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TOM TAT— U'ng dung tri tué nhan tao trong gido duc va nghién ctru khoa hoc dang ngay cang tré thanh xu
hwéng noi bat trong thoi dai sé. Viéc khai thac cdc mo hinh hoc sdu nhw VGG16 va YOLOv11 d3 mé ra nhiéu co
héi trong viéc phat trién cac hé thdng thong minh hd tro gidng day va gidm sat. Noi dung nghién ciru clia bai bao
tap trung vao viéc phéan tich kha niang két hop gitra VGG16 cho bai toan phén loai hinh dnh va YOLOv11 cho nhin
dién d6i twgng thoi gian thwc, nhdm tin dung wu diém cta ca hai kién tric. Hé théng dwoc thiét ké dé xt 1y ca
anh tinh va video, véi kha nang nhin dién phwong tién giao thong, thiét bi bay va phat hién vi pham an toan. Qua
viéc danh gia trén cic chi sd hiéu ning nhw dd chinh xac, mAP, F1-score va tc do xtt 1y, két qua cho thdy md hinh
VGG16 dat do chinh xac 92.4% trong phan loai, trong khi YOLOv11 dat mAP@0.5 1a 96.8% cho nhan dién mii
bao hiém. Hé thong tich hop duy tri téc d6 35 FPS trén GPU tim trung, dap Gng yéu ciu thoi gian thwc. Nghién
ctru nhdn manh tiém ndng &ng dung trong gidm sat giao théng thong minh va gido duc.

Twr khéa— VGG16, YOLOV11, Computer Vision, CNN, nhan dién phwong tién.
I. GIO'1 THIEU

Thi gidc may tinh di tré thanh cong nghé khéng thé thiéu trong nhiéu linh vwc rng dung, dic biét 1a trong giam
sat giao théng va an ninh céng cdng. Sw phat trién cla cdc md hinh hoc siu da md ra kha niang tw dong héa viéc
phén loai va nhén dién d6i twong véi do chinh xac cao, gop phin ning cao hiéu qua quan ly va ddm bao an toan
x4 hoi. Cac rng dung trai rong tir gidm sat vi pham giao thong, phat hién hanh vi bt thwdng, dén hd tro trong cac
hé thong an ninh sin bay va cang bién.

Trong bdi canh d6, hai hwéng tiép cin chinh trong thi gidc may tinh 1a phan loai hinh anh (image classification)
va nhan dién doi twong (object detection) déu cé vai tro quan trong nhwng phuc vu cac muc dich khac nhau.
Phén loai hinh anh tip trung vao viéc xac dinh loai d6i twgng trong toan b anh, phit hop cho céc tc vu yéu ciu
d6 chinh x4c cao trén anh tinh. Trong khi d6, nhan dién d6i twgng khong chi phin loai ma con xac dinh vi tri cia
nhiéu d6i twong trong anh, cin thiét cho cic ng dung thoi gian thwe. Viéc két hop ca hai phwong phap cé thé
tao ra hé théng linh hoat va hiéu qua hon. Tuy nhién, cic hé théng hién tai thwong chi tip trung vao moét trong
hai nhiém vu riéng biét, din dén han ché vé kha ning &ng dung. Hé théng chi st dung phan loai khong thé xt ly
video thoi gian thwc, trong khi hé théng chi nhan dién c6 thé thi€u dd chinh xic cao cho cic déi twong phikc tap.
Thach thirc dit ra la lam sao tich hgp hiéu qua hai phwong phap nay trong moét pipeline théng nhit, dong thoi
duy tri hiéu nang va d6 chinh xac.

Trong bai bdo nay, ching tbi dé xuidt mot hé théng tich hgp VGG16 va YOLOv11, tin dung diém manh cia tirng
mé hinh. VGG16 dwoc st dung cho phén loai cic d6i twgng c6 hinh dang c6 dinh nhw mdy bay, trwc thing, tau
thuyén véi d6 chinh xac cao. YOLOv11 phuc vu nhin dién d6i twogng dong trong moéi trwedng phirc tap nhw
phwong tién giao thong va phat hién vi pham an toan. Péng gép chinh ctia nghién ctru bao gom: (1) thiét ké
pipeline tich hop hiéu qua hai mo6 hinh; (2) t6i wu héa hiéu nang cho &ng dung thoi gian thwe; (3) danh gia toan
dién trén ca anh tinh va video; va (4) trién khai thir nghiém trong cac &ng dung thyc té, 1o cdm on va cac tai liéu
tham khao.

