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TOM TAT

Mb hinh Convolutional Neural Network va gan day 1a Transformer da chimg minh hiéu
qua trong phan loai anh don nhan dya trén cac tap dit liéu don nhan. Khi mé rong ra bai toan
phan loai anh da nhin, mot rao can 16n 14 khong dii cac tap dit liéu da nhan cho huan luyén mé
hinh. Két hop tryuc tiép tap anh da nhin va don nhin (cho ddi twong méi) chua mang lai két qua
phan loai da nhan. Trong bai bao nay, ching t6i dé xuat mé hinh Conformer va phuong phap
mat na tya BERT cho phan loai anh da nhan dya trén tap dir liéu don nhan ImageNet va tap di
lidu da nhian Coco. ImageNet dugc str dung dé huan luyén nhan dang déi twong “chinh” trong
anh (d6i twong ImageNet) va Coco dé nhan dang cac ddi tuong “phy” khac trong anh. Két hop
mot lwong nho dit lidu ngir canh da nhian 1a sy “lai ghép” ddi tuong tir Coco va ImageNet d¢é két
ndi cac tap dir liéu khac nhau, mo hinh dé xuat c6 thé nhan dang ddi tugng “chinh” trong anh
va cac d6i twong thong thuong khac. Ngoai ra, mé hinh c6 thé ap dung cho gan lai da nhan tap
dir liéu ImageNet véi thong tin nglr canh déc trung.

Tir khoa: gan lai da nhan tap ImageNet, mo hinh Conformer, phdn logi anh da nhan, tdp
dit liéu don nhan, tdp dir liéu ImageNet.

MULTI-LABEL IMAGE CLASSIFICATION WITH NOVEL OBJECT
FROM SINGLE-LABEL DATASET BY MASK CONFORMER MODEL

ABSTRACT

On the basis of single-label datasets, the Convolutional Neural Network (CNN) and, more
recently, the Transformer model, have shown to be successful at classifying single-label images.
The lack of multi-label datasets for model training is a significant obstacle when it comes to the
problem of multi-label image classification. In this paper, we propose a Conformer model and a
BERT-like mask method for multi-label image classification based on the ImageNet single-label
dataset and Coco multi-label dataset. ImageNet is used to train the “main” object in the image
(ImageNet object) and Coco to recognize “secondary” objects in the image. The proposed model
can identify the "main" object and other common objects in images when combined with a small
amount of multi-label context data, which is a "hybrid" of objects from Coco and ImageNet to
connect different datasets. In addition, the model can be applied to a multi-label reassignment of
the ImageNet dataset with specific context information.

Keywords: Conformer model, ImageNet dataset, multi-label image classification, re-
label ImageNet, single-label dataset.

S6 07 (2023): 81 — 89 T gﬁ.‘,fé&ﬁiﬁﬁﬁé

81



82

Tapcfz Rhoa hoc

DAI HQC HA LONG

1. PAT VAN PE

Nhitng nim gan day, thi gisc may tinh —
Computer vision (CV) da dat dugc nhimng
budc tién 16n nho tién bo cua cong ngh¢ hoc
sdu va cac tap dir liéu 16n. Mot sO mo hinh
dugc huan luyén trén lugng dit liéu 16n gan
nhan da dat va tham chi vugt qua kha nang
cuia con nguoi trong mot s6 nhiém vu cu thé,
chang han nhu phéan loai 4nh don nhén.

Phéan loai anh don nhin nhim muc tiéu
gan mot nhan cho anh tu tap dir liéu anh don
nhan. Trong thoi gian dai, mdé hinh
Convolutional Neural Network (CNN) to ra
kha hiéu qua trong phan loai anh don nhan.
Nhitng nim gan day, véi thanh cong ctia mo
hinh Transformer trong linh vuc xir ly ngén
nglr tu nhién — Natural language processing
(NLP), nhiéu nghién ciru da ap dung mé hinh
Transformer trong CV va mang lai két qua
canh tranh v4i m6 hinh CNN, chéng han mo
hinh Vision Transformer (ViT) cia Google
(Dosovitskiy va cs., 2021), Object Detection
Transformer (DETR) cta Facebook (Carion
va cs., 2020). Dit liéu cho huén luyén phan
loai 4anh don nhin kha phong phii, chang han
ImageNet (Deng va cs., 2009) voi 21K 16p
ddi tuong, hodc dé dang tim kiém trén
internet theo ddi twgng mong mudn.

