HUFLIT Journal of Science

PANH GIA KHONG GIAN EMBEDDING CUA CAC MO HINH NEN TANG CHO
ANH DA LIEU NHIEM TRUNG NHAM PINH HUONG LUA CHON BACKBONE
CHO PIPELINE FINE-TUNING
Pham Thi Anh Thu*, Nguy&n Gia Khoi, Tran Trung Hiéu, Tran Anh Diic, Bui Thi Thanh Tt
Khoa Cong nghé thong tin, Truwdng Pai hoc Ngoai ngit -Tin hoc TP.HCM

22dh113663@st.huflit.edu.vn, 22dh111723@st.huflit.edu.vn, 22dh114528@st.huflit.edu.vn,
23dh110826@st.huflit.edu.vn, tubtt@huflit.edu.vn

TOM TAT— Khi xay dung pipeline fine-tuning anh da liéu trong diéu kién dit liéu c6 nhian khan hiém, viéc chon ding backbone
embedding trwdc khi xdy dung pipeline fine-tuning sé anh hwdng dang ké dén hiéu ning va chi phi clia qua trinh fine-tuning.
Nghién ctru so sanh 14 mé hinh thudc ba nhém la phé quat, y khoa tong quat va chuyén biét da liéu, trén cling giao thitc truy
xuit dnh theo anh véi 1.300 dnh 1am sang bé mit cda 13 bénh nhiém trung (leave-one-out), két hop ba kiém dinh théng ké
(bootstrap 95% CI, McNemar, paired permutation) va phan tich contamination bang perceptual hashing. K&t qua cho thiy
mién dit liéu huin luyén 1a yéu t6 then chét: cdc md hinh y khoa léch mién chi dat 76,92 dén 89,38% Top-1, trong khi cdc md
hinh ¢6 anh da hodc m6 bénh hoc dat 90 dén 94%. Dang chu 3’7, DermLIP v&i khoang 86 triéu tham s6 dat 94,15%, gdn nhw
ngang MetaCLIP H14 (94,08%) du nhé hon ~10 Ian (hiéu s§ +0,08 diém phin tram; CI [-0,77%, +0,92%]; McNemar va
permutation p = 1,0). Ngworc lai, RCLIP (X-quang/CT) chi dat 76,92%, thdp hon ca MobileCLIP S2 phé quét (90,69%), cho thiy
nhin “y khoa” tw n6 khong mang lai loi thé. Mirc contamination véi Derm1M chi ~4,85% va khong xdo tron thi hang, Dya trén
hiéu nang, chi phi va ciu triic gom cum theo 16p bénh, nghién ctru dé xuidt DermLIP lam di€ém khéi ddu mac dinh (94,15% Top-
1, 8/13 16p dat 100% Top-1, nhanh hon MetaCLIP ~9 14n); cic mé hinh 1éch mién nhw RCLIP va ClipMD nén dwgrc loai sém;
MetaCLIP H14 phu hop khi cin khai quat da mién, con MedSigLIP khi cin bao phd thém cac mién y té khac. Két qua ciing xac
nhéan cosine phit hop hon Euclid cho truy xuit da phwong thic.

T kh6a— Embedding anh da liéu, danh gia khong gian embedding, m6 hinh nén tang cho bénh da, d6 twong dong Cosine
trong truy xudt anh, lwra chon backbone cho pipeline fine-tuning

I. GIO'l THIEU

Trong nganh da liéu, hinh 4nh déng vai tro 1a nguén théng tin quan trong gitp bac si thim kham va diéu tri cac
bénh ngoai da. Phan 1én nhirng nhan dinh ban dau dwoc dwa ra dwa trén viéc quan sat truc tiép dac diém cda tén
thwong nhuw vi tri, kich thuwéc, mau sic va cac thay ddi trén bé mit da. Khong chi hd tro chidn doén, anh da liéu con
gitip theo d&i dién tién clia bénh tir giai doan khéi phat cho dén khi diéu tri 6n dinh [1]. Vi vy, viéc khai thac hiéu
qua thong tin tir dnh da lidu c6 y nghia thiét thirc trong ca 14m sang va nghién ciru.

Nhitng nim gin day, sw phat trién clia cic phwong phap xir Iy &nh va hoc may da tao diéu kién cho viéc xy dwng
nhidu cong cu tw ddng hd tro phan tich anh y t&. M6t huéng tiép can phd bién 1a chuyén anh thanh cac véc-to dic
trwng d€ so sanh va tim ki€ém nhirng hinh anh c6 dic diém gin giéng nhau. Trong phin tich anh da, cic M6 hinh
thi gidc embedding (Vision Embedding Model) - dwa trén kién tric hoc sdu nhw CNN hoic Transformer - dwoc st
dung dé trich xuit dic trung, phuc vu cho bai toan phén loai va truy van anh twong tw, véi hiéu qua da dwoc chirng
minh qua nhiéu &ng dung thuc t& [1]. Tuy nhién, khi 4p dung tric tiép vao anh da liéu, cAc mé hinh ding chung
nay van bdc 16 mot s6 han ché nhw suy gidm hiéu niang khi gdp di liéu ndm ngoai phan phdi huin luyén, chwa bao
quéat day du sw da dang vé tong da hodc cac bénh hiém gip, déong thoi phu thudc nhiéu vao cac bd dir liéu da dwoc
chuén héa sin [2].

Khéac v&i phan 16n cac bai toan thi gidc thong thiwong, viéc phan biét cac bénh da liéu hiém khi dwa trén nhitng dic
diém dé nhan biét. Nhiéu bénh c6 biéu hién kha giéng nhau & giai doan sé¢m hoic khi tén thwong xuat hién tai
nhirng vi tri khong dién hinh, lam cho dd twong dong giira cac 16p (inter-class similarity) cao trong khi mirc bién
thién bén trong cing mét 1&p lai rat 1¢n. Day 1a mot thach thirc da dwoc ghi nhn trong nhiéu nghién ctru khi ap
dung cac mang hoc siu truyén théng d€ phin tach cic nhém bénh [1]. Nhirng d4u hiéu mang gia tri chidn doan
thwong thé hién qua cac chi tiét nho trong dnh nhw ranh gi¢i ton thwong ré hay me, bé mit da kho bong vay hay
4m ri dich, hodc sic t6 phan b6 dong déu hay loang 18. Pay déu 1a nhirng dic trung vi mé xudt hién & mirc chi tiét
nho cta tén thwong da. Pi véi cdc mé hinh vén dwoc huidn luyén chi yéu trén anh doi séng, nhirng dic diém nay
khong thudéc nhém dic treng ma mo hinh dwoc thiét ké dé€ chu y, tir d6 1am gidm kha niang phan biét cac tén
thwong phtrc tap [3].

Trwéc nhitng han ché nay, mét s6 nhém nghién cru gin diy da chuyén sang phat trién cdc mé hinh dwoc huin
luyén truc tiép trén dir liéu y té bao gdm ca anh da liéu. Viéc dwa cac mo hinh chuyén biét nay vao so sanh nham
danh gia kha nang hoc dugc nhitng dac trung mang y nghia 1am sang rd rang hon, thay vi chi phdn 4nh mtc do
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twong dong vé mat thi gidc. Mot s6 két qua ban dau cho thiy cac mo hinh nay khong chi gitip gom cum anh theo
dung ban chit bénh ly t6t hon ma con gidm nham 14n gitra nhitng bénh c6 biéu hién gan gidng nhau [4]. Tuy nhién,
phan 1én cac nghién ctru hién nay van tap trung chi yéu vao dé chinh xac & buwéc phan loai dau ra. Trong khi do,
chit lwong clia chinh embedding 4nh van chwa dwgc khao sat mot cach hé théng, du day 1a nén tang quan trong
cho nhiéu bwéc ti€p theo nhu fine-tuning mé hinh, truy xuit 4nh y khoa hay xay dung cac hé théng hd tro ra quyét
dinh lam sang.

Nghién ctru nay dwgc thye hién nhdm b6 sung khoadng tréng con ton tai trong cdc nghién ctru tredc bang cach dit
ba nhém mo hinh gdbm mé hinh phé quat, mé hinh y khoa tdng quat va mé hinh chuyén biét da liéu vao cing mot
giao thirc truy xut anh theo dnh st dung embedding khong tinh chinh (frozen embeddings) cho nhém bénh nhiém
trung. Cach thiét k& nay phan anh kha sat véi nhirng kich ban trién khai thwce té, noi cdc mo hinh nén tang thwong
dugc ding nhu bo trich xuat dic trung dé€ danh gia nhanh, xay dung nguyén mau (prototype) cho hé théng truy
xudt anh hodc lam buéc sang loc ban dau trwede khi quyét dinh dau tw hudn luyén chuyén siu [5]. Nghién ciru
nham tra 1oi ba ciu héi nghién ctru sau:

RQ1: Khi dung tryc tiép cdc mé hinh nén tadng ma khéng tinh chinh thém, mic d6 gin nhau gitra dir liéu huin
luyén ban d4u va anh da liéu 1dm sang bé mit anh hwéng ra sao dén chit lwgng embedding cia mé hinh, thé hién
qua hiéu n3ng truy xu4t k-NN trén nhém bénh nhiém tring?

RQ2: Trong diéu kién tai nguyén con han ché, viéc huin luyén truc tiép trén dnh da liéu cé gitip mé hinh hoc duoc
tri thirc mién du tot dé€ bu lai loi thé vé quy mé kién tric va dir liéu clia cdc mo hinh téng quat hay khong, va néu
¢6 thi bu dwoc dén mikc nao?

RQ3: Viéc st dung dit liéu tién hudn luyén mang nhan “y khoa” c6 tao ra loi thé cho bai toan anh da liéu 1am sang
bé mit hay khéng, hay hiéu nang cia mé hinh vin phu thudc vao mitc d4 bao pht cu thé cia 4nh da trong tip huin
luyén?

Dong gbp cua bai bao bao gom:

(1) Nghién ctru xy dwng mdét khung danh gia dung dé so sanh ba nhém mo hinh embedding gom mé hinh ph6
quat, md hinh y khoa téng quat va m6 hinh chuyén biét da liéu trén cling mot giao thitc truy xuit dnh theo dnh véi
14 md hinh dai dién. Khung danh gia nay di kém ba phwong phap kiém dinh thong ké gbm bootstrap 95% CI v&i
10.000 lan 14y mAu, McNemar exact test va paired permutation test véi 10.000 1an hoan vi, dong thoi két hop phan
tich nham l4n theo tirng 1é'p bénh. CAch thiét ké nay c6 thé dworc tai sir dung cho cac bai todn da liéu khac hoic cac
mién y té ¢ dic thu twong tu.

(2) Nghién ctru cung cip bang chirng thwc nghiém cho thiy mién dir liéu huin luyén c6 dnh hwéng quyét dinh dén
chit lwvgng embedding, thAm chi quan trong hon ca quy md kién triic mé6 hinh trong mot sé trweong hop. Cu thé,
DermLIP v&i kién tric ViT-B/16 va khodng 86 triéu tham sé dat Top-1 = 94,15%, khong c6 khac biét thong ké
dang ké so v&i MetaCLIP H14 ¢6 khoang 1 ty tham s6 véi Top-1 = 94,08% & cung chi sd danh gid. Ngworc lai, cac
mo hinh y khoa dwgc huén luyén trén dir liéu 1éch mién nhw X-quang ho3c giai phau bénh lai cho hiéu niang thip
hon ca cdc m6 hinh phé quat quy md nho.

(3) Nghién ciru ciing thwc hién phan tich contamination dinh lwgng nham danh giad mirc do trung 13p gitra tap danh
gia gdm 1.300 anh va tAp huin luyén Derm1M bang perceptual hashing (pHash). Mtrc d6 trung lap dwoc chia thanh
ba nhém gom YES, SAME_LESION va SAME_DISEASE, d6ng thoi tién hanh thém phén tich d6 nhay sau khi loai bo
cac treong hop trung 13p. Két qua cho thdy mirc contamination thyc té kha thap, chi khoang 4,85%, va khong lam
thay d6i thir hang gitra cAic m6 hinh, qua d6 cing c6 d6 tin ciy cho cac két ludn chinh ctia nghién ctru.

(4) Nghién ctru cung cip co sé dinh lwgng cho viéc lwa chon backbone trong pipeline fine-tuning 4nh da liéu nhiém
trung thong qua viéc so sanh dong thoi ba khia canh gém chit lwgng embedding (Top-1, Top-5, Top-20), chi phi
tinh todn nhw thoi gian trich xuit dic treng va ciu tric gom cum & cAp do 16p bénh, thé hién qua s lwgng 16p dat
100% Top-1.

I. TONG QUAN TAI LIEU

T6ng quan tai liéu dwgc t6 chirc theo ba huwéng nghién ciru cé lién quan tryc ti€p dén ciu hoi dit ra trong bai bao:
embedding tién huln luyén cho anh y t& mo hinh thi gidc-ngdn ngit trong y sinh; va truy xuit anh dwa trén ndi
dung trong da liéu. Cudi muc, mdt bang tdng hop ddi chidu cac cong trinh tiéu biéu véi nghién ctru hién tai lam ré
khoang tréng ma bai bao nham t&i.

A. MO HINH EMBEDDING TIEN HUAN LUYEN CHO ANH Y TE

Huéng sir dung cdc mo hinh nén tdng nhw bo trich xuit dic trung c¢d dinh cho anh y t€ d3 dwoc nghién ctru kha
rong rai trong khodng mwoi nam trd lai day. Raghu et al. [6] 1a mdt trong nhitng cdng trinh dau tién cho thiy hiéu
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qua cla hoc chuyén giao tlir ImageNet sang anh y t€ khong chi phu thudc vao quy m6 mé hinh ma con chiu anh
hwéng lén tir kién triic moé hinh va d3c thi cia mién dir liéu dich. N6i cach khac, mé hinh 16n hon chwa chic da
cho két qua tot hon trong moi trwedng hop. Tiép néi hwéng nghién cru nay, Azizi et al. [7] khai thac dit liéu y té
khong nhin thdng qua hoc tw gidm sat va cho thiy cidc mo hinh quy mo 1én c6 thé vuot troi hon dang ké so vi
cach hoc chuyén giao truyén thong tir ImageNet trong cic bai todn phan loai y té. Tir hai cdng trinh nay c6 thé thiy
rang chit lwgng embedding khong chi phu thudc vao kién triic m6 hinh ma con bi chi phdi manh béi dit liéu tién
huén luyén va phwong phap hoc dwoc st dung.

Theo hwéng tiép cidn d, Khun Jush et al. [5] danh gia truwc ti€p embedding tién huidn luyén trén bai toan truy xuét
anh y t&€ va cho thdy khong gian embedding tir cAc md hinh 16n van duy tri hiéu qua truy xuat tdt ngay ca khi khong
huén luyén lai. Két qua nay cho thiy tiém ning trién khai cdc mé hinh nén tang nhw b trich xuit dic trung trong
bdi canh dit liéu y t€ c6 nhin con han ché, dong thoi cling 1a co sé thwe nghiém cho thiét ké danh gia embedding
khong tinh chinh dwoc 4p dung trong nghién ciru nay.

