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Phat trién hé théng phat hién khéng that day an toan
dung quy dinh trén 6t6 dwa trén mang YOLOv11

An automobile seatbelt non-compliance detection system
developed with the YOLOv11 network

Hoang Thi An
Trwdng Pai hoc Sao bo
Téac gia lién hé: anhoangthi87@gmail.com

Ngay nhan bai: 03/01/2025
Ngay nhan bai stva sau phan bién: 17/8/2025
Ngay chap nhan dang: 29/8/2025

Tém tat

Bai bao dé xuéat (r’ng dung mé hinh hoc sau YOLOv11 dé tw ddng phat hién hanh vi khdng that day an toan hoac
that sai quy dinh trén 6 to, nham hod tro xor phat nguéi va ndng cao an toan giao thong tai Viét Nam. Vwot qua
thach thirc vé mai trwng phire tap va thiéu di liéu, nhom tac gid chon YOLOvV11 nhe wu thé vé d6 chinh xac va
tbc do xt ly theo thoi gian thwe. M6 hinh dwoc huén luyén trén 660 anh da dang vé tinh hudng va diéu kién. Két
qua thr nghiém v&i phién ban YOLOv11s dat d6 chinh xac 92%, chirng minh hiéu qua cao trong viéc nhan dién
dung/sai quy dinh that day an toan. Nghién ctru khang dinh tiém nang cla Al trong giam sat giao théng théng minh.

Ter khoa: YOLOv11; mang noron tich chap séu; day an toan; phat hién that day an toan.

Abstract

This paper proposes applying the YOLOv11 deep learning model to automatically detect non-compliance or
improper use of seat belts in cars, aiming to support automated traffic enforcement and enhance road safety
in Vietham. Overcoming challenges posed by complex environments and data scarcity, the authors chose
YOLOv11 due to its superior accuracy and real-time processing speed. The model was trained on 660 diverse
images covering various situations and conditions. Experimental results with the YOLOv11s version achieved
92% accuracy, demonstrating high effectiveness in identifying correct/incorrect seat belt usage. This research
affirms the potential of Al in smart traffic monitoring.

Keywords: YOLOv11; deep convolutional neural network; seatbelt; seatbelt detection.
1. DAT VAN BE

Viéc that day an toan khi tham gia giao théng bang 6
t6 1a yéu cau bét budc nhdm dam bao an toan va giam
thiéu rdi ro tlr vong trong tai nan. Tuy nhién, tinh trang
ngwdi tham gia giao théng khéng tuan thad, that day
an toan sai quy dinh (nhw that sau lwng hodc st dung
thiét bi gid) van con phd bién (Hinh 1).

Hinh 1. St dung day an toan khéng ding

Tai Viét Nam, viéc x&r phat ngudi déi véi hanh vi nay
chwa duoc trién khai rong rai. Do d6, nhom tac gia dé
xuét ng dung phwong phap phan tich hinh anh theo
thoi gian thwe dé phat hién cac trwong hop st dung
day an toan sai quy dinh. Muc tiéu la xay dwng mét hé
thdng tw dong, cé kha ndng nhan dién chinh xac viéc
that day an toan dung cach, dong thdi phat hién cac
hanh vi gian 1an nhw ludn day sau lwng hodc st dung
thiét bi gia mao.

Ngwdi phan bién: 1. TS. B Van Binh Nhiéu nghién ciru da dwoc thuc hién dé phat hién day
2. PGS.TS. Lé Van Hung an toan, ca bén trong va bén ngoai xe, chi yéu dwa
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trén phan tich hinh anh. Tuy nhién, cac nghién ctru
nay thudng tap trung vao viéc phat hién kinh chan gi6
rdi xac dinh day an toan [4, 5], hodc chi tap trung vao
day an toan ctia ngudi lai [3, 4, 5] bé qua ngwoi khac
trén xe.

Théach thirc 1&n nhét 1a sy phirc tap cla méi trudng
thuc té: Anh sang thay ddi, mau sac day an toan twong
ddng véi quan 4o, hinh &nh me do rung lac, va sw che
khuét ctia cac vat thé. Ngoai ra, thiéu hut bo dir liéu
cong khai cling la mét tré ngai. Cac nghién ctru trwéc
day [1] d& chirng minh wu thé cla hoc sau so véi hoc
may truyén théng. YOLOv7 da dat do chinh xac cao
(>98%) va dap rng th&i gian thwe, nhwng div liéu thr
nghiém chi gi¢i han & bén trong xe.