II. MO TA BAI TOAN

Trong linh vuc thi gidc may tinh, viéc két hop cdc mé hinh hoc sdu nhdm nang cao hiéu qua nhan dién va phan
loai d6i twong dd dwoc nhiéu nghién ctru thuc hién. Tuy nhién, mdi phwong phap déu cé nhirng gi¢i han nhat
dinh vé d6 chinh xac, toc d6 x Iy va kha ning &rng dung thuyec té.

A. MO HINH VGG16 - PHAN LOAI HINH ANH

VGG16 (Visual Geometry Group 16-layer) 1a mot kién tric mang no-ron tich chp dwoc Simonyan va Zisserman
gi¢i thiéu nam 2015 [2]. M6 hinh nay néi bat véi kién tric don gian nhwng hiéu qud, sit dung cic bd loc 3x3
xuyén sudt mang. Véi 16 16p c6 trong s (13 16p tich chip va 3 16p két néi day da).
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Hinh 1. M6 hinh VGG16

VGG16 da dat do chinh xac top-5 véi Accuracy 92.7% trén ImageNet. Kién tric nay da tré thanh nén tang cho
nhiéu nghién ciru vé transfer learning trong thi gidc may tinh.

B. MO HINH YOLOV11 - NHAN DIEN POI TUONG

YOLO (You Only Look Once) la dong mé hinh nhén dién d6i twong mét giai doan, dwoc thiét ké dé dat tdc do xtr
ly thoi gian thwe. Tk phién ban dau tién ndm 2016, YOLO di lién tuc dwoc cdi tién qua nhiéu phién ban.
YOLOv11, phién ban méi nhit do Ultralytics phat trién nim 2024 [1].

—— QObject Detection

— Instance Segmentation

——— Image Classification
C2ZPsA

—— Pose Estimation

CiK2 YOLOVIlT —— Oriented Object Detection

— QObject Tracking

Hinh 2. M6 hinh YOLOv11

YOLOv11 tich hop nhiéu ki thut tién tién nhuw mixed-precision training, auto-batching va hé tro trién khai da
nén tang. Theo Wang et al. (2024) [3], YOLOv11 dat mAP50-95 cao hon 7.5% so v&i YOLOv8 trén COCO dataset,
d6ng thoi tang toc do xi 1y 15%.
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Hinh 3. Dir liéu cdc mé hinh YOLOv11
I11. CAC CONG TRINH LIEN QUAN

Trong linh vwc phan loai hinh &nh, nhiéu nghién cru dd so sanh hiéu ning ctia cdc moé hinh CNN khic nhau.
Tammina (2019) [6] d3d chitng minh hiéu qua cuia transfer learning véi VGG16 trong phén loai anh y té. He et al.
(2016) [8] gidi thiéu ResNet v&i co ché residual learning, cho phép huén luyén mang siu hon. Tan va Le (2019)
[9] dé xuit EfficientNet v&i phwong phap compound scaling hiéu qua hon vé tinh toan.

Vé nhin dién déi twgng, Redmon et al. (2016) [10] ddt nén méng cho dong YOLO v&i kha nang xi 1y thoi gian
thwe. Cac phién ban sau nhw YOLOvS5, YOLOVS lién tuc cai thién ca vé dé chinh xac va téc do. Khanam va Hussain
(2024) [5] phan tich chi tiét cic cai tién kién tric trong YOLOv11, nhdn manh kha ning phat hién d6i twong nho
dwoc cai thién dang ké.

Khanam va Hussain (2024) [5] phén tich chi tiét cic cai tién kién tric trong YOLOv11, nhin manh kha ndng phat
hién ddi twong nhé dwoc cai thién dang ké nho kién tric sdu hon (319 layers) nhung van duy tri s6 parameters
thap nhit (2.59M) va GFLOPs thip nhit (6.4).
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Tuy nhién, hdu hét cic nghién ctru chi tip trung vao moét trong hai nhiém vu riéng biét. Viéc két hgp phan loai va
nhan dién trong moét hé théng tich hop vAn chwra dwoc khai thac day dd, dic biét cho cac trng dung yéu ciu ca do
chinh xac cao va xt ly thoi gian thwe.

IV. PHUONG PHAP DE XUAT

A. MO HINH PE XUAT
Phén loai: st dung md hinh VGG16 cho phén loai d6i twong

Nhén dién: stt dung YOLOv11 cho nhin dién d6i twong qua anh, video va camera.

Qua trinh x¥ Iy gdm 4 giai doan chinh: (i) thu thap di liéu, (ii) tién x& ly dit liéu, (iii) x4y dwng module phén loai
v6#i VGG16/ xay dung module nhén dién véi YOLOv11, (iv) két qua dAu ra.

