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MO PAU
1. Tinh cap thiét va khoang trong nghién citu

Phan loai anh ton thuong da c6 y nghia trong hd tr¢ sang loc sém [1, 2, 3], nhung
dit liéu thuc t& bién thién manh vé mau sic, két cu, hinh dang, diéu kién thu nhan va
phan bd 16p. Céc 16p nguy hiém thudng cé it mau, nhiéu tén thuong khac 16p lai gidng
nhau vé thi gidc, trong khi viéc gan nhin can chuyén gia. Pic trung thii cong phan anh
mau sic, két ciu va hinh dang nhung phu thudc thiét ké; dic trung hoc sau c6 ning luc
biéu dién manh nhung khong phai moi ban dd dic trung déu hitu ich. Néu giii toan bd
phén hoi trung gian, biéu dién c6 thé chia nhiéu va du thira.

Hop nhéit anh, dic trung thii cong va metadata 14m sang gitp tan dung thong tin bd
tro [8, 9, 14], song ghép nbi truc tiép chua xt Iy ddy di chénh 1éch s6 chiéu, phan bd va
mtc tin cdy cla ting ngudn. Phan 16n mo hinh con xi 1y tiing 4nh doc 14p, chua khai
thac quan hé tuong dong gitta cac mau. Trong hoc ban gidm sit, nhan gia sai c6 thé ducc
tai st dung va khuéch dai sai 1éch, dic biét dbi v6i 16p hiém.

Luan 4n xdc dinh hai khoang tréng lién tiép. Thif nhét, con thiéu mot quy trinh
thdng nhat d€ chon ban do dic trung theo khoang entropy phu hop, hop nhat véi dic
trung thii cong va can bing biéu dién. Thit hai, con thiéu mot khung da ngudn ban giam
sat c6 kha niang xiy dung quan hé lién mau bang d6 thi va chi sit dung nhan gia c6 do tin
cdy cao.

Vé phuong dién phuong phép, ludn 4n xem mdi ngudn di lidu 1a mot goc quan sat
khac nhau cta ciing d6i tugng. Anh cung cip du hiéu hinh théi truc quan; dic trung tha
cong ma héa tri thiic mién; metadata bd sung bdi canh 1am sang. Vi vay, bai toan khong
chi 1a ting s chiéu biéu dién ma 1a xdc dinh thong tin ndo ding giil, cich chuin héa
dong gop gitta cac ngudn va cach kiém sodt sai sd khi thong tin dudc truyén gitta cac
mau. Quan diém nay chi phdi toan bo thiét ké tir BlockNet dén mo hinh do thi ban gidm
sat.

2. Muc tiéu, doi twgng va pham vi nghién ciru

Muc tiéu tong quat 1a phat trién cac phuong phap hop nhit dic trung da ngudn
nhim nang cao hiéu qua phan loai 4nh t&n thuong da trong diéu kién dit liéu bién thién
16n, mét can bang 16p, han ché nhan va cé nhiéu ngudn thong tin bé tro.

Muc tiéu thif nhit 12 dé xuét BlockNet, Iva chon ban d6 dic trung theo khoing
entropy, hd trg can bang trong khong gian dic trung va hdp nhit dic trung hoc sau véi
dic trung thi cong. Muc tiéu thit hai 14 phat trién khung hoc da ngudn ban gidm sat dua
trén do thi, két hop dic trung hoc sau, dic trung thi cong va metadata 1dm sang; khai
thdc quan hé gitta cdc mau va dit liéu chua gan nhan thdng qua gan nhan gia c6 kiém
soat do tin cay.

Déi tuong nghién cifu 1a phuong phép t& chiic, chon loc, hop nhit va khai thac biéu
dién da ngudn cho phan loai anh tén thuong da. Pham vi thuc nghiém gdbm VNCancer,
HAM10000 va ISIC 2020. Luan an khong xay dung backbone hoan toan md&i, khong
thuc hién thit nghiém 1am sang va khong xem mo hinh la cong cu chin dodn doc 1ap.

Phuong phép nghién ctiu két hop khdo st 1y thuyét, mo hinh héa thuat todn, thuc
nghiém tinh toan va phan tich dinh lugng. Két qua dugc danh gid bang Accuracy, Pre-
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cision, Recall, F1-score, AUC, Sensitivity, Specificity, ma tran nham 14n va kiém ching
1ap phu hop véi dit liéu mét can bang.

Céc thi nghiém dudc td chiic dé tra 16i ba cau hoi: chon loc theo entropy c6 loai
bé dugc phan hdi kém hitu ich hay khong; hop nhét dic trung da ngudn c6 cai thién do
phén biét so véi tling nguodn riéng 1& hay khong; va dif liéu chua gan nhin c6 thé dugc
khai thac an toan dén miic nao. Khi dién gidi két qua, luan 4n uu tién céc chi sb can biang
gitta 16p thay vi chi dua vao Accuracy, dong thdi d6i chiéu ma tran nham lan va AUC dé
tranh két luan thién l1éch bdi 16p chiém da sb.

3. Pong gop va cau tric luan an

Péng gép thid nhét 1a BlockNet [CT3]. M6 hinh dung entropy kich hoat dé€ sang
loc ban dd dic trung tai nhiéu block cia VGG16, chuyén cdc ban do dudc giit lai thanh
vector, hop nhét vé6i dic trung thii cong va can bang dit liéu trong khong gian dic trung.
DPoéng gép ndm & quy trinh tich hdp chon loc, hdp nhit va can bing biéu dién, khong phai
6 mot backbone CNN mdi.

Doéng gép thit hai 1a khung hoc ban giam st da nguodn trén do thi [CT4]. Dic trung
hoc sau, dic trung thi cong va metadata dudc hop nhat thanh biéu dién nit; do thi k 1ang
giéng gan nhat mo hinh héa quan hé lién mau; entropy du doan dudc dung dé phan tang
do tin cdy va chon nhan gia trudc khi tai huan luyén.

Hai déng gép dung entropy & hai cip khic nhau: Chuong 2 tinh entropy trén ban
do kich hoat dé chon biéu dién; Chuong 3 tinh entropy trén phan phdi x4c suét du dodn
dé€ chon mau chua gan nhan. Chuong 1 trinh bay co s& ly thuyét; Chuong 2 trinh bay
BlockNet va thuc nghiém trén VNCancer, HAM10000; Chuong 3 trinh bay m6 hinh da
ngudn trén do thi va thuc nghiém trén ISIC 2020; phan cubi tdng hop két qua, han ché
va hudng nghién cuu tuong lai.

Hinh 1 tém lugc chudi vin dé ma luan 4n gii quyét.

Hinh 1: Khodng trong nghién citu ciia hé thong phdn loai dnh ton thuong da.

Mach nghién cttu vi thé di tif bi€u dién ndi mau dén quan hé lién miu. Chuong 2
giai quyét chat luong biéu dién ctia titng anh trude khi phan loai; Chuong 3 md rong sang
cAu tric tap dit lidu, noi mot mau dude hiéu trong quan hé véi cdc mau tuong dong. Su
phan chia nay gidp hai dong gép c6 vai trod rd rang va bé trg: BlockNet gidm nhiéu & dau
vao biéu dién, con mod hinh do thi ciing co ché do tin cdy gidm rii ro khi sit dung quan
hé va nhan du doan.
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4. Cau hoéi nghién ctitu va cach tiép can tong thé

Luan 4n tra 18i bén cAu hoi lién két: ban do dic trung nao chia lugng thong tin phu
hop; cdc ngudn dic trung can dudc hop nhit thé nao dé€ khai thic tinh bé trg; quan hé
tuong dong gitta mau c6 thé dudc mod hinh hda bing do6 thi hay khong; va dit liéu chua
gan nhan phai dat diéu kién tin cay nao trudc khi tai st dung. Cac cau héi nay chuyén
trong tam tf viéc chi Iva chon mot kién tric phan loai sang t6 chic va kiém soat thong
tin trong toan bd quy trinh hoc.

Cich tiép can gdm hai tang. O ting biéu dién, entropy kich hoat dudc tinh cho tiing
ban do, cdc phan hdi phu hop theo block dugc gitt lai rdi hop nhit véi HSV, GLCM va
fractal. O tang dit liéu, biéu dién anh két hop metadata tao thanh nit, dd thi k--NN mé
hinh héa quan hé lién miu v GNN truyén thong tin. Entropy du doan dudc dung & pha
ban giam sat d€ phan ting do tin cay trudc khi tao tip huin luyén md rong.

Danh gia dudc thyc hién trong pham vi nghién ciu phuong phap. So sanh gitta mo
hinh phai giif chung cich chia dif liéu va giao thiic huin luyén. Véi dit liéu mét can bing,
Macro F1, Macro AUC, Sensitivity va Specificity dudc xem xét cling Accuracy. Két qua
dinh lugng cho biét tinh kha thi trong cic bo dif liéu da khio sit, khong thay thé danh
gi4 1am sang. Céc gidi han vé metadata, sai léch mién, ngoai kiém va chit luong nhan
dugc dung dé x4c dinh ding mic do khai quat cta két luan.



