Tap chi Khoa hoc Pai hoc Can Tho Tdp 61, S6 14 (2025): 11-22

s

Tap chi Khoa hoc Dai hoc Can Tho Hieeclio

ISSN 1859-2333 | e ISSN 2815-5599

DOI:10.22144/ctujos.2025.019

THIET KE HE THONG PHAN LOAI TRAI OT SAU THU HOACH
UNG DUNG THI GIAC MAY TiNH

Phan Trung Nguyén', Dang Phat Dat', Nguyén Ky Em', Ngo Lit An Kién', Lam Hb Ngoc Han?,
Phé Hoang Linh® va Nguyén Vin Muét'”

!Khoa Tu dong héa, Truong Bach Khoa, Truong Dai hoc Can Tho, Viét Nam

2Céng ty TNHH Phong xét nghiém DIAN, qudn Tén Binh, Thanh phé Hé Chi Minh, Viét Nam

3Khoa K3 thudt Co khi, Truong Pai hoc Ky thudt cong nghé Can Tho, Viét Nam

*Tac gia lien hé (Corresponding author): nvmuot@ctu.edu.vn

TOM TAT

Hién nay, céng nghé xir Iy anh ngdy cang duwoc iing dung phé bién, da
dang & cdc linh vuc, ké ca trong néng nghiép va cong nghé sau thu
hoach. Viéc dung thi gidc may tinh aé phdn logi tinh trang 16i cua trai
6t la mét dién hinh giup chon loc san phtfm sau thu hoach dat chudn
thirong mai mét cach hiéu qua. Viéc phan logi ot thii cong truyén thong
t6n kém chi phi va anh hwong dén sikc khée nguoi dan, doi hoi sw cdi
thién bang khoa hoc cong nghé. Bai bdo nay trinh bay thiét ké phan cimg
va thudt toan nhdn dang dung thi giac may tinh dé logi bé 6t bi gay doi,
mdt cuong va than thie. OpenCV va Python duwoc sir dung phan ngieong,
dp dung cdc mang than kinh tich chdp nhuw ResNet va MobileNet dé phat
hién bénh than thu. Thong tin vé tinh trang ot dwoc g dén vi diéu khién
ESP32 dé diéu khién co cdu chdp hanh phén logi. Thoi gian xit Iy cho
phan nguong va phat hién than thu la 0,08 gidy, chu ky phan logi trung
binh la 1 gidy. Cac thi nghiém cho thdy hé thong cé tiém ndng ap dung
thuc t8 & céc hé nong dan hodc thuong ldi.
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Currently, image processing technology is increasingly being applied in a
variety of fields, including agriculture and post-harvest technology. Using
computer vision to classify the defect status of chili peppers is a typical
example of helping to select post-harvest products that meet commercial
standards effectively. Traditional manual sorting of chilli peppers is costly
and affects farmers' health, requiring improvement in science and
technology. This article presents the hardware design and recognition
algorithm using computer vision to remove broken chilli, missing stems, and
anthracnose. OpenCV and Python were implemented for thresholding and
applies convolutional neural networks like ResNet and MobileNet to detect
anthracnose. Microcontroller ESP32 was used to receive data regarding the
status of the chillies and to control the sorting actuators. Processing time for
thresholding and anthracnose detection was 0.08 seconds, with an average
classification cycle of 1 second. Experiments show that the system has the
potential for practical application in farmer households or traders.

Keywords: Computer vision, convolutional neural network, OpenCV,
Python, thresholding
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1. GIOI THIEU

Vi€c phan loai 6t nguyén ven khong bi gay doi,
mat cuong, khong bi than thu sau thu hoach 14 can
thiét, nhim gitup ngudi nong dén ban dugc gia theo
chuan thuong mai. Trong thuc té viéc phan loai tinh
trang Ot tuoi dat chuén phu thude hoan toan vao kinh
nghiém cua nong dan. Viéc ngdi lau tiép xuc truc
tiép va thudng xuyén trong thoi gian dai dé gay kich
g néng rat & da, mii va duong ho hap, anh huong
dén strc khoe, cac mach mau ngoai vi, chirc ning
gian mach cua dong mach chan do cong nhan phai
ngdi qué lau dé phan loai 6t (Credeur et al., 2019).
Bén canh d06, chi phi dé tra cho nhan cong thyc hién
viéc phan loai 1a rit 16n ddi v6i quy mé trong ot thu
hoach déng loat. Vi vay, viéc st dung thiét bi may
moc hd trg dé phén loai tinh trang 6t than thu, 6t mat
cubng hay 6t bi giy trong qua trinh thu hoach 1a mot
giai phap t6i wu nham tiét kiém thoi gian va chi phi
nhan cong, mang lai hiéu qua kinh té cao cho nha
nong va thuong lai.

Thi trudng 6t & Viét Nam dang phat trién manh
mé va c6 tiém nang 16n dé xuét khau néu 6t tuoi dat
chuan thuong mai. Theo nghién ciru ciia Nguyen et
al. (2017), Pong bang séng Ciru Long (PBSCL) 1a
mot trong nhitng khu vyce san xuat 6t 16n nhat ¢ Viét
Nam. Trong do, viéc tang cuong hi¢u qué tai chinh
cho cac noéng dan trong ot da duoc nghién ctu va
dua ra cac giai phap nhim nang cao gia tri san phim
ot. Cu thé, loi nhuan cia mod hinh tréng 6t cia nong
dan trung binh dat 158 triéu déng/hecta va hiéu qua
tai chinh ciia néng dan trong 6t kha cao. Ty suat loi
nhuan trén doanh thu dat 30,8%, va ty suét loi nhuan
trén tong chi phi dat 135%. Nghién ctru cua Vo etal.
(2016) cung cho thiy su phattrién va tam quan trong
ctia chudi gia tri san pham nong nghiép trong khu
vue PBSCL, tir san xuét, ché bién dén tiéu thu cac
loai rau qué sau thu hoach. Tuy nhién, san pham nay
dang thira cung vé s6 lwong nhung lai thiéu chat
luong dé xuat khau. Nong san c6 chat lugng thap thi
kho tham nhap dugc vao cac thi truong khéc khe
nhu EU, My, Nhét Ban. Vi véy, nghién ctru Ve may
phan loai 6t bi than thu, gdy cubng, mat cuong la
mot phuong an kha thi gitip phén loai san pham ot
tuoi nguyén nhim ning cao gia tri ciia chudi san
pham néng nghiép tai khu vue PBSCL va ca nudc.

Tuy nhién, ciing nhu nhiéu loai cdy trong khéc,
chét lugng va nang suit 6t bi de doa nghiém trong
boi cac loai dich bénh khac nhau nhu: than thw, ddm
trang 14, héo xanh, thdi dot non... Nguy hiém nhét 13
bénh than thu do ndm Colletotrichum (Hinh 1) gay
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ra (Chilli Anthracnose (Colletotrichum Capsici),
2018).

