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TOM TAT

Nghién ctru nay nham xay dwng moét thuat toan diéu khién robot delta tich hop thi giac may dung trong day
chuyén phan loai s&n phdm theo mau séc. Béi twong dwoc phan loai trong nghién clru & banh KitKat cé kich thuéc
70 x 30 x 7 (mm) va dwoc bao trong cac géi cé mau séc khac nhau, trén doé cé théng tin sdn pham duéi dang ky tw.
Banh dwoc van chuyén lién tuc trén bang tai véi van toc c6 thé didu chinh dwoc. Mot camera dwoc gan cb dinh trén
khung nhém, phia d4u bang tai lam nhiém vu thu nhan hinh anh san phdm va gtvi di¥ liéu dén may tinh dé phan tich.
Thuét toan xt ly anh s& xac dinh mau séc va vj tri clia banh, tlr d6 thwe hién gan nhan va g di liéu dén bo diéu
khién. Dwa trén théng tin nay, robot delta s& nhan dién, hat va phan loai banh vao cac khay dinh sén. Hé théng st
dung vi diéu khién vé&i kit Arduino Mega 2560, lap trinh bdng ngén ngi¥ C++, Gcode, két hop thw vién OpenCV trong
xt ly anh va phan mém Qt Designer dé thiét ké giao dién diéu khién, giam sat. Thoi gian trung binh dé hé thdng xor
ly va phan loai mét san phdm banh la 3,5 giay. Thuat toan xay dwng gitp robot thuc hién tac vu ngay ca khi bang tai
van hoat dong, tir d6 nang cao nang suét lam viéc ctia hé thdng.

Tlr khoéa: Robot delta, thi giac may, phan loai.
Study on Control of Delta Robot in Sorting Systems using Machine Vision

ABSTRACT

This study aimed to build a control algorithm for a delta robot integrated with machine vision, used in the sorting
systems based on color classification. The classified products here are KitKat cakes with dimensions of 70 x 30 x 7 (mm),
packaged in wrappers of various colors containing printed product information. The cakes are continuously
transported on an adjustable speed conveyor belt. A fixed camera, mounted on the aluminum frame at the beginning
of the conveyor, captures images of cakes, which are sent to a computer for image processing to extract color and
position of cakes. This information is used for product labeling and is transmitted to the controller. The delta robot
uses this data to identify, grasb and place the cake into predefined tray by color. The system uses Arduino Mega
2560 microcontroller with C++ programming language, Gcode, together with OpenCYV library for image processing
and Qt Designer software to design a monitoring and control interface. The average time for image processing and
classifying a cake is 3.5 seconds. The proposed method helps the delta robot perform tasks even though the
conveyor is still operating, thereby improving the productivity of the system.

Keywords: Robot delta, machine vision, sorting system.

giti nguyén hudng, tic 1a chi chuyén dong theo

1. DAT VAN DE

Robot Delta (Hinh 1) 1a mot loai robot song
song doc dao, dudc thiét k& véi ba canh tay diéu
khién néi v6i mot bé di chuyén. Co ché chinh
cua loal robot nay 1a st dung cac hinh binh
hanh dé tao ra chuyén dong diu cudi nhung van
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cac phuong X, Y va Z ma khong bi thay déi
huéng. Bé ¢ dinh ctia robot duge gin phia trén
khong gian lam viéc va 1a noi dat tat ca cac co
cau chap hanh (dong co dién). Tu bé cd dinh, ba
canh tay chu déng dugc gin vao va lién két véi
nhiing canh tay bi dong. Nhiing canh tay bi



dong dugc két ndi véi mot bé hinh tam gide nhod
(bé di dong). Su chuyén déng cta nhiing canh
tay nay sé di chuyén bé di dong theo hudéng X, Y
hoic Z. Viéc truyén dong c6 thé duge thuc hién
v6i cac bd truyén dong tuyén tinh hodc quay, cb
ho#dc khong cé giadm toc. Vi cac ddng co truyén
dong déu nam trén bé cd dinh, nén cac canh tay
¢6 thé dugc lam bing vat liéu nhe. Do d6, cac bd
phan chuyén déng cua robot delta c6 quan tinh
nhod, diéu nay cho phép robot hoat dong  téc do
cao va tang toc rat nhanh (Zhang & cs., 2018;
Ahmed & cs., 2024).

