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TOM TAT

Bai bdo nay gidi thiéu mot hé thong vision sir dung Al phuc vu cho ddy chuyén phdan logi tép
toi da tach vo dang lién tuc. Dua trén bo dir liéu hudn luyén da chuan bi, mé hinh phan loai duoc
hudn luyén bang cdach sir dung pre-trained model YOLOvS. Mé hinh phén logi dwoc dp dung 1én
mét hé thong phan loai dang bang tdi véi co cau phan logi sir dung dau phun khi nén. Két qud thuc
nghiém cho thd'y, hé théng dat dwoc do chinh xac cao trong viéc phdn loai duoc tép toi voi ba murc
chdt heong khdc nhau.

Tw khoa: Phdn loai nong san; Ky thudt AI; Hé thdng vision, Hoc sau, YOLOVS.
ABSTRACT

This paper introduces a vision system using Al for continuous classificating of peeled garlic.
Based on the prepared training dataset, the classification model is trained by using the pre-trained
model YOLOVS. The classification model is implemented to a conveyor type classification system
using pneumatic nozzles. Experimental results show that the system achieves high accuracy in
classifying garlics with three different quality levels.

Keywords: Classification; Al technology, Computer vision, Deep learning;, YOLOVS.

1. PAT VAN PE

Phan loai 1a quy trinh nhan dang va
nhoém nhitng ddi tugng vao nhitng danh muc
tuong tng. Phan loai san pham sau thu hoach
12 mot qua trinh quan trong trong san xuat, kinh
doanh céc loai san pham néng san, thuy san.
Céc san pham nong san c6 pham chat cao hon
s€ ¢ gia tri 1on hon khi thuong mai hod. Nguoc
lai, san phim nong san c6 pham chét kém s& c6
gia tri rat thap, tham chi khong thé ban duoc.

Néu c6 cac san pham kém chét luong trong 16
san pham cép cao thi gia trj 16 hang sé& bi giam
di rat nhiéu. Do do, viéc phan loai chét luong
san pham déng vai tro quan trong trong cong
doan dong goi va thanh pham, dic biét 1a xuét
khau, nhit 13 cac thi truong c6 yéu ciu cao vé
mat chét luong nhu My, EU, Nhat Ban... Mac
du tdm quan trong cua viéc phan loai nong san
13 vy, ¢ nudc ta, cong doan nay chu yéu chi
duoc thuc hi¢n thua cong bdi cac cong nhan.
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Trong thoi dai ngay nay, sy phat trién
cua k¥ thuat tri tu¢ nhan tao (Al) va thi giac
may tinh (computer vision) dang m¢ ra nhitng
co hoi méi cho viée tu dong hoa hoan toan cac
hé théng phén loai san pham. Hossain va cac
cong su [1] da nghién clru tng dung hai loai mo
hinh CNN (mét m6 hinh CNN nho va mdt mé
hinh fine-tuned VGG-16) dé phan loai trai cay.
Két qua cho thdy, cac md hinh phan loai duoc
phat trién dat hiéu qua cao. Mot ) nghién ctru
khac vé tmg dung hoc siu trong phén loai san
pham ciing duoc gidi thidu trong tai liéu tham
khao [2-5]. Bén canh cac nghién ctru trén, cac
hé thong phén loai san pham tng dung k¥ thuat
Al ciing dugc phat trién. Hinh 1 minh hoa mot
hé théng phén loai chanh ctia Tap doan Unitec.
Hau hét cac hé thong phén loai st dung k¥ thuat
Al déu dya trén nguyén tic dung camera dé thu
hinh anh cta san pham, sau d6 sir dung cac giai
thuat dé phan loai rdi xuét tin hiéu cho co cdu
chap hanh.

F l'll .- ...-" 'y k-
Hinh 1. May phan logi chanh cua Tap doan Unitec
(Mp) (https://en.unitec-group.com/fruit-vegetables-
technology/lemon-processing-sorting-grading-

machines/)

O Viét Nam, t6i 1a mot loai nong san
duoc st dung rat phd bién trong viéc san xuét
gia vi, dugc li€u. Toéi sau khi duge thu hoach
s€ dugc boc vo va chia thanh ting tép toi. Tép
td1 sau d6 dugc phan loai dya theo phém chét
dé dong goi dua vao cac dia diém ban 1& hodc
dua dén cac nha may dé lam nguyén liéu cho
qua trinh san xuét gia vi. Céng doan phan loai

t61 hién nay van chu yéu dya vao sirc nguoi nén
hiéu qua twong dbi kém. Trong nghién ciru nay,
nhom tc gia trinh bay mot hé thong vision sir
dung Al phuc vu cho day chuyén phan loai tép
t61 da tach vo dang lién tuc. Hé thong nay hira
hen sé& thay thé lao dong thu cong, nang cao
hiéu qua va ning suat phan loai toi.

