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Tom tit: Trong linh viee ché bién néng san, qud trinh phan logi va d‘ong g6i van dang tiéu ton déang ké
nguon nhan lyc va chi phi van hanh Nhiing han ché vé nang sudt, d¢ dong déu chat lwong va kha nang
truy xuat dir liéu dang dat ra yéu cdu cdp thiét vé cdc giai phap t dong héa thong minh. Nghién ciru nay
dé xudt hé thongphan logi va dong goi ca chua ty dong dwa trén sy tich hop gitta cong nghé thi gidc may
tinh va diéu khién cong nghiép. Két qua phan loai dwge sir dung dé diéu khién dong co servo va hé thong
khi nén thuc hién phan logi va dong goi tir dong. Nghién cieu cho thay mé hinh dé xudt cé tinh kha thi cao,
chi phi dau tw thdp va phit hop véi cdc co s6 san xudt nong san quy mé vira va nho.

Tir khoa: thi giac may tinh, xu Iy anh, HSV, Raspberry Pi, PLC, phdn logi nong san, tw dong hoa

Abstract: In the agricultural processing sector, sorting and packaging processes still consume significant
human resources and operating costs. Limitations in productivity, quality uniformity, and data traceability
are creating an urgent need for intelligent automation solutions. This study proposes an automated tomato
sorting and packaging system based on the integration of computer vision technology and industrial
control. The sorting results are used to control servo motors and pneumatic systems to perform automatic
sorting and packaging. The study shows that the proposed model is highly feasible, has low investment
costs, and is suitable for small and medium-sized agricultural production facilities.
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1. Giéi thiéu

Su phat trién cua néng nghiép thong minh dang
dit ra yéu cau ngay cang cao ddi voi cac hé théng tu
dong hoa trong khau sau thu hoach nhim nang cao
chat lugng san pham, giam chi phi lao dong va ting
kha ning canh tranh ctia ndng san trén thi truong.
Trong chudi ché bién ndng san, cong doan phan loai
dong vai trd quan trong vi quyét dinh tinh déng déu
clia san pham, hi¢u qua dong goi va gia tri thuong
mai trude khi dua ra thi truong. Pdi voi ca chua,
viéc danh gid do chin thuong dugc thyc hién dua
trén dic trung mau sic cia vo qua. Tuy nhién, tai
nhiéu co s& san xuat va ché bién hién nay, qua trinh
nay van cha yéu duoc thuc hién bang phwong phap
thii cong, dan dén ning suat thap, két qua danh gia
mang tinh chi quan va kho dam bao tinh nhét quan
gitra cac 16 san pham.

Nhirng nim gan ddy, nhiéu nghién ctru di tng
dung cong ngh¢ thi giac may tinh trong phan loai
ndng san nho kha nang nhan dang nhanh va khong
tiép xtic [1]. Cac phuong phap sir dung cam bién
mau hodc xu Iy anh dua trén khong gian mau RGB
da cho thay hiéu qua nhat dinh, tuy nhién d chinh
xac thudng bi anh huéng boi didu kién chiéu sang
va sy thay d6i moi truong lam viée [1]. Bén canh
d6, phan 16n cac nghién ctru tap trung vao thuat toan
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nhan dang ma chua chu trong dén viéc tich hop voi
hé théng diéu khién cong nghiép dé hinh thanh mot
day chuyén phan loai va déng goi hoan chinh c¢6 kha
nang van hanh theo thoi gian thyec.

Nghién ctru nay dé xuat hé thong phan loai va
dong goi ca chua ty dong dwa trén su két hop gitra xir
ly 4nh biang Raspberry Pi va diéu khién cong nghiép
bﬁng PLC Mitsubishi [2], [3]. Thuat toan nhan dang
sir dung khong gian mau HSV nham xéac dinh mtc
d6 chin cta ca chua va giam anh huéng cua diéu
kién chiéu sang [1]. Raspberry Pi dam nhiém thu
nhan, xir Iy hinh anh, trong khi PLC diéu khién bing
tai, co cau phén loai va dong géi theo thoi gian thuc
[2], [3]. Két qua nghién ctru gop phan danh gia tinh
kha thi cua mo hinh tich hgp nay va tao co sé cho
viéc Umg dung thi gidc may tinh trong tuy dong hoa
phan loai ndong san tai Viét Nam.

