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DEVELOPING A FRUIT RIPENESS DETECTION MODULE BASED
ON MODERN DEEP LEARNING ARCHITECTURES, APPLIED
IN SMART AGRICULTURAL PROCESSING SYSTEMS

PHAT TRIEN BO PHAT HIEN MUC DO CHIN CUA TRAI CAY
DUA TREN KIEN TRUC MANG HOC SAU HIEN DAL UNG DUNG
TRONG CAC HE THONG CHE BIEN NONG SAN THONG MINH

Nguyén Duy Linh, Nguyén Nwong Quynh
Truong Dai hoc Quang Binh

ABSTRACT: The application of artificial intelligence, especially Computer Vision, in smart
agriculture has become popular. Human labor is also partly liberated and agricultural output is
also improved in both quantity and quality. Fruit classification is a very important step and the final
step in the agricultural production and processing chain. This paper focuses on improving the
YOLOv8n architecture by replacing the original convolution operations with a new convolution
module called the Receptive Field Convolution Block Attention Module to detect fruit ripeness.
This module leverages the Group Convolution mechanism and the Convolution Block Attention
Module to enhance feature extraction capabilities. The experiments are trained and evaluated on
the Fruit Ripening Process Dataset. The experimental results show that the proposed network
achieves the best performance at 93.8% mAP@0.5 and proves superiority over other methods
under the same experimental conditions.

Keywords: Convolution Block Attention Module (CBAM), convolutional neural network
(CNN), fruit classification systems, fruit ripeness detection, YOLOVS.

TOM TAT: Viéc ung dung tri tué nhan tao, ddc biét la Thi giac may tinh trong néng nghiép
théng minh da tré nén pho bién. Stc lao djng ctia con ngudi ciing diroe giai phong mét phan nao,
san liwong nong san ciing diege ndng cao ca vé sé lrgng va chat heong. Phan loai trdi cdy la khdu hét
sike quan trong va la khdu cudi cimg trong chudi san xudt va ché bién nong san. Bai bdo nay tp
trung vao viéc cdi thién kién triic YOLOvSn bdng cdch thay thé cdc phép todan tich chdp bang mét
mé-dun tich chdp mdi goi la mé-dun Receptive Field Convolution Block Attention Module dé phct
hién do chin cua trdi cay. Mo-dun nay tan dung nhirng uu diém ciia co ché tich chdp nhom va mo-
dun Convolution Block Attention Module d@é nédng cao kha ndng trich xudt déic trung. Cdc thi
nghiém dwoc hudn luyén va danh gid trén tdp div liéu Fruit Ripening Process. Két qua thi nghiém
cho thcfy rc%ng, mang dwoc dé xuat dat hiéu sudt tot nhat & mire 93,8% mAP@0.5 va thé hién tinh vu
viét hon so véi cde phwong phép khdc trong cing diéu kién thir nghiém.

Tir khod: CBAM, mang no-ron tich chdp, hé thong phdn logi trdi cdy, phdt hién trdi cdy chin,
YOLOvS.

1.PATVANDE ¢6 thé thay ddi theo tirng nam tiy thudc vao

Theo théng ké ctia T chic Luong  diéu kién ty nhién [1]. Trong dé, cac nudc
thyc va Nong nghiép cua Lién hgp qudc  san xuit hang dau 1a Trung Qudc, Hoa Ky,
(FAO) nam 2021, san luong trai ciy Thé  An Do, Mexico, ... Vi san lugng hang nam
gi6i dat khoang 910 triéu tin va con sdnay  16n nhu vay, viéc phan loai va déng goi
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tredc khi dua ra thi truong doi hoi phai
nhanh chong va chinh xéc. Nhitng cong
viéc nay rat can thiét dé dam bao chét luong
tt nhét cua trai cay. Tuy nhién, viéc phan
loai trai cdy véi cac chung loai va mirc do
chin khac nhau khong phéi 1a mdt nhiém vu
dé dang vi sy twong ddng vé mau sic, hinh
dang va kich thudc [2]. Thong thuong, giai
doan nay s€ dugc thuc hién boi mdt nhom
chuyén gia hoac nguoi da dugce dao tao, véi
cac yéu tb chinh dé danh gia 1a mau sic va
chét lugng ctia san pham trai cay. Viéc kiém
tra thi cong thuong phét sinh nhiéu sai s6
tuy thugc vao kinh nghiém va danh gia ctua
mdi ca nhan. Do dé, chit lugng phan loai
khong dugc dong déu nhu mong doi. Gan
day, nhiéu nha nghién ctru d3 tap trung vao
linh vuc nong nghiép va dua ra nhidu giai
phap va irng dung khac nhau cho viéc phat
hién va phan loai trai cay. Céc k¥ thudt nay
nhim muyc dich giai quyét mot phan nhiing
thach thie phuc tap nhu tinh da dang, su
khong ddng déu va sy khong nhit quan vé
hinh dang, mau sic va két cdu [3]. Noi bat
trong s6 d6 1a cac phuong phap dua trén Thi
gidc may tinh (Computer Vision). Céc
phuong phép nay tan dung cac thudt toan
hoc may, dac biét la Mang No-ron tich chédp
(Convolutional Neural Network - CNN),
dé phan biét cac dac diém vén c6 cua trai
cay. Theo xu hudng d6, bai bao nay dé xuat
mot k¥ thuat dé cai thién kién trac mang
YOLOv8n (Phién ban nhd gon -nano
version) cho phan loai d§ chin cua tréi cay
bang cach phan tich can than kién trac
mang ban dau va thay thé hoan toan cac

