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TOM TAT

Nghién ciru nay dege thue hién nham thiét ké va phat trién iimg dung
di déng cung cap thong tin vé cdc cé vit tai khu trung by vii khi ciia
Bdo tang Qudn khu 9, Can Tho. Muc tiéu la ndng cao trdi nghiém
tham quan va phé bién lich sir dén cong ching. Phirong phdp nghién
ctru su dung cac moé hinh You Only Look Once (YOLO) phién ban s,
11sva 12 (n, s, m) dé hudn luyén, danh gid hiéu qua trén hon 15.000
hinh anh thu thdp truc tié’p tai bdo tang, chia thanh 16 nhom 6 vit.
Két qua thir nghiém trén thiét bi RAM 4GB, CPU 8 nhdn 2.4GHz cho
thdy YOLOvI2s dat hiéu ning cdn bang: 3,6 FPS (Frame Per Second)
voi bang thong 14,25 MB/s, dung luwong 9,9 MB va d¢ chinh xdc
mAPys= 97,5%. Viéc trng dung truy xudt thong tin lich si chi tiét, dat
mikc hai long trung binh 83,85/100 tir nguoi ding. Bén canh do, két
qua nghién ciru ciing gitip mé ra hwéng vmg dung méi trong chuyén
d6i 56 va quang ba di san van héa Viét Nam.

Tir khéa: Nhan dang 6 vdt, s6 héa di san, ung dung di dong, YOLO

ABSTRACT

This study aims to design and develop a mobile application that
provides information about artifacts displayed in the Weapons
Exhibition Area of the Military Zone 9 Museum, Can Tho, Vietnam.
The objective is to enhance visitor experience and promote historical
awareness among the public. The research employs You Only Look
Once (YOLO) models - versions 8s, 11s, and 12 (n, s, m) - to train and
evaluate performance on a dataset of over 15,000 images collected
directly from the museum, categorized into 16 main artifact groups.
Experimental results on a device equipped with 4 GB RAM and an 8-
core 2.4 GHz CPU demonstrate that YOLOvI2s achieves a balanced
trade-off among efficiency (3.6 FPS with a bandwidth of 14,25 MB/s),
model size (9.9 MB), and accuracy mAPo,s = 97.5%. The application
enables detailed retrieval of historical information and achieved an
average user satisfaction score of 83,85/100. This research
contributes to advancing digital transformation and promoting
cultural heritage dissemination in Vietnam.

Keywords: Artifact identification, mobile

application, YOLO

heritage digitization,
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1. GIOI THIEU

Trong bdi canh chuyen d6i s6 dién ra manh mg,
viéc s6 hoa va phét trién cac ing dung thong minh
nhim nang cao trai nghiém tham quan bao tang dang
tro thanh xu huéng toan cau. Bao ting hién nay
khong chi Ivu gilt hién vat ma con tr¢ thanh khong
gian tuong tac va gido duc. Tai Viét Nam, nhiéu bao
tang — dién hinh 1a Bao tang Quén khu 9 (Can Tho)
—van chu yeu sir dung phuong thirc truyén thong dé
quang ba, thiéu tinh twong tac va chua khai thac hiéu
qué tiém niang cong nghé so.

Céc nghién ctru quf)c té khi duoc thuc hién da
trién khai viéc ung dung tri tu¢ nhén tao va hoc sau
trong bao tang, nhu PhoneGuide (Fockler et al.,
2005), MuseLearn (Styliaras et al., 2020) va Deep
Learning and Multimedia in Museum Experience
(Wen & Ma, 2024). Két qua cac nghién ciru nay cho
thiy nhan dang thoi gian thyc c6 thé tao ra trai
nghiém tham quan thong minh, ca nhan hoa va nang
cao murc d§ twong tac. Tuy nhién, cac cong trinh trén
khi dugc thyc hién chi yéu tap trung vao bao ting
trong nha véi diéu kién anh sang on dinh va it vat
thé bi che khut; chua c6 nghién ctiru nao dugc tién
hanh nhim thu nghiém nhén dién cd vat ngoai troi
tai CAn Tho. Nhu viy, bai toan nhan dién cb vat
ngoai troi trén di dong véi moi truong anh sang thay
ddi va vat thé bi che khuét chua duoc ai thuc hién.

Gan day, YOLOvI2 duoc gidi thiéu trong bai
bado “YOLOvi2: Attention-Centric Real-Time
Object Detectors” (Tian et al., 2025); két qua danh
déu budc tién quan trong: tich hop co ché attention
giup cdi thién d§ chinh xac nhan dién, déng thoi gitr
tdc do inference cao. Két qua mot nghién ctu so
sanh YOLOvI11 va YOLOvI12 trén bai toan phat
hién phuong tién giao thong thuc té cho thiy
YOLOvVI2 vuot trdi vé recall, Fl-score va
mAP@50-95, déc biét trong viéc nhan dién vt thé
nho hodc bi che khuat (Chaman et al., 2025). Mic
du vay, cac tng dung YOLO trudce day it khi dugc
thir nghiém trong moi truong ngoai troi phic tap,
nhu anh sang ty nhién thay ddi, vat thé nho hodc che
khut.

Xuat phat tir khoang tréng nay, viéc phat trién
ung dung di dong nhan dién cd vat ngoai troi dua
trén YOLOv12 da dugc thuc hién, déng thoi viée so
sanh v6i YOLOvI1 va YOLOVS ciing dugc tién
hanh dé danh gi4 hiéu qua trién khai thyc té tai Viét
Nam. M6 hinh dugc huén luyén trén 15.000 énh
thuc té, két hop co so dir liéu cd vat voi thong tin
mé rong nhim ting tinh da dang va gia tri tra ctru
cho khach tham quan.
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bong gop hoc thuat mdi cua nghién cuu bao
gdbm: (1) Ap dung YOLOVI2 véi attention cho bai
toan nhan dién cb vat trong modi trudng ngoai troi tai
Can Tho - mot bdi canh chua ting duoc khai thac;
(2) so sanh tryc tiép hiéu suét giita cac phién ban
YOLO (v8, vl1, v12) trén dit li¢u thuc té phtc tap;
(3) xay dung co s¢ dir liéu cb vat da dang, hd tro
trién khai img dung di dong, ting gi4 tri trai nghiém
tham quan va mé rong kha nang tng dung Al
(Artificial Intelligence) trong bao tang.

