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TOM TAT

Viéc bdo dwong tru thu phat song thong tin di dong la yéu cau thiét yéu dé
dam bdo tinh lién tyc va chdt lwong hq tang vién thong. Trong bai bdo
nay, mot tong quan cé hé théng cac phirong phdp bdo dudng tru vién thong
da duoc trinh bay theo huong dén PRISMA 2020. Tai liéu dwoc thu thap
tir IEEE Xplore, ScienceDirect, SpringerLink va Google Scholar giai doan
2015-2025. Sau sang loc, [N=42] tai liéu dwoc chon, phdn logi thanh bén
nhém: kiém tra thii céng, giam sdt siec khée két cdu, kiém tra bang thiét bi
bay khéng nguoi lai (UAV) va phat hién hie héng dua trén hoc sau. Két
qud cho thdy cdc phirong phdp truyén théng con han ché vé hiéu qud va
mé réng, trong khi tich hop UAV véi tri tué nhan tao thé hién tiém ning
70 rét trong phat hién an mon, bong tréc 16p phii va bién dang két cau.
Bén canh do, nghién ciru xdc dinh cdc khoang tréng vé bé dir lidu chuyén
biét, khung phap Iy cho UAV tai Viét Nam va trién khai thuc té, dinh hudng
cho cdc nghién ciru tiép theo.

Tir khoa: Bao dudng tru vi'e:n thong, giam sat sic khoe két cdu, hoc
sdu, phat hién hu hong, thieét bi bay khong nguwoi ldi, tong quan co hé
thong

ABSTRACT

Maintenance of mobile telecommunication towers is essential for ensuring
the continuity and quality of telecommunication infrastructure. This paper
presents a systematic review of maintenance methods for
telecommunication towers, conducted in accordance with the PRISMA
2020 guidelines. Relevant literature was retrieved from IEEE Xplore,
ScienceDirect, SpringerLink, and Google Scholar, covering the period
2015-2025. Following a structured screening process, [N=42] studies
were selected and classified into four categories: manual inspection,
structural health monitoring, unmanned aerial vehicle (UAV)-based
inspection, and deep learning-based defect detection. The findings
indicate that conventional methods remain limited in efficiency and
scalability, whereas the integration of UAVs with artificial intelligence
demonstrates clear potential for automated detection of corrosion, coating
degradation, and structural deformation. The review also identifies key
research gaps concerning domain-specific datasets, the regulatory
framework for UAV operations in Vietnam, and real-world deployment,
thereby outlining directions for future research.

Keywords: Deep learning, defect detection, structural health
monitoring,  systematic  review,  telecommunication  tower
maintenance, unmanned aerial vehicle
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1. GIOI THIEU

Trong bdi canh chuyén ddi s6 va sy phat trién
manh mé cia ha tﬁng vién thong, cic try thu phat
song thong tin di dong dong vai tro quan trong trong
viéc dam bao viung phu song, chét lwong dich vy va
tinh li€n tyuc cia mang ludi. Theo théng ké cta Lién
minh Vién théng Qudc té (International
Telecommunication Union — ITU), s6 lugng
tram thu phat song di dong toan céu tlep tuc tang
manh trong giai doan trién khai 5G, diéu nay dat ra
yéu cau cap thiét vé cong tac bao dudng va kiém tra
dinh ky nham duy tri hiéu sudt van hanh va giam
thiéu gian doan dich vu (ITU, 2021).

Céc phuong phap bao dudng truyén thdng chu
yéu dua vao kiém tra thii cong, doi hoi nhidu nhan
luc, chi phi cao va tiém an rii ro an toan lao dong,
dac bi¢t trong diéu kién lam viéc trén cao hoic tai
céc khu vyc kho tiép can (Al-Khateeb et al., 2022;
Pomarnacki et al., 2025). Ngoai ra, s6 luong tram
vién thong ngay cang tang lam cho phuong phap
kiém tra thu cong tré nén khé mé rong vé quy mo
va kho dam bao tinh nhat quén trong danh gia.

Trong nhing nim gan déy, két qua nhiéu nghién
ctru d chi ra rang viéc tmg dung thiét bi bay khong
nguoi 1ai (UAV) c6 thé ci thién dang ké hiu qua
kiém tra, giam chi phi va nang cao muc do an toan
so voi phuong phap truyén théng (Rakha &
Gorodetsky, 2018; Greenwood et al.,, 2019;
Shakhatreh et al., 2019; Mendu & Mbuli, 2025).
Bén canh do6, su phat trién cua tri tué nhan tao
(Artificial Intelligence - Al), dac biét 1a cac m6 hinh
hoc séu, da@ md ra kha nang ty dong hoa qua trinh
phat hién va dénh gid hu hong két cau tir dit liéu hinh
anh. Két qua cac nghién ciru gan day cho thay viéc
Kkét hop UAV véi cac mo hinh hoc sau cod thé hd tro
phat hién cac dang hu héng nhu &n mon, bong troc
16p phu va bién dang két cdu véi do chinh xac cao
(Savino & Tondolo, 2025; Pomarnacki et al., 2025;
Tang & Yang, 2025).

Mic du di c¢6 nhiéu nghién ctru lién quan dén
kiém tra va giam sat két cau sir dung UAV va Al
duoc thyc hién; tuy nhién, phan 16n vi€c cac nghién
ctru tong quan hién nay khi duorc tién hanh con tap
trung vao cac cong trinh ha ting dan dung nhu cau,
nha cao tdng va dudng ddy truyén tai dién (Koch et
al., 2015; Spencer et al., 2019; Lyu et al., 2025).
Trong khi @6, tru vién thong c6 nhing dic thu riéng
vé chiéu cao, méi truong van hanh, nhidu dién tir va
phan bd dia 1y, dan dén cac yéu cau khéac biét trong
cong tac bao dudng ma cac tong quan hién co chua
dé cap day du.
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Ngoai ra, cac phuong phap hién cé thuong dugc
nghién ctru riéng 1¢, thiéu cac phan tich téng hop va
so sanh trong mot khung danh gia théng nhat. Pong
thoi, viée trién khai cac cong nghé méi nhu UAV
trong thuc té con chiu anh hudng béi cac yéu t6 nhu
quy dinh phap 1y, kha ning tich hop hé théng va diéu
kién van hanh, dic biét trong bdi canh Viét Nam
chua c6 huéng din chuyén biét cho tmg dung UAV
trong bao dudng ha tang vién thong (Shakhatreh et
al., 2019; Quéc hoi Viét Nam, 2024).

Do d6, bai bao nay thyc hién mot tong quan co
hé thong vé cac phuong phap bao dudng try thu phat
song thong tin di dong, nham: (i) phan loai va phan
tich cac phuong phép hién c6, bao gdm kiém tra thi
cong, giam sat sirc khoe két cau, kiém tra bang UAV
va cac phuong phap dya trén Al; (ii) so sanh cac
phuong phép theo céc tiéu chi théng nhét vé chi phi,
do chinh xdc, mirc do ty dong hoa va kha nang trién
khai va (iii) xac dinh cac khoang tréng nghién ctu
va dé xuat dinh hudng cho cac nghién ciru tiép theo.
Phan tiép theo trinh bay pham vi nghién ciru va
phuong phap tong quan.

