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TOM TAT

Rdc thdi nhwa la mét van dé nong khéng chi ¢ Viét Nam ma con trén toan thé gii. Réc thdi
nhiea khéng qua xie Iy va tai ché dwoc xd thang ra méi truong da lam bién doi hé sinh thai, giét chét
cac logi dong vat, thuc vdat va gian tié'p dau doc dén cudc séng cua con nguoi. Vi vay, viéc phan
logi va tdi ché rdc thai nhiea theo quy mé cong nghiép la vé cing can thiét dé giam thiéu mire do 6
nhiém méi truong va tan dung dwoc nhya da qua sw dung. Vi vay, chung toi deé xudt viéc sir dung
mo hinh Hoc sau YOLOVS, mot mo hinh dang nhdn dién manh nhat hién nay déphdn loai cac loai
rdc thai nhuea trén day chuyén thiee té trong nha mdy. Bang cach hudn luyén va phan tich céc chi sé
cua mo hinh, chung téi da chirng minh sy hi¢u qua cua YOLOVS trong linh viec phdn loai rac thai
nhiea theo thoi gian thwe. Pdy ciing la co sé dé xdy dung nén cdc ddy chuyén xi Iy rdc thai nhya
hodn toan tw déng, dam bdo ndng sudt phan logi va khéng gdy anh hwéng lén sire khée ciia nhén
vién lam viéc.

Tw khéa: Rdc thai nhwwa; YOLOVS; Mo hinh nhan dién; Hé th(fng phan logi tw dong.
ABSTRACT

Plastic waste is a pressing issue not only in Vietnam but also globally. Unprocessed
plastic waste discharged directly into the environment has led to ecosystem disruption, the death
of flora and fauna, and indirect threats to human life. Therefore, the industrial-scale sorting and
recycling of plastic waste are essential to minimize environmental pollution and utilize used plastic
effectively. We propose the utilization of the YOLOvVS Deep Learning model, currently one of the
most robust object detection models, to classify various types of plastic waste on real production
lines within factories. Through training and analyzing the model's metrics, we have demonstrated
the effectiveness of YOLOVS in real-time plastic waste classification. This forms the basis for
establishing fully automated plastic waste processing lines, ensuring efficient sorting without
compromising the health of factory workers.

Keywords: Plastic waste; YOLOVS, Object detection models,; Automation sorting system.
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1. PAT VAN PE

Hién nay, viéc phan loai rac thai nhya
tai Viét Nam c6 sy tham gia cuia cong nhan
trong cong doan phan loai mot cach thu cong
nhu & mot sé doanh nghiép Duy Tan, Coca
Cola,... Bén canh viéc gay 6 nhiém méi truong
néu khong duge xur 1y dung phwong phép [1],
[2], rac thai nhya gy anh huong tryuc tiép dén
suc khoe cua con nguoi tham gia cong viéc nay.
Nguyén nhan xuit phat tir chat phu gia trong
san pham nhua c6 thé gay rdi loan noi tiét va
giy ung thu thong qua con duong tiép xuc
hodc ho hap [3]. Do d6, cip thiét phai c6 mot
hé thong ty dong thay thé cho nhan cong thuc
hién nhiém vu phan loai rac nay, nham dam
bao ning suat lao dong va ddng thoi bao vé sirc
khée cua cong nhan trude nhitng hau qua gay
ra boi phu gia nhya.

Cé6 hai phuong phap ung dung cong
nghé thong tin phd bién trong viéc phan loai rac
thai nhya. Thtr nhat, 13 truong phai ung dung
cac thuat toan Machine Learning nhu Linear
Discriminant Analysis (LDA), Partial Least-
Squares Discriminant Analysis (PLS-DA),
Spectral Angle Mapper (SAM) va Support
Vector Machine (SVM) [4] dé phéan loai. Mot
truong phai nghién cuu khac 1a st dung mang
no-ron tich chap sdu CNN. Trong nudc, tac gia
P46 Thi Nhung va cong sy di sit dung mang
no-ron tich chap CNN két hop véi dit liéu chup
duoc tr UAV phan loai hinh anh chup duoc
tir thiét bi nay c6 hay khong rac thai nhwa troi
dat trén bién. Do chinh xac trong phan loai chi
dat 0.87 [5]. Huynh Ngoc Thai Anh va Trang
Thanh Tri tng dung mang no-ron YOLOv7 dé
nhan dang rac trén mat nude. P chinh xac cia
mo hinh 13 80.5%, voi téc do chuyén khung
hinh FPS 17,6 [6]. Bén canh tinh hinh trong
nude, Bobulski va cong su dé xuat mang CNN
15 16p, giam sb 16p so voi mang AlexNet gdbm