Trong thuc té, dit liéu anh, ké ca tir tap dit
lidu don nhan, thudng c6 nhidu hon mot dbi
tuong trong d6. Chang han, d&i twong
Accordion trong ImageNet thuong kem theo
cac ddi tuong person, chair... trong anh. Do
do, bai toan phan loai anh da nhan mang lai
nhiéu théng tin gia tri hon, c6 thé ap dung t6t
hon cho nhiéu bai toan khac nhau, nhu trong
nhan dang cac dbi tuong cho mo ta anh dbi
tugng mai. Nhan dang cac doi tugng trong
anh, ddc biét cac dbi twong méi, 1a bude dau
tién rat quan trong, quyét dinh nhiéu dén chét
luong ctia mé ta anh dbi tugng moi.

Thanh cong ctia cac mo hinh phan loai anh
don nhan tao nguén cam hing cho phan loai
anh da nhan. Tuy nhién, khong don gian chi
1a chuyén ddi tir mé hinh phén loai anh don
nhan sang phéan loai da nhan. Béi trong phan
loai don nhan, cac dbi twong “phy” thuong
khong dugc chu y, trong khi phén loai anh da
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nhan, sy quan tam chia déu cho cac dbi tuong
va co tinh trang trung lap/che khuat cta cac
doi tuong trong anh.

Thém vao d6, dir li¢u anh da nhan thuong
khong day du, khong da dang va ton rat nhiéu
tai nguyén, cong suc cho gan lai da nhan,
hodc tim kiém trén internet. Ching han: Coco
dataset (https://cocodataset.org) la tap dit li¢u
da nhan, tap trung vao 80 16p d6i twong; Open
image (Kuznetsova va cs., 2020) 1a tap di
lidu da nhin véi 600 16p ddi tuong, nhung chi
tap nho dir liéu trong d6 dugc gan da nhan.
Hon nita, viéc sir dung tap dit liéu da nhin san
c6 thuong han ché sy phong phii cia cac dbi
tugng nhén dang. Viéc thu thdp va gan da
nhan cho tip dir liéu 16n van 1a mot thach
thirc. Dit lidu anh da nhén c6 thé thu thap tir
internet bang viéc két hop nhiéu tir khoa, tuy
nhién két qua tim kiém tra vé nhiéu anh
khong phtt hop véi ndi dung nén can phai ¢6
su ra soat thu cong. Gan da nhan toan bd tap
dir liéu 16n 1a mot cong viée té nhat, tén thoi
gian, cong strc va dé bi 16i va yéu cau su tham
gia ctiia chuyén gia trong mét s linh vuyc,
chang han trong linh vuc y khoa.

