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TOM TAT:

Bai bdo dua ra mot thi nghiém vé mdt mo hinh mang nd ron tich chap hiéu chinh (Convolution

Neural Network, CNN) gitp phan loai rac thanh 3 nhém khéc nhau la chai nhya, lon, va thiy tinh
bang viéc st dung 1€n t6i 900 hinh dnh thu thip bing tay, dudc chia ra thanh 500 hinh dnh dung cho
viéc phan tich va 400 hinh 4nh diing cho viéc ddnh gid k&t qud. M6 hinh cho két qua tuyén tinh gifta

s6 luong dif liéu huan luyén v6i do chinh xac trung binh (mean Average Precision, mAP) khi kiém
tra md hinh xuatra. Tir ¢y, nghién citu thuc hién mot thi nghiém khac d€ ddm bao hiéu qué ctia mo
hinh da huan luyén dat dudc cc yéu cau dé ra, AI401 véi 80% dd chinh x4c tdng quan.

Tu khéa: rdc thdi, mang no ron tich chap hiéu chinh, moé hinh hoc siu, mi ngudn md,

Tensorflow Object Detection API.

1.Pat van dé

Vao thdi di€m hién tai, sy nhan thic cia ngudi
dan vé phan loai rac dang 12 mot van dé dang quan
tam, bén canh vin dé toc do ting ludng rc thai
cling ngay mot cao. Theo Bo Tai nguyén va Modi
truong, & Thanh phé H6 Chi Minh, vao nim 2004,
khodng 5.500 tin rdc thdi rin cdc loai dudc thdi ra
mdingay [1]. Vao ndm 2014, lugng rac thai da ting
lén thanh 7.000 tin mot ngdy vdi lugng rac thai
trung binh la 1,02 kg/ngudi/ngay [2].

Trong ddi song hién dai, Tri tué Nhan tao
(Artificial Intelligent, Al) da va dang dong vai tro
quan trong trong nhiéu linh vyc ddi séng, dudgc tng
dung va ton tai trong nhiéu nganh nhu 12 linh vuc y
t&, siic khde, nong nghiép, nhan dién vat thé,... Bai
bdo nay chd yé&u tip trung vao viéc huan luyén mot
mo hinh phén loai rdc tuy chinh va danh gid do
chinh xdc ctia mo hinh, nhu 12 mot su tham khao khi
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ta 'ng dung mot md hinh hoc sau da huin luyén
trudc d6 (pre-trained Deep Learning model) trong
tuong lai.

2. CosG dir licu

Tensorflow Object Detection API 1a mot g61 ma
ngudn md diing d€ nhan dang vat thé thay vi xay
dung tir ddu. Bén canh d6 ciing c6 nhitng tiéu chuin
trong viéc lua chon mo hinh Al phu hgp tuy theo
ciac muc dich khac nhau nhiim t8i wu dd chinh xdc
dat dudc, trong d6 ¢6 md hinh phuc vu cho viéc xtr
li &nh, mo hinh cho nhén dién giong ndi, mod hinh
cho xt li vin ban dif liéu,... Bén canh do6, kién tric
mang hoc siu MobileNets V2 dudc cdng bo bsi
nhom tdc gia Sandler vao nim 2019, 12 m6 hinh thé
hién sy nhay vot trong hi€éu nang so v4i phién ban
trude d6 cia md hinh nay. Véi viéc tich hgp Linear
Bottleneck va Inverted Residuals [3] trong lién két
gifta cdc 16p tich chip, Linear Bottleneck gitp tinh
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toan dau vao va diu ra, trong khi Inverted Residual
gitp g6ilai cdc dic trung trich xuat khi chuyén giao
gitra cac 16p.