2. N§i dung nghién ciru

2.1. Kién triic tong thé ciia hé thong

Hé théng duoc thiét ké theo kién trac didu khién
phan cip gdm hai tang chirc ning: tang nhan thirc va
tang diéu khién. Tang nhan thirc st dung Raspberry
Pi két hop camera dé thu nhan hinh anh, xt ly dix
liéu va phan tich mau sic qua ca chua trong khong
gian mau HSV nhim xac dinh mic d6 chin va dua
ra quyét dinh phan loai [1], [2]. Tang diéu khién st
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dung PLC Mitsubishi FX1S-30MT dé tiép nhan két
qua phan loai va diéu khién cac co cdu chip hanh
nhu bang tai, dong co servo, cam bién quang va hé
thdng khi nén, bao dam qua trinh phén loai va dong
g6i dién ra chinh xéc theo thoi gian thuc [3]. Viéc
phan tach chtic nang gitra Raspberry Pi va PLC giup
t6i wu hiéu suét xur 1y, nang cao tinh mé dun, kha
ning mo rong va do tin cdy cua hé théng, phu hop
v6i cac ing dung phan loai néng san thong minh
[1], [2], [3]-

2.2. Phwong phap xw ly dnh dwa trén khong
gian mau HSV

Trong cac hé théng phén loai néng san dua trén
thi gidc may tinh, do chinh xac cua qua trinh nhan
dang phu thuoc dang ké vao kha nang tach biét dic
trung mau sic cia dbi twong khoi cac tic dong cua
moi truong [1]. D01 véi bai toan phan loai ca chua
theo d¢ chin, mau sic bé mit la dic trung quan trong
nhit phan anh trang thai sinh tru’ong clia san pham.
Tuy nhién, su thay ddi cua diéu kién chiéu sang,
bong d6 va phan xa anh sang c6 thé 1am suy giam do
chinh xéc cua cac phuong phap nhan dang st dung
truc tiép khong gian mau RGB [1].

bé nang cao tinh 6n dinh cua hé théng, nghién
ctru lua chon khong gian mau HSV (Hue, Saturation,
Value) 1am co s6 cho qua trinh phan tich anh [1].
Khac véi mo hinh RGB, HSV tach biét thong tin
mau sdc khoi thong tin cudng do sang, trong d6
thanh phz‘in Hue biéu dién sic d6 mau, Saturation
biu dién do bdo hoa mau va Value biéu dién do
sang. Dic diém nay cho phép hé thdng nhan dién
mau sic cia ca chua mot cach on dinh hon khi diéu
kién chiéu sang thay d6i trong pham vi nhat dinh
[1].

Quy trinh xu ly anh dugc thuc hién theo nhiéu
giai doan lién tiép nhim dam bao do chinh xac cua
két qua nhan dang [1]. Trudc tién, hinh anh dugc
thu nhan tor camera va dua vao bd xur ly trung tam
Raspberry Pi [2]. Anh dau vao dugc tién xir Iy bang
bo loc Gaussian nham giam nhiéu tan sb cao va lam
muot bién ddi twong [1]. Sau d6, anh dugc chuyén
d6i tir khong gian mau RGB sang HSV dé phuc vu
qué trinh phén tich mau sic [1].

Tiép theo, phwong phap phan ngudng mau dugc
ap dung dé tach ving mau do dic trung ctia ca chua
chin ra khoi nén anh. Két qua phan doan duoc xir
1y bang cac phép toan hinh thai hoc nhu phép co
(erosion) va phép gidn (dilation) nham loai bo cac
diém nhifu nho, dong thoi ting tinh lién tuc cua
vung ddi tugng [1]. Trén co sé anh dd dugc phan
doan, hé thong tién hanh tinh toan dién tich va ty 1é
phan b ciia ving mau do trén bé mat qua ca chua.
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Céc thong s nay dugc sir dung 1am tiéu chi danh gia
mirc do chin va dua ra quyét dinh phan loai.

