton thuong
da gdm bo dit licu VNCancer [119] va bo dit liéu HAM10000 [3]. Hai bd dit liéu nay
dugc lua chon nhidm dénh gid két qua ctia phuong phap BlockNet trong céc diéu kién dit
liéu khac nhau vé chét luong anh, thiét bi thu nhan anh, mic do da dang t6n thuong va
tinh mat can bang 16p.

B0 dit liéu VNCancer dudc xay dung bdi cac chuyén gia da liéu tai Bénh vién Da
liéu Trung wong, Viét Nam, tif dit liéu anh thu nhan trong qu4 trinh thim khdm 1am sang
[119]. Pay 12 4nh 1am sang chup bing dién thoai thong thudng, khong phai anh soi da
(dermoscopy) thu nhan bang thiét bi chuyén dung. Anh dudc ghi nhan trong cic didu
kién anh sang, géc chup, khoang cach va nén khac nhau; vi vy dit liéu c6 do sang, do
tuong phan, ty 1é ving t&n thuong va chit luong anh khong dong nhét. Nhiing dic diém
nay phan anh bbi canh thu nhin anh thuc té tai Viét Nam va tao ra thach thic khac véi
céac bd dit liéu dermoscopy da dudc chuin hoa.

Ngudc lai, HAM10000 13 bo dit liéu dermoscopy chuin qubc té, dugc thu nhan bf?mg
cac thiét bi chuyén dung dung trong da liéu. Cic 4nh dermoscopy mau trong HAM 10000
c6 chat luong cao hon, ving ton thuong rd rang hon va it chiu 4nh hudng ctia nhifu moi
trudng. Vi vay, HAM10000 thudng dudc sit dung nhu mot bd dit liéu chuin d€ dénh gid
cac phuong phdp phan loai ton thuong da dua trén hoc su.

Viéc st dung dong thoi VNCancer va HAM10000 cho phép danh gia phuong phap
dé xut trén ca di liéu 1am sang thuc té va dit liéu dermoscopy chuin héa. Diéu nay gitp
kiém tra kha niing thich nghi va tinh 6n dinh ctia BlockNet trong cic diéu kién dif liéu
khac nhau.

Bo dir liéu VNCancer

Bang 2.2 trinh bay chi tiét cdc 16p tdn thuong da cung vdi s6 lugng anh tuong dng
trong bd dif liéu VNCancer [119].

Bdng 2.2: Cdc I0p tén thuong da va phdn bo sé lugng trong bo dit liéu VNCancer

Ky hiéu Tén tiéng Anh Tén tiéng Viét S6 luong
BCC Basal Cell Carcinoma Ung thu biéu md té bao ddy 2719
MM Malignant Melanoma U hic t6 4c tinh 314
SCC Squamous Cell Carcinoma Ung thu biéu md té bao vay 833
Téng s6 anh 3866

Céc anh trong bd dit liéu phan anh nhiéu diéu kién chup khac nhau, su da dang vé
vi tri ton thuong, kich thu6c, mau sic va hinh thai bé mit. Mot s vi du anh trong bo dit
liéu VNCancer dugc minh hoa trong Hinh 2.12.

Téng cong bod dit lieu VNCancer gdom 3866 anh thudc ba 16p ung thu da, dudgc ky
hiéu 1an lugt 1a BCC, MM va SCC. Lép BCC ¢6 2719 anh, chiém khoang 70,33%; 16p
MM c6 314 anh, chiém khoang 8,12%; va 16p SCC c6 833 anh, chiém khoang 21,55%.
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Hinh 2.12: Mot s6 dnh mdu trong bé dit liéu VNCancer vdi cdc I6p ton thuong da khdc
nhau.

Ty 1& giita 16p 16n nhat va 16p nhd nhét xap xi 8,66 : 1, cho thiy miic mét can biang dang
ké. Hé ky hiéu BCC, MM va SCC dudc st dung thdng nhit trong md ta dit liéu, thiét 1ap
thuc nghiém va phan tich két qua trén VNCancer; ky hiéu MEL chi dudc st dung cho
16p melanoma cua bo dit liéu HAM10000.

VNCancer dudc st dung dé danh gia BlockNet trong diéu kién anh 1am sang thuc
té, c6 chat luong va bdi canh thu nhin khong dong nhit. Vai trd ndy bS sung cho
HAM10000, 12 bo dit liéu anh dermoscopy dudc thu nhan bang thiét bi chuyén dung.
Tru6e khi trich xuit dic trung, 4anh VNCancer dudc chuin héa vé kich thude 224 x 224
dé phu hop véi dau vao VGG16. Viée chia dif liéu dudc thuc hién theo chién ludc phan
tang; cac tham sb6 chuidn héa dic trung, khoang entropy va budc ldy mau ting cudng
trong khong gian dic trung chi dudc xdc dinh tif phan huin luyén clia tiing fold, khong
st dung dit liéu xac thuc dé€ xac dinh cac tham sb nay.

Céc thong tin dugc cung cip cho nghién ctiu gdm &nh va nhan 16p tuong ting. Céc
thudc tinh nhu s6 lugng bénh nhan, thdi gian thu nhin, model dién thoai, dd phan giai
4nh gbc, thong tin nhan khau hoc, tiéu chuin xac nhan chan doan va ma phé duyét dao
diic khong dugc néu diy du trong tai liéu md td bo dit liéu hién c6 va khong dudc st
dung trong thuc nghiém cua chuong nay. Vi vdy, luan an khong suy dodn cac thong tin
chua dudc kiém ching va gidi han md td VNCancer & cac thudc tinh ¢é cin ci tif ngudn
du liéu va quy trinh thuc nghiém.

B6 dur lieu HAM10000
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HAM10000 [3] 12 bd dit liéu dermoscopy chuin gdm 10015 4nh mau cda bay 16p
ton thuong da. Bang 2.3 liét ké cac 16p cung véi so luong anh tuong tng.

Bdng 2.3: Cdc I6p ton thuong da va phdn bé s6 luong trong bo dit lieu HAM 10000

Ky hiéu Tén tiéng Anh Tén tiéng Viét S6 luong

MEL Melanoma U hic td 1113

NV Melanocytic nevus N6t rudi hic t6 6705

BCC Basal cell carci- Ung thu bi€u md té bao day 514
noma

AKIEC Actinic keratoses Day sting quang héa va ung thu bi€u mo ndi biéu bi 327
and intraepithelial

carcinoma
BKL Benign keratosis- Ton thuong day siing lanh tinh 1099
like lesions
DF Dermatofibroma U xo da 115
VASC  Vascular lesions Tén thuong mach mau 142

Téng s6 anh 10015
Ghi chii: Dit liéu dermoscopy, cic 16p dudc sip xép theo s6 lugng gidm dan.

Mot s 4nh dai dién cla cac 16p trong bd dit lieu HAM10000 dugc trinh bay trong
Hinh 2.13.

Hinh 2.13: Mot sé dnh mdu trong bo dit liéu HAM 10000 thudc cdc I6p ton thuong da
khdc nhau.

Hai bo dit liéu déu c6 hién tugng mat can bang 16p, tuy nhién miic d6 va dic diém
mét can bing khac nhau. B9 dif liéu VNCancer c6 s6 16p it hon (3 16p) nhung phan 4nh
dit liéu 1am sang thuc té véi diéu kién chup da dang; trong khi d6 HAM10000 c6 sb 16p
nhiéu hon (7 16p) va miic d6 mit cAn bang rat nghiém trong, 16p NV chiém t6i 6705 anh
(gan 67%) trong khi cac 16p DF chi c6 115 anh, VASC c6 142 anh. Su khac biét nay cho
phép danh gia toan dién phuong phap BlockNet trong nhiéu kich ban dit liéu khac nhau,
dong thai ki€m tra két qua ctia co ché chon loc entropy va can bang di liéu trong khong



68

gian dac trung.

Tién xit Iy dit liéu

Trudc khi dua vao mo hinh, tit ci anh dudc chuin héa kich thude va xit ly phit hop
v6i dau vao ctia mang CNN dung trong buéc trich xuit ban do dic trung. Sau budc tién
xtt ly, dit liéu dudc st dung dé:

« trich xuét ban d6 dic trung tif cac block cia VGG16,
« tinh entropy va chon loc ban do dic trung,

« trich xuét dic trung thi cong,

* hop nhit dic trung da nguodn,

« huén luyén bo phan loai BlockNet.

Viéc st dung dong thdi hai bd dit liéu véi dic diém khac nhau gitip danh gid toan
dién tinh két qua, tinh &n dinh va kha ning tdng quat héa clia phuong phap dé xuit.

Cac dac trung su dung trong thuc nghiém

céc dic trung st dung trong thuc nghiém dudc xiy dung d€ khai thac dong thai kha
niing biéu dién cta dic trung hoc siu va dic trung thii cong ti anh ton thuong da. Hé dic
trung st dung trong thuc nghiém gém hai nhém chinh: dic trung hoc siu va dic trung
thu cong.

Pic trung hoc sau: Pic trung hoc sau dugc trich xuét tir cac ban dd dic trung
trung gian cia mang VGG16 huan luyén trudc. Cu thé, BlockNet khai thac toan bo 13
16p tich chap cia VGG16, bao gom:

* blockl_convl, blockl_conv2,
* block2_convl, block2_conv2,
* block3_convl, block3_conv2, block3_conv3,
* block4_convl, block4_conv2, block4_conv3,

* blockb5_convl, block5_conv2, block5_conv3.

Déi véi mbi 16p tich chap, entropy kich hoat dudc tinh theo Cong thiic (2.13). Céc
ban do6 c6 entropy nam trong khoang xac dinh bdi Cong thiic (2.21) va Cong thiic (2.22)
duoc giit lai d€ xdy dung vector dic trung hoc sau. Pay la quy tic sang loc theo dang
phan bd kich hoat, khong phai phép xdc dinh trudc gia tri phan biét cla tiing ban do;
hiéu qua ctia tap dudc chon dudc xac nhan bang so sanh phan loai c6 va khong cé budc
sang loc.

Sau buéc chon loc entropy, cic ban dd dic trung hop 1é dugc thuc hién pooling va
flatten dé tao véc-to dic trung hoc sau zl(d’b) cho tung block. Véc-ta dac trung hoc sau c6
chiéu dai 4096.

Pac trung thu cong: Cac dic trung thi cong duge xay dung theo co sé trinh bay tai
Muc 1.2.2. Trong thuc nghiém, BlockNet st dung histogram HSV 32 chiéu theo Cong
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thic (1.10), GLCM 4 chiéu theo Cong thiic (1.15) va véc-to fractal 128 chiéu theo Cong
thuc (1.21). Do do,

dhanderafted = de +dy +ds =32+ 4+ 128 = 164. (2.33)

Miic lién quan ctia tiing nhém dic trung véi nhian dudc ddnh gid bd trg bang Chi-
square theo Muc 1.2.1. Toan bd thao tic tinh diém chi st dung phan huin luyén cia ting
fold.

Véc-to dic trung thi cong 164 chiéu dudc chuin héa rdi ghép véi véc-to dic trung
hoc sau 4096 chiéu theo Cong thic (2.25). Tong sd chiéu dau vao bd phan loai 1a

dBlockNet = ddeep + dhandcrafied = 4096 + 164 = 4260, (2.34)

Nhu vy, véc-td dic trung thii cong c6 164 chiéu va véc-to hop nhét dua vao bd phan loai
c6 tong cong 4260 chiéu.

2.5.2.Cdac mo hinh so sanh

DE danh gia két qua cia phuong phap dé xuit, nghién cifu so sanh BlockNet véi
cac phuong phdp trich rit dic trung siu dua trén nhiéu backbone hoc siu phd bién. Can
nhén ring cac mo hinh nay khong dudc st dung nhu cdc md hinh phan loai huén luyén
end-to-end, ma dudc st dung nhu cac bo trich rit dac trung. Sau khi dac trung dugc trich
xuat, cing mot bo phan loai MLP dudc st dung dé huin luyén va danh gia trén cac tap
dic trung tuong tng. Cach thiét 1ap nay gitip so sanh truc tiép chét luong biéu dién dic
trung gitta BlockNet va cdc mo hinh co s8, dong thdi han ché anh hudng cda su khic
biét do kién triic bd phan loai gay ra.

Déi v6i BlockNet, dic trung hoc sau dugc trich xuét tir 13 16p tich chap ctia VGG16,
tt blockl_convl dén block5_conv3. Vi mbi 16p, cac ban dd dic trung dugc danh gia
bing entropy, sau d6 chi cac ban dd nam trong khoang entropy phu hop méi dugc gii
lai. C4c ban dd hop 1é dudc chuyén ddi thanh véc-to dic trung hoc sau 4096 chiéu. Véc-
to nay dudc ghép véi histogram HSV 32 chiéu, GLCM 4 chiéu va fractal 128 chiéu. Vi
vay, véc-td cubi cling c6 4096 + 32 + 4 + 128 = 4260 chiéu theo Cong thiic (2.34).

Déi véi cdc md hinh co s6, dic trung sdu dudc trich xuit truc tiép tif cdc backbone
da huin luyén truée. Cu thé, cac md hinh dudc st dung gdm VGG16 va VGG19 [50],
ResNet50, ResNet101 va ResNet152 [51], InceptionV3 [120], MobileNetV2 [121], Effi-
cientNetBO va EfficientNetB7 [54], DenseNet121, DenseNet169 va DenseNet201 [52],
va Vision Transformer ViT-B16 [56]. Cé4c backbone nay dudc sii dung d€ tao vector dic
trung anh, sau d6 vector dic trung dudc dua vao ciing mdt kién tric MLP nhu trong
phuong phap dé xuit d€ bao dam tinh cong bang khi so sanh.

Bang 2.4 tém tit ciac md hinh trich rit dic trung dudc sit dung trong thuc nghiém,
cach 14y dic trung va chiéu dai vector dic trung tuong ting.

Trong bang trén, cdc mo hinh co s chi sit dung dic trung sau don nguodn tit back-
bone tuong ing. Ngudc lai, BlockNet st dung dac trung hoc sau da dugc chon loc theo
entropy va két hop véi céc dic trung thd cong mién chuyén biét. Vi vay, phép so sanh
trong thuc nghiém khong nham ching minh mot backbone méi cao hon cic backbone
hién c6, ma nham ddnh gid xem cd ché chon loc ban d6 dic trung dua trén entropy va
hop nhét dic trung da ngudn c6 tao ra biéu dién két qua hon so vdi cac dic trung sau
trich truc tiép tif cac kién tric phé bién hay khong.

TAt ca cdc vector dic trung sau khi trich rit déu dugc chuin héa trude khi dua vao
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Bang 2.4: Cdc mé hinh trich rit ddc trung dugc sit dung trong thuc nghiém

Mo hinh / phuong phap Cach trich rut dac trung Chiéu dai vector
BlockNet Ban do dic trung tir 13 16p tich chap ctia VGG16, 4260

chon loc theo entropy va hdp nhit vé6i dic trung

thu cong
VGG16 [50] bac trung tu 16p fc2 cia VGG16 4096
VGG19 [50] bac trung tu 16p fc2 cia VGG19 4096
ResNet50 [51] Dic trung tif tang pooling cudi sau khdi tich chap 2048
ResNet101 [51] Dic trung tif ting pooling cudi sau khéi tich chap 2048
ResNet152 [51] Dic trung tif ting pooling cudi sau khdi tich chap 2048
InceptionV3 [120] Dic trung tif tang pooling toan cuc cudi 2048
MobileNetV2 [121] Dic trung tif tAng pooling toan cuc cudi 1280
EfficientNetB0 [54] Dic trung tif tAng pooling toan cuc cudi 1280
EfficientNetB7 [54] Dic trung tif tAng pooling toan cuc cudi 2560
DenseNet121 [52] Dic trung tif tang pooling toan cuc cubi 1024
DenseNet169 [52] Dic trung tif tang pooling toan cuc cubi 1664
DenseNet201 [52] Dic trung tif tang pooling toan cuc cubi 1920
ViT-B16 [56] Dic trung tir token biéu dién cudi ctia Vision 768

Transformer

bd phan loai MLP. Viéc st dung cing mot bd phan loai va cling giao thiic huin luyén
cho tit ca cdc tap dic trung gitip bdo dam ring su khdc biét vé két qua chi yéu dén tix
chit lugng ctia biéu dién dic trung, thay vi tif su khac biét ctia kién tric phan loai.

2.5.3.Cdu hinh thuc nghiém

Céc thuc nghiém dudc thiét ké nham danh gia cong bang két qua cia cac biéu dién
dic trung khac nhau trong bai todn phan loai anh t&n thuong da. Pbi v6i tit ca cac
phuong phdp, dic trung anh dudc trich rit trudc, sau d6 dudc st dung 1am dau vao cho
cling mot bo phan loai MLP. Céch thiét 1ap nay gitip han ché anh hudng ctia su khéc biét
vé kién tric phan loai, tir d6 tip trung danh gid chat luong cta tiing loai dic trung.

Déi véi phuong phap BlockNet, anh dau vao dugc chuin héa kich thude vé 224 x
224 @€ phu hop véi dau vao ctia mang VGG16. Ban do dic trung dudgc trich xuat tir 13
16p tich chap ctia VGG16, tit blockl_convl dén block5_conv3. V6i mbi 16p, entropy ctia
cdc ban do dic trung dudc tinh toan theo Cong thiic (2.13). Sau d6, khodng entropy phu
hop dugc xac dinh theo Cong thiic (2.21) va Cong thiic (2.22). C4c ban do dic trung hop
1¢ dugc Iua chon theo Cong thiic (2.24). Cac ban d6 dic trung sau chon loc dugc chuyén
ddi thanh vector dic trung hoc sau va hdp nhat véi cdc dic trung thi cong d€ tao thanh
vector dic trung da nguon.

Trong cac thuc nghiém theo ting block, moi 16p tich chap cia VGG16 tao ra mot
tap déc trung riéng. Do do, v6i BlockNet, mdi block b tuong ting véi mot tap dit liéu dic
trung Dl(ﬁanced. Céc tap dic trung nay dudc st dung doc 1ap dé huln luyén va danh gia
bd phan loai MLP, qua d6 phan tich 4nh hudng cta tiing muic biéu dién CNN dbi véi két
qua phan loai.

D6i v6i cac md hinh so sanh, cac backbone hoc sau nhu VGG, ResNet, InceptionV3,
MobileNetV2, EfficientNet, DenseNet va ViT-B16 dudc st dung nhu cac b trich rit dac
trung. Vector dic trung thu dudc tir tiing backbone dudc chuin hoa va dua vao cing mot
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kién triic MLP nhu trong phuong phdp dé xuit. Nhu viy, cdc két qua so sanh phan anh
su khdc biét vé chét luong biéu dién dic trung, thay vi su khac biét vé bo phan loai.

B0 phan loai st dung trong tat ca cac thuc nghiém 1a mé hinh Multi-Layer Percep-
tron (MLP). Kién triic MLP dudc thiét k& gdm nhiéu 16p fully-connected két hop vdi
Batch Normalization, ham kich hoat ReLU va Dropout nhiam ting kha ning hoc biéu
dién va giam hién tugng overfitting. Ngoai ra, regularization L2 dugc dp dung cho céc
16p Dense dé€ ting tinh &n dinh trong qua trinh huén luyén.

Kién tric chi tiét cia MLP dudc st dung trong nghién cifu dudc mo ta nhu sau:

Input — Dense(512) +L2(107%)
— BatchNorm — ReLLU — Dropout(0.4)
— Dense(256) +L2(107%)
— BatchNorm — ReLLU — Dropout(0.3)
— Dense(128) +L2(107%)
— BatchNorm — ReL.U — Dropout(0.3)
— Dense(64) +L2(107%)
— BatchNorm — ReLLU — Dropout(0.2)
— Dense(C) — Softmax.

Trong d6, C 1a s 16p clia bai todn phan loai tuong dng véi tiing bd dif liéu. Ham
méat mat categorical cross-entropy dudc st dung trong qua trinh huan luyén, két hop véi
thuat todn t6i vu Adam c6 toc do hoc biang 5 x 107, Céc chi s6 dudc st dung trong qua
trinh huan luyén gdom Accuracy, Precision va Recall.

Trong qua trinh ddnh gia, dit liéu dudc chia theo chién ludc stratified five-fold cross-
validation nham bao dam phén bd 16p tuong d6i on dinh giita cac fold. Két qua cubi cing
dudc bao cdo dudi dang gia tri trung binh va do 1éch chuin trén céc fold dé€ gidm anh
hudng cua viéc chia dit liéu ngau nhién.

Dé han ché ro i thong tin trong qu4 trinh danh gid, viéc chia dit liéu dugc thuc hién
trudc cic bude phu thudc vao dit liéu huin luyén cia tiing fold. Céac tham s6 chuin héa
dic trung, khoang entropy phit hdp va co ché can bang trong khong gian dic trung dudc
xac dinh trén phan huan luyén cua tiing fold, sau dé mdi 4p dung cho phan xdc thuc
tuong ng. Tap xdc thuc khong dudc st dung dé x4c dinh ngudng entropy, can bang dit
liéu hodc lua chon siéu tham s cia md hinh.

Déi v6i cac 16p mét can bing, co ché can bang dif liéu trong khong gian dic trung
ducc dp dung sau budc trich rit va hop nhét dic trung. Viéc can bi“mg dudgc thuc hién
trén vector dic trung thay vi trén dnh dau vao nham duy tri tinh nhat quan véi thiét ké
cua BlockNet.

Bang 2.5 trinh bay céc cu hinh chinh dugc st dung trong thuc nghiém.

Tt ca céc thuc nghiém dudc thuc hién trén cing méi trudng huin luyén nham bao
dam tinh nhét quan trong qu4 trinh danh gia. Viéc st dung cting mot bd phan loai MLP
va cling giao thtic huén luyén cho tét cd céc tap dic trung gidp bdo dam ring su khac
biét vé két qua chli yéu dén tir chit luong ctia biéu dién dic trung, thay vi tif su khac biét
ctia kién triic phan loai.
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Bdng 2.5: Cdu hinh thic nghiém chinh

Thanh phan Céhu hinh

Kich thudc anh dau vao 224 x 224

Backbone cua BlockNet VGG16 tién huan luyén trén ImageNet

Cac 16p VGG16 su dung 13 16p tich chap tit blockl_convl dén block5_conv3

Chién ludc chon loc Chon loc ban dd dic trung dua trén entropy

Ngudng entropy tbi thiéu 0=0.1

bac trung thi cong Histogram HSV (32 chiéu), GLCM (4 chiéu), fractal (128
chiéu)

Chiéu dai vector dic trung BlockNet 4260

B0 phéan loai Multi-Layer Perceptron (MLP) gdm 4 16p 4n véi Batch-
Norm, ReLLU va Dropout

Ham mAt mat Categorical cross-entropy

Optimizer Adam véi toc d6 hoc 5 x 104

Heé s6 regularization L2véiA =104

Metric trong huin luyén Accuracy, Precision, Recall

Batch size 64

S6 epoch ti da 200

Early stopping patience 20 epoch

Giam toc do hoc ReduceL.ROnPlateau véi hé s6 0.5

Chién lugc danh gia Stratified five-fold cross-validation

2.5.4.Cdc do do danh gia

DPé danh gid két qua ctia phuong phdp dé xuit va cac mo hinh so sanh, nghién ciiu
st dung cac do6 do gdm Accuracy, Precision, Recall, F1-score va AUC. Cac dinh nghia
va cong thiic chi tiét ctia cac do do nay da dugc trinh bay trong muc 1.6.1 ctia Chuong 1.

Do céc bo dit liéu st dung trong nghién citu c6 hién tugng mat can bang 16p, cac do
do Precision, Recall, F1-score va AUC dudc tinh theo chién lugc macro-average nhim
phan anh cong bang hon két qua ctia mo hinh trén cac 16p thiéu sb.

Trong cic thuc nghiém, két qua dudc bdo cdo dudi dang gid tri trung binh va do
léch chuén trén céac fold ctia chién ludc stratified five-fold cross-validation. Ngoai cac
do do dinh lugng, ma trin nham 14n ciing dudc st dung dé phan tich kha ning phan loai
ctia mo hinh trén ting 16p t6n thuong da.
2.6.Ket qua thuc nghiém
2.6.1.Ddnh gid dnh hudng cia chon loc ban dé ddc trung dwa trén entropy

Muc nay danh gid dnh hudng ctia co ché chon loc ban do dic trung dua trén entropy
ddi véi chat lugng biéu dién dic trung hoc sau trong BlockNet. Hai thiét 1ap dudgc xem
xét gom: (i) khong st dung chon loc entropy va (ii) st dung chon loc entropy.

Trong thiét 1ap khong st dung entropy, toan bd ban dd dic trung cua tliing block
dudgc st dung dé€ xay dung vector dic trung. Nguoc lai, trong thiét 1ap st dung entropy,
chi c4c ban dd dic trung théa min khoing entropy phit hop mdi dudc giit lai trudc budc
xdy dung vector dac trung.

Entropy khong dudc st dung nhu mot do do khong chic chin dau ra ctia mé hinh,
ma dudc dp dung trén ban dd dic trung dé€ mo ta phan bd kich hoat ctia biéu dién trung
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gian. Cd ché chon loc sang loc cac ban dd nam ngoai khoang entropy dudc x4c dinh cho
tiing block; kha ning phan biét clia tip dudc giil lai dudc ddnh gia qua két qua phan loai
truGc va sau chon loc.

Céc két qua trong muc nay dudc trinh bay trén hai bd dii liéu VNCancer va HAM 10000,
st dung céc chi sb Accuracy, Precision, Recall, F1-score, Sensitivity va Specificity nham
b4o ddm tinh théng nhét véi cac thuc nghiém & cdc muc tiép theo.

Can luu y ring céc két qua trong muc nay thuéc nhém thuc nghiém chian doan nham
khéo sat riéng su thay ddi ctia biéu dién dic trung hoc sau khi bat hoic tit co ché chon
loc entropy theo tiing 16p tich chap. Vi viy, cdc gia tri trong hai thiét 1ap chi dudc dung
dé dbi chiéu trong pham vi thi nghiém nay va khong dai dién cho két qua cudi cung ctia
toan bo quy trinh BlockNet.

2.6.1.1. Két qud trén bé dit liéu VNCancer

1) Két qua khi khéng st dung chon loc entropy

Bang 2.6 trinh bay két qua phan loai trén bo dit liéu VNCancer khi khong st dung
chon loc entropy. Trong thiét 1ap nay, toan bd ban dd dic trung cla tiing block dudc st
dung dé€ tao vector dic trung.

Két qué cho thiy cic 16p tich chap nong nhu blockl_convi, blockl_conv2 va
block3_convi dat hiéu ning cao hon so v6i nhiéu 16p sau hon. Ciu hinh cao nhét dat
dudc tai blockl_conv2, v6i Accuracy bing 80.97% va Fl-score bang 82.11%.

Dang chi y, céc 16p tich chap sdu nhu block4_conv3 va block5_conv3 cho két
qua thip hon. Piéu nay cho thy viéc sit dung toan bo ban dd dic trung & cic ting siu
c6 thé tao ra biéu dién chiia nhiéu thong tin du thita hodc phan hdi khong 6n dinh.