2. PHAM VI VA PHUONG PHAP TONG
QUAN

Trong nghién ctru ndy, phuong phap tong quan
¢6 hé théng da duoc 4p dung nham dam béo tinh
minh bach, kha nang tai lap va d¢ tin cay cta két qua
phan tich. Quy trinh tong quan dugc xy dung theo
huéng dan bio cio PRISMA 2020 (Page et al.,
2021) va cac nguyén tic tong quan hoc thuat
(Snyder, 2019).

2.1. Pham vi nghién ctru

Nghién ctru duge thyc hién tip trung vao cac
phuong phap bao dudng va kiém tra try thu phat
song thong tin di dong, bao gdm ca phuong phap
truyén théng va hién dai. Cu thé, bon nhom phuong
phap dugc xem xét gom: (i) kiém tra thu cong, (ii)
giam sat suc khoe két céu (Structural Health
Monitoring — SHM), (iii) kiém tra bang thiét bi bay
khong nguoi lai (UAV) va (iv) cac phuong phap
phat hién hu hong dua trén Al, déc biét 1a hoc sau.
Bén canh do, cac yéu td lién quan dén kha nang trién
khai thuc té ciing d3 duoc xem xét, bao gdm diéu
kién méi truong, yéu cau ky thuit va cc rang budc
phap 1y, nhim dam béo tinh img dung cua két qua
téng quan.

Két qua cac nghién ciru vé ha tang dan dung nhu
cdu, nha cao ting va dudng day truyén tai dién dugc
dua vao xem xét khi phuong phap ap dung co6 kha
nang chuyen giao tryc tiép sang bdi canh tru vién
thong. Két qua cac nghién ctru tap trung thuan tiy
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vao toi wu hoa hiéu nang mang, quy hoach tAn s
hodc quan ly vo tuyén dugc loai trir khoi pham vi
tong quan.

2.2. Ngudn dir li¢u va chién lwgec tim kiém

Tai li€u duoc thu thap tu bén co s& dit liéu khoa
hoc uy tin géom IEEE Xplore, ScienceDirect,
SpringerLink va Google Scholar. Chién lugc tim
kiém duoc x4y dung dua trén su két hop céc tir khoa
chinh va bé trg nhu trinh bay trong Bang 1, cac toan
tir logic AND va OR dugc st dung dé mo rong hoac
thu hep pham vi tim kiém khi can thiét.

Khung thoi gian tim kiém dugc gidi han tir nim
2015 dén nam 2025, trong d6 cac nghién ctru duge
cong bd tir nam 2022 tro lai duge wu tién phan tich
sau nham phan 4anh xu hudng céng nghé méi nhat
vé UAV va hoc sau Cac tiéu chuan k¥ thuat, quy
chuan qudc gia, van ban phap quy co gia tri hidu luc
lién tuc, cling nhur mot sd tai lidu nén tang co tinh
kinh dién trong linh “vuc giam sat ste khoe két ciu,
van duoc dua vao tong quan ngay ca khi ban hanh
trudc nam 2015 nham dam bao tinh chuan tic ciia
cac luan diém vé khung phap 1y, ky thuat va ly
thuyét nén. Viéc tim kiém ban dau thu dugc tong
cOong [N = 153] ban ghi trudc khi sang loc.

Bing 1. Tir khoéa tim kiém theo nhém chi dé
Nhém chi dé Tir khéa

"telecommunication tower",
"communication tower", "lattice

Déi twong cong

trinh tower", "monopole tower", "BTS
tower"
, "in tion", "maintenance"
Phu‘ong phap spectio non © e
.2 "monitoring", "structural health
kiém tra -
monitoring
"UAV", "unmanned aerial
Cong nghé ho vehicle", "drone", "deep
tro learmng" "artificial intelligence",
"convolutional neural network"
"corrosion detection", "defect
Loai hu héng detection", "crack detection",

"damage assessment"

2.3. Tiéu chi lya chon va loai trir

Tiéu chi lya chon va loai trir dugc xac dinh trudc
khi tién hanh tim kiém, nham han che sai 1éch trong
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lwa chon. Cac tai liéu dugc dua vao néu dap tng
dong thoi cac diéu kién sau: (i) co noi dung lién quan
dén kiém tra, bao dudng hodc giam sat két cau cong
trinh; (ii) c6 4p dung it nhit mot trong cac phuong
phap UAV, SHM hoac AL (iii) c6 kha nang ép dung
cho céc két cau dang try hodc tuong tu try vién thong
va (iv) dugc cong bd trén tap chi co binh duyét, hoi
nghi qudc té uy tin hodc vin ban tiéu chuan/quy
chuan ky thuat chinh thtrc.

Céc tai liéu bi loai trir néu thudc mot trong cac
truong hop: (i) khong c6 ndi dung ky thuat 1o rang
hodc chi 1a tom tat hoi nghi ngén dudi 4 trang, (ii)
ndi dung khong thudc pham vi bén nhém phuong
phap da xac dinh, (iii) trang lap voi tai liéu da dugc
chon hoac (iv) khong cé toan van.

2.4. Quy trinh sang lgc tai liéu

Quy trinh sang loc dugc thuc hién theo ba giai
doan chinh theo mo6 hinh PRISMA 2020 (Page et al.,
2021), dugc minh hoa trong Hinh 1.

Giai doan 1 - xac dinh: 140 ban ghi da dugc thu
thong qua viéc tim kiém tir cc co s& dit lidu, két hop
voi 13 tai lidu tir cac nguﬁ)n dang ky bd sung (tiéu
chuin k¥ thuat, quy chuan van ban phap quy va tai
liéu phuong phap luan téng quan), tong cong 153
ban ghi. Trudc khi sang loc, 18 ban ghi trung 1dp da
duoc loai bd; khong co ban ghi nao bi loai boi cong
cu tu dong hodc cac Iy do khac, con lai 135 ban ghi
dugc dua vao sang loc.

Giai doan 2 - sang loc: Trong 6 135 ban ghi, 70
ban ghi bi loai bo sau khi danh gia tiéu d& va tom tat
do khong dap tng tiéu chi lién quan, con lai 65 ban
ghi dugc tim kiém dé thu thap toan van. Trong sd
nay, 4 ban ghi khong thu thap dugc toan van va bi
loai, con 61 ban ghi dugc tién hanh danh gia toan
van. Sau danh gia toan van, 19 ban ghi bi loai véi
cac 1y do cu thé: khong lién quan (n = 8), thiéu
phuong phap (n = 5), tring ndi dung (n = 4) va chét
luong thap (n = 2).