Trwdc nhivng thach thirc cla bai cung véi nhirng wu
diém da dwoc chirng minh cta YOLOv7 [1], nhém
tac gid da quyét dinh Iwa chon YOLOv11 nhd vao sw
vuot trdi vé do chinh xac va téc do xt ly, thé hién qua
nhirng ly do sau:

Theo Hinh 2, YOLOv11 thé hién suw vwot trdi ré rét so
v&i cac phién ban trwdc. V&i dd chinh xac trung binh
(mAP) cao hon trén bo di lieu COCO va tbéc dd suy
ludn nhanh hon, YOLOv11 chirng té khd nang phat
hién déi twong wu viét, dac biét 1a trong méi trudng
phtrc tap. Cu thé:

Hiéu suét vuot troi: YOLOv11x dat mAP 50-90 khoang
54,5% v&i do tré 13 ms, vwot qua tat cd cac phién ban
YOLO trudce do.

Tbc d6 nhanh, dd chinh xac cao: YOLOv11s van duy
tri d6 chinh xac khoang 47% v&i do tré chi 2-6 ms.

Kha ndng mé rong tét: Dudng cong cai tién cho thay
hiéu qua s dung tai nguyén tinh toan dwoc nang cao
so v&i cac thé hé trudec.

Kién tric mang tién tién: Theo [7], YOLOv11 cé kha
nang trich xuat d&c trung phong phu hon, cai thién do
chinh xac phat hién, d&c biét la dbi vdi cac dbi twong
nhé hodc bi che khu4t. YOLOv11m dat mAP cao hon
trén COCO va giam 22% sb lwgng tham sb so voi
YOLOv8m.

Mac du ¢6 nhitng wu diém vuot trdi, YOLOvV11 van
ton tai mot sé han ché nhw yéu ciu phan clrng manh,
dd phtrc tap cao va phu thudc vao chét lwong dir liéu
huén luyén. Tuy nhién, v&i nhitng wu diém vé do chinh
xac va tbc dd, YOLOv11 1a lwa chon Iy twéng cho bai
toan phat hién ngudi ngdi trén 6 t6 st dung day an
toan khéng dung quy dinh.

Trong cac phan tiép theo, chung téi sé trinh bay chi tiét
vé kién tric YOLOv11, bd dir liéu s&v dung va quy trinh
xay dwng hé thdng phat hién hanh vi nay.

2. YOLOV11 [2]

YOLOv11 la phién bdn mé&i nhat cia mé hinh phat

hién va phan doan déi tweng theo théi gian thye, danh
dau mét budc tién vwot bac trong Iinh viee hoc sau va
thi giac may tinh. Bwoc xay dwng dwa trén nhirng cai
tién tién tién, YOLOv11 mang dén hiéu suét vuot troi
vé ca tbc do va dd chinh xac, dap ng nhu cau ngay
cang cao cla cac ng dung thuc té. Véi thiét ké toi
wu, YOLOV11 khong chi hoat dong hiéu qua trén nhiéu
nén tang phan cirng khac nhau, tr thiét bi bién dén API
dam may, ma con hé tro da dang cac tac vu nhw phat
hién dbi twong, phan doan thé hién, wéc tinh tw thé,
theo doéi va phan loai hinh anh.

Cac md hinh YOLOv11 Detect, Segment va Pose
duwoc huan luyén trudc trén tap div liéu COCO, trong
khi mé hinh YOLOv11 Classify dwoc huan luyén trén
ImageNet, ddm bdo kha nang nhan dién da dang cac
déi twong. Dac biét, ché dd Track dugc tich hop sén
cho tat ca cac md hinh Detect, Segment va Pose, giup
theo dai dbi twong mot cach lién mach. Tat ca cac mo
hinh déu duwoc ty dong tai xudng tir ban phat hanh
Ultralytics mé&i nhat khi st dung 1an dau, mang lai sw
tién loi toi da cho nguwdi dung.

