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TOM TAT

Viéc phan loai rac thai chai nhya da qua st dung la mot trong nhimg nghién ctiu danh dugc nhiéu
su quan tam hién nay. Tuy nhién, hién nay, viéc phan loai nay van dang dugc thuc hién mot cach
th cong va do cong nhan lam. Ngoai ra, clng cé mét sé nghién clu thuc hién nhan dang bang
phuong phap xU ly anh truyén théng. Tuy nhién, viéc nay dem lai hiéu qua nhan dang khéng cao
do hinh dang chai nhya rat phuc tap, né con dugc dé 1an 16n trong cac loai réc thai khéc. Bai béo
nay sé trinh bay phuong phap tu dong nhan dang chai nudc da qua st dung khi di chuyén trén
bang chuyén str dung ky thuat hoc may. Phuong phap nhan dang tu déng nay cé thé ho trg cho
ngudi cong nhan trong cdng viéc nang nhoc phan loai rac thai hién nay. Dau tién, cac hinh anh vé
chai nuéc dugc thu thap va tién x(r Iy bang phuong phéap x ly anh théng thudng, sau dé cac hinh
anh da qua xtr ly nay dugc luu lai thanh b di liéu dé phuc vu cho qué trinh hoc méy. Bo dt liéu
dugc chia thanh 2 loai: chai do va chai sach. Hé théng bao gébm mét tay méy cong nghiép 6 bac
tu do, mét camera c6 dinh gan trén cao dé€ quan sat vung lam viéc. Camera sé thu nhan hinh anh
va tinh todn toa do clia cac chai nhuya va ra lénh cho tay may gép ching. Qua thuc nghiém kiém
ching, véi do chinh xac hon 90%, cting nhu thoi gian nhan dang nhanh khoang 200ms, hé thong
ching minh la c6 kha nang dp dung vao méi trudng cong nghiép phan loai chat thai dang chai

nhua.

Tu khoa: thi gidc may tinh, phan loai chai, tay may, hoc may, x(t ly anh

GIGI THIEU

Bao vé mdi truong 1a mot trong nhiing nhiém vu quan
trong va trong tim cla thanh phd hién nay. Cé rat
nhiéu cich d€ bao vé méi trudng nhung céch gan gai
va don gian nhat la tai st dung, tai ché cic vat dung
da cti hay khong con stt dung nita nhu céc chai nhua
dung nudc udéng. Hién nay, cac chai nhya nay dugc
thu gom v6i s6 lugng 16n va thudng duge d€ lan 1on
v6i cac vat khac!. Sau do, réc thai dugc dua vao hé
thong ty dong xi ly mui, giam kich thudc vv... va
dugc dua ra bing tdi d€ phan loai. Do ddc thu la
rac thai sinh hoat & nudc ta chua dugc phan loai tai
ngudn, nén hién nay, 6 trong nudc, viéc phan loai
riéng valdy cdc chai nhya ra vin st dung phuong phap
thi cong do con ngudi tién hanh trong cdc nha méay?.
Viéc nay lam cho néang suét phén loai khong cao, hon
niia ngudi phén loai phai tiép xtic v6i mdi trudng 6
nhiém d¢c hai, anh hudng dén stc khoe. Viéc ty dong
héa qud trinh nay trd nén cin thiét va hitu ich. Ung

o dung cong nghé thi gidc may tinh d€ ty dong hoa viéc

phén loai chai nhya 13 mot trong nhiing giai phap day
htia hen dugc st dung nhiéu trén thé giéi®. Phuong
phap phén loai chai nhua dugc st dung rong rai hién
nay trong cic nghién ctiu 1a dya trén mau sic ctia chai