Giai doan 3 - phan tich: Tong cong 42 tai liéu
dugc dua vao téng quan, bao gdm 29 nghién ciru tir
co so dir lidu va 13 tai liéu tir ngudn tiéu chuan/phap
quy/phuong phép luan.
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[ Xic dinh nghién ctru théng qua co sé dit lidu va cic ngudn ding ky ]
Y
Cac tai liéu bi loai bo trudce khi sang loc:
Tai liéu trung lap da duoc loai bo (n
,E. Céc ta lidu duge xéc dinh tir: -18)
o Co s¢ dix liéu (n =140 ) » Tai liéu duoc danh ddu khong phu
;é Ngudn ding ky (n=13) hop boi cong cu tw dong (n = 0)
Tai liéu bi loai vi cac 1y do khac (n
=0)
—
— l Tai liéu bi loai bo (n =70 ):
Tai liéu dugc sang loc Ngoai pham vi (n=45)
(n=135) Khéng binh duyét (n=15)
i Thiéu théng tin (n=10)
Béo céo dugce tim kiém dé thu
g tha . o | Béo cao khong thu thap dugc toan van
= ap toan van > -
2| | m-65) (0 =4)
S
2]
3 Bao cao bi loai, kem theo 1y do (n=19):
Cac tai liéu duogc danh gia toan Khong lién quan (n =8 )
vin (n=61) > Thiéu phuong phéap (n=5)
Trung ndi dung (n =4 )
Chat lugng thip (n=2)
—\ A4
= Nghién ctru duge dua vao téng
=2
g quan (n =29 )
< Ngudn khéc (tiéu chudn/phap
= |awy)@m=13)
—

Hinh 1. So @6 PRISMA minh hoa quy trinh thu thép, sang lgc va lwra chon tai li€éu trong nghién ctru
tong quan co6 hé thong.

2.5. Phwong phap phan loai va tdng hop

Sau khi lyra chon, céc tai li¢u dugc phan loai theo
bbn nhom phwong phép bao dudng di xac dinh tai
muc 2.1. M&i nhém dugc phén tich theo céc tiéu chi
thong nhit gdbm: nguyén ly hoat dong, uu diém, han
ché, chi phi trién khai va kha ning g dung thuc té.

Viéc danh gia duoc thuc hi¢n theo phuong phap
dinh tinh c6 cdu tric: cac muc thip, trung binh va
cao phan anh xu huéng chung dugc tong hop tir cac
nghién ctru d cong bo, khong phai cdc ngudng s0
tuyét dbi. Pinh nghia cy thé cua tirng mrc duoc trinh
bay trong chl thich Bang 2 tai muc 5. Trén co s&
phan tich timg nhém, viéc tong hop phé binh da
dugc tién hanh nham lam rd sy khéac biét giira cac
phwong phap, xu hudng tich hop UAV-AI va cac
khoéng tréng nghién ciru con ton tai trong linh vuc
bao dudng tru vien thong cling da dugc xac dinh.

3. PAC PIEM CUA TRU THU PHAT
SONG THONG TIN DI PONG

Try thu phat song thong tin di dong la mot dang
két cAu dic thu, co nhiéu khéc biét so véi cac cong
trinh ha tﬁng dan dyng nhu clu, nha cao téng hoac
dudng day truyén tai dién. Nhirng dic diém nay anh
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huéng truc tiép dén phuong phap kiém tra, bao
dudng cling nhu kha nang (ng dung cac cong nghé
hién dai trong thuc té. Hinh 2 minh hoa mét tru thu
phat song dién hinh trong diéu kién van hanh thuc
té tai Pong Thap.

5 Th8, 2024 15:53:38
10,2300N 105,8409E]
14° N

Pong Thap
CTHO38M DTP,

Hinh 2. Toan canh vi tri tru phat song va khu
vue xung quanh (VNPT Dong Thap, 2024)



Tap chi Khoa hoc Dai hoc Can Tho Tap 62, S6 CP: Khoa hoc va Cong nghé cho su phat trién bén vieng cua viung PBSCL: 280-293

3.1. DPiac diém két cau va van hanh

Tru vién thong thudng ¢ chiéu cao 16n, dao
dong tir 30 m dén 80 m hodc hon, véi hai dang két
céu pho bién 1a khung thép dang dan (lattice tower)
va cdt don (monopole), dugc thiét ké theo tiéu chuén
ANSI/TIA-222  (Telecommunications  Industry
Association, 2022) hodc cac tiéu chuén khu vuc
tuong duong. Khac véi try dién truyén tai (thuong
cao 20 — 50 m, khong mang thiét bi phat song tich
hop) hay cac két cau dan dung nhu cau va nha cao
tang (co hinh hoc ngang hodc phuc hop, thuong
duoc phép ngung khai thac tam thoi trong qua trinh
kiém tra), tru vién thong c6 hinh hoc dang dan thép
théng dtng v4i mat do méindi cao, phai duy tri hoat
dong lién tuc va khong thé ngimg phat song trong
sudt qua trinh kiém tra bao dudng — tao ra cac yéu
cAu k¥ thuat va van hanh dac thu ma cac phuong
phap phat trién cho ha tang dan dung khong thé ap
dung truc tiép (Al-Khateeb et al., 2022; Pomarnacki
et al., 2025). Chiéu cao 16n lam gia ting tai trong do
gié va tac dong moi truong, dong thoi khién cong
tac kiém tra thu cong tro nén kho khin va tiém 4n
i ro an toan lao dong nghiém trong.

Try vién thong hoat dong trong méi trudng cd
cuong d6 birc xa dién tir cao do sy hién dién cua cac
thiét bi phat song. Mirc phoi nhiém truong dién tir
xung quanh khu vyc anten thuong duoc kiém soat
theo hudng dan cua Uy ban Quéc té vé Bao vé Buc
xa Khong ion héa (International Commission on
Non-Ionizing Radiation Protection, 2020). Cudng
d6 trudng cao c6 thé anh huong dén cac thiét bi do
luong, cam bién va hé théng thu thap dir li¢u, dac
biét trong cac hé théng SHM, déng thoi tao ra nhiéu
tin hiéu diéu khién UAV trong qué trinh kiém tra
truc quan, doi hoi cac giai phap ky thuat phu hop dé
dam bao d¢ tin cay cua dir li¢u (Farrar & Worden,
2007; Spencer et al., 2019; Farrar et al., 2025).

3.2. Phén bd dia Iy va diéu kién tiép cin

Céc tram vién thong thudong phan bd rong trén
pham vi dia 1y 16n, bao gém ca khu vuc d6 thi, nong
thon va vung sau, vung xa. Su phén tan nay lam tang
chi phi va d¢ phuc tap trong cong tac bao dudng,
dic biét khi ap dung cac phuwong phap kiém tra
truyén thong doi hoi nhan vién ky thuat co mat truc
tiép tai hién trudng. Trong bbi canh do, cac giai phap
sir dung UAV dugc xem 1a ¢6 tiém nang nham giam
chi phi di chuyén va tang kha ning tiép can (Rakha
& Gorodetsky, 2018; Shakhatreh et al., 2019;
Mendu & Mbuli, 2025).
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3.3. Ciac dang hw héng dién hinh va diéu kién

moi treong

Cac try vién thong thuong gip cic dang suy
giam két cdu nhu an mon kim loai, bong tréc 16p son
pht bao vé, nirt hodc bién dang cAu kién do tac dong
lau dai cua tai trong va thoi tiét. Cac dang hu hong
nay thuong phan b6 khong ddng déu va kho phat
hién bang quan sat tryc tiép, dic biét ¢ cac vi tri cao
hodc khuat (Yeum & Dyke, 2015; Zhao et al., 2019;
Sun et al., 2020; Dong & Catbas, 2021).

