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DANH GIA HIEU SUAT CAC THUAT TOAN
TRI TUE NHAN TAO TRONG PHAN LOAI
RAC THAI

Khoa Cong nghé thong tin 2,
Hoc vién Céng nghé Bwu chinh Vién thdng

Tém tit: Phan loai rac thai 12 mot bai toan 16n trong
thi gidc may tinh va hién nay c6 nhiéu huéng tiép can dua
ra giai phap, trong d6 hudng su dung tri tué nhén tao dat
muc d6 hiéu qua chinh xac dang ké. Trong bai béo nay,
c4c thuat toan phan loai trong hoc méay nhu cay quyét dinh,
thuat toan rang ngau nhién, SVM, PCA va mé hinh hoc
sdu tiéu biéu VGG16 dugc nghién ctru danh gia so sanh
hiéu qua trong viéc phan loai. Nghién ctu nay d& xuét
thém mot 16p phan loai Softmax sau VGG16 s& cho ra két
qua c6 do chinh xac cao hon. Cac moé hinh hoc sau dugc
nghién ctu & day st dung cét 16i Mang no-ron tich chap
(CNN) la mét trong nhitng mang tién tién nhét trong thi
gidc may tinh, ching to duoc kha nang phén loai hinh anh
mot cach hiéu qua. Két qua tir mé hinh dé xuat da duoc cai
thién vai do chinh xac 71.1% so vaéi stir dung moé hinh CNN
truyén thong trong diéu kién bo dir liéu c6 s luong mau
nho. Trong tuwong lai gan, cac md hinh hoc sau s& hd trg
méy moéc viéc phan loai rac ty dong va khong can nhat
thiét can thiép ctia con nguoi.

Tw khéa: CNN, Decision tree, Random forest, PCA,
phan loai rac, SVM, VGG16.

I. GIOITHIEU

_Trong thé gigi hién dai ngay nay, vi¢c xir ly khéi lugng
khong 1 réc thai sinh hoat hang ngay da tre thanh mot van
dé cap bach cho cac qudc gia. Lam sao dé giam nhe tac
dong cua rac thai gy 6 nhiém nghiém trong t6i moi truong
la cau hoi thuong truc. Phan loai rac thai lamot trong nhung
giai phap can kip trudc mat. Viéc tach nhiing nguyén vat
ligu co thé tai ché khong nhu’ng dem lai hiéu qua kinh té khi
chi can tinh loc lai nguyén li¢u dau vao thay vi phai khai
thac tir ngudn tai nguyén ty nhién, ma con giam thiéu phan
nao sy lang phi ndng luong trong vigc khai thac. Vigc phan
loai nay van doi hoi con nguoi tham gia. Do do, gan day sir
dung tri tué nhan tao nham ddy manh hiéu qua nhan dang
va phén loai tw dong rac thai do thi tré: thanh mét trong
nhieu chu dé nghién ctru s6i dong vé bao vé moi truong
sdng, tng dung thiét thuc cho nganh cng nghigp xir ly réc.

Il. MOT SO NGHIEN CUPU LIEN QUAN

A. Cac thudt toan hoc may

Hoc méy (machine learning) la mét phan cua tri tug
nhan tao trong do6 cac thuit toan may tinh dugc sir dung dé
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ty hoc tir dir ligu. Pén dau nhung nam 90, Breiman,
Quinlan va cac cong su da dé xuit cac thuat toan cay quyét
dinh nhu CART [1], ID3, C4.5 [2]... Cay quyét dinh phan
loai dit liéu thong qua mot chudi cac luat, quyet dinh du
doan dua ra gla tri gi dua trén nhiing tinh trang nao. O do,
madi node cua cay sé la cac thugc tinh, va cac nhanh la gia
tri lya chon cua thugc tinh d6. Bang céach di theo cac gia tri
thugc tinh trén cdy, cay quyét dinh s& cho biét gia tri du
doan. Nhom thuat todn cly quyét dinh c6 méot diém manh
d6 1a co thé sw dyng cho ca bai toan Phan loai
(Classification) va Hoi quy (Regression). Thuat toan cay
quyét dinh van dugc sir dung rong ri trong mot sb bai toan
hién nay.