Hinh 1. Loai nAm Colletotrichum

Chung nim nay rat da dang gf)m nhiéu loai va
gdy hai trén hau hét cac loai cay trong, gay thiét hai
rat 16n cho cac ho trong 6t khién san lugng c6 thé
giam tir 70 dén 80% (Tran et al., 2016). Bén canh
d6, 6t sau khi da thu hoach thu'(‘mg xuét hién tinh
trang gdy doi hodc mat cuéng do qué trinh thu hoach
va van chuyén con thd so. Hinh 2 13 hinh thai bén
ngoai phd bién cia 6t sau khi thu hoach.

Cic logi 6t chn nhiin dang dé phén loai

Ot gay déi

Ot than thw Ot dat chuén

NI

Ot mit c\u‘mg

¥
\ / 4
o

Hinh 2. Mt s6 tinh trang trai 6t chi thién

D3 c6 mot sb nghién ctu vé viée phat hién bénh
trén cdy trong. Hinh anh tong hop ctia Abbas et al.
(2021) vé phat hién bénh ciy ca chua bang phuong
phap hoc chuyén giao véi C-GAN dua trén giai
thuat hoc séu di cho thay két qua hira hen trong viéc
phat hién bénh cay trong. M6 hinh ctia nhém téc gia
nay dat d chinh xéac 98,16%, 95,08% va 94,34%
trén tap dir liéu goc PlantVillage lan luot cho cac
nhiém vy phan loai 5 16p, 7 16p va 10 16p twong ung.
Khi két hop véi tap dir liéu gbc va hinh anh tong
hop, mo hinh dat d¢ chinh x4c 1an luot 14 99,51%,
98,65% va 97,11% tuong Gng cho cac nhi¢m vu
phan loai 5 16p, 7 16p va 10 16p. Kién tric ciia md
hinh duoc mo6 ta ¢ Hinh 3.

Mit khéac, dua trén mot s6 nghién ctru cua Huynh
(2020), viéc xac dinh cac ton hai do bénh gay ra trén
qué 6t tuoi da loai bo cudng cho thdy rang hé thong
sir dung may anh dé chup hinh cac trai 6t tuoi da
duoc rat cubng (Hinh 4).
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Hinh 3. Kién tric DenseNet (Abbas et al., 2021)

Hinh 4. Anh chup va xir li trén trai 6t
Bén canh do, ciing trong nghién ctru cia Huynh
etal. (2021), viéc xac dinh vét nut trén hé théng qua
ot tuoi (Capsicum) da loai bo cuéng s€ c6 mot bo
truyén dong tron gém banh rang va bang tai dé dinh
vi céc trai 6t (Hinh 5). Sau d6, co cau nay sé di
chuyén dé dua tréi 6t vao vi tri chup anh.

Duya trén mot sd tiém nang thi truong 6t & Viét
Nam nhu: sy bét tién cua viée phan loai 6t thu cong,
anh huong tiéu cuc vé strc khoe cua viée lua 6t, y
tuong nghién ctru vé viéce thiét ké may phan loai tinh
trang trai 6t khong bi 11, hu duge tién hanh. Nghién
cuu ndy Kkét hop ap dung mot s6 thudt toan thi giac

mdy tinh. May phén loai nay khong chi giap giam
thiéu su tlep xuc truc tlep voi 6t, ma con nang cao
hiéu sudt va giam chi phi lao dong. Biang viéc ap
dung cong nghé hoc siu va cac thuét toan thi giac
mady tinh, may phan loai c6 kha nang nhén dién va
phén loai cac tinh trang 6t nhu than thu, gy cuong,
va mat cudng mot cach chinh xac va higu qua. Diéu
nay gitp cai thién chat lugng san phim 6t dwa ra thi
truong, nang cao hiéu qua kinh té, ddng thoi bao vé
strc khoe nguoi dan.
2. PHUONG PHAP NGHIEN CUU
1. Nhin dang tirng phin trai 6t

V61 muc ti€u phan biét duogc 3 loai 6t: than thu,
gy doi va gdy cudng, cac thong sb co ban cua trai
4t da duoc do dac thuc té tai co s budn ban 6t & xa
Tan Hoa, huyén Lai Vung, tinh Dong Thap. Mt
khac, céc s6 liéu vé trai Ot cua tac gia Huynh (2019)
cling dugc tham khao. Céac thong sé 6t tiéu chuan
dugc thé hién qua Hinh 6.

Trong d6 Hc: Khoang cach giita phan nhé cao
nhat cia than ot so voi day cua duong cong x, Ht:
Khoang cach phan dau ctia than 6t, Lc: Khoang cach
ctiia cudng 6t, Lt: Khoang cach cua than 6t, Ltp:
Khoang cach cta than 6t va trai 6t cong lai, x: duong
cong tinh tir phan dau ctia than 6t dén phan cao nhat
cua dudi than 6t.

Cover ——
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Hinh 5. Co cdu x4c dinh vét nirt trén 6t (Huynh et al., 2021)
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Hc

Lc Lt

Ltp

Hinh 6. Thong s6 do dac ciia trai 6t

Két qua khao sat 500 trai 6t chi thién F1 dat
chuan Phu’omg mai tai xd Tan Hoa, huyén Lai Vung,
tinh Bong Théap duogc the hi¢n qua Bang 1.

Bing 1. Két qua do dac loai 6t chi thién F1

Noi dung Hc Ht Lc Lt Ltp
Khoéng céch trung binh 07 1.1 43 5 105
(cm)
Khoang cach téi da (cm) 0,8 1,3 4,5 7 11
Khoéng céch toi thieu 03 08 22 35 6
(cm)

Nhu véy, viée thiét ké pl}ﬁn cimg, xay dung giai
thuat dugc dé cép ¢ cac phén ti€p theo s€ dua trén
ket qua do dac trén Bang 1.

2.1.1. Xk ly hinh anh dya trén OpenCV

OpenCV (OpenCV: OpenCV-Python Tutorials,
n.d.) 1a viét tat ciia "Open Source Computer Vision
Library",1a mot thu vién ma nguén mé danh cho xtr
ly anh va thj giac may tinh. Trong OpenCV, anh
dugc biéu dién dudi dang cac ma tran, twong tu nhu
MATLAB. Anh s6 14 tap hop hiru han cac diém anh
(pixel) véi cac gia tri mau hodc do xam cu thé. Mdi
diém anh dai dién cho mot ph?m 0 tai toa do (x, y)
cua ma tran anh voéi gia tri mau hoac mirc xam riéng
biét. Khoang cach va kich thudc cia cac diém anh

Tdp 61, S6 14 (2025): 11-22

dugc diéu chinh dé tao ra cam giac lién tuc vé khong

gian va mau sac khi nhin bang mét thuong, giup anh

sO trong nhu anh that. OpenCV cung cép nhiéu

phuong phap xtr 1y anh, tir cac thao tac co ban nhu

thay di kich thudc, cat anh, dén cac thuat toan ning

cao nhu nhan dién khuén mat, phat hi¢n dbi tuong.
2.1.2. Khong gian mau

Khong gian mau 1a mot khai niém quan trong
trong linh vuc dd hoa va xur 1y anh, thé hién cach ma
mau sic dugc biéu dién va twong tac trong khong
gian (Hinh 7). Nghién cuu nay chi xem xét hai
khong gian mau dugc su dung 18 HSV (mau sdc, do
bao hoa, gia tri d0 sang) va LAB (d0 sang, kénh a,
kénh b) dé phat hién mau d6 va mau xanh trén trai
6t, twong tu trong nghién ctru cua Dairath et al.
(2023) vé viéc phan ngudng qua xoai dya trén mau
sac dé xir 1y.