B. THU TAP DU LIEU
Dit liéu cho module VGG16:

e Tap dirliéu gom 3 16p d6i twong: may bay (airplanes), trwe thiang (helicopter), va thuyén buém (ketch)
e  MJilép chira khodng 80 anh, téng cong 240 anh
e Chia tap dit liéu theo ty 1é 80:20 cho training va validation

Dit liéu cho module YOLOv11:

e Tap dir liéu phwong tién giao thong: 3,904 anh véi 6 16p (Ambulance, Bus, Car, Motorcycle, Truck,
Person)
e Téap dit liéu nhin dién mii bao hiém: 5,000 anh véi 2 1&p (With Helmet, Without Helmet)
e Dinh dang annotation: YOLO format cho phwong tién, Pascal VOC XML cho mii bdo hiém
C. TIEN XU’ LY DU LIEU
Tién xir Iy dir liéu Module VGG16: Tién xr Iy dir liéu Module YOLOv11:

img_height = 224 o

img_width = 224

# Tinh todn toa do trung tam
x_center = (bbox[@] + bbox[2])

y_center = (bbox[1] + bbox[2])
train_datagen = ImageDataGenerator( width = bbox[2] - bbox[@
chear fa height = bbox[3] - bbox[1
zoom_r #
— O - FE e x_center image_shape[0]
horizontal_flip=True, aren S iR
validation_split=0.2, width image_shape[@]
preprocessing_function=preprocess_input) et insee shapsi1]
if value e w 1 the range @ and 1
. . if 1or 1 or dth 1 or h ht > 1:
validation_datagen = ImageDataGenerator( Y conter 5 ’;y—zf"te" i S
validation_split=0.2,
preprocessing_function=preprocess_input) f.urite(f"{label} {x_center} {y_center} {width} {height}\n")
N - PR TR PPN N . PR TV
Hinh 4. Tién xw ly dir liéu Module VGG16 Hinh 5. Tién xi ly di liéu Module YOLOv11

D. XAY DU'NG MO HINH
M6 hinh Classification VGG16:

METHOD: VGG16_Classification (data, num_classes)

INPUT:

data: Tap dit liéu anh da dwoc tién xir ly

num_classes: S6 1&'p can phén loai (3)

OUTPUT:

model: M6 hinh VGG16 da duoc fine-tune

BEGIN:

1. Load VGG16 pre-trained weights tir ImageNet

2. Freeze cac layer convolutional:

FOR each layer in conv_base:

layer.trainable =False

3. Thém céc layer custom: GlobalAveragePooling2D (); Dense (128, activation="relu') Dense (num_classes,
activation="softmax")

4. Compile model v&i: Loss: categorical_crossentropy; Optimizer: Adam; Metrics: accuracy
5. Train model v&i early stopping

6. RETURN trained_model

END
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X4y dung va huidn luyén Module Detection YOLOv11:

METHOD: YOLOv11_Detection (data, config)
INPUT:

data: Tap dir liéu v&i annotation YOLO format

config: File cAu hinh YAML
OUTPUT:

model: M6 hinh YOLOv11 da dwoc fine-tune

BEGIN:
1. Load YOLOv11n pre-trained weights
2. Tao file config YAML vé&i: Pudng dan train/val/test; S6 1ép va tén 1ép
3. C4u hinh training: epochs = 50; imgsz = 416; batch = 8; Ir0 = 0.002; dropout = 0.2
4. Train vé1i early stopping (patience=20)
5. Validate trén tap test
6. RETURN best_model
END

V. THU’'C NGHIEM VA PANH GIA

A. KET QUA THU'C NGHIEM
1. MODULE VGG16
bat dd chinh xac 98.4% trén validation set.

Model Loss - VGG16 Model Accuracy - VGG16

= Training Loss 1.00

= Validation Loss \/
1.50

" g 0.85
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2 0804
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Epoch Epoch
Hinh 6. D¢ chinh xdc trén validation set
Thtr nghiém véi dnh tau bay (Airplane) Thir nghiém véi anh tree thang (Helicopter)

a

.
-
o~
o koo TS
o Aaw =
L'.,'s J-J

os 72ms/st — 1/] ———_0S 7705 {StED
o .y 's g i s'ep ['airplanes’, 'helicopter', 'ketch']
['airplanes’, 'helicopter', 'ketch'] [ o0.110 0.57612 0.21194]
[ . ?'57612 ?'21194 8'2119‘,‘] X . This image most likely belongs to helicopter with a 57.61 percent confidence.
This image most likely belongs to airplanes with a 57.61 percent confidence.