Dé giai quyét tinh trang khong day du,
phong phu dit liéu da nhin, mot giai phap dé
xudt la st dung tap di li€u don nhan cho huén
luyén phén loai anh da nhan. Su dung don
thuan tap dir liéu don nhan cho huin luyén
phén loai anh da nhan khong dem lai két qua
ma can phai c6 cac dir liéu bd sung hoic cac
ky thuét chuyén sau khac nira. Da c6 mét sd
nghién ctru trén thé gidi theo hudng nay mang
lai két qua kha quan. Nghién ciru cua tac gia
Sangdoo Yun va cong su thudc Phong thi
nghiém NAVER AI (Han Quéc) (Yun va cs.,
2021) dé xuét gan lai da nhan cho tap dit liéu
ImageNet. Theo do, tac gia st dung phuong
phép “random crop and resize” — chon ngau
nhién mdt vung anh dé hy vong nhan duoc
dbi tuong, sau d6 qua mo hinh nhan dang dé
phat hién ddi twong trong anh. Tir d6, nghién
citu da thyc hién gan lai da nhan cho
ImageNet v6i do chinh xéc 1én dén 80%. Tac
gia Baoyuan Wu va cdng su (Wu va cs.,
2019) xay dung kho dir liéu da nhan Tencent
multi-label Images dya trén cac tdp dir liu
ImageNet va Open Image, bang cach sir dung
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cdy phan cap ngit nghia va dong xuat hién
giita cac 16p ddi twong. Pay 1a kho dit liéu
anh kha I6n véi khoang 18 triéu anh cho 11K
16p ddi twong. Trong nghién ciru (Huang va
cs., 2020), tac gia xay dung d6 thi mo ta cac
16p dbi tugng duya trén tap dir lidu Coco va
ImageNet, tinh toan d¢ twong dong dua trén
ludi tir va st dung ngudng xac dinh canh gilra
cac node trén dd thi. Sau do, su dung mang
Relational GraphConvolutional Network (GCN)
cho huén luyén phan loai anh da nhin ddi
tugng moi trong anh. Trong nghién ctru (Wei
va cs., 2016), tac gia su dung mo hinh phat
hién d6i twogng BING, dé phat hién cic ddi
tugng trong anh, dugc coi nhu la tap cdc ing
vién ddi tuong trong anh, sau do su dung mo
hinh CNN chia s¢ két ndi cac ung vién trong
mdt tong thé boi 16p max pooling cho két qua
cudi cung 1a du doan da nhan cho anh. Trong
nghién ctru (Verelst va cs., 2023), tac gia su
dung phuong phap cit anh ngiu nhién va
chuyén do6i kich thude anh lam dir liéu b6
sung, ding ham mat mat “spatial consistency
loss” cho huan luyén phén loai anh da nhan
va giam b6t nhiéu phan loai do cat anh ngau
nhién gy khong dong b nhan huan luyén va
anh dau vao.

Nhin chung, cdc nghién cuu thuong su
dung h¢ phat hién dbi tuong dé trich xuét cac
dbi tuong lam dir li¢u dau vao cho huin luyén
mo6 hinh nén két qua nhan dang phu thugc kha
nhiéu vao d6 chinh xac va d¢ da dang ctia hé
phat hién d6i tuong. Viéc dong thoi str dung
két qua thir cap lam dau vao ciing anh huong
phan nao dén hiéu ning mo hinh. Viée xay
dung quan hé gitra cac d6i twong dya trén ludi
tlr/do thi phu thude ngit canh ngdn ngit nhiéu
hon 1a ngilt canh hinh anh.

Trong qua trinh thir nghiém thyc té, ching
t6i nhan thiy rang, viéc s dung tryc tiép
ImageNet va Coco khong mang lai két qua
cho phan loai anh da nhan véi d6i tuong méi.
Do viy, trong bai bdo nay, chung t6i dé xuat
phuong phap “lai ghép” ddi tuong anh va st
dung phuong phap mat na tua BERT trong
md hinh Conformer dé dat duoc két qua phan
loai anh da nhén véi ddi tugng méi tir tap
ImageNet. Cu thé, ching t6i sir dung tap dit
li¢u don nhan ImageNet va mot luwong rat nho
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dir liéu dugc chi thich da nhan tir chinh
ImageNet, két hop tap dir liéu da nhan Coco
dé 1am dit liéu huén luyén. Bang phuong phap
mat na hoa trong mo6 hinh Conformer, ching
toi da thur nghiém thanh cong mé hinh phan
loai anh da nhan dya trén tap dir li¢u anh don
nhan ImageNet. C6 thé mo rong 4p dung cho
cac tap dir liéu don nhan khac hoac cac 16p
ddi tuong tu tim kiém trén internet, déng thoi
c6 thé ap dung cho gan lai da nhan tap dit lidu
anh ImageNet.

2. PHUONG PHAP NGHIEN CUU

2.1. Phuwong phap trich xuit lai ghép cac
doi twgng

Coco la tap dir licu anh st dung cho phat
hién ddi twong, phan doan va chi thich anh
quy mé 16n véi 328K anh cho 80 16p ddi
tuong khac nhau. Cac dbi tuong xudt hién véi
tan suét kha 16n, chéng han dbi tuong “dog”
c6 tan suat 1a 18.000 lan.

ImageNet 1a tap dir liéu anh ndi tiéng
trong CV ndi chung va phén loai anh noi
riéng. Pay la tap dir liéu lon gém 14 triéu anh
dugc chu thich theo phan cép mang tir véi
21K 16p dbi twong. Tap con thuong duoc sir
dung ctia ImageNet bao gdbm 1.000 16p ddi
tuong véi 1.281.167 anh cho huén luyén,
50.000 cho kiém thr va 100.000 cho thir nghiém.

