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Garbage classification is a critical task in overcoming environmental
pollution. People classify waste based on what they understand about
the waste object rather than on its recyclable status, which leads to
inaccurate classification in manual sorting. In addition, the direct
processing of toxic waste can be physically dangerous for humans.
Several machine learning and deep learning techniques have been
proposed using standardized garbage classification datasets.
However, these methods still have some disadvantages such as (i) the
computational cost and memory of the proposed networks are large;
(ii) they are difficult to run in real time; (iii) The training process is
complicated because it is pre-trained on large data sets to avoid the
phenomenon of "overfitting". In this paper, we propose a new
approach based on self-knowledge distillation to overcome the above
drawbacks. Experimental results have shown that our model achieves
the best performance on the Trash Net dataset without having to pre-
train the model. This proves the effectiveness of the self-knowledge
distillation method brings to the problem of waste classification.
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Phan loai rac 1a mot nhiém vy trong tim trong viéc khac phuc 6 nhiém
mdi truong. Con ngudi phan loai rac dua trén nhitng gi ho hiéu vé ddi
tugng rac hon la dya trén trang thai co thé tai ché cua rac, diéu nay dan
dén viéc phan loai khong chinh xac trong cach phan loai thu cong.
Ngoai ra, viéc tiép xuc truc tiép voi chit thai doc hai c6 thé gdy nguy
hiém vé mat thé chit cho con nguoi. Mot sé k§ thuat hoc may va hoc
sau da dugc dé xuat bang cach sir dung bo dir lidu phéan loai rac duoc
chuan héa. Tuy nhién, cic phuong phap nay con ton tai mot sé nhuoc
diém nhu (i) chi phi tinh toan va bo nhé ciia cac mang duge dé xuat 16n
(ii) khé thé chay trong thoi gian thuc; (iii) Qua trinh huan luyén phirc
tap do dwoc huan luyén trudc trén cac bo dir lidu Ién dé tranh hién
tuong “overfitting”. Trong bai bao nay chung t6i d& xuat mot cach tiép
can méi dua trén tu chung cat kién thirc dé khic phuc cac nhugc diém
trén. Két qua thir nghiém cho thay mé hinh duoc dé xuat dat hiéu suat
t6t nhét trén bo dit liéu Trash Net ma khong can phai huan luyén trudc
md hinh. Piéu nay chirng minh sy hiéu qua cua ty chung cét kién thirc
cho bai toan phan loai chat thai.
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1. Gioi thigu

Theo dit liéu cia Ngan hang Thé giéi, luong chat thai rin toan cu phat sinh nim 2016 la
khoang 2,01 ty tin mdi nam. Thé gidi du kién s& san xuat lan lugt 3,01 va 3,40 ty tAn vao nim
2030 va 2050 [1], [2]. Réac dugc quan ly kém va thai bira bai s€ gy hai cho moéi truong, de doa
sirc khoe cia ngudi dan dia phuong, gdy 6 nhiém nudc va khong khi, 6 nhidm/thoai hoa dat va
nhiéu hau qua khéc [3]. Lugng rac chon lap khong hop V¢ sinh dang hang ngay géy 6 nhiém cho
moi truong dat, moi truong nudc va khong khi. Vén d nay tré nén dac biét nghiém trong ¢ cac
thanh phé 16n. Ngoai ra, trong s6 30% dugc xir 1y bang phuwong phap khong chén 14p thi cling ¢6
dén 2/3 1a dugc dot tiéu huy bang cac 16 dbt rac thi cong, giy khoi bui 6 nhiém khong khi [4].

Tu nhimg khé khan do viéc d6 rac thai khong ding cach & nhimng dia diém khong duoc chi
dinh [5], nhiéu nguoi da sir dung nhiéu ki thuat khac nhau dé phat hién va phan loai rac. Tuy
nhién, hau hét cac phuong phép phan loai rac deu dua vao chuyén mén cua con ngudi, diéu nay
d6i khi c6 thé khé khan va ton thoi gian. Mot s6 tinh nang cu thé duge xem xét trong phan loal
rac 1a trang thai vat 1y, yéu té ky thuat, kha nang tai str dung, kha nang phan huy sinh hoc, nguon
san Xuat va tac dong moi trudng.

