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CHUONG 1: GIOI THIEU TONG QUAN
1.1. Pit van dé

Véi su tién bo khong nging cta cong nghé va su ting truéng nhanh chong
cta dit lidu thong qua mang luéi internet toan cau, chung ta di ching kién nhiéu
budc tién vuot bic trong linh vuc hoc may, dic biét 1a thi gidc may tinh. Kha ning
nay ¢ thé duoc ap dung mot cach hiéu qua trong nganh san xuét va ban 16 trai cdy,
noi viéc phat hién va phan loai trdi cdy dong vai tro then chét dé dam bao chat
luong va tinh nhat quan cta san pham. Tuy nhién, viéc nay c6 thé ton kém va mat
thoi gian néu thyc hién bang tay, dic biét khi xtr Iy véi s6 lugng 16n. Do d6, viéc sir
dung cong nghé dé phat hién va phan loai trai cay c6 thé cai thién dang ké hiéu suit

va chat lugng san pham.

Hinh 1.1: Cong nhdn dang phan loai trai cay.

Trong ndéng nghiép, nguoi ndng dan phai xir Iy hang nghin qua tir nhiéu loai
trai cay khac nhau, viéc phan loai qua hu, dap hodc kém chat luong 1a thach thic
16n, tén nhiéu thoi gian va cong stc. Bai toan dit ra 13 1am sao dé gitp nhanh
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chong loai b san pham khong dat chat lugng, nang cao chat lugng tong thé va gia
trj ban ra, cai thién thu nhap cho nong dan. Ngoai ra 1am cach nao dé c6 thé phan
biét ngudn gdc trai cdy, nhu nho Viét Nam hay nho Trung Qudc, gitp nha phan
phdi dua ra quyét dinh kinh doanh hiéu qua va ngudi tiéu dung an tim hon vé
ngudn gbc san pham. Luc nay ta cAn mot cong cu dé gitip ta giai quyét nhimg van
dé trén. V&i dé tai “Phat hién loai trai cay”, nhu 1a budc dau tién dé bat dau xay
dung mot mo hinh nang cao chat lugng néng nghiép tao nén tang cho cac md hinh

tién tién hon trong tuong lai.

P i

S

oy L4

Hinh 1.2: Trdi cdy dwoc xép trong siéu thi.
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1.2. Phat hién ddi twong
1.2.1. Khdi niém

Phat hién d6i twong, mot linh vuc quan trong trong thi giac may tinh va xir ly
anh, lién quan dén viéc xac dinh cac truong hop cu thé cia ddi twong ngit nghia
thudc mot 16p nhat dinh trong hinh anh va video k¥ thuat s6. Cac mé hinh phat hién
doi tuong thuong duogc huin luyén dé xac dinh cac dbi tuong cu thé trong hinh anh,

video hodc trong thoi gian thuc. [1]

Phét hién d6i tugng dong vai trd quan trong trong sy phat trién ctia hoc sau
va xir Iy anh. Myc tiéu ctia nd 1a phat trién cic mo hinh tinh toan dé cung cép thong
tin co ban nhit can thiét cho cac tng dung thi gidc may tinh, tra 101 hai cau hoi
chinh: ‘Déi tugng can tim c¢6 xuat hién trong hinh anh khong?’ va ‘Néu co, vi tri
cuand la gi?’. [1]

e, : "‘x
Tomoto 0. 9 *

Umoo_ ¢
;e Tomcto 0.53

omto " Ripe Tomoto'p 94

.Rlpc_.‘l'omcto O 38

:_Tomato_1.00
wf fe _Tomato 0 99

0&99 ato_0.99 P

Qir\qr T
Rip SR emat

Unripe_Jo hi .
- e _— Rir: Te
“a% k N \ ' Ripc?.po;n_\:g?

¥ X

R Ripe_Tomoto 1.00
Ripe_T(Ripc_TomoRipe_.YomotiO .98

3 Ripe_Tomato 1.00

g i n qa

R|pe_r.R:pg__T€‘m.°,'Q.pe_ omato 0.70-
- A

umuu‘n‘riie,tomw' 0.98

|,y

Unnp’Unni Tomoto Q 99

o

[ ’3}
- -
o 0.78
omiato 0.94 ~

Ripe_Tomato 099 .+~
%— -

= =Ry e_,fomc!oLO.QQ

" viRi _Tomatg _0.97
-

1%
AL S

=

%y T *n“ o099 .1
U '\VM oma 0. 8‘9"::;)% Ipmo(o 0.913. 963 o2 -

’ Yt
- . Ripe_Tomat
v P \

-

1 Ripe_Tomgto 0.99
. ' Tomote N QO
R'pe-T(R‘;’e"\omcﬁ.pe_?omot% Q.97

S
™
Unernnpe_'omolo .b 92

Pupe_ T&c%
(d)

Hinh 1.3: Phdt hién doi twong.
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Phét hién d6i tugng 1a mot trong nhitng van dé co ban cua thi gidc may tinh,
tao nén tang cho nhiéu nhiém vu khac nhu phan doan thyc thé va hinh anh, tao chu
thich cho hinh anh, theo ddi d6i tuong, va nhiéu hon nita. Cac tng dung cu thé cta
phat hién d6i tuong bao gém phat hién ngudi di bd, phat hién dong vat, phat hién
xe cd, dém nguoi, phat hién khuon mat, phat hién van ban, phat hién tu thé, nhan
dang bién s6 va nhu & day 1a phat hién trai cay. [1]

1.2.2. Cdch phat hién déi twong

Dé phat hién dbi tuong, c6 thé st dung cac ki thuat xir 1y anh truyén thong
hoiic mang hoc sau hién dai. Mdi phuong phap c6 wu diém va nhuoc diém riéng,
pht hop véi cac yéu cau va diéu kién khac nhau.

Cach 1: K¥ thuit xir 1y dnh truyén thong

Céc k¥ thuat xt Iy anh truyén thong khong yéu cau dir liéu lich st dé dao tao
va ty gidm sat. OpenCV 12 mét cong cu phd bién cho cac nhiém vu xt 1y anh
truyén théng. Mot s6 vu va nhuge diém cia phuong phép ndy bao gdm

Uu diém:

Khéng yéu cau hinh anh dugc gan nhén thi cong, gitip giam bét khdi lugng
cong viéc va chi phi lién quan dén viéc tao dir lidu dao tao.

Nhuoc diém:

- Han ché trong céc tinh hudng phirc tap nhu nén khong dong nhat, ddi tuong
bi che khuit mot phﬁn, diéu kién anh sang va bong t6i thay doi, va cac hiéu
tmg nhiéu.

- D0 chinh xac va do tin cay thuong khong cao bang cac phuong phap hoc sau. [1]

Cach 2: Mang hoc sau hién dai

Céc phuong phap hoc sau thuong phu thudce vao hoc c6 gidm sat hoac khong
giam sat, v6i cac phuong phap hoc ¢ giam sat 13 tidu chuan trong cac nhiém vu thi
gidc may tinh. Hiéu suat ctia cac phuong phap nay bi gidi han béi sttc manh tinh

toan cua GPU, dang tang nhanh tirng nam.
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Uu diém:

- Phat hién dbi tuong béng hoc sdu manh mé& hon dbi véi cac truong hop ddi
tuong bi che khuét, canh quan phtc tap va diéu kién anh sang thach thuec.

- Do chinh x4c cao hon so véi cac phuong phap truyén thng.
Nhwoc diém:

- Yéu cau mot lugng 16n dit liéu dao tao. Qua trinh gan nhan hinh anh 1a cong
viéc ton nhiéu thoi gian va chi phi. Vi dy, gan nhan 500.000 hinh anh dé dao
tao thuat todn phat hién ddi tugng tiy chinh duogc coi 1a mot tap dir liéu nho.

- Can c6 strc manh tinh toan cao, dic biét 1a GPU, dé xur 1y va dao tao mo hinh.

Pé giam bt kho khin trong viée thu thap va gan nhan dit liéu, co thé sir
dung cac bo dir liéu da dugc gan nhin san nhu MS COCO, Caltech, KITTI, PAS-
CAL VOC, va V5. Nhiing b dir liéu nay cung cép mot luong 16m hinh anh da duogc
gan nhan, giup rit ngin qua trinh thu thap va chudn bi dit liéu cho viéc dao tao mod
hinh hoc sau. [1]

Hinh 1.4: Phat hién déi twong dua trén hoc sau cho cac phwong tién.
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1.2.3. Cic Phwong phdp phdt hién phé bién hi¢n nay

1.2.3.1. Phuong phap mo ta dac trung (HOG)

@ neptune.ai

Input image Finding Dividing Grad

segment —— o ——  Image Into
(128x64) ) 8x8 cell

Finding Histogram
Bins for each Cell

Collecting all Fanturevecior Forming Grouping 2x2 Cells

Feature Vectorstoget «—— ' - tion < FeatureVector «—— to form
HOG Feature of each block Overlapping Cells

HOG Feature Vector

Modified based on: https://www.youtube.com/watch?v=QmYJCxIJWdEs

Hinh 1.5: Kién triic hé théng HOG dé phat hién doi tirong.

Phuong phap mo ta dac trung (Histogram of Oriented Gradient — HOG) la
mot trong nhimg phuong phap phat hién d6i tuong 1au doi nhat. N6 duoc gidi thicu
lan dau tién vao ndm 1986. Mic du c6 mdt sb phat trién trong thap ky sau do, cach
tiép can nay khong trd nén phd bién cho dén nam 2005 khi no bat dau duoc su
dung trong nhiéu nhiém vu lién quan dén thi giac may tinh. HOG st dung trinh

trich xuét dic trung dé xac dinh cac ddi tugng trong hinh anh. [2]

Ban chét ctia phuong phap HOG 1a sir dung théng tin vé sy phan bd cla cac
cuong d6 gradient hodc cua hudng bién dé mé ta cac dbi twong cuc bd trong anh. Céc
toan tr HOG duoc cai dat béng cach chia nhé mét birc anh thanh céc viung con, dugc
goi 1a cell va voi mdi cell, ta s& tinh toan mot histogram vé cac hudng ciia gradients
cho cac diém nam trong cell. Ghép cac histogram lai voi nhau ta s& c6 mot biéu dién
cho burc anh ban dau. Pé tang cuong hiéu nang nhan dang, cac histogram cuc bo co6
thé duoc chuan hoa vé do tuong phan bang cach tinh mot ngudng cuong do trong mot
ving 16n hon cell, goi 13 cac khdi va sir dung gia tri ngudng d6 dé chudn hoa tit ca cac
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cell trong khoi. Két qua sau budc chuin hoa s& 1a mot vector dic trung co tinh bat bién
d6i vi cac thay dbi vé diéu kién anh sang. [2]

Trude khi ching ta hiéu kién tric tong thé cia HOG, hiy xem cach né hoat
dong. Pdi v6i mot diém anh cu thé trong hinh anh, biéu dd tan suét cua gradient
duoc tinh bang cach xem xét cac gia tri doc va ngang dé c6 duoge cac vecto doi
tugng. Vi sy trg gitip cia do 16n gradient va cac goc gradient, chiing ta c6 thé co
dugc gia tri rd rang cho diém anh hién tai bﬁng cach kham pha cac thuc thé khac

trong moi truong xung quanh ngang va doc cua ching. [2]

Nhu thé hién trong biéu dién hinh anh & trén, chung toi s& xem xét mot phan
doan hinh anh c6 kich thudc cu thé. Budc dau tién 1a tim gradient bang cach chia
toan bd tinh toan cua hinh anh thanh cac biéu dién gradient cua 8x8 6. Vdi su trg
gitip ctia 64 vecto gradient dat duoc, chiing ta ¢ thé chia mdi 6 thanh cac goc va
tinh toan biéu do cho dién tich cu thé. Qué trinh nay lam giam kich thudc cta 64
vecto xudng kich thudc nhoé hon 13 9 gia tri. [2]

Khi ching t61 c6 dugc kich thude cua cac gia tri biéu d6 diém 9 cho mdi o,
chung t6i c6 thé chon tao chong chéo cho cac khdi 6. Cac bude cudi cung 14 tao cac
khéi dac trung, chuin hoa céc vecto dic trung thu dugc va thu thap tat ca cac vecto
dic trung dé c6 dugc dic trung HOG tong thé. [2]
1.2.3.2. Mang no-ron

e Mang no-ron tich chip theo viung (R-CNN)

R-CNN: Regions with CNN features

g warped region
| %\%

CNNiN,

b "-'.,v,"»
et !
tvmonitor? no.