B. MO HINH THI GIAC-NGON NGO’ TRONG Y SINH

Sw xuit hién cia cdc mo hinh thi gidc-ngdn ngit nhw CLIP (Contrastive Language-Image Pretraining) [8] va
GLoRIA [9] @4 m& ra mdt hwéng tiép cdn méi cho embedding dnh y té, trong d6 md hinh dwgc huin luyén déng
thoi trén ca anh va mo ta van ban nham dwa thém thong tin ngit nghia 1am sang vao khong gian embedding. Theo
hwéng nay, Zhang et al. [10] gi¢i thiéu BiomedCLIP, mdt md hinh nén tang dwoc huin luyén trén khoang 15 triéu
cdp anh-vian ban tlr PubMed Central va dat két qua tét trén nhiéu bai todn y sinh, bao gbm zero-shot va truy xuit
anh y té. Khao sat cua Zhao et al. [11] vé cic bién thé CLIP cho y sinh nhu PubMedCLIP, BiomedCLIP va mot s6 mé
hinh khdc cling cho thdy cdc md hinh dwoc huin luyén trén dir liéu y sinh thwong dat hiéu nang cao hon so véi cac
mo hinh phé quat trong nhiéu tac vu y té.

Tuy nhién, cic benchmark embedding y sinh hién nay cht yéu tip trung vao anh X-quang, CT hoic gidi phiu bénh,
dbng thoi phan 16n chi danh gid thong qua zero-shot hoic linear probing; trong khi d6, bai toan truy xuit anh theo
anh lai it dwoc st dung d€ danh gia chit lwgng embedding. Nhitng nghién cttu so sanh hién cé cling méi dirng &
hai nhém mé hinh 12 phd quat va y sinh téng quat, con cAc mo hinh chuyén biét cho da liéu nhw DermLIP [4],
WhyLesionCLIP [12] hay cAc md hinh nén tang thé hé m&i nhw PanDerm [13] va SkinGPT-4 [14] vAn chwa dwoc
dat trong cing mot khung danh gia. Can lwu y ring PanDerm va SkinGPT-4 dwoc thiét k& cho nhitng tac vu phitc
tap hon nhw chin doan da phwong thirc hodc sinh bdo cdo 1am sang nén khong thudc pham vi so sanh truc tiép
cta nghién ctru nay. Trong nghién ctru hién tai, chi cic mé hinh embedding theo ki€u CLIP véi cling giao dién trich
xuat dic trung méi dwoc dwa vao danh gia. Nhin chung, anh da lidu 1am sang vé&i nhitng dic thi riéng vé mau sic,
ciu triuc bé mit va bsi canh chup van chwa dwoc khao sat day dd trong khung ciia cac mé hinh embedding hién
dai.

C. TRUY XUAT ANH DU'A TREN NOI DUNG TRONG DA LIEU

Cac hé théng truy xuit dnh dwa trén ndi dung (Content-Based Image Retrieval - CBIR) da dwoc nghién ctru trong
linh vuc da lidu tir hon mot thap ky truéc, chi y&éu phuc vu cho hd tro chan doan va gido duc y khoa. Tschandl et
al. [15] cho thdy truy xuat anh dwa trén ndi dung st dung dic trung tir Convolutional Neural Network (CNN) c6
thé dat o chinh xac chdn doan twong dwong véi dw dodn softmax trén dnh ndi soi da, dong thoi mang lai kha ning
dién giai t6t hon thong qua viéc hién thi cc ca bénh twong tuw cho bac si tham khao. Gassner et al. [16] tiép tuc
phét trién hé théng truy xuit anh dwa trén ndi dung c6 ting cwong ban d6 ndi bat mang tén Saliency-Enhanced
Content-Based Image Retrieval (SE-CBIR), trong d6 ban do n6i bat dugc sir dung dé tang kha ning dién giai két
qua. Nghién cru nay ghi nhan mic cai thién khodng 22% do chinh xac phan loai khi bac si st dung két qua truy
xuat nhw mot céng cu hd tro. Trong khi d6, Barhoumi va Khelifa [17] d& xuit mot hé théng truy xut anh da liéu
c6 kha nang lwa chon dong d6é do khoang cach cho tirng truy van, tir d6 cho thiy khéng ton tai mét dé do duy nhit
tdi wu cho moi loai tdn thwong da.

Nhirng nghién ctru gin day chi yéu tip trung vao hai hwéng chinh 1a cai thién phwong phap trich xuit dic trung
va mé rong truy van. Huang et al. [18] dé xuit phwong phap hoc twong phén (contrastive learning) két hop nhan
biét t6n thwong cho bai todn truy xuit va phan loai anh da, mé ra hwéng két hop giita biéu dién dic trung va
metric learning chuyén biét. Rashad et al. [19] phéat trién phwong phap Retrieval based on Query Expansion
(RbQE) nhdm mé& réng truy van trong truy xuit dnh y t& dwa trén nodi dung, qua d6 cai thién hiéu ning trong cac
treong hop anh truy vin ban diu chwa chira du dic trung cn thiét. Bén canh d6, Liu et al. [20] xay dwng hé thong
chan doan phan biét sir dung hoc sau cho 26 bénh da phd bién va cho th4y tiém ning 16m cla cac biéu dién dic
trng sau trong viéc phén biét nhirng t6n thuwong cé hinh théi gin gidng nhau.

Tuy nhién, phan lén cc hé thong CBIR trong da liéu hién nay van tip trung vao anh noi soi da tir cac bd dir liéu

tiéu chuin nhuw ISIC, cht yéu xoay quanh bai toan phén loai cdc nhém u da nhw melanoma, nevus hodc carcinoma
véi didc treng dwgce trich xuat tir cic CNN truyén théng. Trong khi d6, viéc danh gia embedding tir cic mé hinh nén
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tang thi gidc-ngdn ngit trén anh da liéu 1am sang bé mat, dic biét d6i véi nhém bénh nhiém trung c6 mic dd chong
14n hinh thai cao, van con la khoang tréng chwa dwgc nghién ciru day du.

D. KHOANG TRONG NGHIEN CU’'U

Bang 1 d6i chiéu cac nghién ctru tiéu biéu trong ba hwdng néu trén véi nghién ciru hién tai theo bdn tiéu chi: nhém
mo hinh dwoc so sdnh, mién dit liéu danh gia, tic vu danh gia va mic do kiém dinh thdng ké. Déi chiéu nay cho
thay ba khoéng tréng cu thé: (i) chwa c6 nghién ctru nao dit dong thoi ba nhém mé hinh (phé quat, y khoa téng
quat, chuyén biét da liéu) trén cung mot giao thirc danh gia; (ii) anh da liéu 1dm sang bé mit thudc nhém bénh
nhiém tring chwa dwgc dung 1am mién kiém tra cho cdc moé hinh embedding hién dai; (iii) cac két luan vé hiéu
nang twong ddi gitta cAc mé hinh thwdong chi dwa vao chénh 1éch diém sd ma thiéu kiém dinh thdng ké chit ché.
Nghién ctru nay nhdm 14p dong thoi ca ba khodng tréng.

Bang 1. B4 chiéu cdc nghién ctru tiéu biéu véi nghién civu hién tai

Nghién ctru

Nhém mo hinh so sanh

Mién dir liéu

Tac vu danh gia

Kiém dinh

danh gia théng ké
Raghuetal. [6] | Phd quat (ImageNet) vs. y | X-quang, vong | Phan loai Khong
khoa mac
Azizietal. [7] ImageNet vs. tw gidm saty | X-quang, daliéu | Phan loai Co (CD
khoa
Khun Jush et al. | Embedding tién hudnluyén | Anh y t& da | Truy xuat Khong
[5] da mién phuwong thikc
Zhaoetal. [11] | CLIP, PubMedCLIP, | Anh y sinh da | Phan loai zero-shot, | Khong
BiomedCLIP mién linear probing
Tschandl et al. | CNN truyén thong Anh noi soi da | CBIR + chin doan Cé6 (ROC)

[15] (ISIC)

Gassner et al. | CNN + saliency map Anh ndi soi da CBIR + reader study | Co

[16]

Huang et al. | Contrastive + lesion-aware | Anh ndisoi da CBIR + phan loai Khong

[18]

Nghién citu | 3 nhém: phé quat, y khoa | Anhlam sangbé | Truy xuit anh theo | C6 (bootstrap

nay tong quat, chuyén biétda | mat, 13 bénh | anh + phéan tich | CI, McNemar,
liéu (14 mé6 hinh) nhiém trung nhiam lan theo 16p | permutation)

Trén co s& d6i chiéu nay, nghién ciru sir dung giao thirc truy xudt k-NN v&i embedding khéng tinh chinh trén 1.300
anh thudc 13 bénh nhiém tring. Day 1a buwéc sang loc triwde khi tinh chinh trén dit liéu dich: mé hinh c6 khéong
gian embedding t6t ngay tir dau la (rng vién dang dau tw thém, mo hinh kém c6 thé dwoc loai sém dé tiét kiém chi
phi phat trién. Két qua thu dwgc khong thay thé danh gia sau fine-tuning ma cung cdp mot co s& dinh lwgng cho
viéc chon md hinh nén tang 1am backbone trong pipeline fine-tuning da liéu nhiém trung.

III. PHUONG PHAP NGHIEN CO'U
A. MUC TIEU NGHIEN CUU

Muc tiéu nghién ctru 1a danh gia thuc chit mic dd phi hop ctia cdc mod hinh embedding hién c6 khi 4p dung truc
tiép cho anh da liéu thudc nhém bénh nhiém trung, trong béi cdnh gan nhw khong c6 dit liéu dé hudn luyén thém.
Huwéng phan loai truyén théng doi hdi nhan diy da va chi phi huin luyén khéng nho; nghién ctu dit ra mot cau
hoi sat thyc té trién khai hon: liéu mé hinh c6 tw sap xép dwoc cac dnh cing bénh 1y vao nhirng viing 1an can trong
khong gian embedding hay khong. P4y 1a yéu ciu tién quyét: néu khong gian embedding khong phan 4nh quan hé
bénh hoc, moi &ng dung ké tiép - tir tim kiém anh twong tw dén ho trg chan doan - déu bi gi¢i han. Yéu cau nay
dic biét lién quan dén hé théng truy xuit dnh dwa trén ndi dung trong y hoc, von khong diing nhan bénh c6 sdn
ma chuyé&n mdi 4nh thanh mot biéu dién s6 va so sanh khoang cich giita cic biéu dién dé truy vé nhitng ca twong
d6ng cho bac si tham khao.

Nhiéu nghién ctru trong y té da cho thiy cach tiép can nay van hiéu qua ngay ca khi khong huin luyén lai, mién 1a
embedding du tot d€ phan 4nh cac dic diém chinh ctia anh y khoa [5]. P4y 1a quan sat c6 y nghia thuc tién 16m, béi
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dit liéu y té c6 nhin vira khan hiém vira tén kém dé thu thip: xdy dung mét tip c6 nhin dang tin ciy doi hoi chuyén
moén 1am sang va ngudén luc gan nhian dang ké. Trong diéu kién d6, dung mo hinh nén tdng lam bé trich xuit dic
trung s&n c6 kha thi hon nhiéu so véi tw huin luyén tir dau [6]. Theo hwéng d6, nghién ctru str dung cadc mé hinh
embedding & trang thai gdc, déng vai tro bd trich xut dic treng cd dinh, khong huin luyén lai hay tinh chinh tham
s6 [21]. DAy cling chinh 1a kich ban trién khai phé bién trén thwc té: mo hinh nén tang thwong dwoc dung d€ danh
gia nhanh dit liéu, dwng nguyén mau hé théng truy xuit hoic lam bwéc tién xt 1y trwedc khi quyét dinh c6 dau tw
huén luyén chuyén siu hay khong [19]. Cac cong trinh trong y hoc ciing cho thiy embedding tién huin luyén c6
thé dwoc dung truc tiép ma van cho két qua c6 y nghia, nhat1a & cac bai todn truy xuit va phan tich d6 twong dong

[5].

Trén co s& do, nghién ciru so sanh cadc mé hinh thudc ba nhém: mé hinh phd quat, md hinh y khoa téng quat va
mo hinh chuyén biét cho da liu, nhdm 1am ré dnh hwéng clia mién dir liéu huin luyén - vén dwoc xem 1 yéu to
then chét chi phéi kha ning chuyén giao biéu dién sang cac tAc vu méi. K&t qua danh gia dong vai tro buéc sang
loc ban d4u, lam co s& cho viéc chon mé hinh embedding phu hop trwdc khi buéc vao cac giai doan phat trién sdu
hon nhw xay dwng hé thong truy xuit anh, phin tich d twong dong gitra cac bi€u hién bénh ly hay tinh chinh cho
c4c bai toan chan doan da liéu cu thé.

B. TAP DU’ LIEU

Tap dit liéu trong nghién ctru gdm 1.300 anh da liéu 1am sang bé mit, phan bé déu 100 anh cho méi trong 13 1ép
bénh nhiém trung. Quy trinh xay dwng tap dit liéu gobm ba bwéc: (i) thu thap anh tir cac kho cdng khai cé cap phép
cho muc dich nghién ctru; (ii) sang loc theo tiéu chi chit lwgng va ra soat tha cong; (iii) 14y mAu ngiu nhién dén
da 100 anh mobi lép d€ bado ddm can bang giita cac 1&p. Mdi anh trong tap d4anh gia dwoc truy nguoc vé ngudn géc
cu thé trén cac nén tang cong khai (Kaggle, Roboflow, Mendeley) dé phuc vu tinh tai 14p. Bang 2 bao céo chi tiét
phén bd anh theo tirng ngudn [22]-[30] kém nhin cip phép twong Gng.

Bang 2. Phdn bd s6 lwong dnh tie mbi ngudn cho tirng I6p bénh

Skin- Skin- Skin-
Disease- |Dermat| human |Disease-| .. skin . Candida
. R Disease- | MSID | .. SKin | . . .
Lop bénh | Dataset |ology_h| monkey | Dataset detection | [27] disease [29] intertrigo | ToOng
(Kaggle) |air [23] | pox [24] [ (Roboflo [26] [28] [30]
[22] w) [25]

Chickenpox 100 100
Folliculitis 100 100
Head Lice 100 100

Herpes 80 20 100

Herpes

Zoster 100 100
Infectious 28 12 24 24 12 100

Infestation/

Bites 100 100
Monkeypox 87 13 100
Nail Fungus 100 100

Ringworm 100 100
Sarampion 66 34 100

Tinea

Capitis 100 100
Warts 100 100
Téng 528 300 153 112 80 47 44 24 12 1.300
CcC
Apache| Public | CCBY CCBY| CCBY | BY
License CCO 2.0 Domain 4.0 CCBY4.0| 4.0 4.0 4.0 | CCBY 4.0

Hinh 1 va Hinh 2 minh hoa anh dai dién cho tirng 1&p bénh trong tip dit liéu, lam ré thach thirc vé chéng 14n hinh
thai 1am sang, dic biét giita nhém bénh cé bidu hién mun nwéc/sin (Chickenpox, Herpes Zoster, Herpes,
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Monkeypox) va biéu hién ban dé lan téa (Sarampion, Infectious), yéu t6 quyét dinh mirc dd khé cia bai todn phan
biét va do nhay cia khong gian embedding.