CHUONG 1: TONG QUAN VA CO SG LY THUYET
1.1.Bai toan va biéu dién da nguon

V6i tap dit lieu D = {(x;,y;)}Y;, md hinh hoc dnh xa tir &nh hogc biéu dién da
ngudn téi mot trong C 16p ton thuong. Trong trudng hop cé metadata m;, mau dudgc biéu
dién bdi cip (x;,m;). Khé khin chinh gdm bién thién noi 16p, tuong dong lién 16p, mét
can bang dit liéu, khic biét thiét bi va thiéu nhin chuyén gia.

Pac trung thi cong md ta nhiing thudc tinh c6 y nghia truc quan [36, 37, 39, 41]:
histogram RGB/HSV cho mau sdc; GLCM, LBP, Gabor va wavelet cho két ciu; HOG,
bién va fractal cho hinh dang hoic d6 phuc tap. Pic trung hoc sau dudgc trich tif cic tang
tich chap [50, 51, 52], noi mdi kénh tao mdt ban dd dic trung. Biéu dién siu tong quat
c6 thé viét:

= {1 R (1.26)
Khong phai moi Fk(l) déu hitu ich. Mot s6 phan hoi gan nhu hing, mot sd qua phan
tan hodc nhay véi nhiéu. Pay 1a co sé d€ luan 4n danh gid ban do dic trung trudc budc
hop nhét thay vi st dung toan bd dau ra trung gian.

Trong biéu dién da nguodn, yéu cau quan trong la bao toan thong tin bé trd nhung
han ché su 14n 4t ctia ngudn c6 sb chiéu 16n. Chudn héa va phép chiéu vé khong gian
chung dugc xem 1a budc tién xi Iy c6 y nghia mo hinh, bsi ching quyét dinh khoang
cach gita cdc mau va anh hudng truc tiép dén bd phan loai hoic cu tric dd thi & cic
chuong sau. Do d6, chit luong hop nhét phai dudc danh gia qua ca hiéu ning cubi va
kh4 niing gidi thich vai tro clia tiing nguon.

1.2.Hop nhét dic trung va entropy

Hop nhét da ngudn nhiam tao biéu dién chung tif cdc ngudn bé tro. Véi dic trung

(@) ()

hoc sdu z;’ va dic trung thu cong z;”’, phép ghép ndi c6 dang:

I — z (x(d),x(h)) , (1.28)

l 1 l
Vé6i phan phdi xac suit du dodn p = (p1,...,pc), entropy du dodn dugc x4c dinh
bdi:

Hpeq(po(x (c|x)Inpg(c|x). (1.33)

IIMQ

Entropy thip biéu thi phan phéi tip trung hon, con entropy cao biéu thi du dodn
phan tan hon. Trén ban dd dic trung, entropy dudc tinh ti histogram chuin hoéa ctia cic
muc kich hoat:

Kr
Hact(f) = Z prlog, p;. (1.34)

r=1
Hai dang entropy khic nhau vé ddi tuong va muc dich: entropy ban do dic trung
dung dé sang loc bi€u dién & Chuong 2; entropy du doan dung dé ki€m soat nhan gia &
Chuong 3. Entropy khong truc tiép chiing minh kha ning phan biét 16p, vi vy moi lua
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chon déu phéi dudc kiém chiing bang hiéu ning phan loai.

Entropy trong luan an khong dugc dién gidi nhu mot thudc do chit lugng tuyét dbi.
Gi tri qua thip c6 thé tuong dng v6i phan hoi gan nhu dong nhit, trong khi gia tri qua
cao c6 thé phan anh hoat héa phan tan hodc nhiéu. Vi vay, tiéu chuin phi hop 1a mot
khodng entropy phu thudc block thay vi ngudng toan cuc. Cach tiép cin nay giif lai cac
b4n dd c6 mic bién thién vira dii d€ mo ta ciu triic t6n thuong, dong thsi gidm sd phan
hdi du thira truée khi hgp nht.

1.3.Hoc trén do thi va hoc ban giam sat

Do thi G = (V,E) biéu dién mdi miu bing mdt nit [20, 21, 22], con canh mb ta
quan hé tuong dong. Ma tran ké dugc x4c dinh tif dd tuong dong va ngudng hoic quan
hé k lang giéng gan nhét:

Aij = sim(xi,xj), (136)

Tai mdi tang GNN, biéu dién niit dugc cap nhat tif chinh nit va c4c nit 1an can:

pl _o< y W<’)h§.’)>, (1.37)

JjeN (i)

Hoc ban gidm sat st dung dong thdi tap c6 nhin va tp chua gan nhan. M6 hinh ban
dau dudc huin luyén trén dif liéu c6 nhin, du doan dit liéu chua gan nhin, chon cic du
doan dang tin cdy rodi tai huin luyén. Nguy co chinh 14 confirmation bias: nhin gia sai
nhung tu tin ¢6 thé 1am 1éch bién quyét dinh. Vi vy, Chuong 3 chi chon nhém entropy
thip va khong xem nhan gia 1a nhin tham chiéu.

Hinh 1.7: Minh hoa pipeline hoc trén do thi cho bai todn phdn loai dnh tén thuong da.
Cdc ddc trung dnh va metadata duoc sit dung dé xdy dung do thi, trong dé méi niit biéu
dién mét mdu va cdc canh phdn dnh mikc do tuwong dong giita cdc mdu. Mé hinh GNN
lan truyén thong tin giita cdc niit ldn cdn nham hoc biéu dién cé tinh ngit cdnh, tao co
s& cho viéc khai thdc quan hé gifta cdc mdu trong cdc thiét ldp hoc bdn gidm sit.
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Péi v6i do thi, lua chon biéu dién nit va quy tic tao canh c6 quan hé chit ché. Néu
bi€u dién niit chua phan anh diing tuong dong 1am sang, do thi k-NN c¢6 thé ndi cac mau
khdc 16p va 1am lan truyén thong tin sai. Vi vdy, luan an xay dung nit sau buéc hop nhat
da nguodn, dung do tuong dong cosine va kiém sodt sb lang giéng. Hoc ban giam sét chi
dudgc thuc hién sau khi mo hinh c6 gidm sat da tao phan phdi du dodn di 6n dinh dé danh
gia do tin cay.
1.4.Co s6 hinh thanh phueng phap cta luin an

Téng quan cho thiy bén vin dé lién két: chét lugng biéu dién dau vao, hop nhit
nguodn khong dong nhét, quan hé gitta cdc miu va khai thac dit liéu chua gan nhan. Cac
phép hop nhét truc tiép khong bao dam loai bd nhiéu hoic can biang déng gép cia tiing
ngudn. GNN c¢6 thé khai thac clu tric lién mau nhung phu thudc chét luong biéu dién
nit va canh. Gan nhin giad md rong dif liéu huin luyén nhung phai di ciing co ché kiém
soat do tin cay.

Tir d6, luan 4n t6 chifc hai huéng. BlockNet xt 1y biéu dién & cip ban do dic trung:
trich xuat nhiéu block, tinh entropy, giit cic phan hdi trong khoang phut hop, hop nhit véi
dic trung thi cong va cin bang biéu dién. Hudng thit hai xt 1y di liéu & cAp mau: hop
nhat 4nh v6i metadata, xdy dung dd thi k--NN, hoc GNN va chon nhan gi theo entropy
du doan.

Céc chi s6 macro dugc uu tién vi Accuracy c6 thé bi chi phoi bsi 16p da s6. Macro
F1 va Macro AUC phan 4nh cin bing giita c4c 16p; Sensitivity va Specificity 1am ro kha
ning nhan dién mau 4c tinh va lanh tinh. Két qua dugc dién gii trong pham vi giao thic
thuc nghiém, khong suy rong thanh hi€éu qua 1am sang.

Két luan Chuong 1

Chuong 1 x4c 1ap nén tang cho hai déng gép va 1am rd ranh gidi giita entropy kich
hoat v6i entropy du doan.

Tu cac ¢d sG trén, hai vai tro cua entropy dudc phan biét ro. Entropy kich hoat 1a
thudc tinh ctia ban do trung gian va phuc vu chon dic trung; entropy du doan 1a thudc
tinh ctia phan phdi xac suit dau ra va phuc vu chon miu. Khong dong nhit hai dai lugng
nay gitp tranh suy dién ring ban dd c6 entropy cao tt yéu tao du doan khong chic chan.
Chiing tdc dong & hai tang khac nhau nhung cuing thuc hién nguyén tic kiém soat thong
tin trudc khi dua vao budc hoc tiép theo.

Phén tich méi lién hé giita cac thanh phan 1y thuyét

Dic trung hoc sau va dic trung thi cong khac nhau ci vé ngudn gbc, kich thudc va
y nghia. Dic trung hoc sau dugc tdi vu tit dit liéu va c¢6 kha ning mo ta ciu triic phiic
tap, trong khi HSV, GLCM va fractal cung cip cic dai luogng gin véi mau sic, két ciu
va do phic tap hinh hoc. Néu chi ghép nbi truc tiép, nhanh c6 s6 chiéu 16n c6 thé chi
phdi ham khoang cach va gradient. Vi vay, chuan héa, chon loc va phép chiéu khong chi
1a thao tdc k¥ thuat ma 1a diéu kién d€ cdc ngudn dong gop trén thang do tuong thich.

