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TOM TAT

Nhdén dang cdc vit trong suét hay chai nhwa da qua sir dung trong hon hop rdc thdi la mét
trong nhitng nghién ciru nhdn dwoc nhiéu sy quan tam hién nay do sw phirc tap vé hinh dang ciing
nhu tinh trong sudt ciia né. Nghién ciru nay trinh bay mét phicong phdp nhdn dang don gian hon véi
toc dé vmg dung xir Iy nhanh hon so véi cac phwong phdp hién cé. Hé thong bao gom mét camera
dat trén cao dung aé phat hién co s xudt hién cia chai nhua. Sau do, toa dé cia chai sé duoc tinh
todan va truyén vé robot Delta dé thuc thi viéc gcfp chai ra. Toa do cua chai sé dwoc tinh toan dua
trén toc dg bang chuyén. Qua thire nghiém kiém chimg, dé chinh xdc ciing nhw thoi gian nhdn dang,
hé thong chimg minh la c¢é kha nang dp dung vao méi triueong cong nghiép phén loai rdc thai, ho tro

cho cong nhan.
T khéa: Thi gidc mdy tinh; Nhdn dang chai; Tay mdy; Diéu khién; X 1y anh.
ABSTRACT

Recognizing transparent objects or used plastic bottles in the waste mixture is one of the
studies that has received much attention today due to its complexity in shape and transparency. This
study presents a simpler recognition method with a faster processing speed than existing methods.
The system includes a camera placed high up to detect the presence of a plastic bottle. Then the
coordinates of the bottle will be calculated and transmitted to the Delta robot to perform the bottle
picking. The coordinates of the bottle will be calculated based on the conveyor speed. Through
experimental verification, accuracy as well as recognition time, the system proves to be applicable

to the industrial environment of waste classification, supporting workers.

Keywords: Computer vision, Haar-Cascade; Manipulator, Control; Image processing.
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1. GIOI THIEU

Nhuya thuong chiém mot luong 16n chét
thai dugc tim thdy trong cac bii chon lp, noi
n6 tich tu va khong bao gio phan huy dung
cach. Gan nhu tt ca vat liéu nhua tung duogc
tao ra van ton tai & mot dang nao d6 vi nhya
phai mat hang trim nim dé phan huy. Vi vay,
viéc phan loai chai nhya 14 rat quan trong trudc
khi tai ché hay chon lap. Tuy nhién, do dic thu
la rac thai sinh hoat & nudc ta chua dugc phan
loai tai ngudn, nén hién nay & trong nudc, viéc
phan loai riéng va ldy cac chai nhya ra van sir
dung phuong phéap thu cong do con ngudi tién
hanh trong cadc nha may [1, 2]. Viéc nay lam
cho ning suat phan loai khong cao, hon nita
ngudi phan loai phai tiép xtic véi moi truong 6
nhiém doc hai, anh hudng dén strc khoe. Viéc
tu dong hoa qué trinh nay tré nén can thiét va
hitu ich. Ung dung robot va cong nghé thi giac
may tinh dé ty dong hoa viéc phan loai chai
nhya 1a mdt trong nhung giai phap day hua
hen duoc str dung nhiéu trén thé gidi cta hing
Fanuc, ABB, v.v... [3, 4].