Chinh vi nhiing 1y do trén ma nhiing nim gan day da c6 rt nhiéu cac cong trinh nghién ctu
duge dé xuat nham khac phuc tinh trang 6 nhiém moi trudng do rac thai giy ra, dac biét 1a cac
cong trinh phan loai rc thai dya trén tri tué nhan tao dac biét 1a hoc sdu. Hau hét cac md hinh hoc
sau duoc dé xuat dwa trén mang Convolutional Neural Networks (CNNSs) - mot mé hinh phd bién
trong thi gidc may tinh va hoc mdy. Cu thé, Haruna va Mohd [6] d& d& xuat phuong phéap hoc
chuyen giao (transfer learning) bang md hinh VGG16 dé phan loai rac thai sinh hoat. Viéc tai
huan luyén mé hinh VGG16 (dugce huan luyén trude trén bo dir li¢u ImageNet) trén b dir li¢u
TrashNet dat hidu suat trén 96% v&i séu loai rac thai gom chét thai, thay tinh, gidy, bia ctng,
nhya va kim loai. EwasteNet [7] duoc dé xuat boi Niful Islam cung cac cong su da cung cip mot
phuong phap hiéu qua dya trén sy két hop gita mé hinh Convolutional Neural Network va
Transformer nham phén loai rac thai dién ti. Trong [7], cac tac gia di dé xut phan loai rac thai
bang mdt mo hinh hai ludng, ludng 1 goi 1a Edge stream, nhiém vu chinh cta ching 1a tim cac
canh bang céach tinh toan do doc tai vi tri cia mdi pixel. Sau d6 cac dic trung canh duge dua vao
cac ting 2D Convolution va tang DeiT (Data-efficient image Transformer). Ludng thi hai goi 1a
Pyramid Stream nham muc dich trich xuét ra cac dic trung tir anh dau vao duwa trén cac khoi
ASPP (Atrous Spatial Pyramid Pooling) va co ché cha y CBAM (Convolution Block Attention
Module). Su két hgp gitra hai Iuong thong qua toan tu Concatinate cho mét ban dd dic trung toan
dién cua dir liéu ddu vao va cudi cing 1a ting Fully Connected dé dua ra dy doan phan loai rac
thai dién tir. Két qua thar nghiém trén bo dir liéu E-Waste Vision cho thdy mé hinh EwasteNet dat
0,9670 recall va F1 dat 0,96. Khac véi cac phuong phap dugc trinh bay ¢ trén, Karan Belsare
cung cac cong su [8] dé xuit mot phuong phap phan loai hinh anh chit thai rén trong d6 thi thong
minh dya trén sy tich hop IoT (Internet of Things) va mang cam bién khong day (Wireless
Sensor Network) st dung bién doi wavelet va hoc may. Cu thé, cac tac gia trinh bay mot phuong
phap doc dao dé quan Iy chat thai bang cach sir dung ToT dé giam sat chét thai, mang cam bién
khong day dé truyen dir liéu va bién doi wavelet, xir Iy hinh dnh va hoc may dé phan loai hinh anh.
Céc tac gia cling dé xuat mot k§ thuat tién xir Iy dé xir 1y anh va mo hinh CNN dé phan loai anh
chat thai, két qua cua md hinh dugce dé xuat dugc so sanh véi bo phéan loai KNN (K-Nearest
Neighbors) va nhan thiy rang do chinh xac cua phuong phap duoc dé xuét tdt hon so voi phan loai
KNN. Viéc phan loai cht thai y té 1a muc tiéu cua hé thong EnSegNet-CFE-DNNTC, dugc mo ta
trong [9]. Piéu nay dugc thuc hién bang cach giai quyét cac van dé danh gia sai trong bd phan loai
cta hoc sdu. M6 hinh EnSegNet bit diu bang cach phan doan cac hinh anh rac y té duoc dua vao
d6. Cac hinh anh rac dugc phan doan duoc sir dung dé tao ra mot s dic diém két cau khac nhau,
chang han nhu GLCM, MLBP, LDP va LTP, ciing nhu cac dic diém sau duoc trich xuat, dat do
chinh xéac 87,5%. Nafiz cting cac cong su [10] da trinh bay mét phuong phap tiép can dua trén hoc
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chuyén giao, trong d6 ho di tinh chinh mang InceptionResnetV2 dugc dao tao trudc trén tap
ImageNet va dat dugc d chinh xac 98%. Ho da tich hgp mo hinh nay vao mdt may phan loai rac ty
dong co thé dat rac thai vao cac thung twong tng.