Trong cong nghiép, diac biét 1l qua trinh
phan loai, d6ng gdi cac san pham véi tai trong
nhd trong linh vuc ché bién, bao quan thuc pham,
dudc pham, robot delta dugc ua chudéng do nhiing
uu diém vugt trdi: ciu tric nhe, do ciing viing
cao, hoat dong véi toc do cao va chinh xac. Dic
biét, khi két hop véi thi gide may, robot c6 kha
ning ting ning suat rat cao va ting do chinh xac
hoat dong (Zhang & cs., 2018; Vo Duy Cong & Le
Hoai Phuong, 2023; Ahmed & cs., 2024).

Nhiing nim qua, dd c6 nhiéu nghién ciu
tap trung vao linh vuc robot tich hgp thi giac
may. Nghién ctu cha Zhang & cs. (2018) xay
dung mot thuat toan diéu khién robot delta
dua trén thi gidc may. Thong tin vé hinh dang
va vi tri ctia déi tugng trén bang tai dude dua
ra sau qué trinh xt 1y anh, két hop véi viéc st
dung dong co servo va diéu chinh déng bd téc
d6 bang tai dua trén luu lugng d6i tuong, hé
thong c6 thé gdp d6i tugng ti moét bing tai
dang chay sang bang tai khac theo thi tu nhat
dinh véi toc dd rat cao, 1én dén 120 lan/phit.
Vo Duy Cong & Le Hoai Phuong (2023) da phat
trién mot hé théng phéan loai sdn phdm theo
mau st dung robot delta tich hgp thi gidc may.
Hinh anh dé6i tugng thu nhan ti camera
(khéng gian mau RGB) dugc chuyén déi sang
khong gian mau HSV, t& d6 st dung céac
ngudng dé phan biét d6i tugng theo mau sic.
Hé théng c6 thé phan loai d6i tugng theo cac
mau d6 vang véi do chinh x4c 100% va mau
xanh 14 v61 0 chinh xac 97,5%. 0 mo6t nghién
ctiu khac, Vo Duy Cong & cs. (2023) da phat
trién mét thuat toan chuyén d6i hé toa d¢ anh
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sang hé toa d0 3D cua robot SCADA dya trén
phuong phap binh phuong cuc tiéu, gitup robot
c6 thé gip va diat cac hop lén pallet. Sai sé
chuyén d6i 1a 0,5112mm va 0,6838mm tudng
tng v6i cac truc X va Y. Ahmed & cs. (2024)
ciing da phat trién mot robot delta gia ré tich
hop véi thi gidc may dé phéan loai d6i tugng
theo mau sic.

Trén co s6 ké thira va phét trién cac nghién
ctu truée d6, trong nghién ctu nay, ching toi
x4y dung mot thuat todn diéu khién robot delta
két hop v6i hé thong thi gidc may, ting dung
trong mé hinh phan loai san phdm banh KitKat
theo mau sic. Banh duge déng géi véi bao bi ¢b
mau sic khac nhau, trén d6 c6 cac théng tin san
phdm dang ky tu. Qua trinh van chuyén san
pham dién ra lién tuc trén bang tai c6 thé diéu
chinh téc do. Hé théng st dung mot camera gin
¢6 dinh trén khung nhom, phia d4u bing tai dé
thu nhan hinh anh cta sdn phidm trong thoi
gian thuyc. D& liéu hinh anh sau d6 dugc hé
thong xt Iy nhidm phan tich mau sic, gan nhan
va xac dinh vi tri san phdm. Ké&t qua phan tich
duge gti dén bd diéu khién trung tAm dé diéu
khién robot delta thuc hién hat va phan loai
banh vao cac khay chtia dugc b6 tri é hai bén
bang tai. Hé thong dat thoi gian phan tich, xt ly
dit liéu va thuc hién phan loai trung binh 3,5s
cho mbi san phdm va cho phép thuc hién thao
tac phan loai ngay ca khi biang tai dang hoat
dong, tit d6 gép phan nang cao hiéu qua va niang
sudt cua hé thong.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu, thiét bi

