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Mo hinh hogc sdu phat hién va nhan dién ma container ap dung

trong van hanh cang thong minh
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T KHOA TOM TAT
Yolov11 Thi giac méy tinh, mot linh vuc quan trong trong tri tué nhan tao, dang ngay cang phat trién manh mé va
EasyOCR dugce ting dung rong rai trong nhidu nganh cong nghiép. Dya trén kién triic mang no-ron tich chap (CNN),

ma code container

thi gidc mdy tinh

cang théng minh

nhén dién ky ty quang hoc (OCR)
phaét hién déi twong

nhiéu mé hinh tién tién da duoc xay dung dé giai quyét cic vin dé nhu phat hién ddi twong, phan doan
hinh anh, nhan dién ky ti quang hoc (OCR)... Trong sb d6, YOLO ndi bat véi kha ning phat hién dbi twong
nhanh va chinh x4c; va EasyOCR 1a mot céng cu hiéu qua trong nhén dang ky ty véi do chinh xéc cao.
Nghién cttu hién tai tdp trung vao viéc phét hién va nhan dién ma théng qua su Kkét hop gitta m6é hinh
YOLOv11 va EasyOCR. Noi dung nghién cttu bao gdm xay dung tap dit liéu, hun luyén mé hinh va danh
gia hiéu suét ctia m6 hinh. Két qua thire nghiém cho thdy mé hinh d@ xuit dat d6 chinh xac trén 90 %, chiing

to tinh kha thi v tiém ning @ng dung trong cac hé théng thuic té trong cic cang théng minh.

KEYWORDS ABSTRACT
Yolov11 Computer vision, a key area within artificial intelligence, has been rapidly advancing and is increasingly
EasyOCR applied across various industrial domains. Based on the architecture of Convolutional Neural Networks

Container codes

Computer vision

Smart port

Optical character recognition
Object detection

(CNNs), numerous state-of-the-art models have been developed to address a range of tasks, including object
detection, image segmentation, and optical character recognition (OCR), etc. Among these, YOLO (You Only
Look Once) stands out for its high-speed and accurate object detection capabilities, while EasyOCR has
proven to be an effective tool, offering high character recognition accuracy. The present study focuses on the
detection and recognition of container codes by integrating the YOLOv11 model with EasyOCR. The research
encompasses the construction of a training dataset, model training, and model performance evaluation.
Output results indicate that the proposed model achieves an accuracy of over 90%, demonstrating its

feasibility and strong potential for real-world applications in the smart ports.

1. Gi6i thidu

Hién nay, viéc van chuyén hang héa bing container dang dugc

céc cong ty van tai va thuong mai sit dung phd bién. Container 12 nhitng

Hién nay, mo hinh cang théng minh dang tré thanh xu hudng
phat trién cht dao cta céc cang bién trén toan ciu. Cang thong minh
duoc hidu 12 mot hé théng van hanh tich hop, trong d6 cac bén lién
quan nhu khéach hang, cang va cic don vi logistics cling tham gia vao
quy trinh thu thap, phan phdi v vin chuyén hang héa théng qua viéc
ing dung cac cong nghé hién dai. Muc tiéu chinh la t6i vu héa viée st
dung céc ngudn lyc. Pé dat duge didu d6, cang théng minh cin dap
ttng cc yéu ciu nhu giam st théng minh, cung cp dich vu théng minh
va kha niing x Iy ty dong. Nhitng yéu t nay gitip ning cao mic d6 an
toan, hiéu qua va chat lvong trong cac dich vu logistics. Co thé khéng
dinh ring, cang thong minh dugce xiy dung trén nén tang co s¢ ha ting
hién dai, véi sy tich hop ctia cdc cong nghé tién tién nhu mang 5G,
Internet van vét (IoT), dit liéu 1én (Big Data), tri tué nhan tao (AI), va
cong nghé chubi khdi (Blockchain), nhim phit hop véi chitc ning van

hanh cta cang [1].
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thiing thép tiéu chuin chuyén dung, dugc gén ma dinh danh bao gdm
céc ky tw va chit s6 theo quy chudn quéc té ISO 6346:2022 [2], hoic
tiéu chuan tuwong duong tai Viét Nam 1a TCVN 7623:2023 [3]. Mdi ma
container bao gém hai phén chinh: hé théng nhan dién (Identification
system) va ma kich thuée - kiéu loai (Size and Type codes), dugc minh
hoa trong Hinh 1.

Hé théng nhén dién
M3 kich thude - kiéu loai

Hinh 1. Minh hoa cho mét ma container tiéu chuén.