1. Input 2. Extract region 3. Compute 4. Classify
image proposals (~2k) CNN features regions

Hinh 1.6: Mo hinh R-CNN. [17]
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Cac mang no-ron tich chap dya trén khu vuc 1a mot cai tién trong quy trinh
phat hién ddi twong tir cac phuong phap HOG va SIFT (bién d6i dic trung khong
d6i theo ti 18) trudc day. Trong cac mo hinh R-CNN, ching ta c¢b gang trich xuét
cac dic trung thiét yéu nhat (thuong 13 khoang 2000 dic trung) bang cach st dung
cac dac trung chon loc. Qua trinh Iya chon cac trich Xuét quan trong nhét c6 thé
dugc thuc hién véi su tro giup cia thuat toan tim kiém chon loc, nham dat dugc cac

dé xuét khu vuc quan trong hon. [2]

Quy trinh 1am viéc cua thudt toan tim kiém chon loc dé chon cac dé xuit khu
vuc quan trong nhét bao g(‘A)m viéc tao nhiéu phan doan phu trén mot hinh anh cu thé
va chon cadc muc ung ctr vién cho nhiém vu cua ban. Thuat toan tham lam sau d6 co6
thé duoc str dung dé két hop cac muc hiéu qua phi hop cho mét quy trinh dinh ky,
nham két hop céc phan doan nho hon thanh cac phan doan 16n hon phu hop. [2]

Khi thuat toan tim kiém chon loc hoan thanh thanh cong, nhi¢m vy tiép theo
ctia chiing ta 1 trich xuét cac ddc trung va dua ra dy doan thich hop. Sau d6, chiing
ta c¢6 thé dua ra cac dé xuét ing cir vién cudi cliing va cic mang no-ron tich chap c6
thé dugc st dung dé tao vecto dic trung n chiéu (2048 hoac 4096) lam dau ra. Véi
su trg giup ciia mang no-ron tich chdp duogc dao tao trudc, ching ta co thé dat duoc

nhiém vu trich xuét dic trung mot cach dé dang. [2]

Budc cudi cung ciia R-CNN 1a dua ra cac du doan thich hop cho hinh anh va
gin nhan hop gidi han twong tng cho phu hop. Bé cd dugc két qua tot nhat cho
moi nhiém vy, cac du doan duoc thuc hién bﬁng cach tinh toan mo6 hinh phan loai
cho timg nhiém vu, trong khi mé hinh héi quy dugc sir dung dé stra phan loai hop

gidi han cho cac vung dugc dé xuat. [2]
e Faster R-CNN

R-CNN, mgt m6 hinh phat hién doi tuong, da dat duoc két quéa dang chu y
nhung lai gip phai van dé vé toc do. Pé khic phuc diéu nay, Fast R-CNN da duoc
gidi1 thi¢u. Trong Fast R-CNN, toan bd hinh anh dugc truyén qua mdt mang no-ron
tich chap dd duoc huan luyén trudc, thay vi chi xem xét cac phan doan con cia

hinh anh. [2]
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Hinh 1.7: Faster R-CNN — So' do kién triic. [2]

Tiép theo, Faster R-CNN, mdt phién ban nang cép cua Fast R-CNN, da duoc
ra mat. Faster R-CNN da thay thé thuat toan tim kiém chon loc, dugc sir dung trong
R-CNN va Fast R-CNN d¢é tinh toan cac dé xuat ving, bang mot mang dé xuat
vung vuot trdi hon. Mang dé xuat ving (RPN) tinh toan hinh anh tir mot pham vi

rong va cac ty 1€ khac nhau dé tao ra cac dau ra hiéu qua. [2]

[ 2k scores ] [ 4k coordinates ] 4 k anchor boxes
cls layer \ f reg layer
( 256-d )
intermediate _’_,—"" __’__,--»"'
layer I I

\
\ sliding window \

\ \ \ ) conv feature map

Hinh 1.8: Mang dé xudt viing (RPN). [18]
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RPN giam thoi gian tinh toan bién xudng con khoang 10 ms cho mdi hinh anh.
Mang niy bao gdm mdt 16p tich chap tir d6 chung ta c6 thé 1iy dugc cac ban d6 dic
trung can thiét cia mdi pixel. Dbi véi mdi ban dd dic trung, chung ta c6 nhiéu hop
neo co cac ty 1€, kich thudce va ty 1€ khia canh khéac nhau. DPdi v6i mdi hdp neo, chung
ta du doan mot 16p nhi phan cu thé va tao ra mot hop gidi han cho no. [2]

Thong tin sau d6 duoc truyén qua giam thiéu toi da dé loai bo bat ky dit liéu
khong can thiét nao vi nhiéu chéng chéo dugc tao ra khi tao ban dd dic trung. Pau
ra tir giam thiéu tdi da duoc truyén qua ving quan tdm, va phan con lai cia qua
trinh va tinh todn twong tu nhu cach hoat dong ctia Fast R-CNN. [2]

e YOLO

YOLO (You Only Look Once) 13 mot phuong phap phat hién ddi tuong rat
pho bién trong linh vuc thi gidc may tinh. YOLO sir dung mot mang no-ron tich
chap (CNN) dé xur 1y hinh anh va video. [21]

YOLO chia hinh &anh thanh mot lugi cac 6 va mdi 6 s& phat hién cac dbi tuong
bén trong n6. M6 hinh nay dugc biét dén vai toc d6 nhanh va do chinh xac cao. Tir khi
duoc gidi thi¢u lan dau tién boi Joseph Redmon va cong su vao nam 2016, da co
nhiéu phién ban ctia YOLO, mt trong nhiing phién ban gan day nhat 1a YOLOV9.

Tuy nhién, YOLO cling c6 nhuogc diém 1a khé khan trong viéc phat hién cac
dbi trong nho va co thé khong phat hién chinh xac cac doi tugng trong cic canh

dong dac hodc khi cac dbi twong & xa mdy anh. [21]

Mot s6 mo hinh ndi bat cia YOLO:

YOLOvV3: Lan 1ap lai thir ba cia YOLO ho md hinh, ban dau boi Joseph
Redmon, duoc biét dén vai kha nang phat hién ddi tuong thoi gian thuc hi¢u qua.

YOLOv4: Ban cap nhat darknet géc cho YOLOvV3, dugc phat hanh boi
Alexey Bochkovskiy vao ndm 2020.

YOLOV5: Mot phién ban cai tién cia YOLO Kién trac cua Ultralytics, cung
cap hiéu suit va toc d6 danh doi tot hon so voi cac phién ban trudce.
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YOLOV6: Dugc Meituan phat hanh vao nam 2022 va dugc st dung trong

nhiéu robot giao hang ty dong ctia cong ty.

YOLOV7: Cap nhat YOLO mo6 hinh dugc phat hanh vao nam 2022 boi cac
tac gia cia YOLOVA4.

YOLOVS: Phién ban méi nhat cia YOLO Dong san pham, c¢6 cac chic ning

nang cao nhu phan doan phién ban, udc tinh tu thé/diém chinh va phan loai.

YOLOV9: Mot md hinh thtr nghiém dugc dao tao trén co s ma nguén mo

YOLOVS cua Ultralytics, trién khai Thong tin Do ddc Co thé Lap trinh duoc.
Segment Anything Model: M6 hinh phan khtc bat cr tht gi ciia Meta.
Mobile Segment Anything Model: cho cac g dung di dong, bo1 Pai hoc

Kyung Hee.

Fast Segment Anything Model: bdi Nhom phan tich hinh anh & video,

Vién Ty dong hoa, Vién Han 1am Khoa hoc Trung Quéc.

YOLO-NAS: YOLO Mb hinh tim kiém kién trac than kinh.

Realtime Detection Transformers: Baidu ctua PaddlePaddle Bién ap phat
hién thoi gian thuc mo hinh.

YOLO-World: Cac mé hinh phat hién d6i tuong tir vung mo thoi gian thyc

tor Tencent Al Lab. [21]

1.3. Bai toan phat hién loai trai cay
V1 bai todn phat hién loai trai cay (cam, tdo, I€, dao, ...) bai toan can dam nhéan

duogc nhitng van dé co ban nhét ciia mot qua trinh phat hién d6i twong thong thuong:

- Ung dung mot md hinh hoc sau hiéu qua trong phan loai va nhan dang trai
cay: Pé dat dugc muc tiéu nay, can tién hanh nghién clru va tim hiéu vé cac
mo hinh hoc sau pht hop dé phan loai va nhin dang trai cdy, tir d6 xay dung

mot mo hinh hoc sau chinh x4c va hiéu qua nhung it ton kém.
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- Tong hop va xay dung tap dit liéu anh trai cay twong dbi day du: Dé phan loai
va nhan dang trai cdy, can phai ¢6 tap di liéu anh twong dbi day du, dam bao
cac loai trai cay dugc dai dién day di, chat lugng anh t6t va do da dang cao.

- Thuc hi¢n céc thur nghiém dé danh gia do chinh x4c va hiéu qua cia mo hinh
hoc sau: Sau khi xay dung mo hinh hoc sau va tap dur liéu, can thuc hién cac
thir nghiém dé danh gid do chinh xac va hiéu qua ctia moé hinh. Céac thur
nghiém nay bao gém do luong do chinh xac, d0 nhay va do dac hiéu ciia mo

hinh trong vi¢c phan loai va nhan dang cac loai trai cady khéac nhau.
1.4. Danh gia d¢ tin ciy cua bai toan phan loai
1.4.1. Precision va Recall

Precision — dai dién cho do tin cdy cua cua model sé cho biét rang trong

nhirng cai model du doén 1a Positive thi c6 bao nhi€u % la Positive that.

Precision = (1-1)

TP+ FP
Recall — dai dién cho d¢ nhay cua model s€ cho biét model c6 thé tom ding
dugc bao nhiéu Positive trong dir liéu duoc cho.

TP
TP+ FN

Recall =

(1-2)

True Positive (TP):

Pay 14 nhitng trudng hop ma md hinh du doan ding. Cu thé, mo hinh di phat
hién chinh xac mot doi tuong thuc su c6 trong hinh anh.

Vi du: Néu c6 mdt qua tdo trong hinh va mo hinh dung 1a di du doan d6 1a
mot qua tao, thi day 1a mot TP.

False Positive (FP):

bay 1a nhitng truong hop ma mé hinh du dodn sai, tirc 1a mo6 hinh nhéan di¢n
mot déi twong ma thue té khong co.

Vi du: Néu khong c6 qua tao ndo trong hinh nhung mé hinh lai du doan rang
c6 mdt qua tdo, thi day la mot FP.
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True Negative (TN):

Pay 14 nhiing trudng hop ma md hinh du doan ding rang khong ¢ ddi tugng
nao. Mo hinh chinh xac trong viéc nhéan dién sy Véng mit cua ddi tuong.