Mac du dat dugc hiéu suat hién dai trén nhiéu bo dit liéu khac nhau, nhung cac phuong phap
dugc trinh bay ¢ trén van con ton tai nhiéu nhuoc diém nhu (i) cac mé hinh chu yéu tap trung vao
viéc dé& xuét cac kién tric mang méi dan dén chi phi tinh toan va bo nhé cia cac mang duoc dé
XUt nay tro 1én vo cung phuc tap va lon, diéu nay gay tré ngai rat 1on khi ap dung chung vao cac
hé thong nhiing hodc cac thiét bi di dong (cac thiét bi c6 bo vi xir Iy va bo nhé thap); (ii) bén canh
viéc kho trién khai trén cac thiét bi co cau hinh thép, cac kién tric mang phuc tap con co s6 lugng
phép tinh 16n dan dén khong thé chay trong thoi gian thuc; (iii) do kién triic mang Ién nén cac md
hinh nay thuong phai duoc huin luyén trudc trén cac bo dit lidu 16n chang han nhu ImageNet (de
tranh hién twong “overfitting”), sau d6 dugc chuyén giao sang cac bo dit liéu phén loai rac. Piéu
nay lam phuc tap thém qué trinh huan luyén cia cac mé hinh.

Tir nhitng nhugc diém trén, chung t6i dé& xuat mot cach tiép can hidu qua dua trén tu chung cat
kién thirc - mot bién thé cua chung cit kién thire dé giai quyét bai toan phan loai rac thai. Chung
cat kién thirc [11] dugce dé xuat dé chuyén kién thic tir mé hinh 16n sang mé hinh nhé hon ma
khong mat gia tri. Vi cac mo hinh nhé hon it tén kém hon khi thuc hién nén chung c6 thé duoc
trién khai trén phan cting kém manh mé hon ching han nhu thiét bi di dong. Tu chung cat kién
thire 12 mot cai tién tir chung cat kién thic nham loai bé mang I6n (mang gido vién) trong qua
trinh chung cit kién thirc. Diéu nay giup cho viéc huan luyén tré 1én don gian hon, hon nira tu
chung cat kién thirc con loai b khoang cach ning luc gitta mang gido vién va mang sinh vién
[12]. Tu chung cat kién thirc dd dugc chimg minh 14 hiéu qua & rat nhiéu bai toan khac nhau
trong linh vuc thi gidc may tinh va hoc may chiang han nhu phan loai anh [13], nhan dang hanh
dong [14], xir Iy tiéng néi [15],... Trong bai bao nay, chiing t6i dé xuat mot moé hinh tu chung cat
kién thirc hiéu qua dua trén ting cuong dit liéu. Cu thé, dau tién 1a tao ra cac bién thé khac nhau
ctia mdi hinh anh dau vao, sau d6 str dung mang CNN dé du doan cac 16p cho ching. Két qua cua
mdi bién thé s& duoc st dung nhu kién thirc ciia mang gido vién dé chung cit kién thirc cho chinh
bién thé con lai. Qua trinh nay duoc lap di 1ap lai trong sudt giai doan huan luyén. Thir nghiém
mo hinh trén cac bo dit lidu vé phan loai rac thai cho thiy cach tiép can tu chung cat kién thic dat
hiéu suat hién dai va tét hon so v6i cac mo hinh duoc dé xut gan day.