Bo dit liéu dugc thuc hién véi muc dich nhim
t6i ing dung truSc mit 12 trong mdi trudng hoc
dudng, cu thé 1a tai Trudng Pai hoc Bach khoa co
s& Ly Thudng Kiét, quin 10, bao gdbm 3 nhém chai
nhua, lon nuéc kim loai, chai thdy tinh, ciing véi
phuong thitc 14y 4nh nhim ddm bdo sy da dang
trong bd dit liéu (Hinh 1). Phuong thitc 14y 4nh nay
bao gdm ca viéc xoay huéng ngiu nhién, géc va
cudng do chi€u sdng, do phéng to thu nhd clia vat
thé dé dat sd lugng tdi da hinh 4nh cho titng vat
thé€. Mdi nhém c6 xap xi 15 vat thé dudc chup véi
cdc géc va hudng quay khic nhau. Téng cong 1a
500 tAim anh ding cho viéc huin luyén mo hinh
nhu trong Bang 1.

Dan nhin bd dif liéu can dudge dan nhin trude
khi ti€n hanh qu4 trinh huan luyén, mot cong cu c6
tén 1a Labellmg [4] 1a mdt cOng cu gidp thém vao
phu chi d6 hoa cho 4nh (Hinh 2). Cong cu nay dudc
vié€t bing ngdn ngit 14p trinh Python, va sit dung
cong cu PythonQt cho giao dién d6 hoa ciia né.

Hinh 1: Mét s vi du vé bé dir liéu hinh dnh
vdi cdc logi m&u vat chon mang y nghia
tuong frung cho cac nhém chai nhua, lon,
chai thay ftinh.

Béng 1. $6 Iigng cdc vét thé ciing nhu sé
lugng céc tdm danh cho ting nhém

STT Nhém Loal Sc: hinh | B9 Pnan
anh giai
1 | Chainhya 14 166
2 | Lon nudc kim loai 15 166 640. x640
pixels
3 | Chaithdytinh 17 168
Tong 48 500

Hinh 2: Vat thé (thuéc nhém Lon) dang dudc
dan nhén bé'mg céng cu “Labellmg” (1); File
XML chiia tén nhan va toa dé cta Grounding
box cua vat thé bén trong tGm hinh (2).
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3. Thi nghi¢m va két qua

Nghién cttu nay v48i muc dich phén tich va danh
gi4d khd ning nhan dién clia mo hinh huin luyén
trich xuat dugc. Cdc md hinh déu dugce huin luyén
véi cac bo dir liéu khac nhau nhung véi cung cic
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trong sO (hyperparameters) nhu trong Bing 2 va Bdng 2. Cac gid trj trong s6 ddu vao
Bing 3. Nhém nghién ctu giit nguyén cic gid tri dung cho viéc hudn luyén

nay do chiing da hoan toan phit hgp va cé thé dudc Thong s& Giatr)
Ung dung vao trong chinh cic mo hinh ma nhom g oo oy 44 (initial Leaming Rate) | 0.08
dang mudn phén tich va ddnh gia (Hinh 3). —

Nhém nghién citu ¢ thé tinh todn ra 2 dudng Quan tinh (Momentum) 0.9
hdi quy tuyén tinh thé hién méi tuong quan giita Decay 0.997
mAP va 36 lu'dng ﬁnh dfll}g dé huffn luyén mo hinh Kich thudc (Mlnl Batch Size) 6
theo thoi gian (time) va so budc (steps). - -

N e e, e S0 chu ky (Number of Epochs) 833

Két qud tix viéc tinh todn cdc gid tri t0i uu

V6i cdc gid tri do dac dudc, nhém nghién ctu S6 budc t6i da (Maximum Steps) 50000
phéc théo ra biéu db nhu Hinh 4 véi truc hoanh (x) Trong 6 (Weight) 4e-05
the hien gid tri 1a 50 lugng dm anh dung d& hudn Ngudng loU (Matched loU Threshold) 0.6
luyén tirng md hinh va truc tung (y) bi€u thi cho cic

BAng 3. Hudn luyén cdc mé hinh véi biéu kién bién (Marginal Condition)