Vi dy: Néu khong c6 qua tdo nao trong hinh va mé hinh ciing khong du doan
rang c6 mot qua téo, thi day 1a mot TN.

False Negative (FN):

Pay 14 nhitng trudng hop ma md hinh bo sot ddi twong, tirc 1a mé hinh khong
phat hién ra mot doi tuong thuc su c6 trong hinh.

Vi du: Néu c6 mot qua tdo trong hinh nhung mé hinh khong phat hién ra no,
thi day 1a mgt FN.
1.4.2. AP

Average Precision 1a gia tri trung binh cia Precision tai cdc muc Recall khac
nhau. AP dugc tinh cho timg 16p ddi twong va dai dién cho su cin bang giira
Precision va Recall.

Str dung Tinh toan ndi suy 11 diém 1a tinh trung binh do chinh xac & mdt tap
hop 11 mire thu hdi (0,0,1,...,1). Cac gia tri chinh x4c noi suy thu dugc bang cach
ldy do chinh xac toi da c6 gia tri thu hoi 16n hon gié tri thu hoi hién tai ciia noé nhu
sau:

Trong do6 :

1 .
AP =— Yref0,01,.,1) Pinterp(r)  (1-3)

pinterp = maxp(¥) (1-4)
2T

Ry

p (¥) 1a d6 chinh xac khi thu hoi 7
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Thay vi str dung d6 chinh xac quan sat dugc tai mdi diém, AP thu duoc béng
cach noi suy do chinh xac chi ¢ 11 mac r 14y do chinh xac t6i da c6 gid tri thu hoi

16n hon r.

Precision x Recall curve
Class: object, AP: 26.84%

1.0 @ ® 11-point interpolated precision
—— Precision

0.8

- / o o
0.4 1 //¢///’///[,A

0.2

precision

0.0 L ® L ® L ®

recall
Hinh 1.9: vi du biéu do thé hién P va R dé tinh AP

Bang cach ap dung noi suy 11 diém:
1
AP = H(l + 0.6666 + 0.4285 + 0.4285+ 0.4285+0+0+0+0+ 0+ 0)

AP = 26.84%
1.4.3. mAP

Mean Average Precision 1a mot do do pho bién trong cac bai toan phat hién

dbi trong (object detection) dé danh gia hiéu suit cia mot mo hinh.
Puoc tinh bang cach tinh trung binh cua tat ca cac gia tri AP

Vi du: ¢6 tong cong 3 10p AP lan luot 1a a,b,c. Khi d6 mAP dugc tinh nhu sau:

(1-5)

AP, +AP,+AP
mAp = == bToc

27


https://camo.githubusercontent.com/10a142aa6858a51a24d130cd4dad438f725d7e2509c2b30df1987bc2fdc355c9/687474703a2f2f6c617465782e636f6465636f67732e636f6d2f6769662e6c617465783f72
https://camo.githubusercontent.com/10a142aa6858a51a24d130cd4dad438f725d7e2509c2b30df1987bc2fdc355c9/687474703a2f2f6c617465782e636f6465636f67732e636f6d2f6769662e6c617465783f72

CHUONG 2: MO HINH HE THONG PHAN LOAI TRAI CAY
2.1. Gi6i thiéu mot s6 loai trai cay
2.4.1. Cam

Cam qua cam tén tiéng anh la Orange, 1a mot loai cdy an qua cung ho véi
buoi nhung kich thude nhdé hon va vo mong hon, tiy vao cac loai cam khac nhau
ma khi chin c6 mau da cam, mau xanh hodc mau vang, cé vi ngot hodc hoi chua.
Cam bat ngudn tir Chau A, sau lan rong ra khip noi trén thé gioi, hién nay cam c6
mat & khép moi noi va nhan giéng thanh nhiéu loai khac nhau. O nudc ta cam cd

nhiéu loai, phd bién nhur:

- Cam sanh: hinh danh qua cam sanh kha to, vo san sui, qua hoi det, mau xanh,
c6 mui thom va vi ngot va chua diu, nhiéu nudce, vu thu hoach thuong dung dip Tét.

- Cam xo0an: trai nho, thit qua c6 mau vang nhat, hau nhu khong co6 hat, nudce
it nhung rat ngot thanh.

- Cam ham lin: ¢6 nguén gbc tir My, du nhap vao Viét Nam khoang tir nim
1971, vé qua méng, nhiéu nudc va co vi ngot dam da.

- Cam X4 Doai: tip trung nhiéu ¢ ving Xa Poai, Nghé An, qua ngot thom vi

rat dac trung, nhi€u nudc nén rat dugc ua chudng. [3]

Hinh 2.1 : Hinh dang qua cam
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2.4.2. Xoai

P tré thanh mot biéu tugng cua ving nhiét d6i, phat trién manh mé trong
khi hau 4m ap. Xoai co nguén géc tir Nam A, dic biét An Do duoc biét dén nhu céi
ndi ctia loai qua ngot ngao nay. Qua thoi gian, xoai di du nhap va phat trién manh
mé & nhiéu qudc gia nhd cac cude hanh trinh cia cic nha tham hiém va thuong
nhén tir thoi ¢6 dai. Qua xoai, tir lic non mang mau xanh mat mét, dan dan chuyén
sang mau vang ruc rd khi chin. Thit qua mau vang tuoi, mém mai, ddm da huong vi
v61 mot chut xo nhe. Hinh dang ctia qua xoai thay ddi tir tron dén bau duc, tao nén

su da dang trong tung loai.
Xoai Cat Hoa Loc: ¢o qua to, vo xanh, khi chin chuyén sang mau vang.

Xoai Cat Chu: Xoai Cat Chu ¢6 qua nhé hon xoai Cat Hoa Loc, vé xanh, khi

chin chuyén sang mau vang.

Xoai keo: co qua nho, vo xanh, khi chin chuyén sang mau vang.

Xoai keo: ¢o qua nho, vo xanh, khi chin chuyén sang mau vang. Thit xoai
day, mau vang cam, vi ngot thanh, hoi chua, nhiéu xo.

Xoai Uc: ¢6 qua to, vo xanh, khi chin chuyén sang mau vang. Thit xoai day,

mau vang cam. [4]

Hinh 2.2 : Hinh dnh trdi xoai
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2.4.3. Tao

T40 c6 ngudn goc tir chdu A va Kazakh; n6 di duoc phd bién rong rii qua
mién tay Trung Qudc, doc theo Con dudng To lua va qua Bién Pen. Bang cach
nay, n6 da lan rong khip chau Au va chinh phuc thi hiéu ctia nhiéu ngudi, sau d6
n6 duoc du nhap vao lanh tho Chau My, ca Biac My va Nam MY, noi né c6 kha
niang thich nghi cao ¢ nhimg ving lanh nhét cta luc dia va cho dén ngay nay né

duoc trong voi1 quy mo 16n, d€ budn ban, ti€éu dung trong dan chung va xuat khau.

Qua c6 mau hoi do, mdt s6 qua co6 nhi€u té1, nhirng loai khac ¢6 tong mau

sang hon va dugc coi 1a co6 kich thudc trung binh, chi vai cm.

Hinh 2.3: Hinh anh trai tao
2.4.4. Chuoi

Chudi 12 mot loai cdy an qua thudoc ho Musaceae, co nguén géc tir khu vuc
bong Nam A, dic biét 1a cac nuéc nhu Malaysia, Indonesia, va Philippines. Tur
day, chudi da dugc con ngudi trong va lan rong ra khip cac khu vuc nhiét doi va
can nhiét dGi trén thé gid1. Hién nay, chudi duoc tréng phé bién tai nhiéu quéc gia,
bao gdm An P9, Trung Quéc, Brazil, va cac nudc vung Trung M¥ va chau Phi. [6]

Qua chudi thudng ¢ hinh dang cong, vo mau vang khi chin va mau xanh khi
chua chin. Bén trong 1a phan thit mau tring hodc vang nhat, mém, ngot va nhiéu
nuée. Chudi moc thanh ting nai, mdi nai c6 nhiéu qua. Mdi cdy chudi thuong cho

ra mQt budng chudi, va moi buong c6 thé chura tir vai chuc dén hang tram qua.
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- Chubi tay (chudi tiéu): C6 kich thudc 16n, vo day, thit ngot va mui thom dic trung.

- Chudi ngu: Kich thude nhé hon, vé mong, thit thom ngon va thuong dugc dung
trong céac dip 18 tét.

- Chudi st (chubi hot): Kich thudc trung binh, vo mong, thit ngot diu va thudng

duoc dung lam nguyén li€u ché bién cac moén an.

.

Hinh 2.4: Trdi Chudi

2.4.5. Nho

Nho 1a mot loai cdy dn quéa c6 ngudn goc tir khu vuc Dia Trung Hai, Trung A
va Tay Nam A. Tur ddy, nho dd duoc trong rong rii va phd bién trén toan thé gidi,
dic biét 1a & cac nude c6 khi hau 6n d6i va can nhiét doi. Nhitng khu vuc ndi tiéng
vé trong nho bao gdm Phap, Y, Tay Ban Nha, My (California), Chile, va Uc. [8]

- Qua nho thudng moc thanh chum, mdi chum c6 thé chtra tir vai chuc dén vai
tram qua.

- Qua nho c6 kich thudc nhé, hinh tron hodc hinh bau duc, vo mong, mau sac da
dang tir xanh, do, tim dén den tiy theo giéng.

- Bén trong qua nho co6 thit mém, ngot, chira nhiéu nuéde va thuong c6 hat nho

(mot sb giéng nho khong hat ciing dugc trong rong rai).
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Hinh 2.5: Hinh anh nho
2.4.6. Oi
Oi 12 mot loai cay an qua thudéc ho Myrtaceae, co nguén géc tir khu vue nhiét
d6i chau My, cu thé 1a Mexico, Trung My va phia bac Nam My. Tir ddy, 6i da duogc
trong rong rai ¢ nhiéu ving nhiét doi va can nhiét déi trén toan thé gidi, bao gdbm cac
quéc gia chau A nhu An P9, Théi Lan va Viét Nam. [9]

Hinh 2.6: Trdi éi chin

- Qua 6i c6 hinh dang bau duc hodc hinh tron, kich thudc thay dbi tir nho dén
trung binh, vo1 duong kinh khoang 4-12 cm.

- V6 qua 6i c6 thé mong hodc day, mau sic tir xanh nhat dén vang khi chin. Mot
s6 gidng 6i c6 vé mau hdng nhat.

- Thit 6i bén trong c6 mau trang, hong, d6 hodc vang, tiy thudc vao gidng. Thit 6i

gion, ngot va thom, ¢6 nhiéu hat nho cting ¢ trung tam.
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2.4.7. Dwa Héiu

Dua hiu 12 mot loai cay an qua thudc ho Cucurbitaceae. Dua hau co nguén
gdc tir ving Tay Phi, noi nhimg dang hoang da ctia cdy nay van con ton tai. Tir ddy,
dua hau da dugc trong va lan rong ra khip cac ving nhiét di va can nhiét d6i trén
thé gigi. Hién nay, dua hau dugc trong pho bién & nhiéu qudc gia nhu Trung Qudc,
An D9, Tho Nhi Ky, Brazil va Hoa Ky. [7]

Hinh 2.8: Dua Héu

Qua dua hau thuong o6 hinh tron hodc hinh bau duc, kich thudc 16n, c6 thé

nang tir vai kilogram dén hon 20 kilogram.
V6 dua hau thudng day, mau xanh 14 cdy, c6 thé ¢ cac van hodc ddm tring.