¢6 23 16p dé phu hop v6i anh chup cong nghiép
hon. Tuy nhién, d¢ chinh x4c ctia mo6 hinh phéan
loai chi dat 74% [7].

O nghién ctru ndy, chung t6i thir nghiém
xdy dung mo hinh YOLOvS dé phan loai rac
thai nhya.

2. PHUONG PHAP
2.1. Bo dit liéu

Ddi voi rac thai nhua, tuy vao muc tiéu
ung dung cua nghién ctru, cach thu thap va xay
dung bd dir li¢u cling khac nhau. Trong nghién
ciru nay, voi muc dich thir nghiém YOLOvVS
cho day chuyén thuc té trong cac nha may nhya
tai ché, bo dir liéu duoc sir dung can phai dap
ung dugc ti€u chi sat véi thuc té, co lién quan
dén day chuyén ty dong va c6 phan b rac thai
trén bang tai mot cach ngau nhién véi sb luong
réac thai trong mdi khung hinh & s6 lugng 16n.
Pé c6 thé thu thap duoc dir liéu c6 yéu cau kho
khin nhu vay, can phai truc tiép vao cac nha
may nhuya tai ché tai Viét Nam dé ghi lai va can
mot kinh phi, thoi gian va cong stre rat 1on dé
gan nhin cho dir lidu thu thap dugc. Vi didu
kién han ché vé mit kinh phi va nhan luc, nhém
nghién ctiu quyét dinh str dung mot bd dir licu
d3 dugc cong bd trude ddy co lién quan dén rac
thai nhua va phu hop vé6i cac yéu cau da duogc
dé cap, bo dir lidu rac thai nhya cong nghiép
dau tién trén thé gidi ZeroWaste [8]. Bo dit liéu
duoc thu thap trong mdt nha may tai My, véi
cac 16p chinh trong b¢ dir licu la Cardboard,
Rigid plastic, Soft plastic va Metal. Ngoai ra,
b dir liéu ciing co cac bang théng ké do chinh
x4c cua cc md hinh khic ddi véi bo dit lieu
nay nhu Mask R-CNN [9], RetinaNet [10] va
TridentNet [11]. V&1 nhitng gi ma bd dir ligu
ZeroWaste co duoc, ddy chinh 1a giai phap dé

danh gia md hinh YOLOVS trong tac vu xir Iy %
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phan loai rac thai nhya véi di€u kién tai chinh
va thoi gian khong nhiéu.

2.2. Trich xuit thong tin tir b dir liéu

DPé hiéu hon vé bo dit liéu ZeroWaste
nhdm tién hanh tinh chinh mé hinh YOLOvS
pht hop, nhom nghién ctru da tién hanh trich
Xuét céc thong tin quan trong tu bo dir li¢u
ZeroWaste thong qua cac phuong phap thong
ké. Pau tién 1a thong ké vé s6 lugng cac vat thé
theo mdi 16p trong bo dit liéu ZeroWaste. Theo
d6, Cardboard 1a phan 16p chiém sé luong nhiéu
nhat véi gan 12000 vat thé, nhiéu hon gip do6i
so voi 16p thur hai 1a Soft plastic (khoang 5000
vat thé). Bén canh do, bo dir liéu ciing co rat it
vat thé thudc 16p Metal va Rigid Plastic. Pidu
nay cho thdy bo dit liéu ZeroWaste c6 dau hi¢u
bi mat can bang trong dir liéu (data imbalance)
va c6 thé giy anh huong xau dén mé hinh néu
khong dugc xur Iy dung céach.
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Hinh 1. 86 lwong vat thé cia cac logi rdc thdi
trong bo dir lieu ZeroWaste