Ngoai trir phan tai liéu tham khao, phan con lai ciia bai bao dugc trinh bay nhu sau: Phan 2
mo ta chi tiét vé phuong phap duoc dé xuat, bao gdm mo ta bai toan, md hinh tu chung cét kién
thir, kién trac mang va cac phép ting cuong dit liéu. Tiép theo, & phan 3, chung toi tién hanh thir
nghi¢m va so sanh phuong phép ty chung cit kién thirc dugc dé xuat vai mot sé phuong phap
gan diy nham chang minh tinh hiéu qua cua phuong phap. Cudi cung 1a két luan rat ra dwoc
trong qua trinh nghién ctru va thir nghiém phuong phap.

2. Phuong phip dwoc dé xuat

Trong phan nay, ching t61 mo ta ngan gon vé bai toan phan loai rdc thai vdi cac thiét lap dau
vao va dau ra Cua bai toan, tiép theo 1a trinh bay chi tiét phwong phap dwoc dé xuat - tu chung cét
kién thirc bao gom ba budc chinh. Budc 1: tao nhiéu khung nhin tir mét hinh dnh dau vao, budc 2
trich xuat vector dic trung va du doan ciia mang CNN véi cac khung hinh, buéc 3 tinh toan ham
mat mat va tu chung ct kién thuc.

2.1. Tong quan bai todn

Goi D = {(x;, yl)} V6i i = 1,2,3, ... N 1a tap dir liéu huan luyén cia bai toan phén loai rac thai,
trong d6 x; 1 anh dau vao voi x; € € RIXWXC v6i H, W, C lan luot Ia chiéu cao, chiéu rong va so
kénh mau cua anh x; (i € {1,2,3, ..., N}). N 1a s6 lwong anh huan luyén. y; twong tmg 1a nhin cua
anh x; véi y; € {1,2,3, ..., K} va K 1a s6 luong 16p. Bai toan phan loai réc thai tap trung vao viéc
dur doan anh du vao x; thudc 16p nao trong K 16p. Dé lam dugc diéu nay, ching ta xdy dung mo
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hinh hoc sau F nhan dau vao x; va dy doan ra ; sao cho ¥; = y;, thc 1a F(x;)) = 9; = y;.
danh gia d6 sai Iéch gitra nhan thuc y; va nhan du doan ctia m6 hinh y;, ham cross-entropy duoc
str dung nhu cong thic (1):

Lep@i9) == ) yixlog3; 1)
i=1
Trong d6, n 1a s6 lugng anh trong méi batch cia D (n < N).
2.2. Tw chung cdt kién thirc

Céch tiép can tu chung cat kién thirc dwoc mé ta nhu trong Hinh 1. Trong d6, thay vi st dung
Mmang gido vién dé truyén dat kién thuc cho mang sinh vién nhu trong chung ct kién thirc truyén
thong [11], chung t6i ké thura ¥ tuong tu chung cét kién thuc [12]-[14] bang cach sur dung chinh
mang sinh vién dé chung cat cho né. Cach tiép can nay c6 thé tom tat gom ba budc chinh nhu
sau:

(1) — Tao nhiéu khung nhin khac nhau tir mgt anh dau vao;

(2) — Cac khung hinh duoc dua vao mang CNN dé thu nhén vector dic trung va két qua d doan;

(3) — Két qua du doan cua mang CNN s& duogc so sanh voi nhan thuc trong khi cac vector dic
trung cua moi khung nhin dwoc so sanh v6i nhau dé co thé phan tich va chung cét kién thirc cho

nhau. ,
. Vector dac FC 2
trwng

A A
Chla
trong

v

Vector dac N

— [

Hinh 1. Tong quan cdch tiép cin dwoe dé xudt dua trén tw ching cdt kién thire cho bdi todn phan logi rdc thai