2. NOI DUNG NGHIEN CUU
2.1. K§ thuit AI trong phan loai sin phim

Phan loai st dung k¥ thuat Al la xay
dung mét mo hinh Al dya trén nhitng bo dir
liéu duoc thu thap sin, mo hinh Al nay sé& sir
dung nhiéu thuét toan dé nhan biét va phan loai
cac bo dir liéu trong tuong lai thanh cac danh
muc tuong Ung va c¢o lién quan. Quy trinh xay
dung mo6 hinh phan loai dugc mo ta nhu sau:

(i) Chuén bi bd dir liéu dé huan luyén
cho mo hinh phan loai: Chup anh ciia cic mau
vat; tién xir 1y anh va gan nhan (labelling); 1am
giau dir liéu (data augmentation).

(ii) Hudn luyén m6 hinh phan loai dwa
trén tap dit liéu da chuan bi, sau d6 thur nghi¢m,
danh gia va dua ra nhan xét vé mo hinh.

Mo hinh dwgc huan luyén c6 kha ning
nhan dang hinh anh ctia mot mau vat (khong c6
trong tap dir liéu ding dé huan luyén) va dua
ra thong tin vé vi tri ddi twong trén mit phang
cling nhu nhan phan loai cua ching. Nhirng
thong tin trén dugc xtr 1y va dung dé diéu khién
co cau phan loai.

2.2. Ung dung k§y thuat AI trong hé thong
phan loai tép téi

Trong nghién cru nay, mot md hinh

phan loai t0i tng dung hé thdng thi gidc may &
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tinh va k¥ thuat Al dugc phat trién. Cac budc
de phat trién mo hinh dugc mo ta nhu sau:

Thu thap dir ligu: Dir liéu vé cac tép
toi (hinh anh) duoc thu thap bang cach sir dung
mot camera Basler voi khau do, tidu cu, do sang
c¢b dinh dé chup anh miu vat. Chat luong cua
toi dugc danh gia dua trén dac diém bén ngoai
cta chung, dugc chia 1am 3 nhom: Good1 (tét),
g0od2 (binh thudng), bad (xau), nhu trong hinh 2.

Tién xir 1y dir liéu va gan nhin di ligu:
Sau khi thu thdp mot s hinh anh (khoang 500
hinh cho ca 3 loai toi, s6 lugng cho mdi loai
xap xi nhau), viéc tach timg mau (instance) toi
ra khoi hinh chup chung nhiéu miu téi duoc
thyc hién. Qua trinh tach timg mau va xay dung
bounding box cho vat thé dugc thuc hién theo
quy trinh minh hoa trong hinh 3. Sau khi xac
dinh dugc bounding box, nhan dugc gan cho
tirng mau vt (good1, good2, bad) dua theo dic
tinh bén ngoai cua chung. bén day, bo dir liéu
tho da duoc hoan thanh.

Good2 Bad

Goodl

Hinh 2. Tép toi duwoc phan thanh 3 nhom: Goodl
(tot), good?2 (binh thwong), bad (xdu)

e u!
LAY LY LAY LS

4

a) b) c) d)
Hinh 3. Qud trinh tach timg mau va xdy dung
bounding box cho vit thé: (a) Chuyén anh goc qua
hé mau HSV, sau dé chuyén thanh anh xam va dp
dung bo loc Gaussian Blur; (b) Sur dung Binary
Thresholding va giai thudt OTSU; (c) Xdc dinh
canh (Edge Detection); (d) Xac dinh Bounding Box.

Lam giau dir liéu: Lam giau dir lidu
(data augmentation) 1a k¥ thuat duoc st dung dé
m¢ rong kich thudc cua tap dir licu huén luyén
bang cach tao thém dir lidu da duoc stra doi tir
tap dit liéu ban dau [6]. N6 giup khic phuc van
dé “khong du dir lidu”, tranh overfitting va gitip
cho md hinh hoat dong tot hon véi dit liéu da
dang hon. Dir lidu thd duoc lam giau bang cach
sit dung cac phuong phap sau: Quay, lat ngau
nhién, ting giam do sang ngau nhién, lam mo
(Gaussian Blur), va 1am nhiéu hat (Gaussian
Noise).