Bdng 2.6: Két qud trén bo dit liéu VNCancer khi khong sit dung chon loc entropy

Block Accuracy Precision Recall (%) F1l-score (%) Sensitivity  Specificity
(%) (%) (%) (%)
block1_convl 80.62 81.94 80.62 82.08 80.62 87.51
block1_conv2 80.97 82.05 80.97 82.11 80.97 87.85
block2_convl 73.57 72.80 73.57 72.14 73.57 82.33
block2_conv2 79.41 79.62 79.41 79.85 79.41 86.72
block3_convl 80.80 81.58 80.80 81.84 80.80 87.43
block3_conv2 78.37 78.84 78.37 79.03 78.37 85.14
block3_conv3 75.43 76.01 75.43 76.90 75.43 83.02
block4_convl 65.34 66.12 65.34 68.32 65.34 77.54
block4_conv2 69.90 70.31 69.90 71.61 69.90 80.45
block4_conv3 49.73 53.45 49.73 57.63 49.73 69.11
block5_convl 65.22 66.44 65.22 68.67 65.22 77.85
block5_conv2 66.26 66.88 66.26 68.75 66.26 78.42
block5_conv3 58.43 59.37 58.43 60.48 58.43 73.18

2) Két qua khi sit dung chon loc entropy

Bang 2.7 trinh bay két qua trén cling bo dif liéu khi st dung chon loc entropy.

Két qua cho thiy hiéu ning dudc cai t\hién & hau hét cac block.\ CAu hinh cao nhat dat
dugc taj block2_conv2, v3i Accuracy bang 88.75%, F1-score bang 88.16% va Speci-
ficity bang 93.42%.

So véi thiét 1ap khong st dung entropy, Accuracy cao nhit ting tif 80.97% lén
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88.75%, tuong ting myc ting 7.78 diém phan trim. Dong thoi, F1-score ting tir 82.11%
1én 88.16%, tuong ting mic ting 6.05 diém phan trim.

Pic biét, cac 16p tich chap sau c6 muc cai thién 16n. Vi du, tai block4_conv3,
Accuracy tang tu 49.73% 1én 86.85%, trong khi F1-score tang tu 57.63% 1én 86.04%.
Két qua nay cung cip bang ching thuc nghiém riang tap biéu dién thu dudc sau quy tic
sang loc entropy phit hgp hon véi bo phan loai trong ciu hinh dang xét; khong suy ra
rang entropy riéng 1é do truc tiép tinh hitu ich ctia tiing ban do.

Bdng 2.7: Két qud trén bé dit lieu VNCancer khi sit dung chon loc entropy

Block Accuracy Precision Recall (%) Fl-score (%) Sensitivity  Specificity
(%) (%) (%) (%)
block1_convl 86.85 86.74 86.85 86.54 86.85 92.34
block1_conv2 88.41 88.02 88.41 87.58 88.41 93.12
block2_convl 86.51 86.12 86.51 85.60 86.51 92.18
block2_conv2 88.75 88.40 88.75 88.16 88.75 93.42
block3_convl 88.24 87.95 88.24 87.57 88.24 93.05
block3_conv2 86.33 85.92 86.33 85.44 86.33 92.10
block3_conv3 83.56 83.22 83.56 82.86 83.56 90.84
block4_convl 86.33 86.01 86.33 85.60 86.33 92.21
block4_conv2 83.74 83.31 83.74 83.01 83.74 90.95
block4_conv3 86.85 86.44 86.85 86.04 86.85 92.63
block5_conv1 86.33 86.05 86.33 85.69 86.33 92.18
block5_conv2 83.91 83.44 83.91 83.10 83.91 91.04
block5_conv3 82.18 81.97 82.18 81.97 82.18 90.12

3) Phan tich ROC trudc va sau khi sit dung entropy

Hinh 2.14 minh hoa dudng cong ROC trén b dif liéu VNCancer trude va sau khi
st dung chon loc entropy.

Trong trudng hop khong st dung entropy, mo hinh tai block1_conv?2 dat AUC lan
lugt 12 0.8857, 0.8711 va 0.8828 ddi vdi cac 16p BCC, MM va SCC. Sau khi st dung
entropy, mo hinh tai block2_conv2 dat AUC tuong ung la 0.9415, 0.8457 va 0.9462.

Két qua nay ghi nhan su thay d6i kha ning phan biét dbi véi cic 16p BCC va SCC
sau khi 4p dung chon loc entropy. Trong khi d6, 16p MM van 12 16p khé hon do s6 lugng
mau it hon va dd bién thién hinh théi 16n hon.
2.6.1.2. Két qud trén bé dit lieu HAM10000

1) Két qua khi khong sit dung chon loc entropy
Bang 2.8 trinh bay két qua trén HAM10000 khi khong st dung chon loc entropy.
Két qua cho thiy hiéu ning giita cdc block c6 su khic biét, trong d6 cac 16p tich
chap dau va 16p tich chap trung gian dat két qui cao hon so véi cac 16p sau hon. Cau
hinh cao nhét dat dudc tai block2_conv2, véi Accuracy bang 69.07% va Fl-score bing
63.78%.
2) Két qua khi sit dung chon loc entropy
Bang 2.9 trinh bay két qua phan loai trén HAM 10000 khi st dung chon loc entropy.
Két qua cao nhit dat dudc tai block2_convi, v6i Accuracy bang 70.00% va F1-
score bang 65.00%. So véi thiét 1ap khong st dung entropy, F1-score ting tif 63.78% lén
65.00%.
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(a) Khong  su  dung  entropy,

blockl convl (b) Su dung entropy, block2_conv2

Hinh 2.14: So sdnh ROC trén bo dit liéu VNCancer trudc va sau khi su dung chon loc
entropy.

Bdng 2.8: Két qud trén bé dit lieu HAM 10000 khi khong sit dung chon loc entropy

Block Accuracy Precision Recall (%) Fl-score (%) Sensitivity Specificity
(%) (%) (%) (%)
blockl_convl 68.38 66.84 68.38 62.92 68.38 84.21
block1_conv2 69.04 67.52 69.04 61.97 69.04 84.45
block2_convl 69.08 67.61 69.08 62.06 69.08 84.48
block2_conv2 69.07 68.22 69.07 63.78 69.07 84.72
block3_convl 67.43 64.84 67.43 55.81 67.43 82.10
block3_conv2 68.69 66.20 68.69 60.78 68.69 83.52
block3_conv3 67.17 65.03 67.17 57.60 67.17 82.61
block4_convl 67.03 63.74 67.03 54.35 67.03 81.74
block4_conv2 67.12 64.81 67.12 56.31 67.12 82.03
block4_conv3 65.79 62.30 65.79 52.29 65.79 80.44
block5_convl 66.80 63.72 66.80 55.28 66.80 81.56
block5_conv2 66.25 62.85 66.25 52.99 66.25 80.95
block5_conv3 63.32 59.74 63.32 49.80 63.32 78.62

Miic du miic cai thién trén HAM10000 khong 16n nhu trén VNCancer, két qua nay
van cho thiy chon loc entropy gitp ting tinh 6n dinh ctia biéu dién dic trung trong bai
toan phan loai da 16p phic tap va c6 mic mat can bang 16p cao hon.

3) Phan tich ROC trudc va sau khi st dung entropy

Hinh 2.15 minh hoa duong cong ROC trén bd dit liéu HAM10000 truéc va sau khi
st dung chon loc entropy.

Trong thiét 1ap khong st dung entropy, cac gid tri AUC c6 su khdc biét giiia cac 16p,
trong d6 mot s6 16p nhu MEL va AKIEC c¢6 AUC thip hon. Sau khi sit dung entropy,
AUC ctia nhiéu 16p dugc cai thién, 16p VASC ting tir 0.8681 1én 0.9179, 16p DF ting tir
0.8294 1én 0.8440, 16p AKIEC tang tit 0.7587 1&€n 0.7727, va 16p NV tang tir 0.8409 1én
0.8465.

Két qua nay ghi nhan su thay ddi kha ning phan biét d6i véi mot s6 16p ton thuong
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Bdng 2.9: Két qud trén bo dit lieu HAM 10000 khi sit dung chon loc entropy

Block Accuracy Precision Recall (%) F1-score (%) Sensitivity Specificity
(%) (%) (%) (%)
block1_conv1 67.00 65.00 67.00 64.00 67.00 84.82
block1_conv2 70.00 66.00 70.00 64.00 70.00 85.31
block2_conv1 70.00 67.00 70.00 65.00 70.00 85.62
block2_conv2 68.00 66.00 68.00 65.00 68.00 84.94
block3_convl 68.00 65.00 68.00 64.00 68.00 84.72
block3_conv2 69.00 66.00 69.00 64.00 69.00 85.06
block3_conv3 66.00 64.00 66.00 64.00 66.00 84.15
block4_convl 66.00 64.00 66.00 64.00 66.00 84.06
block4_conv2 67.00 65.00 67.00 65.00 67.00 84.63
block4_conv3 67.00 63.00 67.00 63.00 67.00 83.92
block5_conv1 67.00 63.00 67.00 63.00 67.00 83.81
block5_conv2 66.00 62.00 66.00 62.00 66.00 83.24
block5_conv3 65.00 64.00 65.00 64.00 65.00 82.95

khé, mic du cic 16p nhu MEL van con nhiéu thach thiic do s6 lugng mau han ché va
mtc do tuong dong hinh thdi véi cic 16p khac.

(a) Khong  su  dung  entropy,

block2. conu (b) Su dung entropy, block2_convl

Hinh 2.15: So sdnh ROC trén bo dit liéu HAM 10000 trudc va sau khi su dung chon loc
entropy.

2.6.2. Ddnh gid két qud hop nhdt ddc trung da nguon

Muc nay danh gid két qua ctia phuong phap hop nhit dic trung da ngudn trong
BlockNet. Trong mé hinh dé xuét, vector dic trung cudi cuing dudc xay dung bang cach
két hop dic trung hoc sau sau chon loc entropy tif cac ban do dic trung clia ting 16p tich
chap trong VGG16 v6i cic dic trung thi cong phan danh mau sic, két cAu, hinh dang va
dd phtc tap hinh hoc ctia ton thuong da.

Cac thuc nghiém dudc thuc hién trén hai bo dit liéu VNCancer va HAM10000. Cac
mo hinh co s6 st dung dic trung dudc trich xuat tif cac backbone hoc sau phd bién va
dugc huén luyén bang cuing bo phan loai MLP. Do d6, phép so sanh tip trung vao chit
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ludng bi€u dién dic trung thay vi su khdc biét ctia bd phan loai.
2.6.2.1.Pdnh gid hiéu ndang trén bo dit lieu VNCancer

Bo6 dit liéu VNCancer gom ba 16p ung thu da chinh: BCC, MM va SCC. Day 1a bo
di liéu chuyén biét, dudc st dung d€ danh gia kha ning phan loai anh ton thuong da
trong diéu kién anh thuc té.

1) So sanh hiéu nang gitra BlockNet va cac m6 hinh SOTA

Bang 2.10 trinh bay két qua so sanh giita BlockNet va cidc md hinh co s trén bd dif
liéu VNCancer. Két qua cho thiy cdc md hinh VGG16, VGG19 va cac bién thé ResNet
dat Accuracy khoang 92% — 93%. Trong d6, ResNet101 12 m6 hinh co sé cao nhat véi
Accuracy dat 93.59%. Mot s6 md hinh nhu InceptionV3 va ViT-B16 cho két qua thap
hon trén bo dit liéu nay.

BlockNet dat két qua cao hon cdc md hinh co s trén toan bd cdc chi sb danh
gia. Cu hinh cao nhit st dung dic trung tif 16p blockl_convi, dat Accuracy bang
95.58% 4 0.69%, F1-score bang 95.59% 4 0.69% va Specificity bing 97.53% +0.37%.
Két qua nay cho thy viéc hop nhit dic trung hoc sau sau chon loc entropy véi dic trung
tht cong gitip nang cao chét luong biéu dién dau vao cho bd phan loai.

2) Phan tich theo tung 16p tich chap

Dé danh gia 4&nh hudng ctia do sau dic trung, nghién citu khdo st toan bd 13 16p
tich chap ctia VGG16 trong BlockNet. Hinh 2.16 trinh bay dong hoc huén luyén ctia mo
hinh trén VNCancer thiét 1ap 200 epochs.

(a) Accuracy trén tdp hudn luyén (b) Accuracy trén tdp xdc thuc

(c) Loss trén tdp hudn luyén (d) Loss trén tdp xdc thuc

Hinh 2.16: Péng hoc hudn luyén ciia BlockNet trén bo dit liéu VNCancer.

Céc 16p tich chap ndng nhu blockl_convl va blockl_conv2 dat cic chi sb cao
nhat trong thiét 1ap nay. Két qua cho thiy bi€u dién dugc tao tif tip ban do sau sang loc
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Bdng 2.10: So sdnh hiéu ndng trén b dit liéu VNCancer sit dung kiém dinh chéo 5 folds.
Két qud duoc trinh bay dudi dang trung binh & dé léch chudn (%).

M6 hinh /Lép Accuracy (%) Precision (%) Fl-score (%) Sensitivity (%) Specificity (%)
Cac mo hinh cg sé
VGG16 92.19 +0.48 92.16 = 0.49 92.15 + 0.47 92.19 £+ 0.48 89.78 + 1.54
VGG19 92.21 +0.81 92.25 +£0.79 92.18 +0.83 92.21 +0.81 89.25 +1.79
ResNet50 92.83 +0.72 92.83 £+ 0.68 92.81 +0.70 92.83 +£0.72 90.97 £+ 0.38
ResNet152 92.86 & 0.55 92.93 £+ 0.43 92.86 4+ 0.48 92.86 + 0.55 91.06 £ 1.08
ResNet101 93.59 +0.78 93.56 £ 0.71 93.53 +0.76 93.59 £+ 0.78 91.13 £ 0.44
InceptionV3 80.68 £ 1.14  79.66 + 1.26 80.02 + 1.24 80.68 + 1.14 72.76 £+ 2.61
ViT-B16 85.64 £ 0.90 85.20 + 0.81 85.31 £0.76 85.64 £+ 0.90 79.66 + 0.70
MobileNetV?2 88.96 + 0.83 88.76 + 0.81 88.78 +£0.78 88.96 + 0.83 85.74 + 1.68
EfficientNetB7 92.55 +0.54 92.65 £ 0.54 92.57 £ 0.54 92.55 £ 0.54 91.15+ 1.64
EfficientNetBO 91.80 £ 0.77 91.80 £ 0.77 91.78 £ 0.77 91.80 £ 0.77 89.80 + 1.22
DenseNetl121 89.06 + 1.04 89.01 +1.23 8897 £ 1.11 89.06 £+ 1.04 86.71 £ 1.96
DenseNet169 89.19 £+ 1.33 88.97 £ 1.36 89.00 £+ 1.33 89.19 +1.33 85.20 £ 1.95
DenseNet201 88.26 - 1.15 88.03 == 1.14 88.04 £ 1.11 88.26 + 1.15 83.96 + 1.58
M3 hinh BlockNet dé xuét
block1_convl 95.58 4 0.69 95.59 4+ 0.69 95.59 4+ 0.69 95.58 4+ 0.69 97.53 4+ 0.37
block1_conv2 95.21 +0.81 9530 £0.80 95.22 +£0.81 95.21 + 0.81 97.32 +£0.43
block2_convl 94.90 4+ 0.19 95.00 £ 0.16 94.90 £+ 0.19 94.90 £+ 0.19 97.15+0.14
block2_conv2 94.52 +0.28 9455+ 030 94.52+0.30 94.52 +0.28 96.95 £ 0.13
block3_convl 94.70 4 0.30 9472 £0.30 9470 + 0.29 94.70 £ 0.30 97.04 +0.20
block3_conv2 94.90 4+ 0.26 9491 £+ 0.26 94.90 4+ 0.26 94.90 + 0.26 97.17 £ 0.16
block3_conv3 94.67 4+ 0.51 94.68 £+ 0.51 94.67 4+ 0.51 94.67 £+ 0.51 97.04 £+ 0.29
block4_convl 94.05 4+ 0.37 94.07 £+ 0.37 94.05 £+ 0.37 94.05 £+ 0.37 96.72 + 0.15
block4_conv2 93.82 +0.61 93.83 £+ 0.62 93.81 +0.61 93.82 4+ 0.61 96.62 4 0.32
block4_conv3 94.33 4+ 0.82 94.33 £+ 0.83 9433 +£0.82 9433 +0.82 96.88 £ 0.45
block5_convl 93.75 £ 0.78 93.76 +0.79 93.75 £ 0.78 93.75 +0.78 96.53 +0.41
block5_conv2 93.69 4 0.56 93.70 £+ 0.57 93.68 = 0.56  93.69 £ 0.56 96.52 + 0.31
block5_conv3 94.66 £ 0.79 94.68 £+ 0.78 94.67 +0.78 94.66 4 0.79 97.00 £ 0.47

entropy va dac trung thu cong phu hdp véi bai toan phan loai trén VNCancer; nhan dinh
nay ap dung cho bi€u dién két hop, khdng quy truc tiép kha ning phan biét cho entropy
ctia tiing ban do.

Ngoai ra, cic dudng huin luyén ghi nhan su 6n dinh sau mot s6 epoch dau. Accuracy
trén tip huin luyén va tap xac thuc ting theo xu huéng tuong dong, dong thdi khoang
cach giita hai dudng nay khong 16n. Trong thiét 1ap thuc nghiém hién tai, chua ghi nhan
dAu hiéu qua khép qua hai dudng accuracy; nhin dinh nay chi 4p dung trong pham vi bo
di liéu, cach chia tap va quy trinh danh gia da st dung trong luén an.

3) Phan tich cAu hinh cao nhét

Hinh 2.17 trinh bay phén tich chi tiét cAu hinh cao nhét ctia BlockNet trén VN-
Cancer, st dung dac trung tir 16p blockl_convl.

Ma trin nham 14n ghi nhan két quéa phan loai trén ba 16p BCC, MM va SCC. Pong
thoi, cac dudng cong ROC ¢6 gid tri AUC déu 16n hon 99%.
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(a) Accuracy (b) Loss

(c) Ma trdn nhdm ldn (d) Duong cong ROC

Hinh 2.17: Phan tich chi tiét cdu hinh BlockNet cao nhdt trén bé dit liéu VNCancer:

2.6.2.2. DBadnh gid hiéu ndang trén bo dit lieu HAM 10000

HAM10000 12 bo dit liéu khé hon do bao gdm bay 16p ton thuong da va c6 midc do
chdng 14n thi gidc 16n gitta nhiéu 16p khéc nhau.

1) So sanh hiéu nang gitra BlockNet va cac m6 hinh SOTA

Bang 2.11 trinh bay két qua so sinh giita BlockNet va cdc md hinh co sé trén
HAM10000. Két qua cho thiy cac mé hinh co s& c6 két qua cao nhit, nhu ResNet50
va ResNet101, dat Accuracy khoang 80.8%, trong khi cac mo hinh khac nhu VGG16,
DenseNet va MobileNetV2 dat két qua thap hon.

BlockNet cai thién trén bai todn phan loai da 16p phtc tap nay. CAu hinh cao nhat st
dung 16p blockl_conv2, dat Accuracy biang 96.02% +0.24%, F1-score bang 96.04% +
0.23% va Specificity bang 99.21% 4 0.04%. Trong thiét 1ap thuc nghiém cda luin 4n,
két qua nay cao hon mo hinh co s& cao nhét 1a ResNet50 khoang 15 diém phan trim theo
Accuracy.

2) Phan tich theo tung 16p tich chap

Hinh 2.18 trinh bay dong hoc huin luyén ctia BlockNet trén bd dit liéu HAM10000.

Khéac v6i VNCancer, bai toan HAM 10000 yéu cau biéu dién dic trung siu hon dé xir
ly muc d6 chong 14n giita cac 16p ton thuong. Piéu nay thé hién qua viéc blockl_conv2
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Bdng 2.11: So sdnh hiéu ndng trén bo dit lieu HAM10000 sit dung kiém dinh chéo 5
folds. Két qud duoc trinh bay dudi dang trung binh &= dé léch chudn (%).

M6 hinh /Lép Accuracy (%) Precision (%) Fl-score (%) Sensitivity (%) Specificity (%)
Cac mo hinh cg sé
ResNet50 80.81 = 0.44 81.13+0.42 80.92 + 0.41 80.81 & 0.44 87.06 + 1.00
ResNet101 80.80 + 0.81 81.15 + 0.64 80.91 + 0.73 80.80 £ 0.81 87.06 = 0.90
EfficientNetB7  78.79 4+ 0.75 80.37 +£0.71 79.43 +0.71 78.79 + 0.75 89.55 £+ 0.66
EfficientNetBO  76.14 096  78.25 4+ 0.48 76.98 + 0.77 76.14 + 0.96 88.28 +0.57
VGG16 75.87 +0.61 76.69 4 0.43 7621 £0.50  75.87 £0.61 84.92 + 0.84
DenseNet201 7434 £ 0.66  78.45+0.79 75.85 +0.65 74.34 + 0.66 90.33 + 1.05
VGG19 74.57 £ 0.73 75.47 £ 0.43 7494 +£0.52 7457 £0.73 84.08 £ 0.76
DenseNet169 72.36 + 1.38 77.94 4 0.42 74.30 & 1.09 72.36 4+ 1.38 90.90 £ 0.71
DenseNet121 72.25 +1.05 77.56 4 0.56 74.09 £ 0.84 7225 +1.05 90.28 £ 0.68
MobileNetV?2 67.18 = 1.29 71.78 £ 0.82 68.97 £+ 0.62 67.18 £1.29 84.68 £+ 2.45
ViT-B16 66.46 = 1.54 75.91 £0.79 69.52 +1.22 66.46 + 1.54 91.80 £ 0.90
InceptionV3 57.33 +0.33 70.23 +0.76 61.47 £+ 0.38 57.33 £ 0.33 87.78 £ 1.01
M3 hinh BlockNet dé xuét
block1_conv2 96.02 +0.24  96.06 + 0.23 96.04 1+ 0.23 96.02 4+ 0.24 99.21 4 0.04
block1_convl 95.66 +0.14 95.68 - 0.14 95.67 +0.14 95.66 4 0.14 99.04 4 0.02
block2_convl 95.86 +0.11 9591 £0.12 95.88 £ 0.11 95.86 + 0.11 99.20 4 0.02
block2_conv2 95.76 4+ 0.20 9579 £0.20  95.77 £0.20 95.76 £+ 0.20 99.18 4+ 0.04
block3_conv2 95.68 4+ 0.24 95.70 = 0.24 95.69 4 0.24 95.68 = 0.24 99.17 4+ 0.04
block3_conv3 95.74 +0.28 95.74 £ 0.28 95.73 +£0.28 95.74 £+ 0.28 99.20 4 0.06
block3_convl 95.58 +0.24 95.59 + 0.25 95.58 +0.25 95.58 +£0.24 99.16 £+ 0.05
block4_conv3 95.47 +0.18 95.47 £ 0.19 95.47 +£0.18 95.47 +£0.18 99.14 4 0.04
block5_conv3 95.38 +0.40 9538 £0.40 9536 +041 95.38 4 0.40 99.14 £ 0.07
block5_conv2 95.28 +0.25 95.28 £ 0.26 9526 £0.26  95.28 +0.25 99.12 £+ 0.05
block5_conv1 95.24 +0.23 95.26 £+ 0.23 95.25 +£0.23 95.24 4+ 0.23 99.09 £ 0.05
block4_convl 95.40 4+ 0.20 95.40 = 0.21 9538 £0.20  95.40 £0.20 99.14 £ 0.04
block4_conv2 95.22 +0.27 95.23 +£0.27 95.20 4 0.27 95.22 +0.27 99.11 £ 0.05

va block2_conv1 cho két qua cao hon so v6i blockl_convil. Tuy nhién, cic 16p qua
sau nhu block5_conv1 hodc block5_conv2 ¢ xu hudng gidm nhe hiéu ning. Diéu nay
cho thiy ban dd dic trung qua sau c6 thé 1am méat mdt phan thong tin cuc bo dbi véi bai
toan phan loai ton thuong da.

3) Phan tich cAu hinh cao nhit

Hinh 2.19 trinh bay két qua chi tiét ctia cAu hinh cao nhit trén HAM10000.

Ma tran nham 14n cho thy mé hinh dat hiéu niing cao trén c4 bay 16p ton thuong
da. Pong thai, cac dudng cong ROC cho théy gid tri AUC déu 16n hon 99%, bao gdm ca
16p MEL, phan dnh kha ning phan biét cao dbi véi cac tén thuong ac tinh nguy hiém.
4) So sanh véi cac nghién citu gan day

Bang 2.12 trinh bay két qua so sanh gitta BlockNet v mot sd nghién citu gan day
trén HAM10000. Két qua cho thiy BlockNet dat Accuracy cao hon mot s6 nghién ctiu
gan day trong bang so sanh, dong thdi cung cAp ddy di hon cic chi sé danh gid nhu
Precision, F1-score, Sensitivity va Specificity.
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(a) Accuracy trén tdp hudn luyén (b) Accuracy trén tdp xdc thuc

(c) Loss trén tdp hudn luyén (d) Loss trén tdp xdc thuc

Hinh 2.18: Péng hoc hudn luyén ciia BlockNet trén b dit lieu HAM10000.

Bdng 2.12: So sdnh giita BlockNet va mot s6 nghién citu gan ddy trén HAM10000.

Phuong phap Accuracy (%) Nam
Yanchatua et al. [122] 90.34 2021
Jasil et al. [123] 95.00 2023
Shetty et al. [124] 95.18 2022
Wei et al. [125] 95.29 2023
BlockNet (blockl_conv2) 96.02 —

2.7.Phén tich va thao luin két qua thuc nghiém

Ciéc két qué thuc nghiém trén hai bo dit liéu VNCancer va HAM10000 ghi nhan
su khdc biét gitta BlockNet va cac phuong phap st dung truc tiép dic trung hoc siu
hoic cac backbone CNN phd bién. Su khéc biét dudc thé hién qua Accuracy, F1-score,
Sensitivity va AUC theo tung 16p.

Céc thuc nghiém ban dau khong ducc thiét ké nhu mot nghién ciu loai trir toan
phan (full ablation study), trong d6 lan ludt loai bd doc 1ap tiing thanh phan va giit cd
dinh tuyét dbi moi thanh phan con lai. Tuy nhién, céc thiét 1ap da thuc hién van cung cip
nhiing dbi ching thanh phan c6 lién quan truc tiép dén BlockNet: VGG16 déng vai trd
md hinh co s chi st dung dic trung hoc sau; hai thiét 1ap c6 va khdng chon loc entropy
cho phép xem xét anh hudng ctia tiéu chi chon loc; két qua trén 13 16p tich chap phan
anh anh hudng cia vi tri trich xuit; va so sdanh BlockNet vé6i cac backbone chi dung dic
trung hoc sau phan anh hiéu qua tdng hop clia quy trinh chon loc va hgp nhét. Vi vay,
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(a) Accuracy (b) Loss

(c) Ma trdn nhdm ldn (d) Duong cong ROC

Hinh 2.19: Phan tich chi tiét cdu hinh BlockNet cao nhdt trén bé dit licu HAM10000.

cac muc tiép theo phan tich vai tro clia tiing thanh phan trong gidi han ctia cac dbi chiing
hién c6, khong quy riéng mifc cai thién cho mot thanh phan néu thiét ké thuc nghiém
chua tach doc 1ap thanh phan do.

