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Tom tat: Phan loai chét Iugng khong khi tir hinh
anh dong vai trd quan trong trong viéc giam sat va
canh bao vé 6 nhiém moi trudng, dac biét khi cdm
bién thuding tén kém va kho 18p dét, trong khi camera
ngay cang tré nén phd bién va dé dang tiép can.
Nghién ctru nay gidi thiéu phuong phap hoc sau it
mau, véi y tudng ap dung Few-Shot Learning - FSL
(hoc it mau) cho cac mé hinh hoc sau phan loai chéat
lugng khong khi. Bang cach ap dung FSL, ching toi
xay dung nhitng mo hinh hoc sau cé kha nang hoc
hiéu qua ti sb6 lugng nhé dit liéu huan luyén, déng
thoi dat dé chinh xac cao trong phan loai cac mic
dd chéat lugng khéng khi. Phuong phap da dugc thir
nghiém trén bd dir liéu Air Pollution Image Dataset
from India and Nepal, cho thay do chinh xac vuot
troi so v6i phuong phap huan luyén truyén thong.
Phuong phdp chiing t6 khd nang (ng dung FSL
trong phan loai chat lugng khong khi, dic biét trong
bbi canh dif liéu hinh anh vé chét luong khong khi
con han ché.

Ttr khoa: Few-shot learning, phan loai chat lugng
khéng khi, tri tué nhan tao.

I. GIGI THIEU

Chat luong khéng khi la moét yeu t6 quan trong
anh hu’dng dén stic khoe cong dong, méi trudng
va chét lugng cudc sbng. Chéat lugng khong khi
kém cé thé gay ra cac van dé sic khde nghiém
trong nhu bénh ho hap, cac van dé tim mach va
gia tang ty 1& t& vong. Theo T6 chiic Y té Thé
gidi (WHO), 6 nhiém khong khi ngoa| troi gay ra
khoang 4.2 triéu ca t(r vong moi nam, chd yeu
lién quan dén bui min PM2.5, trong khi mot so
bao cdo néu rd con sb nay cé thé lén dén 8.8
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triéu khi tinh ca 6 nhiém t¥ cac ngudn nhan tao
va ty nhién [1]. Cac phuong phap giam st chat
lugng khong khi truyen thong thudong dua vao
cac cam bién vat ly, vén dat dé va bi gldl han
vé pham vi bao phi. Ngoai ra, nhitng cam bién
nay can dugc bao dudng thudng xuyén va dat
tai cac vi tri ¢b dinh, dan dén viéc thiéu tinh linh
hoat trong viéc theo dai & nhiém khéng khi 6 quy
md 16n. Nhirng tién bo gan day trong linh vuc thi
giac may tinh va hoc sdu da md ra nhitng hudng
di ma&i cho viéc phan loai chat lvong khong khi
thdng qua hinh anh, cung cap mot g|a| phap
thay thé cé hiéu qua vé chi phi va dé md rong.

Cac mo6 hinh hoc sau, dac biét la mang no-
ron tich chap (CNN), da chitng minh c6 thé ap
dung trong phan loai chat lugng khong khi tir
hinh &nh. Tuy nhién, viéc huan luyén cac mé
hinh nay doi hdi mét lugng 16n di liéu. Van dé
nay la rao can I6n trong bai todan phan loai chat
lugng khong khi, khi ma cong viéc thu thap day
dd dir liéu va gan nhan cho cac muc chat lugng
khong khi rat khé khan. D& khic phuc han ché
nay, nghién cttu clia ching t6i dé xuat 4p dung
FSL [2] vao mé hinh hoc s&u nham cai thién do
chinh xac clia mé hinh hoc sau khi hun luyén
v6i s lugng nhé dir liéu.