M@ hinh hoc sau (SSD MobileNets VV2) Tap di liéu huan luyén Diéu kién bién PAaura (tén goi)
100 hinh Al100
200 hinh Al200
Mé hinh 300 hinh ~0.1£3% Al300
400 hinh Al400
500 hinh Al500

Hinh 3: Hdm Mé&t mat chudn héa trong qua trinh huén luyén cho cac mé hinh
Al200, AI300, Al400, Al500.
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Bdng 4. Cadc md hinh dudc ddnh gid trén 2 bd dii liéu dénh gid véi Théi gian (Time)
va $6 budc (Steps) can cho qua trinh hudin luyén

Tén goi (x) mAP véi tap 150 hinh (y1) | mAP véitap 100 hinh (y2) | Théigian (phat) () | Tong s&budc (z)
Al100 50.2% 58.3% 2gio 14000
Al200 65.1% 65.6% 3gid 22 phat 21000
AlI300 75.2% 75.5% 3gid 51 phat 25880
Al400 81.4% 81.0% 4 gio 36 phat 28300
Al500 81.6% 84.1% 5gid 31 phat 37400

Hinh 4: Biéu dé tiong quan giiia mAP (%, (y)) va sé Iigng énh dung cho viéc huén luyén

(s6 anh, (x)).
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gid tri nhu 12 mAP (%), Thai gian (phit), hoic SO
budc (buéc), Thai gian (Time) (phidt), S6 budc
(Steps) (budc). V6i cac gia tri trén, nhém nghién
ctfu phac thao trén biéu d6 va xdc dinh sy tuyén
tinh clia tit cd cac diém phic thdo c6 dudgc tir thi
nghiém va tinh toin Hoi quy tuyén tinh.

Viéc tinh todn d€ tim ra diém t6i vu v6i yéu cau
datrala dé€ dat dugc gi4 tri chinh xdc mAP 80% can
thuc hién viéc huan luyén mo hinh trén mot bo dit
liéu 4nh xdc dinh, ciing nhu thdi gian cAn d€ huin
luyén, s& budc can thuc hién trong qué trinh hudn
luyén. Ta c6:

e Cho b dir liéu ddnh gia 100 dnh: y = 0.0007x
+0.528 and R?=0.9669 = x1 ~ 389 anh.

e Cho bd dit liéu danh gia 150 anh: y = 0.0008x
+0.4697 and R?=0.8873 = x2 ~ 413 anh.

Va tir cdc gid tri x1 va x2 dat dudc, ta c6 thé 14y

gid tri trung binh clia 2 k&t qua dé nhan dugc do 2
dudng hdi quy tuyé&n tinh nay gan nhu tuong dong
nhau hoan toan, nén dd chénh 1éch ¢ thé dudc bd
qua, véi =401 anh. Tuong tv, ta c6 thé phan tich
gid tri t8i uu cho thdi gian t: t ~ 282 phiit va cho sd
budc can cho viéc huan luyén k: k ~ 30,780 budc.

Nhém nghién cttu k&t luAn md hinh sé& dat gid tri
t6i uu dé ra & 80% mAP thi cAn phdi dugc huin
luyén 1 1an vé6i 401 hinh 4nh cta 3 nhém vat thé
khic nhau véi tong s thdi gian huin luyén tinh
toan dugc 1a 282 phiit (4 gid va 48 phiit), v6i tdng s
budc can 1a 30.780 budc.

Ddnh gid kha ndng nhan dién clia mé hinh nhdn
dién vat the

Trong phin nay, sau khi hudn luyén md hinh
v4i gid tri tinh todn t6i wu bén trén, nhém nghién
ctu trich xudt md hinh nhan dugc va nhin dugc
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cdc diém khac biét giita gid tri wdc tinh va gid tri
thic t€ khi ti€n hanh thi nghiém clia cdc bi€n Thai
gian va S8 budc (Bang 5). Ta c6 thé thdy sy khac
biét rd rang giita gid tri gid thi€t va thuc t€ cla
bi&€n Thdi gian, nhung ngugc lai 1a dd chénh 1&éch
rat nhé giita gid thi€t va thuc t&€ cda bi€n SO bude
cAn cho viéc huan luyén (Bing 6).