2.7.1. Gidi thich su chénh léch giita hai nhom két qud trén HAM10000

Hai nhém két qua trén HAM10000 dudc trinh bay v6i hai muc tiéu danh gia khac
nhau nén khong thé xem 1a két qua lip lai cia cing mot cAu hinh. Nhém thid nhit,
trong Bang 2.8 va Bang 2.9, 1a thi nghiém chan dodn theo tiing 16p tich chap, dudc st
dung d€ quan sat anh hudng clia viéc khong chon loc va ¢ chon loc ban dd dic trung
bang entropy d6i v6i biéu dién dic trung hoc siu. Trong nhém nay, cu hinh tdt nhét
dat Accuracy khoang 69,07% khi khong chon loc entropy va 70,00% khi c6 chon loc
entropy.

Nhém thi hai trong Bang 2.11 14 két qua ctia cAu hinh BlockNet dy di. Két qua
nay dudc hinh thanh tif toan bd quy trinh gdm chon loc ban do6 dic trung hoc sau dua trén
entropy, hop nhét véi dic trung thii cong, can bang dit liéu trong khong gian dic trung
trén tap huan luyén va phan loai bang mang perceptron nhiéu 16p (multilayer perceptron—
MLP). Céc chi s6 dudc tdng hop qua kiém dinh chéo phan tang 5 folds (stratified five-
fold cross-validation); cAu hinh t6t nhét tai 16p block1_conv2 dat Accuracy 96,02% =+
0,24%.
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Do d6, chénh léch 16n giita hai nhém chi yéu phan anh sy khdc nhau vé pham vi
ciu hinh vi muc dich thuc nghiém: nhém tht nhat khao sat mot co ché trén biéu dién
dic trung hoc siu, con nhém thu hai danh gia hiéu qua tong hop cuia toan bo BlockNet.
Miic chénh 1é&ch nay khong dudc dién giai 1a phan cai thién riéng do entropy, dic trung
tha cong hay can bﬁng di liéu, bdi cac thuc nghi€ém hién c6 chua tach doc 1ap hoan toan
tiing thanh phan trong ciing mdt giao thic loai tru.

2.7.2.Anh hudng ciia chon loc bin dé ddc trung dua trén entropy

Cic két qua trong Bang 2.6, Bang 2.7, Bang 2.8 va Bang 2.9 ghi nhan 4nh hudng
ctia co ché chon loc ban dd dic trung dua trén entropy dbi vdi biéu dién dic trung & cac
block CNN.

Trén bo du liéu VNCancer, Accuracy va Fl-score tang sau khi 4p dung chon loc
entropy. Cac 16p tich chip sdu nhu block4_conv3 va blockb_conv3 c6 muc tang 16n.
Vi du, tai block4_conv3, Accuracy tang ti 49.73% 1én 86.85%, trong khi F1-score tang
tif 57.63% 1én 86.04%. Két qua nay phu hdp v6i nhan dinh riang cic tang CNN siu c6
thé chita nhiéu ban do dic trung phan hoi yéu, du thita hodc phan tan; viéc st dung truc
tiép toan bo ban do dic trung c6 thé lam gidm chét lugng bi€u dién dau vao.

Két qua ghi nhian muc ting cta Fl-score thudng 16n hon Accuracy, nhit 1a trén
HAM10000. Két qua nay cho thiy chon loc entropy anh huéng dén cic 16p khé va céac
16p thiéu sb. Trong dit liéu mét cin bang, Accuracy cé thé bi chi phdi béi cac 16p phd
bién, trong khi Macro F1 phéan dnh cin biang hon kha ning phan loai trén toan bo cic
16p. Viéc Fl-score ting cho thy cic ban d6 dic trung dugc giif lai sau buée chon loc
entropy c6 lién quan dén céc dic trung phan biét clia cc 16p it mau hodc c6 mic do
chong 14n hinh théi cao.

Ngoai ra, cdc két qua ROC trong Hinh 2.14 va Hinh 2.15 ghi nhan thay d6i AUC
sau khi 4p dung chon loc entropy, ddi véi cac 16p nhu SCC, AKIEC hoic VASC. Viéc
loai bd cic ban dd dic trung c6 entropy khong phit hgp 1am gidm nhiéu trong khong gian
biéu dién.

Céc két qua nay phu hop vé6i gia thuyét ring khong phii moi ban do6 dic trung trung
gian déu mang gi4 tri thong tin tuong duong nhau doi véi bai toan phan loai anh tdn
thuong da. Viéc lua chon ban dod dic trung dua trén entropy gitip gidm thanh phan du
thita trong biéu dién hoc sau trude khi thuc hién hdp nhit dic trung da ngudn.

2.7.3.Anh huéng ciia cdc block CNN

Két qua thuc nghiém ghi nhan su thay d6i hiéu ning ctia BlockNet theo ting block
CNN. Trén bo dui liéu VNCancer, cac block nong nhu blockl_convl va blockl_conv?2
cho két qua cao nhét, trong khi céc block sau hon c6 xu huéng gidm hiéu ning néu khong
ap dung chon loc entropy.

Céc ban dd dic trung & cdc ting nong chiia thong tin cuc bo lién quan dén bai todn
phan loai tén thuong da, chang han mau sic, bién tén thuong va két cdu bé mit. Day
la céc dic diém c6 gia tri phan biét dbi véi cac tdn thuong nhu BCC, MM hoic SCC.
Trong khi d6, cac tang qua siu c6 xu hudng tip trung vao cic biéu dién nglf nghia mic
cao hon va c6 thé 1am mat mot phan thong tin cuc bd dbi véi bai todn anh y té.

Trén bo dit licu HAM 10000, cac block trung gian nhu block1_conv2 vablock2_convl
cho két qua cao hon. Piéu nay phu hop v6i ban chit cia HAM10000 12 bo dit liéu da 16p
phtic tap véi miic dd chong 14n thi giac 16n gitta nhiéu 16p tdn thuong. Trong trudng hop
nay, mo hinh can cac bi€u dién giau ngit nghia hon so véi dit lieu VNCancer dé€ phan
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biét cac 16p c6 diic diém gan gidng nhau.

Céc két qua nay hd trg viéc khai thac biéu dién theo tiing block CNN thay vi chi
st dung tng cubi ctia mang trong bai toan phan loai anh ton thuong da. Pong thoi, mbi
miic biéu dién ciia CNN c6 thé phu hop véi cac dic di€m di liéu khac nhau.

2.7.4.Hiéu qud ctia hop nhat ddc trung da nguon

Céc két qua trong Bang 2.10 va Bang 2.11 ghi nhan BlockNet c6 céc chi sb cao hon
so v6i cac backbone CNN phd bién nhu ResNet, DenseNet, EfficientNet va ViT.

Mot nguyén nhan 12 mo hinh khong chi sit dung dic trung hoc sau ma con két hop
thém dic trung thii cong phan dnh mau sic, két ciu va hinh dang tdn thuong. Trong céc
bai to4n anh ton thuong da, nhiéu 16p c6 su khac biét tinh t& vé phan b6 mau hoic ciu
tric bién tn thuong ma cic ban dd dic trung hoc siu chua chac di biéu dién day du.
Céc handcrafted features gitip b sung thém thong tin mang tinh tri thic mién, trong cic
16p khé hoic céc 16p c6 sb luong mau thap.

Két qua ghi nhén vai tro hd trg clia handcrafted features ngay ca khi st dung back-
bone CNN. Diéu nay phan 4nh ring cdc mo ta thii cong va dic trung hoc siu cé tinh bs
trg cho nhau thay vi hoan toan thay thé 14n nhau. Trong khi deep features c6 kha ning
hoc biéu dién phtic tap tir dit liéu, handcrafted features gitp duy tri cdc mo ta 6n dinh vé
hinh thdi va két cAu ciia tén thuong da.

Ngoai ra, chon loc entropy trudc budc hdp nhit 1a mot thanh phan ctia quy trinh.
So sénh thuc nghiém véi cAu hinh sit dung toan bd ban dd cho thiy bi€u dién sau sang
loc dat két qua phan loai cao hon trong thiét 14p dang xét. Vi entropy kich hoat khong
st dung nhan, két qua ny ducc dién giai 6 mudc hiéu qua cta tap ban do sau sang loc,
khong phai bing chiing ring mdi ban dd dudc giit lai déu c6 kha ning phan biét cao.

2.7.5.Anh huéng ciia cin bang trong khéng gian ddic trung

Trong BlockNet, qué trinh can bing dit liéu dudc thuc hién trong khong gian dic
trung thay vi trén anh dau vao. Pay 1a mot thanh phan ctia cau hinh BlockNet day du;
cac thuc nghiém hién c6 chua tach riéng duy nhét budc can bang trong khi gii c6 dinh
toan bo cac thanh phan con lai. Do d6, két qua cta cau hinh diy da khong dudc dung dé
quy riéng mifc cai thién cho co ché can bing.

Trong cic bai toan anh tén thuong da, ting cudng dit lidu truc tiép trén dnh c6 thé
tao ra cac bién ddi khong phu hdp vé mau sac hoic ciu tric tén thuong, tir d6 lam sai
léch dic diém bénh hoc ban du cta anh. Ngudc lai, viéc thuc hién can bang trén cic
vector ddc trung da dudc chon loc theo entropy gitip md rong biéu dién cla céc 16p thiéu
s6 trong khong gian dic tring ma khong 1am thay déi truc tiép ndi dung anh.

Cic két qua Sensitivity, F1-score, AUC theo 16p va ma tran nham l4n trén hai bo dif
liéu ghi nhan hiéu ning clia toan bd quy trinh dbi vé6i cac 16p hiém va cac 16p khé phan
loai. D6i véi 16p melanoma, ky hiéu MM trén VNCancer va MEL trén HAM 10000, cic
két qua hién c6 ciing thudc ciu hinh BlockNet day da, khong phai hai thiét 1ap chi khac
nhau & viéc c¢6 hodc khong can bang. Vi vy, cic két qua nay cho thdy kha ning phan
loai 16p melanoma ctia toan bd mo hinh, nhung chua di dé két luAn mdc thay déi cia
riéng 16p nay trudc va sau bude can bang.

Viéc chua c6 dbi ching doc 1ap giita class-weighted loss, focal loss, SMOTE va
ldy mAu ting cudng trong khong gian dic trung, cling nhu chua tich riéng két qué 16p
melanoma trudc va sau can bang, 1 gidi han ctia thiét ké thuc nghiém hién tai. Panh gia
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day di cic co ché xit Iy mit cAn bing trong ciing giao thiic va trén cung cic fold 1a mot
hudng thuc nghiém tiép theo.

Vé thiét ké, can bing dudc dit sau bude chon loc entropy d€ viéc 14y mau lai chi
thao tac trén cic vector dudc xy dung tl tip ban do dic trung da chon, thay vi lip lai
cdc biéu dién trudc chon loc. Pay 1a ly do t§ chifc quy trinh, khong phai bing chiing thuc
nghiém vé uu thé tuyét ddi so v6i cac chién lugc xi Iy mét can bing khac.

2.7.6. Mot s6 nhdn xét tong qudt

Nhin chung, cdc két qua thuc nghiém cho thiy déng gép ctia BlockNet khong nim
& viéc st dung mot backbone CNN méi, ma & chién luge t& chiic va tdi vu biéu dién dic
trung truc budc phan loai. Cac thanh phan chinh gom: (i) Iya chon ban dd dic trung dua
trén entropy, (ii) khai thac biéu dién theo tliing block CNN, (iii) hop nhit deep features
v61 handcrafted features, va (iv) can bﬁng dit liéu trong khong gian dic trung, dugc to
chtic trong cling mdt quy trinh dé tao biéu dién dau vao cho bo phan loai.

Két qua nay cho thiy vai tro cta viéc xi ly bi€u dién trudc budc hop nhét dbi vé6i
bai todn phan loai 4nh t6n thuong da da ngudn, trong diéu kién di liéu mit cAn bang va
c6 s6 lugng nhan han ché.

Két luén chuong

Chuong nay da trinh bay mo hinh BlockNet cho bai todn phan loai anh ton thuong
da dua trén sang loc ban d6 dic trung theo entropy kich hoat va hop nhit dic trung da
ngudn. Entropy dudgc tinh tif histogram gid tri kich hoat d€ mo t do phan tan, khong truc
tiép do thong tin lién quan nhan hay kha niing phan biét 16p. Khoang entropy theo tiing
block dudc st dung nhu quy tac sang loc khong giam sét trude khi xay dung vector dic
trung hoc sau, con gid tri ctia biéu dién thu dudc dugc danh gia bang két qua phan loai.

Céc ndi dung chinh ctia chuong bao gom phat bi€u bai toan, y tudng phuong phap
dé xuat, kién tric tdng quan ctia BlockNet, co ché tinh entropy va chon loc ban dd dic
trung, phuong phap hop nhét dic trung da ngudn, chién luge can bang dif liéu trong
khong gian dic trung, bd phan loai va cac thuit toan dé xuit. Cac thanh phan nay tao
thanh mot quy trinh théng nhét, trong d6 chét lugng biéu dién dudc xt 1y va tdi uu trudc
khi dua vao huin luyén md hinh phan loai.

Két qua thuc nghiém trén VNCancer va HAM 10000 ghi nhan su khac biét giita cu
hinh diing toan bd ban dd va cAu hinh ap dung sang loc entropy. Miic ting & F1-score va
AUC theo 16p cho thiy tap bi€u dién sau sang loc pht hgp hon véi nhiém vu phan loai
trong giao thic thuc nghiém hién tai. Két qua khong dudc dung dé quy entropy thanh do
do phan biét clia titng ban do riéng 18.

Bén canh d6, két qua danh gia hop nhat dic trung da nguon ghi nhan su khéc biét
gitta mo hinh két hop dic trung hoc siu da chon loc v6i dic trung thi cong va cic
backbone hoc sau phé bién. Cac két qua nay phu hdp véi vai tro bé trg gilia dic trung
hoc sau va dic trung tht cong trong bai todn phan loai ton thuong da. Trong khi dic
trung hoc sau c6 kha ning hoc biéu dién phiic tap tir dit liéu, cac dic trung thi cdng md
td mau sac, két ciu va hinh dang t6n thuong, dbi véi cac 16p c6 miic do chong 14n hinh
thai cao.

Ngoai ra, chuong trinh bay viéc thuc hién cin bang dif liéu trong khong gian dic
trung d6i v6i dit liéu mét cAn bang. Thay vi thuc hién ting cudng di liéu truc tiép trén
dnh dau vao, phuong phdp thuc hién mé rong biéu dién trén cic feature vector da dudc
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chon loc theo entropy. Céch xt ly nay bd sung mau trong khong gian vector ma khong
lam thay ddi truc tiép ciu triic hinh thai cia anh tdn thuong da.

Céc két qua cia ciu hinh day dd chua tich riéng anh hudng ctia budc can bing va
chua cung cip d6i ching riéng cho 16p melanoma trudc va sau khi chi thay ddi thanh
phan nay. Do d6, luin 4n gidi han két luan & viéc mo ta co ché va hiéu ning ciia toan bd
quy trinh, dong thdi xem danh gid doc 1ap cac chién ludc xi Iy mét can bang la hudng
nghién ciu tiép theo.

Nhin chung, cic két qua trong chuong nay cho thay vai tro cta viéc xt Iy biéu dién
trudc budc hop nhit trong bai toan phan loai anh tdn thuong da da ngudn. Péng gép
chinh ctia chuong 1a dé xuit co ché chon loc dic trung c6 dan huéng béi entropy két hop
v6i hop nhét dic trung da ngudn dé xay dung bi€u dién dau vao trong diéu kién di liéu
da dang, mit cAn bang va phtc tap vé mit hinh théi.

Tuy nhién, phuong phdp trong chuong nay van chii yéu thuc hién hoc trén tiing mau
dit liéu mot cach tuong dbi doc 1ap. Md hinh van chua khai thac tudng minh quan hé lién
mau trong khong gian dit liéu. Pdng thoi, dif liéu chua gdn nhin van chua dugc st dung
trong qud trinh huén luyén, trong khi day 1a ngudn dit lidu 16n va c6 tiém ning hd trg
nang cao kha ning tdng quat héa ctia md hinh.

Bén canh d6, co ché hop nhit trong BlockNet vin mang tinh tucng déi tinh va chua
md hinh héa truc tiép su phu thudc gilta cdc nguodn dif liéu ciing nhu mdi quan hé gitta
cac mau. Diéu nay tao dong luc cho Chuong 3, trong d6 huéng nghién ctiu dudc md rong
tif miic tdi vu héa bidu dién dic trung sang miic mo hinh héa quan hé dit liéu bang hoc
trén do thi va khai thac dit liéu chua gdn nhin thong qua co ché gan nhin gia c6 kiém
soat do tin ciy dua trén entropy. Qua d6, luan 4n tiép tuc phat trién tif bai todn ning cao
chat luong bi€u dién dau vao sang bai toan hoc da ngudn ban giam sat c¢6 khai thac quan
hé lién mau cho phan loai anh ton thuong da.
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CHUONG 3: MO HINH PHAN LOAI TON THUGNG DA DUA

TREN HQOC PA NGUON VA PO THI
Mé dau

Chuong 2 di trinh bay mo6 hinh BlockNet nhim nang cao chit lugng biéu dién anh
ton thuong da thong qua trich xuit, danh gia va chon loc ban dd dic trung dua trén
entropy. Cac két qua thuc nghiém cho thiy viéc lua chon ban dd dic trung theo entropy
gidp giam thanh phan du thita, han ché nhiéu trong khong gian biu dién va cai thién
kha niing phan biét clia dic trung diu vio. Pong thdi, viéc hop nhit dic trung hoc siu
v6i dic trung thii cong cho thiy hiéu qua trong bdi canh dit liéu tén thuong da c6 tinh
da dang va mit can bang cao. Tuy nhién, mic du chét luong bi€u dién cia ting anh da
dudc cai thién, md hinh trong Chuong 2 van chii yéu thuc hién hoc trén tiing mau dit liéu
theo céach tuong ddi doc 1ap. N6i cach khac, biéu dién ctia mdi 4nh chua khai thac day
du quan hé gitta cac mau trong khong gian dit liéu.

Trong thuc té, cic miu tdn thuong da thudng khong ton tai hoan toan doc 1ap.
Nhiing anh c6 dic di€ém hinh thai, mau sic, két cdu hodc dic trung lam sang tuong tu
nhau c6 thé hd tr¢ 1an nhau trong qud trinh hoc. Diéu nay can dudc xem xét d6i véi cac
16p thiéu s6 hoic cac ton thuong khé phan biét bing thong tin thi gidc don thuan. Vi
viy, sau khi gidi quyét bai todn chit luong biéu dién 6 miic dic trung trong Chuong 2,
Chuong 3 chuyén trong tdm tit “bi€u dién tiing 4nh” sang “bi€u dién quan hé gitia cic
mau”, thong qua mo hinh héa ciu tric dit liéu dudi dang dd thi va khai thac hoc trén dd
thi cho bai todn phan loai ton thuong da.

Bén canh do6, cac nghién ctiu truéc cua Nghién ctiu sinh trong [CT2] da khao sat
kh4 niing st dung nhiéu kién triic nén CNN va mo hinh ensemble cho dif lidu tén thuong
da. Két qua cho thiy cdc mo hinh hoc sau khac nhau c6 thé khai thac cac dic trung bd
sung cho nhau trong qué trinh phan loai. Tuy nhién, [CT2] van xu ly titng mau di liéu
theo cach tuong ddi doc 1ap va chua khai thac dudc quan hé tuong dong giiia cdc mau
trong khong gian bi€u dién.

Mot thanh phan khéc trong bai toan phan loai tdn thuong da 12 metadata 1am sang.
Trong nhiéu trudng hop, hai anh t&n thuong c6 biéu hién thi gidc gin gibng nhau nhung
khdc vi tri ton thuong, do tudi hodc gidi tinh clia ngudi bénh thi nguy co thudc nhém
bénh 1y c6 thé khac nhau. Vi du, mot t&n thuong xuat hién & ving da thudng xuyén
tiép xtic anh ning trén bénh nhan 16n tudi c6 thé mang nguy co khac véi tdn thuong c6
hinh théi tuong tu ¢ nhém bénh nhan tré hon hodc & vi tri it phoi nhiém dnh sdng. Do
d6, metadata khong thay thé thong tin dnh, ma déng vai trdo bd sung ngif canh 1am sang
nham hd trg diéu chinh bi€u dién cta anh trong qué trinh phan loai. Pay 12 co sd dé
Chuong 3 xay dung biéu dién da nguon, trong d6 dic trung 4nh va metadata dudc khai
thac dong thdi thay vi xt 1y tach roi.

Trong thuc té, dif liéu anh y t& c6 nhin thudng han ché do qu4 trinh gdn nhin doi
héi chuyén gia va chi phi cao. Trong khi do, dit liéu chua gan nhan thudng c6 s6 luong
16n hon va c6 tiém ning hd tro cai thién hiéu qua hoc néu dudc khai thac phu hop. Tuy
nhién, hoc ban gidm sat dua trén gdn nhan gia ciing tiém 4n rdi ro. Néu mo hinh tao ra
cac du dodn sai nhung van c6 do tu tin cao, cdc nhin gia sai nay c6 thé tiép tuc dudc dua
ngudc vao qua trinh huin luyén va 1am lan truyén sai sd qua nhiéu vong lip hoc. Piéu
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nay dic biét nguy hi€m trong dif liéu mét can bing, khi cac 16p hiém dé bi 1an 4t bdi cac
16p phé bién. Vi vay, viéc sii dung entropy trong Chuong 3 khong chi dugc xem nhu mot
thd thuat ky thuit, ma déng vai trdo nhu mot co ché ki€ém sodt rii ro nham danh gia do
tin cdy ctia du dodn trudc khi lua chon dit liéu chua nhin cho qua trinh tdi huin luyén.

Trong bdi canh d6, hoc trén dd thi trd thanh mot hudng tiép can phu hop dé€ khai
thac dong thoi biéu dién da ngudn va quan hé lién mau. Trong md hinh hoc trén dd thi,
mdi miu dit liéu dugc xem 12 mot nuit, trong khi quan hé tuong dong gitta cic mau dugc
mo hinh héa thong qua cic canh ctia do thi. Viéc lan truyén thong tin giifa cdc nit 1an
can cho phép mo hinh tan dung thém ngi canh lién mau thay vi chi dua trén biéu dién
clia tiing anh riéng 18. Pong thsi, nhu minh hoa trong Hinh 3.1, bai todn con dbi mit
v6i nhiéu thich thic nhu dif liéu c6 nhin han ché, su can thiét clia metadata 1Am sang va
nguy co lan truyén sai sb khi st dung gan nhan gia.

Hinh 3.1: Béi cdnh va déng co nghién ciiu.

Xuét phat tlf cac van dé trén, chuong ndy trinh bay dong gép thi hai cta luan 4n,
v6i ndi dung chinh la dé xuit mot khung hoc ban giam sat da nguodn trén do thi cho phan
loai anh t6n thuong da. So v6i cong trinh [CT4], chuong nay trinh bay bd sung phat biéu
bai todn, quy trinh thudt toan, thiét 1ap ki€ém sodt ro ri dit liéu, phan tich két qua theo
tiing chi s6 va thdo luan pham vi 4p dung ctia mo hinh. Chuong 3 ké tiép Chuong 2 vé
huéng nghién ciiu két hop thong tin thi gidc va khai thic entropy, nhung khong téi st
dung vector BlockNet hoic budc chon loc ban dd dic trung theo entropy ctia Chuong 2.
Theo diing thiét 1ap thuc nghiém cta [CT4], dic trung hoc sau trong Chuong 3 1a cic
vector dau ra sau pooling cia VGG19, DenseNet121 va MobileNet; dic trung thi cong
gdm histogram RGB, histogram HSV va dic trung fractal. Cdc nhém dic trung nay dudc
lua chon bang phan tich Chi-square trong chinh Chuong 3, sau d6 két hop véi metadata
lam sang dé€ xay dung biéu dién nit da ngudn. Tir cdc biéu dién nay, dd thi tuong dong
gilta cac mau dudc x4y dung va md hinh GNN dudc sit dung dé hoc quan hé gitia céc
mau. Sau giai doan huin luyén c6 gidm sat, entropy ctia phan phdi xac suat du doan ducc
st dung dé€ danh gid do tin cdy, tir d6 chi lua chon cdc mau chua gan nhan c6 do tin ciy
cao d€ gan nhan gia va huin luyén lai mo hinh.

Khéc v6i Chuong 2, noi entropy dudc st dung d€ dénh gia va chon loc ban do dic
trung, trong Chuong 3 entropy dudc st dung ¢ mic du doan ctia md hinh nhim udc
lugng do6 bat dinh va phan ting do tin ciy clia cac mau. Diéu nay cho thiy entropy ducc
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khai thac & hai cip do khéc nhau trong luan an: cip do bi€u dién dic trung 6 Chuong 2
va cap do do tin cdy du doan & Chuong 3.

Trén cd s cac van dé da phan tich, chuong nay dé xuit mot khung hoc ban gidm sat
da ngudn trén do thi cho phan loai 4nh t&n thuong da, trong d6 dic trung anh, dic trung
thi cong va metadata dugc hop nhét thanh biéu dién nit; quan hé gitta cdc mau dugc md
hinh héa bﬁng dd thi; va entropy du dodn dudc st dung dé chon loc cdc mau chua gan
nhan c6 do tin cdy cao cho qua trinh gan nhan gia.

Noi dung con lai ctia chuong dudc td chiic nhu sau. Muc 3.1 phat biéu bai todn phan
loai 4nh t6n thuong da trong bdi canh hoc da ngudn va ban gidm sat. Muc 3.2 trinh bay y
tudng tdng quat ctia phuong phap dé xuit. Muc 3.3 md ta chi tiét cac thanh phan ctia md
hinh, bao gdm trich xuit dic trung da ngudn, hop nhét dic trung c6 xét metadata, xay
dung d6 thi tuong dong, huén luyén GNN c6 giam sat, ddnh gid do tin ciy bang entropy
va gan nhan gia cé chon loc. Muc 3.4 trinh bay thuat toan va quy trinh thuc hién. Muc
3.5 md ta thiét 1ap thuc nghiém trén bo dif liéu ISIC 2020. Muc 3.6 phan tich két qua
thuc nghiém va danh gia hiéu qua cia ting thanh phan trong mo6 hinh. Cudi ciing, Muc
3.7 tdng két cac két qua chinh clia chuong.

3.1.Phat biéu bai toan

Bai toan dugc xem xét trong chuong nay 13 phan loai 4nh tdn thuong da trong bbi
canh dit liéu da ngudn va hoc ban giam sat. Thay vi xem dif liéu 12 mot thanh phan riéng
ctia bai todn, luin 4n phat biéu bai toan thong qua ba yéu t6 chinh: khong gian dau vio
da ngudn, khong gian nhan va muc tiéu hoc ham phan loai trén dd thi. Trong thiét 1ap
nay, mbi mau c6 th€ dudc md ta béi dnh ton thuong da, dic trung hoc sau, dic trung thu
cong va metadata 1am sang tuong ung.

Khéc véi bai toan da 16p & Chuong 2, bai toan trong Chuong 3 dudgc thiét 1ap duéi
dang phan loai nhi phan lanh tinh/4c tinh trén bo du liéu ISIC 2020. Tap nhan dudc ky
hiéu 1a & = {0, 1}, trong d6 nhén 0 tuong tng véi ton thuong lanh tinh va nhan 1 tuong
ting v6i ton thuong 4c tinh.