nhu Jiao cling cic cong sy, Ozkan va cac cong sy,
Cac nghién ctiu nay thuc hién nhu sau: sau khi chai
nhvya dugc lam dep va chuyén dén bing chuyén phan
loai, hinh anh ctia nhiing chai nay trén bing chuyén
dugc mot camera c6 dinh trén cao chup. Sau d6, cic
chai nay dugc nhin dang bdng cac hinh théi dic trung
nhu hinh dang, kich thu6c, mau sic. Sau d6, toa do
dua trén hinh anh cta ching dugc tinh toan. Tuy
theo cac ca cdu chdp hanh & cudi bang tai, chai nhua
sé dugc phén loai bang cach gdp ra nhu ding robot
cong nghiép hay bi déy ra bang hé théng ddy stt dung
khi nén. Gan day, trong nudc, cic tc gia ciing Gng
dung cong nghé xu ly hinh 4nh nhén dang mau séc
dé nhan biét vat thé®. Mot canh tay mdy dugc tich
hop thém camera d€ thuc hién qud trinh xt Iy dnh
phan loai mau dya trén thu vién xt Iy anh cta Lab-
VIEW. Trong nghién ctu’, cic tic gia ung dung tri
tué nhén tao d€ nhén biét hang héda, gitp ich cho viéc
thanh toan nhanh hon. Nghién ctiu st dung cdc mang
YOLOV4, TResNet va FAISS lan lugt & cac giai doan
phét hién vat thé, trich xuét dic trung, phin loai hinh
anh du ra. Vi két qua thi nghiém ban dau, bd nhan
dang c6 d6 chinh xac trung binh 94,54%. Ngoai ra,
céc tac gia trong nghién ctiu® ing dung cong nghé xt
1y hinh anh két hgp A.I d€ nhén biét va phén loai hat

Trich dan bai bao nay: Hanh L D, Cong V D. Ung dung xit Iy anh cho tay may nhan dang va gép chai
nudc da qua st dung di chuyén trén bang chuyén. . Sci. Tech. Dev. J. - Eng. Tech. 2024; ():1-9.

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49



Tap chi Phdt trién Khoa hoc va Céng nghé - Engineering and Technology 2024, ():1-9

50

5

5.

o

5!

<

5

by

5!

a

5

o

5

N

5

©

5

©

6

S

6

6.

[N

6.

X

6:

by

6!

a

6

-

6

S

6

&

6!

©

7

=)

7

72

7!

@

7:

N

7.

G

7

=

7

N

78

7!

©°

8

S

8

8:

N}

8.

&

8.

R

85

8

o

8

S

8

©

8!

©

9

S

9

9.

~

9.

@

9

b3

9

a

9

-

97

9

©

9

©

100

01

diéu trén bing chuyén. Nghién ctiu da xay dung mot
tap dii liéu d€ phan loai hat di€u t6t, hodc bi vd hodc bi
s6t vo (chua tach hét vo lya). Thyc nghiém cho théy,
thuét todn dé xuét c6 kha ning nhén dang hat diéu véi
do chinh xac 97,34%.

Tuy trong nudc da c6 mot s6 nghién ctiu vé vin dé nay,
nhung ching van chi ditng & mutic nhén dang trén may
tinh. Trén thé gidi cling c6 moét s6 nghién ctiu dang
ghi nhan. Maganda va cic cong sy® phat trién giai
thuét xu ly anh két hgp véi cac camera IR d€ tdi tao
lai hinh anh chai nuéc. Hinh anh diu vao c6 d6 phan
giai cao 8K. Tuy nhién, thdoi gian xti Iy qua lau dan
dén viéc ting dung trong thuc t€ khong kha thi. Trong
nghién ctu'?, mot hé théng diing d€ phan loai hinh
dnh chai nhya da dugc dé xuét bang cach st dung 5
phuong phép trich xuit. Ching bao gébm phan tich
thanh phén chinh (PCA), phén tich phéan biét tuyén
tinh ctia Fisher (FLDA), phan tach gid tri s6 it (SVD)
va ban d6 ban dia Laplacian (LEMAP). Sau d6 giai
thuét Support vector machine (SVM) dugc duing dé
thuc hién viéc phén loai.

Viéc stt dung kién tric mang c6 tén 1a RecycleNet d&
phén loai cac 16p d6i tugng cé thé tai ché da dugc
thuc hién ', Phuong phép dugc dé xuit lam gidm cic
tham s6 cin thiét trong kién tric CNN thong thuong,
nhung nhugc diém cta né 1a lugng di liéu can thiét
cho dao tao la rdt 16n, ngay ca vé6i phién ban dugc t6i
uu héa do céc tac gia d€ xuit. Xiangyu cling cic cong
sy'? da dé xudt phuong phép trich xudt viing quan
tam trong anh chai nhya dya trén phan doan ngudng
kép. Trong d6 ba kénh ctia anh nén dugc ham Gauss
diéu chinh d€ xéc dinh ngudng cao va thip cho phan
doan. Sau d6, trong tdm ctia mdi chai nhya thu dugc
béng phuong trinh trong tdm sau khi c6 dugc ving
quan tam.