bé hd trg cong nhan phan loai, viéc s
dung thi gidc may dé nhan biét vat la mot trong
nhitng nghién ctru nhan dugc nhidu sy quan
tam hién nay. Gan déy, & trong nudc, cac tac
gia trong [5] ung dung cong nghé xur Iy hinh
anh nhan dang mau sic dé nhan biét vat thé.
Mot canh tay may duoc tich hop thém camera
dé thuc hién qua trinh xtr 1y anh phan loai mau
dua trén thu vién xtr Iy anh ctia LabVIEW. Hay
trong [6], cac tac gia ung dung tri tu¢ nhan
tao dé nhan biét hang hoa, gitip ich cho viéc
thanh todn nhanh hon. Nghién ctru st dung cac
mang YOLOv4, TResNet va FAISS lan luot &
cac giai doan phat hi¢n vat thé, trich xuét dic
trung, phan loai hinh anh dau ra va két qua thir
nghiém ban dau, bd nhan dang c6 do chinh xéc
trung binh 94,54%. Ngoai ra, céc tac gia [7]
tmg dung cong nghé xur Iy hinh anh két hop
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A.I dé nhan biét va phén loai hat diéu trén bing
chuyén. Nghién ctru dd xay dung mot tap dir
liéu dé phan loai hat diéu tét, hodc bi v, hodc
bi sot vo (chua tach hét vo lya). Thuc nghiém
cho thay thuat toan dé xudt c6 kha nang nhan
dang hat diéu voi do chinh xac 97,34%. Tuy
trong nude da c6 mot sd nghién ciru vé van dé
ndy, nhung van chi dirg & mic nhan dang trén
may tinh. Trén thé gi6i cling c6 mot sd nghién
cuu dang ghi nhan. Maganda va cac cong su
[8] phat trién giai thuat xir Iy anh két hop véi
cic camera IR dé tai tao lai hinh anh chai nuéc.
Hinh anh d4u vao c6 thé c6 d phén giai cao 8K,
tuy nhién thoi gian xur Iy qua cao dan dén viéc
tmg dung trong thyc té khong kha thi. Trong
nghién ctru [9], mot hé théng dé phan loai mot
hinh anh chai nhya d3 duoc dé xuét bé“mg cach
stt dung 5 phuong phép trich xuét tinh ning
da duoc trién khai, bao gém: Phan tich thanh
phan chinh (PCA), Phan tich phan biét tuyén
tinh cua Fisher (FLDA), Phén tach gi tri s6 it
(SVD) va Ban d6 ban dia Laplacian (LEMAP).
Sau do, Support vector machine (SVM) thuc
hién phan loai. Viéc st dung kién tric mang
c6 tén 1a RecycleNet dé phan loai cac 16p dbi
tugng co6 thé tai ché da chon di duogc thuc hién
[10]. Phu’orng phap duogc dé xuat 1am giam cac
tham s6 can thiét trong kién trac CNN thong
thuong, nhung nhuogc diém cua no 1a luong dir
liu can thiét cho dao tao, ngay ca véi phién
ban duoc tdi uu hoa do cac tac gia dé xuat. He
Xiangyu [11] dd d& xuit phuong phép trich
Xudt viing quan tim trong anh chai nhya dya
trén phan doan ngudng kép, trong dé ba kénh
ctia anh nén duoc ham Gauss diéu chinh dé xéac
dinh ngudng cao va thap cho phan doan. Sau
d6, trong tdm ctia mdi chai nhya thu duoc béng
phuong trinh trong tdm sau khi cé dugc vung
quan tam.

Tuy cong nghé nay budc dau da dugc
ung dung trén thé gidi nhung chua phd bién,

dic biét 1a & Viét Nam do tinh dic tho, do khé &
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ctia cong nghé ciing nhu chi phi chuyén giao.
DPé co thé tu chu vé mit khoa hoc cong nghé
cling nhu giam chi phi, viéc phat trién robot
tay may ty dong nhan dang dé phan loai rac
thai chai nhua 1a can thiét. Viéc tmg dung cong
nghé nhan dang hién nay tn rat nhiéu thoi gian
cling nhu chi phi dé thyuc hién do bo dir liéu thu
thap da dang nhiéu va d6 chinh xac chua cao.
Nghién ctru nay s€ ung dung phuong phap xur
1y anh truyén thong két hop vai giai thuat Haar
Cascade dé nhan dang vat do uu diém cua giai
thuat nay co téc do huin luyén va ung dung
nhanh va khong can bo dir liéu qua 16n. Khac
biét 16n nhét so voi cac phuong phap nhan dang
st dung machine learning hi¢n tai, d6 chinh la
néu can nhan dang nhiéu loai chai khac nhau,
thi loai chai méi s& duogc huin luyén riéng cho
bd mdi ma khong bi anh hudng boi bo dir ligu
da hoc cu.

