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TOM TAT— Object detection [1](phat hién d6i twong) 1a mét trong nhitng dé tai dwoc quan tiAm rit I6n ctia Deep Learning
(hoc sau) b&i kha ning rng dung cao, dit liéu dé chuin bi va két qua rng dung thi cwc ky nhiéu.

Céc thuat todn m&i cia Object detection (phat hién ddi twong) nhuw YOLO, Single Shot Detector c6 tdc d6 kha nhanh va do
chinh xac cao nén giup cho Object detection (phat hién déi twong) c6 thé thwc hién dwoc cac tic vu duwdng nhuw 1a real time,
tham chi 1a nhanh hon so v&i con nguoi ma do chinh xac khong gidm.

Bai nghién ctru ndy nhdm muc dich cai thién d6 chinh xac ctia md hinh nhan dién hinh anh théng qua viéc két hop kién triic
ctia hai phién ban YOLOV09 va YOLOV10 ctia m6 hinh YOLO.

Tiwr Khéa— YOLOV9, YOLO10, ci tién, d6 chinh x4c, kién tric.
I. GIO'1 THIEU

Deep Learning (hoc sdu) c6 thé xem 12 mot linh vc con ctia Machine Learning(hoc may)-& dé mdy tinh sé hoc
va cai thién chinh n6 théng qua cac thuit toan. Deep Learning dwoc xay dung dwa trén cac khai niém phirc tap
hon rat nhiéu, cht yéu hoat dong v&i mang no-ron nhan tao dé bat chwéc kha ning tw duy va suy nghi ctia bd
ndo con nguoi.

Object detection (phat hién ddi twong) 1a mot bai toan lién quan dén viéc khoanh mot viing quan tim trong anh
va phan loai viing nay twong tw nhw phan loai hinh anh.

YOLO [2] (You Only Look Once) 1a mdt m6 hinh phéat hién d6i twong (object detection) néi tiéng trong linh vuc
thi gidc may tinh va hoc siu (deep learning). Pwoc gi¢i thiéu 1an dau vao ndm 2016 boi Joseph Redmon va nhém
nghién ctru tai Pai hoc Washington, YOLO da tré thanh mot trong nhirng cong cu quan trong cho cac rng dung
nhén dién, phan loai va theo doi ddi twong trong thoi gian thwe nhw : DEm s lwgng vat thé, thanh todn tién tai
quiy hang, chdm codng tw déng, phat hién vat thé nguy hiém nhu sing, dao, ...va rit nhiéu ciac ng dung khac.C6
thé n6i dwong nhw bat ki linh viee ndo ciing déu c6 thé irng dung dworc object detection (phat hién ddi twong).

Cac phién ban tiép theo ctia YOLO da lién tuc cai tién vé do chinh xac va tc dd, dong thoi gidm thiéu sw phu
thudc vao tai nguyén may tinh.

YOLOV9 va YOLO10 1a hai phién ban mé&i nhit cia dong mé hinh YOLO, dwoc phat trién bdi cong dong OpenCV
va Ultralytics, va ra mat vao nim 2024.

II. CAC CONG TRINH LIEN QUAN
A. KHAI NIEM VE 'NG DUNG YOLO

1. GIO'I THIEU CHUNG

YOLO la thuit todn object detection (phat hién d6i twong) nén muc tiéu ciia mé hinh khéng chi la dw bao nhéan
cho vat thé nhw cac bai toan classification (phén loai) ma n6 con xac dinh location (vi tri cta vat thé). Do dé
YOLO c6 thé phat hién dwoc nhiéu vat thé c6 nhin khac nhau trong mét birc anh thay vi chi phan loai duy nhit
mot nhdn cho mot birc anh.

Cac khai niém lién quan bao gom :

e Bounding box, amchor box: Bounding box 1a khung hinh bao quanh vit thé. Anchor box 1a nhirng khung
hinh c6 kich thuwéc xac dinh trudc, c6 tadc dung dy doan bounding box.

e Fearture map (ban do dic trueng) 1a mot khdi output ma ta sé chia n6 thanh mét lwéi 6 vudng va ap dung
tim kiém va phat hién vt thé trén tirng cell.

e Non-max suppression: Phwong phap giam thiéu nhiéu boungding box chong 14n nhau vé 1 bounding box
c6 xac xult 1én nhat.

2. KIEN TRUC MANG YOLO
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Kién tric YOLO bao goém: base network (mang co s&) 1a cic mang convolution (tich chip) lam nhiém vu trich
xudt dic trung. Phan phia sau 1a nhitng Extra Layers (16p m& rong) dwoc ap dung dé phat hién vat thé trén
feature map (ban do dic trung) cla base network (mang co s&).

Base network (mang co s&) clia YOLO st dung cht yéu la cic convolutional layer (1ép tich chip) va cac fully
connected layer (16p két n6i day du). Cac kién tric YOLO ciing kha da dang va c6 thé tuy bién thanh cac phién
ban cho nhiéu kich thuéc dau vao khac nhau.

x B times x C times
A A

r 5t A R |

B tl(x y. W, h, obj soore)\[ class probability\l
Image DarkNet ——
Architecture length: 5B+C
7x7x1024 4096 7x7x30
448x448x3

Hinh 1. So do kién triic mang YOLO. Thanh phdn Darknet Architechture dwoc goi la base netwwork (mang
co s¢) cé tdc dung trich xudt ddc trung. Output ctia base network (mang co sé&) la mét feature map (bdn do ddc trung)
6 kich thwéc 7x7x1024 sé dworc st dung lam cho input cho cdc Extra layers ¢ tdc dung dw dodn

3. PAU RA CUA YOLO
DPau ra ctia mo6 hinh YOLO 1a mét véc to sé bao gdm cac thanh phén :

yT — [1—707 (t.l'a ty7 tw7 th)s @l,p29 ... 3pc>]

bound;'ng box scores of ¢ classes

Trong d6 :

e polaxac sudt dw bdo vat thé xuit hién trong bounding box.

o <tyty,tw,th> gitlp xac dinh bounding box. Trong do tyty 1a toa d6 tdm va t,,ty 1a kich thwée rong, dai cta
bounding box.

e  <p1,Pz,...pc> 1a véc to phan phdi xac xuit dw bdo cia cac 16p.