Twong tw nhw YOLOV10[10], YOLOv11 cung cép
nhidu phién ban véi kich thwdc khac nhau, dap (ng
linh hoat cac yéu cau da dang:

- YOLQv11n (nano): Téi wu cho méi trwdng tai nguyén
han ché.

- YOLOv11s (small): Can béng hoan hao gitra tbc do
va do chinh xac.

- YOLOv11m (medium): Lwa chon ly twédng cho cac
tng dung théng thwdng.

- YOLOv11l (large): Dam bao d6 chinh xac cao véi yéu
cau tai nguyén tinh toan tang thém.

- YOLOv11x (extra large): Mang lai do chinh xac va
hiéu suét tdi da.

Bang 1 so sanh chi tiét cac mé hinh YOLOv11 Detect
dwa trén céc tiéu chi quan trong nhw kich thwéc anh
dau vao, dd chinh xac (mAP), tbc dd x& ly trén CPU
va GPU, sb lvong tham sé va hiéu suét tinh toan
(FLOPs). D liéu tir bang cho thay ré rang méi quan
hé twong quan gitra kich thuwéc mo hinh, dé chinh xac
va toc d6 suy luan. Cac mé hinh nhd hon cé téc d6 xi
ly nhanh hon nhung d6 chinh xac thap hon, trong khi
cac mo hinh I&n hon mang lai dé chinh xac cao hon
nhwng dodi héi nhidu tai nguyén tinh toan hon.
YOLOV11 ndi bat véi nhirng cai tién dang ké so véi cac
phién ban truwéec:

- Trich xuét d&c trwng nang cao: Kién tric backbone
va neck dwoc toi wu hoa giup YOLOv11 trich xuét cac
dac trwng phong phu hon, tir dé6 nadng cao dé chinh
xac nhan dién.

- Hiéu qua va tdc dd ti wu hoa: Thiét ké kién truc tinh
chinh va quy trinh huén luyén téi wu héa gitp YOLOv11

26 Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 3 (91) 2025
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dat dwoc tbc dd xor ly nhanh hon ma van duy tri do
chinh xac va hiéu suét cao.

- Do chinh xac cao hon vaéi it tham sb hon: So voi
YOLOv8m, YOLOv11m gidm 22% sb lwong tham sb
nhwng van dat dwgc do chinh xac cao hon, chirng té
hiéu qua tinh toan vwot troi.

- Kha nang thich &ng trén nhiéu maéi trworng: YOLOV11
c6 thé dé dang trién khai trén nhiéu méi trwdng khac
nhau, tir thiét bi bién dén nén tdng dam may va cac hé
thdng hd tro GPU NVIDIA, mang lai sv linh hoat tdi da
cho nguwoi dung.

- Hé tro da dang tac vu: YOLOV11 khéng chi hé tro phat
hién va phan doan déi twong ma con mé réng sang
cac tac vu thj giac may tinh khac nhw phan loai hinh
anh, wéc tinh tw thé va phat hién dbi twong theo huéng
(OBB), dap (rng nhu cau da dang clia ngudi dung.

2.1. Kién tric mang YOLOv11

Kién tric cbt 16i cia YOLO dwoc ciu thanh tir ba thanh

phan chinh. D4u tién, backbone dam nhiém vai tro
trich xuat dac trwng, bién ddi hinh anh thé thanh ban
dd dac trung da ty 18, cung cap théng tin ngl® canh
phong phu cho céc giai doan tiép theo. Tiép theo, neck
hoat dong nhuw mét I&p xt& ly trung gian, st dung cac
Iép chuyén biét dé tbng hop va tdng cwédng cac biéu
dién d&c trung trén cac ty 1& khac nhau, t6i wu hoa
thong tin trwé'c khi chuyén dén déu ra. Cubi ciing, head
dam nhan vai trd du dodn, tao ra cac két qua cubi cuing
vé vi tri va phan loai déi twong dwa trén ban dd dac
treng da dworc tinh chinh.

YOLOv11 dwoc xay dwng dwa trén kién tric cua
YOLOV8, nhwng véi nhitng céi tién dang ké vé céu
trac va téi wu héa tham sd, mang lai hiéu suéat phat
hién vwot troi nhw dwoc thé hién trong Hinh 3. Cac cai
tién nay tap trung vao viéc nang cao kha nang trich
xuét d&c trwng, ti wu héa tbc d6 xir ly va gidm sb
lwgng tham s6, ddng thdi mé rong kha nang thich (rng
trén nhiéu méi trwdng trién khai khac nhau.