2. XU LY ANH

Haar Cascades 12 mot loai nhan dang
dbi twong hoc may co thé duoc sir dung dé
tim nhitng thtr trong hinh anh hoac video. Giai
thuat Haar Cascade nhan dién di tuong khong
phu thudc vao ty I¢ va vi tri cua ddi tuong trén
anh duoc gidi thiéu bdi Paul Viola va Michael
Jones vao nam 2001. Giai thuat nay su dung
cac kernel phat hién canh, phat hi¢n duong
théng duogc goi la dac trung Haar like. Pac
trung nay dugc tinh bang téng cuong do pixel
vung tring trir tong cudng do pixel ving den,
ta s€ truot cac kernel nay ¢ cac vi tri khac nhau
v6i cac kich thudc khac nhau thay doi trén 3
kénh mau trén ving can lay dic trung va ta sé
thu dugc vector dac trung cua vung, tir d6 phat
hién ra dugc su chénh 1éch vé cac dac trung anh
va tir d6 nhan dién duogc vat. Tur Cascade (xép
tang) xuat phat tir cach cac tinh nang dugc thiét
1ap theo mot s6 budc. Mot bo tinh nang khac
nhau duoc thém vao hinh anh ¢ mdi giai doan.
Néu khu vuc d6 vuot qua tat ca cac bude thi nd

duoc goi 1a kham pha. Mot trong nhimng diém
manh cua Haar 1a toc dd tinh toan cua chung.
Boi vi cdu tric xép tang nhanh chéng loai bo
céc phan khong phai d6i tuong nén né co thé
dugc stir dung trong cac tinh hudng thoi gian
thuc. Ngoai ra, Haar c6 thé hoat nhan dang khi
vat bi chong 1an va khong bi anh huéng baoi
nhiing thay d6i vé anh sang. Dé nhan dang mot
chai nhua cu thé, cac bude duoc thuc hién nhu
sau:

Budce 1 - Ty dong luu hinh anh positive
image:

Dé phat hién chai, dau tién nhiéu doan
phim chai nhya chay qua bang tai voi nhiéu
cuong do sang va hudng khac nhau dugc luu
lai. sau d6 tién hanh xur 1y hinh cac doan frame
ctia phim nhu phan ngudng, loc nhiéu Gaussian,
sau d6 tim ra contour cua dau chai noi cac pixel
sang nhat, tir d6 khoanh ving dugc vi tri chai
nhua. Luu cac hinh anh vi tri dau chai nhua &
cac frame nay lai véi kich thude 20x20 pixel.
Céc hinh anh chi chira dau chai nhya nay goi la
cac anh positive image. Qua trinh ty dong luu
anh nay duoc tom tit trong hinh 1 va két qua
cua budc nay dugc minh hoc nhu hinh 2.

Budce 2 - Luu hinh 4nh negative image:

Ciing 1am nhiéu doan phim khong c6
hinh chai nhua, sau d6 s& tién hanh chup anh
timg frame negative khong chtra chai dé thu
thap dir liéu cho viéc rut trich dac trung hinh
dang cua chai.

Video »  Truframe [—» Locngudng
v
Positive . . -,
. Tim contour [«— Loc hinh thai
image

Hinh 1. Gidi thudt tw dong trich xuat hinh positive
(hinh chai).
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Hinh 2. Céc hinh céc chai dwoc luu lai cho hudn
luyén (positive image)

e negative image_  nega e e nega e negal e nega e
i oins ey ine g ey oo

neg: age_ ge_  neg se. negatve e, mage_

neg: ge.
25jpg

neg ge. o e
28jp9 31jpg

Hinh 3. Cac hinh khong chira chai duoc luu lgi
cho huan luyén (negative image)

Budc 3 - Huan luyén cac hinh anh vira
thu duoc:

O budc nay, phan mém Cascade training
Gui dugc st dung dé hudn luyén. Sau khi da
huén luyén xong, ta s€ duogc file: file cascade.
xml, sau d6 dung file train.xml va thu vién
OpenCV Haar Cascade dé thyuc hién nhan dang
vat. Két qua sé 1a toa do cua chai nhu hinh 4.

Hinh 4. Két qua nhan dang chai

3.TINH TOAN TQADPQ THAT CHO ROBOT
3.1. Tinh chinh camera

Do anh thu dugc tir camera ¢ dang diém
anh (pixel) ma hoat dong cua robot dya trén hé
toa d0 milimet nén ta s€ chuyén ddi tir hé toa do
pixel sang hé toa d6 mm.