-
Attributes of a bounding box

(Gelzwew [2n)(Po (Pal@a]o [22])) = &
Box Co-ordinates Oblseccot:'eess Class Scores

Hinh 2. Kién triic mét output ctia model YOLO
4. DY BAO TREN NHIEU FEATURE MAP (BAN po PAC TRUNG)
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YOLO dw béo trén nhiéu feature map (ban d6 dic truwng). Nhitng feature map (ban d6 dic trung) ban dau cé kich
thwéc nho gidp dw bdo dwoc cic object kich thwéc 16n. Nhirng feature map (ban d6 dic trung) sau c6 kich thwéc
16 hon trong khi anchor box dwgc gitr c6 dinh kich thwéc nén sé gitp dw bio dwgc cac vat thé kich thuéc nhé.

5252

Hinh 3. Cdc feature maps ctia mét mang YOLO vdi input shape la 416x416, output la 3
feature maps ¢ kich thwéc lin ot la 13x13, 26x26 va 52x52 [3].

Trén moi mot cell cia cac feature map (ban dd d3c trung) chiing ta sé ap dung 3 anchor box d€ du doan vat thé.
Nhuw vay s6 lwong cac anchor box khac nhau trong mét mo hinh YOLO sé 1a 9 (3 feature map x 3 anchor box).

Dong thoi trén mot feature map (ban d6 dic truwng) hinh vudng SxS, m6 hinh YOLOv3 sinh ra mét s6 lwong
anchor boxes 1a : SxSx3. Nhw vy s6 lwong anchor boxes trén mot birc &nh sé la :

(13x13+26x26+52x52)=10647(anchor boxes)

Day 1a mét s6 lwgng rat 1én va la nguyén nhin khién qué trinh hudn luyén mé hinh YOLO v6 cung chidm bé&i cin
duw bdo dong thoi nhin va bounding box trén déng thoi 10647 anchor boxes.

5. ANCHOR BOX

Dé tim dwoc bounding box cho vat thé YOLO sé cin cac anchor box 1am co s& wéc lwgng. Nhitng anchor box nay
sé dwoc xac dinh truedc va sé bao quanh vt thé mdt cich twong ddi chinh xac. Hién nay thuit toin regression
bounding box d tinh chinh lai anchor box dé& tao ra bounding box dw doan cho vat thé. Trong mot mé hinh YOLO

mdi mot vat thé trong hinh &nh huén luyén dwoc phan bd vé mdt anchor box. Trong trwong hop ¢ tir 2 anchor
boxes tré 1én cing bao quanh vat thé thi ta sé xac dinh anchor box ma c6 Intersection over Union (IoU) véi
ground truth bounding box 1a cao nhit.

5 B bounding box
j candidates in total

Grids

e - - e b - -

The “responsible” predictor

X # in cell i has the highest loU
Cell i with the ground truth.

Ll
1
I
1

Truth bounding box

Hinh 4. Xdc dinh anchor box cho mét vdt thé

Moi vat thé trong hinh anh huin luyén dwoc phan b vé mat cell trén feature map (ban dd dic trung) ma chira
diém mid point ctia vat thé. Ching han nhw hinh cht ché trong hinh 3 s& dwoc phan vé cho cell mau dé vi diém
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mid point cia anh chu ché roi vao dung cell nay. Ttr cell ta sé xac dinh cac anchor boxes bao quanh hinh anh chu
ché.

Nhuw vay khi x4c dinh mot vat thé ta sé can xac dinh 2 thanh phan gin lién véi né 1a cell va anchor box. Khong chi
riéng minh cell hodc chi minh anchor box.

6. DU BAO BOUNDING BOX
D& duw bdo bounding box cho mot vat thé, chiing ta dwa trén mot phép bién ddi tir anchor box va cell.

Cho mot anchor box c6 kich thwéc (pw,pn) tai cell ndm trén feature map (ban dd dic trung) v&i goc trén cling bén
trai cda né 1a (cycy), mo hinh dw dodn 4 tham s6 (tyty,tw,tn) trong dé 2 tham sé dau 1a do 1éch (offset) so v&i goc
trén clng bén tréi cta cell va 2 tham s6 sau 1a ty 1& so v&i anchor box. Va cic tham s6 nay sé giip xac dinh
bounding box dw doan b c6 tam (byby), va kich thwéc (bw,bn) thong qua ham sigmoid va ham exponential nhw
cac cong thirc bén dwéi:

Bx=o(tx)+Cx

by-s(ty)+Cy

bw-pwetw
bh=pneth
CX
P
c, E mmmmt e e ... .- E
» b, s
: ocCt)D || i b.=oltD+c,
ph: bh —_— Y - by=o'cty)+cy
- oCtD : b,=pe*
- = b, =p,e*

Hinh 5. Cong thirc wéc lwong bounding box tir anchor box
Ngoai ra do cac toa dd da dwoc hiéu chinh theo width va height ctia birc &nh nén luén c6 gia tri ndm trong
ngudng [0,1]. Do dé khi 4p ham sigmoid gitp gi¢i han dwoc toa dd khong vt qué xa cdc ngudng nay.