RGB 14 khéng gian mau co ban nhat gdm ba
mau: R (Mau d0), G (xanh luc) va B (xanh lo) dé mo
ta tat ca cac mau sic khac. Tuy nhién, né khong phu
hop cho viée tim kiém anh duoc dé cap trong nghién
clru cua Pham et al. (2015). LAB 1a mot khong gian
mau, gom Lightness (Do sang), A (do - xanh) va B
(vang - lam). HSV 14 viét tat ciia Hue (mau sac),
saturation (d¢ bao hoa) va value (gia tri hay
do sang).

Do uu va nhuge diém ctia mdi khong gian mau
khéc nhau nén c6 tac dong khac nhau 1én viéc phan
ngudng hinh anh, do dé trong nghién ciru nay, anh
tur khong gian mau RGB dugc chuyén sang HSV va
LAB véi cu phap cv2 evtColor (“Anh can chuyen
doi khéng gian mau”, “Khong gian mau can chuyén
d6i”), trong d6 cv2 1a Iénh goi thu vién OpenCV.
Bén canh d6, viéc tach tirng kénh mau dugc thuc
hién @ thuan tién cho viéc phan ngudng anh.

Anh RGB Khéng gian miu RGB

Khéng gian mau HSV Khong gian mau LAB

RGB Color Space

HSV Color Space

LAB Color Space

Hinh 7. Biéu dién cic khong gian mau co ban
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Anh RGB

Anh RGB da phan doan cuéng

Anh nhi phin da phén doan cudng

\

Hinh 8. Két qua phin ngudng

2.1.3. Phdn doan dnh

K¥ thuét phan doan anh dong vai tro quan trong
trong cac bai toan xur ly anh, v6i muyc ti€u la chia anh
dau vao thanh cac ving dong nhat. Mdi ving dong
nhit bao gdm cac diém anh c6 chung mot so tinh
chét nhu mau sic hodc két cAu. Phuong phap nghién
clru trong bai bao nay dua trén nguyén tac thir va sai
dé xac dinh cuong do tdi uu trén cac mit phang da
tach. Phuong phap nay don gian va hiéu qua cho
viéc phan doan so bo.

Céch thyc hién phan doan hinh anh: Dau tién anh
RGB thu dugc tir qua trinh 1am mo bang bo loc
GaussianBlur. Anh s& chuyén sang mot khong gian
mau khac tuy theo nhu céu si dung. Phén tich cac
dac dlem gié tri pixel ctia tong thé cudng 6t, than ot
va nén trong anh cho thay c6 su khac bi€t dang ké
vé thanh phan mau sic giita tong thé cudng 6t, than
6t va nén trong anh, trong khi sy khac biét vé thanh
phan do bdo hoa va do sang nho hon. Do d6, bang
cach dat gia tri toi da va tdi thiéu cho ba kénh, két
hop v6i mot mat na danh d4u ban dau véi tat ca cac
gia tri 1a 0, ma tran nhi phan cac khoang mau cua
cuéng ot va than 6t dugc tao ra. Khoang mau cua

£ . L .. (Max (188, 120, 188)
cuong 6t dugc xac dinh voi {Mln(148 100, 154) - Do

mau do co6 2 khoang trén va dudi khac nhau nén ta
can xac dinh 2 tdp mau cho than 6t vai khoang thir
4 \ (Max (11, 255, 255)
nhat la {, (0, 114, 140) °
Max (180, 255, 255)
{min (166, 75, 75)

duyét qua dudi dang can dudi va can trén, sir dung
ham cv2.inRange dé tao mit na cho mdi khoang
mau va két hop lai v6i nhau bang cv2.bitwise_or.

va khoang thu hai 1a

. Tu @6 tung cap gia tri mau dugc

Tiép theo, tao mdt ma tran dugc goi la hat nhan
c6 kich thude 5x5 ¢ tat ca cac gia tri pixel bing mot
dugc xac dinh bang thu vién NumPy trong Python.
Ham gidn no sir dung ba ddi so: Do6i sé dau tién 1a
hinh anh nhi phan dau vao, ddi sb th hai 13 hat nhan
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dugc xdc dinh ¢ bude trude va dbi s6 thir ba 1a s
1an l3p can thiét. Myc dich cta viéc gidn né nay la
giam tinh trang mat mat, dtt doan tir viéc phan doan.
Cubi cung la sir dung mét na da gian n¢ deé ap dung
1én anh goc bang cl phap cv.bitwise_and, két qua
tao ra anh hién thi cac vung c6 mau sac phu hop véi
ngudng dd xac dinh. Diéu nay gitp loai bo duoc
nhing diém khong hoan hao va bién dang lién quan
dén nhidu va két cau. Hinh 8 minh hoa anh goc, anh
RGB va anh nhi phan sau khi dugc phan doan theo
ngudng toi wu.
2.1.4. Tinh dién tich vét thé

Viéc tinh dién tich vét thé gitp xac dinh dugc sd
pixel cua vat thé dugc xac dinh. Tir gia tri pixel do,
ta c6 thé chuyén sang cac don vi do luong khac nhu
milimét vudng (mm?) hodc centimet vudng (cm?), dé
dung trong cac nghién ctru va phan tich.

Dau tién anh duoc doc va xir 1y, dé chuan bi cho
viéc phat hién vién; anh thuong dugc chuyén doi
sang thang mau xam va c6 thé 4p dung mot sd
phuong phép 1am mo dé giam nhiéu. Sau do6, thuat
toan Canny edge detector dugc su dung dé xac dinh
vién ciia cac dbi tuong. Thuat toan nay hoat dong
qua mdt loat cac budc dé xac dinh va phat hi¢én cac
vién chinh xéc trong anh. Budc dau tién cua thuat
toan 1a giam nhidu bang cach st dung bd loc
Gaussian. Budc nay giup lam min anh va loai bo
nhiu khong mong mudn, tao diéu kién tét dé phat
hién cac bién.

Tiép theo, thuat toan tinh toan gradient cuong do
va hudng tai mdi diém anh trong dnh dugc thuc
hién. Gradient cuong do 1 sy thay ddi 16n nhat trong
cuong do mau sdc, con hudng gradient chi ra hudng
ctia su thay d6i 6. Cong thirc co ban cho gradient
cudng d6 G va hudng 0 duoc mo ta lan luot & biéu
thace (1) va (2).
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(1)
2)

Céc tham s6: G, Gy 1a gradient theo tryc x va y.
Sau do, thudt toan ap dung non-maximum
suppression dé loai bo cac diém khong phai 1a cuc
tri. Pidu ndy dam bao ring chi ¢6 cac diém cyc tri
thyuc sy dai dién cho cac bién sic nét duge giir lai.