Cong thirc tong quat:

X
=KI[R T]|§

Trong do6: K - Ma trdn thong s6 nodi
camera; [R T] - Ma tran thong s6 ngoai camera.

u

(1

1

Pé thuc hién viéc chuyén doi nay, ta
can thue hién viéc hiéu chinh camera (camera
calibration) dé tim duoc ma tran thong s6 noi
cua camera trudc.

Budc 1: Ta s€ st dung chest board kich
thudc 20x20mm nhu hinh 5, bén duéi dé hiéu
chinh.

Hinh 5. Hinh chest board dé tinh chinh camera

Budc 2: Chup 1an lugt ban cd ndy & cac
vi tri khac nhau nhu hinh 6.

Hinh 6. Cac hinh anh ban co cho qua trinh calib &
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Sau do, ta lay 4 goc ciia ban cd nham
tim ma tran thong sb6 noi, 1am lién tuc véi 15
hinh con lai, sau khi xong qué trinh trén, ta thu
duoc ma tran thong s6 noi.

Do vi tri toa d X, Y = 0 cua robot va
toa do X, Y = 0 cia camera khong trung nhau,
do d6 ta can thuc hién doi hé toa dd camera vé
toa do robot. Dé thuc hién doi toa do camera,
ta can diéu khién robot vao noi c6 toa do biét
trude trén anh. T d6, ta xac dinh dugce diém
toa do (X, Y) robot twong ung véi toa dd (X, Y)
camera la bao nhiéu. Béng thuc nghi¢m, ta tim
ra duoc:

— 115 mm
+ 140 mm

X =X

robot camera

yrobot_ y camera

3.2. Tinh toan van toc di chuyén ciaa vat

Do chai lién tuc di chuyén trén bang tai
va dong, bén canh do, toa d) cua robot ciing
nam ngoai toa do cua camera nén ta phai dy
doan diém gip chai. Qua trinh tinh toan van tbc
duoc kich hoat qua diéu kién “Check speed”.
Chuong trinh sé& lién tuc léy dir liéu vi tri va
thoi gian ctia d6i twong trén bang tai. Khi két
thiic qua trinh nay, ta s& tién hanh tinh ra véan toc
ctia bang tai qua hoi quy tuyén tinh. Gia trj van
tde duoc cap nhat 1én hé théng dé dung cho céac
muc dich tinh toan khac.

Ta gia dinh viéc setup van toc bang tai
duoc thyc hién qua nam xoay bién tré va trong
qua trinh hoat dong, van tbe bang tai khong doi
bdi cac diéu kién khac nhau. O phan trude, viée
tién xtr 1y anh dua ra dugc cac ddi twong trén
bang tai, ta c6 thé tim duoc tAm cua ddi tuong
dé qua viéc tinh cac moment anh & mdi thoi
diém khac nhau.

Khi mot d6i twong di chuyén trén bang

tai, voi van toe v 1a hang s, ta c6 phuong trinh:
X=vt+x; 4)
Tu do, ta thu thap duoc bang s6 liéu sau:

Bdng 1. Bang s6 liéu thu thap

Vi tri Thoi gian
X1 T1
X2 T2
X4 T4

Céc gia tri thu duoc 1a két qua quan sat
cua mQt doi tugng.

Do hé théng tach bi¢t vung lam vi¢c cuia
camera va vung lam vi¢c ctia robot nén viéc
xac dinh van tdc ciia ctia bing tai hét stic quan
trong. N6 1a mot thong s6 quan trong dé xac
dinh vi tri ctia vat theo thoi gian va phai c6 sai
s6 nho dé dam bao robot co thé bat chinh xac
duoc vi tri cia vat.

Dé x4c dinh chi tiéu nay, ta st dung thém
mot encoder ngoai hé théng va cho bang tai chay
& cac muc van téc khac nhau dé tién hanh so
sanh két qua gitra hai phép do nhu hinh 7.

Biéu d6 sai léch gilra cac 1&n do vén tdc khac nhau

V_mode = 100 mm/s V_mode = 150 mm/s
1100 160.0
— gia tri do duoc

1075 W gid tri chudn 100 mm/s 1575

—— gié tri do dugc
W gié tri chudn 150 mm/s

1050 155.0

1025 - = 1525 ]

£
£
‘g - - I_I-II_III
F | -|| ws, AmENE ]

95.0 145.0

9025 1425

90.0 140.0

Lén do Lén do

Hinh 7. Sai so cua van toc do bang camera
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4. KET QUA VA THAO LUAN

Qua trinh thyc nghiém dugc thuc hién
trén robot Delta, camera 2D duge dat c6 dinh
trén cao nhu hinh 6. Chai can gip ra duoc dit
di chuyén trén bang tai. Téc do di chuyén cia
bang tai la 50mm/s. Bang tai khong dung trong
sudt qua trinh nhan dang.