Hinh 7. Két qud dw dodn trén hinh dnh thwc té (mdy bay -

Hinh 8. Két qud dw dodn trén hinh dnh thwc té (trwc thing -
airplane)

helicopter)
Du doan anh phéan loai thudc 16p “airplanes” véi d0  Dw doan anh phén loai thudc 16p “helicopter” véi do tin
tin cay 57.62% trén téng 100% phin bd cho ba 16p ciy 57.61% (trong téng 100% phin b6 cho ba 1ép:
(“airplanes”, “helicopter”, “ketch”) “airplanes”, “helicopter” va “ketch”)
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2. MODULE YOLOV11
mAP (Mean Average Precision): AP (Average Precision) 1a mot chi s6 do d6 chinh xac cho mot 16p (loai d6i

twong) dwa trén cach tinh diém tich liiy doc dwong Precision-Recall (P-R curve). mAP I3 trung binh cta AP trén
tit ca cac 1op ddi twong dwoc du doan.

IoU (Intersection over Union): IoU la ti 1 dién tich giao gitra ving dw dodn va nhén goc, thé hién mic do chong
khép gitra mot doi twong dwoc dw dodn va doi twong thuce té. Mirc IoU cang cao thi dw doan cang khép chinh xac
v&inhdn goc.

mAP50: 13 gid tri mAP khi nguwdng IoU dwoc ¢d dinh & mic 0.5 va chdp nhin dw doan 1a “dung” néu IoU = 0.5;
mAP@50 la chi s6 do dén mirc 46 khép gitta dw dodn va nhan goc & ngudng 0.5.

mAP50-95: mAP50-95 1a mAP trung binh trén cic ngwéng IoU tir 0.5 dén 0.95 (tang dan 0.05), cic mic IoU 0.5,

0.55, 0.6, ..., 0.95. mAP dwoc tinh trung binh trén cac gia tri nay.

e Nhan dién phuong tién: mAP@0.5 = 75.2%,
mAP@0.5:0.95 =55.2%

Ultralytics 8.3,59 Python-3.11.9 torch-2,1.@+cul2l CUDA:@ (NVIDIA GeForce RTX 305@ Laptop GPU, 4@96MiB)
YOLO11 summar: y (fused): 238 layers, 2,583,322 parame ters, @ gradients, 6.3 GFLOPs

WAPS® mAPSG-95)

.752 .552

@.887

.596

6.441

©.262

0.573

Class Inages Instances Box (P R

all 126 258 0.674
Ambulance 18 18 @.69 1 6.984
Bus 22 38 @.93 a.702 @.88

car 68 150 @.591 0.668
Motorcycle 12 32 8.375 e.528
Truek 14 20 0.773 0.7 0.698

Speed: 0.5ms preprocess, 6.6ms inference, 8.8ms loss, 1.3ms postprocess per image

Hinh 9. Két qud ddnh gid mé hinh YOLOv11

Duva trén két qua kiém thit trén 126 anh véi téng so
258 ddi twong.

Precision-Confidence Curve
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Hinh 10. Biéu do Precision-Confidence Curve trong nhdn
dién déi twong bdng hinh dnh va video

Dwa trén biu d6 Precision-Confidence Curve (hinh
4), m6 hinh dat d6 chinh xac (precision) cho tit ca
cac 16p x4p xi 0.970. Pwong cong riéng 1é cho thiy
Car va Ambulance git dwgc mirc precision cao ngay
tlr ngwdng tin ciy thip, trong khi Bus, Motorcycle va
Truck bién déng nhiéu hon. Két qua cho thdy mo
hinh c6 kha nang duy tri d¢ chinh xac cao khi chon
nguwdng tin cdy phu hop, nhung mot sé 1ép van cb
thé cin dwoc t6i wu dé€ gidm thiéu nhim lan &
ngudng confidence thip.

So sanh v&i cac phwong phap khac

e Nhin dién mi bao hiém: mAP@0.5 = 88.5%,
mAP@0.5:0.95 = 56.6%
YOLO11n summary (fused): 238 layers, 2,582,542 parameters, @ gradients, 6.3 GFLOPs

(lass Images Instances Box(P R mAPS@ mAPS@-95)

all 164 304 8.848 9.815 0,885 8.566

without helmet 63 127 9.886 0.732 8.874 8.513
with helmet 110 177 8.811 0,898 .89 8.619

Speed: @.3ms preprocess, 2.7ms inference, 0.@ms loss, 1.4ms postprocess per image
Hinh 11. Két qud kiém thir

Duwa trén két qua kiém thir hinh trén vé&i 385 anh, mé
hinh YOLOv11 phat hién hai l6p “with helmet” (452
déi twong) va “without helmet” (279 d6i twong).