So @b cau tric cia hé théng phan loai banh
KitKat st dung robot delta ké&t hop thi giac
may dugc thé hién trén hinh 2. M6 hinh hé
thong gom c6 4 module chinh: (i) Robot delta
véi giac hit chan khéng gén 6 bé di dong lam
nhiém vu hit va dua banh dén cac khay chia;
(i) Bang tai van chuyén banh; (iii) Hé théong
thi gidc may bao gom camera va may tinh xu
ly; (iv) Bo diéu khién dung vi diéu khién véi kit
Arduino Mega 2560.
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Hinh 2. C4u triac hé théng phan loai banh KitKat st dung robot delta

Trong nghién ciu nay, robot delta trong mo
hinh hé théng phan loai san phdm dudc xay dung
v6i kich thuée hinh hoc va vung lam viéc duge
thé hién trong bang 1 (dé xac dinh kich thudc
nay, phin mém Matlab dugc st dung dé moé
phong, xac dinh vung lam viéc, tit d6 lua chon
kich thuéc t61 vu cho mé hinh robot (Laribi & cs.,
2007; Shehata & cs., 2021)). Cac canh tay cua
robot delta dudc truyén dong bang cac dong co

buéc NEMA 17 két hop véi bo truyén dai c6 ti s6

truyén 1:3, dat trén bé cd dinh. Trén bé di dong
¢6 gan giac hit chan khong ZP3P-20PTSF, dugc
c&p ngudn khi nén qua van ap am dé hut san
pham phéan loai. P& van chuyén banh KitKat, hé
thong st dung bang tai lam bang nhua PVC c6
kich thuée 600 x 60mm (dai x réng), dugc truyén
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dong bang dong cd buéc NEMA 17 gitp dé dang
diéu chinh téc do va déng bo téc do véi robot
nham xac dinh chinh xac vi tri cia banh trén
bang tai. Webcam c6 d6 phan giai 1920 x 1080
(full HD), t6c d6 khung hinh 30fps dudc gin trén
khung nhém & phia dau bang tai dé thu thap
hinh 4nh gtii vé may tinh. May tinh MSI GL62M
7RDX v6i bd xti Iy Intel ® Core i5-7300HQ dung
dé phan tich, xt ly hinh anh. B diéu khién
trung tAm cta hé théng dung kit Arduino Mega
2560, két hop bo mach mé rong Ramps 1.4,
driver A4988 va CNC Shield V4 dé diéu khién
cho cac dong co. Mot khung nhom véi kich thuée
600 x 500 x 700 (mm) (dai x réng x cao) dudc
thiét k& dé ga 14p tat ca cAc thiét bi cia hé thong.
Hinh 3 1& hinh anh cia mé hinh hé théng phan



loai san phidm st dung robot delta két hop thi
giac may sau khi dugc gia cong, 14p rap.

2.2. Phuong phap nghién cttu

Nghién ctu téng quan hé théng, k& thua
két qua cta céc nghién ctu trude d6 dé xay dung
thuat toan xt 1y anh, nham phéan loai banh
KitKat dua trén méau sic ciia cac bao géi san
phdm. Bén canh d6, thuat toan chuyén ddi hé
toa do anh sang hé toa do thuc (hé toa do robot)
ciing dudc nghién cttu va ap dung nham xéac
dinh chinh x4c vi tri cia banh trén bang tai,
gitp hé thong diéu khién robot hut va phan loai
banh ngay ca khi bang tai dang chay.

Trong nghién ctu nay, cic moi truong phat
trién phan mém nhu Visual Studio Code,
PlatformIO va Visual Studio dudc st dung dé
lap trinh va trién khai thuat toan diéu khién
trén cac dong vi diéu khién. Ngén ngii 1ap trinh
chinh bao gom C++, ma Gcode, két hop véi thu
vién OpenCV dé xt ly hinh anh va phin mém
Qt Designer dé thiét ké& giao dién giam sat, diéu
khién hé théng. Péng thoi, phuong phap thuc
nghiém dudc ap dung nham kiém tra, danh gia
hiéu qua hoat dong ctia hé théng theo yéu ciau
cong nghé dit ra.