Thit qua dua hau ¢ mau do, hong, vang, hodc cam, ngot va nhiéu nudc. Bén

trong thit qua chira nhiéu hat nho, mau den hodc trang. [7]

W .
geltymages’

etz Ky

Hinh 2.9: Mot s6 hinh anh diwa hau khdc
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2.2. So' @6 hoat dong clia md hinh hé thong phat hién trai cay.

Y

. Bd Phat Hién & /
Anh Phan Loail Anh » Loai Trai Cdy

@) /

B& Huén Luyén

(1

1

Anh T Huén Luyén
' |

h 4

Hinh 2.10 : So' d6 hoat déng ciia mé hinh phdt hién trdi cdy
(1) BO phat hién va phan loai trai cay
(2) BO phat hién loai trai cay
2.3. Qua trinh Hudn Luyén
2.3.1. Chudn bij dnh

- Chét luong Anh: Anh can c6 d6 phan giai du cao dé cac ddi tuong co thé
dugc nhan dién 10 rang, ngay ca khi ching nho hoac ¢ xa.

- S6 luong anh: qua cam (1087), qua chudi (985), nho (875), dua hau (878),
x0ai (935), i (810), tao (1189).
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- Pa dang: Bo dir li€u nén bao gém anh voi cac diéu kién anh sang khac nhau,
goc chup, va canh quan dé mo hinh c6 thé hoc cach phat hién d6i tuong
trong nhiéu hoan canh.

- Gan Nhan Chinh Xéc: Cac bounding box can dugc vé chinh xac xung quanh déi
tuong, khong qua rong hodc qua hep so véi kich thude thuc t cua ddi tuong.

- Can Bang Dir Liéu: Tranh tinh trang mat can bang, noi mot s6 16p c6 nhiéu
mau hon dang ké so voi cac 16p khac, diéu nay co thé dan dén do chéch
trong qua trinh huin luyén.

- Chia Tap Dir Li¢u: Chia bo dir li¢u thanh cac tap train, validation, va test dé
danh gia mo6 hinh mot cach khach quan.

- T6i Uu Héa Kich Thudce Anh: Déi khi can phai diéu chinh kich thuéc anh dé
pht hop véi yéu cau dau vao ctia mo hinh, dong thoi giam bét ganh ning
tinh toan. (640 13 yéu cau doi véi YOLOVS.

- Augmentation: Stir dung k¥ thuat tang cuong dir li¢u (data augmentation) nhu

xoay, 1at, thay doi mau sic, dé ting cuong kha ning tong quét hoa ctia mé hinh.
2.3.2. Qud trinh dénh nhén cho cdc déi twong
Str dung cac cong cu c6 san trén mang nhu: CVAT, Labelbox, LabelMe, Roboflow.

Dbi voi viée danh nhin ta s& sit dung Roboflow dé 14 noi tp chung anh va
danh nhén cho cac dbi tuong (Cam, Xoai, Tao, Chubi, Nho, Oi, Dua Héu).

2.4. Phat hién loai trai ciy biang YOLO
2.4.1. YOLO

You Only Look Once (YOLO) dé xuat sit dung mdt mang no-ron dau-cudi dé
dua ra du doan vé cac hdp gio1 han va xac suat 16p cung mot lic. N6 khac véi cach
tiép can cua cac thuat toan phat hién doi tugng trudec do, ma s dung lai cac bod

phan loai dé thyc hién phat hién.

Theo mot cach tiép can hoan toan khac voi phat hién dbi tuong, YOLO dat

duoc két qua hang dau, vuot xa cac thut toan phat hién ddi tuong thoi gian thuc khac.
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Trong khi cac thuat toan nhu Faster RCNN hoat dong bang cach phat hién
cac ving quan tdm ¢ thé c¢6 bang Mang Dé xuat Ving va sau d6 thuc hién nhan
dang trén cac vung do riéng biét, YOLO thuc hién tat ca cac du doan cia no voi su

tro gitp ctia mot 10p két ndi day du duy nhat.

Céac phuong phap st dung Mang Dé xuat Vung thuc hién nhiéu lan lap lai
cho cung mdt hinh anh, trong khi YOLO chi can mot lan lap.

Ké tir khi phat hanh phién ban YOLO dau tién vao niam 2015, di c6 nhiéu
phién ban mdi cta cing mot md hinh dugc dé xuit, moi phién ban déu xay dung va
cai thién phién ban trudc d6. Dudi day 1a mot dong thoi gian trinh bay su phat trién
cia YOLO trong nhitng nim gan day.

2.4.2. Cac phién bdn
2.4.2.1. YOLOvI

YOLO chia hinh anh thanh nhiéu luéi va tinh toan diém tin cdy va cac hop
bao cho mdi 6 ludi, phan 4nh xac suat cia mot dbi trong nam trong 6 ludi d6. Tiép
theo, dya trén xac suit cta ddi tuong 16n hon khong, thuat toan tinh toan cac xac
suat 16p twong Ung va nhan chiing voi xac suat d6i tuong dé tao ra mot diém xac
suat tong thé va hop bao. Vi kién trac nay, YOLOv] d3 vuot qua R-CNN véi do
chinh x4c trung binh (mean average precision - mAP) 1a 63.4 va toc d6 suy luan
(inference speed) 1a 45 khung hinh mdi gidy (FPS) trén bo dir liéu Pascal Visual
Object Classes 2007 ma ngudn mo. [11]

Céac diém noi bat cia YOLOVI:

- Phan chia hinh anh thanh luéi: Hinh anh dugc chia thanh nhiéu 6 ludi dé
phan tich.

- Tinh toan diém tin cdy va hop bao: Mdi 6 ludi s& tinh toan diém tin ciy va
hop bao cho cac ddi twong cd thé nam trong 6 do.

- Tich hop x4c suit 16p: Néu xac suét ctia dbi twong 16n hon khong, thuat toan s&

tinh toan cac xac suat 16p twong g va nhan chiing vadi xac suat doi tuong.
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- Hiéu suit vuot troi: YOLOv] dat mAP 63.4 va téc d6 suy luan 45 FPS, vuot
tro1 hon so vo1 R-CNN trén bd dir liéu Pascal VOC 2007. [11]

2.4.2.2. YOLOv2
Nam 2016, Joseph Redmon va Ali Farhadi da gidi thi¢u YOLOv2, c6 kha

nang phat hién hon 9000 loai ddi tuong. YOLOV2 mang dén mot sb cai tién quan
trong, trong d6 cé viéc gidi thiéu anchor boxes — cac hop bao dinh san dugc goi 1a
priors ma mo hinh str dung dé xac dinh vi tri Iy tudng cua mot ddi tuong. Thuat
toan tinh toan diém IoU cho hop bao du doan so véi anchor box. Néu IoU dat dén

ngudng nhét dinh, mé hinh sé& tao ra dy doan.
Cac diém ndi bat cia YOLOV2:

- Anchor Boxes: St dung cic hop bao dinh san (priors) dé cai thién do
chinh xac trong viéc xac dinh vi tri ddi tuong. Diéu nay giip mo hinh dé
dang dinh vi céac doi tuong co6 hinh dang va kich thuéc khac nhau.

- Intersection over Union (IoU): Thuét toan tinh toan diém IoU gitta hop
bao du doan va anchor box. Néu diém IoU vuot qua ngudng xac dinh, mo
hinh s& tao ra du doan cubi cung cho vi tri va loai ddi tuong.

- Hiéu suat vuot troi: YOLOV2 dat duge do chinh xéc trung binh (mean
Average Precision - mAP) 13 76.8 va téc d6 suy luan 67 khung hinh mdi
giay (FPS) trén bg dir liu VOC 2007.

Nho cac cai tién nay, YOLOV2 da nang cao kha niang phat hién ddi tuong,
khong chi m¢ rong $6 luong loai ddi tuong cé thé nhan dién ma con cai thién tbc
d6 va do chinh xac cua qué trinh phat hién. Diéu nay gitp YOLOV2 tré thanh mot
cong cu manh mé trong cc tmg dung thi gidc may tinh yéu cau phat hién d6i tuong
nhanh chong va chinh xac. [11]

2.4.2.3. YOLOv3

Nam 2018, Joseph Redmon va Ali Farhadi di cong bd mot bai bao gidi thiéu

YOLOV3, phién ban md&i véi d0 chinh xac cao hon cac phién ban trudc do.
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YOLOvV3 dat dugc do chinh xac trung binh (mAP) 1a 28.2 véi thoi gian xtr Iy chi 22
mili gidy. [11]

Hinh 2.11: Ung dung YOLOV3 cho ti lanh théng minh trong am thye va nha hang.

Darknet-53 Backbone:
YOLOV3 sir dung Darknet-53 1am kién trac xwong séng (backbone) cho mo
hinh. Darknet-53 1a mot mang no-ron tich chap sau vaoi 53 16p, dugc thiét ké dé can

bang gitra d6 chinh x4c va hiéu suat tinh toan.
Logistic Classifiers:

Pé du doan cac 16p, YOLOV3 sir dung bd phén loai logistic thay vi softmax.
Viéc sir dung logistic classifiers giup mé hinh c6 thé du doan nhiéu nhin cho mot
dbi twong, phu hop véi cac tinh hudng ma mot dbi twong co thé thude nhidu loai

cung mot luc.
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Binary Cross-entropy Loss:

YOLOV3 ap dung ham mat mat Binary Cross-entropy cho viéc huan luyén,
thay vi st dung cac ham mat mét truyén théng. Binary Cross-entropy loss giup cai

thién qua trinh t61 wu héa va d chinh xac ctia mo hinh.
Hiéu suat:

Vi nhitng cai tién trén, YOLOv3 dat mAP 28.2 va c6 kha ning xir 1y véi toc
d6 22 mili gidy cho mbi hinh anh, twong duong véi khoang 45 khung hinh méi gidy
(FPS). Piéu nay cho thdy YOLOv3 khong chi ting cuong do chinh xac ma con duy

tri toc 6 xur Iy nhanh chong.

Nho nhirng cai tién vé kién trac va thuat toan, YOLOV3 tré thanh mét trong
nhitng mo6 hinh phét hién d6i twong hang dau, dugc st dung rong rai trong nhiéu

tmg dung thi gidc may tinh doi hoi do chinh xac va téc do cao. [11]
2.4.2.4. YOLOv4

Nam 2020, Alexey Bochkovskiy. phat hanh YOLOv4, gioi thi¢u khai niém
Tai qua tang (BoF) va Tui dac bi¢t (BoS). BoF 1a mot tap hop cac ky thuat ting
cudng dit liéu gitp ting d6 chinh xac ma khong mat thém chi phi suy luan. (BoS
tang cuong dang ké do chinh xac voi chi phi ting nhe). Mo hinh dat duoc 43,5
mAP ¢ tdc d6 65 FPS trén bo dit liéu COCO. [11]

YOLOV4 st dung mdt s6 dic trung sang tao hoat dong cung nhau dé toi wu
hoa hiéu suit ctia nd. Ching bao gébm Weighted-Residual-Connections, Cross-
Stage-Partial-connections, Cross-mini-Batch Normalization, Self-adversarial-
training, Mish-activation, Mosaic data augmentation, DropBlock regularization, va

CIoU loss. Cac dic trung nay dugc két hop dé dat duoc két qua hién dai. [11]

Mot may do doi tuong dién hinh bao gém mét sd bd phan bao g6m dau vao,
xuong sdng, co va dau. Xuwong séng cia YOLOv4 dugc dao tao trude trén
ImageNet va dugc st dung dé du doan céc 16p va hdp gidi han cua cac doi tuong.
Xuong séng c6 thé 1a tir mot s6 mo hinh bao gdm VGG, ResNet, ResNeXt hoic
DenseNet. Phan ¢ cua may do dugc st dung dé thu thap ban dd dija vat tir cac giai
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doan khac nhau va thuong bao gom mét s6 duong dan tir dudi 1én va mot so dudng
dan tir trén xudng. Phan dau 14 nhitng gi duoc sir dung dé thuc hién phat hién va

phén loai d6i twong cudi cung. [11]
2.4.2.5. YOLOVS

Khong c¢6 tai liéu nghién ctu chinh thue, Ultralytics da phat hanh YOLOvVS
cling vao nim 2020. M6 hinh nay rat dé dao tao vi né duoc trién khai trong
PyTorch. Kién trac mé hinh str dung khéi két ndi mot phan giai doan chéo lam
xuong song cho ludng gradient tot hon dé giam chi phi tinh toan. YOLOVS5 sit dung
tép YAML thay vi tép c4u hinh trong c4u hinh mé hinh.