G =.,/GZ+ G2

G
f = arctan (G—y)
X

Budc tiép theo 1a sir dung ngudng kép dé xac
dinh cac bién manh va yéu. Cac diém cuong do cao
hon mot ngudng dugc coi 1a bién manh, trong khi
cac diém co6 cuong do thap hon mot ngudng khac
dugc coi 1a bién yéu. Cubi ciing, thuat toan theo ddi
bién bang cach loai bo cac bién yéu khong lién quan
dén bién manh. Picu nay gitp loai bd cic bién
khong mong mudn va chi giit lai cac bién quan
trong. Thuft toan ndy gitip tim ra cac canh trong anh,
1 budc quan trong dé xac dinh cac dudong vién cua
vat thé.

Sau khi cac canh da duoc xac dinh, cu phap
cv2.findContours duoc thyc hién dé tim tat ca cac
duong bao cua ddi tuong. Mdi duong bao duoc luu
trit dudi dang mot danh sach cac diém. Véi mdi
duong bao tim dugc, dién tich bén trong duong bao
c6 thé dugc tinh toan theo ci phap cia ham
cv2.contourArea. Ham nay tra vé dién tich cua ving
bi bao quanh boi dudng bao, dung dé do dién tich
ctia cac dbi tugng.

Hinh 9. Anh dwgc xir Iy dé tinh di¢n tich viing

Hinh 9 cho thdy anh sau khi dugc lam mo va cac
phép toan can thiét da xac dinh: duong bao (dudng
mau hong) quanh vat thé, cac hinh chit nhat mau
vang (hop gi6i han cua duong bao). Cong doan nay
gitip ngudi ding dé dang nhan biét vat thé.

2.2. Nhian dang bénh than thw
2.2.1. Xay dung bo dir li¢u

Nghién ctru nay thiét 1ap va sir dung API phat
hién ddi twong cua TensorFlow (TensorFlow, n.d.)
dé thyc hién, cu thé 1a phat hién 601 tugng trong hinh
anh/video. Cac cong cu phan mém duogc s dung
trong nghién ctru gom: Thu vién Python phi€n ban
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3.9, TenorFlow phién ban 2.5.0, bd cong cu CUDA
phién ban 11.2, cuDNN phién ban 8.1.0, anaconda.
Thiét bi dugc ding dé huan luyén va danh gia mo
hinh 12 may tinh xach tay Acer Nitro 5, bd vi xt ly
Intel Core i5-11800H thé h¢ 11, ¢6 8 nhan va 16
ludng, RAM: 16 GB Card do hoa roi NVIDIA
GeForce RTX 1650.

Céc méu 6t ding cho nghién ciru ndy c6 ngudn
géc tr h dan tai ép Hoa Pinh, xa Tan Hoa, huyén
Lai Vung, tinh Pong Thap. Hon 500 mau 6t duoc
lay & dot 1 (lira 6t véi tréi to va ning suat cao nhat)
va hon 500 mau con lai & dot 2 (lira 6t véi trai nhod
tinh trang than thu nhiéu) c6 do phan giai gbc la
640%480 pixel. Nhitng trai 6t thu thap duogc dat trén
nén c6 mau den, mau tring va chup anh bing
Webcam full HD 1080p ACOME AWCI1. Trong
qua trinh chup anh, c6 2 gia tri dugc kiém soét chat
ché 1a may anh dugc duy tri vudng goc véi trai 6t dé
tranh cac 16i goc c6 thé lam tang sai s tinh toan va
khoang cach chup duoc kiém soat dé dam bao tat ca
céc trai 6t déu co kich thude twong ty nhau nham
giam thiéu tic dong vé kich thudc khi phén loai.

Kich thuéc mau khéng du trong qua trinh huan
luyén mé hinh c6 thé dan dén tinh trang trang bi qua
muc (overfitting), moét loat cac bién phap tang
cuong, chuan hoa dir liéu da duoc trlen khai. Viéc
nay nham gitip mé rong kich thude mau va nang cao
tinh tong quat cling nhu d6 tin cy ctia mé hinh (Zhu
et al., 2024). Nghién ctru nay sir dung cac két hop
ngau nhién cta cac ky thuat ting cuong dit liéu nhu
ty dong dinh hudng hinh anh dga trén EXIF
(Exchangable image file format). Pay 1 chuan dé
luu gilt cac thong tin thong sO cta anh nhu ché do
flash, ngay tao, tinh trang Ong kinh, d6 sang. Thugc
tinh orientation can duoc chi y (hudng cua anh) dé
dua tit ca cac anh trong tap dir liéu vé cling mot
hudng. Viéc thay ddi kich thude tap dir liéu tir kich
thudc 640x480 thanh 640x640 (kéo dai hinh anh
tho) cling can duoc thuc hién dé lép dﬁy kich thudc
dau ra mong mudn. Bén canh d6, ky thuat nhidu 1én
dén 0,1% luong pixel, 1am mo 1én dén 2.2 gia tri
pixel ciing duogc ap dung ngiu nhién cho hinh anh.
Cu thé, dua trén nghién ctru tir Pai hoc bang Arizona
(Dodge & Karam, 2016), tac gia da xem xét tac
dong ctia cac khiém khuyét hinh anh khac nhau doi
v6i cac mo hinh phan loai. Trong s6 cac phwong
phap duoc thir nghiém, lam md va nhiéu c6 anh
hudng bét lgi nhat dén viéc phan loai do chinh xac
top 1 (do ludng ty 18 phan trim cac du doan chinh
xac nhét cia mo hinh khép véi nhin dung cua dir
liéu kiém tra) va top 5 (do luong ty 1& phén trim cac
mau ma nhan ding nam trong s6 5 nhan dugc mod
hinh dy doan véi x4c suit cao nhat).


https://arxiv.org/pdf/1604.04004.pdf?ref=blog.roboflow.com
https://blog.roboflow.com/using-blur-in-computer-vision-preprocessing/
https://blog.roboflow.com/glossary/#:%7E:text=accuracy
https://blog.roboflow.com/glossary/#:%7E:text=accuracy
https://blog.roboflow.com/glossary/#:%7E:text=accuracy
https://blog.roboflow.com/glossary/#:%7E:text=accuracy
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Hinh 10. Tac dong ciia cic khiém khuyét hinh
anh khac nhau doi véi cac mo hinh phan loai

(c) Contrast

Ky thuat tiép theo duoc ap dung la thém kha
nang thay doi do ruc sang cho hinh anh dé gitip mod
hinh linh hoat hon truéc nhiing thay doi ve cai dat
anh sang va may anh véi murc tang giam do sang la

Max (15%) Max (10%)
{Mm (=15%)° Min (-10%)"
can bang do tuong phan (histogram equalization)
dya trén biéu do ctia hinh anh dé cai thién kha nang
chuan héa va phat hién duong thang trong cac diéu

véi d6 ruc 1a { Cubi cung 1a
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kién anh sang khac nhau. Mot sé mau ting cudng dir
liéu dugc hién thi trong Hinh 12. Kich thuéc tap dir
liéu da dugc mo rong mot cach hi¢u qua, cudi cung
1a tong s 9584 hinh dnh da dugc chuan hoa va ting
cuong.