(b) Herpes Zoster (c) Herpes

(f) Infectious

(e) Sarampion

Hinh 1. Anh dai dién minh hoa cdc bénh nhiém tring cd biéu hién mun nwdéc/sdn hodc ban dé lan téa, dé chong ldn hinh thdi:
(a) Chickenpox, (b) Herpes Zoster, (c) Herpes, (d) Monkeypox, (e) Sarampion, (f) Infectious

(d) Tinea Capitis

(e) Ringworm (f) Nail Fungus

Hinh 2. Anh dai dién cdc nhém bénh ngoai da con lai trong tdp di¥ liéu: (a) Folliculitis, (b) Infestation/Bites, (c) Head Lice,
(d) Tinea Capitis, (e) Ringworm, (f) Nail Fungus, (g) Warts

Tap anh dwoc gidi han & mot phwong thirc duy nhitla dnh 1am sang bé mit da chup bing thiét bi quang hoc thong
thwong (dién thoai, may anh ky thuat s6); dnh ndi soi da va anh giai phiu bénh déu bi loai dé kiém soat bién s6 -
khi trén nhiéu phwong thirc, mé hinh ¢6 xu hwéng gom cum theo loai thiét bi thay vi theo bénh. V& nhin, nhin
dwgc ké thira truc tiép tir tap géc, chwa qua xac nhan lai béi bac st da lidu ddc 1ap; tac dong clia gidi han nay dwoc
phan tich dinh lwong trong phan Két qua (Phan tich nhadm 14n) va Giéi han nghién ctru. Ba bién phap giam thiéu
dworc 4p dung: (i) wu tién cac 16p 14y hoan toan tir mot ngubn (9/13 16p); (ii) béo cao két qua theo tirng 16p thay
vi chi trung binh tong; (iii) phan tich loai trir 1&p cé hiéu niang thip bat thwong.

Trong s6 13 16p, 9 16p dwoc 14y hoan toan tir mdt ngudn duy nhit (Chickenpox, Folliculitis, Head Lice, Herpes
Zoster, Infestation/Bites, Nail Fungus, Ringworm, Tinea Capitis, Warts), bdo ddm tinh nhat quin ndi bo vé phong
cach &nh va tiéu chuin gan nhin. Bon 1&p con lai (Herpes, Infectious, Monkeypox, Sarampion) dwoc téng hop tir
2-5 nguon dé€ @t 100 anh. Riéng 1&p Infectious ¢6 nhan mang tinh téng quat, khéng dai dién cho mot bénh 1y cu
thé&; chong 1an hinh thai v&i cac 16p khac va tac dong 1én hiéu nang truy xuit & 16p ndy dwoc phan tich chi tiét
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trong phan Két qua. L&p Infectious dwoc gitr lai c6 cha dich nhdm phuc vu phan tich dinh lwong &nh hwéng caa
chit lwgng nhan dén hiéu ning truy xuit; cu thé, khi loai trir 1&'p nay khoi danh gi4, Top-1 cha tit cA mé hinh déu
tang dong déu khoang 3,7-4,8 diém phian trim ma khong lam thay d6i thit hang giita cdc mo hinh (xem muc Phan
tich nham 14n). Viéc giit lai 1&'p tong quat nay con cho phép phan anh kich ban trién khai thuc té, noi cac tap dir
liéu y khoa cong khai thwong chika cac nhan chwa dwoc chuin hoa.

C. CAC MO HINH EMBEDDING PU'Q’'C PANH GIA

Cac mo hinh embedding trong nghién cttu dwoc chia thanh ba nhém dwa trén mién dit liéu dung dé huin luyén
ban dau: md hinh phd quat, mé hinh y khoa t6ng quat va mé hinh chuyén biét cho da liéu. Cach phan chia nay xuat
phat tir gia dinh rdng mitc d6 phi hop gitta mién huin luyén va mién &ng dung sé& anh hwéng truc ti€p dén cach
mo hinh t6 chic khéng gian embedding.

Nhém ph6 quat gobm cadc mé hinh dwec huin luyén trén nhirng tip dit liéu Internet 1én va da dang, cht yéu chira
anh doi s6ng va ndi dung trwc tuyén. u diém ctia nhom nay la kha ndng hoc cic ddc trung thi gidc mang tinh téng
quéat va hoat déng 6n dinh trén nhiéu loai anh khac nhau. Tuy nhién, vi khong dworc thiét ké riéng cho y hoc, cac
mo hinh nay thwong cht y nhigu hon dén hinh dang téng thé, mau sic néi bat hodc bd cuc anh. Trong bai to4n da
liéu, noi cac d4u hiéu quan trong thwdng ndm & chi tiét nho, can kiém tra xem cac dic trung téng quat dé c6 da dé
phén biét va gom cum céc tén thwong bénh ly hay khéng.

Nhém y khoa téng quat dwoc phat trién nhim thu hep khoang cich nay bang cach huin luyén trén cac bd dir liéu
y t& da chuyén nganh. Gia thuyét dit rala mé hinh sé nhay hon véi cac dic diém thwdng gap trong anh y khoa nhw
ciu truc mo, thay d6i mat do hodc hinh thai tdn thwong. Tuy vay, do dit liéu hudn luyén trai rong tir X-quang, CT,
MRI dén ndi soi, mirc d6 phut hgp cia nhém nay véi dnh da lidu 1dm sang bé mit van can dwgc danh gia thém.

Cudi cuing 1a nhém chuyén biét cho da liéu, dwgc hudn luyén truc tiép trén anh tén thwong da dé hoc cac dic diém
hinh thai mang y nghia chan doan. Nhém nay dwoc dwa vao nhdm kiém tra xem tinh chuyén biét ctia dit liéu hudn
luyén c6 tao ra loi thé ro rét trong khong gian embedding hay khong, dic biét trong diéu kién khong huin luyén
lai hay tinh chinh tham s6. Nhém nay dwoc ky vong sé t6 chirc khong gian embedding dwa nhiéu hon vao quan hé
bénh hoc thay vi chi dwa trén mirc d6 giong nhau vé mit thi giac.

Viéc ddt ca ba nhom vao cing mét khung so sdnh gitip phén tich trwc ti€p mdi lién hé gitra mién dit liéu hudn luyén
va chit lwgng khong gian embedding khi 4p dung cho 4nh da liéu nhiém trung. Thay vi chi nhin vao két qua cudi
cung, cach ti€p cin nay giip gidi thich rd hon vi sao mét mé hinh hoat dong t6t hodc kém trong tirng béi canh cu
thé. Danh sach chi tiét cAc m6 hinh, phién ban, s§ chiéu biéu dién va cic thong s6 lién quan dén thoi gian suy luan
sé duoc trinh bay & phan két qua dé tién déi chiéu va phan tich.

Bang 3. Téng hop 14 mo6 hinh embedding dwoc ddnh gid

B6 m3 hoa Tham sé Phién ban /
Mo hinh Nhém s (Téng /VE)  Dim Nguon Dir liéu huin luyén
thi giac :
(HuggingFace)
MetaCLIP Phg quat  ViT-H/14 ~1B / 1024  facebook/metacli| FullCC2.5B — 2,5 ty cap
(H14) [31] ~632M p-h14-fullcc2.5b | dnh-van ban tlr Internet
OpenAl-CLIP Phg quat  ViT-L/14 ~304M / 768 openai/clip-vit- = WIT — 400 triéu cdp
(Large-P14) ~304M large-patch14 anh-van ban tlr Internet
[8]
OpenAl-CLIP Phg quat  ViT-B/32 ~86M / 512 openai/clip-vit- = WIT — 400 triéu cdp
(Base-P32) [8] ~88M base-patch32 anh-van ban ttr Internet
SigLIP Phg quat  S0400M ~400M / 1152  google/siglip- WebLI — dirliéu Internet
(S0400M) [32] ~400M s0400m-patch14- da ngdn ngir
384
AItCLIP (Base) Phéquat ViT-B/16 ~86M / 768 BAAI/AItCLIP Dir liéu song ngit Anh-
[33] ~86M Trung tlr Internet
ConvNeXt- Ph6 quat  ConvNeXt-B = ~89M / 640 laion_aesthetic_s1 LAION — dit liéu Internet
CLIP  (Base) ~89M 3b_b82k quy mo lén

[34], [35]
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MobileCLIP Phé quat | ViT-S ~35M / 512 apple/MobileCLI DataCompDR — kién tric
(S2) [36] (mobile) ~35M P-S2 téi wu toc do
MedSigLIP Y khoa S0400M ~400M / 1152  google/medsiglip Di liéu y van da chuyén
(448) [37] ~400M -448 khoa (X-quang, CT, da
liéu, nhdn khoa)
BiomedCLIP Y khoa ViT-B/16 ~86M / 512 microsoft/Biome PMC-15M — 15 triéu cdp
(PubMed) [10] ~86M dCLIP- anh-van ban tir PubMed
PubMedBERT_25  Central
6
PLIP  (Base) Y khoa ViT-B/16 ~86M / 512 vinid/plip Anh giai phiu bénh tir
[38] ~86M Twitter y té
ClipMD (Base) Y khoa ViT-B/16 ~86M / 512 Idan0405/ClipM Dir liéu y khoa da dang,
[39] ~86M D quy m6 nho
RCLIP (Base) Y khoa ViT-B/16 ~86M / 512 kaveh/rclip Anh X-quang va CT
[40] ~86M
DermLIP (ViT- Daliéu ViT-B/16 ~86M / 512 redlessone/Derm Anh da lidu 1am sang bé
B/16) [4] ~86M LIP_ViT-B-16 mat
WhyLesionCLI = Daliéu ViT-L/14 ~304M / 768 yyupenn/WhyLes Anh ngi soi da ISIC + tri
P (ViT-L/14) ~304M ionCLIP thirc tir sach gido khoa y
[12] khoa

Ghi chd: Cot “Tham s6 (T6ng/ VE)” trong Bang 3 bao cdo hai con sé ngin cach béi diu “/”: tong s6 tham s6 cla
toan bd mo hinh (bao gdm ca vision encoder va text encoder), va sd tham sd cia riéng vision encoder (viét tit VE).
Cach trinh bay nay th6éng nhit véi cac bdo cdo goc trén HuggingFace Hub. Do nghién cttu chi st dung vision
encoder dé trich xudt embedding anh, cic phan tich vé thoi gian suy luln va chi phi tinh todn & phian sau sé trich
cu thé quy mé tham sé ctia vision encoder khi cén thiét.

D. LA CHON PO PO TU'ONG PONG

Lwa chon d6 do twong dong c6 anh hwdng trwc tiép dén chit lwong truy xuit. Khoang cach Euclid dwoc dung pho
bién trong cac hé truy xuit truyén thong nho tinh truc quan, nhwng chi phtt hop khi cad huwéng va dd 16n ctia véc-
to déu mang y nghia ngir nghia. V&i cdc mo hinh dung hoc twong phan [41] hodc da phwong thirc nhw CLIP [8],
muc tiéu hudn luyén cin chinh cac véc-to theo huwéng va chuin héa dé 16n vé cling gia tri, nén Euclid dé gay sai
1éch: hai véc-to ciing huéng (cung loai t6n thwong) nhung khac d6 1én (khong c6 ¥ nghia y hoc) van cho khoang
cach Euclid 1én. Cosine xtt Iy vAn dé nay bang cach chi do géc gitra cac véc-to, bd qua dd 16n. V& mit todn hoc, véi
hai véc-to u va v trong khdng gian n chiéu, khoang cach Euclid dwoc tinh bang cong thirc [42]:

dguciia(W, V) =

Trong d6, ui va vi lan lwot 1a gia tri dic trwng tai chiéu thir i cta véc-to u va v. o twong dong cosine dwgc dinh
nghia 14 tich vé hwéng cia hai véc-to chia cho tich chuin L2 ca ching [42]:
i=1 WiV
] \/ZZ=1 u? - \/2?:1 v}

Trong d9, ttr s6 do mirc dd cung hwdng chia hai véc-to, mau s6 chuin hoéa triét tiéu anh huwdng cia do 16n; gia tri
Cosine dao dong trong [-1, 1] va cang gan 1 khi hai véc-to cang song song cuing chiéu. Khi cac véc-to dwoc chuin
héa L2, khoang cach Euclid va d6 twong dong cosine c6 quan hé dg,qiq (W, v) = /2 — 2 - cos(u, v), cho thit hang
truy xuit hoan toan déng nhit [42]; Qian et al. [43] da phén tich chi tiét quan hé nay trong b6i canh truy vin lang
giéng gan nhit (nearest neighbor). Trong truedng hop khong chudn héa, dic biét véi biéu dién da phwong thitc,
cosine cho két qua 6n dinh hon nho triét tiéu chénh 1éch vé chuin véc-to [42].

Cosine(u,v) =

D& minh chitng, nghién ctru thwc hién mot thwc nghiém trén 1.300 anh véi cdu hinh truy xuit anh bang vin ban.
Top-1 & phin 16n mo hinh suy giam ré khi chuyén tir cosine sang Euclid: WhyLesionCLIP [12] gidm tir 0,32 xudng
0,08 (~75%), MobileCLIP tir 0,39 xu6ng 0,13 (~67%), SigLIP tir 0,23 xudng 0,08 (~64%); ngay ca cic m6 hinh
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manh nhw MetaCLIP [31] va DermLIP [4] ciing gidm tlr 0,51 xudng 0,37 (~28%) va tir 0,49 xudng 0,33 (~34%).
OpenAlI-CLIP ViT-Base/32 [8] va ViT-Large/14 [8] suy giam thip hon (I4n lwot 0,29 xudng 0,22 va gilr ~0,40), cho
thay mrc anh hwdng phu thudc vao phan b embedding ctia tirng mé hinh. Sy suy gidm nay phan dnh khoang cach
phwong thirc gitra vision encoder va text encoder trong cdc md hinh CLIP, vén dwoc hudn luyén bing contrastive
loss d& cin chinh theo hwéng véc-to. Steck et al. [44] chi ra han ché cta cosine v&i embedding hoc tir md hinh
tuyén tinh c6 chinh quy h6a, nhwng cadc md hinh CLIP trong nghién ctru nay déu dwoc toi wu trén mat ciu don vi
va chuin héa L2 nén khong gap van dé do. Dwa trén ca co s& ly thuyét va thuce nghiém, cosine dwoc chon lam do
do chuin cho qua trinh danh gia.

[ Khodng cach cosine
B Khodng cach Euclid
n g
-
S_ g

o
~ n
E &
a =
-
o

0.80

¢ &
Yo 99‘3

F
o @

o

o o of oF F
™
6\“‘(@““ o # o o

aiel”

® ® ®
[s30 o o
LA =
o ﬂ@‘" e

® ®
. Q\J“} va‘“\\ L‘&\n

Mb hinh phé quét Mé hinh y khoa Mé hinh da ligu

Hinh 3. So sdnh Top-1 truy xudt ctia 14 mé hinh embedding qua khodng cdch cosine vs Euclid (truy xudt dnh theo dnh)
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Hinh 4. So sdnh Top-1 truy xudt ctia 14 mé hinh embedding qua khodng cdch cosine vs Euclid (truy xudt dnh bdng vén bdn)

Hinh 3 va Hinh 4 trwc quan héa khac biét gitra hai kich ban. Hai kich ban nay dwoc ddi chiéu dé kiém chirng d6 6n
dinh cta cosine va Euclid khi diéu kién dau vao thay déi: truy xuit anh theo dnh dung ciing mot bé ma héa cho ca
truy van va tra ctru (ciing phwong thirc 4nh), trong khi truy xu4t dnh bing vin ban dung hai b ma hoéa khac
phwong thirc (vision va text) - vén dwoc biét 1a chiu &nh hwéng ctia khoang cadch phwong thirc trong cic m6 hinh
CLIP. Néu cosine va Euclid cho két qua twong dwong & ca hai kich ban, c6 thé chon tuy y; néu khac biét, két qua
cho biét d4 do nao phit hop hon cho truy xuit da phwong thirc. O truy xuat anh theo anh (Hinh 3), cosine va Euclid
gan nhu triung nhau trén ca 14 mé hinh - phu hop véi ddng thitc dgy g (w0, v) = /2 — 2 - cos(u, v), khi embedding
da chu4n héa L2. O truy xudt anh bing vin ban (Hinh 4), Top-1 th4p hon hin (0,08-0,51 so v&i 0,77-0,94 & Bang
4-6) do tac vu chéo phwong thirc kh6 hon, va mic suy gidm khi chuyén sang Euclid ty 1é thuin v&i khoang cach
phwong thitc cia mbi mé hinh - két qua khing dinh cosine 12 Iira chon pht hop cho truy xuit da phwong thirc.