Vio nam 2001, Breiman dua ra thuét toan rimg ngau
nhién (random forest) [3]. Rung ngau nhién 12 mot thuat
toan hoc cé glam sat. Nhu tén goi cia no, ring ngau nhién
st dung cac cdy quyét dinh dé lam nen tang. Rung ngau
nhién la mot tap hop cua cac cay quyet dinh, ma moi cay
duoc chon theo mot thuat todn dya vao ngau nhién.

Trudce do, Support Vector Machines (SVM) [4] duoc dé
Xuit boi Vladimir N, Vapnik va cic ddng nghiép cua 6ng
tai Nga va sau d6 trg nén phd bién trong nhiing nam 90 nho
ing dung giai quyét céc bai toan phi tuyen tinh. SVM sir
dung khong gian gia thuyet cac ham tuyén tinh trén khong
gian dic trung nhiéu chiéu, dua trén ly thuyét t5i vu va ly
thuyét thong ké. Khong gian dir liéu nhap ban dau s& duoc
anh xa vao khong gian dac trung va trong khong gian dac
trung nay mit siéu phang phan chia ti uu s& duoc xac dinh.

Khi xay dyng dit li¢u déc trung dé phan loai, tiéu chi
quan trong la can dam bao khong dé mat nhiéu thong tin
ciing nhu khong qué tén kém vé& mat chi phi. Nam 1901,
Karl Pearson tao ra thuat toan Phuong phap phan tich thanh
phan chinh - Prmuple Component Analy5|s (PCA) [5], voi
muc dich glal quyét van dé di liéu c6 qua nhleu chiéu dir
liéu, can giam bot chiéu di liéu nham tang toe do xu i,
nhung van giir lai théng tin nhiéu nhat c6 thé (hlgh
variance). Hi¢n nay phuong phép ham nhén da dugc dung
dé tang khd nang ap dung PCA khi giai quyét cac bai toan
phi tuyén. Phuorng phap nay da dugc Scholkopf va dong
nghiép cta 6ng [6] dua ra vai tén goi 1a KPCA vao nam

B. M6 hinh hoc sau

Hoc sau la tap con cta hoc may trong tri tué nhan tao,
¢d cac mang ludi cd kha nang "hoc" ma khdng bi gidm sét
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tir dir ligu khong co cau trdc hoic khong duoc gan nhan.
Thoi ky dau mac du 6 nhiéu mé hinh thuat toan hoc sau
duoc dua ra trong khoang 1986 cho dén 2012, hoc sau van
khong dugc trien khai rong réi do nhiéu van de nay sinh
nhu 12 van dé mat mat dao ham, khong du tap mau dé huan
luyén hay hiéu sut tinh toan cua may tinh con thap [7].
Cugc thi phén loai anh (ILSVRC) ndm 2012 dem lai dot
pha cho hoc sau khi dai dién la mang AlexNet [8] gay bat
ngo khi c6 d¢ 16i phan I¢p top 5 giam hon 10% khi canh
tranh vai cac di thu st dung thuat toan truyén théng xa ly
anh két hop céc cdng cu trich loc dac trung (SIFT, SURF,
FAST, BRISK, AKAZE, ...) va SVM dé phan loai cac birc
anh.

Mang no-ron tich chap - Convolutional Neural
Networks (CNN) duoc AlexNet sir dung, la mot trong
nhitng md hinh hoc sau phé bién nhat va c6 anh huéng
nhiéu nhat trong cong dong thi gidc may tinh. CNN duoc
sir dung nhiéu trong cac bai toan nhan dang céc do6i tuong
trong anh. Nam 1998, Yan LeCun lan dau huan luyén md
hinh CNN véi thuat toén lan truyén nguoc cho bai toén
nhan dang chir viét tay [9].