2. PHUONG PHAP NGHIEN CUU

Nghién ctu dugc thyc hién nhim phat trién ung
dung di dong nhan dang ) vat dua trén cong nghé
thi giac may tinh, giup nang cao trai nghiém tham
quan va hd trg quan 1y trung bay. Cac mo hinh hoc
sdu thudéc ho YOLO (YOLOvVSs, YOLOvlls,
YOLOVI2 n/s/m) dugc trién khai va danh gia vé do
chinh xac (Mean Average Precision - mAP) ciing
nhu kha nang trién khai trén thiét bi di dong (MB).
Bén canh khia canh ky thuat, thiét ké giao dién
ngudi dung ciing dugc chii trong nham mang lai trai
nghiém truc quan, dé tiép can cho khach tham quan
bao tang (Nielsen & Molich, 1990). Song song do,
viéc xay dung va chuén hoa co s& dit liéu cb vat co
vai tro quan trong trong viéc dam béo tinh chinh xac,
day du va kha nang mé rong cua hé thdng. Co so dir
liéu nay khong chi bao gdm thong tin mé ta chi tiét,
hinh anh da gdéc d9, ma con tich hop thém ndi dung
méi mé, lién két video va tu liéu lich st nham hd trg
hoat dong gido duc va truyén thong trong linh vuc
bao ton di san van hoa, cac thong tin ndy can dam
bao lay tir cic ngudn chinh thong, c6 d tin cay cao.
Quy trinh trién khai nghién ctru dugc tién hanh qua
nhiéu giai doan, dugc minh hoa chi tiét trong Hinh
1, gdm 2 bude: (1) huan luyén md hinh may hoc va
(2) thiét ké va xay dung tmg dung.

Hudn || Thu thip dit ligu |

luyén ¢
ma |

Tién xu Iy va gan nhan |

hinh
ny ¢
hoc | Hudn luyén vi chon mo hinh |
_ Y
» | Phan tich thiét ké tmg dung |
Thier

ké va VL

xdy | Xt Iy ludng ngudi dung |
diung ¢

Eng _

dung Truy van dit Tiu va

phan hdi ngudi ding

Hinh 1. So d6 mé ta quy trinh thwe hién
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2.1. Huén luyén mé hinh may hoc
2.1.1. Thu thap dir liéu

Céc cb vit trong bao tang dugc ghi nhan bing
camera dién thoai c4 nhan tir nhiéu thiét bi, nham
dam bao tinh nhit quan v&i nguoi ding. Nghién ctru
dugc tién hanh dudi cac goc chup va diéu kién anh
sang da dang trong nhiéu ngay, cac loai dién thoai
c<:) d6 phan giai khac nhau da dugc st dung, bao
gom:

1. Redmi Note 11: dai dién cho thiét bi phd
thong, tim trung, véi do phén giai va chét luong anh
vira phai.

2. iPhone 14 Pro Max: dai dién cho thiét bi cao
cép, cong nghé chup anh tién tién, 4o phan giai va
xtr 1y anh tot.

3. iPhone 15 Pro Max: tugng trung cho thiét b
méi nhit, tién tién nhat, chét luong hinh anh cao
nhat, kha ning thu sang va chi tiét tot.

Céc cb vat trong bao tang dugc b tri nham tdi
uu trai nghiém tham quan cta khach du lich, dugc
phén thanh 16 nhém ¢6 vat chinh, bao gom:

1. Bom 9. Sting than cong
2.Bévadanténlta 10. Truc may bay B52
3. Ghe xudng thuyén 11. Tau tudn tiéu PCF
4. Lu ham bi mat 12. Xe boc thép

5. May can tol 13. Xe peugeot

6. May in Pédal 15. Xe tang

7. Md neo tau 16. May bay truc thang
8. Phao

Qua trinh thu thap dir liéu g@)m hai budc chinh
dugc mo ta ¢ Hinh 2:

Quay céc ¢b vat trong
bao tang vo6i nhicu
ngay, nhieu diéu kién
khac nhau (nhu khung
gio0, anh sang, ...)

Tt video thu thép, 4p
dung thuat toan daé
phan tich va cét ra cac
khung hinh , tao tap
anh phuc vu xfr ly

Hinh 2. So d6 mé ta quy trinh cac budéc thu
thap dir liéu
Qué trinh quay chup chu yéu dién ra trong bon
khung gio' khac nhau 13 budi sang, budi trua, budi
chiéu va budi tdi — thoi diém khach du lich duge
phép tham quan — nham dam bao thu thap dir liéu
phong pht va phan anh sat thuc té sir dung. Hinh 3
mo ta dic diém anh cua ting khung gio khac nhau.
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Hinh 3. Hinh dnh dir li€éu dwgc thu thap theo cac
khung gio' trong ngay

Ghi chii: @ Vio budi sang. @ Vio budi truea. © Vio budi
chiéu. @ Vao buoi t6i.

Sau khi trich xuét tir video, cac anh thuong ton
tai nhiéu han ché nhu rung md, nhicu hoac chénh
léch anh sang. Do do, tiép theo deén budc tién xtr ly
cho dir liéu.

2.1.2. Tién xit [y va gdn nhan cho di liéu

Giai doan loai bo anh khong dat tiéu chuén duoc
thuc hién dé nang cao chét luong va chuén hoa dix
lidu. Cac anh khong dat yéu cau, chang han nhu qua
t6i hodc khong hién thi day du co vat, s& duoc loai
bo. Hinh 4 minh hoa sy khac biét gitta anh dat chét
luong va anh khong dat chat luong. Qua trinh loc
anh chét luong dugc dya trén bo ti€u chi phan loai
sau:

1. Déi tugng chinh rd rang: ¢ vat hodc vat thé
can nhan dang phai hién thj day du.
2. Khong bi mo: anh phai sac nét, tranh rung lic.
23 Anh sang on dinh: d0 sang va twong phan
dong déu, khong qua toi hodc qua choi.
4. Géc chup phu hop: vét thé nam chinh giira
hodc theo hudng thuan lgi cho nhan dang.

Hinh 4. Chit lwgng hinh dnh dau vao

Ghi chi: @ Hinh anh khong dat chat lwong (bi
mo/nghiéng/chuyén déng). ¥ Hinh anh dat chat lwong
(r6 nét, goc chup thudn loi)

S6 luong hién vat trung bay ¢ moi nhom khong
ddng déu: mot sb nhom cé nhiéu hién vat (vi du
nhém phéo c6 7 chiéc), trong khi cic nhom khéc chi
c6 1 — 2 hién vat (nhu mo neo tau, tau tuén tidu
PCF,..). Su chénh I¢ch nay lam tap di li¢u mat can
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bang giita cac 16p. Pé khic phuc, dong thoi giam
hién tugng overfitting, cac k¥ thuat tang cuong dit
liéu (Kumar et al., 2025) da dugc ap dung.

& =

Hinh 5. Vi du vé cac k¥ thuit ting cwong dir
liéu anh (Data Augmentation)

Ghi chii: @ Anh sau khi giam séng nhe. Anh sau khi
tang sang nhe. © Anh sau khi thém nhiéu va xoay.  Anh
sau khi thém nhieu Gaussian.