7. NON-MAX SUPPRESSION (LOAI BO CAC GIA TRI KHONG CU'C PAI)

Do thuit todn YOLO dy béo ra rit nhiéu bounding box trén mét birc dnh nén ddi véi nhirng cell ¢é vi tri gan
nhau, kha ndng cac khung hinh bi overlap (chong 14n) 14 rit cao. Trong truwdrng hop d6, YOLO sé cin dén non-max
suppression dé giam bét sd lwong cac khung hinh dwoc sinh ra mot cach dang ké.

Before non-max suppression After non-max suppression

Non-Max
Suppression

Hinh 6. Non-max suppression. Ttr 3 bounding box ban déu cting bao quanh chiéc xe da gidm con mét bounding box cudi ciing

[4]-

Cac bwéc ciia non-max suppression:
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Bwdéc 1: DAu tién ching ta sé tim cach gidm bét s6 lwgng cac bounding box bing cach loc b toan bd nhitng
bounding box c6 xac xuit chira vat thé nho hon mot ngwéng threshold nao dé, thwong 1a 0.5.

Bwérc 2: D3i véi cac bounding box giao nhau, non-max suppression sé lwa chon ra mot bounding box c6 xac xuit
chira vat thé 12 16n nhit. Sau d6 tinh toan chi s giao thoa IoU véi cac bounding box con lai.

Néu chi s6 nay 16m hon ngwéng threshold thi diéu d6 chirng t6 2 bounding boxes dang overlap (ch6ng 14n) nhau
rat cao. Ta sé& xo4a cac bounding box cé xac xudt thdp hon va gitr lai bounding box c6 x4c xuit cao nhit. Cudi cung,
ta thu dwoc mot bounding box duy nhat cho mot vat thé.

B. CAC PHIEN BAN CUA YOLO

Phién ban YOLO Gidi thiéu chung Pic diém ndi bac
YOLO (You Only Look | Joseph Redmon va cdng sw | Phwong phap thdng nhit: sir dung mot mang CNN duy
Once) - 2015 phét trién nhit d€ duw dodn bounding boxes va class probabilities.

Xir 1y t6c do cao: 45 FPS.

YOLOvZ (YOL09000)
- 2016

Cai thién d6 chinh xac va
toc do

Chuin hoa theo batch.

Anchor boxes.

B0 phan loai c6 do phan giai cao.

YOL09000: Két hop phat hién déi twgng trén ca COCO
va ImageNet.

YOLOv3 - 2018

Tang cwong kha nang phat
hién ddi twgng nho

Dw doan da kich thuwéece.
Darknet-53.
Du doan bounding box bing logistic regression.

YOLOv4 - 2020

Cai tién dang ké vé toc do
va do chinh xac

CSPDarknet53.

Bag of freebies va bag of specials.

S& dung nhiéu ky thuit t6i wu hoa va ting cwong dir
liéu.

Scaled-YOLOv4 - 2020

Phién ban mé& rong cla
YOLOv4

Kién triic da mo hinh (P5, P6, P7).
Hop nhit dwong din dic trung (PAN). Tang cwong
Mosaic, dao tao tw déi khang.

YOLOv5 - 2020

T6i wu hdéa cho st dung
trong thuc té

Trién khai trong PyTorch.
Cai thién tang cwong dir liéu.
Nhiéu kich thwéc m6 hinh (s, m, 1, x).

PP-YOLO - 2020

Puogc phat trién boi Baidu

ResNet50-vd.
T6i wu héa phan cling.
Tang cwong dir liéu MixUp, CutMix.

PP-YOLOv2 - 2021

Phién ban cai tién cta PP-
YOLO

ResNet50-vd va CSPDarknet.
IoU Loss, Grid Sensitive, Matrix NMS.
Hiéu suit vuwot troi.

YOLOR - 2021 Két hop phat hién d6i | Hoc dai dién hop nhit.
twong va phan loai Phéan loai va phat hién déi twong.
Hiéu suit cao.
YOLOX - 2021 M6 hinh YOLO tién tién Khoéng c6 neo.

Gan nhan dong.
Pa quy mo (s, m, |, x).

YOLOv6 - 2022

Tap trung vao &ng dung
céng nghiép

Tang cvdng dit liéu nang cao.
Cai thién kién tric mang.
Tap trung vao hiéu qua trién khai.

YOLOv7 - 2022

Puoc cho 1a nhanh nhit va
chinh xac nhit trong dong
YOLO

E-ELAN.
Ham mAit méat ning cao.
PO chinh x4c cao va hiéu suit thoi gian thue.

PP-YOLOE - 2022

Phién ban mé&i cua PP-
YOLOv2

Kién triic mé rong.

Mang tong hop dwong dan.

Hop nhat tinh nang khong gian thich ¢ng.
Hiéu suit cao.

YOLOvS8 - 2023

Phién ban ndi bat v&i kha
nang két hop gitra téc do
va do chinh xac

Cai tién trong thiét k€ mang.
Tang cwong dit liéu hién dai.
T4p trung vao trién khai thowec té.

YOLOv9-2024

Giam suy giam thong tin

T&i wu hod tham sd (GELAN)
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trong mang no-ron sau Cait hién kha nang hoc tap (PGI)

YOLOv10-2024 Hiéu suit hién dai v&i chi | Loai bo tdi da NMS.
phi tinh to4n gidm dang ké | Tdi wu hod cic thanh phan mé hinh khac nhau.
(dd chinh x4c vuot troi)

1. CAC CAI TIEN PE XUAT
A. CAI TIEN DUA TREN PHIEN BAN YOLOV9

1. GIO'1 THIEU VE YOLOV9
YOLOv9 [5] 1a mét phién ban cai tién, tAp trung vao viéc gidm suy giam théng tin trong mang no-ron sau.