Dé t6i da hoa hiéu qua hoc tap va do chinh xac
du doan ctia mo hinh, cac hinh anh nang cao dugc
phan bd va chia thanh 4 tap dir liéu bao gom: tap
1198 anh duoc ap dung EXIF: orientation; 1198 anh
thay di kich thudc va EXIF: orientation; 3594 anh
4p dung EXIF: orientation, md, nhiéu va ting giam
d6 sang; va 3594 tap anh ap dung EXIF: orientation,
mo, nhiéu va tang giam d¢ sang, ting giam do ruc,
thay ddi kich thudc va can bang do twong phan.

Céc tap huan luyén va kiém tra voi ty 18 9:1. Tép
huin luyén dugc st dung dé hoc ban dau va diéu
chinh tham sb cua mé hinh. Bo kiém tra dugc st
dung dé danh gia hiéu sudt cia moé hinh trén
dir liéu mai.

10_jpg.-rf.29a604ef9e7dcff35dcdb531291410bb. jpg
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Hinh 11. Tép luu nhan tuwong ung

Budc tiép theo 14 viéc gan nhan doi tuong. Trong
bai toan phat hién doi tuong, day la phan quan trong
dé chuan bj dir liu huén luyén cho mé hinh. Diéu
nay dam bao rang mé hinh ¢6 thé hoc duoc cac dic
trung cua cac ddi twong mot cach chinh xac. Gan
nhin ddi twgng gitip x4c dinh vi tri va nhin ciia cc
dbi tugng trong hinh anh, b?mg cach tao va hiéu
chinh c4c khung bao dé xac dinh ranh giéi ciia doi
tuong cting nhu nhén twong Gng va luu vao tap tin
¢6 phan mé rong .xIm v6i moi anh tuong tmg. Noi
dung tap tin gdbm céac thanh phan quan trong: chiéu
rong, chiéu cao cua hinh anh, tén ddi tuong dugc
gan nhan, toa d0 x cua goc trén bén trai hdp gioi han,
toa d0 y cua goc trén bén trai hdp gidi han, toa do x
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cua goc dudi bén phai hop gidi han, toa dd y cua géc
dudi bén phai hop gidi han.

Hinh 12 m ta cac thong tin nhu chiéu dai, chiéu
rong cua nhan dugc gan, cling nhu vi tri cia nhdn
dugce thé hién. Mbi nhan duge gan mot ma ) duy
nhit va mdi dong trong tép twong trmg véi mot nhan,
duoc dinh dang theo ct phép Protobuf Text. Cau
truc co ban ctia mot dong trong t&p label _map.pbixt
bao gom hai trudng chinh: mot 1a ma nhan dang cia
nhan va hai 1a tén ctia nhan.


https://www.mdpi.com/2073-4395/14/4/699#fig_body_display_agronomy-14-00699-f001
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Hinh 12. Anh dwoc chuén héa va ting cuwong

Budc tiép theo ctia qua trinh huén luyén mé hinh
la chuyen doi tép .xml sang t€p .record. Day la bude
can thiét trong qua trinh chuan bi dit li¢u huén luyén
cho mo hinh nhan dién dbi tuong sir dung
TensorFlow Object Detection API. Tép .record la
dinh dang dir liéu ma TensorFlow Object Detection
API yéu cau. Ciu tric nay dinh dang luu trit dit ligu
nhi phan ma TensorFlow sir dung dé tang hi¢u suat
doc va ghi dir lidu trong qua trinh huén luyén mo
hinh. Céc tép TFRecord c6 thé chira dit liéu dang
van ban, anh, 4m thanh va nhiéu loai dit liéu khac.

Dé bat dau qua trinh huin luyén, md hinh huén
luyén trudce trén TensorFlow 2 Detection Model Zoo
can dugc tai Ve dé chinh sira tép pipeline.config phu
hop véi nhu cau huén luyén. Cu thé tép checkpoint
chura trong sO clia mo hinh sau qua trinh huén luyén.
Trong s0 nay bao gdm céc théng s cua mang no-
ron nhu trong s cua cac 16p, cac thong so cua cac
bo loc va cac tham sb toi wu hoa. Khi huin luyén
mot mo hinh, TensorFlow sé dinh ky luu lai cac
trong s6 ctia mo hinh vao tép checkpoint. Didu nay
cho phép tiép tuc hudn luyén tir noi da dung lai, hoac
st dung trong s6 da duge hudn luyén dé trién khai
mo hinh trén dit liéu moi.

2.2.2. Tién hanh hudn luyén mo hinh

Sau khi d diéu chinh cac trong sb ciia mé hinh
huan luyén, budc tiép theo 1a tién hanh huan luyén
mo hinh dua trén thu vién Tensorflow. M6 hinh da
huin luyén c6 thé dugc chuyén sang dinh dang
TensorFlow Lite. Day la phién ban nhe cua
TensorFlow dugc thiét ké dac biét cho viéc trién
khai mé hinh trén cac thiét bi c6 tai nguyén han ché
nhu dién thoai di dong, thiét bi IoT va céc thiét bi
nhung khéc.

Sau khi da huén luyén dugc mo hinh, mot anh
RGB dugc dua vao dé nhan dang va xuét ra cac
thong tin nhdn dang nhu hop giéi han, 16p nhin
dang, d6 chinh xac va s6 luwgng hop nhan dang dbi
tugng twong Ung.
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3. XAY DUNG HE THONG

Sau cac budc xay dung thuat toan phan ngudng
va huin luyén cac mo hinh may hoc, viéc con lai la
xay dung hé thong hoan chinh d tich hop cac mo
hinh nay vao. Hé thong gdm cac thanh phan chinh
duoc thé hién ¢ Hinh 13, bao gém: co cdu nhan 6t
dugc sir dung véi chiic ning chinh 1 ldy 6t tir
khoang chita va dam bao ot dugc phan b déu trén
béng tai; co cau bang tai va banh riang dao 6t co chire
ning chinh 13 di chuyén 6t di qua tirng khau xtr 1y va
ddo bé mit cua 6t 180 d¢; cam bién loai bo 6t ¢6
nhiém vy phat hi¢n sy c6 mét cua 6t dé dua ra tin
hiéu diéu khién cho co cau chip hanh (co cdu can
gat, co cu dao ot); buéng chuyp va loai bd 6t hu c6
chiic ning hd trg qua trinh chup anh.

Cam bién
loai bo 6t

Co céu bing tai

Bué)ng chup

Ot chua va loai bo

phan loai St hur

.

Ot da

va banh ring dao ot phén loai

Hinh 13. So d6 khdi phén ctmg
3.1. Co ciu nhan 6t

Muc dich: tao ra mot gidi phap giup lay ot tur
khoang chira va dam bao 6t duoc phén bb déu trén
bé mit bang tai khi di chuyén qua céc khau xir 1y.
Co cau nhan 6t dugc thiét ké nhu Hinh 14 véi cac
thanh phan nhu sau:

Khung d6& chiu dung toan bo sirc nang cua bang
chuyén va phan 16n hé théng. Truc quay dong vai
tro lién két giira khung d& v6i bang chuyén thong
qua vong bi giup qua trinh tai 6t mugt ma.