Cu thé, hinh bén mé ta cac phép bién doi hinh
anh nhu xoay, lat (twong trung cho viéc nguoi dung
chup tir nhiéu goc d¢ khac nhau), ting giam do sang
(twong trung cho viée chup & cac thoi diém khac
nhau trong ngay) va thém nhiéu Gaussian (tugng
trung cho chat lugng hinh anh khac nhau ciia cac
thiét bi nguoi ding) da dugc sir dung dé ting tinh da
dang cho tap dir liéu huén luyén, cai thién d6 chinh
xac phéan loai cac lop it dir li€u, dac bict la nhiing
nhém hién vat c6 sd luong anh han ché.

Sau khi ap dung cac k¥ thuat ting cudng dir licu,
sO Iwgng anh trong mdi nhém da duge can ddi hon,
dac biét & nhitng nhom ¢ vat co sb luong it, dam
bao tinh da dang va day du cho qua trinh huan luyén.
Bang 1 trinh bay chi tiét s luong anh ctia timg nhom
hién vat trong tap dir liéu huén luyén.

Sau budc tién xir 1y, cac hinh anh dugc gan nhan
thi cong trén phin mém Label Studio theo loai cb
vat tuong ng, tao thanh tap dir liéu co cAu truc o
rang va dang tin cdy.

Hinh 6. Qua trinh gin nhén dnh trén phin mém
Label Studio

Qud trinh nay khong chi chuan hoa va t6 chirc

dir li€éu hop ly ma con dam bao chat lugng nhan,
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giam thiéu sai léch trong phan loai, tir d6 nang cao
d6 tin cay va hi€u qua huéan luyén ciia mo hinh hoc
may. Budc nay dong vai tro then chdt trong viéc lién
két dit liéu tho v6i mo hinh, dong thoi tao nén ting
danh gi4 kha ning tong quat hda cua cac thuit toan
duogc thir nghiém trong nghién curu.

Bang 1. Bang chi tiét s lwgng anh ciia tirng nhém
hién vat trong tip dir liéu huan luyén

P S Thu Téan Loai
Nhom c0 vat thap® cu’(‘)’ngg(a) be®
1. Bom 611 402
2. Bé va dan tén Iira 1.005 11
3. Ghe xudng_thuyén 682 438
4. Lu him bi mat 749 346
5. May can tol 493 476
6. May in Pédal 581 399
7. Mo neo tau 376 416
8. Phao 2.163 0 293
9. Sting than cong 599 493
10. Truc méay bay B52 786 365
11. Tau tudn ti€u PCF 612 271
12. Xe boc thép 1.181 486
13. Xe peugeot 648 286
15. Xe tang 948 21
16. May bay truc thang 955 12

Ghi chii: @ 1a s lwong dnh thém vao tdp dit liéu, ® la s6
luwong anh bi xoa khoi tap dir liéu.

Qua trinh gan nhan 1a qua trinh huén luyén mé
hinh da cho thay c6 su so sanh gilta cac phién ban
YOLO d¢ danh gia trién khai trén thiet bi di dong.

2.1.3. Hudn luyén va chon mé hinh 10i wu

Trong nghién ctru nay, tap dit liéu di can bang
nén tién hanh chia tap dir liéu ngiu nhién theo ty 1¢
70/30 thanh 2 tap: tap huan luyén (train), tip xéac
thuc (validation). Cu thé:

+ Tap huan luyén (train) chiém 70% tong s6
anh, dugc su dung dé huan luyén cac mo hinh.

+ Tap xac thuc (validation) chiém 30% con lai,
dung dé diéu chinh tham sé huén luyén, theo doi qua
trinh hoc, va ngan ngtra hi¢n tugng overfitting.

Tap kiém tra (test) doc 1ap gdm hon 2.000 anh
dugc thu thap hoan toan riéng biét bang phuong
phap giéng nhu tap dit liéu dé chia train/validation.

Viéc chia dir liéu theo ti 1€ 70/30 cho
train/validation, két hop véi tap test doc lap, dam
bao kha ning tai 1ap, danh gia cong bang va phan
anh hiu qua thuc té cua cac mo hinh YOLO trén dit
liéu ngoai troi.

Qua trinh huén luyén duogc tién hanh trén cac
mdé hinh YOLOv8s (8s), YOLOvlls (11s),
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YOLOVI12 (phién ban 12 n,12 s, 12 m) dé so sanh
va danh gia do chinh x4c ciia tmg mé hinh, nhim
Ira chon mo hinh tdi wu. Cac tham s6 cAu hinh cua
md hinh dugc tham khao tir Ultralytics (2025) va
dugc trinh bay chi tiét trong Bang 2.

Bing 2. Bing chi tiét s6 lwong anh ciia tirng nhém
hién vit trong tap dir li€u test

Nhom cd vat S6 lwong
1. Bom 130
2. Bé va dan tén lira 128
3. Ghe xudng thuyén 135
4. Lu him bi mat 141
5. May can tol 151
6. May in Pédal 129
7. Mo neo tau 138
8. Phao 188
9. Sting than cong 187
10. Truc may bay B52 167
11. Tau tun ti€u PCF 134
12. Xe boc thép 187
13. Xe peugeot 132
15. Xe tang 154
16. May bay truc thang 167
Bang 3. Thong s kién tric phién ban YOLO
Mo hinh 8 11s 12s 12n 12m
Kich thu6ce (pixel) 640 640 640 640 640
Toc do A100
TensorRT (ms) 1,20 2,5 1,64 2,61 4,86
Tham s6 (M) 9,0 11,2 2,6 9,3 20,2
FLOPs(B) 20,0 28,6 6,5 21,4 67,5
Batch size 32
Optimizer SGD
Learning rate 0,01
Epochs 100
Image size 640
Weight decay 0,0005

Kha nang suy luén cia mo hinh dugc danh gia
thong qua chi sb FPS, biéu thi s§ khung hinh ma mé
hinh c6 thé xir 1y trong mot gidy. Chi sb nay phan
anh toc d¢ xur 1y ciia mo hinh trong qua trinh suy
luan, vai gia tri FPS cang cao cho théy mo hinh c6
kha nang suy luan cang nhanh. Cong thirc dugc xac
dinh nhu sau:

1000

FPS——

Trong do, tla thoi gian trung binh xtr ly mot anh
va duoc do bang mili-gidy (ms).

Hinh 7 cho thiy sy khac biét dang ké gitra cac
mo hinh vé ca do chinh xac va toc d¢ xur 1y trén thiét
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bi di dong Gemi Note 11 v&i duong truyén mang on
dinh.