Cac nghién cttu trong va ngoai nudc trén budc dau
da c6 két qua kha quan, tuy nhién viéc thuc hién nay
chi dugc thuyc hién trén may tinh, chua c6 su két hgp
véi co cdu chdp hanh dé tao thanh mot hé théng hoan
chinh. Nghién ctiu nay sé giai quyét van dé vé su két
hgp gitia phdn cling va phdn mém trong hé thong. Hé
thdng sé bao gdbm mot camera ting dung hoc may, xt
ly hinh anh, va két hop véi tay may d€ gap vat. Camera
¢6 vai trd nhu mot cdm bién phat hién chai nhya trong
réc thai d€ gdp ra. Tay mdy c6 vai trd nhu mot co ciu
chép hanh d€ gip cic chai nhya phét hién dugc. Do
robot c6 thé lam viéc ngay dém va thay thé con ngudi,
nén nang sudt, cling nhu viéc han ché ti€p xtc véi moi
trudng doc hai ctia con ngudi duge gidm thiéu téi da.
Day chinh la nhu ciu cép thiét, cing nhula phuong dn
bén viing va lau dai ma cac doanh nghiép hay thanh
phd dang can dén

PHUONG PHAP NGHIEN CUU

Dé tay mdy c6 thé gip dugc chai nhua dang di chuyén,
giai thuét bao gébm: x ly anh, tinh chinh camera va
tinh todn t6c¢ d¢ chai di chuyén trong thoi gian thyc.

X& ly anh

Tién xir ly

Muc tiéu 13 dua ra dugc bic anh nhi phan cé chiia
cac vung déi tugng doc lap. Do dac thi cta dé tai
la cac chai nhya di chuyén trén bing tai c6 phé mau
khong c6 dinh, cac phuong phap phan ngudng thong
thuong sé khong cho ra cdc anh nhi phan c6 déc tinh
t6t. Do do, ta chon phuong phép trit hinh nén. Giai
thuét dugc nghién ctu thyc hién véi sy hd trg cta thu
vién ma nguén md OpenCV 13

o Budc 1: Dung thu vién d€ khdi tao hinh nén.
Budc nay luc dau sé 1ldy khung hinh dau tién dé
lam hinh nén.

o Budc 2: Tim su khac biét gitia hinh nén va tién
canh. Duing thu vién d€ thuc hién phép tinh trit
cdc gia tri gitta anh khung hinh va anh nén dé
tim dugc anh khac biét véi ngudng la khoang
pixel du nho.

o Budc 3: Xt ly dua ra anh nhj phan. Sau khi
tim dugc dnh khac biét thi tién hanh chuyén déi
sang anh gray, tim ngudng bang phuong phap
Otsu va dua ra anh nhi phan. Phuong phap Otsu
sé cho ra dugc gid tri phan ngudng t6i uu nhat,
ti d6 cho ra anh nhi phan mong mudn.

o Bugc 4: Tién hanh loc nhiéu béng giai thuét
Morphology (erode va dilate). Cac d6i tugng sé
ndi 1én v6i gia tri pixel 1a 1, nén béng tai mang
gid tri pixel la 0.

o Budc 5: Cép nhat hinh nén sau d6 quay lai budc
2. Céc budc ct 1ap lai cho dén khi ngudi thuc
hién diing chuong trinh

Thu thdp dit liéu cho hoc mdy

Déi tugng phan loai ctia nghién cttu 13 céc chai nhya
rong da lam xep tuong d6i. Do d6, ta c6 thé phan
ching ra thanh 2 loai nhu Hinh 1.

e Loai tai ché dugc: Loai chai nay trong su6t, khong
bi do, duc va chiia tap chat bén trong. Loai nay ti€p
tuc di theo bang tai chuyén qua cong doan tai ché tiép
theo.

o Loai khong tai ché dugc: chida di vat bén trong, duc
mau, bin. Céc chai nay dugc robot gip ra va loai bo
khoi bing chuyén.
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Hinh 1: 2 d6i tugng chai nhya phan loai

s Tinh chinh camera

149 Camera calibiration la m¢t qua trinh chuyén déi toa
150 d0 tit hé toa do pixel (u,v) qua hé toa do ngoailahé toa
151 dO ctia checker board (X,Y,Z). Pau tién, cac hinh anh
s2 dugc thu thép tai cdc vi tri bat ky trén bing tai nhu
153 Hinh 2a va ldy mot hinh lam géc toa d6 nhu Hinh 2b.
154 Sau do, st dung cdng cu ciia Matlab dé tinh toan thong