3. KET QUA NGHIEN CUU
3.1. So d6 khéi hé théng diéu khién

May tinh nhan di liéu hinh anh ti camera,
thuc hién phan tich, xt 1y anh, két qua nhan
duge 14 mau sic va vi tri ctia san phdm trén bang
tai s& dude truyén dén bo diéu khién (khéi vi didu
khién Arduino Mega 2560). Bo diéu khién nhan
tin hiéu diéu khién tit may tinh, cung véi tin hiéu
ti cac nut diéu khién, cAm bién (cong tdc hanh
trinh - CTHT) sé diéu khién cic co ciu chap
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hanh ctia hé théng nhu van khi nén (déng cat
gidc hit chan khéng lip 6 bé di dong cta robot)
hay cac dong co ctia canh tay robot delta. Dong co
truyén dong cho bing tai duge didu khién qua
mach CNC Shield V4, mach nay cting nhan 1énh
diéu khién tit b diéu khién Arduino Mega 2560.
Céc cong tic hanh trinh gidp giéi han vi trf ban
dau ctia robot. So d6 khoi diéu khién hé théng
phan loai san phdm tng dung thi gidc may duge
thé hién trong hinh 4.

3.2. Thuat toan xt ly anh phan loai banh

3.2.1. Ngudng gia tri HSV

Trong nghién ctu, ching t61 thuc hién phan
loai banh KitKat theo cac mau séc bao géi khac
nhau, vi du banh KitKat mau hong va mau cam
duge thé hién trén hinh 5. Banh c6 chiéu dai
70mm, chiéu rong 30mm va bé day la 7mm. Cé
thé nhan thdy, trén vé banh, ngoai cdc mau chua
dao (chi€m phéan 16n dién tich), con cé chi va
hinh 4nh véi mau sic khéac nhau.

Mau séc cta banh hién thi & hinh 5 thudc
khéng gian mau RGB, d4y 14 m6 hinh khong
gian mau dua trén 3 mau sic co ban 1a d6 (Red),
xanh 14 ciy (Green) va xanh duong (Blue). Mo
hinh nay dudc st dung rong rii trong cac thiét
bi hién thi nhu man hinh may tinh, TV, may
anh ky thuat s6,.. Nhuge diém cta khong gian
mau nay la khé phan tach mau va khé diéu
chinh d6 sang, @6 bao hoa ctia anh, vi thé& can
chuyén d6i anh RGB sang khong gian mau
HSV, moét mé hinh mau duge st dung phé bién
trong xu 1y anh va d6 hoa may tinh do gan giii
v6i cach cadm nhan mau sic clia con ngudi
(Pham Van Nghia, 2022). M6 hinh HSV bao
gbm 3 thong s6: H (Hue) mdé ta mau sic,
S (Saturation) biéu dién miic d6 bao hoa mau va
V (Value) do ludng do sang cia mau séc.

Bang 1. Kich thudc hinh hoc cta robot delta

Péc diém

Kich thwée (mm)

Canh tay chi déng

Canh tay bi déng

Tam dé cb dinh (ban kinh)
Tam dé di dong (ban kinh)

Viing lam viéc (t6i wu)

130
315
85
45
200 x 200 x 200
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Nghién ctru didu khién robot delta trong mé hinh phan loai san phadm st dung thj giac may

Ghi chii: 1: Robot delta; 2: Camera; 3: Bing tai; 4: Bo diéu khién; 5: Khay chita; 6: Khung nhom.

Hinh 3. M6 hinh hé théng phan loai san phé{m sau khi lap rap

Camera Nat diéu khién, Mach CNC Pong co
cam bién (CTHT) "I Shield V4 "|  bang tai
May tinh R Khéi diéu khién _ | Bong co (robot
(Arduino Mega 2560) " delta)
Van khi nén
(giac hat)

Hinh 4. So d6 khéi diéu khién mé hinh phan loai san phidm s dung thi giac may

P& chuyén d6i mau tit khong gian RGB sang dugc xac dinh theo cac cong thic (2), (3) va (4).

khong gian HSV, truéc tién cin xac dinh cac hé Trong OpenCV, H 6 gi4 tri trong khodng
s6 M “;a];n (\g’ Dug-‘z Cong & Le Hoai Phuong, 14 1791 ¢is trj chia S va V tuong ting 1a [0-255] va
2023; Vo Duy Cong & cs., 2023): [0-255] (Pham Vin Nghia, 2022). Ham cv::cvtColor

M = max{R, G, Bj; m =min{R, G, B} (1) dung dé chuyén déi tit khéng gian mau RGB sang
Céc thong s6 trong khéng gian mau HSV khéng gian mau HSV (biéu thic 5).