E. QUY TRINH PANH GIA

Quy trinh danh gia truy xuit anh dwgc thyc hién theo giao thirc leave-one-out trén toan bo tip dir liéu 1.300 anh:
mdi &nh 1an lwgt déng vai tro dnh truy van, 1.299 anh con lai 1am thw vién tim kiém. Viéc tAch hoan toan anh truy
van khéi thw vién trong méi lwgt ddm bao két qua phan anh diing kha nang truy xuit anh twong dong, khong bi
nhiéu b&i d6i sanh anh véi chinh né. Trwéc khi tinh toan, toan bd véc-to embedding dwoc chuin héa L2. Véi mbi
truy van, hé thdng tinh d6 twong ddng cosine gitra anh truy van va tirng anh trong thw vién, roi xép hang theo th
tw giam dAn. Quy trinh 13p cho tit ca 1.300 anh, tao thanh 1.300 lwot truy vin ddc lap. Giao thirc leave-one-out
gitp tan dung t8i da lwong dit liéu c6 han (100 &nh mdi 16p) cho ca vai tro truy van 1an tim kiém, dong thai tranh
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ro ri dir liéu gitra hai tip. Song song véi cosine, khodng cach Euclid ciing dwoc tinh trén cung giao thirc d€ d6i chiéu
hai d6 do.

Chi s8 danh gid hiéu nang truy xuit trong nghién ctru nay 1a Top-K, dinh nghia 1 ty 1& phan tram c4c lwot truy van
6 it nhat mot &nh cling 1&p bénh v&i dnh truy vAn xuit hién trong K két qua dwoc xép hang cao nhit. Chi s6 nay
con dworc goi 1a Recall@K hoic Hit@K trong tai liéu vé truy xuit anh; bai bio dung thong nhit tén goi Top-K trong
toan bo phin trinh bay va cac bang két qua. Can phin biét Top-K trong truy xuat anh v&i d6 chinh xac Top-K trong
phan loai: chi s§ sau yéu ciu nhin ding ndm trong K 1&p c6 xac suit dw doan cao nhit, con Top-K trong truy xuit
yéu cau it nhit mot anh cung 1&p xuét hién trong K anh dwgc truy xuit gin nhit. Nghién ctru bdo cao Top-1, Top-
5, Top-10 va Top-20 d€ mo ta ciu tric khéng gian embedding & cdc mic d6 chi tiét khac nhau. Top-1 phan dnh
kha ning phan tach cic dic trung vi mé & vung lan cin gan nhit, con Top-5 dén Top-20 phadn 4nh ciu tric gom
cum ngit nghia cuc bd. Trwdong hgp mod hinh nham & Top-1 do twong dong hinh thai cao gitta cAc bénh nhiém triing
nhwng van dwa két qua dung vao Top-5 hay Top-10 cho thiy khong gian embedding van xé&p cac tdn thwong cling
ban chit & ving 1an can. Cach b4o c4o nay phu hop véi kich ban hd trg chdn doan dwa trén truy xuit, noi bac si
thwong tham khdo mét nhém cac ca bénh twong tw d€ doi chiéu trwde khi dwa ra chdn dodn cubi cung.

IV. KET QUA THU’C NGHIEM VA PHAN TiCH

Toan b6 thi nghiém dwoc thwe hién trén Google Colaboratory véi GPU NVIDIA Tesla T4 (15 GB VRAM), CPU Intel
Xeon @ 2.00GHz, RAM 12,7 GB va hé diéu hanh Ubuntu 22.04. Cac framework va thw vién st dung gobm PyTorch
2.10.0+cu128, transformers 5.0.0 va OpenCLIP 3.3.0. Trwéc khi do thei gian chinh thirc, m6i md hinh dugc khéi
dong trude 10 lwot suy ludn. Tat cd 14 md hinh déu dwoc do trong ciing mot phién chay véi cdu hinh déng nhat
gom cung GPU, precision fp32 va batch size nhdm dam bao tinh nhit quan gitra cac phép do. Cot “Thoi gian
(s/anh)” trong Bang 4-6 chi ghi nhén thoi gian trich xudt embedding tir anh, khong bao gém thoi gian similarity
search trong gallery. Thoi gian nay dwgc do trén toan bd 1.300 anh va bao cdo dwéi dang gia tri trung binh. Toan
bd checkpoint dworc tai truc tiép tir HuggingFace Hub théng qua thw vién transformers; phién ban va identifier
cla 14 mo hinh di dwoc liét ké & Bang 3 dé ddm bao kha ning tai l4p nghién ctiru.

Ve tién xir Iy d&nh, m6i m6 hinh st dung processor di kém do tac gid cong bd trén HuggingFace Hub, bao gdm
AutoProcessor clia transformers hoic preprocess_val ciia OpenCLIP, nham dam bao dit liéu dau vao phu hop véi
giai doan huin luyén ban d4u. Kich thwéc dnh dau vao dwoc diéu chinh theo yéu ciu cda tirng mé hinh. Quy trinh
chuin héa nhw mean va standard deviation cho tirng kénh mau ciing dugc gitt nguyén theo ciu hinh géc cia tirng
mo hinh, khong 4p dung thém cac bién ddi khac nhw data augmentation hay center crop tiy bién. Cudi cling, toan
bd embedding dwgc chuidn hda L2 trwéc khi tinh dd twong ddng cosine nham loai bé 4nh hwéng cta do 16m véc-
to va ddm bao tinh nhat quan gitra cdc mo hinh.

A. NHOM MO HINH PHO QUAT

Nhém nay gom cac bién thé cia CLIP dwoc huin luyén trén nhirng bo dit liéu Internet quy mé 16n va khéng dworc
thiét ké riéng cho y t& hay da liéu. Vi vay, hiéu ning ctia ching khi 4p dung vao anh bénh Iy chii y&u phan anh kha
ning khai quat hda thi giac cia mé hinh hon 1a mtrc d6 phu hop véi mién dit liéu da lidu.

Bang 4. Hiéu ndng truy xudt ctia cdc mé hinh phd qudt

Mo hinh Dim | Top-1 Top-5 Top-10 Top-20 Thoi gian (s/anh)
MetaCLIP (H14) 1024 | 94,08 99,46 99,77 99,85 0,0228
SigLIP (SO400M) 1152 | 93,31 98,62 99,62 99,77 0,0515

OpenAI-CLIP (Large-P14)| 768 | 93,46 99,00 99,77 99,92 0,0114
ConvNeXt-CLIP (Base) | 640 | 91,62 97,77 98,85 99,46 0,0093
AItCLIP (Base) 768 | 93,46 99,00 99,77 99,92 0,0103
OpenAI-CLIP (Base-P32) | 512 | 91,69 97,62 98,92 99,38 0,0011
MobileCLIP (S2) 512 | 90,69 97,77 98,62 99,62 0,0058
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K&t qua cho thly mét xu hwéng kha rd: véi cdc mé hinh khéng dwoc tinh chinh cho y khoa, m6 hinh cang 16n va
dwoc huin luyén trén dit liéu cang nhiéu thi hiéu ning truy xuit cang cao. Diéu nay cho thiy cic mo hinh phd quat
van c6 thé hoc dugc nhitng dic trung thi gidc di tdt dé chuyén sang bai toan da lidu. Trong nhém nay, MetaCLIP
(H14-FullCC2.5B) [31] dat Top-1 cao nhat véi 94,08%, tiép theo 1a AltCLIP va OpenAl-CLIP ViT-Large/14 [8] cuing
dat 93,46%, con SigLIP SO400M [32] dat 93,31%. o Top-5, MetaCLIP dat gn 99,5%, trong khi AltCLIP, OpenAl-
CLIP ViT-Large/14 va SigLIP déu vugt 98,5%. Pwgc hudn luyén trén dir liéu Internet quy mé 16m, cdc mé hinh nay
hoc dwoc nhiéu dic trung thi gidc co ban nhw mau sic, két ciu, hoa vin va hinh dang téng thé nén van hoat dong
tot trén anh da liéu, k€& ca khi cac bénh c6 biéu hién kha gidng nhau. AltCLIP [33] dat két qua twong dwong OpenAl-
CLIP ViT-Large/14 du chi dung kién tric ViT-Base nho hon. Piéu nay cho thiy huin luyén da ngdn ngit khong lam
gidm chat lwgng biéu dién thi gidc, tham chi c6 thé gitp mé hinh hoc dwoc cac dic treng 6n dinh hon.

Nguworc lai, cAc md hinh nhé hon hodc wu tién tdc d suy luin cho két qua thip hon. OpenAl-CLIP ViT-Base/32 [8]
dat 91,69%, ConvNeXt-CLIP dat 91,62% va MobileCLIP S2 dat 90,69%. M&c chénh 1éch khoang 2-3% so véi
MetaCLIP cho thdy quy mé mo hinh va dit liéu hu4n luyén vin dnh hwéng ré dén kha ning tach cac 16p bénh co
hinh thai phitc tap. Tuy vy, ngay ca nhitng mé hinh phé quat nhé nhat van vugt 90% Top-1, cho thdy kha ning
chuyén giao kha tdt cta cac dic trung thi gidc hoc tir dit liéu Internet sang anh da liéu 1Am sang. Mirc nay ciing cao
hon dang ké so véi cdc mo hinh y khoa téng quat 1éch mién nhw RCLIP v&i Top-1 chi dat 76,92%. Nhin chung, &
nhom mé hinh phd quat, quy m6é mo hinh va dit liéu huin luyén dnh hwéng kha ré dén chit lwong embedding,
ngay ca khi 4p dung cho mién chuyén biét nhu da liéu. Toan bé m6 hinh trong nhém déu dat trén 90% Top-1 &
bai to4n truy xuit dnh theo &nh, cho thdy kha niang chuyén giao t6t clia cac dic trung thi gidc sang dnh da liéu 1am
sang.

B. NHOM MO HINH Y KHOA TONG QUAT

Bang 5. Hiéu ndng truy xudt ctia cdc mé hinh y khoa téng qudt

Mo hinh Dim | Top-1 | Top-5 Top-10 Top-20 Thoi gian (s/anh)
BiomedCLIP PubMed 512 89,38 | 96,46 98,00 99,08 0,0024
MedSigLIP 1152 | 93,15 | 98,85 99,54 99,92 0,0174
PLIP Base 512 90,92 97,46 98,92 99,69 0,0010
ClipMD Base 512 87,92 95,85 98,46 99,23 0,0010
RCLIP Base 512 76,92 88,92 93,46 96,38 0,0117

Két qua thwc nghiém cho thdy mé hinh cé chira nhiéu anh da 1dm sang trong qud trinh huin luyén thwong cho
embedding t6t hon so v&i nhitng mé hinh chi mang nhén ‘y khoa’ nhwng léch mién dir liéu vé phwong thirc va pho
bénh. RCLIP [40] cho két qua thip nhit v&i Top-1 chi dat 76,92%. Nguyén nhan chi yéu la vi mo hinh nay dwoc
huin luyén cht yéu trén anh X-quang va CT, vdn rit khic véi anh mau chup bé mat da nén kha ning chuyén giao
bi han ché. ClipMD dat 87,92%, cao hon RCLIP nh¢ dit liéu hudn luyén da dang hon nhwng van con han ché do quy
mo nho va s6 lwong dnh da chwa nhiéu. BiomedCLIP dat 89,38%, cai thién ré rét nho dwoc huin luyén trén hon
15 triéu cdp dnh-vian ban tir PubMed Central v&i nhiéu loai anh 1dm sang khac nhau. Diéu nay cho thiy khi dit liéu
huén luyén gin véi anh daldm sang hon thi chatlwgng embedding ciing dwoc cai thién dang ké. PLIP [38] du dwoc
phét trién cho anh giai phau bénh van dat Top-1 = 90,92%, cao hon BiomedCLIP. K&t qua nay cho thiy cac dic
trung hinh thai hoc tir anh mé hoc van c6 thé chuyén giao phan nao sang dnh da liéu, nhat 1a & cac yéu t6 nhu két
cdu va phén bd tdn thuong.

Trong nhém y khoa, MedSigLIP [37] dat két qua cao nhit v&i Top-1 = 93,15%, gan twong dwong cdc mé hinh phd
quat manh nhat. Két qua nay nhiéu kha nang dén tir kién trac SigLIP SO400M quy md 1én va tip huln luyén cé
chtra 4nh da liéu 1am sang. P6i lai, MedSigLIP c6 thdi gian xir Iy chAm hon cdc mé hinh nhé nhuw BiomedCLIP hay
PLIP do sé lwgng tham sd va token dau vao 1én hon. Ngwoc lai, PLIP va ClipMD c6 t6c dd suy ludn nhanh nhat
nhom véi 0,0010 gidy/anh, con BiomedCLIP dat 0,0024 gidy/anh nho str dung kién tric ViT-Base gon nhe. Nhin
chung, hiéu niang ctia nhém y khoa ting dan theo mirc do xuat hién cta anh da liéu trong tap huin luyén. Nhitng
mo hinh 1éch mién manh nhw RCLIP cho két qua thip, trong khi cAc m6 hinh c6 di liéu gan véi dnh da 1dm sang
hon dat hiéu ndng cao hon ré rét. Diéu nay cho thdy yéu t8 quyét dinh ndim & mirc dd phu hop cta dit liéu hudn
luyén, chtr khong chi & nhan “y khoa”.
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C. NHOM MO HINH CHUYEN BIET DA LIEU

Bang 6. Hiéu ndng truy xudt ctia cdc mé hinh chuyén biét da liéu

M6 hinh Dim Top-1 Top-5 | Top-10 | Top-20 | Theigian (s/anh)
DermLIP 512 94,15 98,85 99,62 99,92 0,0026
WhyLesionCLIP ViT-L/14 768 91,77 97,69 99,00 99,85 0,0095

Nhém mo hinh chuyén biét cho thiy kha ré hiéu qua cta viéc t6i wu theo ding mién dit liéu. DermLIP (ViT-B/16)
[4] dat Top-1 = 94,15%, gin nhw twong dwong MetaCLIP H14 [31] v&i 94,08% du hai m6 hinh ¢6 chénh 1éch rit
1én vé quy mo. D€ kiém tra sw khac biét nay, nghién cttu thwc hién bootstrap 95% CI v&i 10.000 1an 14y mau,
McNemar exact test va paired permutation test véi 10.000 I4n hoan vi trén toan bd 1.300 truy vin. Két qua cho
thay hiéu s6 Top-1 chi +0,08 diém phin tram, bootstrap 95% CI = [-0,77%, +0,92%], con McNemar exact test va
paired permutation test déu cho p = 1,0 & mitc y nghia « = 0,05. Diéu nay khéng cé nghia hai mé hinh hoan toan
gidng nhau, ma chi cho thiy chwa c6 di bang chirng thong ké dé két luan c6 khac biét dang ké trong diéu kién thi
nghiém hién tai. Két qua ki€m dinh McNemar cho thay trong 1.300 truy vén, hai mé hinh cling dw dodn dung &
1.209 trweong hop va cung sai & 62 trweong hop. Chi ¢é 29 treong hop cho két qua khac nhau, trong d6 DermLIP
dung con MetaCLIP sai & 15 trwong hop, va nguwoc lai 1a 14 trwong hop. Sw chénh 1éch gan nhw can bing nay kha
dang chi y khi MetaCLIP H14 c6 khodng 1 ty tham s véi embedding 1.024 chiéu, con DermLIP chi dung kién tric
ViT-Base/16 khoang 86 triéu tham s6 véi embedding 512 chiéu. Diéu nay cho thiy huin luyén trén dit liéu chuyén
biét c6 thé giip mdt mo hinh nhé dat hiéu ning twong dwong mo hinh phé quat 16n hon rat nhiéu.