Muc tiéu ctia nghién ctiu la cai thién do chinh
xac trong phan loai chat lugng khéng khi tir hinh
anh vdgi FSL. Nghién citu da dugc th(r nghiém
trén tadp du liéu Air Pollution Image Dataset
From India and Nepal [3] cho thdy FSL chi can
st dung mét lugng dir lieu rat nhd dé huan
luyén cac mé hinh hoc sdu ma van dem lai do
chinh xac tuong duong hodc hon khi so sanh
v6i phuong phap truyén thdng huén luyén trén
lugng 16n dUr liéu.
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Bang |: Phuong phap phan loai chat lugng khéng khi gan day

Bai bao Tap du liéu M6 hinh Phuwong phap Do chinh xac
. . Két hgp dif liéu tir cac cam
Air Pollution Image Dataset PSRN P A,
gltonz“gze; from India and Nepal (loai Eff-AQI b'eé‘é'éh;gﬂ]kg'nﬁ”gghvﬁésac 89.38%
" bd phan dit liéu ctia Nepal) 7 quan
Mahajan . . VGG16 + Ket hgp trich xuat dac trung
et al., Air fl:grlrl]ufl:dr};rgﬁge'\lga;ellset mang no-ron bang VGG16 va du dodan 87.44%
2024 P tuy chinh vdi mang na-ron tly chinh

Il. NGHIEN CUU LIEN QUAN

Nghién ctru ctia Utomo et al., 2023 [4] trinh
bay mét moé hinh CNN hiéu qua dé phan loai
chéat lugng khéng khi tai India. Nghién ctiu nay
nhan manh tdm quan trong cla viéc phat trién
cac phuong phap tién tién nham cung cép thong
tin chinh xac va kip thoi vé chat lugng khéng khi,
maot van dé ngay cang trd nén nghiém trong do
tinh trang 6 nhiém méi trudng dang ngay cang
nghiém trong. Mé hinh Eff-AQI dudc thiét ké dé
gidm thiéu sb luong dic trung can thiét ma van
dat dugc do chinh xac cao trong phan loai chét
lugng khong khi. Nghién cttu st dung di liéu
tU cac cam bién khong khi cung véi cac dac
diém hinh anh lién quan dé cai thién do chinh
xac clia cac du doan. Két qua thlr nghiém 9.56
RMSE, 0.99 R2, 89.92% d6 chinh xac can bang,
89.38% d6 chinh xac cho thdy mé hinh nay c6
kha nang x{ ly va phan tich dit liéu hinh anh mot
cach hiéu qud, ti¥ d6 cung cap nhiing danh gia
dang tin cay vé Ung dung hoc sau trong phan
loai chéat lugng khong khi.

Mahajan et al., 2024 [5] nghién cltu s dung
md hinh VGG16 cho viéc trich xuat dic trung
tr hinh anh, sau d6 két hop v6i mang no-ron
tly chinh dé phan loai chéat lugng khéng khi.
Két qua th&r nghiém md hinh dat do chinh xac
88.54% trén tap dii liéu huan luyén va dé chinh
xac 87.44% trén tap dir liéu danh gia, chi ra hiéu
qu,é vuot tréi so véi cac phuong phap truyén
thong. Nghién cltu nay khéng chi khang dinh
kha nang clia cong nghé hoc sdu ma con md
ra huéng di cho cac nghién ciiu tuong lai nham
cai thién do chinh xac cla bai toan phéan loai
chéat lugng khéng khi ti hinh anh.

Nhirng nghién ctiu trong Bang 1 chiing minh
xu huéng phat trién cla cac phuong phap Ung
dung mé hinh hoc sau trong phan loai chat
lugng khéng khi tir hinh &nh.
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IIl. PHUONG PHAP DE XUAT

A. Mang no-ron tich chap

Mang no-ron tich chap (Convolutional Neural
Network - CNN) [6] [7] 1& mét trong nhiing kién
tric hoc sau phé bién nhat dugc st dung trong
cac bai toan x ly hinh anh, dac biét la phan
loai, nhan dang va phat hién déi tuong. CNN cé
kha nang hoc va trich xuét cac dac trung khéng
gian tUr di liéu dau vao nhu hinh anh théng qua
céc I6p tich chap (convolutional layers), gilp toi
uu hda viéc nhan dién cac dac trung nhu canh,
géc, hodc cac mau phirc tap hon khi di sau vao
mang.

