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Vietnam

Abstract: Deep learning is a field of artificial intelligence, and deep learning
algorithms are attracting significant research interest from scientists to
improve lightweight architecture, speed, and accuracy. Deep learning models
are built from intelligent algorithms, enabling computers to learn from existing
data and make predictions and process tasks quickly and accurately. This
paper presents research and application of the YOLOv11 deep learning
network to detect and recognize license plates of motorcyclists not wearing
helmets. The model was trained on a specific dataset including images of
motorcyclists without helmets, license plates, and characters. The results
show that the training model achieved high evaluation scores with Precision =
0.889 - 0.981, Recall = 0.867 - 0.976, mAP@50 = 0.918 - 0.984 and
MAP@50-95 = 0.607 - 0.774, processing speed of approximately FPS = 1.0,
which demonstrates the feasibility and potential for practical application of the
research.

Keywords: Deep learning, YOLOvV11, detect objects, helmet, license plate
recognition.
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Tém tat: Hoc sau la mot linh vwe cla tri tué nhan tao, cac thuat toan hoc sau
dang dwoc cac nha khoa hoc quan tam nghién ctru, dé cai tién kién tric gon
nhe, nang cao tbc dd va dé chinh xac. Cac mé hinh hoc sau dwoc xay dung
twr cac thuat toan théng minh, giip may tinh cé kha nang hoc tw di liéu sén
c6 va thwc hién cac dw doan, xir ly cong viéc mét cach nhanh chéng va
chinh xac. Bai bao trinh bay vé nghién clru, &*ng dung mang hoc sau
YOLOv11 dé phat hién, nhan dang bién sé xe ngwdi tham gia giao théng
khéng ddi mi bdo hiém. M6 hinh dwoc huén luyén trén tap di liéu riéng gébm
hinh anh ngw®i tham gia giao théng khong ddi mi bao hiém, bién sb xe va ky
tw. K&t qua cho thay, mé hinh huén luyén dat dwoc cac chi sb danh gia cao,
v&i Precision = 0.889 - 0.981, Recall = 0.867 - 0.976, mAP@50 = 0.918 -
0.984 va mAP@50-95 = 0.607 - 0.774, tbc d6 xi ly khoang FPS = 1.0. Diéu
nay chirng minh nghién cu cé tinh kha thi va tiém nang &ng dung trong
thyc té.

Tir khéa: Hoc sau, YOLOv11, phat hién dbi twgng, ma bao hiém, nhan dién
bién sb.

1. Gi¢i thiéu

Phat hien dbi twong la tac vu phan loai va
dinh vj tri cac déi twong trong hinh anh hoac
video, la mét linh ve trong tdm cua thi giac may
tinh. N6 da tré nén ndi bat trong nhi*ng nam gan
day nho nhirng trng dung rdng rai trong cac bai
toan trong thwc té nhw phat hién theo dai ddi
twgng, giam sat giao théng, xe tw 1ai, robot thdong
minh [1, 2]. Hién nay, c6 nhiéu mé hinh hoc sau
tién tién, dung dé nhan dién phat hién dbi twong
nhw CNN (Convolutional Neural Networks), R-
CNN (Region based Convolutional Neural
Networks), Fast R-CNN, Faster R-CNN, Mask R-
CNN, YOLO (You Only Look Once) [3]. 'ng dung

tri tué nhan tao dé phat hién ngudi lao dong &
cac cbng trinh [4] hay ngwoi tham gia giao thdong
ma khéng ddi mi bao hiém [5, 6] 1a van dé can
thiét ctia cac nha quan ly, nham gidm bét nhivng
chan thwong phan dau khi xay ra tai nan. Viéc
phan tich hinh &nh chia déi twong ngudi di xe
may khong déi mi bao hiém, bién sb xe doi hdi
thuat toan phai phirc tap va chinh xac.

YOLO la thuat toan s&r dung mang hoc sau
cUa tri tué nhan tao dé phat hién va nhan dién déi
twong, rat phu hop dbi véi cac bai toan vé phat
hién muc tiéu theo thdi gian thyc va dang duwoc
cac nha khoa hoc tiép tuc nghién ctru, phat trién,
hwéng téi cho ra nhirng phién ban manh mé hon
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vé tbc do, do chinh xac [7]. Phat hién ngwoi di xe
may khéng ddi mii bao hiém va nhan dién bién sé
xe béng thuat toan YOLO da cé nhiéu cbng trinh
nghién ctru va cong bd, nhu cac bai bao [3-6], [8-
12]. Bén canh do6, cling c6 nhirng céng trinh
nghién clru tdng hop hai ndi dung trén, nghia 1a
phat hién ngudi di xe may khong ddi mii bao hiém
thi déng thdi nhan dién trich xuét ky tw bién sb xe,
nhw cac nghién ctu [9-11]. M&i nghién ciu dwa
vao cac thuat toan, thw vién, phan mém riéng va
két qua cudi cung 1a doc dwoc chinh xac bién sb.
Bai bao [9] cGa nhém tac gid Swapna Rani Kura
s dung cong nghé camera “CCTV footage” dé
phat hién nhan dién mi bao hiém va bién sb xe.
Bai bao dé& cap vé cai dat thw vién hoc sau
TensorFlow, thw vién OpenCV, tai di¥ liéu mo hinh
YOLO ho&c SSD va phan mém st dung thiét b,
két qua nhan dién c6 dd chinh xac cao, nhung
chwa néi ré vé hoc thuat phat hién md bao hiém
va nhan dién trich xuat bién sb. Hoac bai bao
[10], nhém tac gia dung TensorFlow, EasyOCR va
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YOLOV8 dé nhan dién x& ly anh. S dung thw
vién Ultralytics va OpenCV dé& huén luyén di liéu
va gan nhan mi bao hiém, khéng mi bao hiém,
bién sb cho tap di liéu bang cong cu Labellmg.
Quy trinh thiwe hién theo the tw & mé hinh nhan
dién, phan loai dwoc ngwdi di xe may déi ma
ho&c khéng ddi mi bao hiém va sau dé s dung
thw vién EasyOCR dé trich xuét bién s xe. Trong
bai nghién ctru [11], nhém tac gid gioi thiéu
YOLOv3 dé phat hién mi bao hiém va trich xuét
théng tin bién sb xe.

De liéu hinh anh dwong phd An Do duoc
thu thap tha cdng, gan nhan bang Label Studio
cho céac déi twong: xe may, bién s, mii bao hiém,
khéng mii bao hiém, va phan chia theo ty 1& 80:20
lan lwot cho tap huén luyén va kiém dinh. M6 hinh
dwoc huan luyén trén ciu hinh phan cing PC
core i9 Windows OS, Ram 16GB, GPU RTX
3060. Hiéu suét huan luyén cao, d6 chinh xac
trung binh mAP50 la 92.44% va cac théng sb
huan luyén khac dwoc thé hién & Bang 1.