Ill. GIAI PHAP PHAN LOAI

A. Support Vector Machine (SVM)

Support Vector Machine (SVM) dugc phat trién boi
Vapnik dya trén ly thuyet hoc théng ké. Ban chat cua
phuong phap SVM 1la chuyen khong gian dit li¢u ban dau
thanh mot khong gian méi hitu han chiéu ma ¢ do cho kha
ning phan 16p dé dang hon. Biém lam SVM hiéu qua hon
cac phuong phap khac chinh 1a viéc SVM khdng con bi gidi
han bgi viéc phan Iép mot cach tuyén tinh, hay néi cach
khac cac siéu phang co the dugc hinh thanh tir cac ham phi
tuyén.

Dé phan loai tét nhat thi phai x4c dinh siéu phéng nam
o cang xa cac diém dir liéu cua tat ca cac lop cang tot, vi
néi chung I& (margin) cang lon thi sai s6 tong quat hoa cua
thuét todn phéan loai cang bé:

<w,x;>+b>1 néu(y;=1) (1)
<w,x;>+b=>-1 néu(y; =-1) (2)

M5 hinh duoc tong quat 1én khong gian nhiéu chiéu.
Khoang cach tr mot diém (vector) bat ky cO toa
d0 X t6i siéu mat phing c6 phuong trinh w'x+b=0 duoc
xac dinh boi:

[<w,x; > +b|

lIwll

Bai toan t6i wu trong SVM chinh 1a bai toan
tim w va b sao cho margin nay dat gia trj 1on nhat:

dw,b;x;) = (3)

min, .-, d(w, b; x;) + min, ., —_ d(w,b;x;)  (4)

Viée gidi truc tiép bai toan nay s& rat phic tap, nhung
trén 1y thuyét co cach dé dua n6 vé bai toan don gian hon
la tinh toén |lw|| dé dat duoc gia tri cuc tiéu. Tuy nhién,
viéc giai bai toan nay trd nén phuc tap khi s6 chiéu cua
khong gian dir lidu va s6 diém dit ligu ting 1én cao. Khi do
dé tim nghiém thudng giai bai toan dbi ngiu cua bai toan
nay.
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B. Mang no-ron tich chdp (CNN)

Mo hinh Mang CNN [12] 1a m¢t tap hop cac 16p tich
chap chong 1én nhau va s dung cic ham kich hoat phi
tuyén nhu ReLU va tanh dé kich hoat cac trong s6 trong
céc node. Mdi mot 16p sau khi thong qua cdc ham kich hoat
s& tao ra cac thong tin triru twong hon cho cac 16p tiép theo.
MJbi mot 16p duge sir dung cc bo loc khac nhau, théng
thuong c6 hang tram hang nghin bg loc nhu vay va két hop
két qua ctia ching lai.
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Hinh 1. M6 hinh Mang no-ron tich chdp [12]

Lap tich chap y(t) st dung qua trinh tich chap cac bo loc
trén toan bo ma tran anh u(t) * x(t), co thé biéu thi chung
bang cong thirc toan hoc nhu sau:

y() =u() *x(t) = fu(r)x(t —1)dt (5)

Khi (5) 4p dung trén ma tran anh, thi cong thirc c6 thé
viét lai thanh:

vk = ) uljlxlk - ] (©

O (6), x[K] o thé dugc viét 1a x[k-j], mit khac né c6 thé
dugc chuyén thanh x [k+]] cling khong anh huéng dén két
qua tinh toan:

Yk = ) uljlal + ] )

Trong qua trinh tinh chap cua mang no-ron, w dong vai
tro 1a mét bo loc trong 16p tich chap, x 1a dau vao cua 16p
nay va f(.) 1a ham kich hoat. Sai bude (&) 1a khoang cach
giita 2 kernel khi quét. Vi sai bude bang 1, kernel s& quét
2 6 ngay canh nhau, nhung véi sai budc bang 2, kernel s&
quét 6 s6 1 va 656 3, bo qua 6 ¢ giita. Khi d6 (7) dugc thay
thé bang cong thirc:

yalkl = fw e x) = FQ whilalgk +/) (@)