V6i mau thi i, biéu dién dau vao da ngudn dudc ky hiéu theo Cong thiic 3.1:

X, = (Ii,xlfleep,xf’“”d,x?m“) , 3.1
trong d6 I; 12 anh t6n thuong da; x?ee” 1a vector dic trung hoc siu dugc trich xut
tir anh; x4 13 vector dic trung thi cong mo t4 cc thudc tinh thi gidc nhu mau séc, két
ciu hoic hinh dang; va x¢14 13 vector metadata 1am sang sau khi dugc chuén héa va ma
héa. Cong thifc 3.1 chi mo ta ciu triic cac nguodn thong tin dau vao trudc bude hop nhit,
chua phai 12 vector biéu dién cudi cing dung 1am niit cta do thi.
Tap dit liéu c6 nhan dugc xac dinh theo Cong thiic 3.2:

DL — {(Xivyi) | X = (Ii’xgieep’xézand’xfem) Vi € @71 = 172a---7NL}7 (32)

trong d6 Dy 12 tap dit liéu c6 nhén; x; 12 biéu dién dau vio da ngudn cia mau thi i;
y; 12 nhan 16p tuong tng; va Ny 1a s luong mau c6 nhén.
Tap di li€u chua gan nhan dugc xac dinh theo Cong thiic 3.3:
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Dy = {xj x; = (lj x;?eep,x’;“”d,x;ﬂem) = 1,2,...,NU}, (3.3)

trong d6 Dy 1a tap dit liéu chua gdn nhan va Ny 1a sd luong miu chua gan nhan.
Diém khdc biét gitta D; va Dy 1a cic mau trong D;, c6 nhan y;, trong khi cac mau trong
Dy chua c6 nhin va chi dugc khai thac thong qua co ché gan nhin gia c6 kiém sodt do
tin cdy.

Qua trinh hop nhat ba nguén thong tin dudc thuc hién theo cAu triic phan cip cia
[CT4]. Trude hét, dic trung hoc siu va dic trung thi cong duge ghép ndi d€ tao biéu
dién anh x;". Sau d6, biéu dién anh dugc hgp nhit véi metadata 1am sang bang ham hop
nhét c6 xét metadata ®(-). Hai budc dugc xdc dinh theo Cong thiic 3.4:

X, ° =

1

img [Xfieep.
i s A

Xhand} ’

. (3.4)

h,=® (x;mg ,xi"em) :

trong d6 x;" 1a biéu dién anh tong hgp, X" 1a metadata 1m sang da dugec ma héa

va h; 12 vector dic trung hop nhit dung lam biéu dién niit trong md hinh hoc trén do thi.

Cong thic trén liét ké day di ba nguon thong tin dudc mo hinh khai thac, dong thsi 1am

16 rang co ché chu y hoat dong gitta hai dudng biéu dién 1a 4nh va metadata; dic trung
hoc sau va dic trung thii cong khong phai hai dau vao chd y doc 1ap.

Trong thiét 1ap ctia Chuong 3 va [CT4], dic trung hoc siu Xf“p dudc tao bang cach
ghép ndi ba vector dau ra sau pooling ctia VGG19, DenseNet121 va MobileNet, c6 s6
chiéu 1an luot 1a 512, 1024 va 1024. Day 1a cic biéu dién CNN tiéu chuin dudc Iva
chon bang phan tich Chi-square trong Chuong 3; mé hinh khong dua vector BlockNet
va khong thuc hién chon loc ban d6 dic trung theo entropy ctia Chuong 2. Dic trung thi
cong Xfl“”d gdm diing ba nhém histogram RGB, histogram HSV va dic trung fractal. Hai
vector x?eep va x"d qugc ghép ndi thanh x;"; biéu dién &nh nay tiép tuc dugc hgp nhit
v6i metadata 1am sang d€ hinh thanh vector h;.

Hinh 3.2 minh hoa qu4 trinh chuyén tir dif liéu da ngudn sang bi€u dién nit trén do
thi. Trong d6, mdi mau dit lidu tuong ing v6i mot nit va quan hé tuong dong gitta cac
mau dugc biéu dién bang cic canh.

Hinh 3.2: So d6 minh hoa qud trinh biéu dién dit liéu da nguon, xdy dung dé thi va hoc
bdn gidm sdt cho phdn loai dnh ton thuong da.

Do thi dit liéu dugc ky hiéu 1a G = (V,E), trong d6 V 1a tap céc nit va E 1a tap céc
canh. Do thi dudc xac dinh theo Cong thiic 3.5:
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G = (V,E), (3.5)

mdi nit v; € V tuong dng v6i mot mau di liéu va duge gan bi€u dién nut h;. Céc
canh trong E dudc xiy dung dua trén do tuong dong gitta cdc biéu dién nit. Trong
chuong nay, do tuong dong giita hai mau i va j dudc tinh bang do tuong dong cosine,
dudc xac dinh theo Cong thuc 3.6:

h/h;

l

Il [yl

trong d6 s;; bi€u dién muc do tuong dong gitia hai mAu tuong dng véi hai nit v;
va v;. Dua trén ma trn d0 tuong dong, do thi dudc xay dung theo chién ludc k-nearest
neighbors v6i k = 5. Gid tri k = 5 dudc lua chon nham cin bing gifta viéc bio toan quan
hé cuc bd gitta cic miu gan nhau trong khong gian bi€u dién va tranh tao ra do thi qua
day lam suy giam kha niing phan biét ctia ciu triic dd thi. Trong nghién ctiu ndy, gia tri
k dugc cb dinh nhu mot tham sd trong ciu hinh thuc nghiém.

(3.6)

sij

Theo chién lugc nay, mdi nit dugc két ndi véi nim nit c6 biéu dién gan nhit trong
khong gian dic trung hop nhit. Qua trinh xay dung do thi khong st dung thong tin nhén,
nhd d6 han ché ro ri dit liéu gitta c4c tap huin luyén, kiém dinh va kiém tra.

Trén d6 thi G, mo hinh mang no-ron do thi dudc sit dung dé hoc biéu dién va du
doén nhan cho ting nit. V6i tham s6 mo hinh 6, phan phdi x4c suat du dodn ctia mau
tht i dugc xac dinh theo Cong thic 3.7:

yi :fG(Gahi)a (37)

trong d6 §; = [0, 9:.1] 12 vector xdc suét dy dodn tuong tng véi hai 16p lanh tinh va
dc tinh. Thanh phan §; . bi€u thi xdc suit dy dodn mau thi i thudc 16p ¢, véi ¢ = 0 1 16p
lanh tinh va ¢ = 1 1a 16p 4c tinh. Nhan du do4n ctia mau thi i dugc xdc dinh theo Cong
thuc 3.8:

y;i = arg max .. 3.8
Vi gce{O,l}yl’c (3.8)
Déi véi cdc mau thudc tip chua gan nhin Dy, phan phbi x4c suit du dodn ctia mo
hinh dudc st dung dé€ danh gia do bat dinh thong qua entropy. Entropy du dodn ctia mau
tht i dugc xac dinh theo Cong thiic 3.9:

1
H(§i) =—Y iclog(Fic)- (3.9)
c=0

Trong Cong thiic 3.9, ¢ 1a chi sb 16p trong bai todn phan loai nhi phan, v6i ¢ = 0
tuong ting v4i 16p lanh tinh va ¢ = 1 tudng dng véi 16p 4c tinh; J; . 1a xdc suét dy doan
mau thi i thudc 16p c; va log 1a logarit tu nhién. Entropy thip cho thdy phan phbi xac
suét du doén tap trung hon vio mot 16p, trong khi entropy cao phan dnh mic do bat dinh
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16n hon. Vi vy, entropy dudc sit dung dé phan tang do tin ciy clia cic mau chua gin
nhan trude khi dua vao qua trinh gan nhan gia.

Trén co s& d6, bai toan cua chuong nay dudc phat biéu nhu sau: véi tap dit liéu c6
nhan Dy dudc xac dinh theo Cong thuc 3.2 va tap du liéu chua gan nhan Dy dudc xac
dinh theo Cong thiic 3.3, can x4y dung mdt md hinh hoc ban gidm sat da ngudn trén do
thi c6 kha ning hoc bi€u dién nit h; tif cdc ngudn dic trung khic nhau, khai thic quan hé
tuong dong gitta cac mau trén do thi G, du doan nhin tdn thuong da theo Cong thiic 3.7,
dong thdi st dung entropy du dodn theo Cong thiic 3.9 dé Iva chon cdc mau chua gan
nhén c6 do tin cdy cao cho qud trinh gan nhin gia va huin luyén lai mo hinh.

3.2.Co s6 dé xuét phuong phap

Nhu da trinh bay trong Muc 3.1, bai toan phan loai anh t&n thuong da trong bbi
canh dif liéu da ngudn va hoc ban gidm sat dit ra cdc yéu cau vé biéu dién di liéu, khai
thdc quan hé gitta cic mau va kiém soat do tin ciy khi sit dung dit liéu chua gan nhan.
Trén co s& d6, chuong nay dé xuat mot khung hoc ban gidam sit da ngudn trén do thi
cho phan loai 4nh ton thuong da. Co sé tong quat ciia phuong phap dudc minh hoa trong
Hinh 3.3.

Hinh 3.3: Co sd tong qudt ciia phiwong phdp dé xudt.

Thit nhit, méi miu t6n thuong da can dugc bi€u dién bdi nhiéu ngudn thong tin
thay vi chi st dung anh dau vao. Pic diém hinh thdi cla tén thuong da cé thé chong
l4n gitta cac 16p, do d6 mot ngudn dic trung don 1é chua di phan anh diy dd thong tin
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phuc vu phan loai. Phuong phdp dé xuét khai thic ba ngudn thong tin gdm dic trung
hoc sau, dic trung thu cong va metadata 1am sang. Theo [CT4], dac trung hoc sau la
cac vector dau ra sau pooling cia VGG19, DenseNet121 va MobileNet; dic trung thd
cong gom histogram RGB, histogram HSV va dic trung fractal; metadata 1dm sang cung
cap ngii canh nhu tudi, gi6i tinh va vi tri t6n thuong. Chu hinh nay 1a thiét 1ap riéng clia
Chuong 3, khong phai dau ra ctia BlockNet va khong st dung chon loc ban dd dic trung
theo entropy cua Chuong 2.

Thi hai, phuong phdp mo hinh héa quan hé giita cdc mau di liéu dusi dang do thi.
Céch tiép can nay xuat phat tif thuc t& nhiéu t&n thuong da c6 biéu hién thi gidc gan nhau
hoidc xuét hién trong bdi canh 14m sang tuong tu. Trudc khi xdy dung do thi, cac ngudn
thong tin dugc hop nhit dé tao biéu dién da nguodn théng nhit cho tiing miu. Phuong
phdp st dung co ché hop nhét theo chi ¥ c6 xét metadata 14m sang, trong d6 metadata
dugc xem 12 ngudn thong tin bé trg gip diéu chinh mifc do dong gép clia cac ngudn dic
trung trong qud trinh hop nhét.

Sau khi x4y dung biéu dién da ngudn hop nhit, mbi mau dit liéu dugc xem 12 mot niit
trén do thi, trong khi cdc canh dugc thiét 1ap dua trén mic do tuong dong giiia cac biéu
dién nit. Trong nghién ctiu nay, do thi dudc xay dung theo chién ludc k-nearest neighbors
v6i k = 5, trong d6 do tuong dong giiita cac mau dudc tinh bang cosine similarity. Gia
tri k = 5 dudc lua chon nhim cin bang giiia viéc bao toan quan hé cuc bd gitta cdc mau
gan nhau trong khong gian dic trung va trdnh tao ra do thi qua day 1am suy gidm kha
ning phan biét clia ciu tric do thi. Cach xay dung dd thi nay cho phép mo hinh két ndi
cac ton thuong da c6 dic diém tuong tu nhau trong khong gian biéu dién hop nhét, tir d6
khai thac dugc thém thong tin quan hé gitta cic mau di liéu.

Trén dd thi dugc xay dung, mo hinh mang no-ron do thi dudc st dung dé hoc biéu
dién nit thong qua co ché lan truyén thong tin gitta cic niit 1an cAn. Thay vi chi hoc tit
dic trung ctia chinh mau di liéu, mdi nuit con tiép nhan thong tin tif cac niit tuong dong
trén do thi. Nhd d6, mo hinh c6 kha ning khai thac dong thdi thong tin cuc bo ciia tiing
mau va thong tin quan hé gitta cic mau trong tap dit liéu. Trong nghién citu nay, nhiéu
bién thé mang no-ron do thi khac nhau dugc khdo sat, bao gdm GCN, GAT, GraphSAGE
va GINE.

Th ba, di liéu chua gan nhan chi dugc khai thac khi du doan cia mo hinh c6 muc
do tin cdy du cao. Sau giai doan huan luyén cé giam sit ban dau, mo hinh dudc st dung
d€ du doan trén tap dit liéu chua gan nhan. Thay vi st dung toan bd du doan d€ tao nhan
gia, phuong phap st dung entropy ctia phan phdi xac suit du doan dé udc luong do bat
dinh. Cdc miu c6 entropy thip dudc Iua chon cho qua trinh gan nhin gia, con cidc mau
¢ entropy cao bi loai b nham giam nguy cd lan truyén nhan sai trong qua trinh huin
luyén lai.

Khac véi vai trd cta entropy trong Chuong 2, ndi entropy dudc st dung dé€ danh
gia muc thong tin clia ban do dic trung & cap do biéu dién dic trung, trong chuong nay
entropy dudc sif dung & cip do du doan nham udc lugng mic do bat dinh ctia phan phbi
x4c suit dau ra va phan tang do tin ciy clia cic mau chua gan nhin. Diéu nay cho thiy
entropy dudc khai thac & hai cip do khac nhau trong luan 4n: cip do chat luong biéu
dién & Chuong 2 va cip do dd tin ciy du doan & Chuong 3.

Tir céc co sd trén, mo hinh tong thé clia phuong phép dudgc xay dung nhu minh hoa
trong Hinh 3.4. M6 hinh bao gdm hai giai doan chinh. Giai doan thi nhat thuc hién hoc
c6 giam sat trén do thi bang cic mo hinh mang nd-ron do thi nham xay dung mo hinh
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phan loai ban dau. Sau dé6, entropy du dodn dugc st dung dé danh gid mic do bat dinh
clia cdc mau chua gan nhan va lya chon cac mau cé do tin cdy cao cho qua trinh gin
nhén gia. Trong giai doan thi hai, dif liéu gdn nhin gi dudc két hop véi tap dit liéu cé
nhin ban dau d€ huin luyén lai mo hinh, tif d6 cdi thién kha ning tong quat héa va nang
cao hiéu qua phan loai.

Hinh 3.4: Tong quan mo hinh dé xudt.

Trén co sé d6, phuong phap dé xuit hudéng t6i xay dung mot mo hinh hoc ban gidm
sat da nguodn trén do thi c6 kha ning khai thidc dong thdi nhiéu nguodn thong tin khac
nhau, hoc quan hé gitta cic mau dit liéu va tan dung dit liéu chua gdn nhan theo hudng
c6 kiém sodt do tin cdy nham nang cao hiéu qua phan loai ton thuong da lanh tinh va ac
tinh.

3.3.Phuong phap dé xuat

Tir phat biéu bai todn 6 Muc 3.1 va co s dé xuét phuong phap 6 Muc 3.2, phan nay
trinh bay chi tiét phuong phap hoc ban giam sat da ngudn trén dd thi cho phan loai anh
ton thuong da. Phuong phap dé xuit dudc tS chic thanh sdu budc chinh gom: (1) trich
xuét dic trung da ngudn; (2) hgp nhét dic trung c6 xét metadata 1am sang; (3) xay dung
dd thi tuong dong gitta cac mau; (4) hudn luyén mo hinh mang no-ron do thi c6 giam
sat; (5) udc lugng entropy du dodn d€ danh gid do tin cdy; va (6) gan nhan gia cé chon
loc cho dit liéu chua gan nhan.

Trong phuong phap dé xuit, méi mau dit liéu dugc biéu dién dong thdi bdi ba ngudn
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thong tin gdom dic trung hoc sau, dic trung thi cong va metadata 1am sang. Ba ngudn
nay ducc hop nhat theo hai tang: diic trung hoc sau va dic trung thi cong dudc ghép ndi
thanh bi€u dién anh x;"*; sau do, bi€u dién anh dugc hgp nhét v6i metadata 1am sang
bing co ché chid y c6 xét metadata d€ tao biéu dién nit h; nhu xic dinh trong Cong
thifc 3.4. Tt cac biéu dién niit, d6 thi tuong dong dudc xiy dung nhim md hinh héa quan
hé gitta cac mau dit liéu trong khong gian biéu dién hdp nhit. Sau d6, md hinh mang
no-ron dd thi dugc st dung d€ hoc biéu dién nuit va thuc hién phan loai tdn thuong da.

Déi vé6i dit lidu chua gan nhin, entropy ctia phan phdi xac suat du doan dugc st
dung d€ danh gia miic dd tin ciy clia tiing mau trudc khi thuc hién gan nhan gia. Chi cdc
mau c6 entropy thip méi dudc Iva chon dé bd sung vao qua trinh tai huén luyén nham
han ché nguy cd lan truyén nhan sai trong hoc ban gidm sat.

Céc thanh phan ctia phuong phap dé xuit dudc trinh bay chi tiét trong cac muc tiép
theo, bao gom trich xuét dic trung da ngudn, hop nhit dic trung c6 xét metadata 1am
sang, xay dung dd thi tuong dong, huin luyén mang no-ron do thi c¢6 gidm sat, uéc luong
entropy du dodn va co ché gan nhin gia c6 chon loc.

3.3.1. Trich xudt ddc trung da nguon

Bué6c dau tién clia phuong phdp 1a xay dung biéu dién dic trung ban dau cho tiing
mau t6n thuong da tif nhiéu ngudn thong tin khac nhau. Khac véi cdc phuong phép chi
st dung dic trung anh don thuan, nghién cifu nay khai thac dong thai ba ngudn dic trung
chinh gém dic trung hoc siu, dic trung thi cong va metadata 1am sang. C4c ngudn dic
trung nay dudc trich xut doc 1ap trudc khi dudc dua vao bude hop nhit dic trung & giai
doan tiép theo. Tong quan cdc ngudn dic trung dudc st dung trong phuong phap dudc
minh hoa trong Hinh 3.5.

Hinh 3.5: Cdc nguén ddc trung da nguon va biéu dién hop nhdt duoc sit dung trong
phuong phdp dé xudt.

Trong ba ngudn thong tin dugc st dung, dic trung hoc siu dong vai tro 12 ngudn
bi€u dién thi gidc chinh ctia md hinh. Theo cAu hinh thuc nghiém trong [CT4], ba mang
CNN nén gdbm VGG19, DenseNet121 va MobileNet dudc dung 1am bo trich xult dic
trung: dau phan loai clia tiing mang dudc loai bd va vector dau ra sau pooling dudc gil
lai. Ba vector niy c6 sb chiéu 1an luot 12 512, 1024 va 1024, dudc chuin héa theo cling
quy trinh trudc khi ghép ni. Chuong 3 khong chon cac ban dd dic trung trung gian bang
entropy va khong st dung vector BlockNet cua Chuong 2.
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Vector dic trung hoc sdu ctia mau i dudc xac dinh theo Cong thuc 3.10.

d
X eep __ X}/GG19; XjDenseNetlQl :

XﬁVIObileNet c R2560, (310)

trong do X}/GG19 c R512’ XiDenseNetl21 c R1024 va Xé\lobileNet c R1024 14 cic vector
dau ra sau pooling ctia ba kién tric CNN. Vi vay, dgeep = 51241024 + 1024 = 2560.
Viéc Iua chon ba loai dic trung ndy dudc thuc hién & cip nhém dic trung biang phan
tich Chi-square tai Muc 3.5.3, khac vdi chon loc tiing ban dd dic trung theo entropy &
Chuong 2.

Bén canh dic trung hoc siu, dic trung thi cong dudc sit dung nham bd sung céac
mo ta c6 tinh truc quan va dé dién gidi hon ddi vé6i tn thuong da. Theo [CT4] va ciu
hinh thuc nghiém cta Chuong 3, nhém nay chi gdm histogram mau RGB, histogram
mau HSV va dac trung fractal. GLCM va HOG khong dudgc st dung trong Chuong 3.

Vector dic trung thi cong ctia mau i dudc xac dinh theo Cong thiic 3.11.

thand — Xf?GB;

xSV xlractal| ¢ R1600 (3.11)

trong d6 xRGB € R768, xHSV ¢ R768 v x/"“ ¢ R Do d6, djung = 768 + 768 +
64 = 1600, thong nhét véi cac do dai vector dugc bdo cdo trong Bang 3.5.

Ngoai thong tin anh, metadata 1am sang ciing dudc st dung nham bd sung ngit canh
cho qua trinh phan loai. Trong nghién ctiu ny, metadata bao gdm tudi, gidi tinh va vi
tri ton thuong. Céc thudc tinh phan loai nhu gidi tinh va vi tri ton thuong dudc ma hoa
thanh dang s6, trong khi tudi dudc chuin héa trude khi dua vao mo hinh nhim bao dam
tinh nhit quén gilta cac ngudn dic trung.

Vector metadata 1Am sang ctia mau i dugc xdc dinh theo Cong thic 3.12.

Xl_neta - \Pmeta (ml) ’ (312)

]

trong d6 W erq(+) 12 ham tién x 1y va ma héa metadata 1am sang. DPdi véi céc trudng
metadata bi thiéu, dif liéu dudc xt ly theo cing mot quy tac thdng nhét trong toan bd
thuc nghiém nhim bao ddm tinh nhit quan ctia biéu dién dau vao. Chi tiét vé ty 1¢ thiéu
dit liéu va quy trinh xd ly dudc trinh bay trong phan thiét 1ap thuc nghiém ctia chuong
nay.

Viéc dua metadata 1am sang vao bi€u dién dit liéu cho phép md hinh khai thac thém
cac yéu t6 ngit canh khong thé quan sét truc tiép tif anh nhung c6 thé lién quan dén nguy
co tdn thuong da. Vi du, ciing mot biéu hién thi gidc nhung xult hién & cidc nhém tudi
hoic vi tri tdn thuong khéc nhau c6 thé mang miic do nguy co khic nhau trong thuc té
lam sang.

Sau khi hoan thanh qua trinh trich xuét, m6i mau di liéu dudc biéu dién bdi ba
vector dic trung gdm dic trung hoc sau x2°”, dic trung thi cong x/"¢ va metadata 1am
sang x/"“'“. Cac vector ddc trung nay dugc xay dung doc 1ap nham gitt dudc dic thu cla
tiing nguodn thdng tin trudc khi thuc hién hop nhit dé tao thanh biéu dién da ngudn cho
mo hinh mang no-ron d6 thi.
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3.3.2. Hop nhat ddc trung da nguon cé xét metadata

Sau khi hoan thanh budc trich xuit dic trung da ngudn, mbi mau dit liéu ducc
biéu dién bdi ba thanh phin gdm dic trung hoc sau x%°”, dic trung thi cong x' va
meitadata 1am sang x/"“'*. Theo céu tric phuong phép trong [CT4], phép ghép ndi va co
ché chud y dudgc st dung & hai tang c6 vai tro khac nhau. Phép ghép ndi két hop hai nguon
dic trung thi gidc 1a dic trung hoc siu va dic trung thi cong d€ tao bi€u dién anh. Co
ché chi y c6 xét metadata sau d6 hdp nhét bi€u dién anh véi metadata 1am sang. Cach
t6 chiic nay han ché viéc metadata c6 sd chiéu thap bi 1an at khi ghép truc tiép véi toan
bd cac thanh phan thi gidc, dong thdi cho phép xdy dung biéu dién cudi cling mang ca
thong tin anh va ngtt canh 1am sang.

Trong phuong phap dé xuit, trudc hét dic trung hoc sau va dic trung thi cong ducc
két hgp d€ tao thanh biéu dién anh x;"¢, dugc xdc dinh theo Cong thic 3.13.

X" = [xerixond] (3.13)

trong d6 ky hiéu [; ] bi€u dién phép ndi vector. Bi€u dién x;"¢ chia thong tin thi
gidc tong hgp tit déc trung hoc sdu va dic trung thi cong, trong khi x"'? biéu dién thong
tin metadata 1am sang sau khi da dugc ma hoa.

Sau khi x;"* dugc hinh thanh, cd ché chu y c6 xét metadata thyc hién hgp nhét gitta
hai duong biéu dién x"¢ va x"¢, Céc thanh phn x?*“” va x/"d khong dugc xem 12 hai
nhénh chi y riéng, ma da nam trong cung biéu dién &nh. Co ché hgp nhét nay dugc minh
hoa trong Hinh 3.6.

Hinh 3.6: Hop nhdt ddc trung da nguon theo co ché chii ¥ c¢o xét metadata.

V6i metadata x"'“, mang attention tao ra hai hé s6 chu y tuong tng véi dic trung

4nh va metadata. Hai hé s6 ndy dudc x4c dinh theo Cong thic 3.14.



98

[a;’"g, a,.'"em} = softmax (W X" +b,), (3.14)

trong d6 W, va b, 1a cic tham sb clia mang attention, afmg la trong s chi y dng
véi ddc trung anh va o/"“ 1a trong s6 chi y ting v6i metadata. Do dudc chuin héa biang
ham softmax, hai trong s6 niy thda man diéu kién trong Cong thtc 3.15.

o+ " =1, (3.15)

trong do gid tri clia cdc trong s6 phan dnh miic do dong gép tuong dbi gitia thong tin
thi giac va metadata 1am sang trong qud trinh xay dung biéu dién hop nhat. Trong nghién
ctfu nay, co ché attention dudc st dung nham diéu chinh tuong tic gifta cic ngudn biéu
dién trong khong gian dic trung chung, thay vi gid dinh ring mo hinh c6 thé hoc dudc
quan hé nhan qua gilta metadata va anh ton thuong da.

Tit cic trong sb chd y nay, biéu dién hop nhét clia miu thit i duge xay dung bang
tong c6 trong sb gitta biéu dién anh va metadata. Biéu dién hop nhét h; dugc xdc dinh
theo Cong thic 3.16.

h; = a™x™8 4 oreraxee, (3.16)

trong d6 biéu dién cudi ciing khong chi chifa thong tin thi gidc clia t&n thuong da
ma con dugc diéu chinh bdi ngii canh 14m sang tuong dng véi tiing mau dit liéu.

g meta

Trong trudng hgp hai vector x;"¢ va x'* ¢ s6 chiéu khac nhau, cac phép bién déi
tuyén tinh dudc st dung d€ anh xa ching vé ciing khong gian biéu dién truée khi thuc
hién t6ng c6 trong s6. Khi d6, Cong thiic 3.16 dudgc viét lai dudi dang téng quat hon theo
Cong thuc 3.17.

hl — allmgwlmgximg + a{netangtaX;"neta, (3. 17)

trong do W, va W1, 1a cac ma tran chiéu nhiam dua dic trung anh va metadata
1am sang vé cung khong gian bi€u dién. Trong s6 o dp dung cho toan bd bi€u dién dnh
da ghép ndi, khong dp dung riéng cho dic trung hoc siu; tuong tu, o"'* dp dung cho
duong metadata. Vi vay, Cong thuic 3.17 mo ta chd y gitta hai dudng anh va metadata,
thdng nhit v6i ciu triic hop nhit phan cip trong Cong thiic 3.4 va [CT4].