phép tich chap tiéu chuan bing cac mo-dun
tich chap Receptive Field Convolution
Block Attention Module Convolution
(RFCBAMConv) bén trong cac md-dun
Xuong sdng (Backbone) va Co (Neck).

Vi su két hop cua cac kién trtc nho
gon, co ché chu y CBAM (Convolution
Block Attention Module) va tbi wu hoa do
phtic tap tinh toan, mang duoc dé xudt co
d6 chinh xac cao va c6 tiém ning dugc
trién khai trong céc thiét bj tinh toan thap
cho cac hé théng phan loai d¢ chin ty dong
cuatraicay.

Bai bao cung cdp mot sb dong gop
chinh nhu sau:

1 - Dé xuat mot bo phat hién do chin
cla trai cdy hiéu qua dua trén kién trac
YOLOVS8n cho céc hé thong phan loai trai
cay tu dong.

2 - Phuong phap d& xuét dat hiéu suat
t6t hon so v6i cac phuong phap khac trén
tap dit liéu Fruit Ripening Process.

Phén con lai ctia bai bao dugc sdp xép
nhu sau: phan 2 trinh bay phuong phap dé
xuat dé cai tién hé théng mang hoc sdu
YOLOV8n cho phat hién do chin cua trai
cay. Phan 3 phan tich va danh gid cac két
qua thuc nghiém. Phan 4 két luan van dé va
huéng phat trién trong tuong lai.
2.PHUONG PHAPDE XUAT

Tong quan vé mang ludi phat hién do
chin cua trai cdy duoc mé ta chi tiét nhu
trong Hinh 1. Pay 14 kién trac YOLOVS cai
tién, bao gdm ba mo-dun: Xuong sdng
(Backbone), C6 (Neck) va Pau phat hién
(Detection head).
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Hinh 1. Téng quan vé mang phat hién do chin cia trai cay duoc dé xuat

2.1.Kién tric mang dé xuét

Bai bao nay phan tich va danh gia k¥
ludng timg thanh phan trong kién tric
YOLOVS ban dau [4]. Tt nhitng két qua
phéan tich d6, nghién ctru tap trung vao viéc
tinh chinh mot s6 khéi trong cac mo-dun
Backbone va Neck. Cu thé, khdi Cross
Stage Partial Bottleneck v6i hai phép tich
chap (C2f) duogc tai st dung, khdi Spatial
Pyramid Pooling Fast (SPPF) va Conv
dugc thay thé tuong mg biang Spatial
Pyramid Pooling (SPP) va khéi Receptive
Field Convolution Block Attention Module
Convolution (RFBAMConv) [5]. Chi tiét
kién tric cta cdc khéi Conv, C2f va SPP
duoc thé hién trong Hinh 2.
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Conv (b) .
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Hinh 2. Kién tric cta cic khéi Cross Stage
Partial Fast Bottleneck (C2f) (a), Conv (b)
va Spatial Pyramid Pooling (SPP) (c).
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2.1.1. Mé-dun xwong sdng (Backbone)
Mé-dun Backbone duge thiét ké
lai dya trén mot khéi Conv, tiép theo 1a
bdn khéi két hop gidng hét nhau, va két
thiic bang mot khdi SPP. Trong do, cac
khéi trung gian twong tu dugc xép tuin
tu voi mot s6 khéi C2f (véi s lan lap
lai 1a 3, 6, 6 va 3 1an) va mot khdi
RFCBAMConv. Hinh 3 thé hién kién
tric cia RFCBAMConv, 1a su két hop
gitta co ché mo-dun chit y RFCBAM va
mot mo-dun tich chap tidu chuén
(Conv2D). Bén canh d6, mo-dun chu y
kénh (CAM) duoc thay thé bang mo-
dun cht y Squeeze-and-Excitation (SE).
Mo-dun RFCBAMConv dugc thiét ké
dé giai quyét vn dé chia sé tham sd hat
nhan tich chdp va cai thién kha nang
trich xudt ddc trung cho phép toan tich
chap tiéu chuan. Khéi RECBAMConv
nay thuc hién cac phép tich chap nhom,
c6 thé tiét kiém mot lugng 16n tham $6.
Mat khéc, co ché chii y CBAM hudng
dan cho mang tim tip trung vao cac
thong tin quan trong trén mdi cip do
ban d6 dic trung. Gia st F €
RYW >*HXC 13 ban @6 dac trung dau vao
va F' € RW>XHXC 13 ban db dic trung