Pic diém ndi bat:

GELAN (Generalized Efficient Layer Aggregation Network): gidp t6i wu héa st dung tham sé va ting cwong kha
nang tong quat hoéa.

PGI (Programmable Gradient Information): cai thién kha niang hoc tip bdng cach gidm sw mit mat thoéng tin qua
cac ting.

Tang téc d6 hudn luyén: gidm do tré ma khong lam suy gidm d6 chinh xac.

2. GIO'I THIEU VE PHIEN BAN MO'1 NHAT YOLOV10

YOLOv10 [6] 1a phién bdn m&i nhit cia dong mo hinh YOLO, dwoc thiét ké d€ cai thién tdc d6 va dé chinh xac
bing cach loai bd Non-Maximum Suppression (NMS) va t8i wu hda toan bd pipeline huin luyén. Kién tric nay
tAp trung vao viéc don gian héa viéc gan nhin va cai thién hiéu suit suy luan, gitip giam do tré dang ké so véi cac
phién ban trudc.

YOLOv10 gi6i thiéu phwong phap Consistent Dual Assignments (CDA), gitp ting cwdng tinh nhit quan cta nhin
va loai bé cac budc xir Iy hiu ky, giip mo hinh dat dwoc t6c d6 nhanh hon ma khong 1am giam do chinh xac.

Thanh phin chinh:

Backbone — CSPNet cdi tién véi Large-Kernel Convolutions

YOLOv10 van giit lai ciu triic CSPNet, nhung dwgc t6i wu bing large-kernel convolutions (LKC) dé mé rong ving
cam thu ma khéng lam ting dang ké s6 tham s6.

Viéc st dung convolution kernel 1én (9x9, 11x11) gitp cai thién kha nang hoc ngit cdnh khong gian ma khong
lam mAt di chi tiét cuc bo.

PO sau cila mang dwoc tdi wu hda dé phu hop véi ciu tric head méi.

Neck - Rank-Guided Block Design

Neck ctia YOLOv10 dwoc thiét ké theo phwong phap Rank-Guided Block Design, gitp gidm sé lwgng phép toan
du thtra.

Tich hop BiFPN (Bidirectional Feature Pyramid Network) d€ ting cwong sw hop nhit cliia dic trung gitra cac
tang.

Giup md hinh duy tri dd chinh x4c cao hon trong khi giam do tré.

Head - Consistent Dual Assignments (CDA) thay thé NMS

Loai b hoan toan Non-Maximum Suppression (NMS), gidm do tré suy luan dang ké.

Ap dung Consistent Dual Assignments (CDA), cho phép mdi vat thé trong anh dwoc gdn nhian mot cach t6i wu ma
khong can hau xtr ly.

DPam bao riang cac bounding boxes dwoc dw dodn mot cach nhit quan va tdi wu hon so véi phwong phap NMS
truyén théng.
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Hinh 7. Cdu triic ciia VOLOV10

3. NHU’NG CAI TIEN NOI BAC CUA YOLOV10

Cai ti€n

YOLOv10

Loiich

Backbone CSPNet + Large-Kernel Conv Cai thién ving cdm thy, gidm s6 tham s8

Neck Rank-Guided Block Design Gidm phép toan dw thira, ting toc do inference
Head Consistent Dual Assignments (CDA)||Loai bd NMS, gidm d6 tré suy luan

Gan nhan Dual Assignments Gan nhin chinh x4c hon, ting téc huidn luyén
Do tré Gidam 46% so v&i YOLOV9 Téng tdc suy ludn

S6 lwong tham s6 ||Gidam 25% Giam yéu cau phan cirng

Hiéu suit téng thé||T6t hon Gitt cAn bing gitra tc dd va dd chinh xac

Uu diém:

T6c dd suy ludn cao hon: Loai bo NMS gitp giam dang ké thoi gian xi 1y dau ra.

Do chinh x4c cao hon trén tdp COCO: Nho kién tric head t6i wu va phwong phap gan nhin cai tién.
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Tang cwdng kha nang nhan dién vat thé nho: Véi convolution kernel 16m, YOLOv10 c6 thé giit lai nhiéu thong tin
ngit cdnh hon.

Hiéu suit phan cirng tot hon: SO lwgng tham sd it hon gitp YOLOv10 chay nhanh hon trén cic thiét bi edge nhw
NVIDIA Jetson hodc TPU.

Nhwoc diém;

Yéu ciu ki thuit cao trong huin luyén: Do loai bd NMS, viéc tinh chinh siéu tham s6 tré nén quan trong hon.
Kha niing tong quat héa phu thudc vao CDA: Viéc 4p dung gan nhan kép can kiém tra kj lwdng dé tranh sai sot.
B. PHUONG PHAP DE XUAT-THAY POI KIEN TRUC CUA YOLOV9 VA YOLOV10

Trong phan ndy, nghién ctru dé xuit mot kién tric YOLO dwoc stra d6i bing cach tich hop cac thanh phan ti
YOLOvV9 va YOLOv10. Cu thé:

e S dung backbone va neck ctiia YOLOvV9.
e Thay thé phan detection head ctia YOLOv9 bang detection head ctia YOLOv10.

Sw két hop nay gitp tin dung kha ning trich xuit va téng hop dic trung manh mé cia YOLOv9, dong thoi ké
thira chién lwoc Consistent Dual Assignments (CDA) ciia YOLOv10, gitp loai boé nhu ciu st dung Non-Maximum
Suppression (NMS), tir d6 gidm do tré va ting tdc do suy luan.