Biéu dién hop nhét h; khong chi dudc st dung cho qua trinh phan loai ma con déng
vai tro 12 biéu dién nit dau vao cho mé hinh hoc trén do thi. N6i cach khdc, sau bude
hop nhit, méi mau dit liéu dudc xem nhu mot nit v6i thude tinh niit 13 h;. C4c biéu dién
ntit nay tiép tuc dudc st dung dé xic dinh quan hé tuong dong gitta cac mau va xay dung
dd thi dit liéu trong budc tiép theo.

3.3.3. Xay dung do thi tir biéu dién hop nhat

Sau khi hoan thanh bu6c hop nhit dic trung da ngudn, méi mau dit liéu dudc biéu
dién bdi vector hop nhit h; nhu da xac dinh trong Cong thiic 3.4. Cac biéu dién hop nhit
nay tiép tuc dudc sit dung d€ xay dung dd thi dif liéu nham md hinh héa quan hé tuong
dong giita cac mau trong khong gian biéu dién chung. Mt diém trong qud trinh nay 1a
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cAu triic dd thi dudc xay dung hoan toan ti dic trung dif liéu; thong tin nhan 16p khong
tham gia vao qud trinh tao canh. Piéu nay gitp han ché nguy co ro i dit liéu va bdo dam
rang cdc quan hé trén dd thi phan anh su tuong dong tu nhién giifa cdc mau thay vi phu
thudc truc tiép vao nhin phan loai.

Trong mo hinh dé xuit, mbi miu t&n thuong da dudc anh xa thanh mot nit v; cla
dd thi, trong d6 thudc tinh niit duge bi€u dién bsi vector hop nhit h;. Qua trinh chuyén
ti bi€u dién hop nhit sang biéu dién niit cho mo6 hinh mang no-ron dd thi dudc minh hoa
trong Hinh 3.7.

Hinh 3.7: Biéu dién nit da nguon dugc xdy dung tir ddc trung hop nhdt cho mé hinh
mang no-ron do thi.

Tir cac biéu dién niit nay, d6 thi dif liéu dugc xdy dung nham mo hinh héa quan hé
tuong dong gitta cdc mau trong khong gian bi€u dién hop nhit. Dinh nghia do thi dugc
st dung trong nghién ctu nay dugc trinh bay trong Pinh nghia 3.1.

PINH NGHiA 3.1 [P0 thi da nguon dif liéu [CT4] ] D6 thi dit liéu ducc ky hiéu 1a
G = (V,E), trong d6 V 1a tap nit clia do thi va E 1a tap canh biéu dién céc két ndi gitta
céc nit. Mdi niit v; € V tuong ting v6i mot mau tdn thuong da, con cac canh trong tip E
phén 4nh quan hé tuong dong gitta cdc mau dit liéu trong khong gian bi€u dién hop nhit.

Mot vi du vé d6 thi k-NN dudc xdy dung tif cdc biéu dién hop nhit dudc trinh bay

trong Vi du 3.1. Trong vi du ndy, mdi niit bi€u dién mot mau dit liéu va céc canh dugc
hinh thanh dua trén do tuong dong cosine gitta cac biéu dién niit.
Vi pu 3.1 Hinh 3.8 minh hoa qu4 trinh xy dung d6 thi k-NN vé6i k = 5 tif c4c biéu dién
hop nhit h;. Pbi v6i mdi nit v;, dd tuong dong cosine dudc tinh v6i cac nit con lai va
nim nit c6 do tuong dong 16n nhat dudc lua chon dé thiét 1ap canh. Céac canh nay biéu
dién quan hé 1an can giita cac mau dif liéu trong khong gian dic trung hop nht.

V6i mdi mau thd 7, mot niit v; dudc tao ra va dudce gan thudc tinh nit 1a h;. Do do,
cAu tric do thi khong chi luu trit thong tin biéu dién cta tiing mau ma con mo hinh héa
quan hé giifa cdc mau dit liéu trong khong gian biéu dién da ngudn.

Dé€ xac dinh canh gitta cdc nut, d§ tuong dong gitta hai bi€u dién nit h; va h; duge
tinh biang dd tuong dong cosine. PO tuong dong nay da dudc xac dinh theo Cong thic 3.6.
Gid trj s;; cang 16n cho thiy hai mAu i va j cang gin nhau trong khong gian bi€u dién
hop nht.
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Hinh 3.8: D6 thi k-NN vdi k = 5 dugc xdy dung tir biéu dién hop nhdt dua trén do tuong
dong cosine.

D6 tuong dong cosine dudgc Iua chon vi ddy 12 mot dd do don gian, &n dinh va dudc
st dung phd bién trong cic bai toan dua trén biéu dién vector nhiéu chiéu. Khac véi
khoang cach Euclidean, cosine similarity tap trung vao hudng cua vector thay vi do 16n
tuyét doi, nhd d6 phu hop hon trong bdi canh cac ngudn dic trung ¢ thé c6 phan bd
hoic thang do khéac nhau sau qu4 trinh hop nhat. Tuy nhién, nghién citu nay khong xem
cosine similarity 1 Iua chon t6i wu tuyét d6i cho moi trudng hop, ma st dung nhu mot
do do phu hop va &n dinh cho qua trinh xay dung do thi trong thuc nghiém.

T ma tran do tuong dong cosine, do thi dudc xay dung theo chién ludc k-nearest
neighbors véi k = 5. Cu thé, d6i véi mdi nut v;, ndm niit c6 do tuong dong cosine 16n
nhat véi v; dudce lua chon 1am cdc nit 1an cin. Tap 1an cin cla nit v; dude xac dinh theo
Cong thuc 3.18.

JI{;(V,’) = TOij#i (Sij,S) s (318)

trong d6 .#5(v;) 1a tAp nidm ndt 1an cin gan nhét cda nit v; theo dd tuong dong
cosine. Ky hiéu TopK ;_;(s;;,5) bi€u dién thao tic chon ndm niit khic v; c6 gid tri s;; 16n
nhat.

Gia tri k = 5 dudc lua chon nhiam giit dudc quan hé cuc bd giita cac mau gin nhau
trong khong gian biéu dién dong thdi han ché 4nh hudng clia cic miu & xa. Néu k qua
nhd, do thi c6 thé bi phan manh va khé lan truyén thong tin gitta cac vung dit liéu. Nguoc
lai, néu k qud 16n, dd thi c6 thé trd nén qua day va lam lan truyén thong tin tif cic mau
khong thuc sy tuong dong, tif d6 1am giam kha ning phan biét clia ciu tric do thi. Trong
nghién ctiu nay, k = 5 dudc st dung nhu mdt ciu hinh thuc nghiém cb dinh nham tao ra
cAu tric d6 thi tuong ddi 6n dinh cho qua trinh huin luyén mo hinh mang no-ron dé thi.

Tap canh cua do thi duge xdc dinh dya trén quan hé 1an can nay. Cu thé, néu v,
thudc tap 1an can .#5(v;) thi canh gitta v; va v; dugc thiét 1ap. Tap canh E dugc xac dinh
theo Cong thtc 3.19.

E:{(Vi,Vj)|Vj€</V5(V,')}, (3.19)
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Mot diém trong qud trinh x4y dung do thi 12 toan bd cic canh chi dugc xac dinh tir
do tuong dong giiia cac bi€u dién nit ma khong st dung nhan 16p ctia dit liéu. Diéu nay
gitip han ché nguy co 1o ri thong tin trong qua trinh xay dung do thi va bao ddm ring
quan hé gitra cdc mau dugc hinh thanh tir dic trung di liéu thay vi tif thong tin nhan.
Nho d6, do thi thu dudc phan anh ciu tric 1an cin ty nhién trong khong gian biéu dién
hop nhét va c6 thé dudc st dung lam dau vao cho mo hinh mang no-ron do thi & pha
huén luyén tiép theo.

3.3.4.Pha 1: Hudn luyén GNN co gidm sdt

Sau khi do thi k-NN dudc xay dung tif cic biéu dién hgp nhit, pha dau tién cia
phuong phdp thuc hién huin luyén c6 gidm sat mo hinh mang no-ron do thi trén tap dit
liéu c6 nhan. Pha 1 khong chi dong vai trd xdy dung md hinh phan loai ban dau, ma con
tao ¢o sG cho bude udc lugng entropy du doan 6 Pha 2. Vi vay, muc tiéu cia pha nay
khong don thuan 1a dat hiéu niing phan loai cao trén dit liéu c6 nhin, ma con hudng t6i
x4y dung mot mo hinh nén c6 kha ning tao ra phan phdi x4c suat du dodn di &n dinh dé
ddnh gia miic do tin ciy clia dif liéu chua gdn nhan trong giai doan tiép theo.

Dau vao cla pha nay gdm do thi G = (V, E) da dudc xic dinh theo Cong thic 3.5,
biéu dién niit h; ciia méi mau dit liéu va nhan y; ctia cac mau thudc tap di liéu c¢6 nhan
D; dudc xéc dinh theo Cong thiic 3.2. Trén cd s6 d6, md hinh mang no-ron do thi dugc
huan luyén dé hoc ham phan loai trén do thi, trong d6 mdi nit dudgc du doan dua trén ca
dic trung ctia chinh né va thong tin lan truyén tlf cac nit 14n cén.

Co ché hoc chinh ctia m6 hinh mang no-ron do thi 1a lan truyén thong tin trén do
thi, thudng dugc goi 1a message passing. V6i mdi nit v;, md hinh khong chi st dung
biéu dién ban dau h; ctia chinh ndt d6, ma con téng hop thong tin tir tap 1an can A5(v;)
da duoc xdc dinh theo Cong thiic 3.18. Co ché message passing dugc minh hoa trong
Hinh 3.9.

Hinh 3.9: Co ché lan truyén thong tin trong mé hinh mang no-ron do thi.

Tai 16p tht k ciia md hinh mang no-ron dd thi, biéu dién ctia nit v; dudc cip nhat
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dua trén biéu dién hién tai ctia chinh né va thong tin tong hop tir cac nut I1an can. Qu4
trinh nay dugc md ta tong quat theo Cong thiic 3.20.

h{*! = UPDATE®W (hfk),AGGREGATE(k) ({h§k> Ly € (v })) . (320)
trong d6 hl(k) 1a bi€u dién cta nut v; tai 16p thd k, .45(v;) 1a tap ndm nit 1an can
gin nhit ciia v;, AGGREGATE®(-) 1a ham t8ng hop thong tin tit cdc nit 1an cin va
UPDATE®)(.) 1a ham cép nhat biéu dién nit.

O 16p dau tién, biéu dién ban diu ctia nit dugc xac dinh béi Cong thic 3.21.

h' —n,, (3.21)

1

trong d6 h; 13 bi€u dién hgp nhit da ngudn ctia miu thyd i da dugce xac dinh theo
Cong thic 3.4. Sau K 16p mang no-ron do thi, bi€u dién nit cudi cung hl(K) dugc st
dung cho budc phan loai niit. Xac suit du doan ctia mau thit i dugce xac dinh theo Cong
thuc 3.22.

§i = softmax (Wohl(K) —l—b(,) : (3.22)

trong d6 W, va b, 1a cac tham sd ctia 16p phan loai, con §; = [9i.0,9:,1] 1a phan phdi
xé4c sut du dodn tuong ting vé6i hai 16p lanh tinh va 4c tinh. Cong thiic 3.22 ciing thong
nhét v6i cach biéu dién tdng quit cia ham du do4n mang no-ron dd thi da néu trong
Cong thuc 3.7.

Trong pha huin luyén c6 gidm sat, ham méat mat chi dudc tinh trén cc nit c6 nhan
thudce tap di liéu Dy. Cac nut thudc tap di li€u chua gan nhan khong tham gia vao qua
trinh tinh ham mAat mat trong Pha 1. Diéu nay gitip bdo ddm ring mo hinh & giai doan
dau chi hoc tir thong tin nhan da biét, trong khi dif liéu chua gan nhan chi dugc khai thac
& Pha 2 thong qua co ché gan nhin gia c6 kiém soat do tin ciy.

V6i bai toan phan loai nhi phan, hAm méat mat cross-entropy dudc xac dinh theo
Cong thuc 3.23.

Lup = Z Z]I =c)log ($ic), (3.23)

Li=1c=

trong d6 I(y; = c) 1a ham chi thi nhan gid tri 1 néu mau thi i thudc 16p ¢ va nhan
gia tri 0 trong trudng hop ngudc lai. Viéc tinh ham mat mét chi trén cac niit ¢ nhan cho
phép md hinh hoc c6 gidm sat, trong khi cau tric do6 thi vin hd trg lan truyén thong tin
gitia cac nut thong qua quan hé 1an can.

Trong nghién ctu niy, nhiéu bién thé mang nd-ron dd thi khac nhau dudc khao sat
nhim danh gia 4nh hudng clia cac co ché lan truyén thong tin khic nhau dbi véi bai toan
phan loai tdn thuong da. Muc tiéu ciia viéc st dung nhiéu kién triic nén khong phai dé
tim kiém mot kién tric t6i wu tuyét d6i, ma nham phan tich kha niang hoc quan hé lién
mau cla cac cd ché tdng hop va cip nhat biéu dién nit khac nhau, tif d6 Iva chon md
hinh phtl hgp cho pha gn nhin gid & budc tiép theo.
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Cu thé, GCN dudc st dung nhu mdt md hinh nén cho hoc ban gidm sat trén do thi
[20]; GAT dudc khao sat nham danh gia 4nh hudng ctia cd ché chi y giita cdc nit 1an cin
[22]; GraphSAGE dudc sit dung d€ phan tich co ché hoc biéu dién theo hudng quy nap
dua trén tong hop 1an cin [21]. Bén canh d6, GINE dudc khdo sét dua trén kha ning bi€u
dién ctia ho mo hinh GIN va cic md rdng trong hoc bi€u dién dd thi [91, 126]. Bién thé
GraphSAGE-GAT dudc st dung nham két hop cd ché tdng hop 1an can ctia GraphSAGE
v6i co ché chu y cia GAT [21, 22]. Mic dii cdc kién tric nén nay khic nhau vé céch tdng
hop thong tin hoidc cdch gan trong s6 cho cic nut 1an cin, ching déu tuin theo nguyén
ly chung clia message passing dugc md ta trong Cong thuc 3.20.

Quy trinh huén luyén c6 gidm sat trong Pha 1 dugc minh hoa trong Hinh 3.10. Tt
biéu dién niit h;, d6 thi k-NN véi k = 5 va nhin cua tap dit liéu Dz, md hinh mang no-ron
dd thi dugc huan luyén d€ hoc bi€u dién trén do thi va sinh phan phdi xac suit du doan
cho tiing mau d liéu.

Hinh 3.10: Pha 1: Hudn luyén cé gidm sdt mé hinh mang no-ron do thi trén do thi k-NN.

Két qua ctia Pha 1 12 mo6 hinh mang no-ron do thi da dudc huén luyén cling véi phan
phdi xdc suit du doan §; cho cac mau dit liéu. Céc x4c suit du doan nay khong chi dugc
st dung d€ x4c dinh nhan phan loai ban dau theo Cong thifc 3.8, ma con dong vai tro 14
co s6 cho budc ude lugng entropy du doan va danh gia do tin cdy cua di li€u chua gan
nhan trong Pha 2.

3.3.5. Pha 2: Gdn nhan gia co chon loc dua trén do tin cdy

Sau khi hoan thanh Pha 1, md hinh mang nd-ron do thi da dugc huan luyén dudc st
dung dé€ sinh phan phdi xac suét du dodn cho cac mau dif liéu chua gan nhan trong tap
Dy . Khac v6i cac phuong phap gan nhan gia thong thudng st dung toan bd di liéu chua
gan nhin dé€ mé rong tap huin luyén, phuong phdp dé xuat chi Iva chon cic mau thoa
diéu kién dd tin cy trudc khi thuc hién gan nhin gia. Pay 1a diém khéc biét cia phuong
phap trong chuong nay.

Muc tiéu ctia Pha 2 13 khai thac thém thong tin tif dif liéu chua gdn nhdn nhim mé
rong tap huin luyén, dong thdi han ché nguy co lan truyén sai s6 trong qua trinh hoc ban
giam sat. Néu cac mau c6 muc do bat dinh cao ciing dudc dua vao qud trinh gan nhan
gi, cac nhan du doan sai c6 thé tiép tuc dudc st dung trong budc tai huan luyén va lam
suy gidm hiéu qua ctia mé hinh. Vi vdy, phuong phap dé xuit st dung entropy du dodn
nhu mot co ché danh gia do tin ciy trude khi lua chon mau cho gan nhan gia.

Dinh nghia entropy du doan dugc trinh bay trong Dinh nghia 3.2.

DINH NGHIA 3.2 [Entropy du dodn [CT4]] Vé6i phan phdi xdc suat du dodn §; =
[9i1,9i2,-.-,9ic] trén C 16p clia mau dit liéu thy i, entropy du doan duge xdc dinh theo
Cong thiic 3.24. Gia tri entropy phan anh muc do bat dinh ciia mo6 hinh d6i v6i du doan
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tuong dng, trong d6 entropy cang 16n cho thdy mo hinh cang khong chic chan dbi véi
két qua phan loai.

clog )71 c (3.24)

HMQ

trong do $; . 1a xdc suit dy doan ctia mau thi i thudc 16p c.

Trong phuong phap dé xuét, entropy thap thudng tuong tng v6i phan phdi xac suit
du doan tap trung hon vao mot 16p va dudc xem nhu mdt chi bao cho muic do tu tin cao
hon ctia m6 hinh. Ngudc lai, entropy cao phan 4dnh phin phdi du do4n phén tdn hon va
mtc do bat dinh 16n hon trong qud trinh phan loai. Tuy nhién, entropy khong dudc xem
1a mot bao dam tuyét dbi vé tinh ding dan cta nhin du dodn. Trong nghién ciiu nay,
entropy chi dong vai trd nhu mot dai luong xap xi don gidn cho uncertainty ctia mo hinh
va van c6 thé chiu 4nh hudng bdi mic do calibration ctia phan phéi xac suét dau ra.

Vi du vé qua trinh sinh x4c suit du doan va tinh entropy cho cdc miu dit liéu chua
gan nhan dugc trinh bay trong Vi du 3.2.

Vi pu 3.2 [Vi du tinh entropy du do4n] Sau khi mo6 hinh mang no-ron dd thi dugc huin
luyén trén tap dit liéu c6 nhan D, mo hinh dudc sit dung dé du dodn trén cac mau di
liéu chua gan nhan thudc tip Dy. V6i mdi mau dif liéu, md hinh sinh ra phan phdi xac
suat du dodn:

yi= 01,92, icls
sau d6 entropy cua tiing mau dudc tinh theo Cong thuc 3.9.

Qua4 trinh m6 hinh mang no-ron dd thi sinh xdc suit du doan va tinh entropy cho
cac mau di liéu chua gdn nhan duge minh hoa trong Hinh 3.11.

Tir cac gia tri entropy du dodn, phuong phdp xay dung co ché phan tang do tin cay
nham chia cdc mau chua gdn nhan thanh ba nhém gdm do tin ciy cao, dd tin ciy trung
binh va dd tin cdy thip. Viéc phan ting nay cho phép lua chon cic miu c6 entropy thip
hon cho qua trinh gan nhan gia, trong khi cac miu c6 entropy cao hon sé khong dudc st
dung dé tai hun luyén.

Gia st tap entropy du dodn ctia cdc mau chua gan nhan dudc ky hiéu la:

H ={H($1),H(32),--- H(Iny)}-

Trong nghién ctu nay, hai ngudng entropy dudc xdc dinh tif phan bd entropy ctia
tap dif liéu chua gdn nhin thong qua cic phan vi clia tip .77 Cu thé, ngudng thi nhét
va nguong thu hai o dudc xac dinh theo Cong thic 3.25.

= Qo.33(H), o = Qo.66(I), (3.25)

trong d6 Q,(#) la phan vi bac p clia phan bd entropy . dudgc tinh trén tap di
liéu chua gan nhan. Nhu viy, o tuong ting véi ngudng phan chia khoang 33% mau cé
entropy thip nhit, con  tuong ing véi ngudng phan chia khoang 66% mau c6 entropy
thip hon trong phan bd entropy ctia tp chua gan nhan.
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Hinh 3.11: Vi du qud trinh sinh xdc sudt dw dodn va tinh entropy cho cdc mdu dit liéu
chua gdn nhan.

Trén co s6 hai ngudng nay, ham anh xa muc dd tin cdy 7'(-) dudc xac dinh theo
Cong thuc 3.26.

High, H(y:) < au,
T()A’i) = ¢ Medium, o4 < H(y,) < 0, (3.26)
Low, H(yi) > .

Trong 4nh xa niy, nhém do tin ciy cao bao gdm cic miu cé entropy thip nhit va
dudc xem 1 cac miu c6 muc do tu tin cao hon ctia mo hinh. Nhém do tin cdy trung binh
gdm cac mau cé entropy trung binh, con nhém do tin cdy thap gdm cic mau cé entropy
cao hon va miic dd bét dinh 16n hon. Trong quy trinh thuc nghiém clia nghién cifu nay,
chi cdc mau thudc nhém do tin ciy cao dugc sit dung cho qua trinh gan nhan gia va tai
huin luyén.

Vi du vé qua trinh xdc dinh cdc ngudng entropy o va o, dudc trinh bay trong Vi
du 3.3.

Vi pu 3.3 [Vi du xac dinh ngudng entropy va mic do tin cdy] Gia sit md hinh mang
nd-ron dd thi sau Pha 1 dudc st dung d€ du dodn trén tap di liéu chua gan nhin Dy. V6i
moi mau dit liéu, entropy du doan dudc tinh theo Cong thiic 3.9.
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Gia st nam gia tri entropy thu dugc la:
H =[0.325, 0.325, 0.611, 0.611, 0.693].
Sau khi sap xép ting dan:
Hgore = [0.325, 0.325, 0.611, 0.611, 0.693].
Ngudng thit nhit duge xac dinh theo phan vi 0.33:
p1=Mn—-1)x033=(5-1)x0.33=1.32.
Gid tri p; = 1.32 nim gitta vi tri thif hai va thi ba trong diy entropy da sap xép:
Hp =0.325, Hz =0.611.
St dung ndi suy tuyén tinh:
o =0.325+0.32 x (0.611 —0.325).
Suy ra:
o =0.32540.32 x0.286 = 0.32540.09152 =~ 0.416.
Ngudng thu hai duge xac dinh theo phan vi 0.66:
p2=(Mn—1)x0.66=(5—1)x0.66 =2.64.
Gia tri pr = 2.64 nam gitia vi tri thu ba va thu tu:
H; =0.611, Hy=0.611.
Khi do:
o =0.61140.64 x (0.611 —0.611) =0.611.

Tt hai ngudng nay, cic mau c6 H(§;) < 0.416 dudgc xép vao nhém do tin cly cao,
cdc miu c6 0.416 < H(§;) < 0.611 dugc xép vao nhém do tin cay trung binh, con céc
mau c6 H(§;) > 0.611 dugc xép vao nhém do tin cay thap.

Qua trinh x4c dinh ngudng entropy va phan ting do tin cdy dudc minh hoa trong
Hinh 3.12.

Sau khi xdc dinh cac ngudng entropy, md hinh mang no-ron do thi dudc st dung dé
du dodn trén cdc mau chua gan nhan thudc tdp Dy. V6i mdi mau chua gan nhan x; € Dy,
md hinh sinh phan phdi x4c suat du doan § j va entropy tudng ung dugc tinh theo Cong
thtic 3.9. Vi du vé qua trinh danh gi4 entropy cho mdt miu chua gan nhin dudc trinh bay
trong Vi du 3.4.

ViDu 3.4 [Vi du dinh gid entropy cho mau chua gan nhan] Gia st mot mau dit liéu chua
gdn nhan x; € Dy duge dua vao md hinh mang no-ron do thi da huan luyén. Mo hinh
sinh phan phéi xé4c suat du dodn:

§;=10.80, 0.10].
Entropy du dodn cia mau dugc tinh theo Cong thiic 3.9:
H(y;) = —(0.8010g(0.80) +0.1010g(0.10)) .
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Hinh 3.12: Vi du xdc dinh ngudng entropy va phdn tang dé tin cdy ciia du dodn.

Két qua thu dugc:
H(¥;) ~ 0.50.
Qua trinh danh gia entropy cho mau chua gan nhan dudc minh hoa trong Hinh 3.13.
So sanh véi cac nguong o = 0.416 va oy = 0.611, ta c6:
0.416 <H(y;) =0.50 <0.611.
Do d6, mau di liéu x; thuc nhém do tin cdy trung binh. Trong quy trinh thuc nghiém

cta nghién citu nay, cdc mau do tin cdy trung binh khong dudc st dung cho qua trinh
gan nhan gia va chi dugc dung cho muc dich phan tich do tin cay cia mo hinh.

Péi véi cac mau thudc nhom dd tin cdy cao, nhan gia dudc xdc dinh bang 16p c6
x4c suét du doan 16n nhit. Quy tic gan nhin gid c6 chon loc dugc xic dinh theo Cong
thuc 3.27.

yj =argmax$;., if T(§;) = High, (3.27)
C

hay tuong duong:

yj=argmaxy;., ifH(y;) <. (3.28)
c

Vi du vé lua chon mau c6 do tin ciy cao cho gdn nhin gid dudc trinh bay trong Vi
du 3.5.
ViDu 3.5 [Vi du lua chon miu c6 do tin cdy cao cho gan nhan gia] Gia sit mot mau chua
gan nhan c6 entropy du doan:

H(§,) = 0.30.
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Hinh 3.13: Vi du tinh entropy cho mét mdu dit liéu chua gdn nhan.

So sanh véi ngudng entropy thif nhat:
o =0.416,
ta co:
H(y;) =0.30 < 0.416.
Do dé:
T(y;) = High.

Mau nay dudc Iwa chon cho qua trinh gan nhan gia.
Nhan gid cia mau dudc x4c dinh:

Vj= argmcaxf/M.
Gia st 16p 6 xac suat du dodn 16n nhat 12 16p 1, khi do:
5i=1.

Qua trinh Iya chon mau c¢6 do tin cdy cao va gan nhan gid dudc minh hoa trong
Hinh 3.14.
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Hinh 3.14: Vi du lya chon mdu cé do tin cdy cao cho qud trinh gdn nhan gid.

Sau budc gan nhan gia, tip huin luyén mé rong dudc hinh thanh bang cach két hop
tap dit liéu c6 nhin ban dau véi tip cdc mau nhan gia thudc nhém do tin cdy cao. Tap di
liéu m6 rong dugc xac dinh theo Cong thiic 3.29.

High
Dnew :DL UDpSegudO’ (3.29)
trong do Dgslegf 1o 12 tAp cdc mau chua gdn nhan duge gan nhan gia va thudc nhém do

tin ciy cao. Trong quy trinh thuic nghiém cta nghién citu nay, chi cdc mau c6 do tin ciy
cao dudc dua vao tap huin luyén mé rong; cac miu do tin cdy trung binh va dd tin cay
thip khong dudc st dung cho budc tai huin luyén nham han ché lan truyén sai sd tlt cac
du doan c6 do bat dinh cao hon.

Qua trinh mé rong dit liéu huan luyén bang gan nhin gia dudc minh hoa trong
Hinh 3.15.