00 So sanh gia tri mAP50-95 va FPS ciia cic md hinh Yolo .

mAP50-95
FPS 7
69.5
®. 6
@12
69.0 [ K - 52
685 = 35
6828 4
16 7 2
68.0 ‘ ‘
1
67.5 t 0
Yolovss Yolovlls Yolov1Zn Yolov12s Yolov1Zm

Hinh 7. Biéu d6 so sanh gia tri mAP50-95 va
FPS ciia cac mo hinh

Cu thé, YOLOvI2s dat mAPysq9s cao nhit
(69,29%), chiing t6 kha nang nhan dang muc tiéu
chinh xé&c hon so v¢i cac mo6 hinh con lai. Trong khi
d6, YOLOv12n dat téc d6 xir Iy cao nhét (6,6 FPS),
phtl hop véi cac tmg dung yéu cau thoi gian thuc.
Ngugc lai, YOLOvV8s va YOLOv12m c6 toc do xir
ly thap hon (khoang 1,6 — 1,7 FPS) va d¢ chinh xac
trung binh. Tong the két qua cho thay YOLOv12s
dat su can bang t6i wu giita hiéu suat nhan dang va
tbc do suy ludn, phu hop véi cac bai toan yéu cau
ddng thoi d6 chinh xac va toc do.

Dé danh gia mo hinh t6i wu véi viéc xay dung
ung dung, viéc danh gia dua trén bg tiéu chi Bang 3
da duoc thuc hién, trong do:

Tham s6 (M)x10°x4

Kich thuéc model = >
1024

(MB)

Bang 4. Bang tiéu chi danh gia model trong viéc
trién trén wng dung

Yéu to Tiéu chi Yéu ciu
Hiéu ning Téc @6 xir Iy (FPS) <2
D6 chinh x4c Gia tri mAPg 50,95 >50%

; Gia tri mAPg s =90 %
Dung luong®  Kich thugc model < 30MB

Ghi chii: @ Tiéu chi phu nham danh gid hwong phat
trién khi trién khai model truc tiép lén thiét bi offline.

Mic du mé hinh dugc trién khai thong qua giao
dién lap trinh ung dung (API), nén dung lugong
khong phai 1a rang budc nghiém ngét, tuy nhién kich
thude mo hinh van phan anh phan nao sé luong tham
s6 va do phure tap cua mang, tir 46 anh hudng dén
chi phi huan luyén, thoi gian suy luén, cling nhu kha
nang mo rong dé trién khai tryc tiép trén thiét bi khi
can thiét.

Két qua thir nghiém trén thiét bi Redmi Note 11
(RAM 4 GB, CPU 8 nhan 2,4 GHz) vdi bang thong
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mang trung binh 14,25 MB/s cho thiy YOLOv12s
dat dugc sy can bang t6t gitra hiéu nang (3,6 FPS),
dung lugng mé hinh (9,9 MB) va d9 chinh xac
(mAPg5.0905 = 69,29%), thé hién tinh phu hop cao
cho trién khai trén nén tang di dong. Hinh 8 trinh
bay ma tran nhdm 1in chuin héa ctia mo hinh
YOLOvV12s, trong d6 cac gia tri trén duong chéo
chinh dao dong tir 0,87 dén 0,95, cho thay kha ning
nhén dang chinh xé4c cao gitta cac 16p va muc do
nham 13n thap. Cac nham 1an chii yéu xuét hién ¢
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nhimng cip 16p c6 hinh thai twong dong (vi du: xe
boc thép — xe ting, tau tudn tidu PCF — mo neo tau),
hodc trong cac truong hop dbi twong nho nam ké d6i
tuong 16n hon dan dén bi che khuit mét phan khién
moé hinh nham sang nén (background) véi ti 16 thip
duéi 0,03. Cac 16i nay mang tinh dic thu cua dit liéu
va khong lam suy giam xu hudng tong thé, cho thay
YOLOV12s duy tri d§ chinh xac cao va phu hgp cho
trién khai trén nén tang di dong.

Confusion Matrix Normalized

Bom LEH 0.14
Bé va dan tén Iira Sam-2 0.04
Ghe_Xudng_Thuyén - 0.06
. R 0.8
Lu_Ham bi mat - 0.09
May bay truc thang - 0.08
May can tol - 0.04
May in pédal - 0.09 0.6
B Mé neo tau - 0.01
ke
E
a A -
2 Phao 0.12
Sang than céng - -0.4
Truc may bay B52 - 0.02
Tau tuén tiéu PCF - 0.09
ép - 0.07
Xe boc thép 0.2
Xe peugeot - 0.13
Xe tang - ] 0.02
background -0.01 0.01 0.02 0.02 0.05 0.01 0.01 0.01 0.03 0.01 0.01 0.02 0.03 0.04 0.01
R R e -0.0
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Hinh 8. Confusion matrix normalized cua hinh YOLOv12s

Hinh 9 cho thy cac thanh phan loss (box, cls,
dfl) trong két qua huin luyén trén ca tap train va
validation déu giam on dinh, chimg t6 mé hinh hoi
tu tot va khong xuat hién overfitting dang ké. Tuy
nhién, khoang cich déng ké giita mAP50 va
mAP50-95 cho thdy mé hinh tuy nhan dang chinh
xac ¢ ngudng IoU thdp nhung van gip kho khin
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trong viéc dinh vi chinh x4c & cac ngudng IoU cao.
Diéu nay phan anh han ché trong kha ning hoc dic
trung khong gian ciia md hinh, dic biét doi véi cac
déi tugng nho hoac bi che Kkhuét. Ngoai ra, sy dao
dong nhe ¢ cudi qua trinh huin luyén cho thay tdc
d6 hoc (learning rate) va co ché toi uu chwa hoan
toan phu hop voi giai doan hoi tu.
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train/box_loss train/cls_loss

train/dfl_loss
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metrics/precision(B) metrics/recall(B)

0.954

2.0 —e— results 1.7 A 0.95 1 M
1.4 smooth 0.90
161 0.901
0.85 1 |
1.2 1.5 0.85
0.80 0.80 4
14 0.75
1.0 : 0.75
1.3 0.70
o8 : 0.70 A
) 121 0.65 A
T T T T T T v ~ 0.65 T T
0 50 0 50 100 0 50 100 0 50 100
val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
1.7 2.0 0.7
147 0.95 1
1.6 194
1.2 ] J
15 l [ 184 0.90 0.6
1.07 0.85 1
1.7 4 :
1.4 054 r
134 0.8 1.6 1 0.80 1
1.2 0.6 1 1.5 A 0.751 0.4
114, ‘ A 044 , A 144 ; 0704, . : . ‘ :
0 50 100 0 50 100 0 50 100 0 50 100 0 50 100

Hinh 9. Két qua huin luyén mé hinh YOLOv12

Precision-Recall Curve

—— Bom 0.962
B¢ vé dgn tén s Sam-2 0,990
—— Ghe_xutng_Thuyén 0.982
—— Lu_H3m bi mat 0.580
—— May bay truc thang 0,961
—— May can tol 0.950
Méy in pédal 0.968
—— Md neo tau 0.994
Phén 0,967
—— Sling thin céng 0.994
—— Truc méy bay B52 0.949
Tau tudn tiéu PCF 0,971
Xe bic thép 0,981
—— Xe peugect 0.962
‘ —— Xetang 0,991
= all classes 0.975 MAP@O.S
|