Entropy dudc Iua chon vi ¢6 thé mo ta mic phan tan thong tin ma khong can nhin
& cAp ban do. Tuy nhién, entropy khong cho biét truc tiép phan hoi thudc ciu tric tdn
thuong hay nén anh. Luan an khic phuc mot phan bang cach xac dinh khoang phut hop
theo tiing block va kiém ching bang hiéu ning phan loai. Cach tiép cin nay tao ciu ndi
gitta tiéu chuin khong gidm sat & tang biéu dién va muc tiéu c6 gidm sat & dau ra, dong
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thoi gitt duge kha ning truy vét sd ban dd dudc chon tai mdi tang.

Trong md hinh db thi, gi dinh ddng dang cho ring cic mau gin nhau trong khong
gian biéu dién c6 xu hudng chia sé nhin. Gia dinh chi ddng tin khi biéu dién hop nhat da
loai b6t nhiéu va ma héa dudc thong tin bd trg. Truyén thong diép c6 thé ting tinh nhét
quén cuc bo nhung ciing ¢6 nguy cd 1am tron qua mifc hodc lan truyén sai sd qua canh
khéc 16p. Vi vay, s6 lang giéng, do siu GNN va cd ché chon nhan gia phai dudc danh
gia cung nhau.

Tt d6, cd s6 ly thuyét dan dén ba nguyén tic thiét ké. Thit nhit, chon thong tin trudc
khi hop nhét. Thit hai, xdy dung quan hé lién mAu sau khi da c6 biéu dién da ngudn. Thd
ba, chi tdi st dung du dodn khi phan phdi du ra dat muc tin cdy xdc dinh. Ba nguyén tic
nay tao thanh mach logic xuyén subt cho hai déng gép thuc nghiém ctia luan 4n.

Cic diéu kién d4nh gia va nguy cd sai léch

Sai 1&ch c6 thé xuat hién tir thiét bi chup, diéu kién chiéu sang, tién xit ly, ty 1& 16p
va cdch chia bénh nhan. Néu anh cla cling bénh nhan c¢6 mit & ¢4 tap huin luyén va tap
kiém tra, mo hinh c6 thé ghi nhé dic diém ca nhan va tao két qua lac quan. Vi viy, moi
budc chon ngudng entropy, siéu tham s6 do thi va diéu kién gan nhin gia chi dudc dua
trén tap huin luyén hoic xéc thuc; tip ki€m tra phai dugc git doc 14p dén budc danh gia
cudi.

Mt can biang 16p doi hdi phan biét hiéu ning tong thé véi hidu ning theo 16p.
Accuracy c¢6 thé ting khi mo hinh uu tién 16p phd bién trong khi Recall ctia 16p nguy
hiém van thap. Macro F1 gén trong sd ngang nhau cho cic 16p; AUC danh gid kha ning
xép hang & nhiéu ngudng; Sensitivity va Specificity phan 4nh hai phia ctia quyét dinh.
Ma tran nham 14n gitip nhén dién cdp 16p thudng bi nham va lién hé sai s6 v6i hinh théi
hoidc phan b dit liéu.

Kh4 ning tdi 1ap phu thudc viéc cong bd chu hinh trich xult, chuin héa, sd kénh
dudgc chon, hat gidng ngiu nhién, sb folds va tiéu chuin ditng. V6i GNN, can ghi cach
dung canh, gid tri k, quy tic d6i xting hoéa va sb ting truyén thong diép. Vi nhan gia,
can bdo c4o ngudng entropy, sd mau tling muc tin cdy va sé6 mau thuc su dugc st dung.
Khung bdo cdo thong nhit gidp tranh quy két cai thién cho mot thanh phan khi nhiéu
yéu t6 thay ddi dong thoi.

Mot yéu ciu khic 1a phan biét y nghia théng ké véi y nghia thuc tién. Chénh léch
trung binh nhd cé thé 6n dinh qua nhiéu folds nhung chua chac tao cai thién ding ké
cho 16p bénh nguy hiém; ngudc lai, cai thién Recall ctia 16p hiém c6 thé quan trong du
Accuracy tdng thé thay déi it. Vi vay, két qua can dudc trinh bay cling dd 1éch chuén,
khoang tin cdy va phan tich theo 16p. Khi so sanh nhiéu ciu hinh, can han ché lua chon
hau nghiém chi dua vao két qua cao nhat.

Céc khai niém trong chuong ciing xac dinh ranh gi6i dién gidi. Trong s6 chi y thé
hién muc dong gép trong mo hinh nhung khong ching minh quan hé nhan qua. Entropy
thip cho biét phan phéi tip trung nhung khong biao ddm du doan diing. Canh gin trong
dd thi biéu thi tuong dong theo biéu dién di chon, khong dong nghia hai miu giéng nhau
vé moi dic diém 1am sang. Viéc néu rd cac ranh gidi nay gitp két qua cia Chuong 2 va
Chuong 3 dudc danh gid ding ban chét phuong phép.



CHUONG 2: BLOCKNET: CHON LOC ENTROPY VA HOP

NHAT PAC TRUNG
2.1.Phat biéu bai toan va y tudng
Cho tip 4nh c6 nhin, muc tiéu 12 hoc bd phan loai tit biéu dién hop nhit nhung
khong dua toan bd ban dd dic trung vao mo hinh. V6i tip ban do tir ciac block CNN
va vector thii cong, BlockNet tim tap ban do hop 1é theo entropy, chuyén chiing thanh
vector, hop nhit va can bang dif liéu true khi huan luyén.
Entropy ctia mot ban do F dudc tinh tit phan phoi histogram chuin héa:

Ky
Haa(BY () = = Y. plogy pr, (2.16)
r=1
Gia tri nay thoéa man:
0 < Hyt(FY) (x)) < log, Ky < log, Ny 2.17)

Khoang entropy dudc xéc dinh riéng cho titng block. Ban dd qua it bién thién thudng
chita phan hoi nghéo; ban dd qua phan tan c6 thé chita nhifu. Phuong phap khong mic
dinh entropy cang cao cang tot ma Iva chon mot khoang dugc kiém chiing qua phan loai.

( Pac trweng tha cong )
(color, texture, shape)

Hop nhat da F‘ Biéu dién hop nhat
nguon (Fusion) (gon, giau thdng tin)

dau 1
vao CNN (pretrained) ) v )
Trich xuat feature map Feature map da Phan loai
rl chon loc | (Skin lesion) |
. . )
Céc feature map FM1j[FM2]] .. v

.‘(- -\.

Két qua: VASC/DF/BKL
/AKIEC/BCC/NVIMEL

\_ Y,

Tinh entropy cho
tirng feature map

Chi giir lai feature marf

_c6 entropy phu hop |
Hinh 2.1: Y tudng phuwong phdp dé xudt: chon loc bdn dé ddc trung dua trén entropy va
hop nhdt ddc trung da nguon.

Pau vao BlockNet két hgp anh da tién xi ly vé6i dic trung thi cong; chon loc dudgc
thuc hién riéng tai tiing block d€ phut hdp vdi miic trifu tugng ctia phan hoi.

2.2.Kién tric tong quan cua BlockNet

BlockNet gdm nim khoi: trich xuit ban do dic trung tit VGG16; tinh entropy va
chon ban dd; tao vector siu; trich xult dic trung thi cong; hop nhit va can bﬁng trong
khong gian dic trung trudc bd phan loai MLP. Backbone dudc giit ¢d dinh vé nguyén ly,
do d6 dong gbp tap trung vao td chiic biéu dién.
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Céc block nong bao toan mau sic, bién va két cau cuc bo; block sau md ta ciu triic
ngit nghia hon nhung c6 thé mét chi tiét. Khai thac nhiéu block cho phép ddnh gia riéng
tiing muc biéu dién. Cac ban do dudc chon dudc vector héa va chuan héa truée khi hop
nhét vé6i histogram HSV, GLCM va fractal.

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

Kién triic dugc trién khai theo chudi: trich xuét ban do, tinh entropy, xdc dinh tap
hop hop 1&, vector hda, ghép véi dic trung thi cong, can bang biéu dién va phan loai.
Viéc dit can bang sau hop nhat bao ddm mau tdng hdp dudc tao trong ciing khong gian
ma bd phan loai sit dung. Thiét ké nay ciing tranh tao anh gi truc tiép, von c6 thé sinh
cAu tric t6n thuong khong hop 1y va 1am khé viéc kiém sodt y nghia 1am sang.