A ~e N 2 - 2 . A 2 A 2 X 2
bé theo doi va quan ly céc container mot cach hiéu qua, can c6

hé théng nhin dang mi container. Hién c6é ba phitong phap chinh: nhan
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dién thu cong, nhén dién bang séng vo tuyén (RFID - Radio Frequency
Identification), hodc st dung thi gidc mdy tinh [4].

Mbi phuong phép ¢é nhitng lgi thé va han ché riéng. Nhan dang
tht cong khong yéu ciu hé théng thiét bi phitc tap nhung ning suit
thdp va dé xay ra sai s6t. Cong nghé RFID mang lai d6 chinh x4c gin
nhu tuyét dbi, tuy nhién chi phi 1&p dit va bao tri cao do yéu ciu gén
thé ti¥ cho titng container. Hon nita, hé théng nay vin chua dugce trién
khai ddng bd trén toan ciu. Thi gidc mdy tinh 13 mot giai phap kinh té
hon, song gip phai nhidu thach thiic v& d6 chinh xac va téc d6 nhan
dién do chiu anh hwéng tit cac yéu té nhu didu kién anh sang, géc chup,
d6 m& hinh anh, kich thuwdc va kiéu chit clia ma container.

Viéc trich xult va phan tich dit liéu t* hinh anh chita ma sé
container doi hoi sy hd trg ctia cac thuit toan xit 1y phiic tap va cin
duoc tdi wu dé dam bao db tin ciy va d6 chinh x4c cao trong nhan dién.

Mic dit da c6 nhiéu tién bo dang ké trong cong nghé nhén dién
hinh anh nhung dbi v&i vAn d@ nhan dién ma container van 14 mét thach
thite kha 16n d6i v&i cac hé théng quan sat va kiém sodt trong cdc cang
ty dong. Bai bdo nay tap trung nghién cifu va phat trién hé théng nhan
dién mi container ty dong duwa theo kién tric hoc sdu mé&i d6 1a
YOLOv11l [5] va EasyOCR [6]. Trong bai bdo hién tai, md hinh
YOLOvV11 diing dé phat hién va khoanh viing vi trf ctia ma container.
Sau d6, mé hinh EasyOCR [6] duoc st dung dé trich xuét cic ky tw ¢
trong vung vi tri da dugc tim ra trude dé. Két qua cho théy mo hinh
duoce dé xuit c6 kha ning ng dung rong rai va hiéu qua trong hé théng

van hanh cua cac cang t@ dong.

2. Phuong phap
2.1. M6 hinh dé xudt

M5 hinh dé xuit duoc chia thanh 2 giai doan : Nhan dién va Phat
hién. So' dd khéi cia mé hinh d& xuit duge minh hoa nhu Hinh 3.

15

PAU VAO

VI TRI MA CONTAINER MA CONTAINER
Hinh 2. So d khéi mé hinh d@ xuét.
2.1.1. Giai doan 1: Phdt hién vi tri ctia md container

YOLO (You Only Look Once) 14 mét trong nhitng kién tric phd
bién va dugc nhidu nguoi biét dén trong linh vuc thi gidc may tinh.
YOLOv11 1a YOLO phién ban tht 11 dugc ra mét vao nim 2024 v&i d6
chinh xéc, téc d6 x 1y va hiéu sudt dwoc cai thién so v&i cac phién ban
trede d6 [5]. Hiéu ndng ctia YOLOV11 so v§i céc phién ban truée duge
thé hién & Hinh 3. & phién ban nay st dung kién triic duoc cai tién &
phin Backbone va Neck, nh& dé gitp ting cuong kha ning trich xult
dac trung dé phat hién dbi tuong chinh xac hon va thuc hién dugc cac
tac vu phtic tap v6i s6 ltgng tham sb it hon nén téc d6 xt 1y ciing dugc

cai thién hon céc phién ban trudec.

55.0
§52.5
. 50.0 —e— YOLOM
. YOLOVID
22475 YOLOVS
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£ 450 YOLOV?
5] YOLOVE-3.0
8 425 YoLOvS
PP-YOLOE+
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YOLOX
375 EfficientDet
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Latency T4 TensorRT10 FP16 (mslimg)

Hinh 3. Biéu dd so sanh hién ning céc phién ban YOLO [5].