Diéu nay cho thdy, véi cling mot s6 lugng hinh
dnh dung cho viéc hudn luyén, thi qué trinh giita
cdc 1an hudn luyén 12 khic nhau, khong c6 1in
huan luyén nao cho ra cling mot gid tri thdi gian
va s6 budc nhu nhau dii cing mot diéu kién bién
va diéu kién diu vao.

Su khéc biét giita cdc bd dit liéu nay doi v6i
mit ngudi 13 khong nhiéu, nhung d6i v6i cich
may tinh va cdc thuit todn Al gidi nghia mot hinh
anh thi cdc hinh dnh 12 hoan toan khdc nhau mic
dit dudc 14y hinh tir cing mot mau vat thé. Vi vay,
thi nghiém nay cho thdy ddnh gid do chinh xdc
ctia mo hinh trich xuit trén mot bd dit liéu mdi
hoan toan, tir d6, ta c6 thé dua vao dé danh gid do
hiéu qué cta md hinh t3i uu dé ra véi két qui do
dac dugc theo Bang 6 va Bang 7.

Nhoém nghién cttu so sdnh gitra gid tri uGc tinh

va gia tri thyc t€, nghién citu mong dgi két qua do
dugc khi ddnh gia do chinh xdc dat xung quanh
80% mAP. Tir d6, nhém téc giad tich cdc gid tri do
dac dugc va chia biéu d6 thanh 2 viing: viing mong
mudén (khong mau) va ving khong mong mudn
(mau hong) (Hinh 5).

4.Kétluan

Nghién cttu da déng gép vao thu vién dit licu
hinh 4nh cho viéc nhan dang rc thdi bao gdm 48
vat thé, v6i hon 900 tim anh dugc thu thap bén
trong khu vuc Trudng Pai hoc Bach khoa Thanh
phd H6 Chi Minh, Viét Nam. Ti€p d6, nhém nghién
ctu dd huin luyén thanh cong md hinh hoc sau
SSD MobileNets V2 véi cac diéu kién xdc dinh va
ki€m tra trén cic tip dif liéu nhiim chifng minh sy
tuyén tinh trong mdi quan hé giita s§ lugng hinh
dnh dua vao huin luyén va két qud do chinh x4c
dua ra, cing v6i d6 1a sy doc lap gitta do chinh xdc
ma mo hinh dua ra so v6i bo dit lieu dung dé danh
gid do hiéu qua. Cudi cling, v6i mo hinh AI401, tat
ca cac tap dir liéu danh gia déu dat dugc it nhat
80% mAP cho 3 nhém - chai nhua, lon kim loai,
chai thiiy tinh v6i 48 vat thé va danh gid do chinh
x4c cliamod hinh dé ra m

BAng 5. Hudn luyén mé hinh véi biéu kién bién (Marginal Condition) cung véi gié tri tinh toén 16i uu
vé s6 lugng &nh cdan cho viéc hudn luyén

Model Deep Learning (SSD MobileNets VV2) | Tap ditliéu huan luyén | Diéu kién bién Kétqua
S& budc = 34300
Mé hinh 401 hinh ~0.1+3% Al401 — -
Thai gian = 445 phut

Bdng 6. Su khéc biét gitia gia tri gid thiét tinh todn va gié tri nhdn dugc thuc té&
cla cdéc bién Théi gian va $6 buéc khi thuc hién tai théi nghiém

Gia tr1 du doan Gia tr that Sai s6 (%)
Thai gian 282 phut 445 phut 57.8%
Sé budc 30780 buéc 34300 buéc 11.4%
BAng 7. mAP do dudc (theo %) theo cdc bd dii liéu dénh gid khéc nhau
Tap hinh kiém tra 60 hinh 100 hinh 200 hinh 300 hinh 401 hinh
mAP 90.2% 85.3% 86.2% 84.3% 81.1%
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Hinh 5: Gia tri mAP do dugc trén cac bé dii liéu danh gia véi viéc phan chia cac ving
mong mudn (khéng mau) va ving khéng mong muén (mau héng) ciing céc diém do
dac dugc dugc vé trén biéu dé.