Ve tdc do xi 1y, DermLIP dat 0,0026 gidy/anh, nhanh hon MetaCLIP H14 (0,0228 gidy/anh) khoang 9 Ian va nhanh
hon MedSigLIP (0,0174 gidy/anh) khoang 6,7 lan. Trong nhém ViT-Base/16, toc d6 ctia DermLIP gin v&i
BiomedCLIP (0,0024 gidy/anh) va cham hon mot chit so véi PLIP hay ClipMD (0,0010 gidy/anh). Khac biét nho
nay chu yéu dén tir cich nap md hinh qua thw vién open_clip va transformers hon 1a chi phi tinh toan 16i. Nhin
chung, DermLIP cho thdy kha ning cin bing kha tét giita hiéu ning truy xudt va chi phi tinh toan. ¢ cAc mitc Top-
K cao hon, DermLIP dat 98,85% & Top-5, 99,62% & Top-10 va 99,92% & Top-20, tirc 1a gan nhw toan bo truy van
déu tim dworc it nhdt mot anh cung 1ép bénh trong 20 két qua gan nhit. Tuy vy, DermLIP khong phai mé hinh duy
nhat dat méc nay. AltCLIP, OpenAl-CLIP ViT-Large/14 va MedSigLIP cling dat 99,92%, con MetaCLIP dat 99,85%.
biéu nay cho thiy khac biét gitra cdc mo hinh thé hién rd hon & Top-1 va Top-5, noi kha ning phén biét cac dic
tring hinh thai nhé déng vai tro quan trong hon.

WhyLesionCLIP [12] du dwoc phét trién cho da liéu nhung chi dat Top-1 = 91,77%, thidp hon DermLIP kha rd.
Nguyén nhan chil yéu ndm & cach huin luyén. WhyLesionCLIP st dung kién trtic Concept Bottleneck két hop tri
thirc y khoa tir tai liéu chuyén nganh va PubMed, v&i embedding tip trung nhiéu vao cac khai niém l1Am sang nhw
bat déi xtrng, vién khong déu hay mang sic t6 bat thwong. Cach ti€p cin nay gitp ting kha ning dién giai nhung
lai khong t6i wu tryec tiép cho dd twong déng thi giac gitta cac anh. Ngoai ra, dit liéu huin luyén ctia moé hinh chu
yéu 12 anh ndi soi da tir cac b ISIC nhw HAM10000 [45], trong khi nghién ctru hién tai str dung anh 14m sang bé
mit da ctia nhém bénh nhiém trung. Sw khac biét vé ca loai anh 14n phé bénh ly 1am gidm kha ning chuyén giao
ctia mb hinh sang di¥ liéu dich. Du WhyLesionCLIP st dung embedding 768 chiéu, 1&én hon DermLIP v&i 512 chiéuy,
diéu nay khéng mang lai lgi thé ro rét cho bai todn truy xuit dnh. Trudng hop nay cho thay hai yéu t6 quyét dinh
chit lwong embedding cho bai toan truy xuat dnh quan trong hon kich thwéc véc-to: (1) muc tiéu huén luyén —
t8i wu cho dién giai (nhw Concept Bottleneck) khac véi tdi wu cho dd twong ddng thi gidc truc tiép; (2) mic do phu
hop cta dit liéu huén luyén véi di liéu dich vé phwong thire (ndi soi da vs Iam sang bé mét) va phé bénh (ung thw
da vs nhiém triing). Hé qua thuc tién: khi chon backbone cho pipeline da liéu, cAn wu tién mé hinh huan luyén truc
tiép trén do twong déng anh va c6 dir liéu cing phwong thirc/phé bénh véi ing dung dich, thay vi chi dwa vao
nhan “chuyén biét da liéu” hay kich thuéc embedding 16 hon.

D. PHAN TiCH NHAM LAN THEO LOP BENH

Bang 7 trinh bay Top-1 theo tirng 1&p cia DermLIP [4] va MetaCLIP [31], con Hinh 5 va Hinh 6 minh hoa ma tran
nham l4n ctia hai mé hinh trén 1.300 lwot truy xudt anh theo anh. & mirc téng thé, DermLIP dat Top-1 trung binh
94,15% va MetaCLIP dat 94,08% (gin nhw bang nhau), gidng nhau & phan 16n cac 16p: cung dat 100% trén
Folliculitis, Head Lice, Herpes, Herpes Zoster, Ringworm, Sarampion va Warts; cung dat 99% ¢& Nail Fungus va
97% & Tinea Capitis. Khac biét chi xuit hién & cac 1&p c6 hinh thai phirc tap hon: DermLIP cao hon & Chickenpox



24 DANH GIA KHONG GIAN EMBEDDING CHO ANH DA LIEU NHIEM TRUNG

(100% so v&i 98%) va Infestation/Bites (96% so v&i 92%), con MetaCLIP cao hon & Monkeypox (90% so véi
86%) va Infectious (47% so v&i 46%).

Bang 7. So sdnh Top-1 theo tirng I6p bénh giita DermLIP (ViT-B/16) va MetaCLIP (H14). Cét "Chénh léch" = (s0 dodn diing
ctia DermLIP) - (s6 dodn diing ctia MetaCLIP); & dong "Téng / TB", chénh léch +1 ca twong trng hiéu sé Top-1 +0,08 diém
phan tram.

Bénh S6 mau DermLIP DermLIP MetaCLIP MetaCLIP Chénh léch
; Poan ding | Top-1(%) | Poanding | Top-1 (%) ;
Chickenpox 100 100 100 98 98 +2
Folliculitis 100 100 100 100 100 0
Head Lice 100 100 100 100 100 0
Herpes 100 100 100 100 100 0
Herpes Zoster 100 100 100 100 100 0
Infectious 100 46 46 47 47 -1
Infestation/Bites 100 96 96 92 92 +4
Monkeypox 100 86 86 90 90 -4
Nail Fungus 100 99 99 99 99 0
Ringworm 100 100 100 100 100 0
Sarampion 100 100 100 100 100 0
Tinea Capitis 100 97 97 97 97 0
Warts 100 100 100 100 100 0
Tong / TB 1.300 1.224 94,15 1.223 94,08 +1
Chickenpox 6 o o o o o o 100
Folliculitis 6 o o o o0 o o
Head_Lice 0o 0o o o o0 0 o 80
Herpes 0 (1] o 1] o 0 0
Herpes_Zoster o o o 0o o 0 o©
g Infectious 2 0o o o 2 o o 60 o
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’.E:ZB Monkeypox1 6 3 ©o o 5 1 0 @
Nail Fungus{ © © 0 © ©0 0
Ringworm{ © (1] L] 1] 0 0
Sarampion{ @ © 0 0 o0 0 20
Tinea Capitis{ © 1 0 0 0 0
Warts{ 0 0 1] o 0 0 L 1o
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Hinh 5. Ma trdn nhdm ln - Mé hinh DermLIP (ViT-B/16)
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Nhan dy doan

Hinh 6. Ma trdn nhdm lan - M6 hinh MetaCLIP (H14)

Xét ma tran nham l4n ctia DermLIP, m6 hinh dat 100% Top-1 trén 8/13 16p. O Monkeypox, 14 trwong hop sai
dwoc phan bd nhw sau: 5 ca sang Herpes Zoster, 3 ca sang Folliculitis, 3 ca sang Sarampion, va 3 ca 1é sang Warts,
Infectious va Ringworm (mdi bénh 1 ca) — phan 16m (9/14 ca) roi vao cac bénh c6 biéu hién mun nwéc twong tu
nhau trén anh 1am sang. Lép Infectious c¢6 két qua thdp nhit véi 46%, phan 16n (49/54 ca) anh bi nhim sang
Folliculitis; 5 ca con lai phan tan sang Chickenpox (1 ca), Infestation/Bites (2 ca) va Sarampion (2 ca). Ra soat tha
cbéng cho thiy nhiéu anh trong nhém Infectious qua thwc cé hinh thai gin véi Folliculitis - mot phén sai s6 do vy
c6 thé bat ngudn tir tinh téng quat va thiéu nhat quan ctia nhin ngudn, chir khéng han 1 gi¢i han ctia mé hinh. Khi
loai 1&p Infectious khéi danh gia, Top-1 cia DermLIP ting tir 94,15% 1én 98,17%, con MetaCLIP tang tir 94,08%
1én 98,00%. Xu hwéng twong tw 13p lai trén toan bd cdc mo6 hinh ma khéng 1am xao tron thir hang. Nhw vay chit
lwgng nhin cé tic dong dang ké téi két qua truy xudt, dic biét & nhirng 16p mang tinh téng quat; bwdc xac nhan
nhan béi chuyén gia da liéu dwoc kién nghi cho cic nghién ctru mé rong (xem muc Giéi han nghién ctru).

D&i véi MetaCLIP, mo hinh dat 100% trén 7 1&p bénh, it hon DermLIP mot 1¢p. Khac biét ré nhat ndm & Chickenpox
va Infestation/Bites, noi DermLIP cho két qua cao hon - bdng chirng cho wu thé ctia md hinh chuyén biét khi hoc
céac dic trung hinh thai dic trung cla da lidu. Ngwoc lai, MetaCLIP cao hon & Monkeypox, goi y rang dit liéu
Internet quy mo 1&n dem lai lgi thé & nhitng bénh c6 bi€u hién khong dién hinh nhd kho dic trng thi giac tong
quat phong phd. Néi chung, du khong c6 khac biét thdng ké (nhw da trinh bay & muc IV.C), phan tich theo tirng 16p
cho thiy hai méd hinh van hanh theo hai co ché& biéu dién khac nhau: DermLIP nidm bt t6t dic trirng hinh thai dic
hiéu cta da liéu, con MetaCLIP khai quat héa manh hon & nhitng 1&6p c6 biéu hién thi gidc da dang hoic it dic
trung.

E. KIEM TRA CONTAMINATION

Dé dinh lwong kha ning cAc mé hinh chuyén biét da liéu - nhat 1a DermLIP - di “nhin thiy” anh trong tip danh
gia & giai doan hun luyén, nghién ctru 4p dung quy trinh kiém tra tring 13p & cip do anh bang perceptual hashing
(pHash). Quy trinh gdbm ndm buwéc: (i) tinh pHash cho toan b6 1.300 anh trong tip danh gia; (ii) tinh pHash cho
subset ctia tap hudn luyén Derm1M [4] c6 lién quan dén phé bénh nhiém trung; (iii) tim moi cip 4nh c6 Hamming
distance < 10 (nguéng chit, G bt cac bién thé nhé vé crop, dd sdng hay nén anh); (iv) hai thanh vién trong nhém
ra soat thu céng bing mat tirng cip dwgc pHash danh d4u, phan loai vao bdn mitc loai trir nhau: YES (triing hoan
toan, ciing anh nguén), SAME_LESION (ciing tén thwong trén cing bénh nhan, chup khac géc hodc khéc thoi diém),
SAME_DISEASE (hai anh ctia hai bénh nhan khac nhau nhung cung bénh ly) va NO (cdp c6 pHash khép nhung
nhin bénh khéng khép gitra hai tap); (v) tong hop két qua theo tirng 1ép bénh. Hinh 7, Hinh 8 va Hinh 9 minh hoa
1an lwot cac trweong hop YES, SAME_DISEASE va contamination (cdp pHash khép nhwng khac nhén) thu dwoc tir
quy trinh ra soat thu cong.
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YES

(a) Eval (b) Derm1M

Herpes Herpes
Hinh 7. Vidu hang muc YES - cdp dnh triing hoan toan gitra tdp ddnh gid va Derm1M (cting dnh ngudn, ciing nhdn Herpes).

SAME_DISEASE

~ : -
. === EE . &%
(a) Eval (b) Derm1M
Chickenpox Chickenpox

Hinh 8. Vidu hang muc SAME_DISEASE - hai bénh nhdn khdc nhau ciing mdc Chickenpox; cting nhdn nén khéng tinh la
contamination theo dinh nghia nghiém ngadt.

(a) Eval (b) Derm1M
Warts Chickenpox
Hinh 9. Vidu contamination (nhdn “NO” theo quy wéc ra sodt thii cong) - cdp dnh cé pHash khép (Hamming < 10) nhwng
khdc nhdn gitva tdp ddnh gid (Warts) va Derm1M (Chickenpox); ddy la trwdng hop dwoc tinh vao 51 cdp NO (trong téng 63
dnh contamination) & Bdng 8. (Lwu y: hang muc SAME_LESION khéng dwoc minh hoa do trén 1.300 dnh ddnh gid khéng
phdt hién cdp nao thudc logi nay - xem cjt SAME_LESION trong Bdng 8.)
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Mot diém vé dinh nghia cin 1am ré: nghién ctru nay tach hai khai niém. (1) & cdp d6 cip anh, mbi cip pHash khép
dwoc phan loai vao bon nhém loai trir nhau 1a YES, SAME_LESION, SAME_DISEASE va NO — trong d6 NO 14 cip c6
pHash khép nhwng nhan tng véi hai bénh khac nhau gitra tap danh gia va Derm1M (loai trung lap nhan nghiém
trong nhit vi 1am sai 1éch théng tin nhin). Téng 158 = 102 YES + 0 SAME_LESION + 5 SAME_DISEASE + 51 NO. (2)
O cdp d6 anh, cot “S6 anh contamination xac nhan” dém s6 anh danh gia duy nhét c6 it nhit mot cip pHash khép
véi Derm1M (bat ké thudc loai nao sau ra soat thi céng), vi mot anh cé thé khép véi nhiéu anh trong Derm1M va
sinh ra nhiéu cdp & nhiéu loai khic nhau. Cach tach nay cho phép bao cdo dong thoi (a) mirc trung ldp nhén thuc
sw thong qua NO — chi 51/158 cap (~32,3%) — va (b) pham vi rong hon ctia kha nang dir liéu trung lap qua 63
anh eval (~4,85% cta 1.300) c6 it nhat mot cip pHash khép. Hai con sd nay cho cung mot két luin: mirc anh
hwdng clia contamination dén két qua truy xuit la nho.