Dudi goc d6 phan loai anh, Coco 1a tép da
nhin c6 thé st dung cho phéan loai anh da
nhan, ImageNet 1a tap dit liéu don nhan chu
yéu str dung cho phén loai anh don nhan. Két
hop tryc tiép hai tap dir liéu nay khong mang
lai két qua cho phan loai 4nh da nhan, do xé4c
suét trong phan loai don nhan cao hon nhiéu
so voi phan loai anh da nhan.

Qua qua trinh phén tich va thtr nghiém
thuc té, chung t6i nhan thay rang, két hop
ImageNet v6i Coco, cong thém mot luong toi
thiéu anh tir ImageNet duoc chi thich da
nhan (theo thtr nghiém ctia ching t6i 1a 20
anh/ 16p d6i tugng) cho phén loai anh da nhan
dem lai két qua kha quan. Cuy thé: (1) Coco:
thuc hién 14y danh sach nhén cac d6i tuong tir
chu thich va 80 dbi tuwong, cong thém mot )
16p dbi tuong c6 tan sudt xuat hién nhicu
trong chu thich; (2) ImageNet: la tdp don
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nhan san co; (3) ImageNet™™: chon 20 anh
trong mdi 16p ddi tugng ciia ImageNet va
thyc hién ch thich da nhan cho cac anh nay.
Céac anh nay duoc chon sao cho ) lugng cac
dbi twong trong anh 1a da dang khac nhau.
Khi thuc hién chua thich da nhan cho 20
anh/16p d6i tuong, ngoai cac ddi twong thong
dung xuét hién trong anh cing véi ddi twong
chinh ImageNet, chang han chair, man... bén
canh accordion, chung t6i con thyc hién
phién am cac dbi twong ngit canh trong anh,
chang han grass, field, building, sky, street. ..
Céc d6i tuong nay thuong bi bé qua trong céc
tap dir liéu anh khac nhung lai kha quan trong
trong ImageNet boi phan 16n anh trong d6 c6
kém theo cac dbi twong ngit canh, dong thoi
lai rat c6 gid tri trong nghiép vu mo ta anh.
ImageNet™ co thé coi 1a tap dir lidu “lai
ghép” ddi tuong giita hai tip ImageNet va
Coco, nghia 1a cac anh ma c6 xut hién cua
ca d6i tuong ImageNet va Coco duoc chu
thich da nhan.

Y tuong trich xuat “lai ghép” cac ddi
tugng trong anh dua trén cac tap dir liéu néu
trén cu thé nhu sau: ImageNet dugc st dung
dé nhan dang d6i twong “chinh” ImageNet
trong anh; Coco dugc st dung dé nhan cac
d6i tuong “phy” trong anh, ké ca déi tuong
ngtt canh; ImageNet™ dugc s dung nhu mot
“mdi nht” cho muc dich ciing v6i Coco “ép
budc, dinh huéng” mo hinh thyc hién theo
huong phan loai anh da nhan cho tap ImageNet
va goi y cac ddi tuong ngir canh dai dién cho
tap dir liéu ImageNet. Khi dugc huén luyén
theo phuong phap mat na trén md hinh
Confomer c6 thé thuc hién dwoc phan loai
anh da nhan tur tap dir liéu don nhan ImageNet.

S

(a) Imagenet (b) Coco (c) inference

Hinh 1. Nhin dang cc ddi twong trong theo
phuwong phap lai ghép
Trong Hinh 1, anh (a), ImageNet dugc
huén luyén dé nhan dang d6i tuong chinh

robin; anh (b), Coco dugc sir dung dé huin
luyén ddi twong phu, ngit canh fence, green
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tree; anh (c), khi thug hién du doan, mé6 hinh
nhéln’dang duogc ca doi tugng chinh ImageNet
va doi tugng phu trong anh.