155 s0 ndi K va thong s6 ngoai [R T] nhu cdng thuc (1).
156 Tl d6, c6 thé tinh dugc toa d) pixel tuong ting véi toa
157 30 thét trén bang tai tuong ting v6i do cao Z

158 Cong thic tong quit:

u X
s |v =K[R T] Y (1)
1 z

so Sau khi 4p dung cdc budc trén, ta c6 dugc két qua nhu

160 sau
572.5 0 324.5
K=1 0 572.6 197.1
0 0 1
0.999  —0.0044  0.0153
R3.3 = 0.0045 0.999  —0.0121
—0.0152  0.0121 0.999

!
T3X1:[—0.822 ~125.02 416.139}

161 D& kiém nghiém sai s6 clia camera, qué trinh dugc
162 thuc hién bang cach st dung ban cd vua da biét trude
163 kich thudc tting 6 (15mm). Piu tién, ban c& dugc
164 ddt song song vé6i cac phuong xy. Sau d9, thudt toan
1es Corner Detector dugc sti dung d€ xac dinh céc géc
166 ban cd trén hé toa do pixel. Tu cac goc da xac dinh,
167 1dy toa do thuc d€ tinh khoang cach gitia hai diém trén
168 ban cd. Sai s6 theo phuong xy clia camera dugc xac
160 dinh nhu Hinh 3.

7o Xac dinh van téc bang tai bang camera

171 Qua trinh tinh toan vén téc dugc kich hoat qua diéu
172 kién “Check speed”. Chuong trinh sé lién tuc 14y di
173 liéu vi tri va thoi gian clia d6i tugng trén bing tai. Khi
174 két thuc qua trinh nay, két qua sé tinh ra vin t6c cua

béng tai qua hoi quy tuyén tinh. Gid tri van téc dugc
cap nhat 1én hé théng d€ dung cho cdc muc dich tinh
toan khéc
Ta gia dinh viéc setup vin téc bing tai dugc thuc hién
qua num xoay bién trd va trong qua trinh hoat dong,
van tdc bing tai khong d6i boi cac diéu kién khac
nhau. O phén trudc, viéc tién xt 1i anh dua ra dugc
cdc d6i tugng trén bing ti, ta c6 thé tim dugc tim cta
d6i tugng d6 qua viéc tinh cic moment anh § méi thoi
diém khéc nhau. Khi moét déi tugng di chuyén trén
bang tai, vdi van téc v 1a hing s6 ta c6 phuong trinh:
X =vt+xg (2)
T d6, ta thu thép dugc Bang 1.

Bang 1: Bang s6 liéu thu thap

Vi tri Thoi gian
X1 T1
X2 T2
X4 T4

Do hé théng tach biét ving lam viéc clia camera va
vung lam viéc ctia robot, nén viéc xac dinh van t6c ctia
ctia bang tai hét stic quan trong. N6 la mot thong s
quan trong dé€ xdc dinh vi tri ctia vat theo thoi gian va
phai c6 sai s6 nho d€ dam béo robot c6 thé bit chinh
xac dugc vi tri ctia vat.

Dbéxdc dinh chi tiéu nay, ta st dung thém mot encoder
ngoai hé thong va cho bang tai chay 6 cdc mtic van toc
khéc nhau dé€ tién hanh so sanh két qua gitta hai phép
do nhu Hinh 4.

Multi-class Support Vector Machine

Phuong phap Support Vector Machine dugc x4y dung
nhdm gidi quyét bai todn Binary Classification, ttc
bai todn phan 16p véi chi hai classes. Viéc nay cling
tuong tu nhu Percetron Learning Algorithm hay Lo-
gistic Regression vay. Cac m6 hinh lam viéc véi bai
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Detected points
Checkerboard arigin
+ Reprojected points

(b)

Hinh 2: Céc hinh anh thu thap cho calib (a), Hinh g6c toa dé (b).
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Biéu dé thé hién sai sé do vi tri clia camera

. phuong x phuong y
—— gia tri thuc —— gia tri thuc
mmm gia tri do = gia tri do
30 o -
~ 29 B
£
E
=y
‘U
® 28 4
o
=
-0
(=]
=
= 27 4
26 4
254
lanl lan2 lan3 lan4 lan5 lané lan7 lang lan9 lan10
Hinh 3: Sai s6 clia qua trinh calib
Biéu dé sai léch gilta cac 1an do van téc khac nhau
V_mode = 100 mm/s V_mode = 150 mm/s
110.0 160.0
—— gia tri do duoc —— gia tri do ducc
107.5 4 B gia tri chudn 100 mmy/s 157.5 4 B gid tri chudn 150 mm/s
105.0 1 155.0 1
0 152.5 4
E
E
- 150.0 A
0
;3]
g
> 147.5 A
145.0 4
142.5
140.0 -
2 4 6 8 10
Lan do