Bang 1. Do chinh xac trung binh cho céac 1&p déi twong cla bai nghién ctru [11]

Lép Do chinh xac trung binh Dy doan dung Dy doan sai
Helmet 91.54% 16 4
No_Helmet 90.72% 36 2
Number_plate 89.18% 13 3
Motorcycle 94.88% 75 2

Qua cac codng trinh nghién ctru [1-11], co
thé nhan thay phan Ion tac gid lwa chon kién tric
YOLO dé xay dwng va trién khai hé théng nhan
dang déi twong, trong d6 cé bai toan phat hién
nhan dién va trich xuat théng tin ngwdi tham gia
giao théng khéng ddi mii bao hiém. B&i vi YOLO
dat dwoc sw can bang hiéu qua gitra dd chinh xac
va toc do xor ly, dac biét phu hgp v&i cac wng
dung yéu cau x& ly gan thi gian thye. So véi cac
moé hinh phat hién déi twong hai giai doan nhuw
Faster R-CNN, mac du cé dé chinh xac cao
nhwng doi hdi chi phi tinh toan I&én, YOLO thudc
nhém md hinh mét giai doan, cho phép phat hién
tryc tiép déi twong trén anh dau vao voi tbc do
suy luan nhanh hon dang ké trong khi van duy tri

do6 chinh xac & mirc cao.

Vi vay, nhém tac gid tiép tuc lwa chon
YOLOv11 dé phat hién, nhan dang va trich xuat
thdng tin bién s cla ngwdi tham gia giao théng
khéng d6i mid bao hiém theo mét huéng tiép can
khac. Bai bao nay tap trung vao tim hiéu, nghién
ctu thuat toan YOLOv11 va huén luyén tinh chinh
theo mo6 hinh YOLOv11n vé&i cac bd dir liéu riéng
clia nhém tac gid. Cac bd div liéu gébm: bd dir liéu
phat hién nguwdi khong ddi mi bao hiém, bd di
liéu phat hién nguwdi di xe may, bd di liéu khoanh
vung chira bién sb va bo dir liéu doc ky tw. Tl d6
c6 kha nang phat hién ngwoi di xe may khong doi
mi bado hiém va nhan dién bién sb xe ngudi vi
pham giao théng mét cach kip thdi va chinh xac.
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2. Co s& ly thuyét va phwong phap nghién
ctru

2.1. So lwoec vé phat hién déi twong doi véi
mo hinh YOLO

YOLO [12] la mét trong nhirng md hinh phat
hién va phan loai dbi twong dau tién s dung
mang no-ron hoc sdu CNN, duoc xay dwng tlr sy
két hop gitra cac l&p tich chap (convolutional
layers) va céac I&p két néi day da (fully-connected
layers) dwoc thé hién & hinh 1. Trong d6 cac 16p
tich chap sé trich xuat cac dac trwng (feature) cta
anh, cac lop két ndi day du sé dw doan toa do cua
déi twong va cho két qua div liéu & dau ra [1, 2,
12, 13].

Khi nhan anh dau vao, mé hinh sé& chuén
héa anh vé dang kich thwéc cb dinh va chia nhd
anh do thanh cac 6 Iwdi co kich thwéc SxS. Nhe
kha nang téi wu héa cho phan cirng, xtr ly song
song GPU (Graphics Processing Unit) nén mang
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CNN c6 kha nang dw doan chi mét 1an truyén di
liéu duy nhét va dau ra la ma tran ba chiéu
SxSx(5xB+C), v&i mbi 6 dyw doan chira (5xB+C)
tham sb. Trong d6 tham s B biéu thj sd lwong
hép gi¢i han (bounding boxes) va d6 tin cay
(confidence), C 1a s6 I1&p dbi twong can phan loai.
M&i hdp gi¢i han ¢ 5 théng sb la x, y, w, h va do
tin cdy. Thong sb x, y la toa d6 tdm hép, w la
chiéu réng va h 1a chiéu cao cta hdp, con dé tin
cay thé hién do tw tin ctia dy doan.

Sau khi tit ca cac hop gidi han dwoc dw
doan, YOLO s& dung phwong phap triét tiéu
khéng cwc dai (Non-Maximum Suppression) dé
loai bd cac hop gidi han trung 1ap hoac giao nhau
qua Ién, chi gilr lai nhirng hép gid¢i han cé do tin
cay cao nhat cho méi déi twong. Do do, dau ra
cudi cung cla YOLO gbém tap hop cac hop gidi
han duy nhéat, kém theo nhan I&p va do tin cay
twong wng [1, 3, 12, 13].
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Phit hién cudi cing

Hinh 1. Mb hinh kién tric tdng quat ciia mang YOLO [1, 2, 12, 13]

2.2. M6 hinh YOLOv11

YOLOv11 la phién ban mé&i trong ho mo
hinh phat hién déi twong theo thdi gian thuc cla
Ultralytics, dwoc cdng bb tai hdi nghj YOLO Vision
nadm 2024 [15]. M6 hinh nay dwoc phat trién dwa
trén cac phién ban YOLO trwéc dé nham cai thién
dd chinh xac, téc d6 x& ly va hiéu qua tinh toan.
YOLOV11 tich hop moét sb cai tién quan trong nhw
cac khdi C3k2 (Cross - Stage Partial Bottleneck
with 2 stacked: Khéi that cé chai ban phan lién
tang véi 2 1ép xép chéng), SPPF (Spatial Pyramid
Pooling — Fast: Khéi gop kim tw thap khéng gian
tbc d6 cao) va C2PSA (Cross - Stage Partial

Spatial Attention: Khdi chu y khéng gian ban phan
lien tang). Nhirng thanh phan nay giup tang
cwdng kha néng trich xuat dac trwung & nhiéu mic
khéng gian khac nhau, dong thdi vAn dam bao sb
lwong tham sé6 nhd gon va hiéu suét tinh toan
cao. Nh& d6, md hinh cé thé dat hiéu qua tbt
trong cac nhiém vy nhw phat hién, phan loai va
theo déi ddi twong trong thdi gian thuc [14, 15].
Kién tric cia YOLOv11 dwoc td chirc thanh ba
thanh phan chinh gdm Backbone, Neck va Head
(hinh 2), méi phan dam nhan mét chic nang
riéng trong qua trinh x& ly &nh va dw doan déi
twong.
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Backbone 13 bd phan thwc hién trich xuét
dac trwng tlr dnh dau vao bang cac 6p tich chap
clia mang no-ron CNN. Anh dau vao cé kich
thwéc 640x640x3 dwoc chuyén ddi thanh cac
ban dd dic trwng vé&i kich thwéc gidm dan nhw
320%320%64, 160x160%128, 80x80x256,
40x40%x512 va 20x20x1024. Trong qua trinh nay,
khdi C3k2 gilp cai thién kha nang hoc déc trung
& nhiéu mirc d6 phan gidi, dac biét tai cac tng
trung gian. Két qua ctia Backbone l1a cac ban dd
dac trung da ty 1&, dwoc chuyén sang phan Neck
dé tiép tuc xr ly [15, 16].