2.2. Mo hinh Confomer véi phuwong phap
mait na

Trudc day, trong CV, md hinh CNN da
thdng tri mot thoi gian dai va da chimg minh
dugc hiéu qua trong nhidu nghiép vu. Nam
2017, khi xuéat hién mé hinh Transfomer
trong linh vuc xur ly ngdn ngtr tu nhién cho
két qua vuot troi, nhiéu tac gia da léy cam
hing tir mo6 hinh Transfomer trong NLP ap
dung trong linh vyc CV va mang lai két qua
rit canh tranh v6i mo hinh CNN, chéng han
mo hinh ViT trong phan loai anh ctia Google,
mo hinh DETR trong phét hién dbi tuong cia
Facebook. Pac bi¢t trong linh vyc chu
thich/mé ta anh, Transfomer di dan thay thé
mo hinh RNN/LSTM va chiém xu thé chii dao
trong céc nghién ctru vé mo ta anh hién nay.

M® hinh Transfomer khéc phuc dugc cac
van dé ciia mo hinh trude d6 vé su phu thudc
Xa gifra cac tir trong cAu do su bién mét cua
dao ham (gradient) tdc do huin luyén cham
do xir Iy tuan ty, ddc biét 1a co ché “tw cha y”
(Self Attention) va dem lai hi¢u qua hon cho
mo hinh. Do d6, m6 hinh Transformer va cac
bién thé ciia n6 nhu BERT, GPT-3 d tao ra
Kkét qua hién dai (State of the art —- SOTA) cho
cac tac vu lién quan dén NLP.

Phan 16i cia mo6 hinh Transfomer 1a co
ché Scaled Dot-Product Attention, trong CV,
cho phép huin luyén mot (mot sb tir) chu y
dén mot ving anh nhét dinh. Cac trong s6 cua
16p “cha ¥ duge diéu chinh trong qué trinh
huén luyén dya theo do da dang cia cac anh
dau vao. Do vdy, md hinh nay kha phu hop
cho cac nghiép vy CV.

Lay cam himg tir két hop mé hinh CNN
v6i Transfomer va phuong phap “maét na” tir
md hinh BERT, ching toi dé xuét mé hinh
Mask Confomer ap dung cho phén loai anh
da nhan tu tap dir licu don nhan va mang lai
két qua kha quan. M6 hinh Conformer 1a sy
két hop ctia CNN va Transformer.
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Transformer va CNN doc lap déu co
nhimg han ché nhit dinh. Mic du
Transformer c6 kha ning mé hinh héa bdi
canh toan cuc tam xa (long-range global
context), chiing lai it c6 kha ning trich xuat
cac mau tinh ning cuc bo chi tiét. CNN thi
nguogc lai, ching c6 khéa nang khai thac thong
tin cuc bd va dugc st dung lam cac khéi tinh
toan trong CV. Ching hoc cac nhan dua trén
vi tri duoc chia sé thong qua cac ctra s6 cuc
bd v6i kha nang dich chuyén va c6 kha ning
mo hinh hda dugc cac déc trung nhu canh hay
hinh dang. Mot giéi han nita cta két ndi cuc
b 14 cAn nhiéu tham sb hodc 16p mang dé hoc
duogc cac thong tin toan cyc.

Gan day, da c6 mot s6 nghién ciru (Gulati
va cs., 2020; Wei va cs., 2016) chi ra rang,
viéc két hop tich chap (convolution) va co
ché “chu ¥ gitp cai tién hiéu ning mo hinh
hon la viéc sir dung riéng r€ tirng loai hinh do
su két hop tao diéu kién cho viéc hoc duoc ca
cac dac trung mang tinh cuc b va toan cyc.
Md hinh Conformer trong thu nghiém cta
ching toi bao gdm Conformer encoder va
Transformer decoder. Phuong phap huan
luyén duoc dya theo mat na hoa tya BERT.

Scaled Dot-Product Attention la mét co
ché chi y dwa vao viéc nhan ma tran (dot-
product) va sau d6 nhan tiép cho mot hé s ti
1€ (scaling factor), cu thé & moé hinh

N
Transformer la —.

Vi
T
Attention (Q, K, V) = so ftmax <QL> v,
Q ) /i e

trong d6: Q, K,V tuong Ung la ma tran Query,
Key va Value, d, 1a so chiéu cua véc to key.