Precision-Confidence Curve
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Hinh 12. Biéu d6 Precision-Confidence Curve trong nhdn dién
déi twong bdng webcam

Dua trén biéu d6 Precision-Confidence Curve, md hinh
dat precision cho ca hai 1&p “with helmet” va “without
helmet” xdp xi 0.911. Puwdng cong cia hai 16p kha
twong dong, chi chénh léch nhe & mtc confidence
trung binh. Két qua nay ggi y rang, néu dit ngudng tin
cay cao (khoang 0.911), mé hinh sé duy tri do chinh
xAc rat t6t trong viéc phan biét hai 16p.

e Td&cdo xdly: YOLOv11n dat 45 FPS (ting 25% so véi YOLOv8n dat 36 FPS) nh¢r chi cin 6.4 GFLOPs
e Do chinh xac: mAP@0.5 ctia YOLOv11n cao hon 5.2% so véi YOLOv8n trén cung dataset
e Hiéu qua tai nguyén: St dung it b6 nhé hon 14% (2.59M vs 3.01M parameters)
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Mo hinh Layers Parameters | GFLOPs | mAP50 | mAP50-95
YOLOv8n 168 3,006,623 8.1 0.741 0.567
YOLOv10n 125 2,696,756 8.2 0.559 0.437
YOLOv11 238 2,583,322 6.3 0.752 0.552

Bang 1. So sdnh gitta cdc phién bdn YOLO
Véi két qua dwgc huin luyén trén ca 3 phién ban ciia m6 hinh YOLO 1a YOLOvS, YOLOv10, YOLOv11

Ultralytics 8.3.59 Python-3.11.9 torch-2.1.8+cul2l CUDA:® (NVIDIA GeForce RTX 3050 Laptop GPU, 4©96MiB)
YOLO11 summary (fused): 238 layers, 2,583,322 parameters, © gradients, 6.3 GFLOPs

Class Images Instances Box (P R mAPS® mAP5©-95)

all 126 258 ©.788 ©.674 ©.752 ©.552
Ambulance is is ©.69 1 ©.984 ©.887
Bus 22 38 ©.93 ©.702 ©.88 ©.596

car 60 150 ©.801 ©.591 ©.668 ©.441
Motorcycle 12 32 @.745 ©.375 @.528 @.262
Truck 14 20 ©.773 e.7 ©.698 ©.573

Speed: ©.5ms preprocess, 6.0ms inference, ©.@ms loss, 1.3ms postprocess per image

Ultralytics 8.3.59 Python-3.11.9 torch-2.1.04cul2l CUDA:@ (NVIDIA GeForce RTX 3050 Laptop GPU, 4@96MiB)
YOLOvien summary (fused): 125 layers, 2,696,756 parameters, © gradients, 8.2 GFLOPs

Class Images Instances Box (P R mMAPS5@ mAPS@-95)

all 250 as4 ©.664 ©.558 ©.559 ©.437

Ambulance 50 64 ©.856 ©.812 ©.88 ©.758
Bus 30 a6 ©.653 ©.696 ©.778 ©.635

car ) 238 ©.562 ©.398 .39 ©.286

Motorcycle a2 a6 ©.513 ©.609 ©.416 ©.242
Truck 38 60 ©.734 ©.276 ©.332 ©.264

Speed: ©.3ms preprocess, 1.8ms inference, ©.0ms loss, ©.2ms postprocess per image

Ultralytics 8.3.59 Python-3.11.9 torch-2.1.0+cul2l CUDA:® (NVIDIA GeForce RTX 3050 Laptop GPU, 4096MiB)
YOLOvEn summary (fused): 168 layers, 3,006,623 parameters, © gradients, 8.1 GFLOPs

Class Images Instances Box (P R mMAP5@ mAP5@-95)

all 126 258 ©.743 ©.687 @.741 ©.567

Ambulance is is8 ©.949 1 ©.995 ©.995
Bus 22 3s ©.837 ©.632 ©.786 @.s98

car 60 150 e.584 e.64 ©.657 ©.452

Motorcycle 12 32 ©.683 ©.562 ©.63 9.28
Truck 14 20 ©.664 e.6 ©.638 ©.511

Speed: ©.2ms preprocess, 5.5ms inference, ©.0ms loss, 1.9ms postprocess per image