Céc dac trung chinh:

- Chia tach khong neo Ultralytics Head: Cac md hinh phat hién d6i tuong
truyén théng dua vao cac hop neo duge xac dinh trude dé du doan vi tri dbi
tuong. Tuy nhién, YOLOv5u hién dai hoa céch tiép can ndy. Bang cach ap
dung phan chia khong neo Ultralytics Pau tién, nd dam bao mot co ché
phat hién linh hoat va thich ung hon, do d6 nang cao hiéu suit trong céac
tinh huéng da dang.

- T6i uvu héa sy danh d6i do chinh xac-téc d6: Toc d6 va do chinh xéac
thuong kéo theo huéong nguoc nhau. Nhung YOLOvS5u thach thuc sy danh
d6i nay. N6 cung cdp mot su can bang hiéu chuan, dam bao phat hién thoi
gian thyc ma khong anh hudng dén do chinh xac. Déc trung nay dic biét vo
gid d6i voi cac tmg dung yéu cau phan hdi nhanh, chang han nhu xe ty
hanh, robot va phan tich video thoi gian thuc.

- Nhiéu mé hinh Pre-training: Hiéu réng cac nhiém vu khac nhau doi1 hoi cac
bd cong cu khac nhau, YOLOv5u cung cép rat nhiéu md hinh duoc dao tao
trude. Cho du ban dang tap trung vao Suy luan, Xac thyc hay Pao tao, c6 mot
mo hinh duoc thiét ké rieng dang cho ban. Sy da dang nay dam bao ban khong
chi str dung giai phap mét kich thudc phu hop voi tit ca, ma con 1a mot mod
hinh duoc tinh chinh dac biét cho thir thach ddc dao cta ban. [11]
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car 0.58

Hinh 2.12: Phat hién doi twong nhé véi YOLOVS trong phdn tich giao thong
2.4.2.6. YOLOv6

La mot phién ban khong chinh thirc khac dugc gioi thi¢u vao nam 2022 boi
Meituan — mot nén tang mua sam ctia Trung Qudc. Cong ty nham muc tiéu md hinh
cho cac tng dung coéng nghiép v4i hiéu suét tot hon so véi nguoi tién nhiém cia
n6. Nhitng thay d6i din dén viéc YOLOv6n dat duoc mAP 14 37.5 ¢ 1187 FPS trén
tap dir licu COCO va YOLOv6s da dat dugc 45 mAP & 484 FPS.

Céc dac trung chinh:

- Mé-dun ndi hai chiéu: YOLOV6 giéi thiéu mot mo-dun ¢ c¢d cia may do,
tang cudng tin hiéu ndi dia héa va mang lai hiéu suat tang véi sy suy giam
téc o khong dang ké.

- Chién lwge dao tao c6 su hd tro ciia neo (Anchor-Assisted Training): M6
hinh nay dé xuat Anchor-Assisted Training dé tdn huéng nhimg loi ich cua
ca md hinh dua trén neo va khong c6 neo ma khong anh huong dén hiéu
qua suy luan.

- Thiét ké xwong séng va cd ning cao: Bing cach dao sau YOLOV6 dé bao
gém mot giai doan khac & xuong séng va ¢6, md hinh nay dat dugc hi¢u

suat hién dai trén bo dit licu COCO ¢ dau vao c6 do phan giai cao.
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- Chién lwgc tuw chung cAt: Mot chién luoc tu chung cat mé6i duoc thuc hién
dé tang hiéu suat cuia cic mo hinh YOLOV6 nhé hon, ting cudng nhanh hoi
quy phu tro trong qua trinh do tao va loai bo no theo suy luan dé tranh su

suy giam toc do rd rét. [11]
2.4.2.7. YOLOv7

Vao thang 7/2022, mot nhoém cac nha nghién ciru dd cong bd md hinh ma
ngudn mé YOLOvV7, may do dbi twong nhanh nhat va chinh xac nhat véi mAP 1a
56,8% & FPS dao dong tir 5 dén 160. YOLOvV7 duya trén Mang tong hop 16p hiéu
qua mé rong, gitip cai thién dao tao bang cach cho phép mé hinh hoc cac dic trung

da dang voi tinh todn hi¢u qua.

Hinh 2.13: Ung dung hé thong Al dwoc dao tao dé phat hién may bay véi YOLOv7

Céc déc trung chinh:

- Tham s6 héa lai mé hinh: YOLOv7 dé xuat mot mo hinh tai tham sb hoa
theo ké hoach, day 1a mot chién luoc ap dung cho céc 16p trong cac mang

khac nhau vé6i khai niém duong din lan truyén gradient.
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- Phén cong nhin ddng: Viéc dao tao mo hinh véi nhiéu 16p dau ra trinh
bay mdt van dé méi: "Lam thé nao dé chi dinh cac muc tiéu dong cho
dau ra ciia cac nhanh khac nhau?" Dé giai quyét van dé nay, YOLOV7
gi01 thiéu mdt phuong phap gan nhan méi duoc goi la gadn nhan co
hudng dan tir thé dén min.

- Mé rong va chia ty 1¢ hop chiat: YOLOv7 dé xuat cac phuong phap "mo
rong" va "chia ty 1¢ hop chat" cho may do ddi tuong thoi gian thuc c6 thé
str dung hiéu qué céc tham s6 va tinh toan.

- Hiéu qua: Phuong phap do YOLOv7 d& xuat c6 thé giam hiéu qua khoang
40% thong sb va 50% tinh toan ctia may do ddi tuong thoi gian thyc hién dai,
déng thoi ¢6 tbe do suy luan nhanh hon va do chinh xac phat hién cao hon. [11]

2.4.2.8. YOLOVS

La mdt méd hinh tién tién, hién dai, YOLLO v8 Puoc xay dung dua trén su
thanh cong cua cac phién ban trudc, gidi thiéu cac dic trung va cai tién méi dé
nang cao hi¢u suét, tinh linh hoat va hiéu qua. YOLO v8 hod tro dﬁy du cac tac vu
Al thi giac, bao gém phat hién, phan doan, udc tinh tu thé, theo doi va phan loai.
Tinh linh hoat nay cho phép nguodi dung tan dung YOLOvVS8. Kha nang cta ho trén
cac ung dung va linh vuc da dang. [10]

Kién triic

YOLOVS dugc thiét ké dé khic phuc nhirng han ché cua cac phién ban trudc
ddng thoi duy tri sy cin bang giira toc dd va do chinh xac. Mot cai tién dang chu y
ciia YOLOVS 1a thiét ké mo-dun va c6 thé md rong, cho phép mé hinh linh hoat

thich ing vé1 nhiéu yéu cau khac nhau.

CAu trac cia YOLOVS duogc chia thanh ba thanh phan chinh: xuong sdng, c6
va dau. Xuong séng chiu trach nhiém trich xuét cac dic trung tr hinh anh dau vao,
v6i cac tuy chon nhu CSPDarknet53 va EfficientDet dé phu hop véi nhu cau cu
thé. Phan c6 két ndi xuong song voi dau, dong vai tro quan trong trong viéc hop
nhét cac dic trung. Phan dau dam nhan viéc dy doan cac hop gioi han, 16p ddi

tuong va diém tin cay.
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Mot khia canh quan trong khéac cia YOLOVS la kha nang mé rong mo hinh.
N6 cung cap cac bién thé khac nhau nhu YOLOvS8-tiny va YOLOv8x, khac nhau vé
kich thudc va do phirc tap tinh toan. Piéu nay cho phép nguoi dung chon mé hinh
pht hop véi yéu cau ctia minh, du 13 trong moi truong han ché tai nguyén hay tng

dung hiéu suat cao.

YOLOVS ciing gi6i thiéu nhimng cai tién trong chién luge dao tao, bao gém
viéc stir dung toi vu hoa Adam chinh luvu (RAdam) va phuong phap phat hién doi
tugng dya trén neo hoic khong neo. Nhimng cai tién nay gitp qua trinh dao tao hoi

tu nhanh hon va nang cao hiéu suat trong cac nhi€ém vu phat hién dbi tuong.

Hon nita, YOLOVS c6 hé théng cau hinh linh hoat, cho phép nguoi dung dé&
dang tuy chinh cac thong sd nhu kich thuéc dau vao, hop neo va do phirc tap cia
mo hinh. Tinh linh hoat nay lam cho YOLOVS dé dang thich ing véi cac bo dir liéu
va kich ban Umg dung da dang.

Tém lai, kién tric cia YOLOVS ndi bat véi thiét ké mo-dun, cac bién thé co
thé m& rong, xuong séng duge cai thién va cac chién luoge dao tao nang cao. Nhiing
dic diém nay cung nhau gép phan vao sy thanh cong cia YOLOVS trong viéc phat
hién doi tuong thoi gian thuc, khién no tré thanh lya chon phé bién cho cac nha

nghién ctru va chuyén gia trong linh vuc thi gidc may tinh. [22]
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Hinh 2.14: Kién triic YOLOVS. [22]
Phat hién khong neo

YOLOvVS8 khong str dung anchor box, diéu nay c6 nghia 1a né du doan truc
tiép tam cta mot d6i tuong thay vi dya vao viéc diéu chinh tir mot hop neo da duoc

xac dinh trudc.
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Hinh 2.15: Hinh dung anchor box trong YOLO
Trong cac md hinh YOLO trudc d6, anchor box di tré nén phd bién
nhung ddng thoi cling tao ra su phirc tap, bai chung ¢ thé khong phan anh

dung su da dang cua cac ddi tuong trong tap dir lidu.

Split

split (3)

Split

split (3)

Split

split (3)

Mul

B (1x3x80x80x2) B (1x3x40x40x2) B {1x3x20x20x2)

B (1x3x80x80x2) B {1x3x40x40x2) B (1x3x20x20x2)

Concat Concat

Reshape

shape (3)

Reshape

Concat

Reshape

shape (3)

1x25200x85

Hinh 2.16: detection head cua YOLOvS
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St dung phat hién khong neo trong YOLOVS gitip giam s6 lugng dy doan
hop, tir d6 cai thién téc do cua qua trinh Triét tiéu khong t6i da. Didu nay gitp lam
giam phirc tap trong viéc xu 1y dit liéu bang cach loc cac phat hién tng cir vién sau

khi suy luan.

split {2}

Reshape

shape (4}

Transpose

Softmax

W (Ix16x1=x1}

Reshape

shape (3}

Split

A (I=x2x8400) A (Ix2x8400)

MUl ) N
Sigmoid

B {1x<B8400}

Concat

1=x6&6=x8400

Hinh 2.17: detection head ciia YOLOVS
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Céc dac trung chinh:

Kién truic Backbone va Neck tién tién: YOLOvVS st dung cac kién tric
backbone va neck hién dai, dan dén viéc cai thién kha nang trich xuat dic
trung va hiéu suét phat hién ddi tuong.