Ngoai ra c6 mot so 16p khac dé giam kich thudc tinh
toan bang cach sir dung 1dy mau gop dung dé chit loc lai
cac thong tin hitu ich hon (loai bo cac thong tin nhiéu).
Trong qué trinh huan luyén mang CNN ty dong hoc cac
gia tri qua cac 16p tich chap. Vi du trong tac vu phan 16p
anh, CNN s& ¢ géng tim ra thong sé t6i uu cho cac bo loc
tuong ng theo thr ty: diém anh thé > canh > hinh dang >
khudén mat > dac trung muc d cao. Lop cudi cung dugc
ding dé phan 16p hinh anh.
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C. Hai quy Softmax

Softmax [13] dwoc dit & cudi mang hoc sau ding phd
bién cho viéc phéan loai. Vector dic trung cua nhimg 16p
trude 1a du vao cho 16p Softmax nay. Phuong phap nay
dugc su dung rong rdi khi can phan loai nhidu nhom d6i
tuong. Dé biéu dién mé hinh gon hon, md hinh Softmax
sir dung ky hiéu dai s6 tuyén tinh, biéu dién dudi dang
vector g=Wx+b, mdt dang phu hop hon cho ca toan hoc va
1ap trinh:

T
dn = W xn + Wy = [inqnz qn,k] (9)

Mot ham softmax c6 thé dugc sir dung dé chuyén doi
gia tri thanh xac suat. Cac ham thuong dung 1a
Xp (nc)
Pn=clxp) =gr———— (10)
~1€Xp (qn ;)

Tiép theo s& toi wu hoa cac tham sb ciia mo hinh sao cho
kha nang xuat hién dir liéu quan sat dugc la cao nhat. Sau
d6, md hinh s dua ra du doan bang cach dat ngudng xac
suat, vi du du doan nhan ding 14 nhan c6 xac suat cao nhat.

D. M6 hinh VGG16

Ké tir AlexNet, cac kién trac CNN ngay cang sau hon,
nhu 12 VGG [10] ra doi v6i mot s6 cai tién, trude tién la
moé hinh VGG s& siu hon, tiép theo 1a thay ddi trong thu
tu tich chap. Tuy nhién, ting d6 sdu mang khong chi don
gian 1a xép chdng cac 16p lai v6i nhau. Mang sau rat kho
huén luyén vi van dé mat mat dao ham, vi d6 dbc duoc
truyén nguoc tré lai cac 16p trude d6, phép nhan lap di lap
lai ¢6 thé 1am cho do dbc cuc nho. Két qua 1a, hiéu suét
ctiia mang bi bio hoa hodc giam hiéu suit nhanh chong.

Trude AlexNet déu sir dung tich chap két hop 20p cuc
dai con VGG thi sir dung 1 chudi tich chap lién tiép & gitra
va cudi cua kién trac VGG. Viée nay s& lam cho viéc tinh
toan tré nén lau hon nhung nhimng dic trung sé van dugc
gitr lai nhiéu hon so véi viée sit dung gop cuc dai sau mdi
tich chap. Hon nita hién nay vdi sy ra doi cua GPU giup
tdc do tinh toan trd nén nhanh hon rat nhiéu lan thi van dé
nay khong con dang lo ngai. VGG cho sai s6 nho hon
AlexNet trong cudc thi ILSVRC nam 2014. VGG c6 2
phién ban 14 VGG16 va VGG19. Kién traic VGG16 [10]
dugc biéu dién ¢ Hinh 2 dudi day.
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Hinh 2. Kién triic mé hinh VGG16

Kién tric cia VGG16 bao gdom 16 16p: 13 16p tich chap
(2 16p conv-conv, 3 16p conv-conv-conv) déu c6 kernel
3x3, sau mdi 16p conv 1a gop cuc dai giam kich thudc anh
xudng 0.5, va 3 16p két ndi hoan chinh. VGG19 twong tur
nhu VGG16 nhung c6 thém 3 16p tich chép.