Kién triic mé hinh dworc sira ddi bao gom cac thanh phan sau:
Backbone:

S dung Generalized Efficient Layer Aggregation Network (GELAN) tir YOLOv9 (ban yolov9e) d€ tang hiéu suit
tham sé va cai thién dong chay gradient

]
L
i dig

= o .

i
k

Hinh 8. Kién triic YOLOV9e
Git nguyén cai tién CSPNet dé t6i wu hoa kha nang trich xuit dic trung.
Neck:
Tich hgp c4u tric BiFPN tir YOLOv9 dé ting cwong hop nhit dic trwng trén nhiéu cip do.
Giam bért tinh todn du thira bang cach t6i wu hda chia sé thong tin giita cac tang.
Head:
Thay thé detection head truyén théng ctia YOLOv9 bing Consistent Dual Assignments (CDA) head ctia YOLOv10.
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Loai bd buéc xtr Iy NMS, gitip giam do tré va ting tdc do suy luan dang ké.
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Hinh 9. Kién triic sau khi két hop YOLOV9 va YOLOV10

IV. KET QUA THU’C NGHIEM

1. THIET LAP THU'C NGHIEM:

Thuyc hién cac thuc nghiém trén cac tap dit liéu la Fruit Freshness Detection Dataset v&i 12410 anh thudc 4 16p
gdbm co 'Fresh Apple', 'Fresh Banana', 'Rotten Apple', 'Rotten Banana' dwoc thu thip b&i Brac University [5]. Cac
buéc thye hién chi yéu thong qua API chia Ultralystics [6] va trién khai trén Google Colab bao gom:

2. CHUAN BI DU¥ LIEU:
Tao tap dit liéu nhé hon tir Fruit Freshness Detection Dataset, dit tén 1a data_subset v&i 10% hinh 4nh 13y ngau
nhién tir tip huin luyén, xac thwc va kiém tra cta tap dir liéu géoc.

Dit liéu ctia data_subet dwoc chuén bi véi cac dic treng sau:
+ Hudn luyén: 70% mau

+ Xac thwe: 20% mau

+ Kiém tra: 10% mau

B. HUAN LUYEN MO HINH NGUYEN BAN CUA YOLOV10
St dung tip dir liéu data_subset d& hudn luyén mé hinh nguyén ban ctiia YOLOv10l, dat tén la
fruit_original_subset_v10:

#yoloviel
1 lyolo detect train model=yoloviel.yaml data=datasets/data_subset.yaml workers=2 batch=16 device=0 epochs=180 patience=50 name=fruit_original_subset v1@

Hinh 10. Str dung API @€ hudn luyén fruit_original_subset_v10

Két qua huin luyén:
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18@ epochs completed in 1.632 hours.
Optimizer stripped from runs/detect/fruit_original subset v1@/weights/last.pt, 52.2MB
Optimizer stripped from runs/detect/fruit_original subset_v1@/weights/best.pt, 52.2MB

validating runs/detect/fruit_original_subset_vi@/weights/best.pt...

WARNING 4. validating an untrained model YAML will result in @ mAP.

Ultralytics 8.3.49 % Python-3.18.12 torch-2.5.1+cul2l CUDA:@ (Tesla T4, 151@2MiB)
¥YOLOv1@l summary (fused): 461 layers, 25,722,536 parameters, @ gradients, 126.3 GFLOPs

Class Images Instances Box(P R mAP5@ mAPS@-95): 100% 6/6 [@0:@5<@@:00, 1.leit/s]
all 186 247 8.836 @.854 @.895 8.75
Fresh Apple 58 63 8.889 @.937 @.955 @.856
Fresh Banana 45 L 8.682 @.656 @.719 @.518
Rotten Apple 35 38 8.971 @.947 @.984 @.912
Rotten Banana 47 56 @.884 a.877 8.923 @.712

Speed: ©.3ms preprocess, 18.7ms inference, @.@ms loss, @.5ms postprocess per image
Results saved to runs/detect/fruit_original_subset vie
Learn more at https://docs.ultralytics.com/modes/train

Hinh 11. Két qud hudn luyén cta fruit_original_subset_ v10

7 2 N Y 7. 7
Cac chi s6 do do chinh xac:
#yoloviel
lyolo detect val model=runs/detect/fruit original subset v1@/weights/best.pt data=datasets/data_subset.yaml iou=0.5 imgsz=649 half=True name=val fruit_original_subset v1@

Ultralytics 8.3.49 & Python-3.10.12 torch-2.5.1+cul2l CUDA:@ (Tesla T4, 15102MiB)
voLoviel summary (fused): 461 layers, 25,722,536 parameters, @ gradients, 126.3 GFLOPs

val: Scanning /content/gdrive/MyDrive/yolov8 KLTN/datasets/fruit_subset/labels/val.cache... 186 images, 1 backgrounds, @ corrupt: 186% 186/186 [@@:80<?, ?it/s]
Class Imsges Instances Box (P R mAPS® mAPS@-95): 100% 12/12 [@9:05<00:00, 2.13it/s]
all 186 247 0.836 @.854 @.895 a.75
Fresh Apple 58 63 0.889 @.937 @.955 @.856
Fresh Banana 45 EL) 0.682 @.656 ©.713 @.518
Rotten Apple 35 38 8.971 @.547 ©.984 @.912
Rotten Banana 47 56 0.304 @.877 ©.923 @.712

Speed: 2.1ms preprocess, 18.3ms inference, @.@ms loss, 8.5ms postprocess per image
Results saved to runs/detect/val_fruit_original_subset_vie
Learn more at https://docs.ultralytics.com/modes/val

