Nghién ciru
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Tém tit
Hien nay, tri tu¢ nhdn tgo va hoc may dang ngay cang phat trién va duwoc iing
dung rong rai trong nhiéu linh vuc trong doi song. Tri tu¢ nhan tqo c6 kha nang xir Iy
dir lieu khong 16, hoc héi tir dir liéu va dwa ra quyet dinh mot cach tw dong. Trong qua
trinh nghién ciru, nhém da vmg dung nhdn dién ca chua bang thi gidc may tinh thong
qua thudt toan YOLOv7. Tu do danh gia, phan tich dva trén dir liéu ca chua thu thdp
dwoc. M6 hinh nhan dién qua ca chua da dat dwoc do chinh xac 93,3 % doi véi qua
binh thuong va dat 89,1 % véi qua hong trén tdp div liéu thir nghiém. Tir két qud nghién
ctbu ¢6 thé phan loai dwoc ca chua mot cach chinh xac nhat nham tang san luong, chat
lieong san pham trong linh viee néng nghiép Viét Nam.
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Abstract
YOLOv7: A deep learning approach for tomato classification

Artificial intelligence and machine learning are expanding and being used
extensively in many facets of life these days. Large-scale data processing, data-driven
learning, and automated decision-making are all possible with artificial intelligence.
The tomato recognition model achieved an accuracy of 93.3 % for normal tomatoes
and 89.1 % for damaged tomatoes on the test dataset. Throughout the investigation,
the group used the YOLOv7 algorithm for computer-visual tomato recognition. This
allowed for evaluation and analysis based on the data gathered on tomatoes. To boost
output and improve product quality in Vietnam's agricultural sector, the research’s
findings can be used to classify tomatoes in the most precise manner.
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giai doan (Single-shot object detection)
va phat hién hai giai doan (Two-shot
object detection). YOLO la mo hinh phat
hién, phan loai ddi tuong tién tién va hién
dai duogc biét dén v4i d6 chinh xac cao

1. Gi6i thiéu
Phét hién d6i tugng theo thoi gian
thuc 1a mot chu dé rat quan trong trong thi

giac may tinh, vi n6 thuong 1a mot thanh
phan can thiét trong hé thong thi gidc may
tinh. Vi du: Theo doi da dbi tuong, 1ai xe
tu dong, robot, phan tich hinh anh y té,...
Thuét toan phat hién dbi tuong duoc chia
thanh hai loai chinh nhu phat hi¢n mdt
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va tdc d6 nhanh. Viéc ung dung YOLOv7
trong nhan dang ca chua la mét y tuong
m&i mé trong thoi dai phét trién cua tri tué
nhan tao (Al).

C6 nhiéu giai thuat ung dung
trong nhan dang nhu HOG (Histogram
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of Oriented Gradients), SIFT (Scale-
Invariant Feature Transform), CNN
(Convolutional ~ Neural = Networks),
R-CNN (Region based Convolutional
Neural Networks), SVM (Support Vector
Machine). Sy ra doi cua YOLO véi phién
ban méi clia minh 12 YOLOV7, c6 nhiéu
cai tién so véi cac phién ban ra doi trudc
d6. Mot trong nhitng cai tién quan trong
trong YOLOV7 1a vi¢c ap dung ham loss
moi goi la “focal loss”. Cac phién ban
trudc cia YOLO st dung cross-entropy
va loss function duoc biét 1a khong chinh
xéc trong cac dbi twong nho va qua nho
[1]. Dé giai quyét van dé nay “focal loss”
d3 giam trong s6 mat mat va tip trung vao
cac d6i tugng kho phat hién. YOLOv7
st dung cu thé 13 9 anchor box, cho phép
YOLO phat hién hinh dang va kich thudce,
pham vi ddi tuong rong so véi cac phién
ban di trudc cua minh, tor d6 tang tinh
chinh x4ac va hiéu xuit ciia mé hinh [2].
Nghién ctru nay nham tim hiéu, t6i
wu va cai tién thudt toan YOLOv7 bang
cach su dung tap dir li¢u ca chua, cai tién
kién trac mang no-ron va t6i wu hoa thuét
toan huin luyén dé nang cao kha ning
nhan dang va dinh vi ca chua trong anh.
Nhom tac gia tién hanh phan tich chi tiét
céc thanh phan quan trong ctia thuat toan,
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Nghién ciru