1x

| %@ ultraiytics
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COCO mAPSS %
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@ o N
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Hinh 2. So sanh YOLOv11 vé&i cac phién ban truéc [2]

Bang 1. Céc mé hinh cé sén ctia YOLOv11 cho tac vu phét hién déi tuong

LCL O (p?::s) "QQ'S:' CcPU gﬁleﬁ)? (ms) T4 Ten::r§$10 fig) | FEETE | el
YOLOV11n 640 39,5 56,1 + 0,8 15+0,0 26 6.5
YOLOV11s 640 47,0 90,0 +1,2 2,5+0,0 9.4 215
YOLOV11m 640 515 1832 +2,0 47+0,1 20,1 68,0
YOLOV11I 640 53,4 2386+ 1,4 6,2+0,1 25,3 86,9
YOLOV11x 640 54,7 462,8 6,7 11302 56,9 194,9

SPPF ~

C3K2 ~

C2PSA -

YOLOv11

—— Object Detection

— Instance Segmentation

- Pose Estimation
— Oriented Object Detection

— Object Tracking

Hinh 3. Céc module kién truc chinh trong YOLOv11
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2.1.1. Backbone

Backbone déng vai tro cbt 16i trong kién truc YOLO,
dam nhan nhiém vu trich xuét cac dac trwng tir anh
dau vao & nhiéu ty 1& khac nhau. Qué trinh nay bao
gdm viéc xép chdng cac 16p tich chap (convolutional)
va céac khdi chuyén biét, tao ra cac ban d6 dic trung
v&i d6 phan giai da dang.

YOLOV11 ké thira cAu trac tir cac phién ban trwéc, st
dung céc 16p tich chap ban diu dé gidm kich thuwdc
anh [8]. Diém cai tién dang chu y cia YOLOv11 14 viéc
thay thé khdi C2f bang khdi C3k2. C3k2 str dung hai
phép tich chap nhé hon thay vi mét phép tich chap
I&n, gitp téi wu hoa hiéu qua tinh toan clia nut ¢ chai
Cross Stage Partial (CSP) ma van dam bdo hiéu suét
hoat déng.

Ngoai ra, YOLOv11 git lai khdi SPPF (Spatial Pyramid
Pooling - Fast) tlr cac phién ban truéc va bb sung khéi
C2PSA (Cross Stage Partial with Spatial Attention).
Khdi C2PSA gitp tdng cwéong kha ndng tap trung vao
cac dic trwng khong gian trong ban dd dic trwng.
Nh& do, YOLOv11 c6 thé tap trung vao cac vung quan
trong, cai thién d6 chinh xac khi phat hién déi twong &
nhiéu kich thwéc, vi tri khac nhau.

2.1.2. Neck

Neck dam nhan vai trd két hop cac dac trwng tir nhidu
ty 1& khac nhau va truyén ching dén head dé thwc hién
dw doan. Qué trinh nay thwérng bao gébm viéc tang kich
thuwéc mau (upsampling) va ndi cac ban dd dac trung
tlr cac cAp do khac nhau, giip mé hinh ndm bét théng
tin da ty I1& mét cach hiéu qua.

Khdi C3k2 duorc thiét ké dé hoat ddng nhanh hon va
hiéu qua hon, gép phan nang cao hiéu suat tong thé
cla qua trinh tdng hop ddc trwng. Sau khi tang kich
thwéc mau va ndi, neck tich hop khéi cai tién nay,
mang lai tdc d6 va hiéu suat dwoc cai thién dang ké.

Module C2PSA giup mé hinh tap trung vao cac vung
guan trong trong anh, tlr d6 cai thién d6 chinh xac phat
hién, dac biét 1a dbi voi cac ddi twong nhé hoac bj che
khuét mot phan.

2.1.3. Head

Khéi head d@m nhan vai trd dwa ra cac dw doan cubi
cung vé vi tri va phan loai déi twong. N6 xtr Iy cac ban
dd dac trwng dworc truyén tir neck, tr d6 tao ra cac hop
gi&i han va nhan I6p cho cac ddi twong trong anh.