Trong diéu kién khi hau nhiét d6i 4m cua Viét
Nam, phﬁn 16n cac khu vuc trién khai tram vién
thong thudc phan loai méi truong C3—C5 theo ISO
(International Organization for Standardization)
9223 (IS0, 2012), trc 1a mrc a&n mon tir trung binh
dén rit cao dbi vé6i thép. Lép phit bao vé va hé ma
kém cua tru do do can duoc lya chon va duy tri theo
hudng dan ISO 12944 (ISO, 2017) nham kéo dai
tudi tho két cau. Pay ciing 1a mot trong nhimg 1y do
chinh khién viéc phat hién sém an mon va bong troc
16p phtt tré thanh wu tién hang dau trong cong tac
béo dudng tru vién thong tai Viét Nam.

3.4. Khung phap ly va rang budc vian hanh

tai Viét Nam

Tai Viét Nam, cong tac thiét ké, lap dat va kiém
dinh tram thu phat séng thong tin di dong duogc diéu
chinh boi nhiéu vin ban quy pham, trong d6 co
QCVN 08:2021/BXD vé cong trinh vién thong (Bo
Xay dung, 2021) va QCVN 32:2020/BTTTT vé
chong sét cho tram vien théng (B¢ Thong tin va
Tmyen thong, 2020). Cac van ban ndy chu yéu quy
dinh vé& thiét ké, 1ap dat, chdng sét va nghiém thu
cong trinh.

bdi voi viée st dung UAV trong kiém tra ha
tﬁng, hoat dong bay duogc diéu chinh boi Luat Phong
khong nhan dan sé 49/2024/QH15 (Qubc hoi Viét
Nam, 2024) va Nghi dinh 288/2025/ND-CP (Chinh
phu Viét Nam, 2025) - vin ban thay thé Nghi dinh
36/2008/ND-CP, c6 hiéu lyc tir ngay 05/11/2025.
Theo Nghi dinh méi, viéc trién khai UAV dugc
phan cip cu thé theo do cao bay: B6 Chi huy quéan
su cdp tinh cap phép bay ¢ d6 cao dudi 50 m, cap
Quan khu cép phép bay dén 120 m va Cyc Tac chién
cip phép bay trong toan vung troi Viét Nam. Cac
tram vién thong gan san bay, khu vuc qudc phong
hodc déng dan cu van thudc ving han ché bay theo
Quyét dinh s6 18/2020/QD-TTg vé thiét 1ap khu vire
cAm bay, khu virc han ché bay d6i véi tau bay khong
nguoi 1ai (Thu tuéng Chinh pha, 2020), doi héi xin
phép theo timg truong hop cu thé. Trong khi d6, cac
huéng dan chuyén biét vé kiém tra dinh ky bang
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UAYV hoic tng dung Al cho ha tang vién thong chua dugc xem xét trong mot bdi canh riéng biét, thay vi
dugc ban hanh day du, tao ra khoang tréng phap 1y ap dung truc tiép cac giai phap tir cac linh vuc cong
s& dugc phan tich chi tiét tai muyc 7. trinh khac. Day ciing 1a co s dé phén loai, danh gia

va so sanh cac phuong phéap bao dudng tai cac muc

Nhimng dic diém néu trén cho thay viéc ap dung

. 12 ~ X oA N tiép theo.
cac phuong phap bao dudng cho try vién thong can P

427/2023 09:25:00 'y i r;

A

Thir i I(;‘lha!n 6, 2024 08;34:52

Hlnh 3. Cac dang hu’ hong dién hinh trén tru thu phat séng thong tin d1 dong (VNPT Dong Thap,

2023-2024)
Ghi chii: (a) bong tréc I6p phii bao vé, (b) ri sét, (c) bi thing 16
4. PI—}AN LOAI CAC PHUONG PHAP tra, va tiém 4n rui ro an toan lao dong nghiém trong,
BAO DUONG dac biét trong cac diéu kién lam viéc trén cao hoac

moi truong khac nghiét (Al-Khateeb et al., 2022;
Pomarnacki et al., 2025). Pomarnacki et al. (2025)
ghi nhan ring quy trinh kiém tra thu céng try vién
thong dién hinh doi hoi it nhét hai k¥ thuat vién c6
chimg chi leo cao, v6i thoi gian kiém tra trung binh
tir 4 dén 8 gio mdi tru tuy theo chiéu cao va mirc do
phurc tap. Ngoai ra, phuong phap nay kho m¢ rong

Dua trén két qua tong hop tai liéu, cac phuong
phép bao dudng tru thu phat song thong tin di dong
dugc phan loai thanh bén nhom chinh: (i) kiém tra
thu cong, (ii) giam sat sirc khoe két cdu (Structural
Health Monitoring - SHM), (iii) kiém tra bang thiét
bi bay khong ngudi 1ai (UAV) va (iv) cdc phuong
phap du? trten AL dac'blet 13 hoc sau. Moi nhém khi so lugng tram vién thdng ngay cang tang, dac
dugc phan ! ich trong cac myc 4.1 — 4.4 theo khnng biét trong giai doan trién khai mang 5G
tiéu chi thong nhat da trinh bay tai myc 2.5, gom =
nguyén ly hoat dong, uu diém, han ché, muc do tu
dong hoa va kha nang tmg dung thuc té cho tru vién
thong.

4.1. Phwong phap kiém tra thi cong

Kiém tra thu cong la phuong phép truyén théng
va van dugc st dung rong rai trong thuc té van hanh
tai nhiéu qudc gia, trong d6 c6 Viét Nam. Phuong
phdp nay chu yéu dwa vao viéc nhan vién ky thudt
truc tiép leo tru hodc ' quan sat tir mat dat dé kiém tra
céc thanh phan két cau bang mat thuong va cic cong
cu do luong co ban. Uu diém ciia phuong phép 1a
tinh linh hoat, khong phu thudc vao ha tﬁng cong
nghé va kha nang danh gié truc tiép hién trang cong
trinh. Tuy nhién, viéc kiém tra tha cong co nhiéu han
ché dang ké. Chi phi nhan cong cao, két qua phu .
thudc vao kinh nghiém va chu quan cua nguoi thuc Hinh 4. Bio dudng nhan cong (VNPT Dong
hién, kho dam béo tinh nhat quan giira cac lan kiém Thap, 2025)
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4.2. Giam sat strc khoe két cAu (SHM)

Heé théng cam bién lap dat cd dinh trén cong trinh
dugc sir dung trong viéc giam sat sirc khoe két ciu
(Structural Health Monitoring — SHM) dé theo doi
lién tyc cdc thong so trang thai két c4u theo thoi gian
thyc. Cac thong s6 thuong duge giam sat bao gdm
rung dong, bién dang, nghiéng 1éch, nhiét do va do
am, tur d6 phat hién sém cac dau hiéu suy giam két
céu (Farrar & Worden, 2007; Spencer et al., 2019;
Farrar et al., 2025). Mardanshahi et al. (2025) tong
hop cac the hé cam bién SHM hién dai, bao gdbm
cam bién quang soi (FBG), cam bién gia toc MEMS
va hé thong truyén dir liéu khong day, cho thiy kha
nang giam sat lién tuc voi do chinh xac cao trong
cac diéu kién moéi truong khic nghiét.