IV. KET QUA THUWC NGHIEM

Nghién ctru tién hanh thir nghiém céc thuét toan phan
loai d3 duoc dé cap O phﬁn trén, bd dir liéu hinh anh
TrashNet dugc dung dé huén luyén va danh gia két qua.
B¢ dir liéu TrashNet cé cac hinh anh rac thai sinh hoat do
G. Thung va ddng sy tap hop [11]. Bo dit liéu tdng cong
¢6 2527 buc hinh chia 1am 6 loai réc, trong d6 c6 5 loai tai
ché dugc, gdm 501 hinh réc thuy tinh, 594 hinh gidy thai,
403 hinh bia céac tong, 410 hinh rac kim loai va 137 rac
sinh hoat. Bo anh di duwoc chuén hoa kich thude la
512x384px. Hinh anh vi du cac loai rac thai trong Hinh 3.
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Hinh 3. Hinh mau cia B dit liéu TrashNet (a) gidy bia
cac tong (cardboard) (b) thuy tinh (glass) (c) kim loai
(metal) (d) gidy (paper) (e) nhiea (plastic) (f) rdc sinh hoat
(trash)

Nghién ciru nay st dung phan cimg nhu sau: CPU core
i7 3.6Ghz, bd nhd 16GB Ram, card d6 hoa 1a GTX 1070
va duoc cai dat Windows 10. Ma nguén cho thyc nghiém
cai dit Python 3.7 va st dung thu vién TensorFlow?2.

Do chinh xac trong nhiém vy phan loai rac thai va thoi
gian huan luyén mé hinh 1a tham sé chinh duoc so sanh
gifta cac thuat toan; df‘)ng thoi nhitng méat han ché cua no
cling dugc xem xét.

B0 dir li€u duogc chia theo ti 1€ 8:2, voi 8 ph?ln cho muc
dich huén luyén va 2 phan cho kiém thir danh gia d chinh
X&c.

A. Hidu sudt ciia c&c thudt toan hoc may

Céc thuat toan dai dién trong hoc méay nhu ciy quyét
dinh, rimg ngdu nhién, SVMs va PCA dugc sir dung dé
huén luyén va phan loai b dir li¢u. Dau tién, khi xu ly dir
liéu hinh anh s& chuyén ma tran anh 2 chiéu thanh ma trin
1 chiéu dau vao cho qua trinh huan luyén va phan loai. Khi
sir dung thuat toan lién quan cay quyét dinh thi kich thudc
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ma trén 1 chiéu dugc diéu chinh thich hop s& gia ting dugc
d0 chinh xac va tdc d6 phén loai. Kich thudc hinh anh ctia
bo dir lidu TrashNet 1a 512x384px, khi dugc giam xudng
con 28x28px dé 1am dau vao, thi thoi gian huén luyén cua
cay quyét dinh 14 2.6s va d6 chinh xéac phan loai dat dugc
1a 49.3%. Tuy nhién khi kich thuéc anh dau vao la
128x128px thi thoi gian hudn luyén ting 1én toi 48.2s
nhung d¢ chinh xac chi con 47.3%.

Khi cung 1a kich thuéc hinh anh dau vao giam xudng
128x128px thi thuat toan rimg ngiu nhién cho két qua la
t6t nhét khi d6 chinh xac phan loai dat 68.2% vai thoi gian
huén luyén la 41.3s. Nguoc lai 14 m6é hinh SVM cho hi¢u
suét thap, thoi gian huan luyén dai va do chinh xac 1a thap
nhét trong cac mo hinh. Do chiéu dir liéu 16n nén van dé
SVM gip phai la gia ting khéi lugng tinh toan. Do do, &
day néu két hop voi PCA dé giam chiéu dit liu ma van
gilt cac dac trung quan trong thi phan loai st dung SVM
chimg t6 ¢ hiéu qua hon khi thoi gian huan luyén giam
xuéng chi con xép xi 29s va d6 chinh xac duoc cai thién &
murc 60.8%.