Trong giai doan nay, di® liéu dAu vao (anh hodc video) sé duoc
huén luyén bing mé hinh YOLOv11l d phét hién vi tri cia ma
container. Md hinh sé& tao ra mét khung vién bao xung quanh mi
container.
2.1.2. Giai dogn 2: Nhdn dién ky t md container
Trong giai doan nay, hé théng st dung mé hinh EasyOCR dé trich
xuft cdc ky tu bén trong khung vién di duoc xdc dinh & giai doan 1.
M3 container dugc trich xudt ¢6 thé xult ra véi nhidu dinh dang khac

nhau nhu d& 1én dit liéu gbc hodc dinh dang tép.
2.2. Mo hinh YOLOv11

Trong nghién ctu nay, mé6 hinh YOLOv11 duoc lya chon dé thuce
hién giai doan dAu tién — phat hién vi tri mé container trong anh hoic
video. Kién triic ctia YOLOv11 dugc t& chife thanh ba thanh phan chinh:
Backbone, Neck, va Head. Mdi thanh phin dam nhiém mét vai trd cu
thé trong qué trinh trich xuét dic trwng va phét hién déi tugng. Kién
triic téng quan ctia mé hinh YOLOv11 dugce minh hoa trong Hinh 4.

INPUT
40640

Hinh 4. Kién trtic mé hinh YOLOv11 [7].
2.2.1 Backbone

Backbone chiu trach nhiém trich xut céc dic trng ti hinh anh
dAu vao théng qua mot chudi cac ting tich chap [7]. Dt liéu dau vao la
hinh anh c6 d6 phan giai 640x640 pixel v&i 3 kénh mau (RGB).

Céc 16p tich chap (Conv) chiu trach nhiém giam kich thuéc anh
tr 640x640x3 xuéng con 320x320x64, 160x160x128, 80x80x265,
40x40x512 va 20x20x1024.

Khéi C3k2 13 mét diém cai tién méi trong kién tric ctia YOLOv11
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so v@i cac phién ban trude dé, duge thiét ké dé t6i wu viéc trich xuét
cac ddc trung cta anh & cdc mic do phan giai 80x80, 40x40 va 20x20.

Backbone ctia YOLOvV11 tao ra céc dic trung da ty 1€ tai ba kich
thude chinh 13 20x20, 40x40 va 80x80, va sau d6 chuyén tiép ching
sang phan Neck dé tiép tuc xt 1y va téng hop thong tin.

2.2.2 Neck

Thanh phin Neck trong kién triic YOLOv11 ¢ nhiém vu téng hop
va két hop cac dic trung duogc trich xuét tit nhidu tAng khac nhau cia
Backbone, dic biét 1a cac dic tring & nhiéu miic 6 phén giai. Viéc tich
hop thong tin theo cach nay gilp ting cwong kha ning phat hién cac
dbi tugng 6 kich thuée da dang trieée khi chuyén sang giai doan du
doan tai phén Head [7].

Neck ctia YOLOvV11 sit dung mét sé thanh phin quan trong nhw
sau:

e SPPF (Spatial Pyramid Pooling — Fast): La ky thuat gop dac
trung theo nhiéu ty 18 khac nhau, cho phép mé hinh thu nhén thong tin
da ty 16 mot cach hiéu qua. Day 1a mét trong nhitng cai tién tiéu bidu
ctia cic phién ban YOLO gin day, gitip dat duoc sy can bing giita d6
chinh x4c va tbc do xir 1y.

e C2PSA (Convolutional Block with Parallel Spatial Attention):
La khéi tich chap duoc tich hop co ché chi y khong gian song song,
gitip ting cudng kha ning nhan biét dic tring khong gian va toan cuc.
Thanh phén nay gép phan cai thién d6 chinh x4c ctia mé hinh trong
viéc phét hién cdc déi twong, ké ca trong diéu kién phitc tap. Day 1a
buéc tién dang ké so v&i cac phién ban trude, dic biét phit hop vdi cac
Gng dung thi gidc mdy tinh thoi gian thuc nho vao hiéu qua tinh toan
cao.

e Upsample: Co chitc nang tang do phan giai khong gian cta
cdc ban dd dic trung & mite thip, nham tranh bo s6t cac vat thé nhé va
cai thién kha niing nhan dién chi tiét.

e Concat (Concatenation): Thuc hién viéc ndi cdc ban d6 dic
tring duwoc trich xudt ti Backbone v&i cdc ban dd dic trung da dugc
ting d6 phan giai tit khdi Upsample. Su két hop nay gitip mé hinh tin
dung diy du théng tin & ca cAp do6 thip va cao, tit d6 ning cao d6 chinh

xac trong qué trinh duv doan.
2.2.3. Head

Phan Head trong kién trtic YOLOv11 chiu trach nhiém tao ra cic
du doan diu ra cubi ciing ctia mé hinh. Thanh phin nay dugc chia
thanh hai nhénh chinh:

e Nhanh dinh vi (Bounding Box): Du doén toa dd va kich thuéc
ctia cac khung gi¢i han bao quanh déi twong trong anh.

e Nhénh phéan loai (Class Prediction): Xac dinh nhan 16p ctia
dbi twong trong khung gidi han, ddng thoi gan kém mét gia tri d6 tin
cay (confidence score) thé hién mttc dd chic chin cia mé hinh dbi véi
dv doén d6 [7].