R_B+G
cos™! 2 khi G>B
He JR? +G* + B’ ~RG -GB - BR @
R_B+G
360°—cos™ 2 khi G<B
JR? + G2 + B ~RG -GB-BR
vo M o

255
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g_ 1 M khi M>0 (4)
0 khi M=0
cv::evtColor(Img_Src, Img_Dst, cv::COLOR_BGR2HSV) )

(a) Mau héng

(b) Mau cam

Hinh 5. Banh KitKat

Trong biéu thic (5): Img_Src - anh dau vao,
Img Dst - anh dau ra va cv::COLOR_BGR2HSV
1a chuyén d6i anh tit hé RGB sang hé HSV.

T 4nh hé mau HSV thu dudc, thuc hién loc
ngudng anh st dung ham cv:iinRange, két qua
nhan dudc sé& 14 mot mét na nhi phan cha anh
dau vao. Ham nay kiém tra ting diém anh
trong hinh anh va xac dinh xem ching c6 nam
trong pham vi mau dugc chi dinh hay khéng.
Nhiing diém anh ndm trong pham vi sé dugc dat
gia tri 255 (trdng) trong méit na nhi phén, con
nhiing diém anh ndm ngoai pham vi sé duge dat
gia tri 0 (den).

cv::inRange(sre, hsv_min, hsv_max, dst) (6)

Vé6i src 1a anh d4u vao, dst 1a anh dau ra,
cac gia tri hsv_min va hsv_max la gia tri
ngudng hé mau HSV dude chi dinh. Ké&t qua loc
ngudng véi loai banh KitKat mau cam duge thé
hién trong hinh 6.

Trong hinh 6b, viing mau tréng chinh la
banh va ving mau den 1a nén. Trén bé mait
banh sau khi loc ngudng van xuit hién nhiing
vung den, nguyén nhén la do trén bao bi banh
con c6 nhiéu mau sic khac, cing v6i anh hudng
d6 bong cua bao bi duéi tac dong cua anh sang

moi truong. Két qua xac dinh ngudng gia tri
trong hé mau HSV dé phan biét banh KitKat
mau cam la H [0-67], S [34-255], V [130-255].
Thuc hién tudng ty véi cac banh KitKat ¢6 mau
khac nhau, ta xac dinh duge nguéng HSV:

- Mau héng: H [50-179], S [8-255],
V [127-255]

- Mau d6: H [80-179], S [138-255],
V [137-255]

- Mau xanh: H [13-179], S [108-255],
V [144-255]

- Mau trang: H [0-179], S [0-55], V [0-255].

3.2.2, Phin loai banh theo mau sic

Sau khi loc ngudng véi cac khoang gia tri
mau HSV, anh dude chuyén sang dang nhi phan
v6i 2 gia tri 0 (den) va trdng (255) (Hinh 6). Dé
xac dinh xem tai thoi diém ¢ nao d6, banh c6
dang xuit hién trong anh khéng, ta can xac
dinh duong vién anh. Trong k¥ thuat xi ly anh
s0, qué trinh nay dugc thuc hién dua trén tinh
khéng lién tuc va tinh déng nhit cia diém anh.
Thu OpenCV  cung cap
cvi:findContours dé phat hién dudng vién cua

vién ham
vat trong anh, v6i ca phap:
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cv::findContours(input, contoursContainer,
mode, method) @)

Gia  tri
contoursContainer 14 bién chta cac dudng vién

input la anh dau vao,
duge phat hién, mode 1a ché& do truy xuit duong
vién (c6 thé

RETR_EXTERNAL/RETR_LIST,
RETR_CCOMP/RETR_TREE/RETR_FLOODFI

LL) va method 1a phucng phap x4p xi dudng
vién (CHAIN_APPROX_NONE hoac
CHAIN_APPROX_SIMPLE) (Pham Van Nghia,
2022). Két qua nhan dudc 14 dudng vién cua vat
thé duge luu trong bién contoursContainer, tit

chon:

d6 c6 thé st dung bién nay dé phat hién vat
cling nhu xac dinh vi tri cia vat trén anh.

Ham cviminAreaRect sé tra vé thong tin vé
chiéu dai, chiéu réng va toa dd tAm ctia méot
hinh ch@ nhat c6 dién tich nh6 nh4t bao quanh
d6i tugng. Hinh 7 thé hién banh KitKat duge vé
duong vién chii nhat va phan loai, gin nhan véi
KitKat 1 12 bAnh mau hong va KitKat 2 1a banh
mau cam.