xay dung va st dung mdt tap dir li¢u da
dang va dai dién chra anh ca chua tu
nhiéu ngudn khac nhau dé dam bao tinh
dang tin cdy va hi¢u qua cua thuat toan.
Két qua cua nghién ciru nay s& dong gop
vao vi¢c cai thién qua trinh nhan dang ca
chua, giup ting cudng ning suit va chat
luong trong nganh nong nghiép, dong thoi
mang lai 1oi ich thiét thuc cho ngudi nong
dan va nganh cong, nong nghiép.

2. Co s6' 1y lugn

You Only Look Once hay con goi
tit 12 YOLO. YOLO thudc vé Object
Detection trong linh vec Computer Vision
va 1a mé hinh ¢6 nhiing wu diém khién nd
tro thanh mot phuong phap rat hiéu qua
trong nhirng bai toan nhan dién dbi tuong
(object detection). Thuat toan Object
Detecttion dugc chia lam 2 nhom chinh:
Céac md hinh RCNN, mé hinh vé YOLO.
M0 hinh dugc thiét ké d€ nhan dién cac
vét thé real-time.

YOLO Iamo hinh mang CNN st dung
dé phat hién, phan loai ddi twong. YOLO
1a sy két hop giita cac convolutional layers
va connected layers. Cac convolutional
layers sir dung dé 14y ra feature cta anh,
full-connected layers du doan xac suit va
toa do cua cac doi tuong.
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Hinh 1: M6 hinh YOLO
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Cdch mo hinh YOLO hoat dong:

M0 hinh du vao 1a anh va nhan dang anh d6 c6 nhimg dbi trong nao, xac dinh
toa do cta cac d6i tuong do. Anh du vao c6 thé 1a 3 x 3, 7 x 7 viéc chia 6 nhu nay anh
huong to1 viéc nhan dang doi tuong cua mo hinh YOLO nhu sau:

Final detections

Class probability map

Hinh 2: Phwong phdp nhdn dién vit thé ciia YOLO

Input 14 1 anh truyén vao, Output cia
m6 hinh 12 mot ma tran 3 chiéu véi kich
thudc nhu sau: S x S x (5 x N + M) va
tham s6 mdi 6 c6 sb lugng (5 x N + M).
Trong d6, N 1a s6 luong Box va M Class
6 can phai du doan. Véi vi dy trén hinh
anh chia thanh 6 7 x 7, mdi 6 can mé hinh
du doan gém 2 bounding box, 3 objects:
Dog, car, bike. Vay ddurala7 x 7 x 13,
c6 nghia 1a c¢6 13 tham sb cho mdi 6,
chung ta c6 két qua la: (7 x 7 x 2 = 98)
bounding box.

Bounding box gdm 5 thanh phan nhu
sau: (X, y, w, h, prediction). Trong d6, x va
y la toa dg gia tr1 am cua bounding box,
con w va h 1a chiéu rong va chiéu cao
bounding box, prediction la Pr (Object).

2.1. Nhitng kién thirc co béin

Bag-of-freebies 1 1an dau tién xuét
hién va phat trién trong YOLOv4. BoF

bao gdm cac ky thuit Augmentations,
ham loss, label smoothing,... dugc thém
vao trong dao tao c6 thé tang d6 chinh xac
ma khong tang thoi gian xu ly.

Re-parameterization 1an dau duoc st
dung & phién ban YOLOVS, n6 thuc hién
viéc hop nhét 16p Convolution (Conv) va
16p BatchNorm (BN) vao lam mét 16p, khién
viéc inference dién ra nhanh hon (tir 2 layers
la Conv va BN sinh ra Conv). Qua trinh hop
nhat dién ra trong inference, con training
model thi van hoat dong binh thuong, c6 2
16p riéng biét do la Conv va BN.