Dt li¢u sau khi dugc lam giau s€ dugc
chia thanh 3 tap dir liéu: Dit liéu hudn luyén
(train data), dir li€u danh gia (valid data), dir li¢u
kiém tra (test data) theo ti 1& 70/15/15.

Huin luyén va dianh gia mé hinh:
Nghién ctu nay st dung fine-tuned transfer
learning, tinh chinh trén mo6 hinh YOLOVS5 duoc
dao tao trén tap dir licu MS-COCO. Véi bo dir
liéu huan luyén (train data) da chudn bi, cung
v6i Pre-Trained model YOLOVS (chira cac Pre-
Trained weights), chiing ta tién hanh huan luyén
mo hinh trén Google Colab. Viéc ndy nhim nang
cao hiéu suét, tir d6 giam thoi gian huan luyén
mo hinh. Sau khi hudn luyén mé hinh s& cho két
qua la mot trained-weight file va cac thong sb st
dung dé danh gi4 mo hinh. File nay s& sir dung
cho qua trinh phan loai va dinh vi [7].

Mo hinh dugc hudn luyén dugc danh gia
thong qua cac gia tri Precision, Recall, mAPO0.5,
mAP0.95 va Normalized Confusion Matrix
(Hinh 4). Két qua cho thay, két qua dy doan
cho loai “good1” va “bad” rat tot, co sai s6t nho
trong viéc phan loai “good2”.

Tién hanh du doén véi md hinh vira
training duoc bang cach su dung céc hinh anh
trong tap test (cac hinh anh trong tap dir liéu nay
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4
Ax)?

md hinh chua bao gio dugc “thay” hay “hoc”
qua). Két qua dy doan dugc minh hoa trong
Hinh 5. M6 hinh du doan chinh xac véi do
tin cay cao (> 90%). Tuy nhién, mo hinh van
c6 su nham 14n gitra “good2” vé&i “good1” va
“000d2” v6i “bad”. C6 thé thiy, & Hinh 5a, md
hinh nhan dién nhdm & mot s6 mau vat do mat
dd toi trong hinh cao. Hinh 5b véi mat do toi
thip cho két qua t6t hon.

Tién hanh thyc nghiém du doan vai tép
toi trong thyc té: Liy 60 mau toi (30 good1, 15
good2 va 15 bad), cho tép toi chay trén bang
tai, chup anh va xi 1y truc tiép véi model. Két
qua thuc nghiém thé hién & Hinh 6 va Bang 1
cho thdy mé hinh duoc huén luyén c6 d chinh
Xac cao.

]

b

fa]

w

o

o

bad goodl good2
TRUE

Class Labels P " mAPE. 5 mAP@.51.95:
all 46 @.989 1 0.99% @.746
bad 22 0.988 1 0.99% 0.785
goodl 18 9.979 1 0.995% 9.692
goodi 6 1 1 0.99% 0,76

Hinh 4. M6 hinh dwoc hudn luyén dwoc danh gia
thong qua cac gia tri Precision, Recall, mAPO0.5,
mAPO0.95 va Normalized Confusion Matrix.

Hinh 5. Két qua kiém tra mé hinh phan logi dwoc
hudn luyén théng qua anh tinh

Hinh 6. Két qud kiém tra mé hinh phan logi véi t6i
di chuyén trén bang tdi

Bdng 1. Két qua thuc nghiém kiém tra mé hinh

Lan thife | o« o |TiI& good1/tdng Ti I& good2/ tng | Ti |

nghiémuc SO g mau | goodt) |(mdu good2) (rrﬁub::é;&ng
1 60tép  |96.7% (29/30) |96.7% (15/15) | 100% (16/15)
2 60tép  |100% (31/30) |86.7% (13/15) | 100% (16/15)
3 60tép | 100% (30/30) |86.7% (13/15) | 100% (17/15)
4 60tép  |96.7% (29/30) |86.7% (14/15) | 100% (17/15)
5 60tép  |100% (30/30) |96.7% (14/15) | 100% (16/15)
6 60tép  |100% (30/30) |86.7% (13/15) |100% (17/15)
7 60tép  |100% (31/30) |80% (12/15) | 100% (17/15)