Hinh 12. Cdc chi sé do do chinh xdc cta fruit_original_subset_v10

~ A
Toc do:
lyolo detect predict model=runs/detect/fruit original subset_v18/weights/best.pt source=inference/fruit_img test.jpg save=True name=fruit_img test project=result/fruit_original subset vi@ 2
Iyolo detect predict model=runs/detect/fruit_original_subset_v18/weights/best.pt source=inference/fruit_img_test2.jpg save=True name=fruit_img_test2 project=result/fruit_original_subset_v1@_2
Iyolo detect predict model=runs/detect/fruit_original subset_v18/weights/best.pt source=inference/fruit_img_test3.jpg save=True name=fruit_img_test3 project=result/fruit_original_subset_v1d_2
Iyolo detect predict model=runs/detect/fruit_original_subset_v18/weights/best.pt source=inference/fruit_img_testd.jpg save=True name=fruit_img_test4 project=result/fruit_original_subset_v1e_2

Ultralytics 8.3.75 % Python-3.11.11 torch-2.5.1#cul24 CUDA:@ (NVIDIA A180-SXMA-46GB, 48507MiB)
YOLOV101 summary (fused): 461 layers, 25,722,536 parameters, @ gradients, 126.3 GFLOPs

image 1/1 /content/gdrive/MyDrive/yolovs_KLTN/inference/fruit_img_test.jpg: 64@x640 1 Fresh Apple, 19.1ms
Speed: 3.9ms preprocess, 19.1ms inference, 22.7ms postprocess per image at shape (1, 3, 648, 649)
Results saved to result/fruit_original subset w10 2/fruit_img_tests

Learn more at https://docs.ultralytics.com/modes/predict
Ultralytics 8.3.75 & Python-3.11.11 torch-2.5.1+cul24 CUDA:@ (NVIDIA A109-5XM4-40GE, 40507MiB)
YOLOV16L summary (fused): 461 layers, 25,722,536 parameters, @ gradients, 126.3 GFLOPs

image 1/1 /content/gdrive/HyDrive/yolovs KLTH/inference/fruit_img test2.jpg: 512x640 1 Rotten Apple, 60.2ms
Speed: 3.7ms preprocess, 68.2ms inference, 22.9ms postprocess per image at shape (1, 3, 512, 640)
Results saved to result/fruit original subset v10_3/fruit img test22
Learn more at https://docs.ultralytics.com/modes/predict
Ultralytics 8.3.75 & Python-3.11.11 torch-2.5.1#cul24 CUDA:@ (NVIDIA A10@-SXM4-46GB, 40507MiB)
YOLOV18L summary (fused): 461 layers, 25,722,536 parameters, @ gradients, 126.3 GFLOPs

image 1/1 /content/gdrive/MyDrive/yolov8 KLTN/inference/fruit_img_test3.jpg: 448x64@ 2 Rotten Bananas, 61.4ms
Speed: 3.5ms preprocess, 61.4ms inference, 23.3ms postprocess per image at shape (1, 3, 448, 640)
Results saved to result/fruit_original_subset_v10_2/fruit_img_test32
Learn more at https://docs.ultralyfics.con/modes/predict
Ultralytics 8.3.75 & Python-3.11.11 torch-2.5.1+cul24 CUDA:® (NVIDIA A138-SXM4-40GE, 40507MiB)
YoLOv1el summary (fused): 461 layers, 25,722,536 parameters, @ gradients, 126.3 GFLOPS

image 1/1 /content/gdrive/MyDrive/yolov8 KLTN/inference/fruit _img testd4.jpg: 448x64® 1 Fresh Banana, 63.7ms
Speed: 3.4ms preprocess, 63.7ms inference, 23.8ms postprocess per image at shape (1, 3, 448, 64@)
Results saved to result/fruit_original subset v10 2/fruit img test42

Learn more at https://docs.ultralytics.com/modes/predict

Hinh 13. Téc dd ctia fruit_original_subset_v10

C. KET HO'P KIEN TRUC YOLOV9 VA YOLOV10 :

Tao file YOLOv9e10.yaml:

t#yolov9e10

lyolo detect train model=yolov9e1l0.yaml data=datasets/data_subset.yaml workers=2 batch=16 device=0
epochs=100 patience=50 name=fruit_original_subset_v9e10
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# Parameters

nc: 88 # number of classes

# GELAN backbone
backbone :

. Conw,
., Conw,

[G4,
[128,

, nn.Identity, [

3

3,

11
211 £ 1-P1/2
2]] & 2-P2/4

1

1

1

1, C2fCIB,
. 1, SCDown,

1, C2fCIB,

1, BSCDown,

1, C2fCIB,

1, BSCDown,

1, C2fCIB,

[ 1, CBLinear,
[ 1, CBLinear,
[8, 1, CBLinear,
[ 1, CBLinear,
[ 1, CBLinear,

[256,
[256,
[512,
[512,
[1824,
[1824,
[1824,

128, 64,

2]) # 3

3

., 2]1 # a-Pase

256, 128, 2]] # 5

3

. 211 £ 6-P4/16

512, 256, 2]] & 7
3, 2]] # -P5s32
512, 256, 2]] & @

64]]] # 18

128]1]1] & 11
128, 256]]] # 12
128, 256, 512]]] # 13

128, 256, 512, 1824]]] #

[B, 1, Conv, [G4, 3, 2]] # 15-P1/2
[[1e, 11, 12, 13, 14,
[-1, 1, Conw, [128, 3,
[[11, 12, 13, 14, 1],

[-1, 1, C2fCIB, [25G6, 128, &4, 2]] # 19
[-1, 1, SCDown, [256, 3, 2]] # 28-P3/8
[[12, 13, 14, -1], 1, CBFuse, [[2, 2, 2]]] & 21
[-1, 1, C2fcIB, [S512, 256, 128, 2]] # 22
[-1, 1, SCDown, [512, 3, 2]] & 23-P4/16
[[12, 14, -1], 1, CBFuse, [[3, 3]]] # 24
[-1, 1, C2fcie, [1824, 512, 256, 2]] # 25
[-1, 1, SCDown, [1824, 3, 2]] # 26-P5/32
[[14, -1], 1, CBFuse, [[4]]] # 27