Co ché dy doan hai nhanh cho phép mé hinh vira phat hién vi tri

ctia d6i twong, vira nhan dién dugc ban chit ctia dbi twong dé, tiv dé
tdi wu hiéu qua trong céc bai toan phat hién va phan loai dbi twgng

ddng thoi.
2.3 Mo hinh EasyOCR

Trong giai doan nhan dang ky tw, EasyOCR st dung thudt todn
CRAFT (Character Region Awareness for Text Detection) dé phat hién
vung chita ky ty trong anh. Pay la mot phvong phap phat hién vin ban
hiéu qua, ¢6 kha ning xac dinh chinh x4c vi tri clia titng ky tw, ké ca
trong cac bd cuc phiic tap.

Phan nhén dang ky tu dugc thuc hién théng qua mé hinh CRNN
(Convolutional Recurrent Neural Network), bao g6m ba thanh phén chinh:

o Trich xuét dic trung: Si dung cac kién triic CNN ndi bat nhu
ResNet va VGG d8 rit trich cac dic trng hinh anh diu vo.

e Mi hoéa chudi: Ap dung mang hoi tiép LSTM (Long Short-
Term Memory) dé xit Iy trinh tu cdc dic tring, nhim ghi nhan méi lién
két theo chidu ngang giita cdc ky tu.

e Giai md diu ra: S dung thudt toan CTC (Connectionist
Temporal Classification) d& chuyén ddi chudi dic trung thanh chudi ky
tw vdn ban twong tng.

Quy trinh nhan dién trong EasyOCR 14 mét phién ban cai tién tit
cédc m6 hinh nhan dién vin ban sau truyén théng [6]. Téng quan kién

trdc ctia mé hinh dwgc minh hoa trong Hinh 5.

Other
Detection
models

Post-Process

CRAFT

Greedy
Decoder

Mid-Process

Res-net +
LSTM + CTC

Output

Oth
Other e
Recognition
Decoders
models
Training Data
Pileline Generator

Hinh 5. Kién tric mé hinh EasyOCR [6].

3. Phuong thic danh gia
3.1. Phuong thitc ddnh gid mé hinh trong giai doan 1

Giai doan dAu tién trong mé hinh d& xuét 1 phat hién d6i twong.
Pé xac dinh chit Ivgng ctia mé hinh trong giai doan niy, viéc danh gia
hiéu ning 12 buwéc khong thé thiéu. Viéc ddnh gid mé hinh khéng chi
gitip xac dinh miic d6 chinh x4c ma con hd trg trong viéc lua chon mo
hinh phit hop nhét cho bai toén cu thé.
Mot trong nhitng tiéu chi quan trong dé danh gia hiéu niing cic mé
hinh phét hién dbi twgng 13 mAP (mean Average Precision), titc 12 gia
tri trung binh cta chi sb AP (Average Precision) trén tAt ca cac 16p dbi

twong. Gid tri mAP cang cao chiing t6 mo hinh c6 kha nang phat hién
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dting cac dbi twong véi sai sb thip, dam bao d6 tin ciy trong qua trinh
nhan dién [8]. Gia tri mAP duogc tinh todn nhu sau:

mAP = ~ ¥, AP, @
trong d6 AP 13 Average Precision; n 12 téng sé 16p. D& x4c dinh gia tri
AP, tride hét phai tinh toan cac gié tri Precision va Recall cho tiing 16p.
Sau d6, 14y dién tich bén duéi duwong cong Precision-Recall cho titng
dbi tugng bing cong thitc:

AP = Y7 ;(Ri —Ri_1) X P; (2)
trong d6 P; va R;14n Iwot 12 cac gid tri Precision va Recall tai diém tha
i trén duwdng cong P-R (Precision-Recall). Pudng cong nay bit diu tai
(0,1) va két thic tai (1,0).