Tiép theo, nhém nghién ctru tién hanh
kiém tra s luong vat thé duoc gan nhan
(ground-truth bounding box) trong mdi hinh
anh ctia bo dir liéu thu duoc. Két qua thu duoc
cho thiy, s6 luong vat thé dugc gan nhén trong

mot anh phd bién tir 5-6 vat thé va phan 16n anh
c6 chira it hon 12 vat thé duogc gan nhan. Ngoai
ra, s6 vat thé dugc gan nhin 16n nhat trong mot
anh 1a 18 vat thé. Tir day c6 thé thay rang, sb
luong vat thé duoc gan nhan trong mdi anh 1a
rat 16m, sat véi thuc té trén cac bang tai trong
nha may cong nghiép hién nay.

Hinh 2. S6 lwong vit thé dwoc gan nhén trong moi
anh cua bo dir lieu ZeroWaste

Cubi cung, nhom nghién ciru tién hanh
khéo sat dién tich cua cac vat thé duoc gan
nhan trong mdi anh. Két qua thu duoc cho thiy
su phan bd tuong ddi ro rang, khi vat thé nho
(< 322 pixels) chiém s6 lugng nhiéu nhat, tiép
dén 1a vat thé vira (> 322 va < 962 pixels) va
cubi cung 1a vat thé 16n. Ca ba loai vat thé déu
¢6 tong s6 lugng kha tuong ddng véi nhau, cho
thay su phan bd ngiu nhién va khéng co hinh
dang cu thé xac dinh cua rac thai nhya trong
nha may thuc té.

FEL ECEONG 4LGODD MODAY  BIODOD PRGN BORNSS

Hinh 3. S6 lwong cua cac logi vat thé theo kich
thuoc trong bo dir liéu ZeroWaste
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Tir cac do thi théng ké da duoc trinh
bay, c6 thé thiy rang bo dir liéu ZeroWaste 1a
mot bo dit liéu c6 sy mét can bé“mg gitra céc 16p
trong bo dir liéu. Ngoai ra, s6 luong cac vat thé
duoc gan nhan trong mdi anh ciing 1a twong d6i
16m, kém theo sy phan bd ng?tu nhién vé mat
kich thudc va hinh dang cua cac vat thé. Nhom
nghién ctru ¢6 du co s¢ dé két luan réng, viéc sur
dung bo dir liéu ZeroWaste 1a hop ly voi muc
tiéu ung dung cho nha may thuc té.

2.3. M6 hinh YOLOVS

moma n

Hinh 4. So' do nguyén Iy mang YOLOVS [12]

Xuong séng (backbone) ciia YOLOVS
la bén stra d6i cua kién tric CSPDarknet53
[13] gdém 53 16p tich chap va str dung cac két
ndi mot phan Xuyen giai doan dé tao diéu kién
thudn loi cho ludng thong tin gitra cac 16p khac
nhau. Xuong séng nay chiu trach nhiém trich
xut cac ddc diém tir hinh dnh dau vao, trong
khi d6 & dau (head) mang, qua trinh phat hién
ddi tuong dién ra sir dung cac dic trung dugc
trich xuét dé dy doan xac suit cta cac 19p.

Bounding box dugc xac dinh toa d ¢
moi 0 ludi trong anh dau vao. Thém vao do,
dau mang cling c6 mot co ché self-attention,

cho phép mo hinh tdp trung vao nhiing dac
trung phu hop nhat véi phat hién doi tugng.

Khac v6i cac phién ban YOLO truée
day, YOLOVS 1a mo hinh anchor-free tryc tiép
dy doan tam cua doi tuong thay vi do I¢éch cua
dbi twong so v&i anchor box di biét. Co ché
nay cai thién dang ké cic phién ban trudc cia
YOLO, vi né loai bo sy can thiét cua cac anchor
box, von kho c6 thé bat nhimng vat c6 hinh dang
hay kich thudc bét thuong.