K& tr khi CNN duoc gidi thiéu, nhiéu mo
hinh CNN tién tién da ra ddi, déng gép quan
trong vao su phat trién cla linh vuc hoc sau
va thi giac may tinh. Cac mé hinh nay khong
chi gilp nang cao do chinh xac trong cac bai
toan x& ly hinh anh, ma con md@ ra nhiing
hudng di méi trong xay dung va huan luyén
mang hoc sau. Mot s6 md hinh cé thé ké dén
nhu Alexnet [8], GooglLeNet [9] VGGNet [10],
ResNet [11] va DenseNet [12]. VGGNet, ResNet
cling DenseNet da trd thanh nén tang cho nhiéu
nghién ctru va dugc ing dung trong cac linh vuc
khac nhau.

VGGNet dugc phat trién theo xu hudng tang
dd sau clia mang CNN, bang cach st dung cac
bd loc nhé kich thudc 3x3, két hop véi nhiéu I6p
chéng 1én nhau. Véi 16 hoac 19 16p, VGGNet da
minh chitng rang viéc tang do sau clia mang cé
thé cai thién hiéu suat phan loai hinh anh.

ResNet (Residual Network) st dung co ché
"skip connection” (két néi tat), khac phuc van dé
thong tin bi mat dan khi mang tré nén qué sau.
Piéu nay cho phép mang huan luyén hiéu qua
ngay ca khi do sau clia mang tang lén, giam
thiéu hién tugng vanishing gradient. Cac bién
thé nhu ResNet-50 va ResNet-101 d4 trd thanh
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nén tang cho nhiéu nghién ctiu hitu ich vé mang
hoc sau.

DenseNet cdi tién y tudng t ResNet bang
cach s dung cac két nbi day dic hon, trong
dé méi 16p trong mang két nbi véi tat ca cac I6p
trudc dé, thay vi chi véi mét 16p lién ké nhu trong
ResNet. Diéu nay gilp céc I6p sau cé thé nhan
thong tin tr moi 10p trudc do, tang cuong kha
nang truyén tai va tai sl dung céc dac trung
dugc hoc. Cau tric nay con toi uu trong viéc
giam thiéu tinh trang méat mat théng tin khi mang
tr& nén sau hon, trong khi van duy tri s6 lugng
tham sb tuong dbi thdp nhd viéc chia sé dac
trung gilra cac I16p.

B. Few-shot learning

Few-shot learning la mét phuong phap hoc
may ma trong dé6 md hinh phai hoc dé phan
loai cac mau mdi véi rat it dir liéu huan luyén.
FSL bao gdbm cdac bién thé dic biét nhu one-
shot learning (hoc mét mau) [13] — phan loai
mau chi v6i mét mau cho méi I6p, va zero-shot
learning (hoc khéng mau) [14] — x ly dii liéu
chua dugc hoc bang cach st dung mé ta di liéu
ma khong can bat ky mau nao dugc gan nhan.
Trong bai toan phan loai truyén théng, mé hinh
thuong yéu cau moét lugng I6n dif liéu dugc gan
nhan dé dat dugc hiéu qué cao. Tuy nhién, FSL
tim cach giam sb lugng di liéu can thiét, gitp
mo hinh hoc tif mét sb luwong it vi du (thudng la
1, 5 hodc 10 vi du trén méi I6p). D& lam dugc
diéu nay, FSL thudng st dung céc ky thuat nhu
meta-learning (siéu hoc) [15], siamese networks
(mang so sanh) [16], hoac prototypical networks
(mang nguy&n mau) [17].

Meta-learning: Trong meta-learning, mé hinh
khong chi hoc cach phan loai ma con hoc céach
hoc hiéu qua ti lugng nhé dir liéu. Mot cach tiép
can phé bién 1a s dung thuat todn "hoc céach
thich (ng", trong d6 mo hinh dudc huan luyén
trén nhiéu tap dir liéu con nhd dé cé thé nhanh
chong thich nghi véi cac tap du liéu mai. Cong
thiic tdng quat cla qua trinh meta-learning:

0" = arg min Z L1, (fo) (1)
Ti~p(T)

Trong dé: ¢ la tham sb clia mé hinh can huan
luyén, 0* la tham so t6i uu, 7; la cac tap dir liéu
nho rat ra t& phan phoi p(T), £, 1a ham mat
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mat cho tap di liéu nhd T;, cd nhiém vu danh
gia hiéu suat cla mé hinh trén T}, f, la mé hinh
v6i tham s6 hién tai.