Viée ap dung khong gian mau HSV két hop véi
cac k¥ thuat tién xir Iy va xir Iy hinh thai hoc da gitp
nang cao kha ning nhan dang cua hé thong, giam
anh huong cua bién thién anh sang va cai thién do
6n dinh cua qué trinh phan loai trong diéu kién van
hanh thuc té [1]. Phuong phép nay ddng thoi co vu
diém vé toc do tinh toan, phit hop véi yéu cau xu ly
thoi gian thyc trén nén tang Raspberry Pi [1], [2].

2.3. Chién lwgc diéu khién va dong bj héa hé
thong

Trong cic hé thdng phén loai néng san tuy dong,
d6 chinh xac cia qua trinh phan loai khong chi phu
thugc vao kha ning nhan dang cia thuat toan xir 1y
anh ma con phu thudc vao muac do df”)ng bd gilra
khau nhén dang va khau chip hanh. Do d6, nghién
ctru xay dung chién luge diéu khién theo mo hinh
phan cép, trong d6 Raspberry Pi dam nhiém chirc
ning xir Iy thong tin va PLC thyc hién diéu khién
cac co cAu chép hanh theo thoi gian thyce [2], [3].

Sau khi hoan thanh qua trinh nhén dang va xac
dinh trang thai cua san pham, Raspberry Pi truyén
két qua phan loai dén PLC thong qua céc tin hi¢u
) [2], [3]. Trén co so dir liéu nhan dugc, PLC thuc
hién diéu khién toan bd qué trinh van hanh cia hé
thong, bao gdm quan 1y toc d bang tai, giam sat
tin hiéu tir cac cam bién quang, diéu khién dong co
servo thyc hién phan hudng san pham va diéu khién
hé théng khi nén phuc vu qua trinh dong goi [3].

Mot trong nhiing thach thic quan trong cua hé
thng 14 bao dam su dong bo vé thoi gian giita qua
trinh xur Iy 4nh va qué trinh tdc dong co hoc. Trong
thuc té, san pham lién tuc di chuyén trén bang tai,
do d6 bat ky sai 1éch nao vé thoi gian xir Iy hodc thoi
diém kich hoat co céu chap hanh déu c6 thé din dén
hién twong phan loai sai vi tri. Dé giai quyét vin dé
nay, nghién ctru st dung cam bién quang lam mdc
dinh vi san pham trén bang tai. Thong tin vi tri tir
cam bién duogc PLC st dung dé xé4c dinh chinh xac
thoi diém kich hoat dong co servo hodc xi lanh khi
nén tuong ung voi két qua nhan dang da dugc luu
trir trude do [3].

Chién luge diéu khién nay cho phép tach biét cac
tac vu tinh toan phtrc tap khoi cac tac vu diéu khién
thoi gian thuc, to d6 nang cao do 6n dinh va kha
ning dap Gmg cia hé thong [3]. Pdng thoi, viéc su
dung PLC lam bo diéu khién trung tm gitip giam
anh huong cua do tré xir 1y anh, bao dam cac co cau
chép hanh hoat dong chinh x4c ngay ca khi hé théng
lam viéc lién tuc trong thoi gian dai [3]. Day la co so
quan trong dé trién khai cac hé théng phén loai nong
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san ty dong co yéu cAu cao vé do tin cay va tinh on
dinh trong moi trudng san xuét thyc té.

2.4. Thiét ké thwe nghiém

Dé danh gia kha ning van hanh cua hé thdng,
mot mo hinh thye nghiém quy mo phong thi nghiém
dd dugc xay dung nhim mé phong cac cong doan
thu nhan hinh dnh, nhan dang, phan loai va dong goi
ca chua tu dong. Hé thong sir dung Raspberry Pi 5
két hop camera USB dé thu nhan va xir 1y anh theo
thoi gian thyuc [1], [2], trong khi PLC Mitsubishi
FX1S-30MT dam nhiém diéu khién bing tai, cam
bién quang, dong co servo MG996R va hé thong khi
nén [3]. Co cu phan loai sir dung xi lanh khi nén
tac dong kép két hop van dién tir 5/2, cling ngudn
chiéu sang LED 6n dinh nhdm bao dam chat luong
hinh anh [1], [3].