Pau Ultralytics khong neo: YOLOVS 4p dung dau Ultralytics khong str
dung anchor box, gitp ting d0 chinh xac va cai thi¢én qua trinh phat hién so
v6i cac phuong phap stir dung anchor box.

Téi wu hda can béng d6 chinh xac va téc do: Véi trong tam 1a duy tri sy can
béng tbi wu gitra d0 chinh xac va téc d0, YOLOVS phu hop cho cac nhi¢m vu
phat hién ddi tuong trong thoi gian thuc & nhiéu linh vuc tmg dung khac nhau.
DPa dang cac mod hinh duoc huén luyén trude: YOLOVS cung cép nhiéu mé hinh
duoc huan luyén trudc dé phuc vu cho cac nhiém vu va yéu cAu hiéu suét khéac

nhau, gitip d& dang tim ra mé hinh phu hop cho trudng hop sir dung cu thé.
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Hinh 2.18: Hiéu sudt trén Tdp dir liéu Phat hién Péi twong MS COCO
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CHUONG 3: CAI PAT, THU NGHIEM VA PANH GIA
3.1. Méi truong thir nghiém
3.1.1. Ngén nhiv lgp trinh Python
3.1.1.1. Khai niém

Python 1a mdt ngdn ngit 1ap trinh bac cao cho cac myc dich 1ap trinh da nang,
do Guido van Rossum tao ra va lan diu ra mét vao nam 1991. Python dugc thiét ké
v6i ru diém manh 13 d& doc, dé hoc va d& nhé. Python 13 ngdn ngit c6 hinh thirc rat
sang sua, cau trac rd rang, thudn tién cho ngudi mai hoc lap trinh va 14 ngodn ngir
1ap trinh dé hoc, duoc dung rong rai trong phat trién tri tué nhan tao. Cau tric cua
Python con cho phép nguoi sir dung viét ma 1énh véi s6 lan gd phim tbi thiéu. Vao
thang 7 nam 2018, Van Rossum da tir chirc 1anh dao trong cong dong ngdn ngir Py-
thon sau 30 nam lam viéc.

Python hoan toan tao kiéu dong va dung co ché cép phat bd nhé tu dong; do vay
nd tuong tu nhu Perl, Ruby, Scheme, Smalltalk, va Tcl. Python duogc phat trién trong
mét du 4n ma ma, do td chire phi loi nhuan Python Software Foundation quan 1y.

Ban dau, Python duoc phat trién dé chay trén nén Unix. Nhung rdi theo thoi
gian, Python dan mo rong sang moi hé diéu hanh tir MS-DOS dén Mac OS, 0S/2,
Windows, Linux va cac hé diéu hanh khac thudc ho Unix. Mic du su phat trién cua
Python ¢ sy dong gdp cua rat nhiéu ca nhan, nhung Guido van Rossum hién nay
van 1a tac gia cha yéu cua Python. Ong giit vai tro chu chdt trong viée quyét dinh
huéng phat trién ctia Python.

Python luon duoc xép hang vao nhitng ngdn ngit 1ap trinh pho bién nhat. [14]
3.1.1.2. Pac tinh

Python dang tré nén pho bién trong cong ddng 1ap trinh nhd c6 cac dic tinh sau:

- Ngo6n ngtt thong dich: Python dugc xtr Iy trong thoi gian chay bdi trinh
thong dich Python.
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Ngon ngit hudng ddi tugng: N6 hd tro cac dic trung va ki thuét 1ap trinh
huéng dbi tuong.

Ngon ngit lap trinh tuong tac: Ngudi ding co thé tuong tac truc tiép voi
trinh thong dich python dé viét chuong trinh.

Ngon ngir d& hoc: Python rat dé hoc, dic biét 1a cho ngudi méi bat dau.

Cu phap don gian: Viéc hinh thanh ct phap Python rat don gian va dé hiéu,
diéu nay ciing 1am cho né tré nén pho bién.

M3 nguén mé: Python cho phép ngudi dung c6 thé sir dung, chinh sira va
phan phdi ma ngudn mot cach tu do.

Di dong: Ma Python c6 thé chay trén nhiéu nén tang phan ctng co cung
giao di¢n.

C6 thé mo rong: Nguoi dung c6 thé thém cic mo-dun cdp thap vao trinh
thong dich Python.

C6 thé cai tién: Python cung cip mot cu tric cai tién dé hd tro cac chuong
trinh 16n sau do 1a shell-script.

Hb tro cong dong: python c6 mot cong dong 16n véi nhidu nguoi ding va
nha phat trién trén khap thé giéi dong gbép vao viéc phat trién ca cai tién
Python. Cong ddng nay ciing cung cip hd tro va tai liéu dé gitp nguoi dung

python giai quyét ca van dé mot cach nhanh chong va hiéu qua. [15]

3.1.1.3. Cac phién ban

Python da dugc Guido van Rossum tao ra vao nhitng nam 1980 tai Trung

tam Toan hoc — Tin hoc (Centrum Wiskunde & Informatica, CWI) & Ha Lan nhu Ia

mot ngdn ngir ké tuc ngdn ngir ABC — mdt ngdn ngir dugc 1ay cam himg tir SETL

(ngdn ngit duoc phat trién boi Jacob T. Schwartz va cac dong nghiép), co kha ning

xtr 1y ngoai 1& va giao tiép voi hé diéu hanh Amoeba. N6 bat dau dugc trién khai

vao thang 12 nam 1989.

Python 2.0 dugc ra mat vao ngdy 16 thang 10 nam 2000, véi nhiéu dic trung

mo1 mé, bao gém mot bo don rac phat hién theo chu ky va kha ning hd tro Unicode.
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Python 3.0 duoc ra mét vao ngdy mung 3 thang 12 nim 2008. Pay la mot
phién ban 16n ciia Python khong tuong thich nguoc hoan toan. Nhiéu dic trung 16m
ciia n6 da duoc chuyén mi nguoc (backport) vé loat phién ban Python 2.6.x va
2.7.x. Céc ban phat hanh cua Python 3 c6 di kém véi cong cu 2to3, co tic dung tu

dong hoa vi¢c dich ma Python 2 sang Python 3.

Python 3.9.2 va 3.8.8 dugc xuc tién vi tit ca cac phién ban trude cia Python
(bao gém ca 2.7) gap mot s6 van dé bao mat, c6 thé dan dén thuc thi ma tir xa va
"dau doc" bd nhé dém.

Trong nam 2022, Python 3.10.4 va 3.9.12 duoc xuc tién cung véi 3.8.13 va
3.7.13, nguyén nhén 1a do mot vai van dé vé bao mat. Khi Python 3.9.13 duoc phat
hanh vao thang Nam nam 2022, loat phién ban 3.9 (cung vd6i loat 3.8 va 3.7) duoc
thong bao riang s& chi nhan dugc cac ban va bao mat trong tuong lai. Vao ngdy 7
thang Chin nim 2022, b6n ban cap nhat méi duoc phat hanh do ¢6 kha ning xay ra
mot cude tan cong tir chdi dich vy: 3.10.7, 3.9.14, 3.8.14 va 3.7.14.

Tinh dén thang 10 nam 2023, Python 3.12 1 ban phat hanh 6n dinh méi
nhat. Mot s6 thay doi dang cht ¥ tir ban 3.11 bao gom céc thay d6i vé ngdn ngit va
thu vién chuan.[14]

3.1.2. Méi trwong phit trién tich hop Pycharm
3.1.2.1. Khdi niém:

PyCharm 13 mot mdi trudong phat trién tich hop (IDE) dugc str dung dé 1ap
trinh bang Python. N6 cung cép phan tich m, trinh g& 15i d6 hoa, trinh kiém tra
don vi tich hop, tich hop véi cac hé thdng kiém soat phién ban va hd tro phat trién
web voi Django. PyCharm dugc phat trién boi cong ty JetBrains cta Séc.

N6 1a da nén tang, hoat dong trén Microsoft Windows, macOS va Linux.
PyCharm cé Professional Edition, dugc phat hanh theo gidy phép doc quyén va
Community Edition duoc phat hanh theo Gidy phép Apache. PyCharm Community

Edition it m& rong hon Professional Edition. [12]
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3.1.2.2. Cac dac trung:

- HO tro va phan tich ma héa, véi viéc hoan thanh ma, to sang ct phap va 16i, tich
hop 16p 16t va sira 16i nhanh

- Piéu hudéng du an va ma: ché d6 xem du an chuyén biét, ché d6 xem cu trac tép
va nhay nhanh gitra cac tép, 16p, phuong thirc va cach st dung

- Tai cdu trac ma Python: bao gdm d6i tén, phuong thirc trich xuat, giéi thiéu bién,
gi6i thiéu hang s6, kéo 1én, day xudng va cac bién khac

- Hb trg cho cac khung web: Django, web2py va Flask

- Trinh g& 156i Python tich hop

- Kiém tra don vi tich hop, v6i pham vi bao pht timg dong

- Céng cu tmg dung Google Phat trién Python

- Tich hop kiém soat phién ban: giao dién ngudi dung hop nhat cho Mercurial, Git,
Subversion, Perforce va CVS véi danh sach thay ddi va hop nhét

- Tich hop cong cu khoa hoc: tich hop voi IPython Notebook, c6 bang diéu khién
Python tuong tac va hd trg Anaconda ciing nhu nhiéu goéi khoa hoc bao gém
Matplotlib va NumPy. [12]

3.1.2.3. Cdc phién ban

PyCharm di duoc phat hanh ra thi truong cac IDE tip trung vao Python dé
canh tranh vo1 PyDev (cho Eclipse) hodc Komodo IDE tip trung rong rai hon cua
ActiveState.

Phién ban beta ctia san pham duoc phat hanh vao thang 7 nim 2010, véi
phién ban 1.0 dén 3 thang sau do. Phién ban 2.0 dugc phat hanh vao ngay 13 thang
12 nam 2011, phién ban 3.0 dugc phat hanh vao ngay 24 thang 9 nam 2013 va
phién ban 4.0 dugc phat hanh vao ngay 19 thang 11 nam 2014.

PyCharm tr¢ thanh ma ngudn mé vao ngay 22 thang 10 nim 2013. Bién thé
Mi ngudn md duge phat hanh duéi tén Community Edition — trong khi bién thé

thwong mai, Professional Edition, chtra cac mo-dun ngudn déng. [12]
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3.1.3. Cong cu trwe tuyén Google Collab
3.1.3.1. Khai niém

Colaboratory hay con goi 1a Google Colab, 1a mot san pham tir Google Re-
search, né cho phép chay cac dong code python thong qua trinh duyét, dac biét phu
hop voi Data analysis, machine learning va giao duc. Colab khong can yéu cau cai
dat hay cau hinh may tinh, moi thur c6 thé chay thong qua trinh duy¢ét, ban co thé st
dung tai nguyén may tinh tir CPU tdc d6 cao va ca GPUs va ca TPUs déu duoc

cung cap cho ban.

Colab cung cép nhiéu loai GPU, thuong 1a Nvidia K80s, T4s, P4s and P100s,
tuy nhién nguoi ding khong thé chon loai GPU trong Colab, GPU trong Colab thay
ddi theo thoi gian. Vi 1a dich vu mién phi, nén Colab sé& c6 nhiing thir ty uu tién
trong viéc st dung tai nguyén hé thong, ciing nhu gidi han thoi gian st dung, thoi

gian str dung t6i da 1én téi 12 gio. [13]
3.1.3.2. Nhitng dac trung chinh trong Google Colab
- Sir dung Jupyter Notebooks truc tuyén

Google Colab cho phép tao va chay cac Jupyter Notebooks truc tuyén ma

khong can cai dat moi truong phat trién phuc tap trén may tinh c nhan.