3.3. Chuyén d6i hé toa d6 anh - hé toa
do robot

Nhu da trinh bay 6 muc 3.2.2, két qua tra
vé ctia ham cviminAreaRect trong OpenCV la
thong tin vé kich thudc dai, rong va toa do tam
ctia banh. Tuy nhién, dé diéu khién robot hut va

phan loai banh, cdn phai chuyén d6i hé quy
chiéu ctua banh trén anh vé cung véi hé quy
chiéu ctia robot (hé toa dd thuc).

Dé thyc hién viéc chuyén déi giita hé toa
d6 anh véi hé toa dd robot phai trai qua 2
buée (Justinas, 2016; Automatic, 2020; Ahmed &
cs., 2024):

+ Budc 1: Trong hé toa d6 anh, chuyén ddi
tu don vi pixel (px) sang don vi dai (cm hoéc
mm,  day ching t6i st dung don vi mm).

Trong hé toa d¢ anh, 14y 2 diém bat ky, xac
dinh khoang céach giiia chiing 14 a (px), khoang
cach 4y tuong ting trong thuc t& 1a b (mm), tinh
hé s6 ti 1é:

k== ®
a

Toa d6 diém anh (x ) tinh theo

ma_m? .Yima_m

don vi millimeter dudge xac dinh:

Xima_m = Xima_px 'k (9)
yima_m = yima_px k
Trong d6: Xy px V& Yima px 12 toa do clia diém
trong hé toa d6 anh, tinh theo don vi pixel.
Hay c6 thé viét lai biéu thiic (9) duéi dang
ma tran:

X, Xima X
ima_m =k _p (10)

yimaﬁm yimafpx

(a) Anh dau vao

(b) Anh dau ra

Hinh 6. K&t qua loc ngudng banh KitKat mau cam
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(a) Anh dau vao
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(b) Anh dau ra

Hinh 7. K&t qua phan loai banh véi cac dudng vién duge xac dinh va banh dugc gén nhan

+ Budc 2. Chuyén d6i diém anh (X, m,
Vima_m) VO1 don vi tinh millimeter trong hé toa d¢
anh sang tuong duong trong hé toa dd ctia robot
bing cach st dung ma tran bién d6i thuan nhat
T (kich thudc 4 x 4):

real real
T = Rima dima (1 1)
0 0 0 1

Trong d6: ma tran quay Rfﬁi} c6 kich thuéc
3 x 3 m6 ta hudng ctia hé toa dd anh so v6i hé
toa do robot va df:: 1a vector tinh tién gitia hai
hé truc toa do.

Dé xac dinh ma tran quay R:;a;, chd ¥ riang

hé toa dd co s ctia robot dit tai bé c6 dinh, truc
Y, huéng doc theo bang tai, truc X, huéng sang
phai va truc Z, huéng lén trén. Tuy nhién, dé
thuan tién, ta tinh tién hé toa d6 nay doc theo
truc Z,, huéng theo chiéu ngugc lai, sao cho goc
toa @6 ndm trén bang tai (khi d6, san phim
phéan loai nam trén bang tai sé chi phu thuoc
vao toa do (%o, ¥,), con z, da dudc xac dinh, cb6
thé coi bang 0). Hé truc toa d6 anh (trong
OpenCV) véi cac truc X, Y, Z; dudc thé hién
trong moi tuong quan véi hé toa do cta robot
nhu hinh 8.

Cé thé nhan thay Rfi‘j l1a ma tran quay

quanh truc X v6i géc quay a =180°:

1 0 0
R =10 coso. —sina (12)
0 sino cosa
dX
Vector d** = d, thé hién d6 dich chuyén

0

gitia hai hé truc toa d6 dugc xac dinh truc tiép
bang thuc nghiém véi toa do diém anh (X, s

yima_m) Vé toa dé tudng ﬁl’lg (Xreab Yreal) Cﬁa dlém
dé6 trong hé toa do robot:

dx = Xreal - Ximaﬁm (1 3)
dy = yreal - yima_m

Két qua téng hop tit biéu thic (12) va (13)
c6 dudgc:

1 0 0 d_

T 0 cosa. —sina dy (14)
0 sina coso. O
0 0 0 1

Mot cach téng quat, néu diém A c6 toa do
px) trong hé toa d6 anh,

(Ximafpx’ y ima_px’ Zimafpx) (

toa d¢ tuong tng (x_,y ) (mm) cta diém

real’ Zreal

d6 trong hé toa do robot:
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\ Yi N