Thuc nghiém duoc tién hanh véi cac mau ca
chua c6 mirc d chin khac nhau dé danh gia kha
ning nhan dang va phan loai cta hé thong. Cac chi
tiéu danh gia bao gdm do chinh xac nhan dang mau
sdc, 6 6n dinh truyén dit lidu gitra Raspberry Pi va
PLC, va kha ning dong bo giita két qua nhan dang
v6i qua trinh phén loai thuc té [1]-[3]. Thiét ké nay
cho phép danh gia hiéu qua van hanh va d¢ tin cdy
ctia hé thong trong didu kién gin v6i méi trudong san
xuat thyc té [4].

3. Két qua

M6 hinh phan loai va dong gdi ca chua tu dong
da duoc ché tao va van hanh thu nghiém trong diéu
kién phong thi nghiém nham danh gia kha nang tich
hop giita hé thong xir Iy anh va hé thong diéu khién
cong nghiép. Két qua thuc nghiém cho thiy toan bd
cac khdi chirc nang cua hé théng hoat dong 6n dinh
va dap ung duoc yéu cau thiét ké ban dau.

O khau nhén dang hinh anh, thuat toan xu Iy anh
dua trén khong gian mau HSV cho phép xac dinh
hi€u qua vung mau do dac trung cua ca chua chin.
Viéc tach biét thanh phan mau sic khoi thanh phan
d6 sang giup hé théng duy tri kha ning nhan dang
6n dinh trong diéu kién chiéu sang duoc kiém soat.
Qua trinh xur Iy anh dugc thyuc hién lién tuc trén nén
tang Raspberry Pi, dap tng yéu cau lam viéc theo
thoi gian thue cua hé théng bang tai.

Két qua truyén dir lidu giira Raspberry Pi va PLC
cho thay tin hiéu phan loai dwogc trao doi 6n dinh,
khong xuét hién hién tuong mat két ndi hodc sai léch
trang thai diéu khién trong qua trinh van hanh. Cac
co cau chip hanh bao gébm dong co servo, bang tai
va hé thong khi nén phan héi chinh xac theo két qua
nhédn dang, bao ddm san phém duoc chuyén hudng
va déng goi ding vi tri da thiét 1ap.
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Qua trinh thir nghiém ciing cho thiy co ché dong
b6 hoa giita nhan dang hinh anh va diéu khién chap
hanh hoat dong hiéu qué. Viéc su dung cam bién
quang dé xac dinh vi tri san pham trén bing tai gitp
giam sai sO tac dong co khi va bao dam thao tac
phan loai dwoc thuc hién dung thoi diém. Diéu nay
g6p phan nang cao do tin cdy cua toan bd hé théng
khi van hanh lién tuc.

Nhin chung, cac két qua thu dugc da chimg minh
tinh kha thi cia m6 hinh tich hgp Raspberry Pi va
PLC trong bai toan phan loai nong san tu dong. H¢
thng khong chi dép tng yéu cdu vé kha ning nhan
dang va diéu khién theo thoi gian thyc ma con cho
thiy tiém ning (mg dung trong cc diy chuyén phan
loai va dong goi nong san quy md nho va vua.

4. Két luan

Nghién ctru dd xdy dung thanh cong hé thong
phan loai va dong goéi ca chua tu dong dua trén sy
tich hop gitra Raspberry Pi va PLC Mitsubishi. Thuét
toan nhan dang su dung khong gian mau HSV cho
phép xéac dinh do chin cua ca chua theo dac trung
mau sic, trong khi PLC dam nhiém diéu khién va
dong by hoa qua trinh phan loai theo thoi gian thuc.

Két qua thuc nghiém cho thiy hé thong hoat
dong 6n dinh, dap ung hiéu qua yéu cau nhan dang
va diéu khién, dong thoi bao dam tinh mé rong va
chi phi trién khai hop 1y. Viéc ing dung khong gian
mau HSV gop phin nang cao do tin cdy cua qua
trinh nhan dang trong diéu kién chiéu sang dugc
kiém soat.

Nghién ctru khing dinh tinh kha thi cta viéc két
hop thi giac may tinh véi diéu khién cong nghiép
trong ty dong hoda phan loai nong san. Trong tuong
lai, hé thdng c6 thé duoc phat trién bang cach tich
hop cac thudt toan hoc sdu va nén tang giam sat
thong minh nhim nang cao kha ning dénh gia chat
lugng noéng san va dap Gmg yéu cau cua cac diy
chuyén san xuat hién dai.
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