Trong khdi head, module C3k2 duoc str dung dé xt ly
va tinh chinh hiéu qua cac ban dd dac trung, téi wu héa
dd chinh xac cla cac dy doan cudi cung. Khbi C3k2
thé hién tinh linh hoat cao, cho phép tuy chinh kich
thudc kernel dya trén gia tri ctia tham sb C3k2, tr d6
nang cao kha nang thich (rng cia mé hinh véi cac déi
twong co kich thuwdc va hinh dang khac nhau

2.2. Phat hién d6i twong str dung YOLOvV11

YOLOv11 thé hién kha nang vuot trdi trong viéc xac
dinh va dinh vi chinh x&c cac dbi twong trong anh ho&c
khung hinh video, cung c&p cac hdp gi¢i han chi tiét
cho trng déi twong dwoc phat hién. Nhd dd chinh xac
va tbc d6 xr ly cao, YOLOvV11 mé ra nhiéu (rng dung
tiém nang trong cac Iinh vire nhw hé théng giam sat an
ninh, xe tw hanh, phan tich ban 1& va nhiéu nganh céng
nghiép khac, noi ma viéc nhan dién déi twong mot
cach chinh xac va nhanh chéng la yéu té then chét.

Sau khi cai xong YOLOv11, c6 thé lam viéc véi
YOLOv11 qua CLI hoac code python [6].

Cu phap chung lam viéc v&i YOLOvV11 sir dung Iénh
CLI: yolo task mode args.

Trong do:

task (tuy chon) la 1 trong cac nhiém vu detect, segment,
classify, pose, obb.

mode (bat budc) 1a mét trong cac ché do train, val,
predict, export, track, benchmark.

args (tuy chon) la mét tham sé béat ky véi ci phap
arg=value (vi du imgsz=320). Cac tham s nay dwoc
trinh bay trong file default.yaml cda YOLOv11 [5].
Tham sé truyén dwéi dang cép arg=val va phan cach
gitra cac cap 1a dau cach. Khong s dung tién té -
trwdc gia tri truyén hodc s dung dau phéy (,) gita
céac dbi sb.

yolo predict model=yolo11n.ptimgsz=640 conf=0.25
yolo predict model yolo11n.pt imgsz 640 conf 0.25 3
yolo predict —model yolo11n.pt —imgsz 640 --conf 0.25 E3

- Huén luyén YOLOv11

Trong bai bao nay, nhém tac gia lwa chon cac tham sb:
epoch la vong 13p cla toan bd tap di liéu huén luyén,
data la dwéng dan dén file YAML cla di liéu, imgsz 1a
kich thwéc anh, mac dinh la 640, batch la kich thudc
16 trong qua trinh tai d liéu.

Qua trinh huén luyén két thic, file huén luyén dwoc lwu
mac dinh tét nhat 1a: /runs/detect/train/weights/best.pt.

- Xac thue mé hinh

Khi hun luyén két thic, can thuc hién danh gia mé hinh.
model.val(data="path/to/separate/data.yaml”)

- Dw doan v&i mo hinh

DPé dy doan véi mé hinh tuy chinh da huén luyén, can
chi ra dwong dan dén file best.pt (file trong sd dwoc
danh gia tét nhat), anh/video/link anh can dw doan.

- Xuét mé hinh

M6 hinh c6 thé dinh dang & nhiéu dang khac nhau nhw
ONNX, CoreML,... Vi du:
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from ultralytics import YOLO.
model = YOLO(“yolo11n.pt”).

model.export(format="onnx”, dynamic=True).

3. XAY DUNG HE THONG

Hé théng phat hién hanh vi khéng that day an toan
trén 6 t6 1a moét moé-dun quan trong, cé thé tich hop
vao camera giao thong hodc st dung dé phan tich
video giam sat théng thuong, gép phan nang cao y
thirc chap hanh luat giao théng. Thach thire chinh cla
bai toan nay nam & viéc xt ly hinh anh bi &nh huéng
b&i cac yéu té méi trwong phire tap nhw sy thay déi
cla anh sang, diéu kién thoi tiét da dang va téc do di
chuyén ctia phwong tién. Ngoai ra, viéc xac dinh chinh
xac trang thai thét day an toan cé thé gap khé khan
do sy xuét hién cla cac vat can hodc chat lwong hinh
anh kém.