O mdi block, dau ra c6 kich thudc va sd kénh khac nhau nén budc vector héa phai
bao toan thi tu xi Iy va tao biéu dién co kich thudc xdc dinh. Céac vector sau sau chon
loc dugc chuin héa trudc khi ghép, nhd d6 dic trung c6 mién gid tri 16n khong tu dong
chi phéi khodng cach. Nhanh thii cong gdom céc dai lugng mau HSV, két ciu GLCM va
fractal, tuong ing v6i ba nhém dAu hiéu thudng dugc quan st khi mo ta tn thuong.
Biéu dién hop nhit sau cung dugc dua vao cung mot bd phan loai dé€ viéc so sanh giita
cac cAu hinh phan 4nh thay ddi & budc chon loc, thay vi thay d6i dong thdi kién tric du
doan.
2.3.Xac dinh khoang entropy va chon ban do

V6i block b, tap ban dd hop 1é dudc xéc dinh bdi hai ngudng £ va EL).:

min

E® — {H(Fnﬁ”)(xi)) HED () > 6®), i=1,2,....N, m= 1,2,...,Mb}, (2.23)
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biéu kién chon mdt ban do la:

) < H(EY (x)) < el (2.26)

min —

Céc ngudng khong dung chung cho moi block vi kich thuéc khong gian, s6 kénh va
phan bd kich hoat thay ddi theo do sau. Histogram entropy cung cip quan sét dinh lugng
d€ loai phan hoi gan hiang va phan hdi qua phan tan.

Hinh 2.8: Phdn bo entropy ciia cdc bdn do ddc trung tai I6p blockl_convl va cdc
nguong diung dé xdc dinh khodng entropy phit hop.

Khoang entropy dugc xdc dinh tif phan bd thuc nghiém cia tliing block. Diéu nay
phit hop véi thuc té sd kénh, kich thuéc khong gian va do thua hoat héa thay ddi theo
do sau mang. Mot ban dd chi dugc gitt khi entropy nam trong mién da chon; tp hop thu
dudc c6 thé khac nhau giita block va giita bo dit liéu. Co ché nay lam giam gia dinh ring
cing mot ngudng c6 thé dai dién cho moi ting va moi mién anh.

Histogram dugc chuidn héa thanh phan phéi x4c suit trudc khi tinh entropy, vi vay
phép do khdng phu thudc truc tiép vao sd diém 4nh ciia ban d6. Cac ngudng dudi va trén
loai dong thdi phan hdi gan hing va phan hdi qua phan tdn. Viéc khao sét theo block con
cho phép nhan biét ting nao déng gép nhiéu ban d6 hop 1& nhét. Trong thuc nghiém, ciu
hinh ngudng dudc lua chon trén di liéu huin luyén va gii ¢6 dinh khi danh gid, bio dam
két qua kiém tra khong tham gia quyét dinh chon dic trung.

2.4.Hop nhit va can bang trong khong gian dac trung

Sau chon loc, tap ban d6 hop 1é dudc gom thanh biéu dién sau. Vector cudi cling
ctia mau x; 12 phép ghép ndi bi€u dién sau va dic trung thii cong:

RO l;/(z(d’b) zﬁ’”) : (2.28)

l 1 ?

Pé€ giam anh hudng mét cin bang 16p, s6 luong bi€u dién can bd sung cho 16p k
dugc xac dinh theo 16p 16n nhat. Hé s6 nhan va s6 mau ting cudng lan luot 1:

b
m®) = {ﬁw (2.29)
U= .

Ny
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n;c(b) = n,((b) -m,((b). (2.30)

Viéc can bang dudc thuc hién sau hgp nhét, trong khong gian dic trung, nham tao
thém biéu dién cho 16p thi€u s ma khong thay ddi anh goc. B phan loai tbi wu cross-
entropy trén tap md rong. Ludn 4n luu y ring tac dong riéng clia cin bang can dugdc dbi
ching thém vdéi class-weighted loss, focal loss [115] va SMOTE [116].

Sau phép ghép, mdi mau van gilt mot nhin duy nhét va toan bd thao tic can bing
dudgc thuc hién trong tap huin luyén. Tap kiém tra khong dugc dung dé x4c dinh s6 mau
bd sung hoic diéu chinh tham sb. Pay 1a diéu kién can d€ tranh ro ri dit liéu. Bo phan loai
t6i tu ham mAat mat cross-entropy; cac Iva chon nhu trong s6 16p, focal loss hay SMOTE
dugc xem 1a dbi chiing can thiét khi phan tich riéng déng gép clia bude can bing.

4 . P -4 A: o 12 et 1 e 14 £, s !
Hé so m,(cb) xac dinh muc thiéu hut tuong doi cua I6p k so v6i 16p 16n nhat, con nk(b)

biéu dién sb phan tii can tao thém. Cach viét tach hai dai luong gidp phan biét ty 1é nhan
v6i quy md bd sung thuc té. Cac mau téng hop chi c6 vai trd diéu chinh phan b huin
luyén; s6 luong mau that va co cAu tip ddnh gia dudc gilf nguyén dé chi sd cubi phan
anh dit liéu quan sat ban dau.

2.5.Du liéu va thiét l1ap thuc nghiém

VNCancer [119] gdm ba 16p BCC, MM va SCC, phan 4nh di liéu thu nhan trong
nuéc véi khac biét thiét bi va diéu kién chup. HAM 10000 [3] gdm bay 16p, mit can bing
manh, trong d6 16p NV chiém ty 1 16n. Hai bd dit liéu cho phép danh gid phuong phap
trong bbi canh ba 16p va da 16p.

Thuc nghiém ding stratified five-fold cross-validation. Cdc cAu hinh so sinh si
dung ciing bd phan loai va giao thiic huin luyén dé chénh léch chii yéu phan 4nh chit
lugng bi€u dién. Chi sb béo cdo gdbm Accuracy, Macro Precision, Macro Recall, Macro
F1 va Macro AUC; phan tich theo 16p st dung ROC va ma tran nham lan.

Bdng 2.2: Cdc I0p ton thuong da va phdn bé s6 luong trong bé dit liéu VNCancer

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

VNCancer phan anh diéu kién thu nhan gan véi anh thong thudng, con HAM10000
cht yéu gdém 4nh soi da va c6 bay 16p véi mit cin bang rd. Hai bo dif liéu tao ra phép
ki€m tra b sung vé mién anh va s 16p. Tién xi ly, chia tap va Iua chon siéu tham sd
phai dudc thuc hién nhit quan trong tling giao thic; cic chi s6 giita hai bd chi ding dé
nhan dién xu huéng chi khong so sanh truc tiép do khoé tuyét dbi.

2.6.Anh huéng ctia chon loc entropy

Trén VNCancer, cau hinh t6t nhit khong dung entropy dat Accuracy 80.97% va
F1-score 82.11%. Khi 4p dung chon loc entropy, ciu hinh block2_conv2 dat Accuracy
88.75%, Fl1-score 88.16% va Specificity 93.42%. Muc tang tuong ting la 7.78 va 6.05
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Bdng 2.3: Cdc Ip ton thuong da va phdn bé s6 luong trong bé dit liéu HAM 10000

Ky hiéu Tén tiéng Anh Tén tiéng Viét S6 lrong

MEL Melanoma U hic tb 1113

NV Melanocytic nevus  Not rudi hic t6 6705

BCC Basal cell carci- Ung thu biéu mo té bao day 514
noma

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

carcinoma
BKL Benign keratosis- Ton thuong day sting lanh tinh 1099
like lesions
DF Dermatofibroma U xd da 115
VASC  Vascular lesions Tén thuong mach mdu 142

Téng s6 anh 10015

Ghi chi: Dit liu dermoscopy, céc 16p dudc sip xép theo sb ludng giam dan.

diém phan trim.

O céc block sau, cai thién rd hon: block4_conv3 ting Accuracy tif 49.73% lén
86.85%. K&t qua cho thiy tap phan hoi sau sang loc phit hgp hon véi bd phan loai trong
ciu hinh dang xét, nhung khong chiing minh entropy riéng 1 1a do do truc tiép ctia tinh
httu ich.

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

Block Accuracy  Precision Fl-score  Specificity
block1_conv2 88.41 88.02 87.58 93.12
block2_conv2 88.75 88.40 88.16 93.42
block3_convl 88.24 87.95 87.57 93.05
block4_conv3 86.85 86.44 86.04 92.63

Két qua VNCancer cho thay lua chon ban dd anh hudng dong thdi dén Accuracy,
Precision va F1-score. Miic céi thién 16n nht xuét hién & ciu hinh phu hdp, trong khi
khong phai moi block déu ting nhu nhau. Quan sat niy ting hd viéc chon theo phan bd
thay vi giit toan bd phan hdi. Tuy nhién, két qua phai dudc hiéu 1a tic dong clia cd quy
trinh, vi dic trung thi cong, cAn bang va bd phan loai cing tham gia tao ra du doan cubi.

Kiém dinh chéo nim folds dudc dung dé gidm phu thudc vao mot lan chia di liéu.
Gi4 tri trung binh mo ta xu huéng chung, con do 1éch chuin cho biét miic 6n dinh gitia
cac folds. Khi hai cAu hinh c6 trung binh gan nhau, do phan tan va két qua trén 16p thiéu
s6 can dudc xem xét trude khi lua chon. Céch bdo cdo nay phit hop hon viée chi néu cau
hinh dat diém cuc dai trong mot 1an chay.