Hinh 8. Hinh thuc nghiém

Khi két ndi phan mém diéu khién va
arduino, robot 1ap tirc s€ vé vi tri home. Diém
home cua robot dugc xac dinh dya vao 3 cong
tac hanh trinh, khi ca ba khau dan cua robot
déng loat cham vao cong tic hanh trinh thi
diém home sé& duoc xac lap. Liic nay, ta s& lay
gbéc nang 3 canh tay robot va tinh dong hoc
thuan dé xac dinh vi tri home cua robot theo
hé toa do xyz. Sau do, robot s€ duoc diéu khién
vé vi tri gan vé6i bang tai hon bang cach giam z
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dé thiét 1ap vi tri cho nham giam quang duong
di chuyén cua robot khi gip vat. Sau do, khi
camera nhan dién duoc toa dd chai béng giai
thuat Haar Cascade, toa d§ tam vat s€ duogc tra
vé & dang pixel sau d6 chuyén qua dang x,y va
doi vé cung h¢ toa do robot. Sau do, phén mém
s& dy doan vi tri gép robot cho phu hop vé tdc
do canh tay va bang tai. Tur vi tri dy doan, phén
mém s& tinh dong hoc nghich dé tra vé goc
xoay va quy do6i sang xung dé truyén xudng cho
arduino. Khi da tién duoc dén vi tri gap dau huat
s& dugc diéu khién bat dau hut. Sau do, robot di
chuyén dén vi tri 1ap trinh trude va ngimg hut
dé tha vat. Sau do, robot s& di chuyén quay vé
vi tri cho dé doi chai tiép theo dé nhan dang.
Thoi gian xir 1y duoc thé hién trong bang 2.

Bdng 2. Thoi gian xit Iy ciia hé thong

Thoi gian nhin dang Thoi gian
va tinh toan vj tri robot thuc thi
‘ (ms) (s)
Lan 1 17.67 1.58
Lan 2 18.23 1.81
Lan 3 19.25 2.12
Lan 4 18.1 1.83
Lan 5 18.39 1.88

Dua vao két qua xtr 1y bang 2, ta thay:
Thoi gian xir 1y cua giai thuat rat nhanh dam
bao thoi gian thyc cho nhi€ém vu that ngoai
cong nghiép.

5. KET LUAN

Nghién ctru da trinh bay mdt phuong
phap hiéu qua dé ty dong hoéa qua trinh phan
loai chai nhya trong hdn hop rac thai. Két qua
xur ly nhanh va chinh x4c. Qua thyc nghi¢m
c6 thé thiy phuong phap c6 thé thay thé viéc
phan loai thu cong cua nguoi lao dong, ting
ning suét cho qué trinh phan loai, ciing nhu bao

&
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vé strc khoe ngudi lao dong tét hon. Cach 1am
ciing don gian va dé thuc hién ciing nhu dé bao
tri. Dé tang toc do hé thong hay phan loai nhiéu
loai chai khac nhau, hé thong camera c6 thé dé
dang thay doi ciing nhu huan luyén thém bo
Cascade ma khong anh hudng tdi bd dit liu cii.

Loi cam on:

Chung t61 xin cam on Truong Pai hoc
Bach khoa, Pai hoc Quéc gia Thanh phé HO
Chi Minh di hd trg thoi gian, phuong tién va
co s& vat chat cho nghién ctru nay.

Xung dot l¢i ich:

Nhom téc gia xin cam doan rang khong
c6 bat ky xung d6t loi ich nao trong cong bo bai
bao.

Dong gop cua tac gia:

Lé DPic Hanh: Dua ra y tuong, phan tich va
viet bai.

Lé Dire Pao: Thuc nghiém, thu thap dir licu va
phén tich.

Ngay nhan bai: 19/10/2024
Ngay phan bién: 01/11/2024
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