Giao dién str dung twong tu nhu Jupyter Notebook truyén thdng vai cac cell

cho phép thuc thi ma Python hodc viét markdown dé tao ndi dung hudng dan. [16]
- Kha nang chia sé va cfng tac

Nguoi dung c6 thé chia sé notebook vé&i nhitng nguoi khac dé cung lam vige

trén cung mot notebook, tao diéu kién thuan lgi cho vi¢c hoc tap va lam vi¢c nhom.

Céc dic trung nhu binh luan va ché d6 chinh sira ddng thoi gitip ting tinh

tuong tac va hi€u qua cua qua trinh cong tac. [16]
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- Dung GPU va TPU mién phi

Google Colab cung cép truy cap mién phi dén GPU va TPU, dic biét hiru ich cho

cac tac vu tinh toan ndng v€ mat so hoc, dac biét 1a trong linh vuc hoc may va hoc sau.

Viéce str dung cac card GPU hodc TPU c6 sin gitip ting toc do xir Iy va huan

luyén mo hinh so véi viéc st dung CPU thong thuong. [16]
- Luu trir dir liéu trén Google Drive va tich hgp Google Cloud

Nguoi dung cé thé truy cip va luu trir dir liéu truc tiép tir Google Drive, tao
diéu kién thuén loi cho viéc lam viéc véi tap tin dir li¢u lon.

Tich hop voi1 dién toan ddm may cua Google cling cho phép stir dung cac dich
vu nhu BigQuery, Cloud Storage, va cac API khac tir dich vu dién todn ddm may
trong qua trinh lam viéc. [16]

3.2. Tao b dir liéu hoc dé huén luyén

Roboflow 1a mot framework danh cho nha phat trién Thi giac May tinh dé thu
thap dir licu t6t hon dé xur Iy trude va cac ki thuat dao tao mo hinh. Roboflow c6 san
cac tap dit liéu cong khai cho ngudi dung va ciing ¢6 quyén truy cdp dé nguoi ding tai
1én dir li¢u tuy chinh cua riéng ho. Roboflow chép nhan cac dinh dang chu thich khac
nhau. Trong qué trinh xtr 1y trudc dir 1i€u, c6 cac budc lién quan nhu dinh hudng hinh

anh, thay d6i kich thudc, do twong phan va tang cuong dir lidu.

Toan bd quy trinh 1am viéc ¢ thé duge didu phdi voi cac nhoém trong khudn
kho. Pbi voi dao tao md hinh, c6 mot loat thu vién mo hinh d3 c6 mat nhu
EfficientNet, MobileNet, Yolo, TensorFlow, PyTorch, v.v. Sau do, cac tuy chon truc
quan va trién khai mo hinh cling c6 san do dé bao gém toan bo hién dai.

Roboflow dugc st dung trong cac nganh cong nghiép thi gidc may tinh khac
nhau cho céc truong hop sit dung nhu — phat hién ro ri khi dot, phat hi¢n thuc vat
va c6 dai, bdo tri may bay, wdc tinh thiét hai mai nha, hinh anh v¢ tinh, 6 t6 tu 141,

bd dém giao thong, don rac va nhiéu hon nita. [17]
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Tong s6 lugng anh : 12.076 anh

Trai Cay S6 Anh
Cam 1087
chubi 985
Nho 870

Dua Hau 878
Xoai 935

Oi 810
T4o 1189

trang mang xa hoi: facebook, pinterest, pixel, ...

Bang 3-1: S6 Luong Anh cua timg

loai

qua dic trung tién xir 1y hay ting cudng hinh anh trén Roboflow.

TANG CAP DO HINH ANH

Xoay 90°
xam

L E
“ a

Tiép xtc Tiéng &n Cat bd Mosaic

TANG CAP DO HOP GIGIHAN @

-
o I % L
2 e

X‘:dy 90° Cay trong
Do sang Tiép xuc Tiéng &n

Thang dé Hué B&o hoa

Hinh 3.1: dac trung tang cuong hinh anh trén Roboflow

Véi tong s6 12.076 anh trong d6 6.719 anh duogc thu thap thi cong trén céc
va mot s6 anh duoc thu thap tur

viéc chup truc tiép trai cdy bén ngoai, voi 3995 anh con lai duge thém vao thong

55



Images Annotations Average Image Size Median Image Ratio

6,719 16,099 0.11 mp 354x316

0 2 missing annotations 11 2.4 per image (average) €, from 0.01 mp 1t wide

@ 6 null examples <[> Across 7 classes & 10 17.02 mp

Class Balance i= Manage Classes | &Ja Rebalance Splits
train || valid | test (i‘ Train) (0 Valid) (P Test )
orange 3,07

banana 2,541

grape 17—

water melon 1,007

mango 1,804 CH——

guava 1,873« ——

apple 1,700 — under represented @

Dimension Insights

Size Distribution

The | purple box |indicates the median width by median height image (354x3186).

small 1,204
medium 3,661
large 1,708
jumbo 148 & > 1024x1024

Hinh 3.2: Health check dwoc théng ké trén Roboflow.
Phan chia tép dir li€u:
Train (Training Set): Day 13 tp dit liéu duoc sir dung dé huan luyén mé hinh.

M6 hinh hoc may s€ “hoc” tir dir li€u nay, diéu chinh cac tham sb dé co thé du doan

hodc phan loai chinh x4c nhat. Pugc chia nhiéu nhét véi 10.714 anh chiém 89%.

Test (Testing Set): Sau khi mo hinh di duoc hudn luyén, tap dit liéu nay
duoc sir dung dé kiém tra hiéu suat ctia mo hinh. N¢ gitp danh gia xem mé hinh c6
kha ning tong quat hoa trén dir litu méi ma nd chua timg “thdy” trong qua trinh

huan luyén hay khong. Pugc chia 655 anh chiém 6%.

Valid (Validation Set): Pay 1a tap dir liéu duoc sir dung dé diéu chinh céc
hyperparameters ctia mé hinh. N6 gitp x4c dinh cAu hinh mé hinh t6t nhat trudc

khi thyc hién kiém tra cudi cung trén tap testing set. Pugc chia 707 anh chiém 6%.
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3.3. Dao tao mo hinh phat hién loai trai cay

Pé huan luyén mo hinh “ Phét hién loai trai cdy * bang phuong phap hoc sau thi
em stir dung mot cong cu hd tro & day 1a Google Colab. Google Colab 1a mot dich vu
may tinh ddm may cua Google cho phép ngudi dung tao ra cac t¢p notebook Jupyter
dé thuc thi ma Python. N6 cung cAp mdt moi truong tinh toan ddm may mién phi, véi
cac dic trung nhu GPU mién phi, RAM mién phi d¢én 12GB c6 thé mé rong dén
25.5GB néu c6 tra phi, luu trir ddm may va nhiéu dic trung khac.

Ngoai ta Google Colab con lién két voi driver dé c¢6 thé ho trg nguoi dung
trong viéc luu trit cac dir liéu quan trong. Google Colab dugc thiét ké dé hd tro viéc
phat trién va huén luyén cac mo hinh hoc may va cac ung dung AL N6 cung cap
mot moi trudng tinh todn ddm may mién phi, manh mé va linh hoat cho cac nhu

cau hoc tap va nghién ctru.

#pip install ultralytics
import ultralytics
ultralytics.checks()

Ultralytics YOLOV8.2.2 §7 Python-3.10.12 torch-2.2.1+cul21 CUDA:@ (Tesla T4, 15182MiB)
Setup complete (2 CPUs, 12.7 GB RAM, 28.8/78.2 GB disk)

Ipip install Pillow

Requirement already satisfied: Pillow in /usr/local/lib/python3.1@/dist-packages (9.4.0)

from PIL import Image

from IPython.display import Image

lapt install unzip

Hinh 3.3: cai cdc thur vién hé tro
Vi Google Colab ban mién phi chi cho gi¢i han vé thoi gian chay nén ta co
thé lién két véi drive dé luu trir dé tranh mat dir liéu sau khi hét phién
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Ta c6 thé dé dang két n61 véi drive véi 2 cach:

= Teép 0O X
Q B C KR ®
{x} -

» [ drive

CZ ) @ sample_data

05

Hinh 3.4: An chon biéu tuwong drive trong phan tép

from google.colab import drive
drive.mount("'/content/drive’)

Hinh 3.5: Poan ma két néi Google Colab véi Google Drive

Sau khi cai xong mot vai doan ma ta c6 thé bat dau dao tao vd1 doan ma sau

%cd {HOME}

yolo task=detect mode=train model=yolov8n.pt data={dataset.location}/data.yaml

epochs=100 imgsz=640

Hinh 3.6: Doan md dé badt dau dao tao
Trong do:
- %ed: 1a di chuyén dén tép ta sé& luu trit cac dir liéu khi dang dao tao
- Epochs: S6 1an anh duogc dao tao (sé cang lon dir li¢u dao tao s€ dugc cai
thién nhung d6i lai thi s& ton thoi gian hon)
- Imgsz: kich thudc anh (d6i voi YOLOvS nha phat trién c6 yéu cau kich
thude 1a 640x640).
- Model: mé hinh duoc Ultralytics cting cp dé dao tao.
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- Data: duong din dén tép cau hinh tap dir liéu (vi du: coco8.yaml). Tép nay
chtra cac tham s6 danh riéng cho tap dit liéu, bao gdm duong dan dén dir

lidu dao tao va xéc thuc, tén 16p va sb luong 16p.

Ta ciling c6 mot sé mot sb thong sd khac nhung ta ta cling khong can phai ghi
hét tat ca dé c6 thé chay dugc moi thong tin ta ¢ thé tim trén trang train cua
ultralytics. Ultralytics c¢6 day du céc thong sd néu ai co yéu cau chi tiét trong qua
trinh dao tao.

Thoi gian dao tao v6i 20/100 epochs mat tim 2 tiéng 15 phut

Vi tirng epochs ta co6 bang sau:

Epochs | JEBem | e thy hié p | R |map| ™"

ocns ? . O1 g1an thucC nien

p thr (valid) g v TS 50- 95
80 707 43 phut 13 giay 0.725| 0.74 [ 0.773 | 0.642
90 707 | 1 ting 24 phit 46 gidy | 0.735 | 0.749 | 0.772 | 0.642
100 707 | 2tiéng 6 pht 41 gidy | 0.722|0.776 | 0.77 | 0.641

Bang 3-2: Bang thu nghiém voi cac epochs khac nhau

Quan sat (bang 3-2) trén ta ¢ thé nhan thay két qua thir nghiém mo hinh véi
cac gia tri ctia epochs khac nhau nhung khong c6 nhiéu su chénh 1éch. Tuy nhién
v6i 90 epochs ta duge do chinh xac 1a 0.772 trong thoi gian 1 tiéng 24 phut khi
chay 20/100 epochs. Khi thay d6i cac sb epochs ta c6 thé thiy tir 80 c6 su ting nhe
trong khi d6 1én 100 mot vai chi sé da bi giam di. Ttr d6 ta c6 thé két luan véi dit

liéu tAm 12 nghin anh ddi vi mé hinh nay thi 90 epochs 1a su lya chon tdt nhat.
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3.3.1. Gid tri cdc biéu do

train/box_loss

train/cls_loss

train/dfl_loss

1.0 1

0.91

0.8

0.7 |

0.6 1

1.05 A

0.95
0.90 1
0.85
0.80 1

2.5 1
—e— results 1.35
++ smooth
1.30 A
1.254
1.201
1.154
1.10
0 50 100 0 50 100 0 50 100
val/box_loss - val/cls_loss val/dfl_loss
221 1301
2.0 1 1:25:
1.8 1 1.20
1.6 1
1.151
1.4
1.101
1.2 1
1 r . : . ~ 105 T T
0 50 100 0 50 100 0 50 100

0.6 1

0.5

0.4

metrics/precision(B)

0 50 100
metrics/mAP50(B)
0 50 100

0.7 1
0.6 1
0.5 1

0.4 1

0.5 1
0.4 1

0.3 1

metrics/recall(B)

0 50
metrics/mAP50-95(B)

100

0 50 100

mo hinh c6 sy ting trudng nhanh & 50 epochs dau tién va cham lai.