Multi-Headed Attention (Hinh 2) duogc st
dung dé tang kha ning chay song song véi co
ché chu ¥ nhiéu lan. Cac dau ra chii y 1a doc lap,
duoc ghép ndi va chuyén doi tuyén tinh dén sb
chiéu mong muédn. Theo tryc giac, multi-head
attention cho phép tham gia vao nhiing phan
khéc nhau cta chudi tir, chang han phan phu
thudc dai han, ph?m phu thudc nge"ln han...
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Hinh2. Scaled Dot-Product Attention (trai) va
Multi-head attention (phai) (Vaswani va cs., 2017)

MultiHead(Q,K,V) = [headl, e headh] 7

o
=

trong d6 head, = Attention(QW I, KW* VW),

Khéi Conformer trong thir nghiém ctia
ching ti bao gdm:
= FeedForward(x)
Sel f_attn(x)
pre_norm(x)
Con formerConvModule(x)
Feed Forward(x)
post_norm(x)

LTRSS S~ S S

Con formerConvModule gém:
= Layer Norm(y)

= Convld(y)

= GLU(y)

= DepthWiseConvld(y)
= BatchNormld(y)

= Swish(y)

= Convld(y)

= Dropout(y)

A S - R S

Trong do:

Feed Forward: 16p truyén thang;

Sel f_attn: 16p ty chu y;

pre_norm, post_nornt: 10p chuén hoa;

Con formerConvModule: 16p tich chap;

DepthWiseConv1d, Convild: module tich
chap 1D;

GLU, Swish: ham kich hoat;

Swish: module “bo hoc”.

Mo hinh Conformer (Hinh 3): m6 hinh

gom encoder la cac 16p conformer block va
decoder la cac 16p transformer.

ap chi Rfoa hoc
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[ OUT PROB ]
NORM
FFW
1D-CONV
NORM
[ OUTPUT ]
MHA
FFW

)

Hinh 3. M6 hinh Conformer
cho phin loai 4nh da nhén

Pha hudn luyén:

Dir liéu anh dau vao duoc chuyén vé kich
thudc 224x224, sau d6 qua blackbone 1a mo
hinh pretrained — Mobilenet v3 da dugc huin
luyén trén 21K 16p ddi tuong ImageNet, thu
duoc ban dd dic trung 960x7x7, 10i duge 1am
phang thanh chudi tir c6 gém 49 tir véi 6
chiéu 960 va sau d6 duoc chuyén thanh cac
tir ¢6 s6 chiéu 256.

Nhin dau ra 1a danh sach cac ddi tugng
trong anh tuong tUng. V6i tdp dir li€u
ImageNet, nhin diu ra gdbm mot nhan 1a ddi
twong chinh trong anh. Tép dit liéu ImageNet™
1a nhdn cac dbi tuong trong anh. Véi tap dir
ligu Coco, ching t6i thyc hi¢n theo theo
phuong an: 51% la nhan d6i twong thyc trong
anh, 49% thuc hién thay thé ddi twong Coco
boi cac ddi tuong ImageNet, vi du dog, man,
grass — samoyed, man, grass. Xac suit thay
thé 1a 49%, nho hon xéc xuét doi twgng thyc
51% (ddi twong Coco) nén két qua nhan dang
khong anh huong dén dbi twong thyc. Viée
thay thé nay nham muc dich ting cuong xac
sudt lién két giita ddi tuong chinh ImageNet
v6i cac ddi tugng Coco khac, dong thoi duy
tri dugc xéac suat cia déi tugng phu Coco.
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Nhan dit liéu du ra sau d6 duge mit na
héa ngiu nhién (random mask) theo ti 1é:
33% che matna 1 tir, 33% mat na 2 tir va 34%
che mit na toan bo cac tir. Cac nhan ddi tugng
dugc ma hoa thanh cac thé (token) boi
pretrained — BERT va chuyén doi (embedding)
thanh s chiéu 13 256, sau d6 ghép véi chudi
tir anh, tao thanh chudi tir dau vao cho mo hinh.

MB& hinh dugc huin luyén dé du doan cac
tir duge thay thé boi tir mit na ddu vao dya
vao dir liéu anh. Chi tinh “cross entropy” cho
cac tur dugc dy doan (che mat na).