Uu diém ndi bat cia SHM 1a kha nang giam st
lién tuc 24/7, phat hién hu hong theo thoi gian thuc
va giam thiéu sy phu thudc vao con ngudi trong qua
trinh kiém tra dinh ky. Tuy nhién, viéc trién khai hé
thdng SHM trén tru vién thong gap nhiéu thach thirc
ddc th, bao gdm chi phi lip dit va bao tri hé thong
cam bién cao, anh huong ciia nhidu dién tir tir thiét
bi phat song dén @6 chinh xac cua dir liéu va kho
khin trong viéc quan 1y khéi luong dir lidu 16n tir
nhiéu tram phan tan (Sun et al., 2020; Spencer et al.,
2019).

4.3. Kiém tra bing thiét bi bay khong nguoi

14i (UAV)

Viéc st dung UAV trong kiém tra tru vién thong
d3 tré thanh mot hudng tiép can dugc quan tim ngay
cang nhiéu trong nhimng nim gan day. UAV cho
phép thu thap dir li¢u hmh anh va video do phan giai
cao tir cac vi tri kho tiép can ma khong can tiép xuc
tryc tiép voi cong trinh, tir 46 giam thiéu rai ro cho
con nguoi, rat ngan thoi gian kiém tra va ting kha
nang bao phu (Rakha & Gorodetsky, 2018;
Shakhatreh et al., 2019; Mendu & Mbuli, 2025).

Dbi vai cac két cdu dang tru va dan thép, Nguyen
et al. (2018) dé xuat h¢ thong UAV ty hanh két hop
thi gidc may tinh c6 kha nang bay theo quy dao dinh
san quanh cot dién va phat hién bat thudng trén bé
mit két ciu ma khong can can thiép ctia ngudi van
hanh. Maitre et al. (2024) phat trién thuat toan diéu
khién dua trén hoc sau cho UAV duoc din hudng
bang thi gidc trong nhiém vu kiém tra cot dién cao
thé, cho thay tiém ning ty dong hoa toan dién cho
cac két cAu dang dan thép c6 hinh hoc twong ty tru
vién thong. Pomarnacki et al. (2025) danh gia tinh
kha thi ciia UAV trong kiém tra try vién thong tai
diéu kién thuc té, ghi nhan kha nang rit ngén thoi
gian kiém tra xudng con 30 — 60 phat mdi tru so voi
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4 — 8 gio khi kiém tra thu cong. Tuy nhién, phuong
phap nay van phy thudc vao diéu kién thoi tiét, thoi
lwong pin, chat lugng tin hiéu didu khién va cac quy
dinh phap 1y lién quan dén hoat dong bay
(Shakhatreh et al., 2019; Mendu & Mbuli, 2025).

Hinh 5. UAV véi d phan giai 4K

4.4. Phuong phap dua trén Al

Céc phuong phép dua trén Al, dac biét la hoc
sau, dugc su dung dé tu dong phat hién va phan loai
hu hong tir dit 1i€u hinh anh thu thap boi UAV hodc
camera ¢ dinh (LeCun et al., 2015). Cac kién trac
hoc sau ph bién duge Gmg dung trong linh vuc nay
bao gdm mang no-ron tich chap (CNN) cho phan
loai hu héng, ho m6 hinh YOLO (Redmon et al.,
2016) cho phat hién ddi tuong theo thoi gian thye,
va mang phan doan U-Net (Ronneberger et al.,
2015) cho phan doan vung hu hong.

Vé két qua dinh lugng, Ameli et al. (2024) dat
mAP 87,3% voi Mask R-CNN va 91,2% voi
YOLOVS trong bai toan phat hién va phan doan an
mon trén két cau thép cau, cho thiy tiém niang ung
dung tryc tiép cho tru vién thong. Savino and
Tondolo (2025) tng dung mang CNN két hop anh
UAV dé dinh luong dién tich bé mat an mon trén try
thép truyen tai dién, dat d6 chinh xac phan doan IoU
trén 85% trong diéu kién thuc dia. Dorafshan et al.
(2018) so sanh hiéu qua giira hoc sau va cac phuong
phap phat hién canh truyén théng trong nhan dién
vét niit bé tong, két luan ring CNN vuot troi dang
ké v& d6 chinh x4c va kha ning tng quat hoa (Koch
et al., 2015; Zhao et al., 2019). Trong cung hudng
tiép can, Ali et al. (2022) phét trién mang tich chap
sau chuyén dung cho phat hién vét nut két cau trén
anh thyc dia, ghi nhén hi¢u qua cao va khéng dinh
tinh chuyén giao ctia cac kién triic CNN sang cac bai
toan danh gia tinh trang két cau thép phoi nhiém moi
truong d&n mon.
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Gan day, xu huéng tng dung cic mo hinh nén
tang (foundation models) nhu Segment Anything
Model (SAM) (Kirillov et al., 2023) va SAM 2
(Ravi et al., 2024) dang mé ra hudng tiép can méi
cho kiém tra ha ting trong diéu kién dir liéu gan
nhin han ché - mgt trong nhitng rao can 16n nhét cua
{mg dung Al cho tru vién thong. Tuy nhién, hiéu qua
thuc té cua cac mo hinh nay trén dir liéu tru vién
thong van can dugc danh gia thém (Tang & Yang,
2025; Mardanshahi et al., 2025).

Nhin chung, mdi nhém phuong phap déu co
nhimg wu diém va han ché riéng biét va chua co
phuong phap don I¢ nao co thé dap ung day du cac
y€u cau ve chi phi, d¢ chinh xac va kha nang trién
khai trong moi bdi canh. Piéu nay dit ra nhu ciu so

Bang 2. So sanh cac phwong phap bao duong

sanh va danh gia toan dién cac phuong phap trong
mdt khung thong nhat, dugc trinh bay tai muc 5.

5. SO SANH VA },)ANI:I GIA CAC
PHUONG PHAP BAO DUONG

Duva trén cac phuong phap da phan loai tai muc
4, viéc so sanh va danh gia theo cac tiéu chi théng
nhét 13 can thiét nhdm 1am 13 wu diém, han ché va
kha niang mg dung thuc té cua timg nhém. Trong
nghién ctru nay, phuong phap danh gia dinh tinh c6
cau trac di dugc sir dung, tong hop tir cac tai lidu da
cong bd. Cac tidu chi danh gia gdm: chi phi trién
khai, @6 chinh xac, muc d6 ty dong hoa, kha nang
mo rong va tinh kha thi trong diéu kién thuc té. Dinh
nghia cdc muc danh gid duoc trinh bay trong cha
thich Bang 2.