Bing chuyén 1a by phan nhan 6t va chuyén 1én
bang tai gitp 6t duwge nam déu 1én bang tai. Co cau
tang dua 1a bo phan giit truc quay dugc ¢b dinh vao
khung d&. Do biang chuyén dugc thiét ké dung day
curoa nén s& xay ra co dan nén can bo phan ting dua
nham giam dnh hudng tiéu cyc cua hién tugng trén.


https://github.com/tensorflow/models/blob/master/research/object_detection/g3doc/tf2_detection_zoo.md
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3.2. Co cdu bing tii va banh ring dio 6t

Muc dich cua bang tai va banh rang déo ot la tao
ra mot giai phap giup lat duge 6t 180 do khi di qua
co chu, tai duogc ot theo chiéu ngang mot cach 6n
dinh. Khi 6t dugc chuyen Ién tr co cau nhén 6t, 6t
s& dugc van chuyén tir tir di qua 2 buong chup anh
va banh ring dao 6t. Ot duge di chuyén dén banh
ring cua co cdu lat. Ot s& di vao phan ring 16m cua
banh ring va c6 cam bién nhan biét tin hiéu da c6 6t
dé kich hoat co cdu quay dén khoang ring trong tiép
theo. Ot duoc dao 180 d¢ khi di qua banh ring.

Thiét ké banh ring dao 6t: Nhiém vy chinh 1a
dao duogc trai 6t 180 d9. Trong qua trinh dao, 6t can
dugc dam bao dinh vi trén banh ring. Thong sb cua
banh ring dugc thiét ké dé phu hop véi trai 6t chi
thién F1 dua trén Bang 2. Banh riang duoc thiét ké
va vé& trén phan mém Autocad 2022 (Hinh 15).

A B W

20 C i 30.06
[ oUW “\)K — I ”m!ﬂ"“ T
e W oewg ]
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Hinh 15. Hinh chiéu canh banh ring dio 6t

Trong do: A 1a khoang cach Ht téi da, B 1a
khoang cach Ht trung binh, C la khoang cach Ht t6i
thiéu (Bang 1). Bang tai dugc thiét ké véi myc dich
chuyén 6t tir dau ra ciia co cdu nhan 6t roi di chuyén
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qua budng chup va xtr 1 anh thtr nhit dén banh ring
ddo 6t, tai day 6t duoc 1at 180 do nho vao banh rang
dao ot roi di chuyén dén budng chyp va xir 1y anh
thir hai. Hinh 16 thé hién m6 hinh co cdu banh ring
ddo 6t va bang tai ot.

Hinh 16. Ban vé bing tii va banh rang dio 6t

3.3. Cam bién loai bé 6t bi 15i

Tip hiéu t1:1’ cam jbién»phét hién 6t dugc gui lién
tuc dén vi di€u khiép de nhér} dang va loai bd 6t
khong dat chuan. Néu cam bién phat hién c6 6t di
qua thi qua trinh nhan dang bat dau thyc hién, va khi
co 01 b1 101 thi vi diéu khién s€ xuat tir} hiéu diéu
khién can gat thong qua dong co servo dé loai bo 6t
khong dat chuan ra khoi bang chuyén.

3.4. Budng chup va loai bo 6t bi 15i

Qua trinh xu 1y anh va phan loai 6t duoc dién ra
lién tuc va & mdi thoi diém trong ngdy nén ngoai
viéc dam bdo camera chup anh dugc 6n dinh, khong
gian bén trong budng chup anh khong bi nhiéu hozc
thay d6i cuong do anh sang do cac tac nhan moi
truong, thi viéc thiét ké budng chup anh 14 can thiét.
Hinh 17 thé hién théng s buong chup anh.
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Hinh 17. Bang vé budng chup inh
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~ Nguyén ly hoat dong: 6t sau khi 1én bang tai di
dén vi tri buong chup anh, dugc camera gan tai vi tri
1 d€ chup anh va gui vé mdy tinh xur ly. Néu ¢6 tinh
trang 6t kém chat lugng, cdm bién tai vi tri 3 s€ lién
tuc doc tin hi€u khi phat hi¢n (’)’t‘di qua s§ kich hoat
dong CO servo tai vi tri 2 xoay can gat d¢ loai bo 6t
kém chat luong.

4. KET QUA VA THAO LUAN

4.1. D chinh xéc thuit toan phin nguéng

Trong nghién ctru nay, dé dam bao tinh chinh
xac va dd tin cay cua cac thong so trai ot chi thién
F1 thu dugc thong qua tinh toan OpenCV, cdc thong
sO ve tinh trang dinh luong (L7, Lc) cua trai Ot da
duoc chon lam chi sO xac nhan dé xac minh I}ghiém
ngdt va phan tich 16i. Mot mau ngau nhién gom 100
Bang 2. Két qua sai s6 giira cac phép do
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mAu tréi 6t di duogc ldy va cac phép do thu cong
chinh xac vé Lt, Le da duoc tién hanh, trong do Lt,
Lc duge do bang thude ké 30 cm. Két qua do thu
cong duoc sir dung 1am tiéu chuin va duoc so sanh
v6i két qua tinh toan bang OpenCV (Béang 2).

Két qua sai sé trung binh (Mean Absolute Error
- MAE) ctia chiéu dai than 14 0,145 va d6i v6i cuéng
1a 0,174. P léch chuén cia sai sd (Standard
Deviation - Std) ctia chiéu dai than: 0,146 va chiéu
dai cudng 1a 0,208. Két qua thir nghiém cho thay
phuong phép st dung OpenCV c6 mure dg chinh xac
kha cao voi sai sé trung binh nho va d6 1éch chuan
thap, thé hién rang phuong phap nay dang tin ciy
cho viéc do ludng chiéu dai than va cudng cua cac
vat thé (trong truong hop nay 1a trai 6t chi thién F1).

Chiéu dai TB do thii cong  Chiéu dai TB do bang OpenCV MAE Std
Thén 4,80 4,66 0,15 0,15
Cudng 2,55 2,51 0,17 0,20

4.2. Do chinh xdc cac m6é hinh may hoc

Hé théng duoc tién hanh thi nghiém véi 4 tap dix
liu da dugc dé cap ¢ phan trén nham danh gia hi¢u
sudt cia md hinh may hoc vdi cac cach ting cudng
va chudn hoéa dir liéu khac nhau dya trén ngudng
Mean Average Precision (mAP). Thi nghiém kiém
tra mAP gdm 200 hinh dnh mo t& céc loai trai 6t bi
bénh than thu khac nhau, dé kiém tra d chinh xé4c
thuc té cuia m6 hinh.