2.2.1. Tgo nhiéu khung nhin

N
N
A ’
N
N
N ; .
o
=1

Dé c6 thé tao nhidu khung nhin khac nhau tir mot anh dau vao, ching toi str dung cic toan tir
tang cuong dir liéu chang han nhu xoay anh, cat anh, d6i mau anh, chuyén tir anh mau sang anh
den trang, thém nhiéu vao anh,... Tang cudng di liéu 1a mot trong nhimg phuong phap don gian
nhét 1am tang lwong dit liéu huan luyén ma khong can phai gan nhan (do cac hinh anh dugc ting
cuong van thudc nhin ban dau, chung chi khac nhau vé hinh dang, mau sac). Tang cuong dit li¢u
da duoc chitng minh hiéu qua trong viéc nang cao kha ning tong quat héa cta cac md hinh hoc
sau ma khong can phai thu thap thém dit liéu [16]. C6 rat nhiéu phuong phap dugc dé xuét cho
tang cuong dir liéu anh, trong khudn kho bai bao niy, RandAugment [16] dugc sir dung nham tao
ra hai khung nhin khac nhau tir anh rac thai dau vao.

Goi T 1a tap cac phép tang cuong dir liéu, tai mdi budc lap, chung t6i ngau nhién chon ra hai
tap con cac phép ting cuong dir liéu tir T goi 1a t va t’. Ap dung cac phép ting cuong dir liéu t
cho anh dau vao ta thu dugc khung nhin thir nhat va ap dung cac phép ting cuong dir liéu t’ cho
anh dau vao, ta thu dugc khung nhin tha hai. Do tap cac phép ting cuong dit liéu T 14 16n va véi
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mdi phép ting cuong dit liéu déu co cac ngudng tham sb khac nhau nén ludén dam bao tai mdi
budc lp chung ta déu thu dugce khung nhin 1 va khung nhin 2 14 khac nhau.
v; = t(x)
v, = t'(x)

2.2.2. Trich xudt vector ddc trung va dy doan

(2)

béi véi mdi khung nhin s€¢ dugc dua vao mang CNN va thu dugc hai dau ra 1a vector dic
trung z va dy doan p nhu trong cong thuc (3).
z3,p1 = F(vy)
Z3, D2 = F(v2) 3)
Trong do, z4, p; tuong ung la vector dic trung va dy doan ctia khung nhin v,, va z,, p, tuong
g 1a vector dic trung va du doan cta khung nhin v,. Déi v6i mdi du doan p, 4p dung ham
softmax d¢é trich xuét ra xac suat caa mdi 16p theo cong thuc (4).
$1 = softmax(p,)
9, = softmax(p,) @

2.2.3. Tinh ham mat mat va ti chung cat kién thirc

Nhu dugc trinh bay ¢ Hinh 1, ¢6 hai ham méat mat duoc sir dung trong cach tiép can nay 1a (i)
ham méat mat giita nhan thyc va du doan ciia mé hinh mang; (ii) hAm mat mat giita cac vector
nhung cia cac khung nhin khac nhau.

Ham mit mat cross-entropy dwoc st dung dé tinh do sai khac giira nhan thyc va cac nhin du
doan cua mo hinh nhu dugc mo ta trong cong thuc (5).

Ly =L, 91) + Lee(,2) (5)

Trong d6, Lcy 1 ham mat mat cross-entropy dugc trinh bay & cong thirc (1), & cong thirc (5)
chung t6i tinh ham mét mat giita nhan thuc y véi két qua nhan 9; duoc tao ra tir mang CNN véi
dau vao 1a khung nhin v; va ham mit mat giita nhan thuc y véi két qua nhan §, duoc tao ra tir
mang CNN véi dau vao 1a khung nhin v,. Bén canh him mit mat cross-entropy, ham mat mat
MSE (Mean Square Error) dugc sir dung dé tinh toan su khac biét gitra 2 vector dic trung cua hai
khung hinh nhu trong cong thuc (6).