Bang 8. Két qud kiém tra contamination giiva tdp ddnh gid 1.300 dnh va Derm1M bdng perceptual hashing
(pHash, Hamming < 10)

Lép bénh | S6 anh Cap YES (cap | SAME_LE | SAME_DIS | NO (cap S6 anh Ty lé
eval pHash trung SION EASE khac contamin (%)
Khép hoan (cung ton (cung nhan) ation xac
(raw) toan) thwong) bénbh, nhan
khac BN)
Chickenpo 100 10 5 0 4 1 3 3,0
X
Folliculitis 100 0 0 0 0 0 0 0,0
Head Lice 100 0 0 0 0 0 0 0,0
Herpes 100 39 21 0 0 18 18 18,0
Herpes 100 5 3 0 0 2 3 3,0
Zoster
Infectious 100 21 16 0 1 4 7 7,0
Infestation 100 6 4 0 0 2 4 4,0
/Bites
Monkeypo 100 45 32 0 0 13 11 11,0
X
Nail 100 0 0 0 0 0 0 0,0
Fungus
Ringworm 100 8 5 0 0 3 4 4,0
Sarampion 100 15 10 0 0 5 7 7,0
Tinea 100 3 2 0 0 1 2 2,0
Capitis
Warts 100 6 4 0 0 2 4 4,0
Tdng 1.300 158 102 0 5 51 63 4,85

Két qua kiém tra trén 13 16p bénh dwoc tong hop trong Bang 8. Téng s6 158 cip pHash khép dwoc phan thanh
102 YES, 0 SAME_LESION, 5 SAME_DISEASE va 51 NO; nhw viy ngay & cdp do cap, chi ~32,3% cdp pHash khép
thwc sw dan dén trung 13p nhan nghiém trong. Theo dinh nghia da néu, c6 63/1.300 anh (4,85%) dwoc xac nhan
1a contamination. Ty 1é nay thay d&i rat 1&n gitra cac 16p, tir 0% & Folliculitis, Head Lice va Nail Fungus dén 18% &
Herpes. Hai 16p dang lwu y nhit 1a Herpes (18% contamination, 18/100 anh) va Monkeypox (11%, 11/100 anh)
— day la cac 16p c6 nhiéu anh trung véi Derm1M nhit do ngudn anh y khoa ctia hai bénh nay dwoc chia sé rong
rai trén Internet. Cin phan tich k§ 4nh hwdng dén két qua truy xuit ctia cac 16p nay, dic biét & Herpes noi 18 trén
100 anh danh gid c6 cap pHash khép véi tip hudn luyén Derm1M. Riéng ba 16p Folliculitis, Head Lice va Nail
Fungus khong c6 cip pHash nao khép ngay tir buéc sang loc dau, phit hop véi gid thuyét rdng cac tip ngudn cla
ba lép nay (Dermatology_hair va Skin-Disease-Dataset) khong thudc pham vi cia Derm1M.
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Bang 9. Phdn tich dg nhay: Top-1 cua 14 mé hinh trwdc va sau khi loai bé 63 dnh contamination

M6 hinh Top-1toan | SO anh (toan | Top-1 sau loai S0 anh Chénh léch
bo (%) bo) contamination (sach) (diém %)
(%)

DermLIP 94,15 1.300 94,18 1.237 +0,03

MetaCLIP H14 94,08 1.300 94,10 1.237 +0,02

AItCLIP Base 93,46 1.300 93,37 1.237 -0,09

OpenAl-CLIP Large 93,46 1.300 93,37 1.237 -0,09
P14

SigLIP SO400M 93,31 1.300 93,29 1.237 -0,02

MedSigLIP 93,15 1.300 93,05 1.237 -0,10

WhyLesionCLIP ViT- | 91,77 1.300 91,67 1.237 -0,10
L/14

OpenAl-CLIP Base 91,69 1.300 91,75 1.237 +0,06
P32

ConvNeXt-CLIP Base | 91,62 1.300 91,59 1.237 -0,03

MobileCLIP S2 90,69 1.300 90,70 1.237 +0,01

PLIP Base 90,92 1.300 91,11 1.237 +0,19

BiomedCLIP PubMed | 89,38 1.300 89,33 1.237 -0,05

ClipMD Base 87,92 1.300 88,20 1.237 +0,28

RCLIP Base 76,92 1.300 76,96 1.237 +0,04

Bang 9 tdng hop két qua phan tich d6 nhay sau khi loai 63 anh contamination, lam tip danh gid gidm tr 1.300
xudng 1.237 anh. C6 thé rit ra ba nhin xét. Trudc hét, Top-1 ctia 14 md hinh chi thay d6i nhe, tir -0,10 diém phin
tram (WhyLesionCLIP va MedSigLIP) dén +0,28 diém phan tram (ClipMD); 7 md hinh ting nhe va 7 mé hinh gidm
nhe v&i bién dé hau hét dwdi 0,10 pp. Viéc phan bo hai chiéu va bién d6 nho6 nay cho thiy 63 contamination khéng
c6 hiéu ing hé thong 1én hiéu nang — anh huédng ndm trong ngudng nhiéu thong ké. Tiép theo, thir hang giita 14
mo hinh khéng thay d6i: DermLIP va MetaCLIP H14 van & vi tri dAn dau, RCLIP van xé&p cudi, va phan bd ba nhém
phd quét - y khoa - chuyén biét van gitt nguyén. Cu thé, Top-1 clia DermLIP ting nhe +0,03 diém sau khi loai
contamination (94,15% — 94,18%), twong dwong MetaCLIP H14 (+0,02). Néu DermLIP hwéng loi bit cin xirng
tlr contamination do dwoc huin luyén trén Derm1M, thi khi loai contamination Top-1 ctia DermLIP phai gidm
manh hon cdc md hinh khdc — nhwng thuc t€ DermLIP con ting nhe va mirc bién déng ciing khéng khac biét ro
v&i cadc md hinh ngoai nhém chuyén biét. Quan sat nay cho phép bac bo gia thuyét rang hiéu niang cao ctia DermLIP
chu yéu dén tir viéc da thiy dir liéu danh gia, dong thoi cling ¢ luin diém trung tim cda bai bao: tri thitc mién
chuyén biét méi la yéu t6 quyét dinh, doc 14p véi mirc contamination quan sat dwoc & day.

Sau khi loai contamination, hiéu s8 Top-1 gitta DermLIP va MetaCLIP H14 vin & mtc +0,08 diém phin trim
(94,15% so v&i 94,08% trudce khi loai; 94,18% so véi 94,10% sau khi loai), nam tron trong khoang tin cay
bootstrap 95% [-0,77%, +0,92%] d4 bao cido & muc IV.C. Do d6, két ludn vé tinh twong dwong thdng ké gitra hai
mo hinh khéng bi thay ddi bai viéc loai bo contamination. Téng két lai, phan tich contamination cho thdy mirc
contamination thwc té twong déi thap (4,85%), phin b twong d6i déu gitra cdc nhém mo hinh, va khong lam thay
d6i cac kétluan chinh ctia nghién ciru. DU viy, mot tip danh gid hold-out hoan toan doc 14p, 14y tir cdc ngudén khong
ndm trong Derm1M, van 12 b8 sung can cin nhic cho cac nghién cttu mé rong dé loai bé triét dé€ anh hwéng cia
contamination.

V. THAO LUAN

Két qua thuc nghiém phitc tap hon gia dinh ban du rdng mé hinh chuyén biét ludn vwot troi trén mién di liéu
twong rng: DermLIP dat hiéu ning ngang MetaCLIP H14 du nho6 hon khoang 10 1an vé sé tham sd, trong khi
WhyLesionCLIP ciing chuyén biét da liéu lai thAp hon nhiéu mé hinh phé quat. Nhém y khoa téng quat khong c6
wu thé nhw gia dinh ban d4u; thAm chi RCLIP con xé&p cudi toan bd thi nghiém.
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A. ANH HUO'NG CUA MIEN DU LIEU HUAN LUYEN PEN CHAT LUO'NG EMBEDDING

Khéc biét gitta ba nhém mé hinh - phd quat, y khoa tdng quat, chuyén biét da liéu - thé hién ré qua két qua. M6
hinh hudn luyén trén dit liéu cang gan v&i mién da lidu thi khoéng gian embedding tao ra cang 6n dinh va phu hop
v&i bai todn truy xuat anh da lidu. Piéu nay nhit quan véi két qua ctia Khun Jush et al. [5]: embedding tién huin
luyén van c6 thé cho hiéu ning truy xuat anh y t€ cé y nghia ma khéng cin huin luyén lai, mién 1a khéng gian
embedding du tot d€ phan dnh cac dic trung quan trong. Nghién ctu nay di xa hon mét buéc: mirc do "du tot"
phu thudc nhiéu vao dd phu hop gitta mién dir liéu huén luyén va mién rng dung, khéng chi vao quy moé kién tric.

O’ nhém phé quat, cac kién tric quy md 16n nhw MetaCLIP [31] va Google-SigLIP [32] dat két qua kha canh tranh:
MetaCLIP dat Top-1 = 94,08%, ngang v&i DermLIP chuyén biét. Diéu nay cho thiy quy mé dir liéu huin luyén va
dd da dang thi giac c6 thé bu lai dwgc phan nao sw thiéu hut vé tri thitc mién - twong tw nhan dinh ctia Raghu et
al. [6] rang dic trung tir md hinh 1én c6 tinh chuyén giao dang ké sang anh y té. Tuy nhién, phan tich nham lan
theo 16p cho thdy m6 hinh phd quat vin dwa nhiéu vao dic trung thi gidc tong quat: MetaCLIP dat 90% trén
Monkeypox (nho vén dédc trung thi gidc da dang) nhwng chi 98% trén Chickenpox - 1&p ma DermLIP dat 100%
nho hoc dwoc cac dic treng hinh thai da liéu dién hinh. K&t qua & nhom y khoa téng quat cling phirc tap twong tu.
Khéc v6i cac benchmark y sinh hién cé, noi BiomedCLIP [10] vAn dwoc ghi nhan viot trdi & nhigu bai toan y té,
cac md hinh y khoa trong nghién ctru nay lai khong thé hién dwoc wu thé khi ap dung cho anh da liéu 1am sang bé
mit. RCLIP (76,92%) th4p hon moi m6 hinh phd quat; BiomedCLIP (89,38%) cling khong virgt dwoc ngudng 90%
ma ngay ca MobileCLIP S2 (90,69%) - mOt md hinh phd quit quy mo6 nho (~35M tham s8) - d4 cham t&i. Can lwu
y rang MobileCLIP S2 dwgc hudn luyén trén DataCompDR - tap dit liéu dwoc ting cwdng (reinforced) bng caption
téng hop tir mé hinh 16n, do d6 viéc n6 vugt BiomedCLIP mot phan nho chién lwoc dit liéu chir khéng hoan toan
nho kién tric don thuin. Tuy nhién, ngay ca khi tinh dén yéu t8 nay, két luan chinh van ditrng vitng: trong mién da
liéu 1am sang bé mit, cAic md hinh y khoa dwoc huin luyén trén dir liéu 1éch mién (X-quang, gidi phidu bénh) khong
tw dong ké thira dwoc loi thé tir nhan “y khoa”. Mot géc nhin can dwoc bd sung vao tai liéu hién c6: BiomedCLIP
tuy manh trén cac bai todn X-quang, gidi phau bénh va nhan khoa [10] nhwng hiéu nang d6 khéng tw déng chuyén
giao sang 4nh da liéu 1am sang bé mat - loai &nh c6 dic thu riéng vé mau sic, bé mit, nén va bdi canh chup, khéc
hén céc loai dnh y t& thudng thiy trong benchmark. Nhw vy, cAc benchmark y sinh cin dwa anh da liéu 1dm sang
vao nhw mot mién ki€m tra bat budc, thay vi m3c nhién cho ring két qua & cac mién y t& khac sé chuyén giao dugc
sang day.

MedSigLIP [37] dat két qua cao nhit trong nhém y khoa: dat Top-1 = 93,15%, chi kém DermLIP va MetaCLIP H14
khoang 0,93-1,00 diém phan trim, dong thoi cao hon cdc mo hinh y khoa 1éch mién (RCLIP 76,92%, ClipMD
87,92%, BiomedCLIP 89,38%, PLIP 90,92%). Vi tri ctia MedSigLIP tao nén mét phép so sanh ba chiéu c6 gia tri:
DermLIP dai dién cho md hinh chuyén biét da liéu quy mé nhé (~86M tham s68), MetaCLIP H14 dai dién cho mo
hinh phé quat quy md rit 16n (~1B tham s6), va MedSigLIP dai dién cho m6 hinh y khoa da chuyén khoa quy mé
trung binh (vision encoder str dung ~400M tham s&) c6 bao phu da liéu trong tap huin luyén. Viéc ca ba dat trong
dai 93-94% Top-1, trong khi cdc md hinh y khoa 1éch mién thip hon 4-17 diém phin tram, ciing c6 luin diém
trung tam: chat lwong embedding trén anh da liéu duoc quyét dinh béi mitc d6 bao phi anh da trong tap huin
luyén, khong phai b&i nhian mién chung “y khoa” hay don thuin quy mo kién tric. Khoang cach khoang 1 diém
phén tram giita MedSigLIP va DermLIP tuy nhé van cho thdy huin luyén chuyén biét cho da liéu (nhw & DermLIP)
tao ra ciu tric gom cum chit hon so véi hudn luyén trén hén hop da chuyén khoa c6 bao phu da liéu (nhw
MedSigLIP). Vision encoder ctia DermLIP (~86 triéu tham s8) nho hon ctia MedSigLIP (~400 triéu tham sd)
khodang 4-5 1an, va thoi gian trich xuit embedding thuc té ciing ty 1& twong (rng (0,0026 gidy/anh so véi 0,0174
gidy/anh, tttc nhanh hon khoang 6,7 1an) — DermLIP do dé c6 wu thé kép vé ca téc do 1an hiéu ning so véi
MedSigLIP. DU vay, MedSigLIP vAn 1a mé hinh nén tang can can nhic khi trng dung doi héi tinh téng quat da mién
y t& thay vi chi riéng da liéu.