Hinh 4: Sai s6 clia van t6c do bang camera

20

@

todn c6 2 classes con dugc goi 1a Binary classifiers.  hodc xdc sudt € mot diém roi vao class 11a bao nhiéu. 213
Mot cach ty nhién d€ mé rong cac moé hinh nay, n6  Tuong tu nhu thé, classifier thi hai sé phan biét class 214
205 dugc dp dung cho cdc bai todn multi-class classifica- 2 vs not class 2, ... Két qua cudi cung c6 thé dugc xéc 215
206 tion, tic c6 nhiéu classes dii liéu khac nhau. Phuong  dinh bang cach xdc dinh class ma mét diém roi vao 21
207 phép dugc sti dung nhiéu nhét la one-vs-rest (mot s6  v6i xac sudt cao nhat. 207

20

=

208 tai liéu goi la ove-vs-all, one-against-rest, hodc one-  Sau khi thu thép giii liéu cta hai classes phan loai 21s
against-all). Cu thé, néu c6 C classes thi ta sé xdy  trén bao gom 50 anh cua class 1 va 50 anh cua class 210
210 dung C classifiers, mdi classifier tuong ting véi mot 2, ta tién hanh traning model SVM v6i cac thong 220
class. Classifier thd nhat gitip phan biét class 1 vsnot  s6: DATA_SIZE = 100 (dnh), TRAINING_SIZE 2
212 class 1, tiic xem mot diém c6 thudc class 1 hay khong, = 0.7*DATA_SIZE = 70 (anh). TEST_SIZE = a2
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0.3*DATA_SIZE = 30 (anh). Két qua hudn luyén nay
dugc trinh bay trong Bang 2.

Do chinh xéc ctia model dat mic 0.93% so véi miic
chinh xdc chung ctia model SVM. D€ ning cao cai
thién model ta c6 thé thuc hién bang céch thu thip
nhiéu dnh huén luyén hon d€ dat dugc model t6t hon.

KET QUA VA THAO LUAN

Qua trinh thuc nghiém dugc thuc hién trén robot
Nachi 6 bac ty do, camera 2D dugc dat trén khau cudi
ctia robot va chai nhya cin phan loai dugc dit trén
bang tai di dong nhu Hinh 5. C6 2 loai chai nhya dit
trén bang taila loai tai ché dugc va khong tai ché duge
nhu hinh 1. Qud trinh phét hién chai nhya va gip
dugc téom tit nhu Hinh 6. Dau tién, cic loai chai nhya
dugc dat trén bang tai xem ké chai phan loai va khong
phén loai dugc cing mét luc nhu Hinh 5, sau d6 hé
théng camera sé nhan dang loai chai va tinh todn toa
d6 cho robot. K& tiép robot sé tién hanh gip va bo vao
ding chd phan loai chai tai ché dugc nhu Hinh 6a va
Hinh 6b. Sau d6 hé thong sé tiép tuc nhan dang va lap
lai va dit vao chd phan loai chai khong téi ché dugc
nhu Hinh 6¢ va Hinh 6d. Két qua phan loai ciing nhu
toc do xti Iy ctia hé thong dugc trinh bay trong Bang 3
va Bang 4.

==
Ving dat chai
khéng tai ché

Hinh 5: Méi trudng thuc nghiém

Vé6imodel SVM di dugc traning & phan trudc, takiém
tra kha nang nhén dang ctia model véi mau thi la 20
loai chai khac khau da biét trudc loai déi tugng, mot
trong s6 d6 dugc thé hién nhu Hinh 7.

Nhén xét :

e Trong 20 mau danh gid, model chi nhan dang ding
dugc 18 /20 mau, két qua nhén dang thdp hon so véi
do chinh xadc cia model.

e Nguyén nhén gy ra sai s6 mau tht khd 16n 1a do
anh hudng cta diéu kién sang khac nhau ¢ méi thoi
diém lam thyc nghiém, ching 1am model dy doén sai.
Dé khic phuc diéu nay, hé thong can dong nhit diéu
kién sang ctia hé théng camera.

o Thai gian xu li anh tong cong khong vugt qua 0.5s,
tng dung c6 thé chay thoi gian thyc rat tot.