BANG |. HIEU SUAT CAC THUAT TOAN HOC MAY

Ap o Do chinh xac Thoi gian
Thuat toan o P .
(%) huan luyén (s)
Cay quyét dinh 47.3 48.2
Rimng ngiu nhién 68.2 413
SVM 41.6 2154
SVM+PCA 60.8 28.7

B. Hiéu sudt cuia cac md hinh hoc sau

Trong truong hop hoc sdu, mo hinh CNN va VGG16
dugc sir dung dé hudn luyén va phan loai bo dit liéu. Hinh
anh dau vao duogc gitr nguyén kich thudc di duge chuin
hoa 1a 384x512px vé6i 3 kénh mau. CNN cho két qua tot
hon vé6i d6 chinh xéc cao hon 1a 60.2% véi sb lan huin
luyén lap lai 1a 20 1an trong khoang thoi gian huin luyén
la 362.8s. Mot diéu luu ¥ 1a khi s6 1an huén luyén 16n hon,
md hinh bi hién tugng qua khéop (overfitting). Hién tuong
qua khép nay dién ra trén mé hinh VGG16 sém hon dan
dén tinh trang do chinh x4c trong phan loai cac birc anh
thap khi cung 1a 20 1an ldp huén luyén. Piéu nay ching to
b6 dir liéu ¢ sé lwong mau nho khong thich hgp cho mé
hinh ¢ d6 phirc tap twong ddi cao. Bai bao nay thém mot
16p phan loai softmax vao mang VGG16 thi két qua thyc
nghiém cho két qua phan loai kha quan hon véi d6 chinh
xac dat 71.1% trong thoi gian huan luyén 545.2s véi s6 lan
huén luyén 14 20.

Sau 20 lan lip, d6 chinh xac khong c6 xu hudng ting
nira, dong thoi kiém tra sai so cling khong giam va n6 duy
tri cung so liéu.
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BANG Il. HIEU SUAT CAC MO HINH HOC SAU

D9 chinh xac Thoi gian
Mb hinh )
(%) huén luyén (s)
CNN 60.2 362.8
VGG16 23.6 12485
VGG16+softmax 711 545.2
V. KET LUAN

Trong bai bao nay, cac thuat toan tri tu¢ nhan tao dugc
nghién ctru va thur nghiém trong bai toan phan loai rac thai.
Két qua duoc danh gia so sanh thong qua do chinh xac
trong phan loai va thoi gian huan luyén cia thuat toan.
Thong qua két qua thuc nghiém, cdc mé hinh hoc sau hira
hen trong tuwong lai gin c6 thé dap umg dugc cac tac vu
cong nghi¢p thoi gian thyc. Tur nghién clru nay, viéc cai
dat nang cAp md hinh va hudn luyén bo dit liéu 16n hon dé
dat duoc muc tiéu phan loai chinh xac va tin cdy hon, mang
tinh thyc tién nham 4p dung cho nganh cong nghiép xir Iy
réc thai, dem lai méi trudng song tot dep hon.
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PERFORMANCE EVALUATION ON ARTIFICIAL
INTELLIGENT MODELS IN WASTE
CLASSIFICATION

Abstract: Waste classification is a big problem in
computer vision and nowadays there are many approaches
to offer solutions, in which the direction of using artificial
intelligence reaches a significant level of accuracy. In this
paper, the classification algorithms in machine learning
such as decision trees, random forest, SVM, PCA and the
typical deep learning model VGG16 are studied to
compare the efficiency in the classification. This study
proposes to add a Softmax classification after VGG16 to
give higher accuracy results. The deep learning models
studied here use the Convolutional Neural Network (CNN)
core which is one of the most advanced networks in
computer vision, demonstrating the ability to effectively
classify images. The results from the proposed model have
been improved with 71.1% accuracy compared to using
the CNN model under the condition utilizing dataset with
small sample quantity. In the near future, deep learning
models will mechanically assist in automatic garbage
classification and without necessarily human intervention.

Keywords: CNN, Decision tree, Random forest, PCA,
waste classification, SVM, VGG16
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