08

o

.6

Pracision

0.0
0.0

0.4 6
Recall

Hinh 10. Pudéng cong mAPos ciia YOLOvV12s

0.8

Mot s6 han ché trong bé tri hién vét tai bao ting
da anh huong dén qua trinh nhéan dién tw dong. Cu
the cac ¢6 vat c6 kich thude nho thuong dugc dat
gan nhing c6 vat 1on hon hodc c6 chat lidu tuong ty,
dan dén hién tuong che khuét mot phén hodc nham
14n trong qua trinh nhan dién. Tuy nhién, ty 1¢ nhim
1an va bo sot chung van ¢ mic rét thap (<0,1%).
Riéng d6i véi nhom cb vat bom, do dugc bd tri rai
réc, kich thude nho va mau séc tdi hon so véi cac ¢d
vat khac, ty 1€ bo soét cao hon, dat 0,14%. Két qua
nay phan anh muc d6 anh huong cua dic diém vat
1y (cac chi tiét twong tu nhau giita cac c6 vat) va bd
tri hién vat dén hiéu qua nhén dién, déng thoi chi ra
céc yéu td can can nhic trong viéc tdi wu hoa bd tri
dé nang cao do chinh xéac cua hé thong.
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Hinh 10 trinh bay duong cong Precision-Recall
ctia mo6 hinh YOLOv12s, cho thay gia tri mAPgs =
97.5 %, phan anh kha nang nhén dang va phan loai
cd vat voi do chinh xac cao. Két qua nay mot phan
phan anh chat luvgng cao cia tap dir liéu huan luyén,
vé6i dit lidu sach va it nhiéu, gop phan nang cao hi¢u
qua hoc may cua md hinh.

2.2. Thiét ké va xdy dung ing dung

2.2.1. Thiét ké va cai dit

Dau tién, viéc xay dung so dd chirc nang gitr vai
tro quan trong trong viéc mo hinh hoa téng thé quy
trinh xir Iy cua hé thdng nhan dang cb vat. Hinh 11
mo ta day du cac bude tir khi nguoi dung khoi dong
ung dung, lya chon chirc nang, tién hanh chuyp anh
hodc tai anh ¢ vat, cho dén qua trinh tién xur 1y hinh
anh va suy luan bang mé hinh hoc sau.

Céc chtrc nang chinh bao gom:

1. Xac thuc nguoi ding: Hé thong xac thyc
danh tinh thong qua ddu vén tay, cung cép quyén
truy cap ma khong can tao tai khoan.

2. Nhan dang ¢ vat: Hinh anh tr camera hoic
thu vién dugc x1r Iy boi moé hinh YOLO da duogc
huin luyén dé nhan dién va ddi chiéu véi co so dir
liu.

3. Hién thi thong tin c¢b vat: Cung cap dit lidu
chi tiét v& ¢b vat, hd trg tra ciru da phuong tién tir co
so dir liu.
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Xile thye
déu vin tay

Iién thi chi tiét
thing (in €6 viL

<include> M

<gencralization>

> Chon chire niing

=generalization=

includes <Extends>
T <Extends>

Chia sé khoinh khic

Chuyp dnh " i
1én cic nén ting

C ién thi (8a vi 16m L
d¢ nhiin difn

thidng tin ci vt

Tra cirn théng lin
€0 vat

--<includes > --<includes 33 <Extands>

L

Nguirt dimg

Tra ciru thing tin
bito tang

Céu trac dir liéu dugc xay dyng theo mé hinh ctia thong tin. Cac thong tin bd sung duoc tim kiém
bang chinh — bang phu: bang chinh luu 16 ma c6 vat tir cac trang tin trc uy tin cia Viét Nam nhu:
tuong Gng véi 16 nhéom hién vat, mdi nhom lién két
v6i bang phu chtra thong tin chi tiét vé cac hién vat.
MGdi quan hé giita cac bang duge dam bao bang khoa
chinh — khoa ngoai, ddm bao tinh toan ven dir ligu.
Hinh 12 mo ta so d6 ERD (Entity Relationship
Diagram) cua ing dung:

<generalization=
<Exlends>

g <Extends>
B <includex
Nhén dién cb viit B

ra cirm thém thing
tin lién quan trén cdc
nén thng

sgonaralization>

Hinh 11. So' @ chirc ning cia tng dung

1. Vnexpress.vn: Trang tin tic truc tuyén
VNExpress cua FPT Group.

2. Tuoitre.vn: Trang bao Tudi tré ciia Poan
thanh nién Cong san H6 Chi Minh

3. Thanhnien.vn: Trang bao Thanh nién cua
H¢i lién hiép Thanh nién Viét Nam.

T nhomcovat ¥ ] loaicovat v 4. Baotanglichsu.vn: Trang website Bao tang
Ma_fihom ARCHAR (20) Ma_L ozt VARCHAR(20) Lich sir Qudc gia Viét Nam tryc thudc Bo van hoa,
Ten_Nhom VARCHAR(S00) Hl— — — — — — — — — —j<g Ten_Loai VARCHAR({500) Thé thao va Du 11Ch Vlét Nam.

Mo_Ta_Chung TEXT @ Ma_Nhom VARCHAR(20)
> > 2.2.2. Xdy dung logic nguoi dung
i Sau khi tich hop va t6i wu mé hinh vio éng dung
S di dong, budc tiép theo dugc thuc hién 1a trién khai
?4:::: ::::"c'::R (m') co ché nhan dang téj gian. Tai bég tang, nguc‘yi dung
m #Ma_Loal VARCHAR(100) co Athé quét cSA) vat bang carrAlera (?hén t.ho.%l, hé thér}g
M T L VERCHARLI00) Quoc_Gia_San Xuat TEXT nhan dang va cung cap thong tin chi tiét ngay lap
Hinh_Anh_URL VARCHAR(255) ThUi*Gia_”*C)?E*TaU DATE trc, nang cao trai nghlém tham quan va ho tro quan
Vo _URL VARG (255) nea BT Iy dir liéu hi¢u qua. Quy trinh nhan dién duoc thiét
g Dia_Diem Trung_Bay TEXT ké gom bon giai doan chinh (Hinh 12).
ot Dung Khec TEXT Quy trinh nhén dién cb vat thoi gian thuc gdbm

bbn budce chinh:
1. Thu nhan hinh dnh: Ngudi dung khoi chay

Hinh 12. So'do ERD cta (g dyng ung dung va hudng camera vao cd vat can nhén

Théng tin luu trit vé ¢d vat bao gom: dang.
1. Vin ban: tén, nién dai, chét lidu, nguén géc, . 2; Sl‘ly ludn qu'iAP L: Anl} d“Q? gfnﬁ qéfl server
vi trf trung bay va cac sy kién lich st lién quan. dé mo6 hinh thyc hién suy luén, giam ta1~t1nh toan
2. Hinh anh: Céc goc chup khac nhau hodc cho thiét bi; hi¢u nang phu thudc vao do tré mang va
phién ban trudc ddy cua hién vat, tao két ndi véi tu bang th@r}g- o . . '
lidu lich st. 3. Hién thi két qua: H¢ thong tra vé nhan, do tin
3. Video: Pdi v6i hién vat gi4 tri ddc biét, luu ¢4y va bounding box, dong thoi truy xuat co s¢ dir
trit video ngén vé bdi canh lich sir, qua trinh khai ~ 1iéu d€ hién thi thong tin lién quan dén co vat.
quét hogc phuc dung, nang cao trai nghiém hoc tap ” 4. Tuong ta.c ngudi dung: Ngugl dung c6 thé
va gin két cam xuc. mo rong thong tin, xem mo ta chi tiét hodc luu dir
] ] , , , liéu, tang tinh truc quan va kha ndng tuong tac vdi
Ngoai ra, dir liéu co vat con dugc mo rong & hé théng bao tang sb.