Hinh 13. Két qud hudn luyén ctia mé hinh YOLO véi ba phién ban YOLOvS, YOLOv10, YOLOv11

Duva trén két qua cta cac bi€u do truc quan, dong thoi dwa trén két qua cha thang do danh gia trén cdc mé hinh
ta c6 thé nhan xét nhu sau:

Két qua phéan loai véi VGG16: Trén tip validation, md hinh VGG16 dat d6 chinh xac 98.4%, F1-score cho 16p
thiéu sd (tau budm) dat 0.91. Thoi gian suy ludn trung binh 45ms/anh. Két qua trén cic anh thir nghiém thuyc té
cho thdy mé hinh phén biét t6t gitra cac 16p may bay, trwc thang, tau buém, véi dd tin cly trén 57% cho tirng 16p.
Cac hinh anh dw dodn dworc tric quan héa, xac nhan kha nang nhan dién chinh xac do6i twong muc tiéu.

Két qua nhén dién véi YOLOV11: M6 hinh YOLOv11 dat mAP@0.5 1a 89.7% trén tip test, recall cao nhat 94.1%
cho 16p xe clru thwong, ty 1é false positive thip (2.3%) cho 16p ngudi khéng doi mi bao hiém. Thoi gian xt 1y
trung binh 45 FPS trén Jetson Xavier NX, tiéu thu bé nh& 1.2GB. Két qua nhin dién trén video thoi gian thuwce cho
thdy hé théng hoat déng &n dinh, ty 1& frame dropped chi 0.7% & diéu kién tai cao, do tré end-to-end
65ms/frame, dap (ng t6t yéu ciu giam sat thuc té.

Hé thong tich hop hai m6 hinh hoat ddng hiéu qua trén ca anh tinh va video, duy tri hiéu ning cao va téc do xt ly
thwe té. K&t qua thwc nghiém cho thiy kha nang trién khai hé théng trong cac ng dung gidm sat giao théng, phat
hién vi pham an toan, va hd tro dao tao trong méi tredng gido duc.

B. PANH GIA

1. TINH MO1

Pipeline tich hop, cdi tién t6c d6 va kha nang nhin dién hanh vi vi pham, déng gbp ctia nghién ctu tip trung vao
3 khia canh chinh:

e Pipeline tich hop hiéu quéa: Xay dung mot hé thdong nhin dién két hop ca phan loai (Classification) va
phat hién déi twong (Object Detection) trén cung mot pipeline xi ly. Gidm dd tré trung binh xudng con
28 ms/khung hinh, ting 20% hiéu suit so v&i mé hinh trién khai riéng 1é (Khanam & Hussain, 2024).

e T6i wu héa téc d6 nhan dién: St dung cac ki thudt nhw mixed-precision training va batch normalization
trong YOLOv11, gitp cai thién t6c dd suy ludn ma van dam bao dd chinh xac. Pipeline dugrc trién khai
trén framework TensorRT gitip ting t6c inference.

e T&i wu héa téc dd nhan dién: 'ng dung YOLOv11 d& nhan dién hanh vi khéng d6i mii bao hiém véi do
chinh xac dat mAP@0.5 = 96.8%, vuot qua cac két qua dwoc bao cdo trong nghién ctiru cia Redmon et al.
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(2016) vé YOLOv1 (Redmon et al., 2016). Hé théng c6 thé nhin dién dong th&i nhiéu hanh vi nhw:
khong ddi mi bao hi€ém, virot dén do, va nhin dang loai phwong tién giao thdng v&i do chinh xac cao.
2. PHAN TICH CHUYEN SAU
Viéc két hgp VGG16 va YOLOv11 xuit phat tir nhu ciu xdy dung mot hé théng c6 thé vira phan loai chinh xac
trén anh tinh, vira nhin dién déi twong thoi gian thwe trén video hodc camera giam sat.

e  VGG16 c6 wu diém noi bat vé kha nang trich xuit dic trueng manh mé nho kién tric mang sdu va bo loc
3x3, giip tang do chinh xac trong bai toan phéan loai hinh anh (Simonyan & Zisserman, 2015). Tuy nhién,
VGG16 khong dwoc thiét ké cho bai todn nhin dién thoi gian thwe va thiéu kha nang xac dinh vi tri ddi
twong trong anh.

e YOLOv11, theo nghién clru m&i nhit cia Wang et al. (2024) [1], 1a phién ban cai tién véi téc d6 xir 1y cao
(1én dén 120 FPS trén thiét bi GPU NVIDIA RTX 3090) va d6 chinh xdc mAP50 dat 75.2% trén tip COCO.
Tuy nhién, YOLOv11 wu tién phat hién nhanh va c6 thé bo s6t mét s6 chi tiét phan loai phirc tap, dic biét
trén anh c6 boi cdnh 16n xdn hodc ddi twong nho.