Phuwong Chi phi Do chinh Mirc dg tw  Kha nang  Tinh kha Co sé tai licu
phap trién khai xac dong hoa mé rong  thi thuc té :
.2 Thap ban R Al-Khateeb et al.
gg?égg dau; cao dai killilurflglllllloécm Thap Thip Cao (2022), Pomarnacki
han j et al. (2025)
Cao do cim N ) Farrar and Worden
bién va he Cao (lién t};c Han phe (2007), Farrar et al.
SHM théng giér.n theo thoi Trung binh  Trung binh  do chi phi (2025),
sat gian thuc) vabaotri  Mardanshahi et al.
(2025)
X R Rakha and
Tnﬁng}‘lb l?h’ Cao dbi véi I:ih}l ﬂlil.l? ¢ Gorodetsky (2018),
UAV Py t U kiém tra truc  Trung binh Cao enaen Pomarnacki et al.
thict bi va bay va
van hanh quan phap Iy (2025), Mendu and
' Mbuli (2025)
Trung binh; Phu thuéc  Koch et al. (2015),
AI (hoc phu thugc dir  Cao trong dir liéu Ameli et al. (2024),
séu). li§u va ha dieu kién dir Cao Cao huan luyén Lyu et al. (2025),
tang tinh liéu phu hop va trién Tang and Yang
toan khai (2025)

Céc mirc danh gia dugc dinh nghia nhu sau. Chi
phi trién khai: thap - chi phi dau tur ban dau nho hon
dang ké so véi chi phi van hanh hing nam, trung
binh - twong duong, cao - 16n hon dang ké. B chinh
xac: phan anh kha nang phat hién diing cac dang hu
hong so vé6i két qua khao sat d6i chimg hodc chi sé
danh gia pho bién (mAP, IoU) dugc ghi nhan trong
céc nghién ciru tong hop. Mtc d6 tu dong hoa: thap
- chu yéu thi1 cong, trung binh - ¢6 tu dong hoa timg
budc, cao - quy trinh ty dong tir thu thap dén phan
tich. Kha niang mé rong: kha nang trién khai & quy
mo 16n ma khong ting chi phi tuyén tinh. Tinh kha
thi thuc té&: muc d6 sdn sang trién khai trong diéu
kién ha ting va phap 1y hién hanh. Cac mirc phan
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anh xu huéng chung dugc tong hop tur tai ligu,
khong phai ngudng s tuyét dbi.

Viéc phén tich so sanh cho thdy mdi phuwong
phép co lgi thé ro rét & cac tiéu chi khac nhau, phu
hop véi cac boi canh trién khai cu thé.

Phuong phap kiém tra thi céng c¢6 vu diém vé
tinh kha thi cao va khong phu thudc vao ha ting
cong nghé, tuy nhién mirc d6 tw dong hoa thap va
kha ning mo rong kém lam han ché hiéu qua khi quy
moé hé thdng ting 1én. Chi phi nhan cong tich liy
trong dai han cé xu hudng vuot cac phuong phap st
dung cong nghé (Al-Khateeb et al., 2022).

Phuong phap SHM cho phép giam sat lién tuc va
phat hién sém cac du hiéu suy giam két cdu theo
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thoi gian thyc, ddy 1a vu diém ndi bat khong c6 &
cac phuong phap con lai. Tuy nhién, chi phi dau tu
ban dau cao, yéu cau bao tri h¢ théng cam bién va
anh huong ctia nhiéu dién tir 1a nhitng rao can 16n
trong trién khai thuc té trén try vién thong (Farrar et
al., 2025; Mardanshahi et al., 2025).

Phuong phiap UAV mang lai kha ning tiép can
cao nhét trong sd cac phuong phap duge xem xét,
voi kha nang thu thap dir liéu trye quan ¢ cac vi tri
nguy hiém ma khong can nhan vién tiép xuc tryc
tiép. Pomarnacki et al. (2025) cho thay UAV c6 thé
rit ngan thoi gian kiém tra xudng con 30 — 60 phut
mdi try so voi 4 — 8 gid khi kiém tra tha cong. Tuy
nhién, tinh kha thi phy thudc chit ché vao diéu kién
thoi tiét, thoi lwong pin va khung phap 1y tai timg
khu vyec trién khai (Rakha & Gorodetsky, 2018).

Céc phuong phap Al cho thdy muc do tu dong
hoa va kha ning mé rong cao nhét trong sé bon
nhém, véi tiém nang xir 1y dir liéu hinh anh quy mo
16n tir nhiéu tram vién thong song song. Ameli et al.
(2024) ghi nhan mAP 91,2% véi YOLOVS trong
phat hién an mon thép, trong khi Savino and
Tondolo (2025) dat IoU trén 85% trong phan doan
ving an mon trén try thép truyén tai dién. Tuy nhién,
hiéu qua ctia cac mo hinh phu thudc nhiéu vao chat
lwong dit liéu hudn luyén chuyén biét cho try vién
thong - hién con rat han ché (Tang & Yang, 2025).

Nhin chung, khong ¢6 phuong phap don 1¢ nao
c6 thé dap ung day du tat ca cac yéu cau vé chi phi,
do chinh x4c va kha nang trién khai. Két qua so sanh
cho thay xu hudng két hop UAV va Al la huéng tiép
can c6 tiém nang nhat dé bu dip han ché cia tung
phuong phap riéng 1¢, dugc phan tich chi tiét tai
muc 6.

6. XU HUONG TiCH HQP UAV VA AI

Két qua tong hop tai liéu cho thay xu hudng tich
hop UAV va tri tu¢ nhén tao trong kiém tra két cAu
da phat trién rd rét trong giai doan 2018 — 2025, tir
cic hé théng thu thp anh don thudn sang cac
pipeline tyr dong hoa toan dién két hgp phan tich hoc
sau theo thoi gian thyc (Mendu & Mbuli, 2025; Lyu
et al., 2025; Tang & Yang, 2025).

6.1. Su tién trién ciia hwéng tiép can tich hop

Viéc phan tich cac tai liéu dwoc téng hop cho
thdy ba giai doan phat trién 15 rét. O giai doan dau
(trude 2018), UAV duoc st dung cha yéu nhu cong
cu thu thap anh thu dong, két qua phan tich van phu
thugc vao chuyén gia con nguoi (Rakha &
Gorodetsky, 2018). O giai doan thir hai (2018—
2022), su tich hop cac md hinh CNN va YOLO vao
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quy trinh x@ 1y anh UAV duogc ghi nhan cho phép
phat hién ty dong cac dang hu hong nhu vét nit va
in mon trén cac két cdu dan dung (Nguyen et al.,
2018; Zhu et al., 2020; Dong & Catbas, 2021). O
giai doan thir ba (2022 dén nay), su chuyén dich
dugc danh diu sang cac kién tric phan doan
instance va cac mo hinh nén tang, véi kha nang xir
ly dit liéu da dang hon va yéu cau dit liéu gan nhan
thép hon (Ameli et al., 2024; Savino & Tondolo,
2025 ; Kirillov et al., 2023; Ravi et al., 2024).