Neck dong vai tro két ndi va téng hop cac
d&c trwng tlr nhiéu tAng khac nhau ctia Backbone.
Thanh phan nay st dung céac ky thuat nhw SPPF
dé thu nhan thong tin da ty 1&é va C2PSA dé tang
cwong kha nang cha y khéng gian cia mé hinh.
Bén canh do6, cac thao tac Upsample va Concat
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dwoc st dung dé tang do phan gidi cta ban dd
dac trwng va két hop théng tin tlr nhiéu tang khac
nhau. Nh& vay, mé hinh c6 thé biéu dién tét hon
cac dbi twong co kich thwéc da dang trong anh
[14-16].

Head la phan cudi ctia mé hinh, chiu trach
nhiém dwa ra dw doan vé vj tri va loai dbi twong.
Thanh phan nay thwdng dwoc chia thanh hai
nhanh chinh: nhanh dinh vi (bounding box) dé& xac
dinh toa dd va kich thwéc khung bao quanh dbi
twong, va nhanh phan loai (class prediction) dé
xac dinh nhan 16p cta dbi twong kém theo gia tri
dé tin cay (confidence score).

Co ché du doan hai nhanh giip YOLOv11
vira xac dinh chinh xac vi tri vira nhan dién dung
loai d6i twong, tr d6 nang cao hiéu qua trong cac
bai toan phat hién dbi twong theo thoi gian thuc
[14-16].
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Hinh 2. Kién tric ctia YOLOv11 [15]
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2.3. Quy trinh phat hién va trich xuét bién sé
xe ngwi tham gia giao thong

DPé phat hién va trich xuét bién sb xe cla
ngudi tham gia giao thdéng khéng d6i mi bao
hiém bang thuat toan nhan dién vat thé YOLOv11,
tac gid dé xuat mo hinh téng thé gébm bébn khbi
chivc nang nhw thé hién & hinh 3, trong d6 mbi
khdi ddm nhiém mét nhiém vu cu thé nhw sau:

- Khéi 1: Phat hién ngwoi khéng doi mi bao
hiém: Khéi nay nhan di liéu hinh anh t video
hoac camera giao théng, sau dé str dung mé hinh
YOLOv11 da dwoc hun luyén dé phat hién nguoi
khéng ddi mii bao hiém.

- Khéi 2: Phat hién phuong tién xe may: Dé
tiép nhan dau vao tir khdi thir nhat, nhém tac gia

Pham & nnk

dung phién ban YOLOv11n ctia YOLOv11 dé xac
dinh déi twong 1a nguwoi diéu khién xe may.

- Khéi 3: Xac dinh ving chra bién sé: Dua
trén md hinh YOLOv11n da tinh chinh, nhom tac
gia thwe hién viéc dinh vi va cat ving anh cé chira
bién sb.

- Khéi 4: Hiéu chinh géc nghiéng va nhan
dang ky tw bién sé: DAu tién xac dinh toa do cua
hai ky tw & ria ngoai cung ctia dong trén (hoac
dong dwdi) trén bién sé, sau doé tinh toan géc
nghiéng va xoay bién sé sao cho céac ky tw thdng
dirng nhét va cudi cuing dung mé hinh tinh chinh
YOLOv11n dé tach riéng va nhan dién tirng ky tw
trén bién s6, dong thdi hién thj vang chra ky tw
cung tén ky ty twong ng.

Khéi 1: Khéi 2:
Phat hién nguoi N Phat hién
khéng ddi mi phwong tién
bao hiém xe may

Khéi 3: Khéi 4:
Xac dinh L, Hiéu chinh goc
vung chira nghiéng va nhan
bién sb dang bién sé

Hinh 3. So d6 khdi cac budc phat hién, nhan dién va trich xuét bién sé xe may clia ngwdi tham gia giao
thong khéng d6i mi bao hiém

2.4. Phwong thirc danh gia mé hinh

DPé danh gia mirc do hiéu qua cta mé hinh
phat hién dbi twong YOLO, bén chi sé dinh lwong
chinh dwoc st dung phé bién, bao gbm: mAP
(Mean Average Precision — Gia tri chinh xac trung
binh); Precision (d6 chinh xac); Recall (d6 nhay);
va F1-Score (diém F1). Cac chi s6 nay phan anh
toan dién kha nang nhan dién dung, bao pha day
da, can bang gitra d6 chinh xac va dd nhay cua
mo hinh.

- Chi s& mAP biéu thi d6 chinh xac trung
binh cia mé hinh trén toan bd cac I&p déi twong.

V&i mbi l6p, gia tri AP (Average Precision —
Do chinh xac trung binh) duwgc xac dinh bang dién
tich dwdi dwdng cong Precision-Recall, sau do
mAP dwoc tinh bang trung binh cong ctia cac AP
trén tat ca cac I6p, thé hién & cong thirc (1) nhw
sau:

mAP = = 3N, AP; [16] (1)

Trong d6: N 1a téng sb I&p dbi twong; mAP
thwong dwoc tinh & cac ngudng loU (Intersection
over Union — Mrc d6 chéng lap gitra hop gici han
dw doan va hép gidi han thuc té) khac nhau, nhw
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mAP@0.5: chi tinh khi loU = 0.5, con
MAP@)][0.5:0.95]: tinh trung binh cac gia tri mAP
tv 0.5 dén 0.95 v&i bwéc 0.05 theo bd di liéu
chuin COCO (Common Objects in Context — Cac
ddi twong phd bién trong bbi canh).

Gia tri mAP cang cao thé hién mé hinh phat
hién déi twong cang chinh xac va 6n dinh trén
toan b6 tap dir liéu.

- Precision thé hién ty 1& dw doan ding
trong tbng sé dw doan ma mé hinh nhan dinh Ia
c6 dbi twong, dwoc tinh theo cong thire (2):

- TP
precision=—-—-— [16] (2)

Trong dé: TP (True Positive - Dwong tinh
dung) la sé dw doan dung, va FP (False Positive —
Dwong tinh gid) la sb6 dy doan sai.
Precision cao cho thdy md hinh c6 kha nang phan
biét rd rang gitra dbi twong that va nhiéu nén, han
ché bo sai.