Nhém chuyén biét da liéu cho két qua phan héa hon dy kién. DermLIP [4] dAn dAu nhém v&i hiéu ndng canh tranh
va &n dinh trén hiu hét cac chi s, ngang véi MetaCLIP H14 - m6 hinh 1én hon khoang 10 1dn - ma khong cé khac
biét thong ké trong cac kiém dinh da thuc hién. Diéu nay phu hop véi phét hién cta P. Tschandl et al. [15] ring
truy xuit anh dwa trén noi dung dung dic trung tir mang no-ron chuyén biét da liéu c6 thé dat do chinh xac chan
doan ngang v&i dw doan softmax truyén théng, va mé rong phat hién d6 sang béi canh cic md hinh nén tang thi
gidc-ngdn ngit hién dai. Nhwng cing nhom chuyén biét, WhyLesionCLIP chi dat 91,77%, thip hon DermLIP va
tham chi thip hon mot s6 mé hinh phé quat. Sw phan h6a nodi bd nay cho thiy nhin “chuyén biét” khong dam bao
hiéu qua. Cac yéu td quyét dinh that sw la chién lwoc huin luyén (hoc twong phan trwc tiép trén dnh da 1dm sang
& DermLIP, d6i lap véi kién triic Concept Bottleneck tir textbook & WhyLesionCLIP), loai dit liéu (anh l1Am sang
macro so v&i ndi soi da ISIC) va muc tiéu t6i wu hda. Piéu nay b6 sung cho quan diém ctia Gassner et al. [16]: hiéu
ning truy xuit dwa trén ndi dung trong da liéu phu thudc nhiéu vao dd phu hop giira kién truc trich xuit dic trung
va loai anh dau vao.
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Hiéu niang cao cia DermLIP c6 thé quy vé hai yéu t& c6t 16i. Trwdc hét 1a dit liéu huidn luyén: DermLIP dugc hoc
twong phan truc tiép trén Derm1M - tap gom khodng 1 triéu c3p dnh-vin ban da liéu 1am sang, véi cac thuat ngit
y khoa cu thé nhu “vesicular eruption” hay “dermatomal distribution” thay vi nhirng mo ta téng quat kiéu “skin
disease”. Cach nay gidp vision encoder hoc dwgc cac dic treng phan biét dwoc cac bénh cé hinh thai gdn nhau va
pht hop tw nhién véi muc tiéu truy xuit dnh. Yéu t6 thi hai 1a sw cin chinh ngit nghia thong qua text encoder
hudn luyén trén thuit ngir chuyén biét da liéu - diém khac biét so véi cAc md hinh phd quat trén dit liéu Internet,
noi tin hiéu chuyén nganh dé bi pha loang. Sw két hop hai yéu t8 nay tao ra khong gian embedding gom cum t&t
theo tirng 1&p bénh; DermLIP dat Top-1 = 100% trén 8/13 1&p - mérc MetaCLIP H14 du 1é6n hon khoang 10 1an vé
s6 tham sé van khong dat duwgc. Nhu vay, véi cac bai todn da liéu chuyén biét, hudn luyén truc tiép trén dit liéu
cliing mién c6 thé hiéu qua hon chi mé réng quy mo kién tric hay dit liéu téng quat.
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Hinh 10. Anh hwéng ciia s6 lwong dnh méi 16p (K) dén Top-1 ciia DermLIP va MetaCLIP

DE&kiém tra tinh 6n dinh clia thit hang gitta DermLIP [4] va MetaCLIP [31] - hai m6 hinh d4n d4u, nghién ctru thuc
hién mot phan tich do nhay bang cach thay ddi s6 anh mdi 16p trong thw vién (K = 50, 75, 100). Hinh 10 cho thay
xu hwéng ro rét: tai K = 50, MetaCLIP dan truéc DermLIP khoang 2,6 diém phan tram (0,8754 so v&i 0,8492); tai
K = 75 khodng cach thu hep con 0,9 diém (0,9077 so v&i 0,8985); va tai K= 100, hai mo hinh dat x4p xi ciing gia
tri (DermLIP 0,9415; MetaCLIP 0,9408). DermLIP cai thién nhanh hon (+9,2 diém tir K=50 dén K=100) so v&i
MetaCLIP (+6,5 diém), tirc 1a hwdng lgi nhiéu hon khi thw vién ¢6 thém anh cung 16p. Hién twong nay phan anh
cu truc gom cum trong khong gian embedding: DermLIP, nh¢ dwoc huln luyén truc tiép trén dit liéu da liéu, to
chirc cac anh cing bénh ly trong viing 14n cin nhé va chit hon. Khi thw vién con nho, s6 (rng vién ding trong ving
14n cén bi gi¢i han nén loi thé nay chwa phan anh day da qua Top-1. Thw vién cang m& réng, ciu tric gom cum
chat cia DermLIP cang thé hién rd, trong khi MetaCLIP vé&i khong gian embedding ph6 quat hon nén viing gom
cum ldng, mic cai thién cin bién thidp hon. Phat hién nay goi y rang viéc hai mé hinh dat x4p xi cung Top-1
(DermLIP 94,15%, MetaCLIP 94,08%) tai K = 100 (bdo cdo & Bang 4 va Bang 6) khéng nén duoc coi 1a két qua én
dinh & moi quy mé thw vién, ma phu thudc vao quy mé danh gia: & K nhé hon, MetaCLIP con lgi thé rd rét nho von
dac trung thi gidc da dang, trong khi DermLIP cin thw vién du 1én d€ ciu tric gom cum chit thé hién ré. Tuy vy,
phén tich chi thyc hién téi K = 100 do gidi han dit liéu hién c6; xac nhin xu hwéng thu hep hay ddo ngwoc thir
hang & quy mé 1é6n hon (K = 200-500) van 1a viéc cin lam trong cac nghién ctru tiép theo.

B. TAC PONG CUA VIEC CHI SU"DUNG NHOM BENH NHIEM TRUNG

Trong ngit canh khi doc két qua: tap dit liéu nghién ctru chi gdm cac bénh nhiém trung, von 1a nhém khé phan biét
nhit trong da liéu. Cac benchmark da liéu thwdng gdp nhiéu nhém 1é6n khac nhau nhw u 4c tinh, u lanh, bénh viém
va da binh thwong — ranh giéi giita nhitng nhém nay twong d6i ré va mé hinh dé phan tach. O day thi khac: 13
16p déu 1a bénh nhiém tring, dung chung gan nhw toan bd ddu hiéu thi gidc co ban (dé da, mun nwéc, bong vay,
sin nho, tén thwong dang mang), nén md hinh phai dwa vao cac khac biét rit tinh té. Hé qua cua do khoé nay thé
hién ré & phan tich nham Ian. Lép Infectious 1a vi du dién hinh: trong 54 &nh ma DermLIP truy xudt sai, phan 16n
(49 anh) bi nhdm sang Folliculitis vi hai bénh c6 hinh thai gin nhw khéng phan biét dwoc trén anh tinh; 5 dnh con
lai phan tan sang Chickenpox (1 ca), Infestation/Bites (2 ca) va Sarampion (2 ca). Twong tw, 14/100 dnh
Monkeypox bi truy xuit sai sang cac bénh khac, chi yéu vao cac bénh c6 biéu hién mun nwéc & giai doan dau: 5 ca
sang Herpes Zoster, 3 ca sang Folliculitis, 3 ca sang Sarampion; 3 ca con lai phan tadn sang Warts, Infectious va
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Ringworm (mdi bénh 1 ca). Nhitng nhdm I14n nay khong phan 4nh gi¢i han ctia mé hinh ma phan 4nh dting do khé
cta chinh bai toan. Trong thuc té, bac si da liéu phan biét cic bénh trén ciing khong chi dwa vao hinh thai tén
thwong; ho két hgp thém bénh st ctia bénh nhan, viing co thé noi tén thwong xuit hién va dién tién theo thdi gian.
M6 hinh chi c6 mgt anh tinh duy nhat, nén viéc dat 86-94% trén nhirng 16p nay da la két qua dang ké. O ngit canh
dé, cac gia tri Top-1 & mirc 90-94% khong nén doc nhu "hiéu ning trung binh", ma cin dit vao dung d6 khé cta
bai todn. Viéc hiu hét mo hinh dat trén 97% véi Top-5 va trén 99% véi Top-20 cho thiy khong gian embedding
van gitt dwgc cdu tric gom cum ngit nghia 6n dinh: &nh ding bénh Iy luén ndm trong ving l1an cin gan, chi bi "day"
khoi Top-1 béi anh thudc bénh c6 hinh thai gin gidng hét. Tinh huéng nay pht hop véi cach béc s dung hé théng
ho trg chan doan trén thuc té - tham khdo mdt nhém ca bénh twong tw - va 1a kich ban ma Top-5, Top-10 phan
anh ding hon Top-1. Nhu vay, Top-K v&i K > 1 nén dwoc wu tién 1am chi s6 danh gia chinh khi thiét ké hé théng
truy xuit dnh dwa trén ndi dung cho nhém bénh c6 hinh thai chong 14n cao.

C. VAI TRO CUA PO PO TIYONG PONG TRONG PANH GIA EMBEDDING

K&t qua & ca hai kich ban truy xuat 4nh theo anh va truy xuit 4nh bing vin ban déu xac nhan lua chon cosine da
dwoc phén tich & muc I11.D, déng thoi cho thdy hai diém dang chu y trong trién khai thwc té. Thitr nhit, khi
embedding d3 dwoc chuin héa L2, cosine va Euclid cho két qua gan nhw twong dwong trén ca 14 moé hinh. biéu
nay cho thdy khac biét gitra hai d6 do gan nhw khdng con nhiéu y nghia thuc tién, va viéc cai thién chat lwong
embedding sé& quan trong hon viéc t6i wu do do khoang cach. Thit hai, & bai todn truy xuit chéo phuwong thic,
Euclid suy gidm rit manh do khoang cich phwong thirc (modality gap), véi Top-1 gidm t&i 64-75% & cac mo hinh
nhu SigLIP, MobileCLIP va WhyLesionCLIP, trong khi cosine van gitr dwgc dd 6n dinh. Vi vay, véi cac hé thong truy
xuat da liu c6 tich hop truy van bang van ban, cosine gan nhw 13 lwa chon bat budc.

D. HAM Y POI VO'I THIET KE PIPELINE FINE-TUNING

Tir gbc d6 ng dung, két qua nghién ctiru goi ra mot sé di€m dang chid y cho viéc thiét ké pipeline fine-tuning trong
da liéu. Trwdc hét, viéc chon backbone khéng nén chi dwa vao dd chinh xac phan loai nhu trong nhiéu benchmark
hién nay, ma cin xem thém chit lwgng embedding thong qua bai toan truy xuit anh. Trong nghién ctu nay,
DermLIP véi kién tric ViT-Base twong d6i gon nhe (~86 triéu tham s, 0,0026 gidy/anh - nhanh hon khoang 9
1an so v&i MetaCLIP H14) van tao dwgc khong gian embedding c6 ciu triic gom cum bénh ly t8t hon nhigu mé
hinh y khoa 16n hon. Diéu nay dic biét quan trong trong cac bai todn dit liéu nho, vi mé hinh c6 embedding tot
ngay tir dau thwong can it dit liéu hon dé€ dat hiéu ning mong mudn sau fine-tuning.

Sw chénh 1éch hiéu ning trong nhém mé hinh y khoa: tir RCLIP (76,92%), BiomedCLIP (89,38%) dén MedSigLIP
(93,15%) - cho thay cac mé hinh y khoa l1éch mién nén dwoc loai sém khéi pipeline da liéu. Nhitng mé hinh nhw
RCLIP hay ClipMD khéng mang lai loi thé rd rét so véi mé hinh phé quat; viéc chon chiing chi vi nhan “y té” ¢6 thé
khién qua trinh fine-tuning bat dau tir mdt nén tang kém hon. Ngwoc lai, MedSigLIP véi kién tric 1ém va dir liéu
huin luyén da chuyén khoa c6 bao pht da liéu lai phtt hop hon cho céc bai todn d4nh gia offline ho#c chit loc tri
thirc, noi toc d6 x Iy khdng phai wu tién chinh. Cudi cling, bai toan truy xuat dnh theo anh gitip phat hién nhirng
khac biét ma cach danh gia phin loai truyén théng thuwong bé sét. Vi du, DermLIP (94,15%) va MetaCLIP (94,08%)
c6 Top-1 gan nhu twong dwong nhwng lai cé kiéu nham 1an khac nhau & tirng 16p bénh. Néu chi nhin vao dd chinh
x4c tong thé thi nhitng khac biét nay sé khong dwgc thiy. Vi vay, truy xuit anh kém phan tich theo tirng 1&p bénh
nén duoc xem 1a mét buéc danh gia quan trong khi Iwa chon backbone cho cac hé théng Al da liéu, bén canh céc
chi s6 phén loai truyén thong.

E. GIO'T HAN NGHIEN CU'U
Nghién ctru c6 mot s6 gidi han cin dworc thira nhan.

Pau tién, tap dir liéu chi gdbm 1.300 anh vé&i 100 dnh mbi 16p. Quy mo nay phi hop cho danh gia ban dau trong
thiét 1ap truy xuit k-NN khong tinh chinh nhung chwa du 16n dé khai quat héa két ludn cho toan bd phd bénh da
liéu. Phan tich d6 nhay cho thdy thit hang gitta DermLIP va MetaCLIP thu hep khi ting s6 &nh méi 1&p tir 50 1én
100, tirc 1a két qua c6 thé thay ddi & quy mé 1o hon.

Tht hai, pham vi nghién cttu gi¢i han & nhém bénh nhiém tring - nhém c6 kha nhiéu dic diém hinh thai chia sé
chung nhw mun nwéc, bong vay va do da lan téa. Cic nhém bénh khac cé thé dit ra thach thire rat khac cho cac mé
hinh embedding va lam thay ddi thi hang hiéu nang: ung thw da (melanoma, carcinoma té bao day, carcinoma té
bao vay) c6 hé dic trung hinh thai riéng (b4t d6i xirng, bor khdng déu, phan b sic td phirc tap); cdc bénh tw mién
(lupus ban do, vdy nén, pemphigus) c6 biéu hién da hinh thai. Do d6, két qua ctia nghién ctru nay khong thé khai
quat ngay sang cac nhém bénh ung thw da hay tw mién - mdi nhém cin dwoc danh gié riéng véi giao thire twong
dwong trwde khi rat ra két ludn vé mé hinh nén tdng pht hop. Bu thé ciia DermLIP ghi nhin & diy cling chwa thé
khang dinh sé& duy tri khi 4p dung cho cdc nhém bénh néi trén, dic biét khi DermLIP dwoc huin luyén chi yéu trén
anh 1am sang da nhém bénh nhung c6 thé c6 ty 1é &nh nhiém tring dang ké trong tap huin luyén.
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Thit ba, nghién ctru chi dung 4nh 1am sang khéng bao gom anh noi soi da hay giai phiu bénh. Lwa chon nay gitip
dir liéu d6ng nhit va phan 4nh béi cdnh kham so' bd & tuyén co s&, nhung két qua thu dwoc chwa di dé néi vé nang
lwc ctia m6 hinh trong thwc hanh da liéu téng quat.

Thit tw, dit liéu dwoc tong hop tir nhiéu ngudn cong khai trén Internet, véi nhin ké thira truc tiép tir tip goc ma
chwa qua buéc xac nhan lai béi bac si da lidu doc 1ap. Anh hwéng ciia gi¢i han nay hién ré & phan tich nhiam l4n,
dac biét & 16p Infectious - 1&p c6 tinh téng quat cao, dwgc tong hop tir nhiéu nguén khac nhau va chi dat Top-1 =
46%, v&i nhiéu anh bi nhim sang Folliculitis. Ra soat thu cdng cho thiy mot s6 anh trong 1&p nay c6 hinh thai gin
véi Folliculitis; sai sd do viy khong chi dén tir m6 hinh ma con lién quan dén chit lwong nhin. D€ dinh lwong tac
ddng, nghién ctru thwc hién phan tich loai trir 1&p Infectious khéi tip danh gia: Top-1 clia moi mo hinh déu ting
khoang 3,7-4,8 diém phan trdm - DermLIP ting tir 94,15% 1én 98,17%, MetaCLIP ting tir 94,08% lén 98,00%. Xu
hwéng nay lap lai dong déu trén toan bé md hinh ma khéng x4o tron thi hang. Nhw vy chit lwgng nhin 1a mot
yéu td dang ké chi phoi két qua truy xuit. M6t s6 bién phap giam thiéu da dwoc ap dung trong nghién ctru hién tai:
loai &nh trung 13p gitra cAc nguon, loai &nh ndi soi va giai phiu bénh d€ dam bio dong nhit phwong thirc, bdo cio
két qua theo tirng 1&p d€ ngwdi doc 6 cai nhin ré hon vé @6 tin ciy cia mo hinh. Tuy vay, nhitng bién phap nay
chwa thé thay thé bu¢c xac nhan nhin béi chuyén gia da liéu. Cac nghién ctru tiép theo cin xay dwng quy trinh
kiém tra va xac nhan nhan véi s tham gia ctia nhiéu bac si da lidu ddc 1ap, ddng thoi chia nhé cac 1ép téng quat
nhu Infectious thanh nhitng nhém bénh cu thé hon. Bén canh dé, danh gia gia tri thuc tién clia truy xuit qua reader
study véi bac silam sang ciing 1a viéc can trién khai dé xem c4c anh truy xuat thuc sw hitu ich dén dau trong hd
tro chan doén.