6.2. Cac dang hu héng duwgc tip trung
nghién ctru

Viéc téng hop tai lidu cho thiy phan I6n cac
nghién cuu tich hop UAV-AI tap trung vao ba dang
hu hong chinh: an mon kim loai, vét ntt bé mit va
bong troc 16p phu. Déy cting la nhitng dang hu hong
pho bién nhat trén try wvien thong thép trong diéu
kién khi hau nhiét déi am nhu Viét Nam (Yeum &
Dyke, 2015; Ameli et al., 2024; Savino & Tondolo,
2025). Trong khi phat hién vét nirt bé tong da dugc
nghién ctu tuong ddi toan dién, phat hién dn mon
va bién dang két cAu thép - dac biét trén try dang dan
- van con it duge nghién ciru chuyén biét (Dong &
Catbas, 2021; Tang & Yang, 2025).

6.3. Mirc do truéng thanh va khoang cach

giita nghién ciru va thye tién

Mic du cac két qua thuc nghiém trong phong thi
nghiém va thr nghiém quy mé nho cho thiy tlem
nang dang ké, phan 16n cac nghién ctru duge tong
hop van dimg & muc thir nghiém kiém soat hodc
demo k¥ thuat. Rat it nghién ctru bao cao két qua
trién khai thuc té trén hé théng try vién thong van
hanh, v6i dir li€u thu thép trong diéu kién thyc dia
day di (Lyu et al., 2025; Mardanshahi et al., 2025).
Khoang cach giira két qua nghién ctru va tmg dung
thyc tién nay dugc xac dinh 1a mot trong nhiing
khoang tréng nghién ciru quan trong nhat trong linh
vuc, s€ dugc phan tich chi tiét tai muc 7.

6.4. Xu hwéng méi - Mo hinh nén ting va hoc

tw giam sat

T nam 2023, xu hudéng tng dung cdc mod hinh
nén tang nhu SAM (Kirillov et al., 2023) va SAM 2
(Ravi et al., 2024) dang dugc khao sat cho bai toan
phan doan khuyét tat trong diéu kién dir liéu gan
nhin han ché. Pay la xu huéng ¢ y nghia dic biét
v6i bdi canh try vién thong, noi viée xdy dung tap
dir liéu gan nha@n chuyén biét doi hdi chi phi va
chuyén moén cao. Tuy nhién, cic danh gia thuc
nghiém vé hiéu qua ctia cac md hinh nay trén dit liéu
tru vién thong chua dugc cong bd, cho thay day la
mot hudng nghién ctru méi can dugc tiép tuc khai
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thac (Tang & Yang, 2025; Mardanshahi et al.,
2025).

Nhin chung, viéc tong hop tai liéu x4c nhan xu
hudng tich hgp UAV-AI 1a hudng phét trién cha
dao trong kiém tra bao dudng ha ting, vdi tiém ning
ung dung rd rang cho try vién thong. Tuy nhién, cac
thach thirc vé dir liéu, phap ly va trién khai thyuc te
van 1a nhiing rao can chinh can duoc giai quyét
trong cac nghién ciru tiép theo.

7. THACH TH}'J’C VA KHOANG TRONG
NGHIEN CUU

Mic du cac phuong phap bao dudng tru vién
thong da co nhiéu tién bo, ddc biét véi sy hd tro ca
UAV va Al két qua tong hop tai liéu cho thay van
tdn tai nhiéu thach thirc trong trién khai thuc té va
céc khoang tréng nghién ctru quan trong cin duogc
tiép tuc khai thac.

7.1. Thach thirc trong trién khai thye té

Théch thire vé dit lidu 1a rao can 16n nhét duoc
ghi nhan nhit quan trong céc tai liéu duoc tong hop.
Céac mo6 hinh hoc sau phu thudc manh vao dir li€u
huén luyén chét luong cao va da dang, trong khi cac
tap dir liéu chuyén biét cho tru vién thong hau nhu
chua ton tai dudi dang cong khai. Phin 16n trong cac
nghién ctru hién tai, dir lidu tir cac két ciu dan dung
da dugc st dung nhu ciu va nha cao té‘mg dé huan
luyén mé hinh, din dén han ché dang ké vé kha ning
tong quéat hoa khi ap dung cho dic thu hinh hoc va
vat liéu cua tru vién thong thép (Tang & Yang, 2025;
Mardanshahi et al., 2025).

Thach thirc vé phap 1y va van hanh UAV tai Viét
Nam phat sinh truc tiép tor khung phéap 1y da trinh
bay tai myc 3.4. Thir nhét, quy trinh xin phép bay da
cép - phu thudc vao do cao kiém tra va vi tri dia ly
ctia tram - ¢6 thé kéo dai thoi gian chuén bi mdi dot
kiém tra dinh ky, lam giam loi thé vé tc d6 von la
tru diém chinh ctia UAV. Thir hai, mot bo phéan déng
ké tram vién thong nam trong hodc gan cac ving han
ché bay (san bay, khu qudc phong, khu dong dan
cu), khién phuong an kiém tra bing UAV khong thé
4p dung dong déu cho toan bd mang ludi. Thir ba,
dé dat van dé nay trong bdi canh dung hon, can luu
y rang UAV da bat dau c¢6 hanh lang phap 1y tng
dung thuc té tai Viét Nam trong mot s6 linh vuc. Cu
thé, hoat dong phun thudc bao vé thuc vat bﬁng
UAV trong nong nghiép da duoc huéng dan thuc
hién tir ndm 2020 va UAV ciing duoc trién khai
trong quan tric moi truong, quan 1y do thi & ting bay
thdp dudi 50 m. Tuy nhién, cac ing dung nay chu
yéu van hanh & d6 cao thap (dudi 50 m), trén dia
hinh thoang, khong c6 thiét bi birc xa dién tir va
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khong yéu cau bay sat két cau thép thang dung.
Trong khi d6, viéc kiém tra tru vién thong bing
UAV @oi hoi bay ¢ d6 cao 30 — 80 m, trong moi
truong c6 buc xa dién tir cao, bay vong quanh két
cau dang dan thép phurc tap va thuong nam gan khu
dan cu, diéu nay tao ra nhom rui ro va yéu cau ky
thuat khac biét hoan toan so véi cac ng dung UAV
da c6 huéng dan. Chinh sy khac biét nay ly giai tai
sao hanh lang phép 1y hién hanh chua di dé cac don
vi khai thac mang 4p dung UAV vao quy trinh bao
dudng chinh thirc. Thir tu, cac huéng dan k¥ thuat
chuyén biét cho UAV va Al trong kiém tra ha ting
vién thong chua duoc ban hanh, dan dén thiéu tiéu
chuin vé d6 phan giai anh, quy dao bay, dinh dang
dir liéu va quy trinh nghiém thu két qua phan
tich AL

Théch thirc vé tich hop hé thong lién quan dén
viéc két ndi cac giai phap cong nghé méi véi quy
trinh van hanh hién hanh. Cac hé théng quan 1y bao
dudng truyén thdng thuong chua dugc thiét ké dé
tiép nhan dir liéu tir UAV hodc két qua phan tich Al,
dan dén khé khan trong chuan héa quy trinh va mo
rong quy md trién khai (Lyu et al., 2025). Ngoai ra,
chi phi dau tu ban du cho thiét bi UAV, ha tang tinh
toan va dao tao nhan luc van l1a rao can dang ké, dic
biét d6i v6i cac don vi van hanh mang quy mé vira
va nho.