- Recall phan anh kha nang mé hinh phat
hién day da cac dbi twong thuc sw coé trong anh,
dworc tinh theo céng thire (3):

TP
e [16] (3)

V&i FN (False Negative - Am tinh gid) & sb
déi twong that ma mo hinh khéng phat hién duorc.
Gia tri Recall cao cho thdy mé hinh it bd sét dbi
twong, dac biét quan trong trong cac wng dung
yéu cau dé bao phu cao nhw giam sat an ninh hay
y té.

recall=

F1-Score la chi sé tbng hop gitra Precision
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va Recall, thé hién mrc can bang gitra kha ndng
phat hién chinh xac va bao phu ctia mé hinh. Gia
tri F1 cang gan 1 cho thdy mé hinh dat hiéu nang
dn dinh, tranh tinh trang léch vé& moét trong hai chi
sb Precision hodc Recall.

3. Thyc nghiém va danh gia két qua

DPé xay dung téng quat mé hinh phat hién
va nhan dién bién sé xe clia nguoi tham gia giao
théng khéng déi mi bao hiém dwa trén thuat toan
YOLOv11, nhédm tac gia can phai thwc hién qua
cac buwdc sau: Thu thap dir liéu hinh anh, tién xc
ly gan nhan di liéu, huin luyén mé hinh, thuc
nghiém mo hinh va danh gia mé hinh.

3.1. B6 dir liéu

Thu thap di¥ liéu va chuan hoéa 1a mot budc
quan trong cia md hinh hoc sau. B6 di liéu
COCO08 trong YOLOvV11 duwoc td chirc theo cau
tric thw muc phan cip ré rang, dé quan ly, tuan
theo chuan chung ctia ho YOLO, gdm ba thanh
phan chinh: Thw muc chva anh, thw muc chia
nhan va tép cau hinh di liéu.

Thw muc chira anh Iwu trir toan bd anh dau
vao ctia mé hinh, c6 dinh dang phd bién la JPG
hoac PNG va kich thuwéc la 640x640 pixels. Cac
anh trong thw muc nay dwoc chia thanh hai tap
con la thw muc huan luyén chi¥a cac anh ding
cho giai doan huén luyén mé hinh, chiém khoang
80% va thw muc kiém thir chiva cac anh dung dé
kiém thtr va danh gia hiéu suat mé hinh sau huan
luyén, chiém khoang 20%.

Bang 2. CAu tric cac bd dir liéu

B6 di liéu

Téng sb anh

Thw muc huan luyén  Thw muc kiém thir

Phat hién ngudi khong doi mi bao hiém
Phat hién vung chira bién sb
Nhan dién ky tw

19214
9038
4100

15214 4000
7225 1813
3275 825

Thw muc chiva nhan lwu cac tép tin van ban
dang (.txt). Mdi t&p nhan co tén trung khép voi
anh twong wng trong thw muc chiva anh. Cac tép
nay chlra théng tin vé vi tri va loai déi twong, gébm
nam gia tri; class_id, x_center, y_center, width,
height. Cac gia tri toa d6 va kich thwéc nay dwoc
tac gid s& dung phdn mém MakeSense dé gan
nhan tao ra va dwoc chuan hoa theo kich thwéc

anh. Twong ty nhw thw muc chira anh, thw muc
cha nhan ciing dwoc chia thanh hai phan 14 thw
muc huén luyén va thv muc kiém the, ddm bao
tinh ddng bd gitra di¥ liéu huan luyén va kiém thir.

Tép céu hinh di liéu nam tai thw muc gbc
cua bd dir lieu, dong vai tro la tép cau hinh chinh,
dwoc st dung dé chi dinh dwong dan dén thuw
muc train va val, déng thdi khai bao danh sach
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céac 16p déi twong trong bd di liéu.

Trong mé hinh phat hién nhan dién nay,
nhém tac gid st dung bdn bd dir liéu. Trong d6 bo
di¥ liéu phat hién xe may s dung ctia YOLO da
huén luyén sén trén tap COCO va 3 bo di liéu
con lai do nhém ty xay diwng. Sé lwgng hinh anh
va ty Ié chia anh & thw muc train va thw muc val
cua cac bd dir lieu dwoc trinh bay & Bang 2. B
di¥ liéu phat hién khéng d6i mi bao hiém dwoc
tac gia thu thap tlr ngudn Roboflow Universe [17],
trong d6 dir liéu giao théng Viét Nam chiém
khoang 50%. Ngoai ra, do dac diém ving d4u cua
con nguoi (d6i mi hodc khéng ddi mi) twong dbi
twong doéng gitra cac quéc gia nén md hinh cd
kha ndng hoc va khai quat tét trong qua trinh
huén luyén. Bo dir liéu khoanh vung chiva bién sb
va nhan dang ky tw, dwoc xay dwng tir hai ngudn
chinh 1a mét phan do tac gid swu tdm va tdng hop
tr cac dw an nghién ctru trong nwédc, phan con lai
dwoc thu thap truc tiép théng qua viéc chup anh
bién sb. Bén canh do6, dé tidng mirc dd phirc tap
va kha nang téng quat mé hinh khoanh vung bién
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sb, tac gid dung thw vién OpenCV (Open Source
Computer Vision Library — Thw vién thi giac may
tinh ma ngudn mé) d& mé rong div liéu bang cach
tao thém cac bién thé anh nhw thay ddi vé d6 mo,
sang, dwong bién, goéc nghiéng, thu nhé va phéng
to, gitp mé hinh cé thé nhan dién mét cach én
dinh va chinh xac hon trong diéu kién thuc té.
3.2. Huan luyén mé hinh

Huan luyén mé hinh YOLOv11 1a qué trinh
giup mang hoc sau hoc dwoc cac dac trwng cua
déi twong trong dnh dé& thwc hién phat hién va
phan loai chinh xac anh thwc té. Thuat toan
YOLOv11 da cé cac md hinh dwoc huén luyén
s&n nhw YOLOv11n, YOLOv11s, YOLOv11m va
YOLOv11x. Tuy nhién, cac mdé hinh nay chwa
duwoc toi wu dé phat hién va nhan dién dbi twong
dac thu trong nghién ctru nay, cu thé 1a trich xuét
thong tin bién sb clia ngwdi diéu khién xe may
khéng ddi mi bao hiém. Vi vay, nhém tac gia can
tién hanh huén luyén tinh chinh lai mé hinh v&i bd
dir lieu gdbm céac hinh anh lién quan dén mi bao
hiém, bién sb xe va ky tw trén bién sé.