¢ Thai gian thuc thi ctia robot trung binh khoang 3.8s.
Vi an toan nén téc do tay may trong nghién ctiu chi &
muic 60% t6c do t6i da. Toc do nay co thé dugc diéu
chinh nhanh hon d€ pht hgp véi yéu ciu dua ra cta
san xudt.

KET LUAN

Nghién ctiu da trinh bay mét phuong phap hiéu qua
dé ty dong hoa qua trinh phén loai chai nhua bing
cach st dung robot cong nghiép va thi gidc mdy tinh.
Qua thyc nghiém c6 thé thdy, phuong phéap cé thé
thay thé viéc phéin loai thu céng hién nay ctia nguoi
lao ddng, ting nang sudt cho qua trinh phan loai ciing
nhu bao vé stic khoe ngudi lao dong t6t hon. Cach
lam ciing don gian va dé thuc hién cing nhu dé bao
tri. D€ ting d6 chinh xdc, hé thdng camera c6 thé dé
dang thay déi ciing nhu c6 thé thu thap thém di liéu
phuc vu cho qué trinh huén luyén

GHI NHAN TAI TRO

Chung t6i xin cdm on Trudng Pai Hoc Bach Khoa,
DHQG-HCM di hé trg thoi gian, phuong tién va co
s vat chét cho nghién ctiu nay.

XUNG POT LOI iCH

Nhom téc gid xin cam doan raing khong c6 bt ky xung
dot lgi ich nao trong cong bé bai bao.

PONG GOP CUA CACTACGIA

- Lé btic Hanh: dua ra y tudng, phan tich va viét bai.
- Vo Duy Cong: thuc nghiém va thu thap di liéu va
phan tich.
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Bang 2: Két qua ctia qua trinh huan luyén

Precision
Class 1 0.95
Class 2 0.92
Avg 0.93

Recall

F1_score
0.92
0.88

0.9

support
15
15

30

Hinh 6: Qua trinh nhan dang va gap chai nhua

(b)

(d)
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Bang 3: K&t qua nhan dién thuc nghiém trén bang tai

Lan Loai nhan Két qua theo SVM score
Class1 Class2 Classl Class2

1 X X b
2 X X

3 X X b

X X

5 X X b
6 X X b
7 X X b
8 X X b
9 X X b
10 X X b
11 X X b
12 X X b
13 X X b
14 X X b
15 X X b
16 X X b
17 X X b
18 X X b
19 X X

20 X X b

Bang 4: Thai gian xi ly ctia hé théng

Thoi gian tién xt 1i anh  Thoi gian nhan dang d6i  Thoi gian robot thuc thi.

(ms) tugng(ms) (s)
Lan1 87.13 164.67 3.84
Lan2 87.21 180.23 3.84
Lan 3 87.13 201.45 3.81
Lin 4 87.13 180.1 3.69
Lan 5 88.12 188.39 3.67
Lan 6 88.21 160.97 3.57
Lan 7 88.21 188.31 3.84
Lan 8 88.21 178.86 3.84
Lan 9 88.13 212.38 3.90
Lan 10 88.13 218.75 3.79
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Computer vision for plastic bottle classification moving on
conveyor

Le Duc Hanh'%”*, Vo Duy Cong?3

R
A \\g'e:} ABSTRACT

T Waste classification of used plastic bottles is one of the researches that have received much at-
tention today. However, at present, this classification is still done manually by workers. In addi-
Use your smartphone to scan this tion, there are also a number of studies that perform identification by traditional image processing
QR code and download this article methods. However, this does not bring about high identification efficiency because the shape
of the plastic bottle is very complicated and it is also mixed in other types of waste. This paper
will present a method to automatically recognize used water bottles when moving on a conveyor
belt using machine learning techniques. This automatic identification method can assist workers
in today's hard work of sorting waste. First, images of bottles are collected and preprocessed by
conventional image processing methods, then these processed images are saved into a dataset for
machine learning. The dataset is divided into 2 types of dirty bottles and clean bottles. The accuracy
and processing time of recognition are verified experimentally. A 6-degree-of-freedom industrial
manipulator with a camera fixed above the work area recognizes the coordinates of these plastic
bottles and picks them up. Through experimental verification, accuracy of over 90% as well as iden-
tification time 200ms, the system proves to be applicable to the industrial environment of waste
classification in the form of plastic bottles.
Key words: computer vision, bottle classification, manipulator, machine learning, image process-

ing
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