chirc nang tim kiém online dé bo sung tinh da dang
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Hinh inh

A

Nguoi ding

Thu thép hinh 4k m
@ , Suy luan trye tigp va

truy vén théng tin
Phan hoi

Tuamg e

Hinh 13. Mé ti quy trinh xir ly nhén dién
2.2.3. Truy van dit liéu va hoi nguoi diing

Sau khi hoan tit qua trinh nhan dang, hé thong
can truyén tai thong tin mot cach truc quan, d& hiéu
va giau tinh trai nghiém, dong thoi cho phép ngudi
dung dong gép phan hdi dé lién tuc cai thién chat
luong mé hinh.

Quy trinh hién thi két qua dugc thiét ké theo
huéng da phuong tién nham dap tng nhu cau tim
hiéu ctia khach tham quan, dong thoi hd tro cong tac
quan 1y va cai tién bao tang. Cach tiép can nay nang
cao trai nghiém giao duc, tang tinh img dung thyc
tién va phu hop v6i xu hudng chuyen doi s6 trong
bao ton di san. Quy trinh truy van dugc minh hoa tai
Hinh 14.

BAD TANG QUAN KHU 8

THONG TIN BAO TANG

w
DA HHAR Sif TRAZ HOE

02
—
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Tim kiém offline: ar co sé dit liéu

,;
Théng tin cé vt ﬂ- T""y W_” M- Théng tin cung cip
thong tin
01 02 03
Tim kiém online: i cdc website

Hinh 14. M ta qua trinh truy vn théng tin
3. KET QUA VA THAO LUAN

Két qua nghién ciru nay dat duoc nhitng két qua
quan trong trong viéc ung dung cong nghé dé xay
dung hé théng nhan dién c¢o vat trén nén tang thiét
bi di dong Android, phuc vu hoat ddng trung bay tai
Béo tang Quéan khu 9, Can Tho. Giai phap khong chi
g6p phan thuc dy cong tic bao ton di san ma con
lan téa gia tri van hoa — dan tdc, gitp khach tham
quan tiép can gan hon véi cac gia tri truyén thng.
Dong thoi, viéc ung dung nay mang lai mét cach
tiép can méi ‘m¢, sinh dong hon, gop phan thay d01
quan niém v& logi hinh du lich di san — lich sir von
thuong bi xem 1a kho khan. Cac két qua nghién ctru
chi tiét duoc trinh bay va phan tich dua trén nhiing
tiéu chi danh gia cu thé.

H ng

Thirag s durewe b o il o

D SACH CO VAT DUDC HHkM Dif

Xe 1ang ,_:..‘.“ -

o, Lo &

L X 18 uru

. Wdic lich - Xe prang khéng

Hinh 15. Giao di¢n cia irng dung

3.1. Hiéu qua caa \ng dyng qua kiém thir
trong cac diéu kién
3.1.1. Thir nghiém ¢ cdc diéu kién

Dé thuan tién cho viéc phan tich va danh gid muac
d6 6n dinh cia tng dung trong qué trinh st dung
thyc t€, viéc trién khai va thir nghiém tmg dung truc
tiép tai khu trung bay trong nhleu didu kién khac
nhau di duoc tién hanh, bao gdm:

1. Piéu kién 6n dinh: budi sang.
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2. biéu ki¢n anh sang manh: buodi trua.
3. biéu kién anh yéu: budi chiéu toi.

4. Diéu kién nhidu : bao géom chuyén dong
ngudi xem, phan chiéu anh sang hodc vat can xung
quanh.

Dau tién, viéc thir nghiém duoc tién hanh vao
budi sang — thoi diém c6 lugng khach tham quan
nhidu. Do khu vyc trung bay 1a khong gian ngoai
troi nén chiu nhiéu tac dong tir cic yéu té moi
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truong, dic biét 1a do cay cbi che khuét. Vi vay, viée
kiém thir (mg dung trong diéu kién bi che khuat boi
cdy cdi da dugc thyuc hién nhim danh gia kha ning
khang nhiéu va mirc d6 6n dinh cta hé théng trong
mdi truong phic tap, nhiéu tac dong ngoai canh.

Céc hién vat tai khu trung bay chu yéu duoc ché
tac tir kim loai, do d6 yéu t anh sang c6 thé gay anh
huéng déang ké dén mau sic va dic trung thi giac cua
vat thé. Pé danh gia mirc do tac dong nay, viéc thir
nghiém d dugc tién hanh trong diéu kién budi trua,
budi chiéu va budi tdi — cac thoi diém cuong do dnh
sang thay d6i khac nhau trong ngay, nhdm quan sat
va phan tich xem hi€u qué nhan dang cua ting dung
¢6 bi suy gidm boi anh hudng anh sdng hay khong.

Mg
f “

m
Hinh 16. Thi nghiém @ng dung trong cac dieu
kién anh hwéng vat can

Ghi chii: @ Diéu ki¢n budi sang va khong bi vt cin che
khuat. ® Diéu kién budi sang va bj vdt cdan che khuat.

CHUP CHON QuUAY. cHUR CHOM QUAY a CHUP con |, auay

Hinh 17. Thir nghiém wng dung trong cac diéu
kién anh huéng anh sang

Ghi chii: @ Biéy kién budi trua. ® Piéu kién budi chiéu.
© Diéu kién buoi toi.
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Hinh 18.Thir nghi¢m g dung trong cac diéu
kién dnh huwéng khodang cach

Ghi chi: @ Khodng cach 10 m. ® Khodang cach 30 m. ©©
Khoang cdch trén 50 m.

Ngoai ra, khoang cach giira camera va ¢6 vt anh
hudng dang ké dén do chinh xac nhan dang. 6]
khoang cach gan, chi tiét hién vét rd nét gitip mo
hinh dat két qua tot, trong khi khoang cach 16n lam
mo chi tiét, giam d6 chinh xac. Trong nghién ctru
nay, yéu té nay da dwoc danh gia thong qua viéc thir
nghiém ¢ ba khoang cach khac nhau.