Gi4 tri ctia Precision va Recall tai m&i diém thit i trén duong cong

P-R dugec tinh nhu sau:
PreCiSion = i paerositne @
TruePositive+FalseNegative )

TruePositive
Mic du Precision va Recall phan &nh tinh chinh xéc cta céc dy

Recall =

doén va kha ndng bao quét cia mo hinh, ching khong phan anh tryc
tiép chat lwong dinh vi. Vi vdy, chi s6 IoU (Intersection over Union)
duge sit dung dé danh gia d6 chinh x4c ctia khung dy doan théng qua
viéc do luwdng sy chdng chéo giita cic khung vién du doan va khung
vién thuc té:

AreaofInter sec tion

IoU = ()

Gia tri IoU nim trong khoang tit 0 dén 1; IoU cang cao ddng nghia

AreaofUnion

v6i kha nang dinh vi cang chinh xéc. Mot du doén chi dugce xem 1a True
Positive néu IoU vitg't qua ngudng xac dinh trude (vi du: 0,5).

D8 ¢6 cai nhin toan dién hon, c6 hai cich d4nh gia phéd bién:

e mAP@50: Tinh mAP tai ngudng IoU = 0,50, thuong dugc
st dung nhu mot chun co ban.

e mAP@50:95: Tinh trung binh mAP trén cac ngudng IoU tit
0,50 dén 0,95 v&i budc nhay 0,05, cung cAp danh gia khét khe hon va
phan 4nh toan dién hiéu sudt mé hinh & nhidu mttc dé chinh xdc dinh
vi khac nhau [8].

3.2, Phuong thitc ddnh gid mé hinh trong giai dogn 2

Dé d4nh gi4 hiéu qua clia md hinh trong viéc nhan dang ky tu, vin
ban duge trich xuit bdi mé hinh sé& dugc so sanh v&i vin ban gbe théng
qua Khoang céch Levenshtein, con dugc goi la Khoang céch chinh stra [9].

Chi s6 nay do lwdng sb luwgng thao tc tdi thiéu cin thue hién dé
chuyén dbi chudi ky tw du doan thanh chudi ky tu ding, bao gdm:
thém, x6a hoic thay thé mot ky tw. Gia tri cang nho déng nghia véi d6
tong ddng cang cao gitta vin ban nhin dang va vin ban thuc té. Mitc
d4nh gi4 cu thé dia trén chi s6 nay dwgc trinh bay trong Bang 1.

Théng thuong, Khoang cach Levenshtein dugce tinh cho titng ti
bing cich xac dinh s chinh sita cin thiét cho titng ky tu, sau d6 1y
trung binh cfng. Tuy nhién, trong trudng hgp khoang cach 16n hon 2,
ti d6 dugc xem 14 nhan dang sai hoan toan va dugc gan do chinh xéc

béng 0.

Bang 1. Diém khoang cach Levenshtein [9].

biéu kién Levenshtein Diém
Chinh xac 1
Khoang cach Levenshtein = 0
Thém/Xéa 1 ky tu 0,9
Khoang cich Levenshtein = 1
Thay thé 1 ky tu 0,8
Thém/X6a 2 ky tu
Khoang cach Levenshtein =
Khoang céch Levenshtein > 0

Trong nghién cttu ndy, & danh gi4 toan dién mot ma container,
Khoang céch Levenshtein dugce tinh riéng cho titng class (ky tu hodc
nhém ky tu trong ma). PO chinh xé4c téng thé ctia ma container duge
xé4c dinh bing céng thitc sau:

Accuracy = % x 100 (6)

trong d6: Téng diém 1a tdng sé diém nhan dugc tit tht ca cac 16p sau khi

ap dung danh gia bing khoang cach Levenshtein.

4. Thuc nghiém
4.1. Chudn bi b di? liéu va tinh chinh mé hinh
4.1.1. Giai doan 1

Tép dit liéu dugc st dung dé huan luyén m6 hinh YOLOv11 bao
gdm 387 hinh anh véi d6 phan giai da dang. Qué trinh xit 1y dit liéu
bit diu bing viéc phén loai anh thanh hai 16p dbi twong: "Hé théng
nhén dién" va "Ma kich thwéc — kiéu loai". Viéc gan nhén cho céc 16p
nay dugce thuc hién théng qua céc nén tang chuyén dung trong linh vie
thi gidc may tinh. Sau d6, tap dit liéu duge chia thanh ba phin: hudn
luyén, kiém dinh va kiém tra v6i ty 1é twong Gng 80%, 10% va 10%
(twong duwong 309, 39 va 39 hinh anh).