dau ra. Quy trinh van hanh cua

RFCBAMConv c6 thé duge md ta nhu sau:
F'= f3><3 (Fchannet X Fumain X
F, Spatial)a
trong d6 f3*3 1a phép toan tich chap
tiéu chuan voi hat nhan c6 kich thude
3%3. Fehann > Fmain va FSpatial lan luot

1a cac ban d6 dic trung dau ra cia cac
nhanh chu y theo kénh, chinh va khong

8

gian. Fepannets Fmain V8 Fspatiar duge
tinh theo cac cong thure sau:

F Channel

= o(FC (ReLU (FC(GAP (F )))),
F Main
= Reshape(BN (ReLU (f**3(F))),
F, Spatial
= o(f***([Avg(FM ), Max(FM)))),
GAP (Global
Pooling) 1a 16p gdp trung binh toan cuc.
FC (Fully Connected layer) 1a 16p két
nbi diy du. ReLU (Rectified Linear
Unit) 12 ham kich hoat don vi tuyén tinh
chinh lwu. Avg va Max lan luot 13 16p
gop trung binh (Avarage Pooling) va

trong  do, Avarage

gop toi da (Max Pooling). Phép toan [-]
mo ta 16p ghép ndi (Concatenation).
f1*1 biéu thi phép toan tich chap tiéu
chuan véi kich thudc hat nhan la 1 x 1.
Ky hi¢u ¢ 1a ham kich hoat Sigmoid. O
cudi mo-dun Backbone, bai bao nay sir
dung khdi SPP tir YOLOVS5 [6] dé thay thé
khdi SPFE. Kich thudc hat nhan cia céc
16p gop toi da thay d6i tir 3 x 3 dén 5 x 5 dé
dam bao cic tham sd mang hop 1y.
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Hinh 3. Kién trac mod-dun RFCBAMConv
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2.1.2. Mé-dun C6 (Neck)

Mo6-dun Neck tdn dung kién trac mang
Path Aggregation Network (PAN) nhu
trong mang YOLOVS va ciing thay thé toan
bo cac khdi Conv bing cac khoi
RFCBAMConv. Mé-dun nay ldy miu lai
céc ban d6 dac trung hién tai va téng hop
chung véi cac ban db dic trung cap thap
truéc d6 tir mo-dun Backbone bang céc
phép toan ghép ndi (Concatenation). Ba
ban db dic trung dau ra twong Gmg véi ba ty
1é cta d6i tuong (nho, trung binh va 16n)
duoc tao ra boi mod-dun Neck. Ba ban dd
ddc trung nay da dugc lam phong pht thém
thong tin quan trong va di qua mo-dun dau
phathién (Detection head).
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2.1.3. Mé-dun diu phat hién (Detection
head)

Mo6-dun déu phét hién ciing tai st dung
kién trc ctia ba ddu phat hién tir YOLOVS
gbc voi ky thuat tach roi dau (decouple
head) va neo tu do (Free-anchor). Cac ban
dd dic trung tr ddu ra ctia mo-dun Neck
dugc chuyén dén hai khoi, d6 1 su két hop
gitta khdi Conv va tich chap chuan dé hoi
quy hop gidi han (voi bdn toa do ciia hop: x,
y, h, w) va phan loai (s6 16p: ¢) trén ba ty 1
ctia d6i tuong. Khéi Conv duge mo ta trong
Hinh 2 (b). Khéi nay sir dung mét 16p tich
chap chuin 1x1 (Conv2D), mot Batch
Normalization (BN) va mdt ham kich hoat
ReLU. Cac khdi Conv chi dugc st dung
trong mo-dun dau phét hién ciia mang duoc
dé xuat. Bang 1 trinh bay chi tiét vé mo-dun
dau phat hién.