Khuéch dai ¢6 model 1a mot phuong
phap quan trong dé ting hiéu ning cia
model. Bing cach st dung k¥ thuat tang
chiéu tong hop ba chiéu ctia mang no-
ron (chiéu sdu, chiéu rong va chiéu do
phan giai cua anh dau vao), model ting
chiéu da duoc phan tich 1an dau tién trong
EfficientNet.
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Dé khuéch dai do 16n ciia model,
dat hiéu nang tdt hon ta sir dung Model
scaling. Model scaling dugc phan tich ki
lan dau tién trong EfficientNet sir dung k¥

Nghién ciru

thuat scale cd 3 chiéu cia mang no-ron
la chiéu rong va chiéu sau, chiéu d¢ phan
giai cua anh dau vao.
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Hinh 3: Ki thudt compound scaling ciia EficientNet

Trong YOLO, Implicit knowledge
(kién thuc tiém an) duoc gi6i thidu va ap
dung. Vi dy, con nguodi co thé hiéu biét
mot sy vat hay hién tuong béng cach trai
nghiém truc tiép va rat kinh nghiém tur
nhing trai nghiém d6. YOLO mudn dua
kién thic gian tiép vao mang no-ron.
Trong mang no-ron, kién thirc gian tiép la
kién thirc ma model hoc duoc théng qua

..................................

su tiép xtic voi cac input, trong khi kién
thirc gian tiép 1a kién thirc ma model s&
tu rat ra trong qua trinh dao tao, doc lap
véi céac input. YOLO da dua ra 3 phuong
phap dé trinh bay kién thirc implicit. Tuy
nhién, phuong phap don gian nhat, dudi
dang vector, dugc YOLO str dung va dat

duoc hi¢u qua 6n dinh.

Explicit Knowledge

Discriminator

m —U'-. Output

Implicit Knowledge

Hinh 4: Implicit Knowledge trong YOLO

2.2. Kién triic mang ciia YOLOv7

Ciing nhu cac phién ban tién nhiém
ctia YOLO, YOLOV7 ¢6 kién trac 3 phan:
Backbone, Neck va Head

a. Backbone

YOLOV7 stt dung backbone [a ELAN
(Eficient Layer Aggregation Network).
Mot ELAN block gom 3 phan chinh:
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Nghién ciru

Cross Stage Partial, Computation Block
va phép PointWiseConv. Thiét ké cua
ELAN Block c6 sy ké thira tir hai nghién
cuu trudc do la CSPNet va VoVNet |3,
4]. Y tuéng vé CSP hoa mot block 1a viée
tao thém mot nhanh “cross stage partial”
d3 xuét hién tir phién ban YOLOv4. Cac
16p Conv nam trong block Computation
Block tinh toan va thong qua cac 3 x 3
Conv sinh ra tinh ning méi. Sau do, tong
hop cac feature map lai ¢ cubi va sir

dung todn tir concatenate nhu VoVNet
trén chiéu channel, tiép theo dua qua
PointWiseConv (1 x 1 Conv). Cac ELAN
Block dugc két ndi v6i nhau théng qua
cac Transition Block 1a mot 1an giam 2
kich co cua feature maps. Input anh s¢ di
qua Stem Block truéc khi tién vao ELAN
Block dau tién trong backbone. Vi viy,
mot backbone hoan chinh cua YOLOv7
s€ la tap hop cua cac ELAN Block va cac
Transition block.
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Hinh 5: Backbone ciia YOLOv7
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b. Neck