[-1, 1, C2fCIB, [1824, 512, 256, 2]] # 28
[-1, 1, SPPELAN, [512, 256]] # 29

# GELAN head
head:

1, 1, C2fCIB

[-1,
[ 1, 221, 1,
[
[
[
[-1, 1, CZ2fCIE,
[-1, 1, SCDown,
[[-1
[-1, 1, CZ2fCIE,

[[35, 38, 41], 1

1, 1, nn.Upsample,
[-1, 25], 1, Coencat,

1, 1, nn.Upsample,

[512,

[ Concat
1, 1, C2fCIB, [256,
1, 1, SCDown, [256,

[-1, 32], 1, Concat,

[512,

[512,

, 28], 1, Concat,

[512,

. wiBDetect,

1], 1, CBFuse, [[&, &, @, @, a]]] #

2]] & 17-P2/4
1, CBFuse, [[1, 1, 1,

[None, 2, "nmearest”]]

1]] # cat backbone P4

512, 256, 2]] & 32

256,

3
[

512, 256, 2]] # 38 (P4/16-medium)

3

[
1

[None, 2, "nmearest”]]

1]] # cat backbone P3
. 211
1]] # cat head P4

. 211
1]] # cat head PS5

@24, 512, 2]] # 41 (P5/32-large)

Hinh 14. Ngi dung file YOLOv9el0

[ne]] # Detect(P3,

14

1111 #

128, 2]] # 35 (P3/8-=mall)

P4,

Két qua hudn luyén:

182 epochs completed in @.871 hours.
Optimizer stripped from runs/detect/fruit_original_ subset_v9el@/weights/last.pt, 61.7MB
Optimizer stripped from runs/detect/fruit_original_ subset_v9el@/weights/best.pt, 61.7MB

Validating runs/detect/fruit_original_subset_v9el®/weights/best.pt...
Ultralytics §.3.75 & Python-3.11.11 torch-2.5.1+cul24 CUDA:@ (NVIDIA Al@@-SXM4-40GE, 48587MiB)

16

YOLOv2el® summary (fused): 434 layers, 30,352,744 parameters, @ gradients, 138.3 GFLOPs

Class Images Instances Box(P

all 186 247 @.989

Fresh Apple 58 63 08.963
Fresh Banana 45 o8 a.79
Rotten Apple 35 38 1
Rotten Banana 47 56 @.882

Speed: @.1ms preprocess, 7.6ms inference, @.@ms loss, ©.1lms postprocess per image
Results saved to runs/detect/fruit_original_subset_v9ele
Learn more at https://docs.ultralytics.com/modes/train

Hinh 15. Két qud hudn luyén sau khi két hop kién triic 2 phién bdn YOLOV9 va YOLOV10

R
@.832
@.921
@.628
@.957
@.821

mAPS@ mAPS@-95): 1@eX 6/6 [00:92<00:00,

@.9a7
@.958

@.74
©.993
@.936

a.8
@.867
@.59
@.945
@.798

2.75it/s]
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C4c chi s6 do dd chinh xac:

#yolovdeld
tyolo detect val model=runs/detect/fruit_original_subset_voeld/weights/best.pt data=datasets/data_subset.yaml lou=2.5 imgsz=540 half=True name=val_fruit_original_subset_voele

Ultralytics 8.3.75 % Python-3.11.11 torch-2.5.1+cul24 CUDA:@ (NVIDIA A186-SXM4-40GB, 48507MiB)
YOLOvSe10 summary (fused): 434 layers, 30,352,744 paramsters, @ gradients, 138.3 GFLOPs
val: Scanning /content/gdrive/MyDrive/yolovs KLTN/datasets/fruit subset/labels/val.cache...

186 images, 1 backgrounds, @ corrupt: 100% 186/186 [@0:00<?, ?it/s]

Class Images Instances Box(P R mAPS@ mAPS@-95): 100% 12/12 [00:02<00:00, 4.44it/s]
all 186 247 ©.909 9.832 ©.907 2.8
Fresh Apple 58 63 8.963 9.921 9.958 ©.867
Fresh Banana 4as 98 a.79 2.628 8.741 @.59
Rotten Apple 35 38 1 9.957 8.993 @.945
Rotten Banana a7 56 ©.582 9.821 ©.936 ©.798
Speed: ©.7ms preprocess, 7.9ms inference, @.9ms loss, 0.lms postprocess per image

Results saved to runs/detect/val_fruit_original_subset_v9e10
Learn more at https://docs.ultralytics.com/modes/val

Hinh 16. Két qud va d hinh xdc sau khi két hop kién triic 2 phién bdn YOLOV9 va YOLOV10

Téc do:

#val fruit original subset voele

!yolo detect predict model=runs/detect/fruit_original subset_v9el®/weights/best.pt source=inference/fruit_img test.jpg save=True name=fruit_img test project=result/fruit_original subset vdele
lyolo detect predict model-runs/detect/fruit_original_subset_v9eld/weights/best.pt source=inference/fruit_img_test2.jpg save=True name=fruit_img_test2 project=result/fruit_original_subset_vdeld
!yolo detect predict model=runs/detect/fruit original subset voele/weights/best.pt source=inference/fruit_img test3.jpg save=True name=fruit_img test3 project=result/fruit original subset voele
lyolo detect predict model=runs/detect/fruit_original_subset_v9e1@/weights/best.pt source=inference/fruit_img_test4.jpg save=True name=fruit_img_test4 project=result/fruit_original_subsct_v3el®