Siamese networks: Mot cach tiép can khac
cla FSL la st dung siamese networks, trong dé
mo hinh hoc céach so sanh gilra cdc cap mau
va dy doan xem chung cé thudéc cung moét I16p
hay khéng. Trong qué trinh huan luyén, mang
duoc huan luyén dé tinh toan do tuong déng
gilta cac cip mau dau vao. Vi hai dau vao x;
va x5, mang sé hoc mét mé hinh anh xa fy(x)
dé tinh todn khodng céach hay do tuong ddng
gilta hai dau vao:

d(z1,z2) = |fo(21) — fo(x2)] (2)

G day, d(z1,22) 12 khodng cach gitta hai mau
trong khéng gian dac trung, va mé hinh sé hoc
cach tbi thiéu héa khodng céch gilta cac mau
cung 16p va tbi da héa khodng céach giita cac
mau khac 16p.

Prototypical Networks: M6 hinh Prototypical
Networks gi& dinh rang méi 16p cé mét prototype
(mau dai dién), 1a trung binh cla cac dac trung
trong 16p d6. Khi gap mdét mau mdi, md hinh
sé tinh khoang céch gilta dac trung cla mau
va prototype cla cac 16p dé du doan I6p cla
m&u. Céng thitc cla prototypical networks c6
thé duagc biéu dién nhu sau:

1
% = 5 > folw) (3)

Trong do, c;, la prototype cula Ip k, S, la tap dir
liéu huan luyén cla I6p k, fs(x;) 1a md hinh anh
xa dau vao z; sang khéng gian dac trung hoc
bdi mang. Khodng céch gittra mét mau méi va
prototype thudng dugc tinh bang khoang céach
Euclidean.

C. Phuong phap dé xuéat

Nghién ciu dé xuét ap dung FSL dua trén
Prototypical Networks vGi cac m6é hinh CNN.
Phuong phap nay giup cac mé hinh CNN dat
dugc do chinh xac cao, ngay ca khi cé rat it
di liéu huan luyén cho méi muic do chat lugng
khéng khi. Phuong phap dé xuat dugc trinh bay
trong hinh 1.
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Hinh 1: Phuong phap dé xuat

1) Trich xuat dac trung: Budc dau tién 13 trich
xuat dac trung, hinh anh trong tap dit ligu dugc
dua qua mot mang CNN dé trich xuat dac trung.

fo(x;) = CNN(z;) (4)

Trong do, z; 1a hinh anh trong tap di liéu,
la tham s6 clia mang, CNN la mang no-ron tich
chap nhu VGGNet, ResNet, DenseNet va fy(z;)
la vectd d&c trung cla hinh anh z;.

2) Tinh prototype: V6i mbi 16p k, prototype
¢, dugc dinh nghia la trung binh dac trung cac
hinh &nh trong tap huén luyén S, cla I6p d6
nhu cong thuc (3).

3) Phan loai hinh dnh mdi: Khi gap hinh anh
mdi x;, mO hinh sé tinh khoang céch gilta dac
trung cla hinh anh do va cac prototype clia cac
I6p. Khoang cach nay dugc tinh bang khoang
cach Euclidean:

dp(fo(2i), cr) = || fo(xi) — ekl ()

Hinh anh mdi dugc phan loai vao I6p cé pro-
totype gan nhét, tlc 1a I6p k véi khoang cach
dE(f9<l’),Ck) nho nhét.