Spatial Pyramid Pooling (SPP) 1a mot
16p trong mang no-ron tich chap (CNN)
gitip loai b yéu cau vé anh dau vao c6
kich thudc ¢ dinh. SPP duoc thém vao
phia trén 16p chap cudi cung, thyc hién
tich chap cac dac trung va tao ra cac dau
ra ¢ do dai cb dinh. SPP giai quyét van dé

vé kich thudc dau vao cb dinh ma khong
lam giam hiéu suat téng thé cia mo hinh.
SPP duy tri thong tin khong gian trong cac
vung khong gian cuc bd, voi mat sb luong
va kich thude ving ¢d dinh. Trong mdi
ving khong gian, cac phan hoi cia timg
bd loc dugc pooling. SPP cho phép anh

dau vao co kich thude bat ky, diéu nay
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cho phép ty 1€ khung hinh va ty I¢ anh tuy
y. SPP dugc sur dung trong viéc nhan dang
d6i tuong.

CSPSPP (Cross Stage Partial Spatial
Pyramid Pooling) 1a phién ban SPP duoc
su dung trong YOLOvV7. Viéc st dung
CSPSPP nhiam xt 1y anh c6 kich thudc
khac nhau ma khéng can thay doi kich
thude trude, didu nay rit quan trong cho
cac tmg dung thue té, noi anh dau vao c6

Nghién ciru

thé dén tir nhiéu ngudn khac nhau. Bén
canh d6, SPP con c6 thé ndm bét cac dic
trung ¢ nhiéu ty 1& khac nhau dong thoi
bao toan vi tri cia chung trong anh, vi¢c
nay ho tro rat 16m cho viée phat hién dbi
tugng. So v6i SPP tiéu chuan, CSPSPP
giam sd lugng phép tinh can thiét, tir 46
gitp mo hinh hoat dong hi€éu qua hon.
Mat khac viéc sit dung CSPSPP lam tang
d6 phuc tap ciia mang so vdi cac phuong
phép pooling don gian hon.
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Hinh 6: Neck cia YOLOv7

c. Head

O phién ban nay, head ctia YOLOv7
khong c6 nang cap gi mdi, van giir nguyén
viéc st dung YOLO va auxiliary head
nhu cac phién ban tién nhiém cta dong ho
YOLO. Cau trac cua head trong YOLOV7
gom 3 16p mang no-ron hoan toan két ndi
(fully-connected layers). Lop thir nhat d6
1a dy doan cac 6 ludi (grid cells) chira ddi

tugng. YOLOvV7 chia anh dau vao thanh
mot ludi cac 6 vudng va 16p nay du doan
xem c6 dbi twong nao nam trong mdi 6
luoi hay khong. Lép thir hai 1a du doén
cac bounding box cho cac ddi tuong.
Néu 16p th nhat dy doan mot 6 ludi
chtra dbi tuong, 16p thir hai s& du doan
kich thudce va ty 1€ khung hinh (bounding
box) cta dbi twong d6. Lop thtr ba 1a dy
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doan 16p (class) cho mdi dbi twong dugc
phat hién. Lép nay s& du doan ddi tuong
thudc 16p nao trong sb cac 1op da duoc
xéac dinh trude. Diém khac biét so voi cac
phién ban YOLO trudc 1a YOLOV7 cé
thé st dung mdt hoac nhiéu “head” tuy
thudc vao phién ban cuy thé. Mot sd cai
tién trong Head cia YOLOV7 d6 1a GIOU
(Generalized Intersection over Union)
dé huan luyén “head”, giup cai thién kha
nang dy doan bounding box chinh xac
hon. Thém vao do, nang luc hoc tap nhiéu
kich thudc (Multi-scale training), trong

qua trinh hudn luyén, YOLOV7 st dung
anh dau vao vé6i nhiéu kich thudc khac
nhau, giup “head” hoc cach phat hién ddi
tuong ¢ cac kich thudc da dang. Trong
kién trac cia YOLOV7, “head” chiu trach
nhiém cho dau ra cudi duoc goi la “lead
head” va “head” duoc st dung dé hd trg
viéc huin luyén duoc goi la “auxiliary
head”. YOLOV7 stir dung “lead head” lam
hudéng dan dé tao ra cac nhin phéan cap tir
thd dén min. Cac nhin nay lan luot duoc
stt dung dé huéan luyén “auxiliary head”
va “lead head” [7].
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Hinh 7: Gan nhdn tho cho auxiliary head va gan nhan min cho lead head