Sau khi tap dif liéu mé rong ducc hinh thanh, md hinh mang no-ron do6 thi dugc
huén luyén lai trén tap dif liéu mSi nham tinh chinh biéu dién nut va cai thién kha ning
phan loai. Qua trinh nay khong dudc mo ta nhu mot vong 1ap self-training vd han, ma la
mdt budc tai hun luyén c6 chon loc dua trén cidc mau c6 do tin cdy cao. Cach tiép can
nay cho phép khai thac thém thong tin ti dit liéu chua gan nhan dong thdi gidm nguy co
tich liiy sai sd do st dung cdc nhan gia khong dang tin cay.

Miic du loc entropy gilp gidm nguy co lan truyén nhin sai, phuong phap vén c6
thé ton tai cac trudng hop du dodn sai nhung c6 entropy thip do mé hinh qua tu tin dbi
v6i mot sé6 mau dit liéu. Vi vdy, hiéu qua cia phuong phap khong chi dugc danh gia
bing Accuracy, ma con dudc phan tich thong qua céc chi sb can bang 16p nhu Macro
F1, Macro Recall, Macro AUC, confusion matrix va phan tich theo muc do do tin cay &
phan thuc nghiém ctia chuong nay.

3.4. Thuat toan va quy trinh thuc hién

Tit cac thanh phan da trinh bay trong Muc 3.3, quy trinh thuc hién dudc mo ta bang
ba thuat toan. Thuat todn 3.1 xay dung biéu dién niit da ngudn va do thi k-NN. Thuat
todn 3.2 huin luyén mo hinh GNN trén tip c6 nhan. Thuat to4n 3.3 lya chon cdc mau
chua gan nhin c6 entropy thip d€ tao nhan gia va tai huin luyén mo hinh.
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Hinh 3.15: MJ rong tdp hudn luyén sit dung cdc mdu nhdn gid thudc nhom do tin cdy
cao.

Ba thuit todn tuong tng véi cac bude chinh cia phuong phap: xay dung bi€u dién
da nguon, tao do thi tuong dong, huin luyén c6 giam sat, udc lugng do bit dinh bing
entropy, chon mau c6 do tin cdy cao va tai huin luyén. Céach trinh bay nay tach rd pha
chuén bi dit liéu, pha hoc ¢6 gidm sat va pha hoc ban giam sat c¢6 ki€m sodt do tin cay.

Phin tich thuit toan. Thuat todn 3.1 chuyén mo6i mau di liéu thanh mot nut cla
dd thi theo diing hai ting hop nhét. § tng thii nhét, x?°” va x""d duge ghép ndi thanh
x;". O tang tht hai, co ché chd y hop nhit x;" v6i % d€ tao h;. Cic canh dudc xay
dung bang chién lugc k-NN trén khong gian bi€u dién hdp nhét, khong st dung nhin
16p. Do d6, dd thi phan 4nh quan hé tuong dong gitta cdc mau theo dic trung dau vao
thay vi theo nhan phan loai.

Gia st N 12 s6 mAu, d 12 s chiéu ctia bi€u dién niit h;. Budc hop nhét dic trung ¢
do phtic tap O(Nd). Néu tinh day di do tuong dong gilta moi cip mau, buée xay dung
ma trin tuong dong c6 do phiic tap O(N2d). Budc chon k lang giéng cho tling niit phu
thudc vao cich cai dit; v6i cach sdp xép truc tiép, chi phi 1a O(N?logN), con véi céc chu
triic tim kiém 14n cdn gan ding c6 thé giam trong thuc nghiém. Trong thiét 1ap cla luan
an, phan chi phi chinh dén tir buéc tinh tuong dong cip nén do phic tap dugc viét gon 1a
O(N?d) khi d chi phéi chi phi tinh toan khoang cach.

Sau khi Thuat to4n 3.1 tao do thi G = (V, E) va cac biéu dién niit h;, budc tiép theo
12 huin luyén mo6 hinh GNN trén cdc nit ¢6 nhan. Noi dung nay dudgc trinh bay trong
Thuat toan 3.2.

Phan tich thuat toan. Thuat toan 3.2 chi st dung nhin cia tap huin luyén D; dé
tinh ham mat mét. Tap kiém dinh D,,; chi dugc dung dé€ lua chon tham sb t6t nhat va
diing huin luyén, khong dugc dung dé cap nhat trong s6 mo hinh. Cach tach nay gitdp
han ché 10 ri thong tin trong qud trinh danh gia.
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Thuét toan 3.1 Hop nhét da ngudn va xy dung dd thi k-NN [CT4]

Pau vao: Tap miu Z; dic trung hoc siu X;deep ; ddc trung thii cong x

f-’“"d ; metadata lam

sang x7“'%; 36 lang giéng k = 5.

Pau ra: D4 thi G = (V,E); tap biéu dién nit {h;}Y .

bl

10:
11:
12:
13:
14:
15:
16:

1
2
3:
4

° e

KhéitaoV < 0, E < 0.
for m6imauic Zdo
Ghép dic trung énh: x;¢ = [X?ee[) ;x"d] theo Cong thic (3.13).
Tinh trong s0 chu y theo metadata: [o;"¢, "] = softmax(W,x!"“ +b,) theo
Cong thuc (3.14). . .
Tao bi€u dién nit hgp nhat: h; = 0" WipeX!™ + 0"9W 1, X1 theo Cong
thitc (3.17).
Thém nut v; v6i thudc tinh nut h; vao V.
end for
for moi cdp nut (v;,v;) véii # j do
Tinh do tuong dong cosine s; ; theo Cong thuc (3.6).
end for
for mdi nit v; €V do
Xéc dinh tap k lang giéng gan nhit .4, (v;) theo Cong thic (3.18).
Thém canh (v;,v;) vao E v6i moi v; € A (v;).
end for
Xéac dinh tip canh E theo Cong thuc (3.19).
return G = (V,E) va {h;}}Y .

Thuét toan 3.2 Pha 1: Huin luyén GNN c6 gidm sét

Pau vao: Db thi G = (V,E); tap biéu dién nit {h;}¥ |; tap niit ¢6 nhan Dy; nhan y; véi

i € Dy; tap ki€ém dinh D, ;; s6 epoch tdi da Tl

Pau ra: Tham sb tdt nhit 6* cia md hinh GNN; xdc suit du dodn ¥;; biéu dién nit sau

AN e

e A

10:
- end for
12:

hoc do thi z;.
Khéi tao mo hinh GNN £y véi tham sb ban dau 6.
fort =1 dén 7)) do
Thuc hién lan truyén thong tin trén dd thi theo Cong thiic (3.20).
Tinh x4c suit du doan ¥, theo Cong thiic (3.22).
Tinh ham mit mat c6 gidm sit Z,, trén cic mau thudc D; theo Cdng
thuc (3.23).
Cap nhat tham sd 6 bang lan truyén ngudc.
Danh gid mo6 hinh trén D,,;.
if gid tri chi s6 ki€ém dinh dugc chon dat tot nhét then
Luu tham s6 0* < 6.
end if

return 6%, §; va z,.

L A . < % A SN LR X , N 1 A
VG6i N 1a so nut, |E| 1a s canh, d 1a so chiéu biéu dién nit va Tnﬁal la sO epoch

huan luyén, chi phi cia mdt epoch phu thudc vao kién tric nén GNN. Véi cdc mo hinh
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message passing thong dung, chi phi mdi epoch x4p xi O(|E|d). Do dé6, do phiic tap clia
Thuét todn 3.2 1a O(T,\AX|E|d). Véi dd thi k-NN c6 dinh c6 |E| = O(KN), db phiic tap ¢6
thé vibt 1a O(TAWANA).

Sau pha huén luyén c6 giam sat, mo hinh fg+ ducc ding dé du dodn trén tip chua
gan nhan. Céac du dodn nay khong dudc xem la nhan that; ching chi 1a c¢o s& d€ tinh
entropy va lua chon mau c¢6 do tin cdy cao cho pha gan nhan gia trong Thuét toan 3.3.

Thuét todn 3.3 Pha 2: Danh gid entropy, gan nhan gi4 c¢6 chon loc va tai huin luyén

GNN [CT4]

Pau vao: D6 thi G = (V,E); tap biéu dién nit {h;}Y,; m6 hinh da huén luyén fp+; tap
c6 nhan Dy ; tp chua gan nhin Dy; tap ki€ém dinh D,,; s6 epoch tdi huin luyén

Tn(liz(; phan vi entropy g; = 0.33 va g, = 0.66.

A R M i3 an i High . . % A oA A s
Dau ra: Tip nhan gia do tin cdy cao D cudos tAP huan luyén mo rong Dyeyw; mo hinh sau

tai huan luyén fy-.
High

1: Khdi tao D eudo 0O va 7 0.
2: for m6i mau x; € Dy do
3 Tinh xdc suét dy dodn §; = fo«(G,h;).
4: Tinh entropy H(¥;) theo Cong thiic (3.9).
5: Thém H(¥ ;) vao .
6: end for
7: Xac dinh ngudng entropy oy = Q,, () va op = Qy, () theo Cong thiic (3.25).
8: for moi mau x; € Dy do
9: Xac dinh muc d0 tin cay T (§;) theo Cong thic (3.26).
10: if H(y;) < «; then
11: Tao nhan gia §; = argmax.y; . theo Cong thic (3.27).
12: Thém (x;,;) vao Dgegfdo.
13: else
14: Khong dua mau x; vao tap huan luyén md rong.
15: end if
16: end for .
17: Tao tap huan luyén md rong Dpey = Dy, UDEJegfdo theo Cong thiic (3.29).
18: Khdi tao mo hinh Pha 2 tit tham s6 Pha 1: 8 « 6*.
19: for t = 1 dén T2} do
20: Thuc hién lan truyén thong tin trén do thi G.
21: Tinh xdc suét du dodn §; = fo/(G,h;).
22: Tinh ham mAt mat tai huin luyén trén Dy,
23: Cap nhat tham s6 6’ bang lan truyén ngudc.
24: Danh gid mo6 hinh trén D,;.
25: if gia tri chi s6 kiém dinh dudc chon dat t6t nhat then
26 Luu tham s6 8" « 6.
27 end if
28: end for
29: return D;Islegfdo, Diew V2 for.

Phan tich thuét toan. Thuit toan 3.3 st dung entropy ctia phan phdi du dodn dé
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High
pseudo’
cac mau c6 entropy cao hon khong tham gia tdi huin luyén. Nhan ¥ ; 1a nhan gia do mo
hinh sinh ra, khong phai nhin tham chiéu. Vi vay, tip ISIC 2020 Test khong c6 nhan
cong khai chi dudc diing nhu nguodn dif liéu chua gan nhin, khong dudce ding dé bdo cdo
chi s6 danh gia c6 giam sat.

lua chon mau chua gan nhin. Cac mau c6 entropy thip dudc dua vao D trong khi

Do phiic tap ctia Thuat todn 3.3 gdm bdn phan: suy lun trén Dy, tinh entropy va
phan vi, chon nhén gid, va tai huin luyén. Goi Ny = |Dy|, C 1a s 16p, d 1a s6 chiéu biéu
dién nuit va Nye,y = |Dpew|. Budc suy luan trén tap chua gdn nhan phu thudc vao kién triic
nén GNN; néu xét theo do thi k-NN, chi phi xip xi O(kNyd). Budc tinh entropy c6 chi
phi O(NyC). Budc tinh phan vi entropy bang sap xép ddy di c6 chi phi O(Ny logNy).
Budc tdi huén luyén c6 chi phi xap xi O(T,exkNyewd). Do d6, do phiic tap téng quét c6
thé viét 1a:

0 (kNUd 4 NyC +NylogNy + Téilanewd) .

Trong trudng hdp cdc phan vi entropy dudc tinh bang thuét toan chon tuyén tinh,
thanh phan O(Ny log Nyy) c6 thé dugc thay bang O(Ny ). Tuy nhién, biéu thifc trén phan
anh cdch cai dit phd bién dua trén sap xép.

Nhin chung, quy trinh t6ng thé ctia phuong phap két ndi ba nhém thao tac: xay dung
biéu dién va dd thi, huin luyén cé giam sat, va hoc ban gidam sat bang nhan gia c6 loc
entropy. Co ché nay cho phép khai thic dif liéu chua gan nhin theo hudng c6 kiém sodt,
dong thdi gidi han viéc tdi huin luyén & cac miu c6 mifc d6 bét dinh thip.

3.5.Thiét lap thuc nghiém

Muc nay trinh bay thiét 1ap thuc nghiém dudc st dung dé danh gid phuong phap hoc
ban giam sat da ngudn trén do thi cho bai todn phan loai 4nh tén thuong da. Thuc nghiém
dugc xay dung nhiam danh gi4 ba thanh phan chinh cta phuong phap dé xuét, bao gdm
bi€u dién da ngudn, hoc trén dd thi va gan nhan gia c6 chon loc dua trén entropy.

Dé bao dam tinh cong bang trong so sanh, cac mo hinh dudc huén luyén trén cling
tap di liéu, cling ciu hinh d6 thi, cing quy trinh x4y dung dic trung va cling cac chi sd
danh gid. Noi dung muc niy bao gdm bd dit liéu st dung, phuong phdp xdy dung dic
trung da ngudn, ciu hinh do thi, cAu hinh md hinh mang no-ron do thi, cic mo hinh so
sanh va cic chi sd danh gia.

Dé han ché 1o ri dif liéu, cac budc chuin héa metadata, chuin héa dic trung, lua
chon tham s6 tién xi Iy va can bang dif liéu dudc thuc hién trén phan huan luyén cla
tiing 1an chia dit liéu. Tap kiém dinh va tap kiém tra khong dudc st dung dé€ udc luong
cac tham s tién xi ly. Ddi véi tap ISIC 2020 Test khong c6 nhin cong khai, dif lidu nay
chi dugc dung nhu tap chua gan nhan trong pha gan nhan gia; cac nhan gia khong dugc
xem la nhan that va khong dudc dung dé€ bao cdo cac chi sb danh gid c6 giam sat.

Quy trinh ddnh gia dugc t6 chiic theo cdc 1an chia dit liéu lip phan tang trén tip c
nhin. Trong mbi 1an chia, tip huén luyén, tip ki€ém dinh va tip ki€m tra dudc tach riéng
trude khi thuc hién cac budc chuin héa, can bing 16p, lua chon md hinh va danh gid.
Céc tham s6 tién x( 1y nhu trung binh, d6 1éch chuin, bd ma héa metadata va cac tham
s6 chuin hoéa dic trung dudc udc luong ti tap huin luyén, sau d6 méi 4p dung cho tap
ki€ém dinh va tap kiém tra. Cach t& chiic nay nham bao dam rang thong tin tir tap ki€ém
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dinh va tap kiém tra khong tham gia vao qud trinh huén luyén md hinh.

Trong pha gan nhin gid, mo hinh da huin luyén & pha c6 giam sat chi sit dung xéc
suat du doan trén tip chua gan nhin dé tinh entropy va Iva chon mau. Nhin cda tap kiém
tra ¢6 nhin, néu c6 trong cac 1an kiém chiing ndi bo, khong dugc st dung dé tao nhan
gia hodc chon ngudng entropy. Cac két qua dudc bao cdo dudi dang trung binh va do
1éch chuin trén céc 1an kiém chitng d€ gidm phu thudc vao mot 1an chia dit liéu cu thé.

3.5.1. B¢ dit liéu ISIC 2020

Cac thuc nghiém trong chuong nay dudc thuc hién trén bd du liéu ISIC 2020 [127],
12 mot trong nhiing bo dit liéu 16n va phd bién trong nghién cifu phan loai ton thuong da
tu dong. Bo dit liéu khong chi cung cip anh dermoscopy ma con bao gdm metadata 1am
sang ctia bénh nhan nhu tudi, gidi tinh va vi tri ton thuong. DAy 1a mot dic di€m giup
ISIC 2020 phu hgp vé6i hudng nghién ctiu hoc da ngudn trong chuong nay, trong d6 biéu
dién di liéu dugc xay dung dong thdi tif &nh va metadata 1am sang thay vi chi st dung
thong tin thi gidc don thuan.

ISIC 2020 dugc t6 chiic theo bai toan phan loai nhi phan gitta ton thuong lanh tinh
va ton thuong 4c tinh. Bo dif liéu c6 méit can bang 16p giita hai nhém, do d6 phu hop dé
danh gid cdc chi s6 can bang 16p va co ché gan nhan gia c6 chon loc dua trén entropy.

Tap huin luyén c¢6 nhan gdm 33,126 anh dermoscopy. Tap ISIC 2020 Test gdm
10,982 anh va khong cung cip nhin phan loai cong khai. Trong luin 4n, tp nay dudc
st dung nhu tap dit liéu chua gan nhan Dy cho qua trinh gan nhan gia 6 Pha 2; cac nhan
gia chi phan anh du doan cua mo hinh sau buéc loc d6 tin cdy, khong dugc xem la nhan
tham chiéu.

Céc mau ton thuong trong ISIC 2020 c6 su da dang 16n vé mau sic, két ciu, hinh
dang va kich thudc, dong thdi ton tai nhiéu trudng hop cé su tuong dong thi gidc gilia
hai 16p lanh tinh va 4c tinh. Piéu nay 1am ting do kho ctia bai toan phan loai tu dong va
tao ra moi trudng phu hop d€ danh gia kha ning khai thac quan hé lién mau ctia md hinh
mang no-ron do thi.

Hinh 3.16 minh hoa mot s6 mau anh lanh tinh va 4c tinh trong b dit liéu ISIC 2020.

Hinh 3.16: Vi du cdc mdu ton thuong lanh tinh va dc tinh trong bé dit liéu ISIC 2020.

Sau khi chuan héa nhan, tap dit liéu c6 nhian gdm 32,542 mau lanh tinh va 584 miu
4c tinh. C6 thé thiy bo dif liéu bi mét can bang 16n gitta hai 16p, diéu thudng gip trong
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cdc bai toan y sinh thuc té. Phan b 16p ctia bd dit liéu dugc minh hoa trong Hinh 3.17.

Hinh 3.17: Phdn bé 16p lanh tinh va dc tinh trong bé dit liéu ISIC 2020.
Bang 3.1 trinh bay s6 luong mAiu ctia tiing 16p.

Bdng 3.1: Phdn bé dit liéu c6 nhdn va chua gdn nhdn trong ISIC 2020

Tap dit liéu Lanh tinh Actinh Tong sd miu
Dy (ISIC 2020 Train) 32,542 584 33,126
Dy (ISIC 2020 Test) Chua c6 nhan 10,982

Do sy mét can bang 16p, cac chi s6 danh gia can bang 16p nhu Macro F1, Macro
AUC, Sensitivity va Specificity dudc vu tién st dung thay vi chi dua trén Accuracy nham
phén 4dnh chinh x4c hon hiéu qua phan loai ciia mo hinh ddi véi ca 16p lanh tinh va ac
tinh.

3.5.2. Metadata ldm sang

Bén canh dic trung anh, metadata 1am sang dudc st dung nhu mdt ngudn thong tin
bd trg trong mo hinh da nguodn ctia chuong nay. Trong thuc té, mot s6 loai ton thuong
da c6 xu huéng xuat hién phd bién hon  cac nhém tudi, gi6i tinh hodc vi tri giai phau
nhat dinh. Vi vy, metadata 1am sang c6 thé cung cip thém ngi cdnh hd trg cho qua trinh
phan loai, dic biét trong cic trudng hop cdc miu 4nh c6 biéu hién thi gidc tuong dbi
gibng nhau nhung thudc cic nhém bénh ly khac nhau.

Trong nghién ctu niy, metadata 1Am sang dudc st dung gom ba truong chinh: gisi
tinh (sex), tudi xap xi cia bénh nhan (age_approx) va vi tri giai phau cua tdn thuong
(anatom_site_general_challenge). Trong d6, gidi tinh va vi tri ton thuong 1 céac thudc
tinh phan loai, con tudi 1a thudc tinh lién tuc dang s6 thuc. Céac trudng metadata nay
dugc trich xuét truc tiép tir tép metadata chinh thic ctia bd dit liéu ISIC 2020 [127].

Metadata 1am sang c6 s6 chiéu nhd hon dic trung anh va dugc sit dung nhu ngudn
thong tin b trg. Hiéu qua ctia metadata phu thudc vao mic do day dd, do dong nhat va
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kha niing lién hé clia c4c trudng thong tin v6i nhan bénh. Vi vy, metadata dudc dung dé
bd sung ngii canh cho dic trung anh, khong thay thé vai tro cia thong tin thi giac.

3.5.2.1. Chudn héa metadata

Metadata 1am sang dudc tién xii Iy theo mot quy trinh théng nhit nham bao dam
tinh nhét quén gitia cac tap di liéu va trdnh ro ri thong tin trong thuc nghiém. Quy trinh
nay bao gdm phan tich dit liéu thiéu, xi ly gi4 tri thiéu, chuin héa thudc tinh lién tuc va
ma héa cac thudc tinh phan loai trude khi thuc hién hgp nhat da ngudn.

Mot phan tich dinh lugng vé mic do dy da ctia metadata dugc thuc hién riéng cho
tap hun luyén va tap kiém tra ctia bo dit liéu ISIC 2020. Cac thdng ké gid tri thiéu ducc
tinh truc tiép tif cac tép metadata chinh thic va dudc trinh bay trong Bang 3.2. Trong tip
huin luyén, ty 1& thiéu clia thudc tinh gidi tinh 1a 7.3%, thudc tinh vi tri tdn thuong 1a
10.5% va thuoc tinh tudi 1a 2.4%. Tap kiém tra c6 xu huéng thiéu dif liéu tuong tu, véi
ty 1& thiéu cta vi tri ton thuong va tudi cao hon nhe so vdi tp huin luyén.

Céc théng ké nay dudc tinh doc 1ap trén ting tap dif liéu nham bao dam rang qua
trinh tién xi 1y khong sit dung thong tin tir tp kiém tra hodc tip chua gan nhin trong
giai doan huén luyén.

Bdng 3.2: Thong ké metadata thiéu trong bo dit liéu ISIC 2020

Metadata field Training set (%) Test set (%)

Sex 7.3 7.1
Anatomical site 10.5 11.2
Age 2.4 2.6

Trong nghién ctiu nay, cac thudc tinh phan loai bi thiéu gdom gidi tinh va vi tri
ton thuong khong bi loai bé khoi dit liéu ma duge anh xa vao mot nhom riéng cé tén
unknown. Chién lugc nay gitip gitt lai toan bd mau dit liéu trong qua trinh huan luyén va
tranh lam giam s6 luong mau khi két hop véi di liéu anh. Pong thdi, viéc st dung mot
nhém riéng cho gid tri thiéu gitip mo6 hinh van c6 thé hoc dugc thong tin tif cdc trudng
metadata con lai thay vi loai bd hoan toan mau dit liéu tuong dng.

Péi véi thudce tinh tudi 1a dit liéu lién tuc, cic gia tri thiéu dudc thay thé bang gid tri
tudi trung binh dudc tinh riéng trén tip hun luyén. Gi4 tri trung binh nay sau dé ducc
stt dung théng nhét cho tap kiém dinh va tap ki€ém tra nham tranh ro ri thong tin giita cac
tap du liéu.

Sau budc xii ly thiéu dif liéu, thudc tinh tudi dugc chuin héa biang Z-score normal-
ization theo Cong thuc 3.30.

= (3.30)

trong d6 x; 12 gid tri tudi ban dau ctia mAu thd i, u 14 gid tri tudi trung binh clia tap
huén luyén va o 1a do léch chuin tuong dng. Viéc st dung Z-score normalization gitp
dua thudc tinh tudi vé phan bd c6 trung binh bang 0 va dd 1éch chuin bang 1, tir d6 han
ché anh hudng cta khéc biét thang do giita metadata va cic ngudn dic trung khéc.

Céc thudc tinh phan loai gdm gidi tinh va vi tri tén thuong dudc ma héa bang one-
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hot encoding nhiam chuyén d6i dit liéu ky hiéu thanh vector s hoc c6 kich thudc cb dinh.
Phuong phép nay cho phép duy tri tinh nhit quéan ctia bi€u dién metadata giita cic tap
dit liéu va ho trg qua trinh hop nhit da nguodn trong budc tiép theo.

3.5.2.2. Biéu dién metadata ldm sang

Bang 3.3 trinh bay mot s6 vi du metadata 1am sang tho trong bo dit liéu ISIC 2020.
Céc trudng metadata gdm gidi tinh, tudi xAp xi va vi tri giai phiu cda tén thuong.

Bang 3.3: Vi du metadata ldm sang thé trong b dit liéu ISIC 2020

Image ID Sex  Age (Approx.) Anatomical Site

ISIC 2637011 male 45 head/neck
ISIC_0015719 female 45 upper extremity
ISIC_0052212 female 50 lower extremity
ISIC_0075914 male 30 torso
ISIC_0082934 male 65 torso

Sau bu6c chuin héa va one-hot encoding, metadata dugc chuyén thanh vector dic
trung s6 hoc c¢6 kich thudc cb dinh. Bang 3.4 trinh bay cic vi du vector metadata sau ma
hoa.

Bang 3.4: Metadata ldm sang sau chudn héa va one-hot encoding

Image ID Sex (One-Hot) Site (One-Hot) Age (Z-score) Encoded Feature Vector

ISIC_2637011 [1,0] [1,0,0,0] -0.50 [1,0,1,0,0,0,-0.50]
ISIC_0015719 [0,1] [0,1,0,0] -0.50 [0,1,0,1,0,0,-0.50]
ISIC_0052212 [0,1] [0,0,1,0] 0.00 [0,1,0,0,1,0,0.00]
ISIC_0075914 [1,0] [0,0,0,1] -2.00 [1,0,0,0,0,1,-2.00]
ISIC_0082934 [1,0] [0,0,0,1] 1.50 [1,0,0,0,0,1,1.50]

Sau qué trinh ma héa, metadata 1dm sang dudc biéu dién dudi dang vector sb hoc
c6 kich thudc c¢b dinh va dudc két hop véi dic trung hoc siu cung dic trung thi cong
d€ tao thanh biéu dién da nguodn cho tiing mau dit liéu. Céc vector metadata nay sau d6
dudgc st dung trong budc hop nhit dic trung cé xét metadata 1am sang va dong vai tro
nhu mot thanh phan ctia biéu dién nit trong mé hinh hoc trén do thi.

3.5.3. Lua chon ddc trung

Trong chuong ndy, biéu dién da ngudn ctia mdi mau dit liéu dudc xay dung tif ba
nhém thdng tin chinh gdm dic trung hoc sau, dic trung thii cdng va metadata 1Am sang.
Viéc két hgp dong thai nhiéu ngudn dic trung nham khai thac tinh bd trg gitta biéu dién
thi giac hoc dudc tit md hinh hoc siu, cdc m6 ta hinh thdi dua trén tri thiic mién va thong
tin ngt canh 1am sang cua bénh nhan.

Ddi véi dic trung hoc siu, cic ing vién duge ddnh gid trong chinh thiét 1ap thuc
nghiém ctia Chuong 3 bing gia tri Chi-square trung binh. Ba nhém dugc lua chon la
vector dau ra sau pooling cia VGG19 [50], DenseNet121 [52] va MobileNet [128], c6
s6 chiéu tuong ting 512, 1024 va 1024. Pay 1a lua chon & cip loai dic trung CNN;
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Chuong 3 khong 4p dung BlockNet va khong chon loc ban do dic trung theo entropy
nhu Chuong 2.