4) Ham méat mdt: M6 hinh dugc tbi uu héa
bang cach gidm thiéu ham mat mat dua trén
khoang céch gilta dic trung clia mau va proto-
type cla Idp ding. Nghién cttu lua chon st dung
ham méat mat cross entropy loss véi khoang
cach Euclidean:

N
Log =~ logp(yi = k|z;) (6)

i=1

V6i N la sb lugng mau trong tap huan luyén,
p(yi = k|z;) la xac suét du doan hinh anh z;
thudc 16p y; ma y; bang 16p thuc té k cla z;.
Xac suat p(y; = k|z;) dudc tinh theo céng thirc
cla ham softmax, véi C' la cac |6p trong tap
huan luyén:
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p(yi =k | .TZ) = exp(idE(fe(xi)’Ck))

 Ywecexp(—de(fo(zi), c))
(7)

D. Chi sé danh gia

1) Chi sb Accuracy: Accuracy (P chinh
xac) 1& mot trong nhitng chi sb danh gia hiéu
suat co ban va phé bién nhat clia cac mé hinh
phan loai. Accuracy biéu dién ty & duy doan
duing clia mé hinh so véi téng s6 mau danh gia.
Accuracy cao cho thdy mé hinh hoat dong t6t
trén tap du liéu.

Cong thuc Accuracy:

S6 luogng du dodn ding
Téng s6 mau

Accuracy = (8)
2) Chi s6 F1-Score: F1-Score |a mot chi sb
danh gia hiéu suat cia mé hinh phan loai nhi
phan, dac biét htru ich trong cac bai toan co
dir liéu mat can bang. F1-Score dugc tinh toan
dua trén Precision (dd chinh xdc duong tinh) va
Recall (d6 nhay), nham can bang gilra viéc mo
hinh cé du doan ding cdc mau duong tinh va
khong dua ra qua nhiéu du doan sai. V&i mo
hinh phan loai da 16p, F1-Score dugc tinh bang
trung binh F1-Score riéng 1& cho méi 16p.
Céng thirc F1-Score cla I10p k:

Precision;, x Recally,
Precision;. + Recall,,

F1-Score, = 2 x (9)

Trong d6: Precision;, - Ty 1& mau thudc 16p k
ma mo hinh du doan duing trong tat ca cac du
doan la thuéc 16p k, Recall, - Ty 1& cdc mau
thuoc I6p & ma mé hinh du dodan duing trong tat
ca cac mau cua I8p k trong tap di liéu.

IV. KET QUA
A. Dt ligu

Air Pollution Image Dataset from India and
Nepal (APIN) [3] Ia m6t b6 dir liéu dugc thu thap
vGi muc dich nghién ctu va phan loai muc do
6 nhiém khéng khi dua trén hinh &nh. Tap di
liéu nay chita cac hinh anh dugc chup tU hai
quéc gia la India va Nepal, v6i nhiéu mic dé
& nhiém khéng khi khac nhau. Tap di liéu nay
c6 thé dudc st dung trong cac nghién ciu thi
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giac may tinh, dac biét la trong cac bai toan nhu
phan loai chat lugng khéng khi tir hinh anh.

Tap dit liéu APIN bao gébm 12240 hinh anh
dinh dang JPG, d6 phan giai 224x224 va dugc
chia thanh 6 I6p tuong ting cac muc chét lugng
khong khi. Hinh 2 thé hién phan phéi di liéu
ting 16p va hinh 3 13 hinh anh vi du cho méi
IGp.

« a_Good: Tét

« b_Moderate: Trung binh

« ¢_Unhealthy_for_Sensitive_Groups:
Khéng lanh manh cho cac nhém nhay cam
d_Unhealthy: Khéng lanh manh
e_Very_Unhealthy: Rat khong lanh manh
f_Severe: Nghiém trong

f Severe NG 1.7
e_Very_Unhealthy [T -/
d_Unhealthy I 2522
c_Unhealthy_for_Sensitive_Groups 2863
b_Moderate 1573
a_GCocd [NNNENGEEEEEEN 5.1

0 500

Hinh 2: Phan phéi di liéu

1000 1500 2000 2500 3000

Hinh 3: Hinh &nh vi du cho méi 16p

B. Két qua thuc nghiém

Thuc nghiém dugc tién hanh trén ba mé hinh
VGG16, ResNet-50 va DensetNet-121 véi hai
phuaong phap huan luyén. Ba mé hinh trén dugc

SO 04 (CS.01) 2024

lva chon vi chiing dat dudc su' can bang gilra do
chinh xac va toc dé thuc thi. Hai phuong phap
huén luyén bao gom:

o Huén luyén truyén théng: huan luyén theo
phuong phap truyén théng. Tap di liéu
dugc chia 80% cho huan luyén - 9789 anh
va 20% cho danh gia - 2451 anh. Dt liéu
dugc chia dam bao ti 1& tuwong tu cho tiing
I0p. Accuracy va F1-Score clia md hinh
dugc tinh toan trén tap dir liéu danh gia.