(a)
tench man
Conformer
ﬂ mask grass mask
(b)
tench grass man
Conformer
mm mask mask mask

Hinh 4. M6 hinh Conformer
cho phin loai 4nh da nhén theo cic pha
huén luyén (a) va dw don (b)
Pha nhén dang:

Dir liéu du vao cho nhan dang 14 anh can
du doan, phan ngdn ngir duoc che mit na toan
bd. Do theo phuong phap huin luyén ctia mo
hinh, s6 luong dbi tugng dy doan phu thudc
vao sb tir mit na duoc st dung trong dit li¢u
dau vao. Nghia 1a c6 thé thuc hién diéu chinh
) lwong mét na dau vao dé du doan sb luwong
d6i twong dau ra trong anh. Trong thir nghiém
cua chung t6i, nhan dang anh duoc thyc hién
theo ba budc:

Budc 1: thuc hién nhan dang véi s6 lugng
tr mat na dau vao 1a 1. Khi d6, mé hinh trd
thanh phan loai anh don nhin va dé dang
nhan dang dugc dbi tugng chinh trong anh
v6i d6 chinh x4c rat cao, chéng han nhén dang
dugc dbi twong rench.
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Budc 2: thyc hién nhan dang anh voi sO
lugng tir méat na dau vao mong mudn, thong
thuong 1a 3. Do nhén dang 1a da nhan, nén c6
mot xac sudt nao d6 trong két qua du doan
khong xuét hién d6i tugng chinh va bi nhan
dang sang d6i trong gidng loai trong tmg, vi
du tench bi nhan dang thanh fish.

Budrc 3: thyc hién thay thé ddi tugng chinh
dugc nhan dang tor budc 1 cho dbi tuwong
gidng loai dugc nhan dang ¢ budc 2, chang
han fish — tench. Két qua dau ra 1a cac nhan
d6i twong bao gdm ca ddi twong chinh trong
ImageNet va dbi twong khac duoc nhin dang
trong anh.

3. KET QUA VA THAO LUAN
3.1. Tap dir liéu huén luyén

Trong céc thu nghiém, ching t6i st dung
tap dir liéu ImageNet va Coco cho huan luyén
md ta anh. Do han ché vé ngudn lyc va tai
nguyén, chung t6i chon ngau nhién mot tap
16p dbi twong tir ImageNet 1K cho cac thir
nghiém ma khong 1am mat tinh tong quat ctia
phuong phap hay hi¢u ndng cua mo6 hinh thuc
hién. Ttr tap dir liéu nay, chiing t6i chon mdi
16p 20 anh dai dién dé thuc hién gan da nhan
cho anh. Déi vai tap di liéu Coco, nhan cac
d6i tugng duoc 14y tir danh sach ddi twong va
cha thich twong tmg. Chiing 0i c¢6 ging lay
danh sach dbi tugng nhiéu nhat ¢ thé véi mdi
anh dé ting kha ning nhan dang nhiéu nhan
va bu dép cho s luong nhin d6i tuong tir
tap ImageNet.

3.2. M6 hinh

Trong bai bao nay, chiing t6i sir dung mo
hinh Conformer v&i encoder gom 1 layer
conformer, decoder gém 1 layer multi-head
attention véi s6 luong tham s6 huan luyén 1a
7.689.088. Mang co so& dugc st dung la
Mobilenet v3 di duoc huan luyén trén 21K
16p ddi twong ImageNet véi s6 lugng tham s6
st dung la 2.971.952.

Mb hinh duoc hudn luyén trén Colab véi
GPU Tesla T4 16GB. Thoi gian huan luyén
la 4 gio cho 50 epoch. Thoi gian nhan dang
anh 1a 0,5 s/anh.
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3.3. Két qua nhin dang

Do ImageNet la tdp dir liu don nhan,
khong c6 tap dir liéu chuan cho danh gia mo
hinh da nhan. Hon nira, m6 hinh duogc thir
nghiém dé nhan dang ca d6i tugng ngir canh
nén kho so sanh voi cac mo hinh dya trén tap
dit liéu khéc. Do vay, dé danh gia két qua thir
nghiém mo hinh, ching t6i thu thap 165 anh
cho 33 16p dbi twong ImageNet va thyc hién
danh gia theo cac chi s6 twong ty md hinh
NOC (Venugopalan va cs., 2017) nhu duéi day:

(1) S1: ti 18 phan trim 16p ddi tugng
ImageNet duoc nhan dang khi ¢o it nhét mot
két qua nhan dang cua 16p ddi tuong (X) trén
tong cac 16p ddi twong duoc dy doan (C).