YOLOVS su dung phu’orng phap huén
luyen thich nghl dé t01 uu toc do hoc va can
bang ham mat mat, cudi cung dan dén mot mo
hinh ¢6 hiéu sut tot hon. M6 hinh YOLOvS
cling su dung k¥ thuat tang cuong dir liéu nang
cao nhu MixUP [14], va CutMix [15] dé ting
tinh manh mé& va tong quat cia mo hinh.

3. THi NGHIEM

Nhom nghién ctru dd tién hanh huén
luyén mo hinh YOLOVS véi sy hd tro cua
Google Colaboratory. Pau tién, nhom tac
gia da chuyén doi file dir liéu tir dang COCO
format sang thanh dang YOLO dé c6 thé tién
hanh training cho m6é hinh YOLOv8. Nhom
nghién ciru hudn luyén mo hinh YOLOVS trong
50 epochs, batch size 1a 21 (tury theo GPU dugc
st dung cua Google Colaboratory) va kich
thude anh dau vao duogc dat 1a 640. Ngoai ra,
cac thong s6 cia mo hinh dugc thé hién trong
Hinh 5.

Hinh 5. Cdc théng so ciia mé hinh YOLOVS
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4. KET QUA VA THAO LUAN

Két qua cia qua trinh huin luyén mo
hinh YOLOV8 qua 50 epochs 1a kha hira hen.
M6 hinh dat dugc dugc do chinh xac (mAP) la
22.3, d¢ chinh xac tai mAP@50 1a 32.7, khong
cach xa do chinh xac ma cac mo hinh khac dat
duogc. Tuy nhién, YOLOVS lai cho thiy su nhe
hon trong yéu cau vé phan cimg va xtr 1y khi
thip hon gan 3 1an so v6i Mask R-CNN (79.1
GFLOPs so véi 206 GFLOPs). Piéu nay cho
thiy YOLOVS8 c6 téc do xir Iy nhanh hon rat
nhiéu so voi Mask R-CNN trong khi do chinh
xac khong chénh 1éch qua nhiéu.

Bén canh do, két qua mAP cua model
sau khi train xong, c6 thé thay 1a d6i véi 16p
Metal (c6 it vat thé nhat) thi ty 1& du doan dugc
rat rat thip, kéo theo mAP cua tong thé thap
xudng. Lop chiém ti 1& nhiéu nhat 1a Cardboard
cling chi c6 mAP@50 1a 0.512, nghia la model
chi doan dung mot nua.

Hinh 6. Két qua hudn luyén mé hinh YOLOVS sau
50 epochs

Bdng 1. So sanh d¢ chinh xac va ganh nang tinh toan gitta YOLOVS va cac mé hinh khac

Model Epochs GFLOPs Params AP AP50
RetinaNet 107 206 38M 21.0 335
MaskRCNN 107 - 44M 22.8 34.9
TridentNet 107 822 34M 242 36.3
YOLOVS 50 79.1 26M 22.3 32.7

Ngoai ra, & cac d6 thi théng ké vé 5. KET LUAN

Precision, Recall, F1-Score va Precision-
Recall cia mdé hinh, YOLOV8 van chua cho
théy toan bd kha nang cia minh, khi céc dd thi
van con twong d6i x4u va co hién tuong giy tai
threshold nhat dinh va diém twong ddi thap.

II.' - e .\.H\.

Hinh 7. D6 thi thong ké cho mé hinh YOLOVS

Trong nghién cuiu nay, nhom nghién
ctru gidi thi¢u phuong phap st dung YOLOVS
dé phan loai rac thai nhya trén ddy chuyén thuc
té tai nha may. Két qua chi ra rang, YOLOVS
phul hop véi cac hé thong co kha ning tinh toan
va tde do xur 1y thap vi khdi luong tinh toan cta
YOLOVS thap hon cac mé hinh thong thuong
khac it nhat 3 lan. Ngoai ra, YOLOVS ciing
dam bao do chinh xac & mic chép nhan duoc
va hoan toan thich hop dé ing dung vao céc tac
vu phan loai khac trong cong nghiép.
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