Dé giai quyét nhirng thach thirc nay, nhom tac gia s
dung mét tap dir liéu thir nghiém da dang gdm nhiéu
anh 6 t6 v&i d6 phan gidi 640x640 pixel. Tap di¥ liéu nay
duoc dang tai bdi karan-panja trén nén tdng Roboflow
va duoc thiét k& dé& moé phdng céc tinh hubng thyc té
mot cach toan dién, véi cac hinh anh cé d6 chiéu sang
khac nhau va géc chup da dang. Qua trinh huan luyén
md hinh YOLOv11 dwoc thyc hién trén Google Colab
v&i GPU T4 (Hinh 4), tan dung strc manh tinh toan cta
dam may dé tdi wu hoa hiéu suét, mAP (mean Average
Precision) dwoc st dung dé danh gia do chinh xac cla
mé hinh. Qua trinh huén luyén:

Huén luyé&n
Gannhan CSDL —> md hinh trén
Google colab
|
N
Xac thue D doan
mbéhinh |  v6imd hinh

Hinh 4. Huén luyén mé hinh véi YOLOv11
3.1.Co sé& div liéu

Tap dir liéu gébm 660 &nh dwoc ddng tai trén trang
roboflow.com theo link: https://universe.roboflow.com/
karan-panja/seat-belt-detection-uhqwa. Tap anh dwoc
hiéu chinh lai gé“)m 3 nhan: seatbelt, person-noseatbely,
person-seatbelt.

- Day an toan (seatbelt): Anh day an toan.

- Da that day an toan (person-seatbelt): Anh day an
toan da duwoc that dang.

- Khéng that day an toan(person-noseatbelt): Anh
khéng that day an toan.

- Khong rd rang: Anh khong thé xac dinh dwoc day an
toan da dwoc that hay chwa do cé vat can hodc chét
lwgng hinh anh kém.

Mét s6 hinh anh cla tap di liéu:

.\‘-.,_ ]
Hinh 6. D&y an toan str dung khéng dung quy dinh

Cac anh dwoc gan nhan bang cdng cu roboflow.com
(Hinh 7).

No Tags Applied

No Tags Applied

Hinh 7. Anh duwoc gén nhén

Dé cai thién chat lwong anh, mot sé ky thuat tién xa ly
dwoc str dung la ty ddng dinh hwéng anh gidp mé hinh
khoéng phu thudc vao viéc lwu trir anh dwdi dinh dang
X, y hay y, x. Chuyén &nh vé &nh xam vi khi déi twong
phat hién 1a day an toan, khéng can chu y vé mau sac.

Dé tang lwong anh cho huén luyén, nhém tac gia st
dung moét sb k§ thuat tdng cwdng anh (Hinh 8): Lat
anh, chuyén anh thanh anh xam, thém nhiéu cho anh.
Thao tac lat ngang hoac doc giup mé hinh khéng bi
anh huéng béi hwéng ctia ddi twong. Thao tac chuyén
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anh xam v6&i 29% s6 lwong anh trong tap dir liéu dwoc
chuyén gitip mé hinh gidm bét sw anh huwédng mau séc
cta dbi twong trong anh. Thém nhiéu ting tinh bién
thién ctia mot sd hinh anh cho muc dich huén luyén
dé giam thiéu cac cudc tan cong dbéi nghich va tranh
trwd'ng hop overfitting.

Number of Images Number of Annotations Average Image Size Median Image Ratio

668 1465 1.6 mp 1440x1112
@ 0 missing annotations 2.2 peri & from 0.18 mp. i wide

2 0 null examples > Across @ 10 8.85 mp

AllSplits QD Train - G wvald O Test Sort I

persan-seatbelt 548
c 1

seatbelt 546
¢

person-noseatbelt 371

1716 Total Images

Dataset Split

View All Images -

TRAIN SET D

1584 Images

VALID SET e

66 Images

TEST SET o

66 Images

Preprocessing Auto-Orient: Applied

Grayscale: Applied

Augmentations Qutputs per training example: 3

Flip: Horizontal

‘90° Rotate: Clockwise, Counter-Clockwise
Grayscale: Apply to 15% of images

Noise: Up to @.1% of pixels

Hinh 8. Théng tin vé co sé diF lidu

train/box_loss train/cls_loss

train/dfl_loss

3.2. Huan luyén mang

Nhém tac gid thwc hién cai dat va huan luyén mang
trén google colab (T4 GPU). Th&* nghiém v&i model
YOLOv11s c6 két qua:

1 lyolo task=detect mode=val

v v e e e ow
-location}/data. yanl

runs/detect /1 -pt

Ultralytics 8.3.40 % Python-3.11.12 torch-2.6.0+cul24 CUDA:@ (Tesla T4, 15095MiB)

YOLO11s summary (fused): 238 layers, 9,413,961 parameters, @ gradients, 21.3 GFLOPs
val: Scanning 1d/labels.cache. .. 66 images, © backgrounds, © corrupt: 100% 66/66 [00:00<2, 1t/s]
Class  Inages Instances Box(P R MAPSO  mAPSO-95): 100% 5/5 [00:0200:00, 2.18it/s]

a1l 66 143 0.926 0.863 0.922 0.637
e. 30 36 0.848 0.805 0.876 0.629
belt a sa 0.973 0.963 0.085 0.774
seatbelt a0 53 0.956 0.822 0.906 0.509

Speed: 1.9ms preprocess, 12.2ms inference, 0.0ms 1oss, 3.6ms postprocess per image

Hinh 9. Xac thuwre mé hinh

Confusion Matrix Normalized

H
g 037
0
2
E
H
g
. Coa
%
H
02
£ 019 0.02 013
H
00

person-noseatbelt background

person-seatbelt seatbelt
True

Hinh 10. Ma trén trong sé nhdm Ian ctia YOLOv11s

metrics/precision(B) metrics/recall(B)

0.90
1.6 —e— results 0.954
1.3 -
0.85 1
1.4 0.90 4
1.2 1 0.80 1
1.2 0.85 1
1.1 0.75 1
1.0 1 0.80 1
| 0.70 1
0.81 1o 0.75
0.65 1
061 091 0.70 1
0.60 1
0 100 4] 100 0 100 0 100 0 100
val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
1.6 1
2.00 0.90 - 0.60
1.8
1.751
13 0.85 0.55
1.50 1 : ’
1.6 1
1.25 1 1.4+ 0.80 1 0.50 A
1.00
1.4 13- 0.754 0.45 4
0.75 1
T T T T : T : - 0.40 1, .
o} 100 0 100 0 100 0 100 0 100

Hinh 11. Két qua huén luyén véi model YOLOv11s
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Két qua chay thwc nghiém trén may tinh:

person—noseatbelt 0.92
person—nosea belt 0.87

Hinh 12. Két qua chay thuc nghiém

Nghién ciru nay déi mat véi nhiéu thach thire, bao gom
viéc x& ly hinh anh trong méi trwéng phire tap v&i anh
sang va thoi tiét thay déi, cling nhw cac vat can va chéat
Iwvong hinh dnh kém. Mac du YOLOv11 mang lai hiéu
suat cao, mé hinh van phu thudc vao chét lwong di
liéu huén luyén va doi hdi tai nguyén tinh toan dang
ké. Ngoai ra, viéc ddm bdo dd chinh xac dd cao cho
cac ng dung thuc té va kha nang téng quat héa cia
mé hinh ciing 1a nhitng han ché can dwoc giai quyét.

4. KET LUAN

Nghién ctu nay dé xuét st dung mang no-ron tich
chap sau YOLOv11 dé& phat hién cac trwdng hop
vi pham quy dinh that day an toan. Tap di liéu bao
gdm 660 hinh &nh, dwoc gan nhan cho ba truéng
hop: “deo day an toan” (seatbelt), “khéng deo day an
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toan” (person-noseatbelt) va “ngudi that day an toan”
(person-seatbelt). Tat c& hinh &nh déu c6é do phan giai
640x640 pixel va dwoc thu thap vao nhiéu thdi diém
khac nhau trong ngay. Nhém tac gia da tién hanh thiy
nghiém trén cac phién ban khac nhau ctia mé hinh
YOLOv11 va két qua cho thay phién ban YOLOv11s
dat d6 chinh xac 92%, déng thdi dam bao kha nang xo
ly theo thoi gian thyce.
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Trudng Dai hoc Sao Do
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