Dé chuén héa diu vao va ting tinh da dang cho tip dit liéu, mot
s6 ky thuat tién x@ 1y va ting cuong dit liéu da dugce 4p dung. Trong
d6, cac buéce tidn xi Iy bao gdm ty déng diéu chinh huéng (auto-
orientation) va ty dong hiéu chinh d¢ tuvong phan (auto contrast
adjustment). Bén canh d6, nhim mé réng va da dang héa di liéu huin
luyén, céc ky thudt ting cudng nhu cit anh (cropping), xoay anh
(shearing), didu chinh d6 sang (brightness adjustment), thay di mitc
phoi sang (exposure variation) va lam mé& (blurring) ciing dugc trién
khai. Sau khi 4p dung cac ki thudt ting cuwdng, s6 lvong hinh anh trong
tap huén luyén ting tit 309 1én 927 anh.

Ngoai viéc chuén bi dit liéu diu vao, mét sé tinh chinh tham s
cho mé hinh hién tai cling dugc thuc hién. Batch size (batch) 1a mot
trong nhitng siéu tham s quan trong quy dinh sb lwong di liéu duoc
st dung trong mot 1an cdp nhat tham sb. Khi ting batch size thi thoi
gian huin luyén dit liéu sé dugc rit ngin; tit d6 mé hinh sé én dinh va
it bi nhidu hon. Tuy nhién, diéu nay ciing sé tiéu tén nhiéu tai nguyén
tinh toan hon va dé& dn t&i bi 16i "Out of memory". B6i v6i cAu hinh

méy tinh hién c6 va ap dung cho mé hinh dé xuét, nhém tac gia da thi
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nghiém va chon thong sé batch bang 16 dé tao sy én dinh khi hun
luyén mo6 hinh. Ngoai batch size, Learning rate ciing 1a mdt siéu tham
s6 quan trong, gitip diéu chinh budc nhay khi cap nhat trong sb trong
qué trinh huén luyén. Néu Learning rate qué 16n thi c6 thé anh hwéng
t&i do chinh xdc cia mo hinh (giy dao dong 16n & ham Loss). Ngugce
lai, néu Learning rate qué bé thi s& anh hwéng dén thoi gian huén luyén
md hinh va ¢6 thé khién cho mé hinh bi khéng t6i wu dwge ham Loss.
Batch size cang 16n thi Learning rate c6 thé dit cang cao ¢é mé hinh
hoi tu nhanh, con Batch size nhé thi cAn Learning rate thp dé tranh
mét 6n dinh cho mé hinh. Trong nghién cifu hién tai, Learning rate
duwge chon biing 0.01 dé phit hop véi gid tri batch size bing 16. V&i bo
dit liéu khéng quéa 16n gdbm 1005 tAm anh va khéng qué phitc tap véi
hai 16p dbi twgng nhu trong nghién citu hién tai, thi s6 vong lip cia
mé hinh dwgce chon 14 100 vong lip (epochs=100) dé tranh mé hinh

gdp van dé “Overfitting”.
4.1.2. Giai dogn 2

Sau qué trinh huin luyén, mé hinh YOLOv11 c6 kha ning phat
hién va tao khung bao quanh cic ma sb container trong anh diu vao.
Dva trén cac khung gidi han dwgc tao boi mé hinh, anh sé duoc cit dé
trich xuét viing chita mi, qua dé loai bo cac ky tw va dbi twong gay
nhiéu khéng lién quan. Nham ning cao dé chinh xéc trong budc nhan
dién ky tu bing EasyOCR, mot sb ki thuat tién xit 1y anh da duoc ap
dung 1én vling anh chita ma container sau khi cét. Cac phuong phap

tién x@ 1y nay duwgc minh hoa trong Hinh 6.

ANITGOC LU 010146 4 R

RESIZE (5:5) STLNU 910146 4 Ee—

RESIZE (6:4) d TLNU 910146 4 G088
GRAYSCALI STLNU 910146 4 R

> TLNU 910146 4 —
TIENXU'LY

GRAYSCALE+BINARY

Hinh 6. Cac ky thuit tién x@ 1y anh.

4.2 Két qud va thdo ludn
4.2.1. Giai dogn 1

YOLOV11 c6 mét sé phién ban khac nhau nh n (nano), s (small),

Bang 2. Két qua huin luyén cac phién ban YOLOv11.

m (medium), 1 (large) v&i cac tbe d6 xu ly va do chinh xac khéc nhau.
Trong nghién cifu nay, hiéu sudt mé hinh ctia cic phién ban trén sé
duoc khao sat dé tim ra phién ban phit hgp v&i bai toan hién tai. Bang
2 trinh bay cic két qua huin luyén bing cic phién ban khac nhau ctia
YOLOvV11 cho ctung chung mét bd dit liéu trong vong 100 epochs.