A

oX®)

> Xo

Hinh 8. Vi tri tuong déi ctia hé toa do anh va hé toa do robot

Xreal 1 0 0 dx ima_px
Yieal |3 0 coso —sino dy Y ima_px
Z ol 0 sina  cosa O |z, .
1 0 0 0 1) 1
(15)

3.4. Luu d6 thuat toan diéu khién hé théng

Két qua ctia qua trinh xt 1y anh 1a thong
tin vé mau sic va vi tri clia banh trén bang tai
duge gtii vé bo didu khién, gitp cho robot delta
nhan dién, thuc hién hut va phan loai banh vé
ding khay theo yéu ciu. So @0 cac budc cua
qua trinh xt Iy anh duge thé hién trén hinh 9.
Anh ctia banh sau khi thu thap ti camera sé
duge chuyén d6i sang khéng gian anh HSV,
sau @6 chuyén sang anh nhi phan nhd st dung
ngudng gia tri HSV da dude xac dinh truée d6.
Bang viéc xac dinh duong vién banh, banh
dudge gan nhin va théng tin vé vi tri toa do tam
banh sé dudc chuyén d6i sang hé toa do robot
gitip hé thoéng thuc hién céong doan phan loai
banh tiép theo.

Khi banh nam trong vung hoat déng cua
robot va s lugng banh nim trong giéi han n,
(tong s6 lugng banh khao nghiém), bo diéu khién
sé gui tin hiéu diéu khién dé dong bo toc do caa
robot delta va bing tai, gitp robot chay theo, hit
va dua banh vao cac khay. Luu @6 thuat toan
chuong trinh diéu khién hé théng phan loai banh
KitKat theo mau hong (KitKat 1) v& mau cam
(KitKat 2), véi s6 lugng KitKat 1 & khay chtia
(khay 1 va khay 4) 1a n,,,,,, s6 lugng KitKat 2 &
khay chtia 2 va 3 1a n,,,,. dugc thé hién & hinh

942

). D& don
gian, gia thiét s6 banh mdi loai khong vudt qua

10 (chd ¥ rang: 2n,,,, + 2n,,.. = N,
kha néng chta cua cac khay. Chuong trinh diéu
khién dugc lap trinh véi Visual Studio Code.
Céac lénh diéu khién dugc gti tit giao dién phan
mém trén may tinh qua c6ng serial két néi véi
vi diéu khién Arduino Mega 2560.

3.5. K&t qua khao nghiém

Thuyc hién khao nghiém hé théng véi thuat
toan da xay dung & cac toc do bang tai khac
nhau 60 mm/s, 70 mm/s va 80 mm/s. O mbi miic
téc do cua bang tai, banh KitKat c6 mau ngau
nhién (hong, cam) dugc dat thu cong 1én bing
tai. Trén giao dién giam sat dugc thiét k& bing
phan mém Qt Designer, tién hanh két néi robot
v6i may tinh va cdu hinh camera nhim dam bao
hé thong sdn sang hoat dong. Ngudi dung cling
¢6 thé lua chon va diéu chinh chuong trinh diéu
khién thong qua nat GCode View trén giao dién.

Qua trinh hoat ddng ctia hé théng dudgc
giam sat trén giao dién Qt Designer, v6i cac
thong tin hién thi bao gbm s& lugng banh duge
camera nhan dién va s6 banh méi loai theo
mau sic. Dua trén dii liéu xt ly anh, robot
delta sé thuc hién hit banh va phén loai vao
cac khay tuong tng. Trong mé hinh, cac khay
dung dugdc dat 6 hai bén ctia bang tai, méi khay
chtia dugc 12 banh cung mau (Hinh 11). Két
qua khao nghiém hé théng duge thé hién trong
bang 2.

Két qua khao nghiém trong bang 2 cho thay
khi téc do bang tai la 60 mm/s, hé thong thi giac
may va robot phan loai hoat déng tot véi do
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chinh xac 14 100%, thdi gian trung binh dé hé dua vao dung khay phén loai gidm, tuong tng
thong thuc hién phan loai banh 1a 3,5 s/san v6i d6 chinh xac 1a 83,33% va 72,92%. Cé thé Iy
phim. O cac toc d6 bang tdi 70 mm/s va  giai cho su han ch& nay la do téc do, do chinh
80 mm/s, hé théng thi gidc vAn hoat dong chinh  x4c va viing hoat ddng ctia robot con hep, téc do
xac, tuy nhién kha ning robot delta hit banh va xt 1y ctia vi diéu khién chua cao.