2.7.Két qua hop nhét da nguén

Sau khi chon bén d6, BlockNet hgp nhét bi€u dién sau véi dic trung thi cong. Trén
VNCancer, cAu hinh day di dat két qué cao hon cac biéu dién don nguodn trong cling giao
thiic. Két qua x4c nhan tinh bé trg gitta phan hdi CNN va mo ta mién, dong thdi cho thay
viéc t chic biéu dién quan trong hon phép ghép nbi don thuan.
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Trén HAM 10000, chon loc entropy cai thién F1-score t6t nhét tir 63.78% 1én 65.00%:;
muc ting nhd hon VNCancer do sb 16p 16n hon, phan bd mit can bang manh va tucng
dong hinh thdi cao. Phan tich ROC ghi nhan AUC ctia VASC ting tir 0.8681 1én 0.9179,
DF tu 0.8294 1én 0.8440, AKIEC tu 0.7587 1&€n 0.7727 va NV tu 0.8409 1én 0.8465.

Bdng 2.10: So sdnh hiéu ndng trén bé dit liéu VNCancer sit dung kiém dinh chéo 5 folds.
Két qud duoc trinh bay dudi dang trung binh & dé léch chudn (%).

MO hinh Accuracy Precision Fl-score Specificity
VGG16 92.19+0.48 92.16£0.49 92.154+0.47 89.78+1.54
ResNet101 93.59+0.78  93.56+£0.71 93.53+0.76  91.13+0.44
EfficientNetB7 92.554+0.54  92.65+£0.54 92.57+£0.54 91.15+1.64

BlockNet-blockl_convl  95.58+0.69  95.59+0.69 95.59+0.69 97.53+0.37

O HAM10000, chénh I&ch nhd hon phan anh bai todn nhiéu 16p va mic mét cin
bing nghiém trong hon. AUC theo 16p va ma tran nham l4n cho thiy cac 16p hiém van
kho nhan dién du Accuracy tong thé cao. Do do, hiéu qué ctia BlockNet khong nén dudc
mo ta bang mot chi s6 duy nhét. Su cai thién dn dinh trén nhiéu phép do c6 gia tri hon
mdt mic ting 16n nhung chi xuét hién & mot cau hinh hodc mot 16p.

DPudng ROC trude va sau chon loc cho thiy thay d6i kha ning xép hang mau & nhiéu
ngudng quyét dinh. Véi di liéu nhiéu 16p, AUC dugc xem xét theo tliing 16p va & miic
tong hop; diéu nay gitp phat hién trusng hop chi sé chung che khuat 16p hiém. Céc két
qua khong thuén 16i van dugc giti trong phan tich dé€ xac dinh gidi han clia phucng phap
va tranh Iya chon bdo cdo theo két qua tot nhat.

2.8.Thao luin két qua BlockNet

Thit nhéit, chon loc entropy lam thay d6i ro chat luong biéu dién, dic biét tai cac
block sau. Thi hai, hiéu qua khong dong déu gitta hai bo dit lidu, cho thiy khoang
entropy phéi gin véi block va phan bb dit liéu. Thif ba, dic trung thi cong vin bé trg cho
dic trung CNN trong céc trudng hop mau sic, két cAu va hinh dang c¢6 ¥ nghia mién.
Thi tu, can bang trong khong gian dic trung gitip giam muic chi phdi ctia 16p 16n nhung
chua dugc tach hoan toan khdi cdc thanh phan khic bang thi nghiém loai tri.

(a) Khong st dung entropy, block2_conv?2 (b) St dung entropy, block2_convi

Hinh 2.15: So sdnh ROC trén bo dit liéu HAM 10000 trudc va sau khi su dung chon loc
entropy.
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Két luan Chuong 2

BlockNet hinh thanh quy trinh chon loc, hop nhét va can bang biéu dién. Két qua
trén VNCancer va HAM10000 cung cip bang chiing cho gia thuyét rang khong can st
dung toan bd ban dd dic trung dé€ dat biéu dién t6t hon.

Phan tich t6ng hop cho thiy chon loc entropy déng vai trdo nhu mot co ché diéu
chuén biéu dién c6 thé dién giai dudc. SO ban dd gidm khong dong nghia mit thong tin
néu cac phan hoi bi loai chii yéu 1a dong nhét hodc phan tian kém hitu ich. Han ché con
lai 12 khodng entropy mang tinh thuc nghiém va chua dugc tdi uu chung véi ham mét
mat. Pay 12 co sé d€ nghién ctiu co ché chon mém hoic hoc ngudng trong cac mo hinh
tiép theo.

Vé kha niing tdi 1ap, mdi cAu hinh can luu backbone, block, khoang entropy, s6 ban
dd dudc gil, phuong phap chuin héa, bd phan loai va hat gibng ngiu nhién. Viéc bdo
cdo day di cic thanh phan nay cho phép phan biét cai thién do chon loc véi céi thién do
thay ddi thiét 14p huan luyén. Day ciing 1a diéu kién d€ md rong BlockNet sang backbone
khac hodc mién anh khic ma khong mic dinh gilt nguyén ngudng di tim trén di liéu
hién tai.

Phan tich bé sung ve thiét ké va két qua BlockNet

BlockNet dudc thiét ké theo hudng mo-dun dé€ c6 thé quan sét tic dong clia ting
block. V6i mbi anh, VGG16 tao nhiéu ban dd & cac do sau khac nhau. Histogram cia
gi4 tri kich hoat dugc chuin héa, sau d6 entropy dudc tinh cho tiing kénh. Tap ban do
hop 1& khong cb dinh vé s6 lugng ma phu thudc phan bd entropy ctia block. Co ché nay
trdnh gia dinh ring toan bo kénh ctia backbone déu déng gép ngang nhau cho bai toan
ton thuong da.

Sau chon loc, phép vector héa chuyén phan hoi khong gian thanh biéu dién c6 thé
hop nhit. Dic trung HSV hd trg mo ta khac biét mau; GLCM phén anh quan hé mifc xdm
va két cau; fractal b sung thong tin vé do phiic tap. Cac nhém dugc chuin hoéa trude khi
ghép d€ han ché sai l1éch thang do. Cén bang 16p dudc thuc hién trén biéu dién hgp nhit
ctia tp huin luyén, khong tac dong vao tap kiém tra va khong tao anh tén thuong nhan
tao.

Két qua trén VNCancer cho thiy cAu hinh chon loc phit hgp c6 thé ting dong thoi
Accuracy va Fl-score. Diéu nay dang chi y vi Fl-score phan dnh su cn bing gilia
Precision va Recall, phu hop hon Accuracy khi s6 mau giita cac 16p khac nhau. Tuy
nhién, do cai thién khong dong déu & moi block. Cac ting nong dé gitf phan hdi mau va
bién, con tang sdu mang thong tin ngit nghia nhung c6 thé chita kénh chuyén biét khong
phu hop véi du liéu dich.

Trén HAM10000, bai todn bay 16p 1am rd gi6i han cta chi sb tdng hop. Lép NV
chiém uu thé c6 thé 1am Accuracy cao trong khi cc 16p hiém van c6 Recall thap. Vi viy,
lu4n 4n ddi chiéu thém AUC theo 16p, F1-score va ma trin nham 1an. Pudng ROC trudc
va sau chon loc cho phép quan st thay ddi kha ning xép hang & nhiéu ngudng, thay vi
phu thudc mot ngudng quyét dinh duy nht.

Viéc so sanh can gilt chung cach chia dit liéu, tién xit 1y, bd phan loai va lich huin
luyén. Néu dong thdi thay backbone hoic siéu tham sb, khong thé quy chénh 1éch cho
entropy. Do d6, két luan phit hop 1a toan bd quy trinh BlockNet tao biéu dién hiéu qua
hon trong cdc cAu hinh da kiém chiing; déng gép riéng ctia tiing thanh phan can tiép tuc
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dugc luong héa bing ablation c6 kiém sodt.

Khé ning md rong cia phuong phap nim & viéc tiéu chudn entropy khong phu
thudc mot 16p bénh cu thé. Dau viy, khoang entropy khong nén chuyén nguyén trang
sang backbone hoic mién anh méi. Mdi thay ddi vé kich thudc ban d6, ham kich hoat va
diéu kién thu nhan déu c6 thé 1am dich chuyén phan bd. Quy trinh tai hiéu chinh trén tap
huén luyén va ddnh gid ngoai kiém 12 yéu cau bat budc trudc khi 4p dung rong hon.

Mot hudng hoan thién truc tiép 13 xdy dung thi nghiém loai trif theo ma tran thanh
phan: backbone co s8, chon entropy, dic trung thi cong va cin biang biéu dién. Mi ciu
hinh can dudc lip v6i cung hat giéng va folds, sau dé bao cdo chénh léch cuing khoang
tin cay. Thiét k& nay sé xac dinh phan cai thién do tiing thanh phan, kiém tra tuong tac
gitta chon loc vé6i can bang va 1am 16 trudng hop entropy c6 1oi nhét cho 16p hiém.