L, = Lysp(stop_grad(z,),z;) + Lysg(stop_grad(z;),z,) (6)

Trong (6), ta c6 stop_grand() thé hién budc dung lan truyén nguoc, hay noi cach khac
stop_grand(z,) tirc 12 goi z; 14 vector dic trung cia mang gio vién va yéu cau mang sinh vién
(tc z,) phai hoc hoi duogc kién thirc nhu vAy va twong tu nguoc lai véi stop_grand(z,). Két
hop giita (5) va (6) ta dugc ham mat mat tng quat cho cach tiép can ty chung cat nhu sau:

Lot =aXL;i+(1—a)XxL, (7)

Trong d6, a 1a tham s thé hién sy can bang giita £, va £,. Trong thir nghiém, chung t6i thiét
lap a = 0,9.

3. Thir nghiém

Trong phan nay, trudc tién ching toi mo ta ngan gon vé bo dit liéu dugc sir dung dé so sanh —

Trash Net va chi tiét trién khai mé hinh ty chung cat kién thic. Sau do, ching t6i cung Cap cac

két qua chay thir nghiém mo hinh va so sanh ching véi cac phuong phap khac duge dé xuét gan
day nham chig minh tinh higu qua ctia cach tiép can tu chung cét kién thic.

3.1. Bj di li¢u va chi tiét trién khai

- BO dir ligu: Trash Net 1a tap dir ligu chuan duoc sir dung nhiéu nhat dé phan loai rac [17]. Bo
dir liéu Trash Net bao gom sau 16p: chat thai, thuy tinh, giay, bia cting, nhua va kim loai. B dit
liéu bao gom 2.527 buc anh dugc gan nhan theo danh muc (501 kinh, 594 giay, 403 bia cung,

http://jst.tnu.edu.vn 89 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(07): 85-92

482 nhya, 410 kim loai va 137 rac thai khac). Tap dit liéu bao gom céc anh dwoc chup trén nén
tring bang nhiéu cai dit phoi sang va anh sang khac nhau (chu yéu 1a mot ddi twong cho mdi
anh). Bo dir liéu Trash Net dat ra thach thtc vé viéc phan loai sai nghiém trong va/hodc khong
khai quat hoa bat ky mo hinh hoc méy hodc hoc sau nao, chi yéu khi 4p dung cho tinh hudng
thuc teé.

- Chi tiét trién khai: Mang CNN duogc ddo tao tir dau bang trinh t6i uu hoa Stochastic Gradient
Descent. Cac anh dao tao dugc thay ddi kich thugc vé 224 x 224 x 3. Kich thude 16 duoc dat
thanh 32 anh. Téc d6 hoc dugc khoi tao 12 0,001 va giam 10 lan néu mo hinh khong cai thién do
chinh xac trong 10 ky nguyén lién tiép. T4t ca cac mo hinh déu dugc dao tao véi 100 ky nguyén
va cac do do dugc tinh toan trén bo kiém tra. Trong cong viéc nay, ching t6i s dung bo chién
luoc tang cuong dit liu trong [16]. MJi toan tir ting cudng ¢ xac suat duoc chon 1a 0,5. Dé
danh gia hiéu suit mang, chung t6i so sanh két qua ciia mo hinh véi cac phuong phap dao tao doc
lap (Baseline) va cac phuong phap dugc dé xuat gan day trong [6], [18].

3.2. Két qud mé hinh dé xuat

Bang 1 mo ta chi tiét d6 chinh xé4c cta cach tiép can dugce dé xuit va so sanh v6i hai phuong
phap duoc cong bd gan day la [6] va [18]. DPé dam bao sy cong biang trong qua trinh so sanh,
ching t6i tai st dung toan bo kién trac mang (VGG-16), cach chia tap dir liéu huan luyén va
kiém thir. Cac két qua duoc danh gia chi tiét trén tirng 16p cua tap kiém thir trong dir lidu Trash
Net.