Trong nhém déc trung thu cong, nghién ctu stt dung ding ba nhém histogram mau
RGB [37], histogram mau HSV [40] va dac trung fractal [41]. GLCM va HOG khong
thudc cAu hinh thuc nghiém ctia Chuong 3. Cic dic trung dudc chon phan dnh phan bd
mau va do phtc tap hinh hoc ciia tén thuong, dong thdi bd sung cho cic biéu dién hoc
siu ¢ mic mo ta thi giac truyén thong.

Ngoai ra, metadata 1am sang gdm tudi, gidi tinh va vi tri t6n thuong ciing dudc dua
vao biéu dién da ngudn nham cung cip thém thong tin ngit canh cho qua trinh phan loai.
Céc metadata nay dudc chuin héa va ma héa nhu da trinh bay trong Muc 3.5.2.

Sau khi trich xut cdc nhém dic trung, nghién cifu tién hanh danh gia mic do lién
quan cta tiing nhom dic trung bang phan tich thong ké Chi-square [35]. Phuong phap
nay cho phép do ludng kha niing phan biét clia tiing nhém dic trung ddi v6i bai toan
phan loai lanh tinh va ac tinh.

Hinh 3.18 trinh bay két qua danh gid mic do cla cac nhém dic trung theo gid tri
Chi-square trung binh. C6 thé quan sat rang cdc dic trung thii cong nhu histogram mau
RGB, dic trung fractal va histogram HSV dat gi4 tri Chi-square cao nhét, cho thiy kha
ning phan biét dbi véi dit liéu tén thuong da. Trong nhém dic trung hoc sau, VGG19,
DenseNet121 va MobileNet dat hiéu qua cao hon so véi nhiéu kién tric nén CNN khac.

Hinh 3.18: Ddnh gid miic do ciia cdc nhém ddc trung bang phdn tich Chi-square.

Dua trén két qua danh gid nay, nghién ctiu lya chon ba nhém dic trung hoc sau
gdm VGG19, DenseNet121 va MobileNet, dong thdi lua chon ba nhém dic trung tha
cong gdm histogram mau RGB, histogram mau HSV va dic trung fractal cho qu4 trinh
xay dung biéu dién da ngudn. Cic dic trung dudc lua chon sau dé dudc hop nhit véi
metadata 1Am sang d€ tao thanh bi€u dién niit diu vao cho md hinh mang no-ron do thi.

Bang 3.5 trinh bay cac nhém dac trung dudc st dung trong thuc nghiém.
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Bang 3.5: Cdc nhom ddc trung duoc lua chon trong nghién ciiu

Nhom dac trung Loai dac trung Do dai vector Mo ta

VGG19 [50] bic trung hoc sau 512 Biéu dién hoc sau tir kién tric nén
CNN VGG19

DenseNet121 [52] Dic trung hoc sau 1024 Biéu dién hoc sau tir DenseNet121

MobileNet [128] Dic trung hoc sau 1024 Biéu dién hoc sau tir MobileNet

Color histogram [37] DPac trung thu cong 768 Phan bd mau RGB

HSV histogram [40] Dac trung thu cong 768 Phan b6 mau HSV

Fractal feature [41]  Dac trung thu cong 64 Do phic tap hinh hoc t6n thuong

Metadata 1am sang Metadata 10 Tudi, gidi tinh, vi tri ton thuong

3.5.4.Chi s6 ddnh gid

Céc chi s6 danh gid trong chuong nay dugc ké thita tif phan co s ddnh gia md hinh
phén loai da trinh bay & Chuong 1. Cu thé, Accuracy, Precision, Recall va F1-score lan
luot dudc st dung dé danh gid ty 1é du doan ding tong thé, do chinh xdc cla cdc du
doan duong tinh, kha ning phat hién diing mau thudc 16p quan tim va su cin bang giiia
Precision va Recall. Céc chi s6 nay da dudgc xdc dinh tai cac Cong thiic 1.41, 1.42, 1.43
va 1.46.

Bén canh céc chi s6 phan loai co ban, Sensitivity va Specificity dugc sit dung do
c6 y nghia 1am sang trong bai todn phan loai ton thuong da. Trong do, Sensitivity phan
dnh kha ning phat hién dung cac mau dc tinh, con Specificity phan 4nh kha ning nhan
dién ding cac mau lanh tinh. Hai chi s6 nay ducc ké thiia tif cac Cong thiic 1.44 va 1.45
¢ Chuong 1.

Dé danh gid kha ning phan biét cia md hinh trén toan bd mién ngudng quyét dinh,
nghién ctu st dung AUC va Macro AUC. Céc chi s6 nay dic biét phit hgp véi bai toan
y sinh, trong d6 ngudng quyét dinh c6 thé thay déi tuy theo yéu cau sang loc hodc hd
trg chan doan. Khai niém ROC, True Positive Rate, False Positive Rate va AUC da dudc
trinh bay trong Chuong 1 tai cidc Cong thiic 1.47, 1.48 va phan mo ta dudng cong ROC.

Do bo dit liéu ISIC 2020 c¢6 miic mit cin bang 16p gitta lanh tinh va 4c tinh, Accu-
racy c6 thé tao ra danh gia thién 1éch vé hiéu ning mé hinh. Vi du, mdt mé hinh c6 xu
huéng du doan phan 16n mau thudc 16p lanh tinh van c6 thé dat Accuracy cao nhung lai
khong phat hién tt cic trudng hop 4c tinh. Vi vy, trong cdc thuc nghiém ciia chuong
nay, luin 4n uu tién st dung cdc chi sb can biang 16p va c6 ¥ nghia 14m sang nhu Macro
F1, Macro AUC, Sensitivity va Specificity d€ phan 4nh day di hon kha ning phén loai
cua mo hinh trén ca hai 16p du liéu.

Ngoai ra, do phuong phap dé xuit bao gdm hoc ban gidm sat va gan nhan gia c6
chon loc dua trén entropy, cac chi s6 danh gid ciing dudc st dung dé phan tich anh hudng
clia qud trinh tdi huin luyén bang dit liéu nhin gia d6i v6i hiéu ning phan loai. Cac két
qué dudc bdo cdo dudi dang gid tri trung binh va do 1éch chuin qua céc fold thuc nghiém
nhiam danh gia miic do &n dinh ctia md hinh trong cic diéu kién chia dif liéu khic nhau.
Céch thiét 1ap nay ciing phit hop vé6i thuc nghiém trong cong trinh [CT4], noi hiéu ning
ctia mo hinh dugc phan tich chii yéu thong qua Macro F1-score, Macro AUC, Sensitivity
va Specificity.
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3.5.5.Cac mo hinh so sanh

D& d4nh gid toan dién hiéu qua ctia phuong phap dé xuét, nghién cifu st dung nhiéu
nhém md hinh khéc nhau 1am mo hinh d6i sdnh va dbi tugng so sanh. Cac md hinh
dudc t6 chiic thanh bdn nhém chinh gdm: mo hinh hoc may truyén thdng, mo hinh mang
no-ron dod thi khong st dung metadata 14m sang, mo hinh mang no-ron do thi c6 st dung
metadata va md hinh hoc ban giam sat sau gan nhan gia.

Nhém thid nhit gdm cac mo hinh hoc mdy truyén thong ducc huin luyén truc tiép
trén céc vector dic trung da trich xuét. Cdc mo hinh dudc khéo sat gdm Logistic Regres-
sion, Support Vector Machine (SVM), Random Forest va XGBoost. Logistic Regression
dai dién cho nhém mo hinh tuyén tinh co ban, trong khi SVM cho phép xay dung siéu
phiang phan tich trong khong gian dic trung phi tuyén. Random Forest va XGBoost
thudc nhém ensemble learning, cho phép khai thac cic quan hé phi tuyén gitta cac dic
trung thong qua tip hop nhiéu ciy quyét dinh. Cac md hinh nay déng vai trd md hinh
d6i sanh nham danh gia hiéu qua ctia hoc trén dd thi so véi cac phuong phap phan loai
truyén thong.

Nhém thi hai gdm cac kién triic nén mang nd-ron do thi chi st dung dic trung anh,
bao gdm dic trung hoc siu va dic trung thii cong. Céc kién triic nén dudc khio sat gdbm
GCN [129], GAT [22], GraphSAGE [21], GINE [91] va m6 hinh két hop GraphSAGE-
GAT. Trong nhém thuc nghiém nay, metadata 1am sang chua dudc dua vao qua trinh hgp
nhét dic trung nhiam danh gia riéng anh hudng ctia hoc quan hé lién mau trén do thi.

Nhém thd ba md rong cac kién triic nén mang no-ron dd thi biang cach bs sung
metadata 1Am sang vao biéu dién da ngudn. Trong thiét 1ap nay, mdi niit ctia dd thi dugc
bi€u dién dong thai béi dic trung hoc su, dic trung thi cong va metadata 1am sang. Cac
thuc nghiém ctia nhém nay nham danh gid 4nh hudng ctia hdp nhit c6 xét metadata doi
v6i hiéu qué phan loai ton thuong da.

Nhém thit tu gdm céc md hinh hoc ban gidm sat sau qu4 trinh gdn nhin gia & Pha 2.
Trong nhém nay, md hinh mang no-ron d6 thi dudc tai huin luyén bang tap dit liéu mé
rong bao gom dit liéu c6 nhan ban du va cdc miu nhin gia dudc lua chon tir tap dif liéu
chua gan nhan. Pay 1a nhém thuc nghiém chinh nham danh gia 4nh hudng ctia udc luong
do tin cdy dua trén entropy ddi v6i qud trinh khai thac dif liéu chua gan nhan.

DPé phan tich 6 hon déng gép clia co ché loc entropy, cac thuc nghiém hoc ban
giam st dudc chia thanh hai kich ban. Kich ban thi nhit st dung gdn nhan gii truc tiép
trén toan bd dit liéu chua gan nhan ma khong thuc hién loc entropy. Kich ban thi hai chi
lua chon cac mau thudc nhém dd tin ciy cao dua trén entropy du doan tru6e khi dua vao
qua trinh tai huin luyén. Viéc so sanh hai kich ban nay cho phép danh gia truc tiép vai
trd ctia loc d tin cdy dua trén entropy trong viéc han ché lan truyén nhan sai va cai thién
hiéu qua hoc ban giam sat.

Nhin chung, cic nhém mo hinh so sanh dudc thiét k& theo hudng ting dan miic do
phiic tap ctia phuong phap: tif mo hinh hoc mdy truyén théng, sang hoc trén dd thi, sau
d6 mé rong véi metadata 1am sang va cudi cung 13 hoc ban giam sat c6 chon loc dua trén
entropy. Thiét 1ap nay gitp danh gia riéng anh hudng cla tiing thanh phan trong phuong
phap dé xuét d6i véi hidu qua phan loai 4nh tdn thuong da.

3.5.6. Thiét lip méi truong thuc nghiém

Céc thuc nghiém trong nghién citu dudc trién khai bang ngon ngit Python trén nén
tang PyTorch va PyTorch Geometric. Cac kién tric nén CNN pretrained dugc st dung
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thong qua thu vién TensorFlow/Keras va torchvision. Cdc md hinh hoc mdy truyén thong
dugc xay dung bang thu vién Scikit-learn, trong khi XGBoost dudc trién khai bang thu
vién XGBoost chinh thic.

Toan bd thuc nghiém dudc thuc hién trén mdy tram c6 GPU NVIDIA hé trg CUDA
nham ting tdc qud trinh huin luyén cac md hinh hoc sau va mo hinh GNN. Hé diéu hanh
st dung 1a Ubuntu Linux, két hgp véi moi trudng Python va cdc thu vién tinh toan khoa
hoc phd bién nhu NumPy, Pandas va Matplotlib.

Bang 3.6 trinh bay cau hinh moi trudng thuc nghiém dugc st dung trong nghién
ctiu.

Bdng 3.6: Cdu hinh méi truong thuc nghiém

Thanh phan Chu hinh

Hé diéu hanh Ubuntu Linux

Ngon ngt 1ap trinh  Python

Framework hoc sau PyTorch, TensorFlow/Keras
Framework do thi ~ PyTorch Geometric

Thu vién hoc may  Scikit-learn, XGBoost

GPU NVIDIA CUDA-enabled GPU
CUDA CUDA Toolkit

3.5.7. Thiét lip tham sé mé hinh

Sau budc hop nhit dic trung da ngudn, mdi miu dit liéu dudc biéu dién bdi vector
hop nhit h;. Céc vector nay dudc st dung dé xay dung do thi dit liéu cho mo hinh GNN.
P tuong dong gifta cac niit dudc tinh bing cosine similarity, sau d6 do thi dugc xay
dung theo chién Iudc k-nearest neighbors v6i k = 5. Mdi nit dudc két ndi véi nim niit
c6 do tuong dong cosine cao nhit trong khong gian biéu dién hop nhit.

Viéc xay dung canh hoan toan khong st dung nhin 16p nhim tranh ro ri thong tin
trong qua trinh hoc dd thi. Nhd d6, cAu tric do thi phan 4nh quan hé tu nhién giita cic
mau dit liéu thay vi phu thudc vao nhan phan loai.

Bang 3.7 trinh bay cau hinh xay dung dd thi dudc st dung trong nghién ctu.

Béng 3.7: Cdu hinh xdy dung do thi

Tham sb Gia tri

Do do tuong dong Cosine similarity
Chién lugc xay dung do thi k-nearest neighbors
S6 lang giéng k 5

Loai do thi Do thi vo huéng
St dung nhan khi tao canh  Khong

Bi€u dién nut Vector hop nhit h;

Céc kién triic nén GNN dugc huin luyén v6i cung ciu hinh nhim bio dam tinh
cong bing trong so sanh thuc nghiém. Tat ci cdc md hinh déu st dung hai 16p GNN véi
hidden dimension bing 128 va ham kich hoat ReLU. Dropout dudc dit biang 0.5 nhim
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giam hién tuong qua khép trong qua trinh huén luyén.

Qua trinh t6i uu dudc thuc hién bing Adam optimizer v6i learning rate ban dau
bang 1073, Batch size dudc dit bang 64 va sb epoch t6i da 1a 150. Ngoai ra, co ché early
stopping véi patience bang 10 epoch dudc st dung nham tranh huén luyén qua muc khi
validation loss khong con cdi thién. Co ché ReduceLROnPlateau ciing dudc ap dung dé
tu dong giam learning rate trong cac giai doan hoi tu cham.

Bang 3.8 trinh bay céc tham sb hu4n luyén cho cac kién triic nén GNN.

Bdng 3.8: Cdc tham s6 hudn luyén ciia mé hinh GNN

Tham s6 Gia tri
S6 16p GNN 2
Hidden dimension 128
Ham kich hoat ReLU
Dropout 0.5
Optimizer Adam
Learning rate 1073
Batch size 64

S6 epoch tbi da 150

Early stopping patience 10
Learning rate scheduler ReduceLROnPlateau

Péi v6i cac mo hinh hoc mdy truyén thdng, cic tham sb dudc thiét 1ap theo ciu
hinh phd bién thudng dugc sit dung trong cic nghién ctiu phan loai 4nh y sinh. Logistic
Regression st dung bd tdi wvu LBFGS, SVM sit dung kernel RBF, Random Forest st
dung tap hop nhiéu cdy quyét dinh, trong khi XGBoost sit dung boosting tuan tu nhim
ting kha ning hoc quan hé phi tuyén giita cic dic trung.

Bang 3.9 trinh bay cdc tham sb ctia cdc md hinh hoc mdy truyén thong.

Bdng 3.9: Cdc tham sé ciia mé hinh hoc mdy truyén théng

M6 hinh Tham s6 chinh Gia tri
Logistic Regression  Solver LBFGS
SVM Kernel RBF
Random Forest Number of trees 100
XGBoost Number of estimators 100
XGBoost Learning rate 0.1

3.6.Két qua thuc nghiém
3.6.1. Két qud ctia pha hudn luyén co gidm sdt

Pha huin luyén c6 giam sit dugc thuc hién nham danh gia kha ning hoc biéu dién
clia cac mo hinh khi chi st dung dit liéu c6 nhan. Cé4c cAu hinh dudc khio sat gdm nhém

mo hinh hoc mdy truyén thdng st dung dic trung hop nhét va nhém mo hinh hoc trén do
thi st dung bi€u dién da ngudn. Do b dif liéu ISIC 2020 c6 mic mat cin bang 16p, viéc
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danh gid tap trung vao cac chi sd cin bang 16p va c6 ¥ nghia 1am sang, gdm Sensitivity,
Specificity, Macro F1 va Macro AUC.

Két qué dinh lugng clia cdc md hinh & pha huin luyén c6 gidm sit dudc téng hop
trong Bang 3.10.

Bdng 3.10: So sdnh két qud pha hudn luyén cé gidm sdt giita cdc mé hinh hoc mdy
truyén thong va cdc kién triic nén GNN trén bo dit liéu ISIC 2020. Cdc gid tri dugc bdo

cdo dudi dang trung binh £ do léch chudn trén cdc ldan kiém chiing ldp phdn tdng.

M0o6 hinh Sensitivity (%) Specificity (%) Macro F1 (%) Macro AUC (%)
Nhém hoc mdy truyén thong

Logistic Regression 53.84+2.9 99.1+0.1 75.6+1.2 92.6+1.1
SVM 39.3+3.6 99.64+0.1 74.44+2.4 95.44+0.7
Random Forest 3.0+1.7 100.0£0.0 52.44+1.6 95.44+0.8
XGBoost 51.34+3.7 99.74+0.1 80.6+1.6 96.0+£0.8
Nhom GNN c6 tich hgp metadata

GCN 56.7+20.4 70.8 £ 8.4 442+2.5 71.2+3.6
GAT 442+13.9 77.44+4.8 46.5+1.3 722432
GraphSAGE 57.8+18.9 70.7+6.7 443+1.9 73.7+5.5
GINE 76.0 +22.7 61.2+13.7 40.8+5.0 75.9+5.2
GraphSAGE-GAT 70.2+17.7 65.8+6.9 42.8+2.1 74.8+5.7

Bang 3.10 cho thiy cidc m6 hinh hoc mdy truyén thong dat Specificity cao, dic biét
1a Random Forest va XGBoost. Diéu nay phan dnh kh4 ning nhan dién 16p lanh tinh t6t.
Tuy nhién, Sensitivity cia nhém mo hinh nay lai thap hon, nhit 1a 6 Random Forest va
SVM, cho thiy ty 1& bd sét 16p c tinh con 16n. Trong bbi canh dit liéu 1éch 16p, su khac
biét giita Specificity va Sensitivity cho thdy d chinh xac téng thé cao chua phin 4anh
day di chat lugng phan loai.

Ngudc lai, cdc kién tric nén GNN cho thdy hanh vi du dodn can biang hon gitta
hai 16p. Mic di Macro F1 va Macro AUC ctia nhém GNN & pha dau chua vuot nhém
hoc mdy truyén théng, nhung mot sd kién tric nhu GINE va GraphSAGE-GAT dat
Sensitivity cao hon. Piéu nay cho thiy viéc khai thac quan hé lién mau trén do thi c6 tac
dung dbi v6i kha ning nhan dién 16p 4c tinh, von 12 16p thi€u sd nhung ¢ ¥ nghia 1am
sang.

Pé 1am rd hon hanh vi du dodn ctia tiing nhém phuong phap, cac ma tran nham 1an
chuén héa ctia nhém mo hinh hoc mdy truyén théng va nhém GNN dudc trinh bay 1an
lugt trong Hinh 3.19 va Hinh 3.20.

Céc két qua trong Hinh 3.19 cho thiy nhém hoc mady truyén théng c6 xu huéng
thién 1éch vé 16p lanh tinh. Diéu nay dic biét rd 3 Random Forest, khi gin nhu toan bd
mau dudc gan vé 16p chiém uu thé. Trong khi d6, Hinh 3.20 cho thiy cic kién tric nén
GNN giam hién tugng nay, nhat 1a 6 GINE va GraphSAGE-GAT, nh¢ khai thac thém
ngit canh quan hé gitta cdc miu trong khong gian do thi.

Tit céc két qua trén c6 thé riit ra ba nhan xét. Thit nhit, cac md hinh hoc mdy truyén
thong van 14 dbi sanh néu chi xét d chinh xac tdng thé va do dic hiéu. Thi hai, cic kién
triic nén GNN cho thiy uu thé rd hon vé do nhay, qua d6 phit hgp hon véi muc tiéu phat
hién 16p 4c tinh trong bdi canh dit lidu 1éch 16p. Thi ba, trong sb cac kién tric GNN
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Hinh 3.19: Ma trdn nhdam lén chudn héa ciia cdc mé hinh hoc mdy truyén thong ¢ pha
hudn luyén c6 gidam sdt. Cdc mé hinh nay cé Specificity cao nhung con bé sot mdu dc
tinh & mot sé cdu hinh.

dugc khao sat, GINE va GraphSAGE-GAT tao ra diém lam viéc can bang hon giita cac
chi s6 chinh, do d6 thich hop dé tiép tuc xem xét trong pha gan nhan gia dua trén do tin
cay.

Céc duong cong trong Hinh 3.21-3.24 cho thy su khac biét vé dong hoc hoi tu
gitta cac kién triic nén GNN. Trén tap huén luyén, GAT dat do chinh xac cao hon va duy
tri & miic on dinh sau giai doan dau, nhung dong thdi ham mat mat trén tap xac thuc lai
ditng & miic cao hon so vi cac mo hinh con lai. Piéu nay cho thiy biéu dién hoc dudc
ctia GAT phu hop t6t véi dit liéu huin luyén nhung kha ning khai quat héa chua that su
cao.

GCN va GraphSAGE c6 xu huéng hoi tu sém va duy tri quy dao tuong dbéi muot
trén ca tap huin luyén va tap xdc thuc, nhung miic hiéu ning xic thuc cudi cung khong
cao. GraphSAGE-GAT thé hién kha ning cai thién nhanh & giai doan dau, song céic
dudng cong van con dao dong trude khi 6n dinh.

Trong s6 cdc mo hinh dudc khao sat, GINE cho thiy dic tinh &n dinh hon vé mit
t6i uu. Mic du do chinh x4c trén tap huin luyén khong cao nhit, ham méit mat trén ca
tap huin luyén va tap xdc thuc giam déu hon va dat mic thip nhét trong céc kién tric
nén ducc xét. Pong thdi, dudng cong dd chinh xac trén tap xac thuc ctia GINE it dao
dong hon & giai doan sau hun luyén va duy tri xu huéng cai thién 6n dinh. Dic diém
nay cho thiy GINE tao ra mot qua trinh hoc cin bang hon gitta kha ning khdp dii liéu
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Hinh 3.20: Ma trdn nhdm ldn chudn hoa cia cdc kién triic nén GNN c6 tich hop meta-
data & pha hudn luyén c6 gidm sdt. Mot s6 mé hinh GNN lam thay déi cdn bang gifia
khd ndng nhdn dién Iop lanh tinh va dc tinh.

huan luyén va kha ning khai quat hoa.

Két hop v6i cac két qua dinh luong trong Bang 3.10 va phan tich ma trin nham 14n
& Hinh 3.20, GINE dugc lya chon 1a kién triic nén 6n dinh nhit & pha huin luyén c6
giam sat. Viéc lua chon nay khong dua riéng trén mot chi s6 don 18, ma dua trén dong
thdi ba ciin cid: kha niing phat hién 16p 4c tinh & miic cao, quy dao tdi uu 6n dinh trén tap
xéac thuc, va mdc ham mat mat cudi cliing thip hon so véi cac kién triic nén con lai. Trén
0 s& d6, GINE dudgc sit dung 1am mo hinh nén cho pha gén nhin gia dua trén do tin cy
& budc tiép theo.

3.6.2. Két qud ciia pha gdn nhén gid dua trén do tin cdy

Sau pha huin luyén c6 giam sat, mod hinh GINE dugc lua chon lam kién triic nén
cho buéc ban gidm sat dua trén cac két qua & pha mot. Trén co sé mo hinh nén nay,
pha thit hai dudc thuc hién bang cach udc ludng entropy du dodn trén tip mau chua gan
nhan, chon loc ciac mau c6 do tin cdy cao theo Cong thiic (3.27) va tao tip huin luyén
mé rong theo Cong thic (3.29), sau d6 huin luyén lai mo hinh trén tap dit liéu nay.

Két qua dinh lugng truc va sau pha gan nhin gia dudc téng hop trong Bang 3.11.
Bang nay cho phép danh gid truc tiép mic céi thién ctia m6 hinh khi chuyén tif huén
luyén c6 gidm sét sang huin luyén ban gidm sat c6 kiém soat bang do tin cay.

Bang 3.11 cho thiy pha gén nhan gia dua trén do tin ciy mang lai cdi thién nhit
quan trén hau hét cic chi s6 chinh. Trong d6, Accuracy ting tit 78.5% 1én 89.2%, Macro
AUC tang tu 72.6% 1én 88.5%, con Macro F1 tang tu 43.0% 1€n 60.9%. Dac biét, Macro
Recall va Recall déu ting, cho thAy md hinh sau tinh chinh c6 kha ning nhan dién 16p
4c tinh t6t hon so v6i pha huin luyén thuin giam sit. Day 13 diém c6 y nghia thuc té, vi
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Hinh 3.21: Dién bién dé chinh xdc trén  Hinh 3.22: Dién bién ham mdt mdt trén
tdp hudn luyén cia cdc kién triic nén GNN  tdp hudn luyén ciia cdc kién triic nén GNN
d pha hudn luyén co gidm sdt. J pha hudn luyén co gidm sdt.

Hinh 3.23: Dién bién do chinh xdc trén  Hinh 3.24: Dién bién ham mdt mdt trén
tdp xdc thyc cia cdc kién triic nén GNN 6 tdp xdc thuc cua cdc kién triic nén GNN &
pha hudn luyén cé gidm sdt. pha hudn luyén co gidm sdt.

trong bbi canh dit lidu 1éch 16p, viéc gidm bd sét cac trudng hop 4c tinh 6 gia tri hon so
v6i viéc chi gia tdng do chinh xac tong thé.

Mot di€ém can luu y 12 Precision gidm nhe sau pha hai. Tuy nhién, su suy gidm nay
di kém vé6i miic ting ctia Recall, Macro Recall va Macro F1. Diéu d6 cho thiy pha ban
giam sat diéu chinh bién quyét dinh theo huéng ting Recall cho 16p thiéu s6, dong thdi
lam Precision gidm nhe. Trong bdi canh sang loc, su ddnh déi giita Precision va Recall
can dudc dién gii cing muc tiéu st dung cu thé.

Dé& quan sat truc quan mifc cai thién cia tiing chi s6, cac biéu do cot trude va sau
pha gdn nhén gi4 dugc trinh bay trong Hinh 3.25. Céc hinh nay cho thiy xu huéng cai
thién khong chi xuét hién trén mot chi s6 don 18 ma dudc duy tri trén nhiéu chi sd can
bing 16p khac nhau.

Céc biéu dd trong Hinh 3.25 xdc nhan rang pha ban giam sat khong chi cai thién
Accuracy, ma con cai thién dong thdi cac chi s6 phan dnh chat lugng phan loai can bing
theo 16p, ddc biét 1a Macro F1, Macro Recall va Macro AUC. Vi vdy, muc cai thién dat
dugc khong thé xem 13 hé qua ctia viéc mo hinh thich nghi tot hon véi 16p da s, ma phan
4nh mot su cai thién vé ning luc phan biét ciia mo hinh sau khi khai thac thém cac mau
chua gan nhan c6 do tin cdy cao.