Y nghia ciia két qud doi vi lua chon biéu dién

Két qua thuc nghiém cho thiy s lugng ban do dudc giit lai khong ty 1& tuyén tinh
v6i hiéu ning. Mot tap biéu dién nhé hon van c6 thé dat két qua tot hon néu gidm dudc
phén hoi dong nhét, nhiéu hodc du thita. Vi vdy, muc tiéu ctia BlockNet khong phai nén
dic trung bang moi gid ma la duy tri cin bang giita lugng thong tin va kha ning phan
biét. Su khac nhau gifta cac block ciing chi ra ring ting ndng va tang sau can tiéu chuin
lya chon riéng, do ching ma hoa cac muc dac trung khac nhau.

Khi chuyén sang dit liéu méi, quy trinh nén bat dau bang khao sat histogram entropy
trén tip huin luyén, xac dinh khoang ting vién rdi ddnh gid bang kiém ching chéo.
Khéng dudc chon khoang dua trén tap kiém tra. Cung vdi hiéu ning, can bdo cdo sd ban
dd dudc gilt, mic giam chiéu biéu dién va thdi gian tinh toan. Ba nhom thong tin nay
gitp danh gid liéu cai thién c6 di kém gidm chi phi hay chi chuyén do phc tap sang
budc chon loc.
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CHUONG 3: HOC PA NGUON BAN GIAM SAT DUA TREN PO
THI

3.1.Bai toan va mé hinh tong quan

Tap c6 nhan Dy va tip chua gan nhan Dy gdm anh cling metadata 14m sang. Muc
tiéu 12 hoc bi€u dién hop nhit, xay dung d6 thi lién mau va khai thac c6 kiém soat Dy .
Bié€u dién tong quat ctia mau 1a:

Xt:mg _ [Xdeep .

hand
i X; :|7

] > N

(3.4)

im
b= (7 ).
Do thi G = (V,E) dudc xay dung tif bi€u dién hgp nhit; mdi nit 14 mot mau, canh
ndi cdc mau gan nhau theo cosine. Quy trinh gdm pha 1 hu4n luyén GNN c6 giam sat va
pha 2 tinh entropy, chon nhan gia tin cdy cao roi tai huin luyén.

Hinh 3.4: Tong quan mé hinh dé xudt.

Khac v6i Chuong 2, moi mau & Chuong 3 khong dudce phéan loai doc 1ap ma trd
thanh mot nit trong do thi. Biéu dién niit phai két hop dau hiéu 4nh, dic trung thii cong
va metadata truc khi xac 14p lang giéng. Thiét ké nay cho phép thong tin tlif cdc mau
tuong dong hd tr¢ nhau, nhung dong thdi dit ra yéu cau kiém sodt canh sai va su lan
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truyén cta du doan thiéu tin cay.

Quy trinh gdm hai pha c6 ranh gidi ro. Pha thi nhét chi ding tp c¢6 nhan dé€ hoc bd
ma héa, phép hop nhit va b phan loai do thi. M6 hinh t6t nhét clia pha nay dudc ding
suy luan trén tip chua gdn nhin. Pha thy hai tinh entropy tif phan phdi du doan, phin
tang mau theo dd tin ciy va chi bd sung nhém High Trust vao tip huin luyén. Tap ki€ém
tra dugc gitt doc 1ap trong ca hai pha. Céch t6 chic nay giip danh gid muc cai thién do
dit liéu bd sung ma khong dua thong tin kiém tra vao qud trinh lya chon nhan gia.

3.2.Hop nhat anh va metadata c6 chii y

Dic trung hoc sau dugc 14y tir vector sau pooling ctia VGG19, DenseNet121 va
MobileNet [50, 52, 121]. Déc trung thu cong gdm histogram RGB, histogram HSV va
fractal. Hai nhom thi gidc dugc ghép thanh z;"¢; metadata gdm tudi, gidi tinh va vi tri
ton thuong dudc chuan héa va ma héa.

Hai trong s6 chi y cho dudng anh va metadata dudc tinh bdi:

[a?mg , a{"”“} = softmax (W x/""“ +by), (3.14)

1

Biéu dién c6 xét metadata la:

hi — a.zmgximg + a;neta,&neta) (316)

1 1

Co ché nay khong sinh ba trong s6 doc 1ap cho dic trung sau, thii cdng va metadata;
dic trung sau va thii cong da dudc ghép thanh mot dudng anh trude khi két hop metadata.

Hinh 3.6: Hop nhdt ddc trung da nguén theo co ché chii ¥ cé xét metadata.

Co ché chu y hai dudng hoc trong s6 tuong dbi cho nhanh anh va nhanh metadata.
Metadata khong chi dugc ghép & cudi ma tham gia diéu chinh biéu dién hop nhit. Khi
trudng dit liéu bi thiéu hodc c6 dd tin ciy thip, trong s6 hoc dugc 6 thé gidm dong gop
cia nguodn tuong tng. Tuy nhién, chd y khong tu dong dong nghia vé6i giai thich nhan



18

qua; né chi phan anh mifc déng goép trong phép hop nhét ctia md hinh.

Céc vector tlf nhiéu backbone dugc dua vé mién kich thudc tuong thich trudc khi
hop nhéit. Viéc dung nhiéu kién tric nham thu nhéan céc thién huéng biéu dién khac nhau,
khong phai cong truc tiép moi dau ra chua chuin héa. Metadata dugc ma héa theo loai
bién va ghép sau budc xii 1y gia tri thiéu. Nhd d6, trong s6 chii y dudc hoc trén biéu dién
da chuin héa va c6 thé thay déi theo tiing mau thay vi ¢d dinh cho toan bd tap dif liéu.

3.3.X4y dung do thi va huan luyén GNN
Tap lang giéng k-NN ciia nit i dudc xéc dinh tit do tuong dong cosine:
5(v;) = TopK ;; (51, 5) (3.18)
Tap canh dudc tao bdi:
E={(vi,vj) |vje M)}, (3.19)
O mdi ting, niit tong hop thong diép tir 1an cn va cap nhat biéu dién:

h{**) — UPDATE® (hf")  AGGREGATE® ({hg@ v € M) }) ) . (3.20)

Céc kién triic GCN, GAT, GraphSAGE, GINE va GraphSAGE-GAT dudc khao sat.
Pha 1 t6i wu cross-entropy trén cic niit c6 nhin; chit lugng phu thudc dong thdi vao biéu
dién nut, do do tuong dong va k.

Hinh 3.8: D6 thi k-NN vdi k = 5 dugc xdy dung tir biéu dién hop nhdt dwa trén do tuong
dong cosine.

Do thi k-NN dugc tao tif biéu dién hop nhét va do tuong dong cosine. Gid tri k qua
nhé c6 thé 1am dd thi phan manh; gid tri qua 16n c¢6 thé nbdi cic ving khac 16p va gay
lam tron qud mic. Qua trinh truyén thong diép tong hop thong tin ldng giéng qua nhiéu
tang, sau d6 bo phan loai nit tao phan phbi xdc suit. Vi vy, lua chon k, chiéu biéu dién
va do sau GNN can dudc xem xét dong thoi.

Tap canh dudc xay dung ma khong st dung nhin ctia nit dich, qua d6 han ché 1o
ri thong tin. Khi quan hé lang giéng khong dbi xing, c6 thé dbi xiing héa canh dé bao
dam truyén thong diép theo hai chiéu. Céc bién thé GCN, GAT, GraphSAGE va GINE
[20, 21, 22, 91] dudc dbi chiéu nham danh gia co ché tdng hop; su khac biét giita chiing
phan 4anh cach chuin hoéa, 14y mau hoic gan trong s6 cho thong tin 1an cén.
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3.4.Gan nhan gia dua trén do tin cay
V6i xac suat du doan p jc cia mau chua gan nhan x;, entropy du dodn la:
C
H(§i)=—) Siclog(Fic), (3.24)
c=1

Hai ngudng @, o chia mau thanh High, Medium va Low Trust:

ngh7 H(yl) S o,
T(§i) = { Medium, a1 <H(§:) < o, (3.26)
Low, H(yi) > a.

Chi mau High Trust thda diéu kién entropy dudc gan nhin gia:

yi= argmax)?j,c, ifH(yj) <. (3.28)
p

Tap huén luyén mé rong 1a:

Dyew = Dy UDMiEN (3.29)

pseudo’

Céch chon loc nay giam nguy co dua du doan kém chic chin vao tai huin luyén
nhung khong bdo ddm moi nhan High Trust déu ding.

Entropy du doan do mifc phan tin clia xdc suat gitta cac 16p. Mau c6 entropy thap
dugc xép High Trust va méi di diéu kién nhin nhin gia; nhém Medium va Low Trust
dudc gitf ngoai tip tai hudn luyén. Ngudng lua chon gitp danh d6i giita sd luong va chit
lugng nhin gid. Néu ngudng qud 10ng, sai s6 ducc khuéch dai; néu qud chit, luong di
liéu bo sung khong du tao thay doi dang ké.