Bang 3. Cac tham sb huén luyén chinh cia mé hinh YOLOv11n

Tham sé Gia tri Y nghia
Epochs 48/80/90 S6 vong huan luyén
Imgsz 640 Kich thuwéc anh dau vao pixel
Batch size 16 S6 lweng anh xt ly trong méi 16 (batch)
Optimizer SGD Téi wu gidam dan d6 déc ngéu nhién
Learning rate (Ir0) 0.01 Tbc d6 hoc ban dau
Momentum 0.937 Tham sé quan tinh cho SGD
box 7.5 Mat mat cho hop gi¢i han
cls 0.5 Mat mat cho phan loai
dfi 1.5 Mat mat cho tiéu diém phan phéi

DPé qua trinh huén luyén dat hiéu qua va rut
ngan thoi gian x& ly, hé théng can may tinh c6
cdu hinh manh, dic biét a4 GPU dé thyc hién xt
ly anh nhanh choéng. Do d8, nhém nghién clru da
lwa chon nén tdng Google Colab va phién ban
YOLOv11n dé tién hanh huén luyén cac mé hinh
v&i cac tham sé huén luyén chinh dwoc trinh bay
& Bang 3. Viéc lwva chon cac tham s6 & Bang 3
dwa trén co s& sy can bang gitra kha nang héi tu,

dd chinh xac va tai nguyén tinh toan. Cu thé, sé
vong huén luyén (48-90) ddm bao mé hinh hoc
dd sau nhung tranh hién twong qua khép, kich
thwéc anh dau vao (640), tdi wu héa gitra do
chinh xac phat hién va téc 6 xt ly. Ld anh xt ly
c6 kich thwéc (16) cung véi bd tdi wu héa gidm
dan d6 déc ngau nhién va tbc dd hoc ban dau
(0.01) gitp qua trinh huén luyén én dinh va ting
kha nang tdng quat héa. Tham sd quan tinh
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(0.937) cai thién téc dd hdi tu va gidm dao dong
gradient. Ngoai ra, cac hé s6 mat mat nhw mét
mat hop gidi han (7.5), mat mat phan loai (0.5) va
mat mat tieu diém phan phdi (1.5) dwoc didu
chinh nhdm wu tién do chinh xac dinh vj va cai
thién chét lwong dw doan bounding box, t d6
nang cao hiéu nang tbng thé ctia md hinh.
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Nghién ctu da thwc hién 48 vong huén
luyén cho bd di¥ liéu phat hién khéng déi mi bao
hiém, 80 vong huén luyén cho bd di¥ liéu khoanh
vung bién sb va 90 vong huan luyén cho bo di
liéu nhan dang ky tw, cac chi sé cla qua trinh
huén luyén dwoc trinh bay & Bang 4 va cac dé thi
hiéu suét thé hién & cac hinh 4, 5, 6.

Bang 4. Két qua cac chi sb huén luyén ctia 3 bo di liéu

B6 dir liéu Precision Recall mAP 50 mAP 50-95
Phat hién ngudi khong doi mi bao hiém 0.889 0.867 0.918 0.607
Phat hién ving chira bién sb 0.981 0.961 0.982 0.703
Nhan dién ky tw 0.965 0.976 0.984 0.774

Hinh 4a la dd thj thé hién dwdng cong hiéu
suat huan luyén cta bd dir liéu phat hién nguoi
khéng do6i mi bao hiém. Cac dd thi train/val
box_loss, cls_loss, dfl_loss déu gidm dan theo sé
epoch va hdi tu 6n dinh, chirng t& qua trinh huan
luyén dién ra hiéu qua, khéng xay ra hién twong
qua khép. Pudng cong cdia tap huén luyén va tap
kiém thr gan nhw tring nhau, thé hién kha ning
khai quat hoa tét cia md hinh. Cac chi sb danh

train/box_loss train/cls_loss

train/dfl_loss

gia hiéu ndng nhuw Precision, Recall va mAP déu
tdng dan theo thdi gian huén luyén va dat gia tri
cao & cudi qua trinh.

Cu thé, Precision va Recall cia l&p
No_Helmet lan Iwot 0.889 va 0.867, trong khi
mAP@0.5 dat 0.981 va mAP@0.5:0.95 duy tri &
mec cao, phan anh mé hinh cé kha nang phat
hién déi twong 6n dinh & nhiéu nguéng loU khac
nhau.

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

1.7 | 2.25 1

—e— results ) M’f'
164 2.00 smooth | 1.30 0.85
’ 175 0.85 A
154 1.25 1 0.804
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' 1.251 0751 4
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1.3 4 \\ 1.00 1 0.75
J 1.10 0.70 A j
12 0.75 . N
- . - - : T - r r 0.70 % - - T T T
0 20 40 0 20 40 0 20 40 0 20 40 0 20 40
val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
1.4 E
q h 1.451 0.90 4 0.60
1544
k 1.2 1 " 1_40_1 0.85 1 0.55 4
1.4 4 0 i 0.50 -
1.0 1.35 0.80 4
i 1.30 04571 §
1.3 o8 0.75 4 I
| 1.25 1 ‘“'“\.._m 0.40
06 0.70
0 20 40 0 20 40 0 20 40 0 20 40 0 20 40

Hinh 4a. Puwong cong danh gia hiéu suét huan luyén cta mé hinh phat hién khéng d6i mi bao hiém

Hinh 4b thé hién duwéng cong Precision-
Recall cia hai I&6p “Helmet” va “No_Helmet”.
Puéng cong cla ca hai lép déu nam gan géc trén
bén phai, chirng t6 mé hinh duy tri d6 chinh xac
cao ngay ca khi ty 1& phat hién I&n. Cu thé, 16p

Helmet dat mAP@0.5 = 0.955, I&p No_Helmet dat
0.981, cho thdy mé hinh phat hién hiéu quéa ca hai
loai d6i twong véi sai sb thap. Tuy nhién dya vao
ma tran nham |an hinh 4c, cho thay FP = 694, FN
= 395, nghia la c6 694 trwdng hop md hinh nhén
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nhdm 1an, trong d& nhan nham c6 mi thanh 395 trwong hop khéng déi mi, trong do cling

khéng mi la 64 trwdng hop va nhdm 13n véi nén nham véi nén 1a 312 trwdng hop. Diéu nay co

(background) la 630. B s6t khong nhan dwoc  nghia mé hinh chwa hoc tét d&c trwng cta nén.