Hinh 3.7: Biéu dé thong ké sau khi dao tao

Theo nhu hinh ta c6 thé thiy:

Céc biéu dd mat mat dang giam dan cho biét dwoc mé hinh dang dugc hoc t6t hon.

Biéu d6 d6 chinh xac: thi lai ting dan 1én, va nhin tir hinh anh ta thiy duoc
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Confusion Matrix
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Hinh 3.8: ma trgn nham lan (hiéu sudt du dodn ciia mé hinh véi epochs=100

Confusion Matrix dugc sir dung dé danh giad hiéu suét cia mot mo hinh phan
loai trong linh vuc hoc may. N6 thé hién sd lugng cac du doan chinh xac va khong

chinh xac gitra cac 16p khac nhau. Cy thé:

- Céc Lop: Bang nay bao g@)m cac 16p nhur tdo, chudi, nho, di, x0ai, cam, dua hiu va nén.

- Gia Tri O: Cac gia tri s6 trong mdi 6 ctia ma tran thé hién sé luong truong hop
cho mdi sy két hop cua 16p thuc té va 16p du doan.

- Truc X va Y: Truc x v6i nhin “True” biéu thi cac 16p thuc té, trong khi truc y

v6i nhin “Predicted” biéu thi cac 16p dugc mo hinh dy doan.
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- Mau Sic: Cac 6 ¢6 mau xanh dam hon chi ra gié tri cao hon (Piéu nay thé hién
rang md hinh da dy doan chinh xac nhiéu 1an cho 16p d6); mau nhat hon chi ra
gia trj thip hon (m6 hinh da du doan it 1an cho 16p d6 hodc 1a khong chinh xéc).

Ma tran nhiam 1an gitp nhan dién dugc nhirng 16p ma mé hinh phan loai hoat
ddng t6t va nhitng 16p ma mo hinh c6 thé cai thién.

3.3.2. Giao dién wng dung phadt hién loai trdi cdy

Phat hién Loai Tra: Cay

X Ly Anh
XIF Ly Video
Mé Anh

WM& Video

Mé& Webcam

Exit

Hinh 3.9: giao dién chuong trinh
Giao dién c6 céac chirc ndng co ban gom:

- Xt ly anh: Dung model di dao tao trén Google Colab dé xir Iy nhan dién
anh va luu anh vé dinh dang .JPG va luu vao 1 t€p chi dinh.

- Xt Ly Video: Dung model dé dao tao trén Google Colab dé xir Iy nhan dién
vt trai cdy trong video va xuat ra dinh dang .mp4 va luu vao 1 tép chi dinh.

- Mo¢ anh: dung dé chon 4anh dé nhan dién va xem két qua

- Mo video: dung dé chon video dé nhan dién

- M6 webcam: dung webcam ciia may dé nhan dién ddi twong (trai cay)

- Exit: thoat chuong trinh

- View: dé€ xem anh, video
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3.3.3. Két qud thir nghiém trén mé hinh da hudn luyén

Thyc hién tha cong trén 2 loai dir li€u dau vao: anh tinh 1 loai qua va anh

tinh nhi€u loai qua.

Di véi anh tinh 1 loai qua chuong trinh dem lai 6 chinh xéc trong khoang 95%.

STT| TénQua | 0 ;Lrlc_l)’ng Nhan ding | Nhan sai Déx‘gléinh
1 |Cam 30 30 0 100
2 | Xoai 30 24 6 80
3 | Tao 30 29 1 96
4 | Chubi 30 29 1 96
5 | Nho 30 28 2 93
6 | Oi 30 30 0 100
7 | Dua Hau 30 30 0 100

Bang 3-3: Bang thir nghiém phdn loai hinh anh tinh

Theo nhu bang trén ra c6 thé thiy nhan sai nhiéu nhat nim & qua xoai véi 80%.

Hinh 3.10: trai xoai bi nhdn sai
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Tiép theo sau 14 trai nho v&i 93%

Hinh 3.11: chum nho bi nhdn dién sai

Pbi voi anh tinh nhidu qua trong 1 hinh thi ra c6 dugc

Arclac weilk

Hinh 3.12: Két qua phdn loai trdi cdy trén anh tinh ¢6 nhiéu loai qud

Tu két qua trén ta c6 thé thay duoc chuong trinh nhan dién sai nhi€u ké ca
do1 véi céc loai trai cay khong cé trong mo hinh chuong trinh cling nhéan dién sai va

thong bao d6 chic chin 1én téi ~51%.

64



Khi st dung video dé nhan dién chuong trinh ciling da thuc hoan thanh tot
viéc nhan dién nhiing 1a video c6 nhiéu goc d§ khac nhau nén do chac chan cua mo

hinh s€ c6 lac khong dugc qua cao.

Xir by anh

Xir Iy video

Ma anh

Mé Video

MG web cam

[
@
e
®

O |

Hinh 3.13: nhdn dién bcing video
3.4. Panh gia mo hinh sau khi thir nghiém

M6 hinh YOLOvS8n di duogc sir dung dé phan loai trai cdy trén Google
Colab, vo1 bd dir liéu g@)m khoang 12,000 hinh anh ctia 7 loai trai cay khac nhau.
M0 hinh d3 dugc huan luyén trong 100 epochs. Bai bao cdo nay s& danh gia cac két

qua dat duogc, cling nhu néu 18 cac vu diém va nhuoc diém ctia mo hinh.
3.4.1. Két qua hudn luyén:
- D06 chinh xac:
O epoch thtr 90, mo6 hinh dat do chinh xac cao nhét 13 75%.
Khi huin luyén Ién 100 epochs, dd chinh xac gidm nhe so véi tai epoch 90.
- Kiém tra thi cong:

Khi kiém tra thil cong trén bang 3.2, d6 chinh xac trung binh dat 95%.
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B§ anh kiém tra thu cong lay tir mang c6 chat lugng cao va rd nét, gitip mo

hinh dat do chinh xac cao hon so vi bd anh léy tir webcam.

3.4.2. Thoi gian hudn luyén:

M&i 20/100 epochs tiéu ton khoang 2 gid 6 phut 41 giay.
Véi bo dir liéu 12,000 anh va 100 epochs, thoi gian huan luyén kéo dai khoang
10 ngay do gi6i han thoi gian sir dung phién ban mién phi cia Google Colab (2-

6 gio mdi phién, phai chd 2-3 ngdy dé c6 phién méi).

3.4.3. Uu diém ciia mé hinh:

Hiéu suét va d6 chinh xac: YOLOv8n di cho théy hiéu suit kha tot voi dd chinh
x4c cao ddi véi cac hinh anh tinh chira mét loai qua.
Kha nang xt 1y: Hé thong xtr Iy nhanh va chinh xac di voi cac hinh anh tinh va

nhiing video c6 1 loai qua.

3.4.4. Nhwoc diém ciia mé hinh:

Do chinh xac voi hinh anh phtc tap: Vi cac hinh anh chira nhiéu loai trai cay
khac nhau d6 chinh xéac chi dat muirc trung binh.

Sai sot trong nhan dién: Mo hinh con gap kho khan khi nhan dién céc loai trai
cay c6 mau sdc va hinh dang tuong tu nhau, bi che khuat mét phﬁn hodc dé qua

xa hay qua bé dé mo hinh c6 thé phat hién dugc.

3.4.5. Dé xudt cdi tién:

Thém dit liéu déo tao: B6 sung thém dir liéu da dang dé cai thién kha nang nhan dién.

Nang cdp mé hinh: St dung cac phién ban cao cap hon cia YOLO nhu

YOLOV9 méi ra mat vao thang 2/2024 dé tang d6 chinh xac.

Ti wu hoéa tai nguyén: Sir dung cac dich vu ddm may khac hodc phién ban tra

phi cia Google Colab dé c6 tai nguyén huan luyén manh mé hon.

Mo hinh YOLOvSn d3 phan nao dap Gng duoc cac yéu cau cia dé tai, dic biét 1a

d6i v6i cac hinh anh tinh. Tuy nhién, van can cai thién thém dé ting do chinh xac

va giam sai sot trong qua trinh nhan dién trai ciy. Viéc nang cip mo hinh va bd

sung dit liéu s& 14 cac budc quan trong dé dat duogc két qua tt hon trong tuong lai.
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KET LUAN
Sau thoi gian gin 5 thang nghién ctru va thyc hién do an t6t nghiép voi su
huéng dan ciia 6 TS. HO Thi Huong Thom — Khoa Cong Nghé Thong Tin truong Pai
Hoc Hang Hai Viét Nam dé hoan thién duoc d6 an véi dé tai: Phat hién loai tréi ciy
Mbt s6 muc tiéu ma dé an da dat duoc:
Hoan thanh dé tai: ”Phat hién loai trai cay”.
bao tao thanh cong md hinh nhan dién véi 7 loai trai cay khac nhau: cam,

x0al, tao, 01, nho, dua hau, chuéi bang mé hinh YOLOVS.

Mo hinh phan loai dugc céc loai trai cdy voi do chinh xac trung binh 75% véi
100 epochs nhung lai chinh x4c kha cao vé&i anh tinh voi mot loai qua 1a 95% va van
con nhiéu sai sot voi mot sb loai qua. Tuy nhién khi dua vao thyc tién c6 thé dap ung
dugc phan nao yéu cau dit ra nhung co thé sé khong duoc chinh xac. Mudn cai thién
d6 chinh xac thi anh trudc khi dua vao phan loai can phai dugc xir Iy nang cao chat

lwong anh, hodc anh duoc chup quay tir cac thiét bj chuyén dung c6 chit lugng cao.

Chung ta c6 thé phat trién chuong trinh ndy thanh mot mo-dun tién xu Iy hinh
anh cho cac loai trai cay va rau cu, dé tich hop vao hé théng robot phan loai tu dong.
Hé théng ndy sé& thuc hién budc tién xir 1y trude khi san pham dugc dua 1én bing
chuyén dong g61 hodc nhan dang tinh tién tu dong trong si€u thi. Viéc tuy dong hoa nay
s& gop phan hién dai hoa nganh noéng nghiép va cong nghiép dong goi, hudng téi quy
trinh san xuat va dong géi theo ddy chuyén. Diéu ndy s& hd tro hiéu qua cho nén san
Xuét trai cdy va rau cu tai Viét Nam, mot dat nudc ndi tiéng véi nhiéu loai trai cay
ngon xuat khau.

Trong qua trinh hoc tdp va nghién ciru, tim hiéu mot linh vuc rat moi va nhiéu
thir thach d6i v6i ban than sinh vién cho nén d6 an cua sinh vién s& con c6 nhitng thiéu
sot va han ché. Sinh vién rat cau thi quy thay c6 trong khoa Cong nghé thong tin va
Vién dao tao sau dai hoc c6 cai nhin cam thong va chia s¢ dong gop nhitng 161 nhan
xét dé sinh vién nang cao sy hiéu biét vé linh vuc Al vén 1a linh virc méi va hoan thién
hon db 4n ctia minh. Sinh vién xin trén trong cam on.
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