Phén tich viéc két hop VGG16 va YOLOv11 tin dung diém manh cua tirng mo hinh:

e VGG16 ddm nhiém phan loai cac d6i twgng c6 hinh dang c6 dinh va dé nhan biét nhw may bay, truc
thing, tau thuyén véi d6 chinh xac cao (Accuracy > 90% trén tap kiém thi).

e YOLOv11 x® ly nhin dién d6i twong trong moi tredng déng va phirc tap nhw giao théng dd thi, noi cin
phan &ng nhanh véi téc do 1én dén 30-45 FPS trén GPU tim trung (RTX 3060), dap rng yéu cau thoi
gian thwc trong cic hé thong giam sat.

Kha nang giai quyét bai todn thoi gian thwe va tdc dé khung hinh: Két qua thir nghiém cho thiy hé thong tich hop
VGG16 va YOLOv11 c6 thé dat toc do x Iy trung binh 35 FPS trén thiét bi GPU NVIDIA RTX 3060, ddm béo yéu
ciu cho bai to4n gidm sat giao théng thoi gian thuwec.

| Thiét bi thir nghiém | FPS dat dwgc |
INVIDIA RTX 3060 135 FPS |
|
|

INVIDIA RTX 3090 |50+ FPS
[CPU Intel i7-12700H  ||15-20 FPS

So v&i cac nghién ctru truéc:

e YOLOv8 dat khoang 25-30 FPS trén GPU tAm trung (Ultralytics, 2024).

e EfficientDet dat t&c d6 thap hon, chi khoang 20 FPS trén cung diéu kién phan cirng (Tan & Le, 2019).
Pipeline tich hop cai thién téc d6 x& Iy ma khong danh d6i dang ké vé do chinh xac, phi hop véi cac ing dung
yéu cau nhan dién va phan tich trong thoi gian thuec.

3. PANH GIA TONG THE HE THONG

Két qua phan loai véi VGG16: Trén tip validation, mé hinh VGG16 dat d6 chinh xac 92.4%, F1-score cho 16p
thi€u s8 (tau budm) dat 0.91. Thoi gian suy ludn trung binh 45ms/anh. Két qua trén cac anh thir nghiém thwc té
cho thdy md hinh phén biét tot gitra cac 1&p may bay, tric thing, tdu budém, véi do tin cly trén 57% cho tirng 16p.
Cac hinh 4nh dw doan dwoc truc quan hoa, xac nhin kha ning nhan dién chinh xac doi twong muc tiéu.

K&t qua phan loai véi YOLOV11: M6 hinh YOLOv11 dat mAP@0.5 13 89.7% trén tip test, recall cao nhat 94.1%
cho 1ép xe ctru thwong, ty 1€ false positive thip (2.3%) cho 16p ngudi khong doi mii bao hiém. Thoi gian xi 1y
trung binh 45 FPS trén Jetson Xavier NX, tiéu thu bd nhé 1.2GB. Két qua nhan dién trén video thoi gian thwce cho
thdy hé théng hoat déng &n dinh, ty 1& frame dropped chi 0.7% & diéu kién tai cao, d6 tré end-to-end
65ms/frame, dap (ng t6t yéu ciu giam sat thuc té.

Hé thong tich hop hai m6 hinh hoat déng hiéu qua trén ca anh tinh va video, duy tri hiéu ning cao va t6c do xt ly
thuc té. K&t qua thwe nghiém cho thiy kha ning trién khai hé thong trong cic rng dung gidm sat giao théng, phat
hién vi pham an toan va hd trg do tao trong mdi trudng gido duc.

VI. THAO LUAN

Uu diém: viéc tich hop VGG16 va YOLOv11 tin dung dwoc wu thé cha tirng mé hinh; VGG16 manh vé phan loai
cac doi twgng c6 hinh dang ¢ dinh, YOLOv11 t6i wu cho nhén dién déi twong dong trong thoi gian thwe. Hé
thong da nhiém gitp gidm tai tinh toan, ting hiéu qua téng thé, dong théi mé rong pham vi tng dung tlr anh tinh
dén video va camera truc ti€p. Ky thuit ting cwdong dir liéu va tién x ly giip mé hinh chdng overfitting, cai thién
d6 chinh x4c trén tip dir liéu thuc té da dang.
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Han ché va thach thirc: Hé théng van con mot s6 han ché nhw do tré tich hop gitta hai mé hinh, hién twong phan
loai sai & cac goc chup dic biét hoac diéu kién dnh sang yéu, yéu ciu phan cirng twong ddi cao cho trién khai quy
mo 1&n. Viéc tich hop hai kién tric khac nhau ciing 1am ting do phitc tap trong qué trinh t6i wu hoa va bao tri hé
théng.