Ultralytics 8.3.75 & Python-3.11.11 torch-2.5.1+cul24 CUDA:@ (NVIDIA A18@-SXM4-46GB, 485@7MiB)
YOLOv9e1@ summary (fused): 434 layers, 3@,352,744 parameters, @ gradients, 138.3 GFLOPs

image 1/1 /content/gdrive/MyDrive/yolovs KLTH/inference/fruit_img test.jpg: 640x648 1 Fresh Apple, 15.8ms
Speed: 3.8ms preprocess, 15.3ms inference, 22.3ms postprocess per image at shape (1, 3, 640, £48)
Results saved to result/fruit original subset v9e1®/fruit_img test

Learn more at https:
Ultralytics 8.3.75 & Python-3.11.11 torch-2.5.1+cul24 CUDA:@ (NVIDIA A180-SXMA-40GB, 46507MiB)
YOLOv921@ summary (fused): 434 layers, 38,352,744 parameters, @ gradients, 138.3 GFLOPs

docs.ultralytics.com/modes/predict

image 1/1 /content/gdrive/MyDrive/yolovs_KLTH/inference/fruit_img_test2.jpg: 512x640 1 Rotten Apple, 1 Rotten Bamana, 75.7ms
Speed: 3.7ms preprocess, 75.7ms inference, 23.7ms postprocess per image at shape (1, 3, 512, £4@)
Results saved to result/fruit original subset v9e1®/fruit_img test2

Learn more at https:
Ultralytics 8.3.75 & Python-3.11.11 torch-2.5.1+cu124 CUDA:® (NVIDIA A188-SXM4-48GB, 48587MiB)
YOLOv9e1@ summary (fused): 434 layers, 38,352,744 parameters, © gradients, 138.3 GFLOPs

docs.ultralytics.com/modes/predict

image 1/1 /content/gdrive/MyDrive/yolovE_KLTN/inference/fruit_img_test3.jpg: 448x640 2 Rotten Bananas, 75.6ms
Speed: 3.2ms preprocess, 75.6ms inference, 24.0ms postprocess per image at shape (1, 3, 443, 640)
Results saved to result/fruit_original_subset_v9e1d/fruit_img_test3
Learn more ot https://docs.ultralytics.com/modes/predict
Ultralytics 8.3.75 & Python-3.11.11 torch-2.5.1+cul24 CUDA:@ (NVIDIA A1@8-SXM4-40GB, 40507MiB)
YOLOv9e1@ summary (fused): 434 layers, 38,352,744 parameters, © gradients, 138.3 GFLOPs

image 1/1 /content/gdrive/MyDrive/yolovs_KLTH/inference/fruit_img_test4.jpg: 445x640 1 Fresh Banana, 77.5ms
Speed: 3.7ms preprocess, 77.5ms inference, 24.8ms postprocess per image at shape (1, 3, 448, 648)
Results saved to result/fruit original subset v9e1®/fruit_img testd

Learn more at https://docs.ultralytics.com/modes/predict

Hinh 17. Két qud vé téc dé sau khi két hop kién triic 2 phién bdn YOLOV9 va YOLOV10

D. KET QUA CUA SU KET HO'P HAI KIEN TRUC
K&t qua cac phién ban ctia mé hinh dao tao tir tip dir liéu data_subset:

Bang so sanh cac chi s6 do d6 chinh xac:

Model

Precision

Recall

mAP50

mAP50-95

fruit_original_subset_v10

0.836

0.854

0.895

0.75

fruit_original_subset_v9e10

0.909
(+0.063)

0.832
(-0.022)

0.907
(+0.012)

0.8
(+0.05)

Tdc d6 (trung binh tir 4 14n detect anh):

Model Preprocess + Inference + Postprocess

fm_ original_subset v10 77.9ms

fm_ original_subset_v9e10 88.25ms (-10.35ms)

V. KET LUAN
T két qua thwrc nghiém, chiing ta c6 thé két luan rang thay déi kién triic YOLOv10 cho sw cai thién vé d6 chinh

xac (chi c6 Recall 1a bi gidm) nhuwng bu lai t6c d0 cling chdm di (-10.35ms).




Phan Thi Ngoc Han 13

Huén luyén m6 hinh m&i tiéu tén mot lwong tai nguyén 16n hon rit nhiéu so véi mé hinh nguyén ban (13.8G <
25G).

To6m lai, mic du sy két hop cta hai kién tric da chitng minh hiéu qua vé do chinh xac, nhuwng viéc tiéu ton nhiéu
tai nguyén van 1a mot han ché can dwoc khic phuc.

Viéc tim ra giai phap can bang giita hiéu suit va hiéu qua tai nguyén sé 1a chia khoa cho sy phat trién trong
twong lai ca linh vwc dang nghién ctru.

VI. LO1 CAM ON

Nghién ctru dwgc tai tro bdi Treong Pai hoc Ngoai ngit -Tin hoc Thanh ph6 H6 Chi Minh trong khuén khé Dé tai
ma s6 H2024-11.
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IMPROVING YOLO IMAGE RECOGNITION MODEL BASED ON CHANGING THE
MODEL'S ARCHITECTURAL ARCHITECTURE
Phan Thi Ngoc Han

ABSTRACT— Object detection is one of the most prominent topics in deep learning due to its high applicability, ease of data
preparation, and a wide range of practical applications.

Object detection is one of the most prominent topics in deep learning due to its high applicability, ease of data preparation,
and a wide range of practical applications.

This research aims to improve the accuracy and speed of the YOLO application by modifying the model’s architecture of the
latest version.

Keywords—YOLO, Achitecture, Improving, Accuracy, Speed
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