Precision-Recall Curve

1.0
—— Helmet 0.955
~——— No_Helmet 0.881
= 3|l classes 0.918 MAP@0.5
0.8 1
0.6
c
o
wv
o
o
o
0.4 1
‘l_
0.2 1 ‘.‘
|
\
0.0 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Recall

Hinh 4b. Bwdng cong huén luyén Precision—Recall ctia mé hinh phat hién khéng doi mi bao hiém

Confusion Matrix
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Hinh 4c. Ma tran nham Ian ctia md hinh phat hién khéng ddi mi bao hiém
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Hinh 5 trinh bay két qua huan luyén moé
hinh phat hién ving chva bién sb. Cac dwong
cong ham méat mat cGa tap huén luyén va tap
kiém thr déu gidm dan theo s vong huan luyén
va dan héi tu, qua trinh hoc 6n dinh va khong xuét
hién hién twong qua khop (Hinh 5a). Bwdong cong
huén luyén va kiém thir phan anh kha nang khai
quat héa tét cia mé hinh. Cac chi sb danh gia
hiéu nang dat gia tri cao, Precision x4p xi 0.98 va
Recall dat khodng 0.96, cho thdy mé hinh vira
dam bao dd chinh xac cao trong dy doan, vira co
kha nang phat hién phan Ién cac déi twong thuc.
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mAP@0.5:0.95 dat xap xi 0.70, phan anh hiéu
suét nhan dang 6n dinh & nhiéu ngwdng loU khac
nhau. Buwéng cong Precision-Recall cé dang gan
vudng tai ving goéc trén bén phai, cho thdy moé
hinh duy tri d6 chinh xac cao ngay ca khi Recall
I&n (Hinh 5b). Ma tran nham lan (Hinh 5c) cho
thay sé lwgng dy doan dung chiém wu thé (1976
mau dung), s lwgng nham Ian twong dbi nhd (48
mau nham sang nén va 61 mau nén bi nhan
nham [& bién s6). Tuy nhién, sd lwogng mau nén
trong tap danh gia con han ché, nén dan dén viéc
phan biét dbi twong va nén chwa thé danh gia day

.y . > N >
Gia tri mAP@0.5 dat khoang 0982 va  da.
train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
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Hinh 5a. Pwong cong danh gia hiéu suét huan luyén ca mé hinh phat hién vung chira bién sé

10 Precision-Recall Curve
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Hinh 5b. Budng cong huén luyén Precision—Recall cia mé hinh phat hién vung chira bién sé
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Confusion Matrix
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Hinh 5c. Ma tran nham 1an cia md hinh phat hién ving chira bién sb

Hinh 6 1a dd thi thé hién két qua huén luyén
cua bd dir lieu nhan dang ky tw. Cac gia tri ham
mat mat cla tap huén luyén va kiém thir déu gidm
6n dinh theo s vong huén luyén, chirng t6 mé
hinh hoi tu tot va khéng xuét hién hién twong qua
khép. Céac chi sb danh gia hiéu nang dat két qua

train/box_loss train/cls_loss train/dfl_loss

metrics/precision(B)

metrics/recall(B)

)

1.0 5
—e— results
1.04 smooth 1.101
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Hinh 6a. Puwong cong danh gia hiéu suét huan luyén clia mé hinh nhan dién ky tw

cao, v&i Precision va Recall déu tién gan téi gia
tri 1.0, thé hién kha nang nhan dang chinh xac va
phat hién day du cac dbi twong trong anh. Gia tri
mAP@0.5 dat 0.984, va mAP@0.5:0.95 duy tri &
murc cao 0.774, phan anh hiéu qua ctia mé hinh &
nhiéu ngwdng loU khac nhau.
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Puong cong Precision—Recall dwoc thé
hién & hinh 6b c6 dang gan vuéng géc & goc trén
bén phai, cho thdy mé hinh duy tri dwoc do chinh
Xac cao ngay ca khi ty 1&é phat hién I&n. Ma tran
nhadm 1an nhw dwoc thé hién trong hinh 6¢ cho

Precision-Recall Curve
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thdy mé hinh nhan dang ky tw dat d& chinh xac
cao v&i phan Ién gia tri tap trung trén dwong chéo
chinh. Tuy nhién, van tén tai moét s6 nham lan
gitra cac ky tw cé hinh dang twong ddng nhw “0”
va “0”, “1” va “I".
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Hinh 6c. Ma tran nham 1an ctia md hinh nhan dién ky tw
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T nhitng két qua trén, ta cé thé thdy mo
hinh huan luyén &ng vé&i cac tap di liéu trén cho
két qua kha tbt, hiéu suét vuot troi, ddm bao tinh
4n dinh va do tin cay khi (rng dung trong nhan
dang déi twong.

3.3. Thwec nghiém mé hinh

Trong nghién ctru nay, nhém nghién clru st

dung ngén ngi¥ 1ap trinh Python phién ban 3.8 va
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moi trwong phat trién tich hop IDE PyCharm dé
xay dwng trién khai va kiém thtr ma ngudn, déng
thei PyCharm con hé tro quan ly dw an, g& 16i va
trwc quan héa ma lénh. Cac chwong trinh diéu
khién va ciu tric thuat toan dwoc thiét ké dua
trén cac lwu dé & hinh 7, hinh 8. Két qua thuc
nghiém thé hién qua anh chup man hinh, nhw
dwoc trinh bay & hinh 9.

Boc hinh anh dau vao
tlr camera hodac video

YOLOV11 - Phét hién
khéng ddi mii béo hiém

M6 hinh
YOLOvV11 - Phét
hién xe may (motorcycle)
tham gia giao
thong?

Ghép chinh xac lai 2 d6i

twong (xe va ngudi didu

khién khong ddi mii bao
hiém)

v

Téach anh (xe + nguoi
diéu khién khong doi mii
bao hiém) ra khéi khung

anh lén va lwu vao thw

muc

&

A 4

( Két thuc )

Hinh 7. Lwu d6 thuat toan chwong trinh phat hién nguei khéng déi mi bao hiém

3.3.1. Lwu doé thuat toan phat hién nguoi
khéng d6i mii bao hiém

Quy trinh phat hién nguwoi di xe may khdng
ddi mii bao hiém (hinh 7) gébm céac buéc sau:

- Poc hinh anh tryc tiép dau vao tir camera

ho&c video tir dwdng dan.

- Str dung md hinh YOLOv11 da duwoc huan
luyén dé phat hién nhitng ngudi tham gia giao
thdng khéng déi mi bao hiém. M6 hinh nay duoc
huén luyén véi hai 16p dbi twong, gdm “Helmet”
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va “No_Helmet’. Trong qua trinh nhan dién, thuat
toan sé Iya chon I&p “No_Helmet” va vé khung
gi¢i han (bounding box) lén ving dau cua déi
twong khong ddi md bao hiém trén anh géc.

- Kiém tra d6 tin cay vé nhan dién khong doi
mi bao hiém, néu dd tin cay bang ho&c I&n hon
40% thi thwe hién buwéc tiép theo, néu khong thi
két thuc quy trinh.

- St dung md hinh YOLOv11n cta YOLO
dé phat hién xe gan may dang tham gia giao
thong. Mé hinh YOLOv11 dwoc huén luyén véi 80
l6p dbi twong khac nhau, trong doé I6p “xe gan
may” 1a 1&p sb 03, nam & vi tri thir tw trong danh
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sach cac 16p. Khi phat hién dwoc dbi twong, mo
hinh s& vé khung gi¢i han bao quanh cac xe gan
may trén anh gbc.