Quan sat tit Bang 2 cho théy ring kha ning nhan dién cua cc
phién ban mé hinh d4 huin luyén khéng khéc nhau ding ké & phin
hiéu sudt, cac théng s6 Precision, Recall va mAP khong c6 nhidu khac
biét. Mic dit ¢ cac chi s6 hiéu suit cao nhit, nhung phién ban nano lai
¢6 mtic d6 én dinh khong bing cic md hinh cip cao hon. Thoi gian
huén luyén mé hinh, kich thwéc mé hinh ¢6 sy khic nhau déng ké gitta
cdc phién ban va ting din tit n dén 1. Tiép tuc thit nghiém trén ciing
mét tAm anh, ca bén phién ban déu cho két qua chinh xac khi nhan dién
d ca hai 16p nhung tdc d6 nhén dién lai khac nhau nhu trong Bang 2.
Trong diéu kién ctia nghién citu hién tai, dé tiét kiém chi phi tinh toan
ciing nhv ti wu v& mit thoi gian tinh todn, phién ban nano sé dugc
chon @ st dung cho cac giai doan tiép theo.

Két qua huén luyén mé hinh véi tap dit liéu gdm 387 hinh anh
trong 100 vong 14p (epochs) cho thdy hiéu suét nhan dién & mtc cao,
nhu duge thé hién trong Hinh 7. Cu thé, md hinh c6 Precision dat
98,14 %, Recall 1a 98,75 %, mAP@50 la 98,38 % va mAP@50 :95 dat
82,85 %. Céc chi s6 nay cho thiy mé hinh duwgc huin luyén cé kha ning
phét hién d6i twong dat d6 chinh x4c cao va én dinh trén tip di liéu

da xay dung.
4.2.2. Giai doan 2

Cac két qua ciia viée tién x@ 1y anh cho giai doan 2 dugc thé
hién trong Bang 3. Dya vio Bang 3, ¢6 thé nhén thiy ring dic diém bé
mit container — thudng duoc son véi nhiéu mau sic khac nhau va dé
bam bui bAn — anh huéng dédng ké dén hiéu qua nhan dién ma container.
Céc ky thut tién x( 1y nhu chuyén sang anh xam (Grayscale) hoic két
hop Grayscale v&i nhi phan héa (Grayscale + Binary) khong mang lai
hiéu qua cao trong diéu kién nay. Ngwoc lai, phitong phép thay dbi kich
thuwéc anh (Resize) cho thiy hiéu suit nhan dang vuot troi. Pang chi
¥, viéc diéu chinh ty 1é khung hinh v& 6:4 (chidu ngang: chidu cao) cho
két qua tét hon so v&i ty 1é 5:5, do dic diém hinh dang ma container

thuwdng c6 chidu ngang ctia ky tw hep va kéo dai.

Phién Precision Recall mAP@50 mAP@50-95 Thoi gian train Kich thuée | Téc d6 xi 1y 1
ban 16n nhat 16n nhat 16n nhit 16n nhit 100 epochs mo hinh tAm anh
Nano 0,9814 0,9875 0,9838 0,8285 0,608 gio 5,2 MB 440,7 ms
Small 0,9832 0,9487 0,9663 0,7947 0,671 gio 18,3 MB 575,8 ms
Medium 0,9857 0,9512 0,9601 0,7819 1,086 gio 38,6 MB 1441,6 ms
Large 0,9855 0,9512 0,9531 0,7824 1,462 gi® 48,8 MB 1802,8 ms
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train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
J 104
175 2.5+ —a— results 14 1.00
-+ smooth . 5
150 0.95 0.81
125 1.2
0.90 0.6
1.00 1
0.85
1.0 4
0.75 0.4
0.80
0.0 T T T T T T 08 T T T T T T 021 T T T
o 50 100 [} 50 100 o] 50 100 0 50 100 [} 50 100
val/box_loss valfcls_loss val/dfl_loss metrics/mAPS0(B) metrics/mAP50-95(B)
1.20 1.0
144
0.8
25 115
0.9
12 20 110 0.7
0.8
105 0.6
L5+
1.0 1.00 0.7 0.5
1.0 0.95
0.8 0.6 0.44
054 0.90
T T 0.5 T 0.31
] 50 100 0 50 100 ] 50 100 0 50 100 0 50 100

Hinh 7. Két qua huin luyén mé hinh YOLOv11n cho 100 epochs.

Bang 3. Két qua tién x 1y anh.