Nhin gia dugdc 14y tir 16p c6 xdc suat cuc dai nhung chi dudc chip nhan sau diéu
kién entropy. Hai tiéu chudn nay b6 sung nhau: argmax xac dinh IGp, con entropy danh
gia muc tip trung clia toan bd phan phdi. Mot x4c suat cuc dai tuong d6i cao van cé thé
di cung phan phdi canh tranh giita nhiéu 16p; entropy gitp nhan dién tinh huéng d6 tot
hon viée chi diing mot ngudng x4c suat duy nhat.

3.5.Thiét lap va két qua pha c6 giam sat

ISIC 2020 dudc t6 chiic thanh tip ¢6 nhan va tap chua gan nhan; bai toan chinh la
phan loai lanh tinh va 4c tinh trong diéu kién mit cin bing. Metadata thiéu dudc x 1y,
bién lién tuc chuin héa z-score, bién phan loai one-hot. Cac nhém dic trung dudc lua
chon bing Chi-square trong chinh thiét 1ap Chuong 3.

Két qua pha 1 cho thiy cdc md hinh hoc mdy truyén thdng c6 Specificity cao nhung
Sensitivity thdp & mot sd cAu hinh. Cac GNN tich hop metadata thay ddi can bang giita
hai chi s6; hiéu qua phu thudc ciu triic do thi. Vi vdy, danh gid sit dung Macro F1, Macro
Recall, Macro AUC, Sensitivity va Specificity thay vi chi Accuracy.

Pha c6 gidm sat tao dudng co sé va cung ciAp md hinh sinh nhin gia. So sanh gitta
mo hinh hoc may truyén théng va céc kién tric GNN cho thiy gia tri ca quan hé lién
mau khi biéu dién nit di t6t. Cac chi sd Sensitivity, Specificity, Macro F1 va Macro
AUC dudgc bio cdo cling nhau nham phén anh c4 kha ning phét hién 16p duong va kiém
soat du dodn sai trong dif liéu mat can bang.
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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 bé dit liéu ISIC 2020.

MO hinh Sensitivity ~ Specificity =~ Macro F1 =~ Macro AUC
Logistic Regression 53.8£2.9 99.1£0.1  75.6£1.2 92.6%1.1
XGBoost 51.3+£3.7 99.74£0.1  80.6%1.6 96.0+0.8
GCN 56.7+£20.4 70.8+£8.4  44.2+£25 71.24+3.6
GINE 76.0£22.7 6124137 40.8+5.0 759452

GraphSAGE-GAT 70.2+17.7 65.846.9  42.8+2.1 74.84+5.7

Céc md hinh truyén théng st dung cung biéu dién dau vao dé€ tao ddi chiing cong
bing & miic bd phan loai. V6i GNN, ciu tric dd thi bd sung thong tin 14n cin nhung
ciing 1am ting phu thudc gitta mau; vi vay, phép chia dit liéu va qua trinh dung do thi
phéi dudc kiém sodt. Két qua pha 1 12 mbc tham chiéu bat budc d€ xac dinh liéu pha
nhan gia c6 tao cai thién nhét quan hay chi thay d6i do dao dong huin luyén.

3.6.Két qua pha gan nhan gia

Sau pha 2, GINE cai thién mot sd chi sd can biang 16p, ndi bat & Macro F1, Macro
Recall va Macro AUC. Kiém dinh cip trén 15 lan kiém chiing dudc dung d€ danh gia
muc thay d6i trudc va sau tdi huin luyén. Két qua phai dugc hiéu trén phan di liéu c6
nhan; ISIC 2020 Test khong c¢6 nhan phan loai cong khai nén nhan gia khong phai nhan
that.

Bdng 3.11: So sdnh két qud ciia mé hinh GINE trudc va sau pha gdn nhdan gid dua trén
do tin cdy.

Chi s6 Pha 1 (%) Pha?2 (%)

Accuracy 78.5£1.8 89.2+1.1
Macro AUC  72.6+2.1 88.5+1.4
Macro F1 43.0+1.9 60.9+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

Sau khi b6 sung nhém High Trust, mo6 hinh dudc tai hudn luyén trén tip mé rong
nhung vain danh gid trén tap kiém tra doc 14p. Miic thay ddi gilta hai pha cho biét 1¢i ich
thuc té cia dit liéu chua gan nhan. Viéc chi chon khoang mot phan ba s6 mau cho thiy
phuong phap uu tién chit luong hon sb lugng. Cac nhin gia khong dudc ding dé bao
cdo nhu nhan that va khong thay thé quy trinh gdn nhin chuyén gia.

Su gia tang cua Macro F1 va Macro Recall quan trong hon riéng miic tang Accuracy
vi hai chi s6 nay cho trong sd cin bing hon gitta c4c 16p. Precision gidm nhe trong mot
s6 cAu hinh cho thiy t4i huin luyén tao ra sy danh ddi: mo hinh phat hién thém mau
duong nhung ciing c6 thé phat sinh du doan duong sai. Do d6, ngudng entropy can dudc
lua chon trén tip x4c thuc va bao cdo cuing khoang bién thién qua cac 1an kiém chiing.
Két qua pha 2 chi dugc xem 1a bing chiing hd trg cho co ché chon miu, khong phai
chiing cif rang toan bd dit liéu chua gan nhan déu c6 thé dudc tu dong chuyén thanh dit
liéu huén luyén.
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3.7.Phan tich d tin ciy va thao luan

Trong 10,982 mau chua gan nhan, High Trust ¢6 3,623 mau, Medium Trust 3,621
va Low Trust 3,738. Chi khoang 33% di liéu chua gdn nhin dugc dua vao tdi huin luyén;
khodng hai phan ba bi loai d€ ddi quy md 14y do tin cay.

Bdng 3.13: Phdn bo s6 luong mdu theo miic do tin cdy trén tdp chua gdn nhdn Dy

Mic tincdy ~ S6miu  Ty1é St dung

High Trust 3,623  33.0% Co
Medium Trust 3,621 33.0% Khong
Low Trust 3,738 34.0% Khong

Entropy chi phan anh mic chac chan tuong d6i ctia md hinh, chua thay thé ECE,
Brier score hoic calibration curve. Han ché con lai gdm metadata thiéu, canh do thi c6
thé n6i mau khéc ngit nghia, chua khio sat day di backbone hién dai va chua ngoai kiém
da trung tam.

Két luan Chuong 3

Khung dé xuét két hop bi€u dién da nguodn, quan hé do thi va nhin gia dudc loc
bang entropy. Két qua khang dinh tiém ning ctia t& chiic dit liéu & cAp mau nhung khong
phéi bang chiing vé hiéu qua chin dodn 14m sang.

Phan bd do tin ciy cung cap thém thong tin ngoai Accuracy. Ty 1¢ 16n mau Medium
hodc Low Trust ¢6 thé chi ra viing giao nhau gitta 16p, thiéu metadata, sai 1éch mién hoic
bi€u dién chua di phan biét. Vi vay, entropy via 1a bo loc vira 1a cong cu phan tich 13i.
Trong trién khai tuong lai, cAn két hop v6i hiéu chinh xac suit dé€ xdc nhan rang mdc tin
ciy du doan tuong dng v4i x4c suat ding quan sat dudc.

Ba muc tin cdy cling tao mot co ché wu tién cho gan nhan chuyén gia. Nhém Low
Trust c6 thé dudc chuyén vao hang dgi xem xét vi chifa nhiéu trudng hop khé hoic ngoai
phan bd; nhém Medium Trust phit hop cho hoc cht dong; nhém High Trust phuc vu mé
rong huan luyén c6 kiém soat. Céch sit dung nay khai thic toan bd tap chua gdn nhan ma
khong budc moi mau phai nhan nhan gia.

3.8.S0 sanh véi phuong phap lién quan va pham vi ap dung

M6 hinh dé xuét dat Accuracy 89.2% trong giao thic thuc nghiém ctia luan an,
canh tranh véi cic phuong phip dudc dbi chiéu. Tuy nhién, khac biét vé cach chia dif
liéu, tién xu ly, backbone va chi s6 bdo cdo khong cho phép két luan uu thé tuyét doi.
Gi4 tri chinh ctia phuong phdp 1a két hop ba thanh phan trong mot quy trinh: biéu dién
da nguon, do thi lién mau va nhan gia c6 ki€ém soat entropy.

Phuong phdp méi dudc kiém chiing trén di liéu cong khai, chua ngoai kiém da
trung tAm va chua danh gid 1am sang. Vi vy, md hinh chi c6 y nghia nghién ctfu va hd
trg sang loc tiém ning, chua phai cong cu chan doan doc 1ap.