Thit nim, kiém tra contamination dinh lwgng bing perceptual hashing (pHash, Hamming < 10) gitra tip danh gia
1.300 anh va Derm1M [4] cho thdy ty 1é contamination thwc té twong ddi thip (4,85%, twong dwong 63 anh) va
khong lam thay d6i thi hang twong ddi gitra 14 mo hinh (két qua chi tiét & muc IV.E, Bang 8-9). Tuy nhién, pham
vi kiém tra con mot s6 gi¢i han. Phép ddi chiéu pHash chi chay trén subset clia Derm1M lién quan t&i phé bénh
nhiém trung, chwa bao quat toan b tp huin luyén goc, cling nhw tap tién huin luyén clia cAic mé hinh khac nhw
MetaCLIP H14 (FullCC2.5B). Ngoai ra, ngwdng Hamming < 10 c6 thé bé sét nhirng anh da trai qua bién d6i manh
nhu xoay géc 1én, ddi ty 1€ khung hinh hay tai ma hoa nhiéu 1an. Mot tip danh gid hold-out hoan toan doc lap, 14y
tir nhitng ngudn khong ndm trong tap huin luyén ctia bt ky mé hinh ndo dwoc danh gia (vi du 4nh thu truc tiép
tai bénh vién hop tic, khdng cong khai trén Internet) van 1a budc b sung can thiét cho cac nghién ctru mé rong
néu muén loai trir tuyét d6i anh hwdng clia contamination dén két luin vé hiéu ning twong ddi gitra cdc nhém mo
hinh.

Tht sau, ngoai 16p Infectious dd dwoc phan tich chi tiét bang phan tich loai trir 1&p, nghién citu chwa thuc hién
dwoc phan tich dinh lwong vé tinh nhit quan nhan lién ngudn cho cac 1ép da ngudn con lai, gbm Herpes (2 nguén),
Monkeypox (2 ngudn) va Sarampion (2 nguén). Ba phén tich chuyén siu sau day cin dwoc thwc hién nhwng chwa
kip trién khai do gi¢i han thoi gian va ngudn lwc: (i) kiém tra trung ldp anh gitta cdc ngudn bing perceptual
hashing, (ii) b4o cio d6 chinh xac truy xuit theo tirng 1&p cho tirng nguoén trong cing mot16p, (iii) phan tich hwéng
nham I4n lién nguon (anh tir ngudn A bi truy xuit sang anh cung lép tlr ngudn B hay sang 16p khac). Tuy nhién,
cac bang chirng gian tiép tir két qua theo tirng 1&p & Bang 7 cho thdy vadn dé nhan khong d6ng nhat lién ngudn cé
1é khéng nghiém trong & cac 16p da ngubén ngoai Infectious: Herpes dat 100% Top-1 trén ca 80 anh tir Skin-
Disease-detection 1an 20 &nh tir skin disease, Sarampion dat 100% trén ca 66 anh tir Roboflow 14n 34 anh tir MSID,
Monkeypox dat 86-90% trén ca 87 dnh Roboflow 14n 13 dnh MSID. Néu nhin gitra cAc ngudn khong nhit quan
nghiém trong, d6 chinh xac tong hop khé c6 thé dat mirc 100% hodc gin 100% nhw di quan sat. Du vy, diy cling
khong phai bang chirng day dd vi né chi phan anh tinh nhit quan ndi bd caa tirng ngudn, khong khing dinh duoc
rang dinh nghia nhan giita cdc ngudn 1a twong dwong. Trong cac nghién cttu mé rong, ba phan tich néu trén ciing
qua trinh xac nhan nhan ddc 1ap bdi bac si da liéu 1 can thiét dé loai trir tic dong cda nhiéu nhin lién ngudn l1én
két qua danh gid. Cudi cung, toan bd danh gid dwoc thwe hién theo phwong thirc k-NN retrieval khong tinh chinh
- cadc mé hinh khéng dwoc tinh chinh trén tip dir liéu dich. Cach 1am nay ddng véi kich ban trién khai nhanh, chi
phi thdp, nhwng chwa cho biét thi hang cé thay d6i sau khi tinh chinh hay khong. Bwéc tiép theo clia nhém nghién
ctru sé 1 tinh chinh cdc m6 hinh tiém nang nhit trén dir liéu dich va danh gia lai hiéu ning sau huin luyén.

VI. KET LUAN

Bai bdo xiy dung khung danh gid thdng nhat so sanh 14 m6 hinh embedding thudc ba nhém (phé quat, y khoa
téng quat, chuyén biét da liéu) trén cling giao thitc truy xuit anh theo anh véi 1.300 anh 14m sang ctia 13 bénh
nhiém trung (leave-one-out), két hgp ba kiém dinh théng ké va phan tich contamination véi Derm1M. Lwa chon
truy xuit anh theo anh & diy phén anh trwec tiép ciu tric gom cum trong khéng gian embedding, sat véi cach cac
pipeline thuc té khai thiac mo hinh nén tang.
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Phat hién dang chd y nhat1a mién dir liéu huln luyén, chit khong phai quy mé kién tric, méi chinh la yéu t6 quyét
dinh chit lwong embedding cho bai toan ndy. DermLIP (ViT-B/16, ~86 triéu tham sd8) dat Top-1 = 94,15%, gan
nhw ngang ngira MetaCLIP H14 (~1 ty tham s8, 94,08%) du nho hon khodng 10 lan vé quy mé. Hiéu s6 chi +0,08
diém phan tram véi bootstrap 95% CI [-0,77%, +0,92%], ca ba kiém dinh déu cho p = 1,0; thém vao d6, mirc do
on dinh & tirng 16p bénh (hai mé hinh ngang nhau trén 9/13 16p) cang ciing c6 nhin dinh nay. N6i cach khéc, tri
thirc mién chuyén biét thu dwoc tir huin luyén truc tiép trén anh da liéu c6 thé bu lai dwgc khoang cach rat16n vé
kién tric, du d€ khang dinh tinh twong dwong mét cach chinh thirc van can cac ki€ém dinh equivalence chuyén biét
& nhitng nghién ctru sau. Xu hwéng nay con ré hon trong nhém mé hinh y khoa: hiéu ning ting dan theo mirc do
xudt hién ctia 4&nh da 1am sang trong tap huin luyén. Cu thé RCLIP (huin luyén X-quang/CT) chi dat 76,92%, roi
dén ClipMD 87,92%, BiomedCLIP 89,38%, PLIP 90,92%, va cao nhit 1a MedSigLIP c6 bao phi da liéu v&i 93,15%.
Khoang cich 16 diém phén tram giita dau trén va dau dwdi cta xu hwéng nay cho thiy yéu td quyét dinh khéng
phai 13 nhan “y t&” gin 1én m6 hinh, ma 13 tinh twong dong vé phwong thirc &nh va phé bénh gitra dir liéu huin
luyén va dir liéu dich. Mot quan sat thu vi khac 1a PLIP, du dwoc phat trién cho anh gidi phiu bénh, van vuot cac
mo hinh y khoa 1éch mién khac va con cao hon ca BiomedCLIP, goi ¥ rdng nhitng dic trung hinh thai hoc tir anh
md hoc, dic biét 1a két ciu va phan b tdn thwong, c6 kha ning chuyén giao phan nao sang anh da liéu 1am sang.
Phéin tich contamination v&i tip Derm1M ciing cho thiy mirc tring lap thwc té khoang 4,85% (63 anh trén 1.300)
va khong xdo tron thit hang gitra cic mo hinh, cling ¢ thém d tin ciy cho cac két luin trén.

Ngoai nhitrng phat hién vé md hinh, két qua thwc nghiém con xac nhin cosine 1a dé do phtt hgp hon Euclid cho truy
xudt da phwong thirc. Khi embedding dd chudn héa L2, hai d6 do cho két qua gin nhu trung nhau & truy xuit anh
theo anh; nhung & truy xuit anh bing van ban, Top-1 sut tir 28% dén 75% khi ddi sang Euclid do khoang cach
phuwong thirc trong cadc md hinh CLIP, vin dé ma cosine xt Iy dwoc nho chi do géc gilra cac véc-to.

Trén co s& danh gia dong thoi ba khia canh 13 hiéu ning truy xudt, chi phi tinh todn va cu tric gom cum theo 16p
bénh, bai bao dé xuit bén khuyén nghi thuwc tién cho pipeline fine-tuning anh da liu nhiém trung. Truwéc hét,
DermLIP 13 diém khé&i dau mic dinh hop 1y nhé can bang t6t giita hiéu ning cao (94,15% Top-1, 8/13 16p dat
100% Top-1) va chi phi thdp (~86 triéu tham s, 0,0026 gidy/anh, nhanh hon MetaCLIP H14 khoang 9 1an). Tiép
theo, cAc mé hinh y khoa 1éch mién nhw RCLIP va ClipMD nén dworc loai sém khoi danh sach (ng vién dé tranh
khéi dau fine-tuning tir mot nén tang yéu. MetaCLIP H14 vAn 12 lwa chon t6t khi (tng dung doi héi kha ning khai
quat da mién, du phai chip nhin chi phi tinh todn cao gdp gin 10 lan. Cudi cung, MedSigLIP la mdt phwong an
trung gian pht hop khi tng dung cin bao phti thém nhitng mién y t&€ khac ngoai da liéu.

T6m lai, bai bdo c6 bén déng gép chinh. Thir nhit 1 mot khung danh gia théng nhit d€ so sdnh ba nhém mdo hinh
embedding trén cung giao thirc truy xuat anh theo dnh; khung nay c6 thé tai st dung cho cac bai toan da liéu khac
hodc nhitng mién y té c6 dic thi twong tw. Thit hai 12 bing chirng thwc nghiém veé vai tro quyét dinh cia mién dix
liéu huln luyén d6i véi chit lwong embedding, dit trong so sanh trwec tiép véi dnh hwdng clia quy mo kién tric;
day la phat hién thiét thwc v&i nhirng nhém nghién ciru c6 tai nguyén han ché khi phai lwa chon gitra dau tw vao
mo hinh 16n va dau tw vao dit liéu chuyén biét. Thir ba 1a mdt quy trinh phan tich contamination dinh lwgng bang
perceptual hashing, kém theo phan loai ba mirc va phan tich dd nhay sau khi loai trir, di xac nhén ty 1é
contamination thuc té€ thip va khong &nh hwdéng dén thir hang gitra cAc mé hinh. Thi tw 1a co s& dinh lwgng cho
viéc chon backbone trong pipeline fine-tuning, véi DermLIP dwoc xac dinh 1a diém kh&i ddu phthgp cho hé thong
truy xu4t anh da liéu nhiém trung.

T4t nhién, cac két luan hién tai mé&i dwoc xac 1ap trén tdp 1.300 anh 1Am sang bé mit thudc nhém bénh nhiém
trung, nén viéc kiém chirng kha ning téng quat héa ctia ching cin thém nhirng nghién ciu mé rong. Heéng dau
tién 12 mé rong danh gia sang cdc nhém bénh khac nhw ung thw da va bénh tw mién, vén cé dic trung hinh thai
khac hdn nhém nhiém trung, dé xem thit hang giita cAc mé hinh c6 6n dinh khi déi mién bénh ly hay khong. M&
rong quy mo di liéu cling 12 mét bwéc cin thiét dé cing c6 do tin cay thdng ké. Bén canh danh gia embedding
khong tinh chinh, cic buéc ti€p theo nén tinh chinh nhirng mé hinh tiém nang trén dir liéu dich va danh gia lai
trén cac tac vu ha ngudn nhuw phan loai, phin doan va truy xuit, d€ xem wu thé & giai doan khong tinh chinh cé con
dwgc duy tri sau hudn luyén chuyén biét hay khong. Mot hwéng nita 1a b6 sung dnh ndi soi da va anh giai phau
bénh nhdm xay dung thiét 1ap danh gia da phwong thirc, gin hon véi thec hanh 1am sang. Cudi cuing, cac danh gia
c6 sw tham gia truc tiép ctia bac si da liéu 12 can thiét d€ xac nhan gia tri tng dung thuc té clia hé thdng truy xuat,
dic biét trong cac tinh huéng hé trg chan doén tai tuyén co sé hay y té tir xa.

VIL. LO'I CAM ON

Bai bao nay dwoc hoan thanh trong khudén khd dé tai nghién ctru khoa hoc cip trwedng ma s6 HSV2025-27 véi tén
dé tai “Xay dung tng dung Al da phwong thirc chdn doan bénh da liéu nhiém trung”, do Trwong Pai hoc Ngoai ngit
- Tin hoc Thanh ph8 H6 Chi Minh (HUFLIT) tai tro, dw¢i sw hwéng dan khoa hoc ctia ThS. Bui Thi Thanh Tu (Khoa
Cong nghé thong tin, HUFLIT). Nhém téc gia tran trong cdm on sy dinh hwéng tan tinh cta gidng vién hwéng dan
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cung su hd tro tir Nha treong trong sudt qué trinh thuc hién dé tai. Nhém tac gia cling xin chan thanh cdm on Ban
bién tap Tap chi Khoa hoc Trwdng DPai hoc Ngoai ngit - Tin hoc Thanh phd H6 Chi Minh cling cidc nha phan bién 4n
danh d3 c6 nhitng gép y su sic, mang tinh xay dung, gép phin quan trong nang cao chit lwong bai béo.
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EVALUATION OF EMBEDDING SPACES OF FOUNDATION MODELS FOR
INFECTIOUS DERMATOLOGY IMAGES TO GUIDE BACKBONE SELECTION
FOR FINE-TUNING PIPELINES
Pham Thi Anh Thu, Nguyen Gia Khoi, Tran Trung Hieu, Tran Anh Duc, Bui Thi Thanh Tu

ABSTRACT— In the context of limited dermatological labels, a key question is which embedding model should serve as the
backbone for image retrieval and analysis applications. To answer this, we compare 14 models across three groups (universal,
general medical, and dermatology-specialized) on an image-to-image retrieval task with leave-one-out protocol, using 1,300
clinical surface skin images of 13 infectious diseases. The evaluation combines statistical testing (bootstrap 95% CI,
McNemar’s exact test, paired permutation test) with class-wise confusion analysis. Key findings: (i) DermLIP (ViT-B/16, ~86M
parameters) achieves Top-1 = 94.15%, statistically indistinguishable from MetaCLIP H14 (~1B parameters, 94.08%):
difference +0.08 pp, bootstrap 95% CI [-0.77%, +0.92%], McNemar p = 1.0, permutation p = 1.0; (ii) domain-specific
knowledge can compensate for not scaling up architecture (~10x parameter gap); (iii) general medical models trained on
domain-shifted data perform worse than universal models, indicating that the “medical” label by itself confers no advantage
when the training-domain modality and disease coverage do not match the target domain; (iv) a pHash-based contamination
analysis with Derm1M shows only ~4.85% overlap (63/1,300 images), which does not affect the relative ranking of models.
These findings provide quantitative grounds for backbone selection in dermatology image fine-tuning pipelines.

Keywords— Dermatology image embedding, embedding space evaluation, foundation model for infectious skin disease,
cosine similarity in image retrieval, backbone selection for fine-tuning pipeline.
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