3. Két qua nghién ciru

Dé xay dung chuong trinh phan loai ca chua dya trén thuat toan YOLOv7 can

phai trai qua cac budc trong quy trinh sau:

Tién xu ly
dit liu

Thu thap tap dir
liéu vé ca chua

Xay dung mé hinh
Yolov7

Huan luyén
mo hinh

Panh gia hiéu suat
va test mé hinh

Hinh 8: Quy trinh thuc hién bai todn

3.1. Thu thip dit ligu

Téng cong 1.029 anh trong d6 c6
887 anh dugc huan luyén (training) va
142 anh duoc kiém tra (test), dd duogc
thu thap tor bo dir liéu cua Roboflow va
duoc chup bd sung thém bang dién thoai
(Redmi Note 8), mdi anh c6 kich thudc 1a
1.024 x 631 pixels, mdt bit mau sau 24 va
d6 phan giai 96 dpi. Pé duy tri tinh nhat
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quan va d¢ tin cdy, mdt giao thirc camera
ti mi da duoc tuan thu. Hinh anh thu duoc
tir khoang céach tiéu chuan khoang 30 cm,
dam bao d6 bién dang ti thiéu va duy
tri ty 18 vat thé nhat quan. May anh dugc
dit vudng goc voi mat phang cua mit dat
dé giam thiéu moi sai 1éch vé goc d6. Bé
tang d0 manh mé ciia mo hinh dao tao,
hinh anh dugc thu thap tor cac goc do
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khac nhau vé diéu kién chiéu sang va mirc
do tuong phan khac nhau gitra muc ti€u
(qua ca chua) va nén (san gach). Cac hinh
anh duoc chuan héa thanh kich thudc
640 x 640 pixel dé phu hop v6i mé hinh
YOLOV7 va ting tinh nhat quan cia cac
mau huén luyén. Trong tng dung thuc té,
mot camera chuyén nghiép c6 thé dugce sir
dung dé chup anh thay vi dién thoai tha
cong. Do do, khoang cach va goc quay
ctia hinh anh c6 thé bi thay d6i. Cac mo
hinh dua trén YOLO ctia CNN, chéng han
nhu nhiéu thuit toan phat hién doi tuong
khac, rat nhay cam voi nhitng thay d6i vé
khoang cach va goc quay cua hinh anh.
Céc md hinh YOLO duogc thiét ké dé phat
hién cac d6i twong trong hinh anh bang
cach chia hinh anh thanh mot luéi va du
doan cac hop gidi han ciing nhu xac suét
16p cho mdi 6 ludi. Thiét ké nay cho phép

e - orey
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o L
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YOLO xéac dinh cac di tuong & céc vi tri
khéc nhau trong mét hinh anh.

3.2. Tién xir Iy dir ligu

Anh sau khi duoc thu thap sé duoc
tién hanh gan nhan (Data labeling and
Data annotations). O day, nhom tac gia
st dung cong cu Labeling dé thuc hién
viéc gan nhan. Két qua thu dugc sau
khi xur ly thu dugc YOLO annotations
la <object-class> <x> <y> <width>
<height>. Trong d6 object-class gém 2
gia tri la “0” va “1”, tuong Grng véi tinh
trang hong va khong hong ctua qua ca
chua. “x” va “y” lan luot 1a toa dd truc
hoanh va truc tung cho center box cua
bounding box. “Width” va “Height” la
chiéu dai va rong cua bouding box. Tt
ca cac chi s6 déu dugc chuan hoa vé
khoang gia tr1 [0,1].