100% 90.20%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

85.30% 86.20% 84.30%
° L °

81.10%

mAP

0 50 100 150 200 250 300 350 400 450
Image Test Set

Loi cdm on:

Nghién citu nay dugc tai tro béi Truong Pai hoc Bdch khoa Thanh phé Ho Chi Minh (Viét Nam) véi s6
hi¢éu To-PCDK-2020-16. Nhém nghién citu cdm on su hé tro va co sé vit chét cung cdp béi Truong Pai hoc
Bdch khoa Thanh phé Ho Chi Minh, Dai hoc Quéc gia Thanh phé Ho Chi Minh cho nghién ciiu nay.

TAILIEU THAM KHAO:

1. VMENR (Vietnam Ministry of Environment and Natural Resources). (2014). Canadian International
Development Agency, Vietnam Environment Monitor: Solid Waste, Vietnam.

2. DONRE (Department of Natural Resource and Management)-Ho Chi Minh City. (2014). The report on overview
of the SWM system of HCMC, Vietnam.

3. Jiahui Yu, Yuning Jiang, Zhangyang Wang, Zhimin Cao, and Thomas Huang. Unitbox,. (2016). An advanced
object detection network, In Proceedings of the 24th ACM international conference on Multimedia, ACM, pp.
516-520.

4. Shi, Lin; Zhong, Hao; Xie, Tao; Li, Mingshu. (2011). An Empirical Study on Evolution of API Documentation,
International Conference on Fundamental Approaches to Software Engineering, Lecture Notes in Computer
Science, ISBN 978-3-642-19810-6. Retrieved 22 July.

Ngay nhan bai: 3/1/2022

Ngay phan bién d4anh gia va sia chira: 20/1/2022
Ngay chiap nhan ding bai: 12/2/2022

$6 3 - Thdng 2/2022 223



TAP CHi CONG THUONG

Thong tin tdc gid:

1.PANG VU KIM KY!#

2.NGUYEN HUYNH THONG>*

3.AUTHUY AN

4.PHAM TAN HUNG3*

'Khoa Dién - Dién tit, Trutng Pai hoc Bach khoa

’Khoa K§ thuat Pia chat va Dau khi, Trudng Pai hoc Bach khoa
3Khoa Méi truong va Tai nguyén, Truong Pai hoc Bach khoa
“Pai hoc Quédc gia Thanh phé Hé6 Chi Minh

A STUDY ON THE USE OF DEEP LEARNING
FOR TRASH CLASSIFICATION

® DANG VU KIMKY -4
® NGUYEN HUYNH THONG?24
® AUTHUY AN2#
® PHAM TAN HUNG?#

'Faculty of Electrical and Electronic Engineering
Ho Chi Minh City University of Technology
’Faculty of Geotechnical Engineering and Petroleum
Ho Chi Minh City University of Technology
SFaculty of Environment and Natural Resources
Ho Chi Minh City University of Technology
Vietnam National University - Ho Chi Minh City

ABSTRACT:

This paper presents an experiment on the use of a convolutional neural network (CNN)
model to classify garbage into three different groups, namely plastic bottles, cans, and glass by
using 900 manually collected images. In which, 500 images were used for analysis and 400
images were used for evaluation of results. This model gave a linear result which is between the
amount of training data and the average accuracy (mean Average Precision, mAP). Based on
these results, an other experiment was done to ensure that the trained model meets set
requirements including AI401 with 80% overall accuracy.

Keywords: garbage, convolutional neural network, deep learning model, open source,
Tensorflow Object Detection API.
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