1. Khoang cach 10 m — camera dat gf?ln b vat.

2. Khoang cach 30 m —khoang cach trung binh.

3. Khoang cach trén 50 m — camera dit xa cd
vat.

3.1.2. Két qua thir nghiém

Dé dam bao tinh khach quan va cong bang trong
qua trinh danh gia, thi nghiém dwoc tién hanh nhan
dién trén 5 ¢6 vat duge chon ngiu nhién trong khu
vue trung bay. Két qua cudi cung duoc tinh bang gia
tri trung binh cua tat ca cac lan thir nghiém, nham
phan anh téng quat hiéu qua nhan dang ctia mé hinh
trong diéu kién thuc té.

Véi diéu kién ngudng:
bat khi conf = 0,441

Keét qua = {Khéng dat khi conf < 0,441

Trong do, conf (Confidence) l1a ngudng do tin
cdy trong qué trinh nhan dang. Theo két qua danh
gia F1-Confidence Curve, mo hinh yolov12s dat F1-
score cao nhét (0,94) tai ngudng confidence = 0,441,
duogc xem 1a ngudng tdi wu.

_1 5
ACCtrung binh = 3 X Zz=1[aCChien vit thi il
Trong do, acc (accuracy) l1a d§ chinh xac. Néu

vat thir i khong d}rgc phat hién do bo sét hoac nhan
dién sai thi acc bang 0%.
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Béng 5 trinh bay két qua thu nghiém trong didu
kién binh thuong, khi cac yéu t0 méi truong (4nh
sang, goc chup va khoang cach) duoc duy tri on
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dinh, tht nghiém & diéu anh sang manh, thur nghiém
0 diéu kién anh sang yéu va dicu kién nhiéu do méi
truong va ngoai canh

Bang 5. Bing két qua d9 chinh xic (%) thir nghiém & cac diéu kién khac nhau.

Diéu kién Khoing 10 m Khoang 30 m Trén 50 m Nhan xét
On dinh 96,2 91,5 86,6 Hiéu suét cao va 6n dinh
Anh sang manh 90,1 89,3 86,7 Gén tuong dwong diéu kién 6n dinh
Anh sang yéu 91,4 86,5 78,1 Giam ¢ khoang cach xa
Nhidu nén 57,0 50,1 37,6 Kho phén biét giita nén va dbi tuong.

Ghi chit: 9 két qua khéng dat so véi nguéng.

Két qua thir nghiém cho thiy khoang cach va
diéu kién chiéu sang déu tac dong dang ké dén do
chinh xac ciia m6 hinh. Trong diéu kién on dinh, 3o
chinh xac giam dan theo khoang cach (96,2 % —
91,5 % — 86,6 %), phu hop v6i hién twong suy giam
chi tiét hinh anh khi d6i twong & xa camera. Anh
sang manh tao ra cac viing phan chiéu lam giam nhe
kha nang nhan dang, trong khi anh sang yéu lam
tang nhiéu va giam do tuong phan, khién hiéu suat
suy gidm 10 rét 6 cac khoang cach 16n (chi con 78,1
%). Tuy vay, do mirc d¢ twong phan mau sic trong
céc didu kién anh sang nay khong qua khac biét va
mé hinh d3 dugc huén luyén trén tap dir liéu da dang
bao gdm nhidu murc chiéu sang khac nhau, nén do
chinh xac khong bi suy giam dang ké.

Maéi trudng c6 nhiéu nhidu ngoai canh 13 yéu t6
anh huong tiéu cuc nhét. Tai cac khu vyc trung bay
c6 cdy coi v6i tong mau xanh twong dong véi mau
cua cO vat, mo hinh gap kho khan trong viéc phan
tach ddi tugng khoi nén, dan dén bo sét va lam do
chinh xac giam manh (chi con 37,6 %). Dleu nay
cho thiy su twong dong vé mau séc gitta nén va ¢
vat lam giam dang ké kha nang phat hién cia mo
hinh.

Céc két qua thuc nghiém c6 thé cho thdy mé hinh
van nhay cam truc nhimg didu kién moi truong
phtrc tap. Trong khi m6 hinh YOLOv12s hoat dong
t6t nhat ¢ diéu kién anh sang 6n dinh va khoang cach
<30 m, do chinh x4c giam dang ké khi xuat hién
nhiéu nén, vat thé che khuét hoac mau sdc gilra nén
va cb vat tuong dong. Dé cai thién kha ning nhan
dang trong moi truong thuc té, mot hudng tiép can

quan trong la mo rgng va da dang hoa tap dir liGu
huan luyén & cac bdi canh kho, dic biét 1a cac yéu
t6 nén phirc tap va khoang cach 16n. B sung cac ky
thuat xtr Iy nén va ning cao do phan giai camera cho
cac tinh hudng tdm nhin xa ciing s& giup mé hinh
hoc duogc cac dac trung manh hon, tir d6 tang do bén
virng trong nhiéu diéu kién khac nhau.
3.2. Tinh &rng dung ciia nghién ctru

Ung dung duoc thir nghiém tai Bao tang Quén
khu 9 — chi nhanh Can Tho nhdm danh gia muc do
tién ich va trai nghiém nguoi dung trong diéu kién
thuc té. Nguoi tham gia sir dung (ng dung dé nhan
dién mot s6 cd vat tiéu biéu va cham diém mirc do
hai 10ng theo thang 100 diém.

Viéc khao sat duoc tién hanh trén hai nhom ddi
tuong:

+ 10 ngudi ding phd thong: gom khach tham
quan & nhiéu do tudi.

+ 05 ngudi ding co chuyén mén: gdm hudng
dan vién, can bo/bd ddi tai bao tang va nhirng ngudi
am hiéu vé trung bay cd vat.

Thiét ké nay cho phép thu thap phan hoi tir cé
goc do dai chung va goc d6 chuyén mon, gop phén
danh gia toan dién tinh img dung cua hé thong.

Do quy md mau con han ché, khao sat mang tinh
tham do va chi phan anh xu huéng ban dau; nghién
clru duge mo rong ¢ cac giai doan tiép theo dé nang
cao d0 tin cay. Két qua khao sat dugc trinh bay trong
Bang 6.

Bing 6. Két qua khao sat mirc d9 phan hoi ngudi ding

Nhém S0 lwgng khio sit Piém trung binh®) Min - Max
Dai chiing 10 88,7 82-93
Chuyén mon 05 79,0 75-84

Ghi chii: * thang diém 100 (trong iing: 0 = rdt khong hdi long va 100 = rdt hai long).