Bing 1. Chi tiét ciia mo-dun du phat hién

Heads Input Anchor Output Object
1 80 x 80 x 256 Free 80 x 80 x 4/80 x 80 x ¢ Small
2 40 x 40 x 512 Free 40 x 40 x 4/40 x 40 x ¢ Medium
3 20 x 20 x 512 Free 20 x 20 x 4/20 x 20 x ¢ Large

2.2. Ham ton thét (Loss funtion)
Mang duogc dé xuét sur dung ham
mat mat duoc dinh nghia nhu sau:

L = 2poxLpox + AprilprL

+ AClsLCls ’
trong d6, ton thit hdi quy hop gidi han
két hop Lgoy VOi Lpp, va ap dung tuong
ung ham Complete Intersection over
Union (CioU) va Distribution Focal
Loss (DFL). Tén thit phan loai L st
dung ham Binary Cross-Entropy dé tinh
todn. Agoy, Aprr, Va Acis 14 cac tham sb
can bang.

3. KET QUA THU NGHIEM
3.1. Chuén bij tap dir liéu (Dataset)
Céc thi nghiém tién hanh hudn
luyén va danh gia trén B dir li¢u Fruit
Ripening Process [7], dugc thu thédp tu
website Roboflow. Cac hinh anh dugc
chu thich bang nhan cap do ddi twong,
nghia 1a mdi trai cy (chubi) trong hinh
anh dugc cung cap mot hop gisi han va
duoc gan nhan muc d9 chin theo dinh
dang YOLO. B9 dir liéu nay bao gom
6,789 anh cac loai chudi véi cac mire do
chin khac nhau nhu fresh ripe, fresh
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unripe, overripe, ripe, rotten, unripe
duoc chon tir nhiéu nguén khac nhau.
B¢ dir li€u duoc chia thanh hai tdp con
v6i 5,264 anh dung dé huin luyén va
1,525 anh dung dé danh gia.
3.2. Cai dit thir nghiém

Mang dugc dé& xuit duoc viét
bing ngdn ngir 14p trinh Python va sir
dung Pytorch framework. Cac thi
nghiém dugc hudn luyén va danh gia
trén GPU GeForce GTX 1080T1 11GB.
Giai doan huén luyén ap dung phuong
phép t6i wu héa Stochastic Gradient
Descent (SGD). Téc d6 hoc (Learning
rate) ban dau duoc dit & mirc 10* va
két thic
momentum dugc dat & mic 0.937. Qua

6 muc 102 Tham s
trinh hudn luyén st dung 200 epochs
v6i kich mdi batch 1a 16. Cac tham s
can bﬁng duoc dat nhu sau: Agex=1.5,
Acis=0.5, va Appr=1.5. Dé cai thién tap
dir liéu huan luyén va tranh cic van dé
qué khép (Overfitting), mot s6 phuong
phap ting cuong dir li€u (nhu mosaic,
translate, scale va flip) dugc sir dung.
Trong giai doan suy ludn, cic tham sb
duoc thiét 1ap voi kich thude hinh anh
la 640 x 640 pixels, kich thudc batch 1a
16, ngudng confidence threshold = 0.5
va ngudng loU = 0.5. Thoi gian suy
luan dugc béo cao bang mili gidy (ms).
3.3. Két qua

Dbé danh gia hiéu suat clia mang
duogc dé& xuét, nghién ctru nay dao tao
lai tr dau cac kién trac nhd gon cla
YOLOvS va YOLOv8 (phién ban
nano). Mit khac, nghién ctru ciing tién
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hanh tuong ty vdi cac phién ban khac
nhau cua mang dugc dé xuat, tur phién
ban nho gon nhéat dén phién ban cuc 16n
(YOLOvV8s-RFCBAMConv,
YOLOv8m-RFCBAMConv, YOLOvSI-
RFCBAMConv va YOLOv8x-
RECBAMConv). Két qua 1i, mang
duoc dé xudt dat duoc 93.8%
mAP@0.5 va 70.3% mAP@0.5:0.95.
Tir két qua so sanh trong Bang 2, c6 thé
thiy ring mang duoc dé xuit vuot troi
hon hau hét cac mang so sanh. Cuy thé
hon, dbi véi bo dit liéu Ripening
Process, hiéu suit cua mang dugc dé
xudt tuong dwong voi YOLOVSI-
RFCBAMConv phién ban 16n (0.8%])
va tot hon YOLOv8s-RFCBAMConv
(0.4%?1). Trong khi dé, tham s6 mang
va va d¢ phtrc tap tinh toan (GFLOPs)
tuong dwong véi YOLOv8n va tée do
suy luén tuong duong voi YOLOv5Sn
(0.5 ms)).
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Bang 2. Két qua so sanh giita mang dé xuét va cac phuong phap
khéc trén tap dir liéu Ripening Process