/

Hinh 9: Hinh anh qud hong va khong hong truwdc va sau khi gan nhan

3.3. Hudn luyén model

Pé thyc hién viéc huin luyén model,
ta can cai dit mot s phin mém sau:
CUDA 11.3, cuDNN 8.2.1, Python 3.7.3
trd 1én. Sau d6 ching ta tién hanh cai dat
nhitng goi (package) can thiét cho qua
trinh hudn luyén tir tap tin “requirements.
txt”. Sir dung file pretrain c6 san trong

tai liéu cia YOLOv7 va nhan ban (clone)
dé huan luyén model theo cac budc. Qua
trinh thuc hién s€ duoc thuc hién trén
Google Colab (Colaboratory), mot cong
cu mién phi ctia Google cho phép muon
cau hinh (CPU va GPU) dé thyc hién viéc
thuc thi, huan luyén dir liéu bang ngdn
nglt Python.
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[] %cd fcontent/drive/MyDrive/Train_Tomato_yolovZ/yolow?

Ipython train.py --batch-size § --cfg cfg/training/yolov?.yaml --epochs 308 --dats Gata/mydataset.yaml --weights 'pretrain/yolov?.pt’

%ca fcontent/drive/MyDrive/Train Tomato_yolov7/yolov?
Ipython train.py --batch & --cfg cfg/training/yolov?.yaml --epochs 308

--data data/mydataset.yaml --weights ‘pretrain/yolov7.pt' --device @ --name yolow?_tomato --hyp data/hyp.scratch.ps.yaml --resume

297/299 8.456 0.91239  0.0104 £.0906509 ©.02344 as 640: 100% 111/111 [81:19¢P:80, 1.39it/s]
Class Images Labels e E MAPG.5 mAP@.5:.95: 108% 5/5 [00:01<A0:08, 2.94it/s]
all 71 315 @.973 0.984 @.982 8,783
Epoch  gpu_mem box obj cls total  labels img size
298/299 §.456  9.01238  ©.01026 £.0006771 ©.02331 55 649; 100% 111/111 [01:18<09:08, 1.42it/s]
Class Images Labels ? R MAPA.5 mAP@.5:.95: 100% 5/5 [09:03<00:00, 1.63it/s]
211 71 315 2.982 0.98 2.981 2.784
Epoch  gou_mem box obj cls total  labels img size
2997299 8.456  0.0123 ©.01026 0.0006632 ©.02322 145 640: 100% 111/111 [01:19¢0:28, 1.39it/s]
Class Images Labels 2 & mAPA.S mAPE.5:.05: 100% 5/5 [08:03<60:08, 1.51it/s]
211 71 315 ©.982 @.981 @.982 @.783
Ves 71 203 .99 4.955 2.59 8.797
to 71 112 ©.973 @.977 @.974 2.768

132 epochs completed in 3.018 hours.

Hinh 10: Qud trinh hudn luyén

3.4. Trién khai mé hinh

Sau khi d4 hoan thién viéc huan luyén
va thir nghiém cac mo hinh cua cac bai
toan con, nhom téac gia s€ thyc hién chay
hoan chinh trén h¢ diéu hanh Windows.
Cau hinh phan ctng co ban 1a mot bd
CPU (4 nhan tr¢ lén), GPU c6 kha nang
xtr 1y tinh toan tot nhiéu VRAM (tir 2GB
trd 18n) va mot camera HD. Anh s& duoc
dua tir thu muc dé nhan dang hoac co thé
su dung camera dé nhéan dang truc tiép.
Két qua duoc hién thi dudi dang thong sd
trong Bouding box nhu phan 3.2 ¢ trén.

3.5. Ddnh gid hiéu sudt va test
mo hinh

Pé thuc hién viéc test mo hinh, ta
st dung cdu 1énh “detect.py” két hop
cuing model di “train” va dau vao 1a mot
anh sau:

Hinh 11: Hinh minh hoa ca chua truoc
khi test

Hinh 12: Hinh minh hoa két qud

S6 lwong qua ca chua thuc té trong
Hinh 12 14 14 qua ca chua bao gdm 7 qua
t6t va 7 qua hong. Viée ap dung model sau
khi “train” dé nhan dién va phan loai ta
thu duoc: 6 qua tét (OK), 8 qua khong tot
(NG). Vay hiéu suat model dat d6 chinh
xac kha tbt trong trudng hop trén.