- Sau khi chon dwoc dbi twong xe may va
ngwoi diéu khién khong doi mi béo hiém tr 2 mod
hinh riéng; thuat toan ghép chinh xac 2 dbi twong
lai thanh mét anh hoan chinh nguoi diéu khién xe
may khéng ddi mii bao hiém.

- Cét vung hinh anh nguwoi diéu khién xe
may khong doi mi bao hiém ra khdi khung hinh
I6n va Iwu vao thw muc chi dinh, chuan bj thyc
hién bwérc tiép theo 1a tach bién s va nhan dién
ky tw.

DPoc hinh anh dau vao

M6 hinh
OLOv11 - Phat hién
viing chtra bién
s6 xe?

Téch ving chiva bién
s0 ra khéi anh goc

v
Tinh géc nghiéng bién
s6 (so v&i mat dat),
xoay bién sb theo chiéu
hop ly

M6 hinh
YOLOv11 - Nhér] dién
cac ky ty trén bién so

confidence = 60%

7 <
LicensePlate
<10

X0 ly va hién thi két qua
(day ky tw bién so xe)

Két thuc

Hinh 8. Lwu db thuat toan chwong trinh phat hién bién sb va nhan dién ky tw
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3.3.2. Lwu d6 thuat toan phat hién ving chira
bién s6 va nhan dién ky tw

Quy trinh phat hién vung cha bién sb va
nhan dién ky tw (hinh 8) gdm cac bwéc nhw sau:

- Str dung md hinh da huén luyén, tim viing
gi¢i han c6 chiva bién sb va vé cac khung hinh
lén anh gbc.

- Kiém tra do chinh xac cac vung chtra bién
sb vira phat hién, néu bang hoac Ién hon 50% thi
tiép tuc thwe hién; nguoc lai thi két thuc quy trinh.

- Xac dinh dwoc ving chira bién sb c6 do
chinh xac cao nhét, sau do cat ra khai anh gbc.

- Xac dinh géc nghiéng va diéu chinh bién
s6 sao cho mé hinh nhan dién ky tw hiéu qua
nhét.

- Nhan dang tirng ky tw trong bién s bang
cach dung mé hinh YOLOv11 da huén luyén.

- Kiém tra do chinh xac cac ky tw vira nhan
dang, néu dd chinh xac bang hoac 1&n hon 60%

E7 VIDEO

= Scratches and Consoles

Run & main
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thi tiép tuc thwc hién; néu khong thi quy trinh
dirng lai.

- Kiém tra sé lwong ky tw hop 1&, néu téng
sb ky tw I6n hon 7 va nhd hon 10 thi hop 1&, tiép
tuc budc tiép theo; néu khong thi két thac quy
trinh.

- Dwa vao toa d6 cua cac ky ty dwgc phat
hién, chwong trinh tién hanh ghép nbi dé tai tao
chudi bién sb theo dung thi ty thyc té.

Dau tién, chwong trinh tinh gia tri toa do y
trung binh cla toan bdé ky tw, tr d6 phan chia
thanh hai nhém, bao gdm nhém cac ky tw cé toa
ddé y nhd hon gia tri trung binh dwoc xac dinh
thuéc dong trén va cac ky ty co toa dd y Ion hon
duwoc xac dinh thudc dong dwdi cta bién sb. Sau
khi hoan thanh viéc phan tach nhém trén nhom
duéi, cac ky tw trong tirng nhém dwoc sap xép
theo tht tw toa do x tang dan, phuc hdi chinh xac
thtr tw cac ky tw trén bién s thwc va hién thi két
qua.

Hinh 9. Két qua thyc nghiém qua trinh phat hién, nhan dién va trich xuét bién sb xe ngwdi tham gia giao
thong khéng ddi mi bao hiém

3.3.3. Két qua thwc nghiém

Ma ngudn dwoc nhom tac gid chay trén may
tinh c& nhan (personal computer) v&i cu hinh
bao gébm: Bd vi x& ly Intel(R) Core(TM) i5-3570

CPU @ 3.40GHz 3.80 GHz; B6 nh& RAM 8,00
GB; Card dd hoa Intel(R) HD Graphics (32 MB);
Hé diéu hanh 64-bit, bo x& ly kién tric x64. Dau
vao md hinh la doan video giao théng clia cac xe
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may dwoc quay tir dién thoai Samsung. Dya vao
m6 hinh YOLOv11 d& huén luyén va ma code xu
ly di¥ liéu bang ngdn ngi¥ Python, chwong trinh da
phat hién, khoanh viing dwoc nguoi diéu khién xe
may khong ddi mi béo hiém vaéi ty 1& dw doan 1an
lwot 1a 65.7% va 45.5%. Sau do6 tiép tuc tim,
khoanh vung chira bién sb véi ty 1& dy doan 88%,
tinh toan hiéu chinh géc nghiéng, xoay bién sb,
nhan dang ky ty (ty 1& dy doan trén 90%). Két
qua cudi cung hé thdng nhan dang, doc dwoc
bién sb xe vi pham giao thdng kha chinh xac nhw
hinh 9, v&i thdi gian x& ly trung binh khoang
990.3ms, twong rng téc dd xtr ly 1.0 FPS.

3.4. Banh gia va binh luan két qua

Th& nghiém md hinh véi nhiéu doan video
giao théng cla xe may véi tbc dd trung binh
khoang 50km/h. Nhém tac gia nhan thdy mé hinh
phat hién, nhan dién dwoc hau hét bién sb xe
may ma nguwdi diéu khién xe khong ddi mid bao
hiém v&i dd chinh xac trén 90%.

DPéi v&i mot sb trwdng hop ma ngudi diéu
khién xe d6i md bao hiém mau den co6 hinh dang
nhuw ma lwdi trai thi mé hinh nhan dién sai léch,
nham twdng la khong d6i mi bao hiém nhw thé
hién & hinh 10. Nguyén nhan chd yéu la do sw
twong déng vé dac trung thi giac gitra mi bao
hiém mau den va mi |wdi trai trong diéu kién goc
quan sat khéng thuan lgi. Bén canh do, sb lwong
mau md bao hiém mau den hodc cac trwong hop
d& gay nham lan trong tap huén luyén con han
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ché, khién mé hinh chwa hoc dwgc day du cac
dac treng nhan dang dac thu. Trwdng hop xe
chay v&i van téc 16n dan dén qua trinh bat bién sb
khéng rd nhw bi mé nhiéu, hodc nhiéu cao thi mo
hinh van khoanh viing dwoc bién sd nhwng nhan
dién ky ty co thé bi sai hodc nhan dién khong
duwoc. Do d6, can phai bé sung thém di liéu huén
luyén cho md hinh, dé md hinh nhan dién chinh
xac hon.