3. KET QUA VA THAO LUAN
3.1. May phan loai téi dwoc phat trién

Hinh 7 minh hoa may phan loai tép toi
su dung k¥ thuat Al Toi dugc cﬁp lidu tir co cAu
cép liéu dang phéu rung. Sau khi duoc dua 1én
bang tai, toi di qua khu vuc hé thdng camera.
Anh cua toi duge chup bdi camera, sau do duoc
dua vao mo hinh d huin luyén. M6 hinh dy
doan dua gié tri vé vi tri bounding box va nhan
phan loai cua tép toi vao vi diéu khién (Hinh 6).
Dua trén két qua phén loai, vi diéu khién s& dong
ngit cac voi phun khi nén ¢ khu vic co cdu phan
loai diing thoi diém va dé day t6i xudng thing
phan loai.
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Bdng 2. Két qua thue nghiém

bl (30 miu)
s DI
0 0757

2 2 0sn

2 0957
25 0306
7 0an
m osn
2 0987
1 0846
24 0887
0,724

0,742

0,585

0375

0,955

0778

0518

Til§ B lch chuin

0,233
0,033
0233
0,033
0,033
0,067
0,233
0,133
0,067
0,033
0,033
0,133

02
0,267

0

52

1e2 (30 mlu)
[

Tilk B lich chuin

0,706

o
0,067
0,067
0,067
0,133
0,033
0,167
0,067
[]
[]
[
0033
01
0233
02
0,033

xdu (30 miu)
S0 + DO
3
0
5
3
25
3
a4
3
n
3
9
5
L]
45
39
n

thanh cong mo hinh hoc sau vao trong cong
viéc phan loai chat lugng nong san. Quy trinh
huan luyén mé hinh duogc trinh bay chi tiét. Két
qua thyc nghiém da cho thdy mé hinh phan loai
dugc huan luyén thanh cong trong viéc phan
loai toi voi 3 mirc chat luong khac nhau. Hé
thong phan loai duoc phat trién cho két qua voi
d6 chinh x4c cao va ning sudt phan loai dat

41
a1
43
44
a5
44
47

[
3
5
1
4
4
&
8
3
3
[
&
]
6
1 0952 03 1 1% 0947 0,367 50

0774 0,033 10 19 0,655 0033 30
0923 0,133 3 19 0864 0267 2

1
3
3
1
1
1
2
% 0306 0033 [ 2 07se 0,067 3
20
4
4
0,794 0,133 1 18 0547 0367 n
1

] 2 0508 0,133 2 3 092 0,167 ¥
] 2 0515 0, 21 72 0033 !
as 4 n 03546 0,133 3 4 0889 01 n
50 1 26 0,963 o1 5 21 0808 0,133 37
Trung bink cing ti 1§ 0539 o1l 0777 018

3.2. Két qua thue nghiém

Thuc nghiém co cdu phan loai véi 90
mau (30 good1, 30 good2, 30 bad). Két qua thu
duoc sau 50 1an tién hanh thuc nghi¢m duogc
hién thi trong bang 2. Ti 1€ chinh xéc cua loai
“good1” dat khoang 83,9 + 11%, trong khi do,
ti 1¢ chinh xac cua loai “good2” dat khoang
77,7 + 11,8%. Ti 1¢ phan loai dung twong ddi
cao, thé hién cho viéc model deep learning hoat
dong kha hi¢u qua trong bai toan phan loai nay.

3.3. Théo ludn

Két qua thuc nghiém cho thdy, may
phan loai té1 va mo hinh phan loai hoat dong
tdt, ti 18 phan loai chinh xac cao. Tuy nhién, hé
théng van con sai sot trong viéc phan loai mau:
(i) Sai s6 dén tir viéc toi bi che ldp, camera chi
¢6 thé chup mot mat cua tép toi, do d6 cac mau
c6 mit bi bénh ndm ¢ dudi s& bi sai sot trong
qua trinh phan loai; (ii) Sai s6 do c6 sy nhdm
lan trong viéc phan loai giita mau “goodl”
va “good2”, ciing nhu giita mau “good2” va
“bad”; (iii) Sai s6 boi do hé théng co khi.

4. KET LUAN

Bai bdo nay da nghién ctru va ap dung

khoang 32 kg/h. <
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