Lép 1: TLNU 910146 4 Lép 1: TSLU 053669 3 Lép 1: MBGU 020250 3
Lép 2: 22G1 Lép 2: 45G1 Lép 2: 25G1
Noi dung , , - , ,
Ky tu Ky tu Do chinh Ky tu Do chinh
R b6 chinh xéc A 3 R }
dvoc nhan dién dvoce nhan dién Xac duvoce nhan dién Xac
s P TLNU 910146 TSLU 053669 6 MBGU 020250 81
Anh goc 95% 90% 0%
22G1 45G1 256
. TLNU 910146 4 TSLU 053669 3 MBCU 020250 3
Resize (fx=fy=5) 100% 100% 90%
22G1 45G1 25G1
Resize TLNU 910146 4 TSLU 053669 3 MBGU 020250 13
100% 100% 95%
(fx=6, fy=4) 22G1 45G1 25G1
TLNU 910146 0 TSLU 053669 63 MBGU 020250 81
GrayScale 90% 95% 0%
22G1 45G1 256
GrayScale TLNU 910146 4 TSLU 053669 MBGU 020250 B
. 100% 95% 90%
+ Binary 22G1 45G1 25G1

Bang 4 trinh bay cac két qua nhan dién 10 mi container bing
mé hinh d& xuét két hop giita YOLOv11 va EasyOCR, v&i ky thuét tién STT
xtt 1y anh Resize theo ty 1& 6:4. Quy trinh x& 1y tdng thé ctia mé hinh
dugc minh hoa tai Hinh 8. M6 hinh dat d6 chinh xac trung binh 97% 1
trén tip thit nghiém gdm 10 mi container, cho thiy hiéu qua cao trong
viéc phét hién va khoanh viing chinh x4c vi trf ma container. Tuy nhién, 2
van ton tai mot sb sai sét trong giai doan nhan dang ky tu, dic biét 1a
dbi véi chit sé kiém tra — ky tu cubi cling trong 16p "Hé théng nhan 3
dién". Nguyén nhan dugc cho la do chi s6 kiém tra thuong dugce dat

trong mot khung vién riéng biét, din dén khé khin cho mé-dun OCR 4

trong viéc trich xuit chinh xac ky tu nay.

Cit vang anh chia ma——> | [ | NEA TN ELE
\

Tién xur 1y anh: Resize (fx=6, fy=4)

Hinh 8. Quy trinh xt Iy m hinh d xuét.

Bang 4. Két qua md hinh d2 xuét.

Ky tw gbc Ky ty dwgc trich xuét D6 chinh xac
HCSU 920399 4 | HCSU 920399
95%
25G1 25G1
HCSU 020088 6 | HCSU 020088 6
100%
22U1 22U1
TLNU 910146 4 | TLNU 910146 4
100%
22G1 22G1
KIBU 200442 1 KIBU 200442
95%
22G1 22G1
MBGU 020250 3 | MBGU 020250 13
5 95%
25G1 25G1
FSCU 372931 4 FSCU 372931 0
6 90%
22G1 22G1
CPIU 047130 1 CPIU 047130
7 95%
22G1 22G1
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STT | Ky tu gbc Ky tu duoc trich xuét Do chinh xéc

MTBU 202589 3 | MTBU 202589 3

8 100%
22G1 22G1
TSLU 053669 3 | TSLU 053669 3

9 100%
45G1 45G1
EISU 225201 7 EISU 225201 7

10 100%
22G1 22G1

97%

Do chinh x4c trung binh

5. Két luan

Viéc 4p dung mé hinh YOLOv11 két hop v&i EasyOCR trong hé
théng nhan dién mi container da cho thiy két qua kha quan, véi do
chinh x4c mAP viot ngudng 90%. Hé théng thé hién tiém ning tGng
dung cao trong cac hoat ddng logistics va quan 1y cang. Tuy nhién, vin
con ton tai mot sb han ché, dic biét 1a sy nhay cam ctua mo hinh dbi
vGi diéu kién méi trudng va cac gée chup khac nhau cia container.

Dé cai thién hiéu qua hé théng trong twong lai, cic hwéng
nghién citu ¢ thé bao gdm mé rong va ting cudng tinh da dang clia
tap dit liéu huin luyén, xay dung cidc mé hinh dic thi cho titng géc
nhin khéc nhau, va tich hgp nhidu phwong phiap OCR nhim nang cao
do chinh xac trong nhan dang ky tu. Bén canh do6, viéc trién khai hé
théng trén nén tang camera gidm sat hoic ng dung di dong sé m& ra
kha ning nhin dién theo th&i gian thuc, tit dé hd trg ty dong héa quy

trinh va nang cao hiéu suét trong cac hé théng cang thong minh.

Loi cam on
Chting t6i xin cam on Trwong Pai hoc Bach Khoa, PHQG-HCM
d4 hd tro thoi gian, phwong tién va co s vt chit cho nghién ctu nay.
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