Method Parameter | GFLOPs Weight mAP (%) Inf. (ms)
(MB) 0.5 | 0.5:0.95 '
YOLOvSn 1,769,329 42 38 916 641 1.4
YOLOv8n 3,006,428 8.1 62 | 928 699 0.6
YOLOvSs-
RECBAMCony 11,243,112 29.0 228 934 | 706 23
YOLOvV8m-
RFCBAMConv 34,109,656 86.1 68.1 93.1 70.6 4.1
YOLOvS8I-
RECBAMCony 76,910,856 192.9 1544 932 | 711 6.4
YOLOv8x-
RECBAMConv 120,087,934 301.0 240.8 | 93.1 70.8 9.4
Fhuong phip 3064472 83 | 64 |938| 703 | 19
dé xuat

Nhiing hiéu suét cao nay htra hen loaidd chin cua tréi cdy theo thoi gian thuc.
mang dé xut co thé duoc trién khai trén cac Mot s6 két qua dinh tinh trén hai tap dir liéu
thiét bi tinh toan thap cho cic hé thdng phan  duoc thé hién trong Hinh 4.

Hinh 4. Két qua dinh tinh ctia mang d¢ xuét trén tap dir liéu danh gia
cua bd dit liéu Fruit Ripening Process

11
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Két qua so sanh gitta mang dé xudt va
YOLOv8n dugc thé hién o trong Hinh 3.
Tir két qua truc quan héa nay, co thé thay
rang mang dé xuat c6 kha nang phat hién
vét thé tot hon trong cac tinh hudng bi che
khudt, mau sic tuong tu gitta cic muc do
chin va cac phan bi théi bén trong qua. Tuy
nhién, do mot s6 muc do chin cua qua cé
mau sic twong d6i gan nhau, viéc phat hién

Mang dé xuét

YOLOv8n

va phan biét chung van 1a mot thach thuc
16n. Ngoai ra, két qua phan loai con phy
thudc vao mot sb tac dong ctia moi trudng
nhu do chiéu sang, do phuc tap cua nén, vi
tri va goc cua vat thé,... Do d6, can phai
phat trién c4c bo phat hién vat thé manh mé
va tap dit liéu phong pht dé t6i uu hoa hiéu
sudt cta cac hé théng phan loai do chin tu
ddng cua trai cay.

Hinh 5. Két qua so sanh giita mang dé xuit va mang YOLOvS8n
trén tap dir liéu danh gia cua bo dir 1iéu Fruit Ripening Process

4.KETLUAN

Bai bdo nay d¢ xuat mot k§ thuat cai
tién kién traic YOLOvS8n dé phat hién do
chin ciia tréi cdy, hd tro cac hé thong phan
loai d6 chin tu dong cua trai cay trong céac
hé thdng ché bién nong san théng minh.
Phuong phap d& xuit bao gdm ba phan: mo-
dun xuong soéng (Backbone), mo-dun Co
(Neck) va mo-dun Dau phat hién
(Detection head). Cac mo-dun xwong sdng
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va mo-dun ¢ duoc thiét ké lai bang cach
thay thé cdc khdi Conv bang cic khdi
RFAConv, ngoai trir khéi Conv dau tién.
Bén canh d6, kh6i SPFF ciing duoc thay thé
bang khbi SPP voi cac kich thudce hat nhan
nho ctia 16p Max Pooling. Pau phat hién tan
dung v tuong tir kién tric ban dau trong
YOLOv8n. Mang dugc dé xuét dat duoc
mAP tot nhat & mirc 93,8% va tot hon so véi
mot s6 phuong phép hién nay. Viée toi uu



héa s6 lwong tham s6, dd phirc tap tinh toan,
thoi gian suy ludn va d6 chinh xac phat hién
hira hen n6 s& dugc trién khai trén cac hé
théng thoi gian thuc. Trong tuong lai,
nghién ciru nay s& cb ging trién khai thir
nghiém trén cac tap dir lidu tréi cdy 16n hon
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