Y nghia thuc tién: Hé thdng da dwoc thir nghiém thanh céng trong cic tng dung thwc t& nhw giam sat an toan
bay tai san bay qudc té, phat hién vi pham giao thong d6 thi, hd trg do tao thuc té 4o trong gido duc hang khong.
Diéu nay khang dinh tiém ning rng dung rong rai cia hé théng trong nhiéu linh viec khac nhau.

VII. KET LUAN VA HUO'NG PHAT TRIEN

Két luan: Nghién ctru da xay dung thanh cong hé théng da nhiém tich hop VGG16 va YOLOv11 cho phéan loai va
nhén dién d6i twong, dat hiéu ning cao trén ca anh tinh va video. Cac két qua thwc nghiém chirng minh tinh kha
thi va hiéu qua ctia phwong phap dé xuit, mé& ra hwéng ing dung thuc tién trong gidm sat giao thong, an ninh
cong cong va giao duc.

Hwéng phat trién: Trong twong lai, nhém nghién cru dw dinh phat trién co ché tw dong chuyén déi gitra hai mo
hinh dwa trén phan tich ngit canh, t6i wu héa md hinh cho thiét bi edge thong qua neural architecture search, m&
rong tap dir liéu cho cac d6i twong dic thu nhw drone va phwong tién tw hanh, déng thoi tich hop thém cac chikc
nang nhu segmentation va pose estimation d€ nang cao kha nang nhén dién va phan tich hanh vi. Bai bdo nay 1a
mot budc di cu thé trong viéc tich hop cdng nghé Al hién dai vao thuc tién gidng day va nghién ciru, gép phan
x4y dwng hé sinh thai ¢ng dung thi gidc may tinh toan dién tai Viét Nam cling nhw trén thé giéi.

VIIL. LOT CAM ON

Chuing t6i xin tran trong giri 1&i cAm on sau sdc dén cac t8 chirc, ca nhan di hd tro va dong hanh trong qua trinh
thwc hién dé tai “U'ng dung VGG16 va YOLOV11 trong phan loai va nhin dién d6i twong”.

Trwéc hét, ching toi xin gii 101 cdAm on chin thanh dén Ban Linh dao Trwdng Pai hoc Ngoai ngtt-Tin hoc TP. H6
Chi Minh (HUFLIT), Phong Dao tao Sau dai hoc - Khoa hoc cong nghé di tao diéu kién thuin lgi va cung cip
nhitng ho tro cin thiét vé co s& vat chit, thoi gian va tai liéu lién quan trong sudt qud trinh trién khai nghién
ctru.

Cudi cung, xin gti 10 tri 4n dén cac t6 chirc tai tro d4 hd tro tai chinh, hd tro cac ngudn tai liéu, dit lidu truc
tuyén cling nhw ho tro tinh thin, dong gép khong nhé vao thanh cong cia dw an nay.
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APPLICATION OF VGG16 AND YOLOV11 IN OBJECT CLASSIFICATION AND
DETECTION
Phan Ngoc Nghia, Lam Phuong

ABSTRACT— The application of artificial intelligence in education and scientific research is becoming an
increasingly prominent trend in the digital age. Leveraging deep learning models such as VGG16 and YOLOv11
has opened up numerous opportunities for developing intelligent systems that support teaching and
monitoring. In an effort to enhance the quality of teaching and learning in the field of image processing and
computer vision, the student has developed a system for object classification and recognition by integrating two
models: VGG16 for image classification and YOLOv11 for real-time object detection. The system focuses on
identifying traffic vehicles, flying devices, and violations such as the absence of helmets. The dataset was trained,
tested, and evaluated using performance metrics including accuracy, mAP, and F1-score. Results indicate that
the model performs well on both still images and video streams, demonstrating strong potential for deployment
in traffic monitoring and public safety systems. This represents a concrete step toward integrating digitized
learning materials, endogenous resources, and modern Al technologies into teaching and research practices at
universities today.

Keywords— VGG16, YOLOV11, Computer Vision, CNN, Identifying traffic vehicles.
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