So sanh véi nghién ctiu lién quan dugc thuc hién than trong vi mdi cong trinh c6 thé
ding cich chia dit liéu va tién xi 1y khac nhau. Két qui cta luan 4n chitng minh tinh kha
thi ctia chudi hgp nhit da ngudn, hoc do thi va chon nhin gia, nhung chua chiing minh
uu thé tuyét d6i ngoai giao thiic da dung. Ngoai kiém da trung tim va danh gi duéi dich
chuyén phan bb 1a buée can thiét trudc khi xem xét ting dung hd trg 1am sang.
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Bdng 3.14: So sdnh mo hinh dé xudt véi mot s6 phuwong phdp lién quan trén ISIC 2020
theo chi sé Accuracy

Phuong phap Hudng tiép can Accuracy (%)
Gupta va cong su Knowledge distillation 87.3
Alhudhaif va cong sy Mang CNN sau 85.5
Choudhary va cong Mask-RCNN két hop GRU 88.0

su

Rana va cong su Mo hinh CNN xép chong 86.7

MB& hinh dé xuét Pa ngudn + do thi + nhén gia tin 89.2

cdy

Phén tich bd sung vé hoc do thi va nhan gia

Biéu dién nit quyét dinh truc tiép chat lugng dd thi. Cac backbone cung cip nhiing
md ta thi gidc bo trg, trong khi dic trung thi cdng va metadata gitip phan biét cic mau
c6 hinh thdi gan nhau. Sau chuin héa va hop nhét c¢6 chi y, do tuong dong cosine dudc
dung d€ x4c dinh lang giéng. Néu dung do thi truéc hop nhat, quan hé c6 thé chi phan
4nh 4nh ma bo qua tudi, gidi tinh hodc vi tri t6n thuong.

Gi4 tri k diéu khién muc két néi. Do thi qua thua 1am han ché truyén thong tin; dd
thi qua day ting canh khac 16p va nguy cd lam tron biéu dién. Céc kién tric GCN, GAT,
GraphSAGE va GINE thuc hién téng hop 1an cin theo co ché khac nhau, nén dudc so
sanh trong cling giao thiic. Két qua pha c6 gidm sat x4c 1ap mo hinh nén trudc khi bat ky
méau chua gdn nhan nao dugc dua vao huln luyén.

O pha thit hai, entropy dudc tinh trén toan bo phan phbi xdc suit. So véi chi ding
xéc suét cuc dai, entropy con phan dnh miic canh tranh gitta cac 16p con lai. Nhém High
Trust c6 phan phdi tip trung va dudc gan nhin theo argmax; hai nhém con lai khong
tham gia tdi huin luyén. Co ché nay gidm luong dif liéu st dung nhung han ché rii ro
confirmation bias, trong d6 du dodn sai ban dau dudc hoc lai nhu su that.

Miic ting Macro F1, Macro Recall vd Macro AUC cho thiy 1gi ich khong chi dén
tir 16p chiém da sb. Du vay, Precision c¢6 thé gidm nhe khi mo hinh phat hién thém mau
duong. Su danh ddi nay can dugc dién gidi cing do 1éch chuin qua cac 1an kiém chiing.
Nhin gia chi 1a cong cu huin luyén va khong dudce dung nhu nhan tham chiéu khi tinh
chi s6 trén tap kiém tra.

Phan tang do tin cy con hd trg phan tich dif liéu. Mau Low Trust c6 thé la trudng
hop khé, thiéu metadata hodic ndm ngoai phan bd; mau Medium Trust phu hop cho quy
trinh hoc chii dong c6 chuyén gia. Trong nghién ciiu tiép theo, entropy can két hop véi
ECE, Brier score, temperature scaling hoic ensemble dé danh gid ca do sic nét 1an do
hiéu chinh x4c sut.

Gi6i han quan trong 13 d6 thi dugc xay dung tif biéu dién hoc trén mot mién dit liéu
cu thé. Khi chuyén co s y té hodc thiét bi thu nhén, cu tric ling giéng c6 thé thay déi
dil bd phén loai van cho x4c suét cao. Ngoai kiém da trung tAm, kiém tra dich chuyén
phan b va phan tich sai s6 theo nhém bénh nhan 1a cac budc can thiét trudc khi xem xét
tich hdp vao quy trinh hd trg sang loc.

Ngoai hiéu ning du doan, nghién ciiu tuong lai can do do 6n dinh cta canh khi
backbone, phép ting cudng hoic metadata thay ddi. Ty 1¢ lang giéng dudc bao toan va
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muc dong nhét nhin trong 1an can c6 thé dung d€ chin doan chét luong do thi. Két hop
cac phép do nay véi do tin ciy du doan sé gitip phan biét mau khé do ban than anh véi
mau khé do quan hé d6 thi khong phu hop.

Y nghia ciia két qud doi véi khai thdc dit liéu chuwa gdn nhan

Phan tang entropy cho thiy dif liéu chua gan nhan khong phai mot khbi dong nhit.
Nhém High Trust cung cAp tin hiéu du tap trung d€ mé rong huén luyén; nhém Medium
Trust chifa cdc trudng hdp can thém bang chiing; nhém Low Trust c6 thé phan anh mau
khé hoic dich chuyén phan bd. Viéc chi st dung nhém High Trust lam giam quy mo di
liéu bd sung nhung tao co ché kiém soat 1o rang hon so v6i gan nhan gia cho toan b tap.

Dé danh gia day du, can theo doi ty 1& nhan gia theo 16p, mic thay ddi ma tran
nham 14n va do 6n dinh qua nhiéu 1an chay. Néu nhin gia tap trung chi yéu 6 16p da s,
hiéu niing tong thé c6 thé ting trong khi mat cin bang trd nén nghiém trong hon. Vi vay,
ngudng entropy c6 thé dugc hiéu chinh theo 16p hoic két hgp han ngach nham ngin mot
16p chi phbi tAp md rong. Cac bién phap nay can dudc ki€ém ching doc 1ap truée khi dua
vao phién ban phat trién tiép theo.

Trong bdi canh hd trd 1am sang, cac mau khong dat ngudng khong nén bi loai bd
khdi quy trinh ma c6 thé dugc uu tién cho chuyén gia xem xét. C4ch t6 chiic nay bién do
tin cdy thanh co ché phan ludng: mau chic chin hd trd ti huin luyén, mau trung gian
phuc vu hoc chti dong va mau khé dugc chuyén sang danh gid chuyén sau. Day 1a huéng
khai thac an toan hon so véi coi moi du doan tu dong la nhan that.
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KET LUAN VA HUGNG NGHIEN CUU TUGNG LAI
Két ludn

Luén 4n da giai quyét hai van dé lién két trong phan loai 4nh t&n thuong da. Block-
Net t& chiic lai biéu dién & cAp ban do dic trung bang chon loc entropy, hdp nhit véi dic
trung thii cong va cin bang trong khong gian dic trung. Khung thi hai t8 chiic dit liéu
& cip mau bang hop nhit 4nh v6i metadata, xay dung do thi k<-NN va khai théc di liéu
chua gan nhan c6 ki€m soat.

O déng gép thit nhat, entropy kich hoat dugc tinh tir histogram ctia tiing ban dd
va ding d€ sang loc theo khodng riéng ctia block. Céc ban d6 dudc giit lai dudc vector
héa, hop nhét v6i HSV, GLCM va fractal. Trén VNCancer, Accuracy tot nhat cda thi
nghiém chon loc tang tu 80.97% 1én 88.75%; F1-score tang tu 82.11% 1én 88.16%. Trén
HAM10000, mtc ting nhd hon nhung xuét hién & F1-score va AUC ctia mot s6 16p kho.
Két qua xdc nhan gid tri cia quy trinh day dd trong pham vi giao thiic thuc nghiém,
khong quy toan bd cai thién cho riéng entropy.

O déng gop thit hai, biéu dién anh tit VGG19, DenseNet121, MobileNet va dic
trung thi cong dudc hdp nhét véi metadata bang chi y hai dudng. D6 thi mo hinh héa
quan hé lién mau; entropy du doén loc nhan gia. Chi 3,623/10,982 mau High Trust dugc
dung dé€ tai huin luyén. Mot s6 chi s6 Macro dudc cai thién sau pha 2, nhung nhin gia
khong dudc xem 13 nhan tham chiéu.

Han ché va hudng nghién ciu tueng lai

Céc gidi han chinh gdm chua tich hoan toan anh hudng cta tiing thanh phan Block-
Net; chua ddi chiing dy dui cic cd ché mat cin bang; metadata con thiéu; chit lugng dd
thi phu thudc biéu dién niit va k; entropy chua thay thé danh gid hiéu chinh; chua ngoai
ki€ém da trung tAm. Hudng tiép theo 12 thuc hién ablation diy du, phan tich 16p thiéu sb,
phét trién cross-attention hoiic Transformer da ngudn, khio sat graph transformer va do
thi khong dong nhat, két hop entropy véi ECE, Brier score va deep ensembles, tich hop
XAI, ngoai ki€m doc 1ap va thAm dinh 14m sang.

Nhin chung, hai déng gép thdng nhit & muc tiéu t& chic va khai thac biéu dién da
ngudn dang tin ciy hon. M6 hinh 13 két qua nghién citu phuong phap, chua phai cong cu
chan doan doc 1ap.
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