Két qua danh gia cho thy ung dung dugc nhém
dai chung danh gia cao vé tinh thyc tién, thao tac de

dang, thong tin phong phu va y tuong sang tao, trong
khi nhém chuyén mén ghi nhan vu diém vé hd tro
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sé hoa cb vat, giam tai cho hudéng dan vién va cung
cép thong tin dé hiéu. Tuy nhién, dai ching dé xuét
cai thién giao dién tryc quan, mau séc, bd cuc, hiéu
ung 3D, thuyet minh ty dong, da ngdn nglr va ché
d6 ngoai tuyen . vi nhém nay can trai nghiém truc
quan, sinh dong va dé& thao tac dé tham quan hi¢u
qua; con nhém chuyén mén luu ¥ cac han ché vé lién
két thong tin theo mdc thoi gian, hién thi chi tiét cac
o vat nho va bo sung tu lidu lich sir gia tri, boi ho
can thong tin chinh xéc, ddy du va co6 mdi lién hé
logic dé phuc vu nghién ctru va huéng d?ln chuyén
sdu. Nhin chung, img dung dap tmg nhu cau co ban
cua ca hai nhom, nhung van con mot s6 diém cai
thién vé giao dién, do chinh xac, da dang thong tin,
mo ra tiém nang phat trién dé phuc vu t6t hon khach
du lich va nghién ctru bao tang trong tuong lai.

3.3. Panh gia va dé xuét cai thi¢n

3.3.1. Qua trinh thu nghiém va danh gia

D6 chinh xac: Két qua thir nghiém cho thdy tng
dung dat d6 chinh xac cao trong qua trinh nhan dién
va truy xudt thong tin. Hé thong hoat dong 6n dinh
trén hau hét cac thiét bi di dong duogc thir nghiém,
tuy nhién van ghi nhan mot s sai léch nho trong
diéu kién anh sang yéu hodc khi hinh anh bi che
khuat mot phan.

Giao dién tmg dung: Két qua khao sat nguoi
ding cho thiy diém danh gia trung binh dat
88,7/100, trong d6 phan 16n y kién phan hoi tich cuc
vé tinh ung dung thuc té, chuc nang truc quan, don
gian. Tuy nhién, mot s nguoi dung cho ring mau
sdc va kich thudc chir can duoc tdi vu hon dé nang
cao kha nang quan sat, dédc biét dbi véi nguoi 16n
tudi. Nhin chung, giao dién Gmg dung 6 murc dap tmg
dugc nhu cau co ban nhung chua that su t6i uu, cho
thay can tiép tuc cai thién trong giai doan tiép theo.

3.3.2. Uu diém ciia iing dung gdng voi thuc té

Tinh linh dong: Ung dung c6 thé trién khai dé
dang trén céac thiét bi di dong pho bién, gitp ngudi
dung tra ctru thong tin nhanh chong & bat ky dau,
dac biét hitu ich trong moi truong bao tang va tham
quan di tich.

Tinh dap ung: Hé thong phan hoi nhanh va 6n
dinh, c6 kha nang xu ly dir liéu va hién thi két qua
trong thoi gian ngan Diéu nay goép phan nang cao
trai nghiém nguoi dung va tang tinh tuwong tac trong
qua trinh tham quan.

Tinh chinh xé4c: Cac két qua nhan dién va goi y
thong tin dat mirc chinh xac twong doi cao, dap ung
dugc yéu cau co ban ciia nguoi dung trong viéc tra
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clru va tim hiéu noi dung lién quan dén hinh anh
hodc hién vat.
3.3.3. Dé xudt cai thién

Cai thién do chinh xac: Viéc bd sung va da dang
hoa tap dir liéu hudn luyén can dugc thuc hién dé
tang kha ning nhan dién trong nhiéu diéu kién 4nh
sang va goc chup khac nhau. Viéc ung dung cdc md
hinh hoc sau tién tién (nhu Convolutional Neural
Network két hop Transformer hodc MobileNetV3)
nhiam nang cao d¢ chinh xéc va toc do xir 1y.

Cai thién giao dién nguoi ding: Viéce t6i wu lai
b6 cuc va kich thudc cac thanh phan giao dién can
dugc tién hanh dé phu hop voi nhiéu d6 phan giai
man hinh. Ché d6 Dark Mode va hd tro da ngon ngir
can duoc bd sung dé mo rong kha ning tiép can
ngudi dung. Viée céi thién tinh truc quan va thém
céc yéu td hudng dan sir dung gitp ngudi moi dé
thao tac hon.

Cai thién cac diéu kién thu nghiém: Vi¢c thur
nghiém véi cac truong hop dong ngudi di chuyén
trong cac ngay 12 16n can dugc thyc hién dé danh gia
kha ning nhan dang trong méi truong nhiéu cuia ing
dung.

4. KET LUAN

Trong nghién ctu nay, mét ung dung di dong
nhén dang cd vat trong thoi gian thuc tai Bao tang
Quan khu 9 — chi nhanh Can Tho da dugc xay dung
thanh cong. Trén co s& bd dir liéu hon 15.000 anh
dugc thu thap va gan nhén tha cong dugc huén luyén
trén yolo. Két qua cho thdy: YOLOVI12s ¢ uu thé
vuot troi vé sy can bﬁng gitta tbe do xu Iy va do
chinh xéc, phit hop v6i yéu cau trén thiét bi di dong.
Ung dung di dong duoc trién khai thir nghiém cho
thiy tinh hitu ich thyc té, nang cao trai nghiém tham
quan thong qua khé nang tra ctru truc quan va thong
tin da phuong tién. Két qua khao sat ngudi ding dat
mirc hai 1ong cao, phan anh tiém ning tmg dung
rong rai trong thuyc té.

Két qua nay cho thiy viéc tmg dung tri tué nhan
tao va thi gidc may tinh vao cong tac bao ton va
quang ba gia tri ¢t 13i tai bao tang 1a hoan toan kha
thi, gop phan thuc day tién trinh chuyén ddi s6 trong
linh vuc van hoa — du lich bén vimg gén lién lich st
dan toc.

Viéc thuc hién nghién ciru hién tai van con mot
sO gidi han nhit dinh. M6 hinh chi dwoc danh gia
trén mot s thiét bi di dong phd bién va trong diéu
kién 4nh sang, bd cuc trung bay tuong ddi on dinh
clia bao tang, chua duoc kiém ching trén cac moi
truong phirc tap nhu sy kién dong nguoi, diéu kién
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anh sang thay d6i manh hodc bdi canh ngoai troi.
Bén canh do6, tap dir liéu du c6 quy moé 16n nhung
van chua bao quat ddy du cac bién thé cua cb vat
theo géc nhin, 6 mon vat ly, hodc truong hgp bi che
khuat. Ngoai ra, img dung khi dugc trién khai chi
mai dung lai & chitc ndng nhan dang va tra ctru co
ban, chua tich hop céac hinh thitc twong tac nang cao
nhu thuyét minh ty dong hodc md phong 4o hoa va
thir nghiém trén khach du lich & dip 18 16n.

Dinh hudng nghién ctru tiép theo duoc dé xuét
1a tap trung vao viéc két hop giai phap lai (hybrid)
giita YOLO va Ensemble Learning nham tan dung
ddng thoi wu thé vé tde d6 xur Iy cua YOLO va do
chinh xac cao cia Ensemble Learning. Song song,
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