« Phuwong phap dé xuat - huan luyén voi
FSL dua trén prototypical networks két
hop cross entropy loss: nghién ctu sl
dung di liéu danh gia cla phuong phap
truyén thong cho qua trinh huan luyén -
2451 anh va di liéu huan luyén clia phuong
phap truyén théng cho danh gia - 9789 anh.
Qua trinh huén luyén thuc hién trén tiing
nhiém vu, mi nhiém vu lay ngau nhién 5
mau hd trg va 10 mau truy van tir méi I6p
trong tap huan luyén. Qua trinh huan luyén
du doén I6p cla mau truy van dua trén
théng tin clla mau hé trg, sau do tinh toan
ham mét méat dua trén I16p du doan va I6p
thuc t& cla mau truy van. Gia tri loss nay
dugc st dung dé cap nhat tham sb cho mo
hinh.

Accuracy clia mé hinh dugc tinh toan bang
trung binh gia tri nay trén tat ca cac nhiém
vu danh gia, méi nhiém vu Iy ngau nhién 5
mau hé trg va 1000 mau truy van khac mau
hé trg tir méi I0p trong tap danh gia. Nghién
ctu thuc hién danh gia véi 100 nhiém vu -
tong cong 1000 méu * 6 16p * 100 nhiém vy
= 600000 mau danh gia va co thé trung lap
do cac nhiém vu lya chon ngau nhién mau
truy van. Mau hé trg dugc lua chon khac
nhau trong ti‘ng nhiém vu. Vi sb lugng mau
truy van cla méi I6p gibng nhau trong tiing
nhiém vu danh gia, F1-Score cho méi 16p
dugc nhan véi mot hé sb wy, trude khi tinh
trung binh F1-Score clia nhiém vu. Két qua
F1-Score cubi cung cla md hinh 1a trung
binh céc gia tri F1-Score trén tat cd nhiém
vu danh gia. Hé s6 w; dudc dinh nghia la
ti 18 mau cla I6p k trong toan bd di liéu
danh gia.

Bang Il cho thay két quéd cla phuong phap

dé xuat dat Accuracy khoang 0.93 véi ca ba

mé hinh CNN, cao hon so vdi nghién clru cla
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Bang Il: Gia tri hé s6 wy,

k a b c d e f
wy | 0.1259 | 0.1285 | 0.2339 | 0.2142 | 0.1793 | 0.1182

3000

2500

2000
1500
1000
501
0
a b c d e f
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Hinh 4: Phan chia di liéu huan luyén - danh
gia

Mahajan et al. [5] - 0.8938 va m6 hinh Eff-AQI
[18] - 0.8744 du st dung s6 lugng di liéu huén
luyén it hon nhiéu. Két qué ciing cho thay cac
thong sb vuot tréi vé Accuracy ciing nhu F1-
Score khi ap dung phuong phap dé xuat vao
mo6 hinh CNN.

Nhiém vu 1 Nhiém vu 2

Nhiém vu 4
Hinh 5: Ma tran nham lan DenseNet-121-FSL

Nhiém vu 3

Hinh 5 thé hién ma tran nham lan cla mé
hinh DenseNet-121-FSL trong 4 nhiém vu dau
tién. Ma tran nham |an cho thdy mé hinh hoat
dong 6n dinh va can bang trén tat ca cac 16p,
v6i dudng chéo chinh dam va cac phan con lai
nhat hon, xap xi nhau. Nguyé&n nhan cé thé do
bd dii liéu cé nhitng hinh anh khong khi gan
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gibng nhau thudc nhitng I6p chat lugng khéng
khi khac nhau. Diéu nay gay ra du doan sai khi
mo hinh lua chon mau hé tro hay mau danh gia
vao nhirng hinh anh nay.