Hinh 13 gém céc chi sd sau:

Precision Curve (P_curve.png): Biéu
dién cac gia tri chinh x4c & cac ngudng
khac nhau. Biéu d6 thé hién do chinh
xéc thay doi khi ngudng thay d6i. Recall
Curve (R curve.png): Tuong tmg, biéu
dd nay biéu dién cach thay doi qua cac
ngudng khic nhau ctia cac gia tri recall
[5]. Box/val Box: Mat hop gi6i han cua
tap dit liéu huin luyén hodc tap dir liéu
xac thuc, hop cang nho thi cang chinh
xac. Objectness/val Objectness: La ton
that trung binh cta viéc phat hién muc
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ticu va viéc phat hién muc ti€u cang
nhd thi viéc phat hién cang chinh xac.
Classification/val classification: Pao tao
hodc x4c nhan dugc suy doan la gia tri
trung binh ctia mét phan loai va phan loai
cang nho thi cang chinh xac. mAP50: Do
chinh xac trung binh dugc xac dinh voi
gia tri 0,50 & ngudng giao nhau trén giao

Box Objectness
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Nghién ciru

nhau (IoU). D6 1a thudc do dd chinh xac
ctia mo hinh chi tinh dén cac két qua “d&
dang”. mAP50-95: Trung binh ctua do
chinh duogc tinh ¢ cac ngudng loU khac
nhau, dao dong tir 0,50 dén 0,95 [6]. N6
cung cip cai nhin tong thé vé& hiéu suét
mo hinh qua cac mic do va truong hop
kho phat hién khéac nhau.

Precision Recall
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Hinh 13: Hinh cdc loai dwong cong higu suit

4. Théo luan

Viéc huan luyén mé hinh trong vai
lan dau c6 d6 chinh xac chua cao. Tuy
nhién, sau khi thuc hi¢n “training” nhiéu
14n bang cach thém dit lidu va lap lai viée
huén luyén lai cac birc anh ma model
chua hoc ky, mo hinh nhan dién qua ca
chua da dat duoc do chinh xac 93,3 %
dbi v6i qua binh thuong va dat 89,1 %
vo1 qua hdng trén tap di licu thir nghiém.
M6 hinh thtr nghiém nay van can cai
thién. P9 chinh xac co thé tang thém néu
¢6 thém dir li€u hon.

5. Két luan

Trong nghién ctru nay, nhoém tac gia
da phan tich, huén luyén model dua trén
thuat toan YOLOV7 trong viéc nhan dién
ca chua hong va ca chua khong hong. Két

quéa cho thiy, model sau khi train va test
dat duoc hiéu suat cao va dang tin cay
trong viéc phan loai ca chua.

Pé tai da vuot qua nhitng han ché cua
cac phuong phép truyén thng trong viéc
nhan dién va phan loai ca chua. N6 cho
phép chung ta xtr Iy nhanh chéng cac hinh
anh c6 kich thudc 16n va dong thoi dam
bao do chinh xac cao. Két qua cia nghién
clru ndy c6 thé duoc ap dung vao cac quy
trinh san xudt va kiém tra chit luong ca
chua trong nganh cong nghiép thuc pham.
Cac nha san xuat va nha nghién ctru c6
thé sir dung dé tu dong hoa qua trinh phan
loai ca chua theo tinh trang hong va tdt, tir
d6 giam thiéu su lang phi va ting cuong
hiéu suét san xuat. Tuy nhién, dé nang cao
hiéu qua va tmg dung thuc té, can tiép tuc
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Nghién ciru

nghién ctru va phat trién. Cac nd luc ¢
thé tap trung vao viéc ting cuong toc do
xur ly va do chinh x4c ctia model, ciing
nhu m& rong pham vi ing dung dén céac
loai trai cay va thuc pham khéc.
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