Nhu duoc thé hién trong Bang 1, mo hinh tu chung cat vuot tréi hon hai phuong phép trong
[6] va [18] trén tat ca cac 16p. Cu thé, véi Iop “Bia”, md hinh dat 96% do chinh xac trong khi
phwong phap trong [6] dat 88% (hon 8%) va phuong phép trong [18] dat 91% (hon 5%). Ddi véi
16p “Thuy tinh”, m6 hinh vugt hon 17% d¢ chinh xac so voi phuong phap trong [6] va 3% do
chinh xéc so V&i phuong phap trong [18]. Lép “Kim loai” ciing c6 sy chénh l1éch rat 1on (15%) vé
d6 chinh xac gitra phuong phap ty chung cat va phuong phap trong [6]. “Gidy” 1a mét 16p d&
phat hién va phan loai nhat trong sb cac loai chét thai co trong tap dit liéu Trash Net khi ma ca ba
phuong phap déu dat d6 chinh x4c hon 90%, tuy nhién cach tiép can nay van cho hiéu suét tot
nhét véi 96% hon 6% so voi [6] va 2% so véi [18]. Twong tu cac 16p truwde, phuong phép duoc
dé xuat ciing dat hiéu suat tot nhat trén 16p “Nhya” v6i 91% troi hon 13% so véi [6] va 4% so véi
[18]. L6p “Réc thai khac” bao gdm céc loai chét thai khong thudc 5 loai trén, do do, cac md hinh
cho do chinh xac kém nhat trén 16p nay so véi cac 1op khac. That vay, vi day la lop gom nhiéu
loai réc thdi khac nhau, dan dén kho khan trong qua trinh téng quat hoa cua mang CNN ¢ giai
doan huan luyén vi mdi hinh anh trong 16p nay déu khong co6 mdi lién hé gi v6i nhau. Do do,
phuong phap trong [6] chi dat 70% d6 chinh xac va phuong phap trong [18] dat 87%, m6 hinh tu
chung cat kién thuc van to ra hiéu qua hon so véi hai phuong phép trén khi dat hiéu suit 91%
trén 16p “Rac thai khac”.

Béing 1. Két qud mo hinh ciia chiing t6i trén b¢ di ligu Trash Net
va so sanh voi cac phwong phap khac dwoc de xuat gan day

Kién tric Lép
Phwong phap . Thay . X Rac thai
mang Bia tinh Kimloai  Giay Nhwa Khiic
Trong [6] VGG-16 0,88 0,6 0,80 0,90 0,78 0,70
Trong [18] VGG-16 0,91 0,90 0,92 0,94 0,87 0,85
Cia ching toi VGG-16 0,96 0,93 0,95 0,96 0,91 0,91

4. Két luan

Trong bai bdo ndy, chiing toi trinh bay mot cach tiép can hiéu qua dua trén tu chung cat kién
thirc dé giai quyét bai toan phén loai rac. Khac véi cac phuong phap chung cat kién thirc thong
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thuong, ky thuat ty chung cét kién thire gitp loai bo mang gido vién trong qué trinh huan luyén,
tir ¢6 giam dang ké thoi gian huan luyén ma van giit dugc nhitng diém dic trung cua chung cat
kién thue. Cach tiép can nay st dung tap cac phép tiang cuong dir liéu nham tao ra nhiéu khung
nhin khac nhau tir méi anh dau vao. Sau d6, mdi khung hinh sé& cho két qua du doan va cac vector
dic trung cua khung hinh. Giéng nhu cac bai toan phan 16p khac, két qua du doan dugc so sanh
v6i nhén thue thong qua ham mét mat cross-entropy, trong khi cc vector dic trung duoc sir dung
dé chung cat kién thirc cho mang CNN. Thir nghiém phuong phéap trén bo dir liéu Trash Net véi
kién trac mang va cac cai dit tuong ty cac phuong phap duoc cong bd gan day. Két qua thu
nghiém cho thay cach tiép can sir dung tu chung cét kién thire dat hiéu suat vuot tréi hon so voi
céc phuong phap dugc cong bd gan day o tat ca cac 16p khéc nhau trong b6 dir liéu Trash Net.
Trong tuong lai, viéc nghién ciru, mo rong va phat trién phuong phap tu chung ct kién thirc trén
mot s6 bai toan khac 1a mot trong nhitng cong viéc guan trong can duoc thuc hién. Bén canh do,
van dé nghién ctru 1y thuyét toan hoc cho tu chung cat kién thirc ciing can duoc xem xét ki ludng
trong cc cong viéc tiép theo cia chiing toi.
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