= X/C % 100. Chi sb nay cho biét ti 1& 16p
d6i tuong méi duoc xuat hién trong két qua
du doan trén tong sb cac 16p ddi twong.

(2) S2: ti 1& phan trim céac déi tuwong
ImageNet duoc nhan dang (Y) trén tong cac
Kkét qua dy doan (S): S2=Y/S * 100. Chi so
nay cho biét ti 1€ dbi tuong moi dugce Xuét
hién trong cac du doan.

(3) $3: 40 chinh xac cuia nhan dang la ti 1¢
két qua nhan dang dung (Z) trén tong cac du
doan (S): §3 = Z/S  100. Ti 1 nay cho biét
dd chinh xac cua du doan tir mé hinh.

(4) S4: diém s6 F1 duoc tinh toan dua trén
precision va recall cia ddi twong moi
ImageNet trong cac két qua du doan. F1 =2 «
Precision x Recall | (Precision + Recall). Chi s0
nay 1a s6 dung hoa giita Recall va Precision
dé c¢6 can ctr danh gia, lya chon mo hinh.

Két qua thir nghiém nhu trong Bang 1 va
Bang 2 dudi day. Két qua du doan mot sb
mau phan loai anh da nhan dugc trinh bay tai
Hinh 5.

Bing 1. Piém s6 danh gia cho 33 16p ddi
twong ImageNet

S1 (%) S2(%) S3(%)  S4(%)

100 86,67 71,57 86,60

Bing 2. Piém s6 danh gia cho 19 16p ddi
tuwgng ImageNet c6 ciy phan cap giong loai

S1 (%) S2 (%) S3 (%) S4 (%)
100 93,68 78,95 86,81
ap chi khoa hoc
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accordion,
woman,
bench, grass
field

water buffalo,
man, grass field

man, bison,
grass field, road

songbird, tree,
leaves

goldfinch, tree robin, grass

cello, woman,
chair, room

samoyed, grass,
field

redbone, water

—

siamese cat, bed tiger cat, bed,
car blanket

lampshade,
table, flowers

kimono,
woman, tree

academic gown,
man, tree

Hinh 5. Mot s0 két qua phan loai anh da nhin
voi doi twong méi tir tip dir liéu ImageNet

Béng 1 1a chi s6 danh gid cho 33 16p ddi
tuong modi ImageNet dugc lya chon. Bang 2
14 chi s6 danh gia 19 16p d6i twong c6 xuat hién
cdy phén cap giong loai, vi du dog — samoyed.

Theo két qua du doan, mé hinh da nhan
dang dugc da nhan: dbi twgng méi trong anh
va cac dbi twong khac. Xac suat nhan dang
d6i twong méi kha cao dua theo k¥ thuat mit
na va diéu chinh sb lugng tir mit na dau vao
trong pha du doan.
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4. KET LUAN

Trong bai bao nay, chung toi xay dung va
thir nghiém mo hinh Conformer theo phuong
phap mit na cho huén luyén phan loai anh da
nhin véi dbi twong méi tir tap dir lieu don
nhan ImageNet. M6 hinh thuc hién kha don
gian voi tap dit liéu don nhin rat phong ph,
¢6 thé d& dang thu thap duoc tir internet. Do
valy ¢6 thé mo rong cho tap cac ddi twong bét
ky theo muyc dich sir dung. Pong thoi, c¢6 thé
ap dung cho géan lai da nhan tap dir li¢u
ImageNet v6i cac dbi twong ngit canh phu hop.

LOI CAM ON

Chung t6i xin chan thanh cam on nhi¢ém
vu cao cip “Hd tro hoat dong nghién ciru
khoa hoc cho nghién ctru vién cao cip nim
20237, ma s6 NVCC02.01/23-23 da hd trg
trong qua trinh thuc hién nghién ctru nay.
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