/ Khéi tao hé théng /

\i

Thu thap anh tlr camera

'

Chuyén dbi anh
tir RGB sang HSV

'

Loc ngwdng anh

!

Anh nhi phan

Ngwong gia tri HSV
clia banh KitKat

A

\4

Tim dwdng vién banh

Xac dinh mau banh Xac dinh toa do tdm banh

'

Gén nhan banh
va vé dudng vién

Chuyén dbi v& HTD robot

!

GUi théng tin vé BDK

LI
L

Hinh 9. Luu d6 cac buéce xt 1y anh phan loai banh theo mau sic
va xac dinh vi tri banh trén bang tai
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/ Khéi tao hé théng /

Camera thu thap anh

\ i

X ly anh: phan loai, Robot vé vi tri home
xac dinh toa do banh

I )

Gui théng tin v& BEK , Docthdng tin banh
(mau sac, toa dd), xac dinh toc d¢ BT

Banh ndm trong
vung HD robot

DPodng bo téc do
robot va bang tai

KitKat 1

:

\ 4

Banh vao khay 3 Banh vao khay 2 Banh vao khay 4 Banh vao khay 1
I | I [

nz=ny+ 1

n=n+1

n=n4+ny
[

Hinh 10. Luu d6 thuit toan diéu khién hé théng phan loai banh
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(a) Khdo nghiém hé théng
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Tam Dela, Hello B\ Control Rebot Image Processing

[ Camera
R e {1
&) @

Observing Object
Object table L i
Cless Object ooy

Vieble 3 Object3 0

= Line o |mm

Xo | ¥-2%0

Tanstorm| BB

(b) Man hinh giam sat diéu khién

Hinh 11. Khio nghiém hé théng phan loai san phim

Bang 2. K&t qua khao nghiém mé hinh

t;"n%‘igl Téngsébanh X Iy anh chinh xac ~ HUt V%Sr%av??r’;h vao
60 mm/s 48 48148 (100%) 48148 (100%)
70 mmis 48 48/48 (100%) 40/48 (83,33%)
80 mm/s 48 48/48 (100%) 35/48 (72,92%)

Nhu vay, c6 thé thay ring, thuat toan diéu
khién robot delta két hgp thi gidc may trong mé
hinh phéan loai banh KitKat hoat dong kha tét 6
téc do bang tai 60 mm/s. Tuy nhién, téc d6 xu ly
anh va thuc hién phan loai san phdm con chua
cao (trung binh 3,5s/san pham), s& lugng san
phdm va cac mau sic cAn phén loai con han ché.
Trong tuong lai, nghién ctu can tiép tuc md
rong, nang cip va khao nghiém nhiéu hon dé c6
thé c6 két luan chinh xac vé tinh hiéu qua cuaa
hé thong.

4. KET LUAN

Trong nghién ctGu nay, ching té1 da xay
dung mot thuat toan diéu khién robot delta tich
hop thi gidc may ting dung trong day chuyén
phan loai banh KitKat theo mau sic. Hé thong
thu nhan dit liéu banh nhd mot camera gin trén
khung nhoém, ¢ phia ddu bing tai. Qua trinh
phan tich, xt 1y hinh anh cho théng tin vé mau
séc, vi tri ctia banh trén béng chuyén, lam cd sé
cho viéc diéu khién robot hit chinh x4c banh
cn phan loai, ngay ca khi béng tai vAn dang
hoat dong. Két qua khdo nghiém cho thay, hé

théng c6 thé hoat déng chinh xac khi téc do
bing tai 60 mm/s v6i thoi gian trung binh dé
thuc hién xt 1y, phén loai va hit san phdm vao
khay 1a 3,5 s/san pham. Tuy nhién, dé c6 thé ap
dung vao thuc tién san xuat, hé thong can tiép
tuc nghién ctu, hoan thién dé ting toc do hoat
déng, md rong kha ning ciing nhu nang cao do
chinh xac phan loai, tit d6 ting ning suit cta
hé théng.
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