Biéu d6 ¢ Hinh 18 thé hién hiéu suat cia mé hinh
SSD-MobilenetV2-FPNLite véi cac tap hinh anh
khac nhau. Trong d6: Basic la tap hinh anh 1198 anh
duoc ap dung EXIF: orientation. Resize 1a 1198 anh
thay do6i kich thuéc va EXIF: orientation. Tap V3
g6m 3594 anh 4p dung EXIF: orientation, mo, nhiéu
va ting giam d¢ sang. Tap V4 gdm 3594 anh ap
dung EXIF: orientation, mo, nhiéu va ting giam do
sang, tang giam do ruc, thay doi kich thudc va can
bang do twong phan.

Duya trén két qua mAP va két qua kiém tra & Hinh
18, hi€u suat cia mo hinh trén tirng bd anh cé thé
duoc danh gia nhu sau:

Tap Basic, mac du it tién xur 1y, cho théy mot
mirc mAP tuong ddi cao. Déi véi tap Resize, mac du
c6 kich thude tieu chuan, biéu do cho thiy su giam
dang ké vé mAP. Piéu nay chi ra rang viéc thay doi
kich thudc c¢6 thé anh hudong dén cac dic diém quan
trong trong hinh anh, lam suy giam kha nang cia mo
hinh trong viéc du doan cac doi tugng nho hodc chi
tiét. Tap V3 trén bicu do6 cho thay viéc thém nhidu
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va diéu chinh hop gidi han mot cach nhe nhang
(trong mot khoang tir -15% dén +15% do sang) co
thé cai thién sy manh mé ctia mo hinh véi phén tram
mAP cao nhat. Tap anh V4 mic du dugc tién xir ly
va tang cuong manh mé, nhung lai khong dat dugc
mAP cao nhét. Pidu nay chi ra hién tugng qua muc,
hodc do mét s6 bién thé c¢6 thé qua manh, do d6 1am
mo di cac diac diém quan trong.
120.00
99.84 99.84 99.78 99.88

I| | I| |
va

Basic

100.00
80.00
X 60.00
40.00
20.00

0.00
Resize

Tap hinh anh dugc hun Luyen

| MAP(%)

Hinh 18. Hi¢u suit cic tip anh khac nhau

m Detected (%)

Béng 3 so sanh két qua cta cic mo hinh khac
nhau duoc huin luyén véi tdp anh V3. Duya trén cac
thong s6 mAP, dién tich trung binh va thoi gian xur
1y cho timg mé hinh cho thay:


https://learnopencv.com/mean-average-precision-map-object-detection-model-evaluation-metric/
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Bang 3. So sanh cac mé hinh huéin luyén CNN

Models mAP Thoi gian
)

Faster R-CNN 71,24 0,94

SSD_RSN50_V1 FPN 69,45 0,51

Centernet MBNV2-

FPN 83,50 0,19

SSD-MBNV2-FPNLite

(chuyén sang tflite) 3797 0.05

SSD-MBNV2-FPNLite

(khong chuyén sang 76,03 0,06

tflite)

Faster R-CNN: Mo hinh nay c6 mAP kha cao la
71,24, cho thiy kha niang phat hién ddi tuong tbt.
Tuy nhién, thoi gian xur 1y 1a 0,94 gidy, cao hon so
v6i cac mo hinh khac, didu nay co thé lam giam hiéu
qua trong cic ung dung can thoi gian thyc.
SSD RSN50 V1 FPN: Mo hinh nay c6 mAP la
69,45, the‘ip hon mdt chat so vdoi Faster R-CNN
nhung thoi gian xtr ly chi la 0,51 gidy, nhanh hon
dang ké so v6i Faster R-CNN. Piéu nay lam cho n6
phu hop hon cho céc tmg dung can dap tng nhanh.

Centernet MBNV2-FPN: Pay 1a mo6 hinh co
mAP cao nhat trong s6 cac mo hinh duoc liét ké 1a
83,50 va ciing c6 thoi gian xir Iy nhanh nhét 13 0,19
gidy. Diéu nay cho thay mo hinh nay vuot trdi ca vé
d6 chinh xac 1an toc do, rat phu hop cho cac tmg
dung can d6 chinh x4c cao va thoi gian phan hoi
nhanh. SSD-MBNV2-FPNLite (chuyén sang dang
tflite): MO hinh nay c6 mAP thap nhat la 57,97
nhung lai c6 thoi gian xur Iy cuc ky nhanh 1a 0,05
gidy. Su danh d6i giira d9 chinh xac va toc do co thé
lam cho mé hinh nay phu hop véi cac ung dung
khong yéu cau do chinh x4c cao nhung can toc do
xtr Iy nhanh. SSD-MBNV2-FPNLite (khong chuyén
sang dang tflite): M6 hinh nay c6 mAP 1a 76,03, cao
hon phién ban di chuyén sang tflite v6i thoi gian xir
1y chi cham hon mét chit 14 0,06 gidy. Piéu nay cho
thay viéc khong chuyén doi sang tflite gitp cai thién
d6 chinh x4c ma khong anh huéng dang ké dén tdc
do xu ly.

Tu nhiing phén tich trén, Centernet MBNV2-
FPN nbi bét vé6i sy can bang tot nhat gitta d6 chinh
xéac va tde do xur 1y, 1am cho no trd thanh Iya chon
t6t cho hau hét cac Gmg dung. Cac md hinh SSD-
MBNV2-FPNLite cho thiy su danh ddi giita tc do
va d9 chinh xac, trong khi Faster R-CNN va
SSD RSN50 V1 FPN c6 thé phu hop cho cac tinh
hubng khong yéu ciu téc do xtr Iy qua nhanh.
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4.3. Két qua thwe nghiém

Thi nghiém dugc tién hanh véi 1 kg trai 6t chi
thién F1 bao gom cac loai 6t nguyén ven, giy doi,
mat cudng va than thu. Két qua cua thi nghiém duoc
ghi nhén ¢ Bang 4.

Bing 4. Két qua thi nghiém tong quat

Pat  Gayasi M Than the
chuan cuong
MAE  3.2% 8% 2% 20%
Std 114 083 044 1

Két qua thi nghiém cho thiy sai s trung binh
ctia viéc phat hién bénh than thu 13 cao nhat. Diéu
nay duoc 1y giai do anh hudng ciia céc yéu té khach
quan nhu: s6 lugng 6t hu do than thu it. Mat khac,
nhiéu anh sang tir bén ngoai ciing gay anh hudng
dén két qua phat hién bénh. Hon nira, 6t bi dém séu
hay nhin do héo ciing anh hudng dén viéc nhan dién
6t than thur bi sai s nhiéu hon céc 16i mat cudng hay
gy d6i. Piém ndi bat trong két qua thi nghiém 13
viéc xac dinh 6t mat cudng véi sai s6 MAE thap
nhat, chi 2%. Diéu nay cho thy tinh hiéu qua trong
viéc phan ngudng va xac dinh dién tich vat thé.