Téc dd xt ly trung binh dat 1.0 FPS (Bang
5) 13 do hé théng thwc nghiém dang chay néi tiép
trén thiét bi cd nhan cé ciu hinh han ché. Néu
trién khai co ché x ly song song, st dung cac
thiét bi c6 GPU chuyén dung hoac t6i wu héa mo
hinh trén nén tdng ONNX Runtime thi tbc do xt ly
c6 thé dwoc cai thién dang ké va cé kha nang dap
(ng yéu cau thoi gian thuc.

Qua céac chi s6 hiéu suat huan luyén mé
hinh & cac phién ban YOLO khac nhau (Bang 6)
cho thdy YOLOv11n cai thién hon YOLOv8n va
YOLOv10n. Cu thé la cac chi sb (Precision,
Recall, mAP@50, mAP@50-95) bang YOLOv8n
va cao hon YOLOv10n, con téc do x&r ly FPS
(Frames Per Second — S6 khung hinh trén giay)
thi I&n hon YOLOv8n va nhd hon YOLOv10n.
Diéu nay cho thay phién ban YOLOv11 mang lai
s tdi wu va can bang hiéu qua hon nhd vao cai
tién trong kién tric backbone, co ché head phan
tach, cung viéc tich hgp cac ky thuat chu y hién
dai.

Hinh 10. M6 hinh nhan nham mot sé mi bao hiém mau den nhw ma lwdi trai
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Bang 5. Thoi gian (ms) thuwc thi ctia tirng khéi va tdng thé cia hé thdng

Thoi gian xt ly cha cac khbi (ms) Tién xt ly Suy luan Hau xt ly FPS
Phat hién khéng ddi mii bao hiém 3.0 130.9 1.0 7.4
Xac dinh phwong tién xe may 20 151.9 2.0 6.4
Phat hién ving bién sé 5.0 253.8 1.0 3.8
Nhan dién ky tw 2.0 435.7 20 23
Téng thoi gian 12.0 972.3 6.0 1.0

Bang 6. Két qua huan luyén mé hinh phat hién khdng doi mi béo hiém, phat hién bién sé va nhan dién

ky tw & cac phién ban YOLO

M6 hinh Precision Recall mAP50 mAP50-95 FPS

Phat hién khong ddi mi bao hiém 0.889 0.867 0.918 0.607 227.3

YOLOv11n  Phat hién vung bién sb 0.981 0.961 0.982 0.703 303.0
Nhan dién ky tw 0.965 0.976 0.984 0.774 285.7

Phat hién khong ddi mi bao hiém 0.857 0.858 0.897 0.586 312.5

YOLOv10n  Phat hién vung bién s 0.972 0.951 0.980 0.698 4545
Nhan dién ky tw 0.953 0.950 0.979 0.774 434.8

Phat hién khong déi mi bao hiém 0.883 0.874 0.921 0.614 212.7

YOLOvV8n  Phat hién vung bién sb 0.977 0.961 0.985 0.700 270.3
Nhan dién ky tw 0.979 0.963 0.984 0.776 270.3

4. Két luan chéap nhan duoc, phu hop véi (ing dung giam sat

Trong bai nghién cru nay, nhém tac gia da
xay dng va thlr nghiém thanh céng mé hinh phat
hién nhan dién bién sé xe nguwoi tham gia giao
théng khong d6i mi bao hiém. D liéu dwoc thu
thap cho mé hinh gébm 19214 hinh anh vé phat
hién ngwoi khéng ddi mi bao hiém, 9038 hinh
anh vé bién sb xe va 4100 hinh anh vé ky tw, st
dung cdng cu Google Colab dé huén luyén tap di
lieu trén theo phién ban YOLOv1in cua
YOLOv11, két qua huén luyén dat cac chi s cao
nhw: Precision = 0.889 - 0.981, Recall = 0.867 -
0.976, mMAP@50 = 0.918 - 0.984, mAP@50-95 =
0.607 - 0.774. Th& nghiém mé hinh véi doan
video giao théng culia cac loai xe may trong diéu
kién binh thwong (van téc dwdi 50km/h) lam di
liu dau vao, két qud mé hinh nhan dién kha
chinh xac (gébm phat hién nguoi tham gia giao
théng khéng déi mi bao hiém, phat hién phuwong
tién giao théng xe may, xac dinh ving chiva bién
sb va phan loai nhan dang dwoc ky tw), voi ty 1é
dy doan dung ky tw trén 90% va thoi gian x&r ly

phat hién vi pham giao théng, noi ma dd chinh
xac dwoc wu tién hon tbc do xir ly tire thoi. Tuy
nhién, mé hinh van nhan dién nham 1an dbi voi
cac mi bao hiém mau den (gibng nhu mi ludi
trai) 1a khéng dodi md, nhan dién khéng duoc dbi
v&i ky tw bién sbé bi md nhiéu. Do dd, trong thoi
gian t&i, nghién clru sé tiép tuc phat trién mot sb
ndi dung nham nang cao dd chinh xac nhan dién
va cai thién tbc do xt ly ctia mé hinh, cu thé 1a:

- M& réng bd dir liéu huan luyén cho bai
toan phat hién khoéng doéi mid bdo hiém theo
hwéng da dang vé kiéu dang, mau sac mi va bd
sung cac trwedng hop dé gay nham Ian; doéng thoi
ap dung ky thuat tang cwdng div liéu, fine-tuning
trén cac mau kho va tich hop co ché chd y nham
nang cao kha nang phan biét va gidam dw doan
sai. D6i v&i bai toan nhan dién ky tw, can bd sung
thém dir liéu cho cac trwdng hop ky ty nhd, mo
ho&dc khoé phan biét dé cai thién dd chinh xac dw
doan. Bén canh d6, can nghién ctru tich hop
nhiéu md hinh thanh kién tric da nhiém, trién khai
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quy trinh x& ly song song hodc tbi wu trén nén
tdng ONNX Runtime dé cai thién téc do xo ly,
nang cao chi s& FPS. Ngoai ra, nghién ctru sé
tiép tuc thwc hién cac thwc nghiém cét 16p trén
cac mo-dun cai tién cia YOLOv11 nhw C3k2 va
C2PSA dé danh gia dinh lwong mirc do déng gop
cta trng thanh phan dbi véi hiéu nang phat hién
cho bd dir liéu. Két qua nay sé giup hoan thién co
s& thwc nghiém va dinh hwéng ti wu kién trac
cho cac nghién ctru tiép theo.

- Nghién ctru cé thé trién khai, ap dung &
cac trwdng trung hoc phd théng, trwong trung
cép, cao dang,... dé co6 thé giam sat, theo dbi va
chan chinh kip thoi nhirng hoc sinh, sinh vién vi
pham, tham gia giao théng khéong déi mi bao
hiém.
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