Tac dong cla pha gdn nhin gia ciing dudc phan d4nh qua dong hoc huan luyén.
Hinh 3.26 trinh bay duong cong Accuracy va Loss cia m6 hinh GINE truée va sau khi
4p dung co ché gid nhan c6 loc theo dd tin cay.
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Bdng 3.11: So sdnh két qud ciia mé hinh GINE trudc va sau pha gdn nhdn gid dya trén
do tin cdy. Cdc gid tri duoc bdo cdo dudi dang trung binh + dé léch chudn trén cdc lan
kiém chitng.

Chi s6 Phal(%) Pha2 (%)

Accuracy 78.5+1.8 89.2+1.1
Macro AUC  72.6+2.1 88.5+14
Macro F1 43.04+1.9 609+1.7
Macro Recall 65.0+2.3 82.1£1.6
Precision 97.4+0.6 95.7+0.7
Recall 67.2+2.5 85.1+£1.8

Hinh 3.25: So sdnh cdc chi s6 phdn loai cia mé hinh GINE trudc va sau pha gdn nhdn
gid dua trén do tin cdy.

Hinh 3.26 cho thiy sau khi b6 sung cic mau gia nhan c6 do tin cdy cao, mo hinh
dat mifc Accuracy cao hon va dong thdi gidm dugc Loss & ca qua trinh huin luyén 14n
xéc thuc. Diéu nay cho thay dif liéu gia nhin dudc chon khong lam khuéch dai nhiéu, ma
ngudgc lai gop phan lam giau khong gian biéu dién va gitip t6i uu hdéa bd phan loai theo
hudng 6n dinh hon. N6i cach khéc, co ché entropy khong chi dong vai tro loc miu, ma
con la diéu kién cin dé€ bao dam rang thong tin bd sung tir di liéu chua gan nhan khong
lam 1&€ch qua trinh hoc.

Su thay ddi vé bién quyét dinh cia moé hinh sau pha hai dudc thé hién ré hon qua
Hinh 3.27, trong d6 trinh bay ma trin nham 1an trudc va sau khi tinh chinh bang dit liéu
gia nhan.

Hinh 3.27 cho thiy sau pha hai, s6 ludng miu 4c tinh bi phan loai nhim sang
lanh tinh gidm di. Piéu nay nhit quan véi miic ting ctia Recall va Macro Recall trong
Bang 3.11. Mic du s6 lugng du doan duong tinh c6 thé ting nhe, su thay d6i nay gitip
md hinh dat dugc mot diém 1am viéc phi hop hon vé6i yéu cau phat hién bénh trong thuc
te.
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Hinh 3.26: Dién bién dé chinh xdc (trdi) va ham mdt mdt (phdi) ciia moé hinh GINE ¢
pha hudn luyén co gidm sdt va pha gdn nhan gid duwa trén do tin cdy.

Hinh 3.27: Ma trdn nhdam ldn ciia mé hinh GINE trudc va sau pha gdn nhdn gid dua
trén do tin cdy. Pha hai lam thay doi sé luong du dodn sai & 10p thiéu s6 va bién quyét
dinh giita hai lop.

Dé danh gia mic cai thién c6 dn dinh trén cac 1an chia dit liéu hay khong, két qua
ki€m dinh cdp gitta mo6 hinh GINE & pha mot va mo hinh GINE sau tinh chinh & pha hai
dudc trinh bay trong Bang 3.12.

Bang 3.12 cho thiy cdc gia tri p déu rat nhd so v6i ngudng thong thudng, cho thiy
mtc cai thién clia pha hai 12 c6 y nghia thong ké. Két qua nay cling c6 thém nhan dinh
rang hiéu qua ctia cd ché gia nhan khong xuét phat tir dao dong ngau nhién giita cac fold,
ma phan 4nh sy cai thién 6n dinh ctia md hinh khi khai thac thém di liéu chua gan nhan
theo céch c6 ki€ém sodt.

Mot diém can luu y 12 pha hai khong st dung nhén that ctia tap chua gan nhin trong
qué trinh tao gid nhin. Toan bo quy trinh Iya chon miu déu dua trén entropy clia phan
phéi xdc suit dau ra. Vi vdy, phan cai thién quan sat dugc khong bat ngudn tir ro ri thong
tin, ma tif viéc mo hinh tdn dung dugc mot tip con cidc mau chua gan nhan c¢6 muc do
tin cay cao dé€ diéu chinh lai khong gian quyét dinh.

Céc két qua trén cho thiy co ché gan nhin gia dua trén do tin cy la thanh phan c6
anh hudng dén két qua pha hai. Péng gép ctia pha nay khong chi nim & viéc ting s6
lugng mAu huin luyén, ma con & viéc gidi han tip bd sung vao cdc mau cé entropy thap.



129

Bdng 3.12: Két qud kiém dinh ccp gitta mé hinh GINE & pha hudn luyén c6 gidm sdt va
mé hinh GINE sau pha gdn nhan gid dua trén dé tin cdy trén 15 lan kiém ching. Hiéu
trung binh duogc tinh theo dang (Pha 2 — Pha 1).

Chi s Mean (P1) (%) Mean (P2) (%) Hiéu t p

Macro F1 40.1 60.9 0.2076 17.9804 4.53x 101!
Macro Recall 69.3 82.1 0.1283 7.6602 2.26x107°
Macro AUC 75.3 88.5 0.1321 10.5035 5.07 x 1078

3.6.3. Két qud phan tich theo miic dé tin cdy

Bén canh cic chi s6 danh gia toan cuc, md hinh dugc phan tich theo mtc do tin ciy
ctia du dodn nham xem xét mbi lién hé gitta entropy dau ra va 16i phan loai. Trong khung
phuong phap, mdi du dodn dudgc chia thanh ba nhom: High Trust, Medium Trust va Low
Trust. Cach phan tang nay cho phép danh gia két qua theo tling nhém miic do chic chin
cua du doan.

Phan tich theo muc do tin cdy dudc thuc hién trén toan bo tip di liéu chua gan nhan
Dy (ISIC 2020 Test) gom 10,982 mau, ding nhu phan bd dit liéu da trinh bay trong
Bang 3.1. Viéc phan tang st dung hai ngudng entropy ; va o, theo anh xa & Cong
thic 3.26, do d6 mdi miu trong Dy dudc xép vao ding mot nhém va téng s6 miu cia
ba nhém bang diing kich thudc ctia Dy .

Két qua phan bd s6 lugng mau theo ba mic d tin cdy dugc thé hién trong Hinh 3.28
va Bang 3.13. S6 luong mau trong cac nhém High Trust, Medium Trust va Low Trust 1an
ludt 1a 3,623, 3,621 va 3,738 mau, tuong tng vdi ty 1€ 33.0%, 33.0% va 34.0% cua tap
Dy . Phan b nay cho thy hai ngudng entropy dudc lua chon tao ra ba nhém mau cé quy
mo gan nhau trong thiét 1ap thuc nghiém hién tai; néi cach khac, entropy du dodn trén
Dy trai déu trén mién gid tri thay vi tip trung vé mot phia.

Hinh 3.28: Phdn bo s6 lugng mdu theo ba mitc do tin cdy trén tdp chua gdn nhan Dy
(ISIC 2020 Test, 10,982 mdu,).

Nhom High Trust dudc stt dung d€ tao tap nhan gia trong pha ban giam sat, con hai
nhém Medium Trust va Low Trust khong dudc st dung trong budc tdi huin luyén. Cach
Xt Iy nay nhim gidm kh4 ning dua cidc miu c6 du dodn kém chic chin vao tap huin
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Bdng 3.13: Phdn bo sé luong mdu theo miic do tin cdy trén tdp chua gdn nhdn Dy

Miic do tin cdy S6 luong mau Ty 1é (%) St dung cho tai huin luyén

High Trust 3,623 33.0 Co
Medium Trust 3,621 33.0 Khong
Low Trust 3,738 34.0 Khong
Tong cong 10,982 100.0 —

luyén maé rong.

Theo phan bd trong Bang 3.13, chi 3,623 mau thudc nhom High Trust dugc géan
nhin gia va bd sung vao tap huin luyén mé rong Dy UDIEISIegde theo Cong thic 3.29,
tuong ting khoang 33.0% dit liéu chua gan nhin. Phan con lai gdm 7,359 mau thudc hai
nhém Medium Trust va Low Trust khong tham gia budc tdi huan luyén. Ty 1& chon loc
nay cho thiy co ché loc theo entropy loai bd khoang hai phan ba dit liéu chua gdn nhén,
d6i muic ting kich thudc tap huln luyén 1y do tin cdy clia nhan gia.

Phan tich theo miic dd tin ciy cho thidy nhém High Trust c6 ty 1& du doan diing cao
hon nhém Low Trust, trong khi nhiéu trudng hgp nham 14n tip trung & nhém c6 entropy
cao. Két qua nay cho thiy entropy c6 thé dung 1am tiéu chi loc mau trong pham vi thiét
1ap hién tai. Tuy nhién, cic du doan thudc nhém High Trust chi nén dugc hiéu 1a du doan
ma md hinh dua ra v6i midc do chic chin cao hon, khong phai két luin chan dodn.

Can lvu y thém ring tip Dy khong c6 nhin cong khai, nén phan b trong Bang 3.13
chi phan 4nh mic do chic chan trong du dodn ctia mo hinh, khong phai phan bd 16p that
cua du liéu.
3.7.Phan tich va thao luin ket qua thuc nghiém

Cic két qué thuc nghiém dudc phan tich theo bon khia canh: vai tro ctia biéu dién
da ngudn, anh hudng ctia hoc trén do thi, tdc dong ctia gan nhan gia c6 chon loc va pham
vi dién gidi ciia mo hinh.

Thit nhét, cac mo hinh hoc mdy truyén théng dat Specificity cao nhung Sensitivity
thAp & mot s6 cAu hinh. Két qua nay phan 4nh 4dnh hudng ctia mit can bang 16p trong
ISIC 2020: md hinh c6 thé dat két qua tét trén 16p lanh tinh nhung van bd sét cidc mau
4c tinh. Vi vay, viéc danh gia cin dua trén cac chi s6 can bang 16p nhu Macro F1, Macro
Recall, Macro AUC, Sensitivity va Specificity, thay vi chi dua trén Accuracy.

Thi hai, cdc md hinh GNN c6 tich hgp metadata 1am thay ddi can bang giita Sensi-
tivity va Specificity. Mot s kién triic nén GNN ting Sensitivity cho 16p 4c tinh, nhung
Macro F1 va Macro AUC & pha c6 giam sit chua vugt nhém hoc mdy truyén thong. Két
qua nay cho thiy metadata va quan hé do thi c¢6 vai trd bd trg, nhung hiéu qua phu thudc
vao chat luong metadata, cach xay dung dd thi va miic do phu hop clia cu tric 1an céan.
Metadata don 1é hoiic metadata c6 thiéu dif liéu khong du thay thé dic trung anh. Do d6,
két qua ctia nhém GNN c6 metadata trong Bang 3.10 can dudc hiéu 12 danh gid vai trd
bd trg ctia metadata va quan hé do thi, khong phai bang ching ring metadata riéng 1é
ludn cai thién moi chi sd so v6i mo hinh hoc mdy truyén thong.

Thi ba, pha gan nhin gia dua trén entropy 1am ting mot sd chi s6 sau khi tdi huin
luyén, dac biét la Macro F1, Macro Recall va Macro AUC. Tuy nhién, tap ISIC 2020
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Test khong c¢6 nhan cong khai nén cac nhan gia trén tap nay khong dudc xem la nhan
that. Hiéu qua ctia co ché gan nhan gia dudc dién gidi thong qua két qua kiém chiing trén
cac phan dif liéu c6 nhin va qua su thay d6i ctia cac chi s tru6c—sau tai huin luyén.
Thi tu, entropy dudc st dung nhu tiéu chi uSc lugng do bat dinh ctia du doan. Nhém
mau c6 entropy thip dudc chon cho gan nhin gid, con nhém entropy cao dugc loai khoi
budc tai hun luyén. Co ché nay gitp gidm nguy co dua cic miu c6 du doan khong 6n
dinh vao tap huin luyén md rong. Tuy viy, entropy chua thay thé cac danh gid calibration
day dd nhu ECE, Brier score hoic calibration curve; ddy 1a huéng can kiém chiing thém.
Két qué so sanh v6i mot s6 nghién cifu lién quan dudc trinh bay trong Bang 3.14.

Bdng 3.14: So sdnh mé hinh dé xudt véi mot s6 phwong phdp lién quan trén ISIC 2020
theo chi s6 Accuracy

Phuong phap Hudng tiép can Accuracy (%)
Gupta va cong su [31]  Knowledge distillation 87.3
Alhudhaif va cOng Mang CNN sau cho phat hién va 85.5

su [130] phan doan t6n thuong da

Choudhary va cong Mask-RCNN két hop GRU 88.0

su [131]

Rana va cong su [132] Mo hinh CNN xép chong 86.7

Mo hinh dé xuét Hop nhit da nguon + hoc trén  89.2

do thi + gan nhan gia dua trén
do tin cay

Bang 3.14 cho thdy mo hinh dé xuit dat Accuracy canh tranh v6i mot s6 phuong
phap da cong bd trén ISIC 2020. Tuy nhién, so sanh nay can ducc dién gidi than trong
do khac biét vé cach chia dit liéu, tién xif 1y, kién tric nén, thiét 1ap huin luyén va chi
s6 bdo cdo. Pong goép chinh clia chuong nim & viéc két hop biéu dién da ngudn, do thi
k-NN va gan nhan gia c6 kiém soat bang entropy, thay vi khang dinh wu thé tuyét dbi so
v6i moi kién tric hién dai.

Phuong phap con mot s6 han ché. Thit nhat, hiéu qua ctia moé hinh phu thudc vao
chit lugng do thi k-NN; néu canh ndi cdc miu khong cling ngit nghia, qua trinh lan
truyén thong tin c6 thé 1am gidm hiéu qua phan loai. Thif hai, metadata trong bo dit liéu
cong khai c6 thé thiéu hoic khong dong nhét, nén vai trd clia metadata can dudc xem
12 bd trg. Thi ba, luan 4n chua thuc hién danh gia riéng theo tiing muc nhiéu anh, vi
du nhiéu do 4nh sang, nén anh, do nét hoic sai khac thiét bi thu nhan. Thu tu, cc kién
triic nén hién dai nhu EfficientNet, EfficientNetV2, ViT hodc cdc mo hinh thi gidc nén
tdng chua dugc khao sat day di trong chuong nay. Thit nim, md hinh mdéi dudc danh gia
trong pham vi dit liéu ISIC 2020 va chua c6 ki€m chiing 14am sang da trung tam.

Do d6, két qua ctia chuong nay nén dudc hiéu trong pham vi nghién ctiu mo hinh
va danh gi4 thuc nghiém trén bd di liéu cong khai. M6 hinh ¢6 thé hd trg nghién ciu va
sang loc, nhung chua phai cong cu chidn doan doc 1ap néu chua c6 danh gia 1am sang,
ngoai ki€m trén dif liéu doc 1ap va xem xét cdc yéu cau dao dic lién quan dén sit dung
Al trong y té.
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Két luan chuong

Chuong nay md rong huéng nghién ctu ciia Chuong 2 tit hoc biéu dién dic trung
sang hoc quan hé di liéu bang dd thi cho bai toan phan loai ton thuong da. Su lién
hé giita hai chuong nim & dinh huéng khai thac thong tin thi gidc bd trg va entropy,
khong phai & viéc Chuong 3 tdi stt dung bi€u dién BlockNet. Cu thé, Chuong 2 chon
loc ban dd dic trung theo entropy, con Chuong 3 st dung céc vector du ra sau pooling
ctia VGG19, DenseNet121 va MobileNet dudc Iua chon bang Chi-square, két hop véi
histogram RGB, histogram HSV, dic trung fractal va metadata. Entropy trong Chuong 3
chi dugc tinh trén phan phdi xac suét du doan dé€ phan tang do tin cdy va chon mau gan
nhan gia. Trén biéu dién riéng nay, Chuong 3 khai thidc quan hé tuong dong giiia cic
mau thong qua mo hinh mang no-ron do thi.

Dong gop chinh clia chuong nay tuong ng v6i cong trinh [CT4], trong d6 mdi mau
dit liéu dudc biéu dién dong thdi bdi dic trung hoc siu, dic trung thi cong va metadata
1am sang. Cac biéu dién da ngudn dugc hgp nhit d€ xay dung biéu dién niit cho do thi
tuong dong k-NN, sau d6 dudc dua vao mo hinh mang no-ron do thi d€ hoc quan hé giita
cac mau dif liéu. Bén canh d6, chuong ciing dé xuit co ché gan nhén gia c6 chon loc dua
trén entropy, trong d6 entropy du doan dudc st dung dé phan tang do tin ciy va lua chon
cdc mau c6 do tin cdy cao trude khi dua vao qud trinh tai huin luyén. Céch tiép cin nay
cho phép khai thac dit liéu chua gan nhin theo huéng c6 kiém sodt do tin ciy va han ché
nguy cd lan truyén nhan sai trong hoc ban giam sat.

Céc két qua thuc nghiém cho thiy viéc két hop biéu dién da ngudn, hoc quan hé
trén dd thi va chon loc nhan gia theo entropy lam thay ddi cédc chi s6 cin bang 16p nhu
Macro Recall, Macro F1-score, Macro AUC, Sensitivity va Specificity trong thiét 1ap
ISIC 2020. Phan tich theo mifc do tin cdy va ma trAn nham 14n cho thiy entropy c6 thé
dung 1am tiéu chi loc mau trudc khi tai huan luyén. Két qua cta chuong bd sung cho
hudng nghién citu ctia luan 4n tir t6i vu héa biéu dién dic trung sang khai thac quan hé
dit liéu va hoc ban giam sit c¢6 kiém soat dd tin cdy cho bai todn phéan loai dnh t6n thucng
da.
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KET LUAN VA HUGNG NGHIEN CUU TUGNG LAI

Luan 4n nghién ctu bai todn phan loai 4nh t&n thuong da trong diéu kién dit liéu
mét can bang, khac biét vé ngudn thu nhén, cé nhiéu ngudn thong tin va han ché dit liéu
gan nhan. Trén co s& tong quan cac nghién ciu lién quan, luin 4n tip trung gidi quyét
hai vin dé. VAn dé thi nhét 1a tS chiic bi€u dién anh thong qua chon loc ban do dic trung
va hop nhit vé6i diic trung thii cong. VAn dé thi hai 1a khai thdc dong thdi thong tin da
ngudn, quan hé giita cdc mau va dit liéu chua gan nhan. Hai vin dé nay tuong ding véi
hai déng g6p chinh dudc trinh bay trong Chuong 2 va Chuong 3.

DPéng gop thi nhat 1a mo hinh BlockNet cho phan loai 4nh ton thuong da [CT3]. M6
hinh st dung VGG16 dé€ trich xuit ban d6 dic trung tai nhiéu block tich chap. Entropy
kich hoat dudc tinh tif histogram gi4 tri ctia tiing ban dd va ding 1am tiéu chi sang loc
khong giam sat theo khoang entropy ri€ng cua tung block. Entropy trong trudng hgp nay
chi mo ta miic phan tan clia dap dng, khong truc tiép do thong tin lién quan nhan hoic
kha ning phan biét 16p. Vi vay, gia tri cia biéu dién sau sang loc dudc kiém chiing bang
hiéu ning phan loai, khong dudgc suy ra chi tif entropy clia tiing ban do.

Céc ban dd dudc gitt lai dudc chuyén thanh vector dic trung hoc sau va hop nhat vé6i
dic trung thi cdng gdm histogram HSV, GLCM va fractal. Dt liéu sau hdp nhit dudc
can bang trong khong gian dic trung truéc khi huin luyén bd phan loai. Cich t& chiic
nay tao thanh mot quy trinh gdm chon loc, hop nhéit va can bang biéu dién, trong khi
van giit nguyén backbone CNN. Do d6, déng gop ctia BlockNet khong nim & viéc xay
dung mot backbone méi, st dung riéng entropy hoic thuc hién phép ghép nbi, ma nim
& cach két hop cac thanh phan trén trong mot quy trinh théng nhit cho phan loai anh tdn
thuong da.

Két qua thuc nghiém trén VNCancer va HAM 10000 ghi nhan su khac biét gitta cau
hinh st dung toan bd ban do dic trung va ciu hinh 4p dung sang loc entropy. Cau hinh
BlockNet day di dat két qua canh tranh so vé6i cac backbone dudc khao sat. Cac két qua
nay cho thiy biéu dién dudc td chiic lai c6 thé hd trg phan loai trong pham vi dit liéu
va giao thuc thuc nghiém cia luan an. Tuy nhién, cac thi nghi€ém hién c6 chua tach doc
lap hoan toan 4nh hudng ctia entropy, dic trung thi cong va budc can bang dit liéu trong
cling mdt giao thiic loai trit. Vi vdy, luan an khong quy toan bd mic cii thién cta ciu
hinh ddy du cho riéng mot thanh phan.

Dong gép thit hai 1a khung hoc ban giam sat da ngudn dua trén mang nd ron do
thi [CT4]. Huéng nay khong st dung vector BlockNet va khong thuc hién chon loc ban
dd dic trung theo entropy kich hoat cia Chuong 2. Pic trung hoc siu dudc tao tif cac
vector dau ra sau pooling ctia VGG19, DenseNet121 va MobileNet. Dic trung thii cong
chi gébm histogram RGB, histogram HSV va fractal. Cdc nhém dic trung thi gidc dudc
lya chon bing phan tich Chi square trong thiét lap ctia Chuong 3.

Biéu dién da ngudn dudc xdy dung qua hai ting. Dic trung hoc siu va dic trung
thi cong dugc ghép ndi thanh biéu dién anh. Biéu dién nay sau d6 dudc hop nhit véi
metadata 14m sang bang cd ché chii y ¢6 xét metadata d€ tao biéu dién niit. Co ché chu y
sinh trong sd cho dudng anh va duong metadata, khong sinh ba trong s6 doc 1ap cho dic
trung hoc sau, dic trung thii cong va metadata. Trén co sé bi€u dién niit, do thi k lang
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giéng gan nhit dugc xay dung d€ mo hinh héa quan hé tuong ddng giita cic mau.

Céc kién tric GNN gdm GCN, GAT, GraphSAGE, GINE va md hinh két hop
GraphSAGE v6i GAT dudc khao sat trén cung thiét 1ap dit liéu. Quy trinh huin luyén
gdm pha c6 gidm sét trén tap dif liéu c6 nhan va pha gan nhan gia c6 chon loc d€ tdi huin
luyén. Trong Chuong 3, entropy dudc tinh trén phan phéi xac suit du dodn va dudc dung
d€ phan tang do tin cdy. Pai lugng nay khac véi entropy kich hoat ctia Chuong 2 ca vé
ddi tugng tinh todn va muc dich st dung.

Két qua thuc nghiém cho thay viéc két hop biéu dién da nguodn, quan hé do thi va
dit liéu chua gan nhan 1am thay ddi can bang giita cac chi sd phan loai. Sau pha gdn nhin
gia, mot s6 chi s nhu Macro F1, Macro Recall va Macro AUC dudc cai thién trong giao
thiic ki€ém chiing. Toan bo 10,982 mau cta tap ISIC 2020 Test dudc phan vao ba nhém
tin cly gdm 3,623 méiu High Trust, 3,621 mau Medium Trust va 3,738 mau Low Trust.
Chi nhém High Trust dudc dung d€ tao nhan gid va md rong tip huin luyén.

Viéc phan tang trén chi phan danh mic do chic chan tuong ddi ctia du dodn theo
entropy. Do ISIC 2020 Test khong c¢6 nhan phan loai cong khai, cdc nhan gia khong phai
nhin tham chiéu, con ba nhém tin ciy khong biéu thi do chinh xdc hodc phan bd 16p
that. Hiéu qué ctia budc tai huin luyén dugc ddnh gia thong qua dit liéu c6 nhan va su
thay ddi ciia cac chi s trong giao thiic thuc nghiém, khong dua trén gia dinh rang nhin
gia la dung.

Hai d6ng g6p st dung entropy & hai cip do khac nhau. Chuong 2 dung entropy kich
hoat dé sang loc ban do dic trung trudc khi hop nhit. Chuong 3 dung entropy du doan
dé€ lua chon mau chua gdn nhan trudc khi tai huin luyén. Hai huéng khong diing chung
cAu hinh dic trung, nhung cung hudng tdi t& chiic va khai thac biéu dién dit liéu phu hop
hon cho phén loai 4nh ton thuong da.

Bén canh cic két qua dat dudc, luan 4n con mot sd han ché. Thit nhit, anh hudng
riéng cua tiing thanh phan trong BlockNet chua dudc danh gid day du bang thi nghiém
loai trit trén cling cac 1an chia dit liéu. Thi hai, viéc can bing trong khong gian dic trung
chua dugc dbi ching doc 1ap véi class weighted loss, focal loss, SMOTE va cdc phuong
phap 14y mau khac. Két qua riéng ctia 16p melanoma trudc va sau khi chi thay d6i co ché
can bang ciing chua dudc bdo cdo day dd. Thi ba, metadata 1dm sang trong cic bo dif
liéu cong khai con thiéu va chua dong nhat. Thi tu, chit lugng do thi phu thudc vao biéu
dién niit, dd do tuong dong va sb luong nit 1an can. Thi nim, entropy du doan chua thay
thé danh gid hiéu chinh xdc suit bang ECE, Brier score hodc dudng cong calibration.
Cubi cliing, cac phuong phap méi dugc ki€ém ching trén dif liéu cong khai va chua dudc
ngoai kiém da trung tdm hodc danh gia 1Am sang trén ngudi bénh.

T cdc gidi han trén, cac huéng nghién citu tiép theo gom:

« Thuc hién thi nghiém loai trit diy dii cho chon loc entropy, dic trung thii cong va
can bang dit liéu cua BlockNet trén cung giao thuc.

« So sanh céc co ché xit Iy mét cAn bing va phan tich riéng hiéu qua trén cic 16p thiéu
s6 c6 ¥ nghia 1am sang.

* Nghién ctiu co ché hdp nhét linh hoat hon cho tliing ngudn dic trung, bao gébm chu
y chéo va Transformer da nguon.

« Danh gia do nhay theo cach xay dung do thi, s6 luong lang giéng va do do tuong
dong, dong thdi md rong sang graph transformer hoic do thi khong dong nhit.
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« Két hop entropy vé6i ciac phuong phap hiéu chinh xac suét va uée lugng do khong
chic chin dé kiém soat nhan gia chit ché hon.

« Tich hop phuong phép giai thich m6 hinh, ngoai kiém trén dit liéu doc 1ap va danh
gia 1am sang trude khi xem xét ting dung trong hé thong hd trg sang loc.

Nhin chung, luin an da hoan thanh hai muc ti€u nghién ctiu thong qua BlockNet
[CT3] va khung hoc ban giam sat da ngudn trén do thi [CT4]. Céc két qua khang dinh
kh4 ning khai thac biéu dién da ngudn va dit liéu chua gdn nhin trong pham vi thuc
nghiém da xdc dinh. M6 hinh chua dudc xem 1a cong cu chin doan doc 1ap néu chua cé
ngoai ki€ém va danh gia 1am sang day da.
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