Hinh 19 thé hién mot s6 két qua do duoc trong
thi nghiém, khi 4p dung thudt toan phan ngudng véi
OpenCV. Ky hiéu S red va S green lan luot 1a dién
tich do dugc ctia duong bao ciia than trai 6t va cudng
trai 6t (theo don vi cm?). Ky hiéu length red va
length green lan luot 1a chiéu dai do dwoc ctia than
trai 6t va cudng trai ot (theo don vi pixel).

Hinh 19. Két qua do dac bang OpenCV
5. KET LUAN

Nghién ctru nay di dé xuit mot thuat toan phan
loai 6t bang phu’(mg phap xur 1y anh. Sau qua trinh
thiét ké hé thong va thyc nghiém, dé tai da dat dugc
Kkét qua phu hop véi cac muyc ti€u nghién ciru: thiét
ké phan ctg phu hop dé dleu khién va phan loai 6t
truc tiép tai moi trudng thyc té voi cac b phan linh
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hoat dé 1?'1p rap va st dung; xay dung dugc thuat toan
phat hién mau va loai bo 6t gy doi, mét cudng dua
trén ma nguén mé OpenCV. Céc két qua nhan dang
va phét hién tinh trang trai 6t bi 16i kha hiéu qua.
Nghién ctru ndy c6 tiém ning hién thyc héa gitip
nguoi dan gidm bot chi phi thué mudn phan loai thu
cong, tir d6 bao vé€ strc khoe ciia nguoi lao dong. Tuy
nhién, hé théng nhan dang va phan loai 6t than thu
can dugc nghién ctru phat trién thém dé c6 thé giam

TAI LIEU THAM KHAO (REFERENCES)

Abbas, A., Jain, S., Gour, M., & Vankudothu, S.
(2021). Tomato plant disease detection using
transfer learning with C-GAN synthetic images.
Computers and Electronics in Agriculture, 187,
106279.
https://doi.org/10.1016/j.compag.2021.106279

Nguyen, T. T. A., & Vo, T. T. L., (2017). Financial
performance analysis of chilli farmers in the
Mekong Delta (in Vietnamese). Can Tho
University Journal of Science, 48, 87 (in
Vietnamese).
https://doi.org/10.22144/ctu.jvn.2017.633

Chilli anthracnose (Colletotrichum capsici). (2018,
October 25). IPM Images.
http://www.ipmimages.org/browse/detail.cfm?im
gnum=5498970

Credeur, D. P., Miller, S. M., Jones, R., Stoner, L.,
Dolbow, D. R., Fryer, S. M., Stone, K., &
McCoy, S. M. (2019). Impact of Prolonged
Sitting on Peripheral and Central Vascular
Health. The American Journal of Cardiology,
123(2), 260-266.
https://doi.org/10.1016/j.amjcard.2018.10.014

Dairath, M. H., Akram, M. W., Mehmood, M. A.,
Sarwar, H. U., Akram, M. Z., Omar, M. M., &
Faheem, M. (2023). Computer vision-based
prototype robotic picking cum grading system
for fruits. Smart Agricultural Technology, 4,
100210.
https://doi.org/10.1016/j.atech.2023.100210

Dodge, S., & Karam, L. (2016). Understanding How
Image Quality Affects Deep Neural Networks
(arXiv:1604.04004). arXiv.
http://arxiv.org/abs/1604.04004

Pham, T. L. H., Tran, T. H., Nguyen, V. K., & Luu,
T. H. (2015). Application of digital image
processing in tracking the movement of mobile
robots. Can Tho University Journal of Science,
39 (in Vietnamese).

Huynh, Q. K., Nguyen, C. N, Vo, N., H. P, Le, H. T.,
Le, D. K. L., & Nguyen, V. C. (2020).

22

Tdp 61, S6 14 (2025): 11-22

bot sai sd dudi 20% so véi hién tai. Hon nira, hé
thong c6 thé dugc md rong kho dir 1i€u anh véi nhicu
loai bénh khac nhau trén céc loai trai cay khac nhau.

LOI CAM TA

Nhom tac gia chan thanh cam on Truong Dai
hoc Can Tho da té}i tro kinh phi t’hu’c hién dé tai
NCKH Sinh vién cap Truong, ma so TSV2023-113.

Identification of the Damages Caused by Diseases
on Fresh Destemmed Chili Fruits. 2020 12th
International Conference on Knowledge and
Systems Engineering (KSE), 126—130.
https://doi.org/10.1109/KSE50997.2020.9287653

Huynh, Q. K., Nguyen, C. N., Vo, N. H. P., Tran, N.
P.L, Le,P. H, Le, D. K. L., & Nguyen, V.-C.
(2021). Crack Identification on the Fresh Chilli
(Capsicum) Fruit Destemmed System. Journal of
Sensors, 2021, 1-10.
https://doi.org/10.1155/2021/8838247

Huynh, Q. K., Nguyen, V. C,, Le, H., & Linh, L.
(2019). Research on process of chilli processing
and propose operating principle of fresh chilli
stem classification system. Can Tho University
Journal of Science, 55, 2-9 (in Vietnamese).
https://doi.org/10.22144/ctu.jvn.2019.032

Vo, T. T. L., (2016). Assessment of agri-product
value chains in the Mekong Delta: Problems and
solutions.
https://doi.org/10.22144/ctu.2016.jen.001

Tran, N. H., & Nguyen, T. L. T., (2016). Research
on the preparation of Trichoderma sp. to control
anthracnose caused by Colletotrichum spp. on
chilli plants (Capsicum frutescens). Can Tho
University Journal of Science, 45 (in
Vietnamese).
https://doi.org/10.22144/ctu.jvn.2016.529

OpenCV: OpenCV-Python Tutorials. (n.d.).
Retrieved May 4, 2024, from
https://docs.opencv.org/4.x/d6/d00/tutorial_py r
oot.html

TensorFlow. (n.d.). Retrieved May 5, 2024, from
https://www.tensorflow.org/

Zhu, Q., Fan, L., & Weng, N. (2024). Advancements
in point cloud data augmentation for deep
learning: A survey. Pattern Recognition, 153,
110532.
https://doi.org/10.1016/j.patcog.2024.110532v



	1. GIỚI THIỆU
	2. PHƯƠNG PHÁP NGHIÊN CỨU
	2.1. Nhận dạng từng phần trái ớt
	2.1.1. Xử lý hình ảnh dựa trên OpenCV
	2.1.2. Không gian màu
	2.1.3. Phân đoạn ảnh
	2.1.4. Tính diện tích vật thể

	2.2. Nhận dạng bệnh thán thư
	2.2.1. Xây dựng bộ dữ liệu
	2.2.2. Tiến hành huấn luyện mô hình


	3.  XÂY DỰNG HỆ THỐNG
	3.1. Cơ cấu nhận ớt
	3.2. Cơ cấu băng tải và bánh răng đảo ớt
	3.3. Cảm biến loại bỏ ớt bị lỗi
	3.4. Buồng chụp và loại bỏ ớt bị lỗi

	4. KẾT QUẢ VÀ THẢO LUẬN
	4.1. Độ chính xác thuật toán phân ngưỡng
	4.2. Độ chính xác các mô hình máy học
	4.3. Kết quả thực nghiệm

	5. Kết luận