Lép c

Lép b
Hinh 6: Hinh anh khéng khi gan giéng nhau

Thuc nghiém duoc tién hanh trén may tinh
CPU Intel Xeon E5-2680, GPU NVIDIA GeForce
RTX 3060, RAM 32GB cho thay phuang phap
hoan toan cé thé ap dung trong thdi gian thuc
véi tbc do thuc thi cla cac md hinh déu kha
nhanh. Ngoai ra két qua con cho thay su toi uu
cla nhitng mé hinh hoc sau hién dai, khi ma
v6i s6 luong tham s6 it hon rat nhiéu nhung
dd chinh xac mang lai van cé phén hon so vdi
nhitng mo hinh truéc d6. Cu thé, bang IV cho
thay ResNet-50 c6 s6 luong tham sé chi khoang
1/5 VGG16, DenseNet-121 ¢c6 sb lugng tham s6
chi khodng 1/16 VGG16 va tbc do thuc thi cla
ResNet-50, DenseNet-121 chi khoang mot nlra
VGG16.

Nhirng diéu nay minh chiing rang FSL c6 hiéu
qua rat tot trong phan loai chat lugng khong khi
tUr hinh anh.

Bang IlI: Két qua thuc nghiém

Model Accuracy | F1-Score
VGG16 0.8592 0.8375
ResNet-50 0.8670 0.8398
DenseNet-121 0.8703 0.8471
VGG16-FSL 0.9235 0.9106
ResNet-50-FSL 0.9308 0.9180
DenseNet-121-FSL 0.9392 0.9281

Bang IV: So sanh thai gian thuc thi

Model S6 Iwgng tham s6 | Thoi gian thuc thi
VGG16-FSL 138M 318 ms
ResNet-50-FSL 23M 159 ms
DenseNet-121-FSL 8M 168 ms
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Pham birc Cuwong

V. KET LUAN

Nghién cltru da gidi thiéu va danh gia hiéu
qua cla FSL dua trén prototypical networks,
mot phuong phap nang cao hiéu suat phan loai
chat lugng khoéng khi tir hinh anh du chi st dung
mét lugng dit liéu han ché. Két qua thuc nghiém
trén tap dir liéu Air Pollution Image Dataset from
India and Nepal cho thay phuong phap dé xuét
dat do chinh xac cao, véi chi sb Accuracy va F1-
Score déu tbt hon so véi cac phuong phap hién
cé. Trong tuang lai, huéng nghién ciu tiép theo
sé tap trung vao t6i uu va nang cao dd chinh
x&c vai nhitng mau c¢6 hinh anh khéng khi tuang
dbi gibng nhau. Béng thoi thir nghiém phuong
phap v6i nhitng bd di liéu chat lugng khong khi
tai Viét Nam, nang cao gid tri thuc té cho nghién
ciu.
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AIR QUALITY CLASSIFICATION FROM IMAGES
USING FEW-SHOT LEARNING

Abstract: Classifying air quality from images plays a cru-
cial role in environmental monitoring and pollution warning,
especially when sensors are often expensive and difficult to
install, while cameras are becoming increasingly common
and accessible. This study introduces a few-shot learn-
ing approach, applying Few-Shot Learning (FSL) to deep
learning models for air quality classification. By using FSL,
we develop deep learning models that can effectively learn
from a small amount of training data, while achieving high
accuracy in classifying air quality levels. The method was
tested on the Air Pollution Image Dataset from India and
Nepal, showing superior accuracy compared to traditional
training methods. The approach demonstrates the potential
of applying FSL in air quality classification, particularly in
contexts where image data on air quality is limited.

Keywords: Few-shot learning, air quality classification,

artificial intelligence.
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Pham Bl&c Cuwong , tot nghiép dai
hoc chuyén nganh Céng nghé théng
tin nam 2020 va thac sT chuyén nganh
Hé thong théng tin nam 2023, cung tai
Hoc vién Céng nghé Buu chinh Vién
théng. Hién nay dang la giang vién
khoa Tri tué nhan tao, Hoc vién Céng
nghé Buu chinh Vién théng. Linh vuc
yéu thich bao gdm hoc may, x( ly anh

va thj gidc may tinh.
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