Thach thirc vé diéu kién moéi truong ciing dwoc
nhiéu nghién ctru ghi nhan. Hiéu quéa cta hé théng
UAV-AI c6 thé bi anh hudng boi cac yéu té nhu dnh
sang thay ddi, thoi tiét xau, gi6 manh va nhiéu dién
tir tir thiét bi phat song trén try (Shakhatreh et al.,
2019; Mendu & Mbuli, 2025). Pay 1a nhiing yéu t6
dic thu cia méi trudng van hanh tru vién thong ma
céc nghién ctru trén ha tang dan dung thuong khong
dé cap day du.

7.2. Khoang trong nghién ctru

Tu viéc téng hop tai li¢u, ndm khoang tréng
nghién ctru chinh trong linh vuc bdo dudng tru vién
thong da dugc xac dinh.

Khoang tréng 1 - thiéu dit liéu chun ho4 chuyén
biét: Hién chua c6 by dir liéu anh cong khai nao
dugc xay dung déc thu cho try vién thong thép, bao
gdm cac dang hu hong dlen hinh nhu @n mon, bong
troc 16p phu va bién dang cu kién. Sy thiéu hut nay
can tro viée huén luyén, so sanh va danh gia cac mé
hinh AI mét cach khach quan, dong thoi han ché kha
ning 4p dung k¥ thuat hoc chuyén giao tir cac linh
vuc lién quan (Tang & Yang, 2025; Lyu et al.,
2025).
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Khoang tréng 2 - thiéu nghién ctru trién khai
thuc dia: Phan 16n cac nghién ciru duge tong hop
dirmg & mirc thir nghiém trong moi truong kiém soat
hodc quy mé nho. Rat it nghién ctru dugce tién hanh
nhiam bao cao két qua danh gia hidu qua trong diéu
kién van hanh thyc té trén hé théng tru vién thong
dang hoat dong, dic biét trong dicu kién khi hau
nhiét déi (Mardanshahi et al., 2025; Pomarnacki et
al., 2025).

Khoéng trong 3 - thiéu so sanh tryc tiép giita cac
phuong phap: Chua c6 nghién ctu nao dugc thuc
hién nhiam so sanh ddi ching tryc tiép giita cac
phuong phap bao dudng khac nhau - kiém tra thu
cong, SHM, UAV va Al - trong cing mot diéu kién
va trén cung mot ddi tuong try vién thong. Su thiéu
hut nay 1am cho viéc Iya chon giai phap téi wu cho
timg boi canh cy thé con mang tinh kinh nghiém hon
1a dua trén bang ching dinh lwong (Snyder, 2019;
Page et al., 2021).

Khoang trong 4 - chua danh gia ddy di cac mo
hinh nén tiang: Cac mo hinh nhu SAM va SAM 2
chua duge danh gia thuc nghiém trén dit lidu try vién
thong. Tiém ning ctia hoc tu giam sat va hoc chuyén
giao tir cac mo hinh nén tang trong viéc giam phu
thudc vao dir liéu gan nhan chuyén biét van 1a cau
hoi mo (Kirillov et al., 2023; Ravi et al., 2024;
ITU, 2021).

Khoang tréng 5 - thiéu khung phap 1y va hudng
dan chuyén biét tai Viét Nam: Mic du Nghi dinh
288/2025/ND-CP di tao nén tang phép 1y toan dién
hon cho hoat ddng UAV, cac hudng dan chuyén biét
vé ing dung UAV va Al trong kiém tra dinh ky ha
tang vién thong van chua dugc ban hanh. Viée thuc
hién cac nghién ciru phéi hop giita don vi khai thac
mang, co quan quan ly nha nu6e va t6 chtc nghién
clru dé dé xuét quy trinh van hanh phu hop véi Nghi
dinh 288/2025 con rat han ché (ITU, 2021; ISO,
2019; Chinh phu Viét Nam, 2025).

7.3. Giéi han ciia nghién ciru

Bai bao c6 mot sd gidi han can luu y khi dién
giai két qua. Thtr nhét, qua trinh sang loc va phan
loai dya trén danh gia dinh tinh, khong thyc hién
phan tich gop (meta-analysis) do su khong ddng
nhit v& tap dit liéu, chi sb danh gia va didu kién thu
nghiém gifra cac nghién ctru. Thir hai, cac mirc danh
gi4 dinh tinh (thdp / trung binh / cao) trong Bang 2
phan anh xu huéng chung duoc téng hop tur tai li€u,
khong phai cic ngudng sd tuyét doi co thé kiém
chung doc 1ap. Thir ba, pham vi tim kiém tap trung
vao bon co s¢ dit liéu chinh voi ngdn ngit tiéng Anh,
¢6 thé chua bao gdm day dii cac nghién ctru ndi dia
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hodc cong bd tai cac hoi nghi khong c6 chi muc quéc
té. Nhitng gidi han nay can dugc xem xét trong cac
nghién clru tong quan keé tiép v4i pham vi rong hon.

8. KET LUAN

Trong bai bao nay, mot tong quan c6 hé thong vé
cac phuong phap bao dudng tru thu phat song thong
tin di dong da dugc trinh bay, thyc hién theo hudng
dan PRISMA 2020 véi tong cong [N = 42] tai liu
dugc chon tir bdn co s¢ dir liéu khoa hoc uy tin trong
giai doan 2015 — 2025. Thong qua viéc phén loai,
phan tich va so sanh bon nhém phuong phap - kiém
tra tha cong, giam sat sic khoe két cau, kiém tra
bang UAV va phat hién hu hong dua trén Al, két
qua nghién ctru da 1am rd ddc diém, wu diém va han
ché cia timg nhém trong bdi canh dic thu cua try
vién thong.

Két qua so sanh tai Bang 2 cho thdy cac phuong
phap truyén théng, dic biét 1a kiém tra thu cong, co
tinh kha thi cao nhung bi han ché bi muc do tu
dong hoa thap va kha ning mo rong kém. Phuong
phap SHM cho phép giam sat lién tyc theo thoi gian
thyc nhung chi phi dau tu va yéu cau bao tri cao la
rio can 16n trong trién khai thyc té. Phuong phap
UAV c¢6 kha ning mé rong cao va giam thiéu rui ro
an toan lao dong, trong khi cac phuong phap Al cho
thiy murc d6 ty dong hoa va kha niang mé rong cao
nhét trong s6 bén nhom duge xem xét. Viée tong
hop tai liéu xac nhén khong c6 phuong phap don I¢
nao dap g day du tat ca cac yéu cau va xu hudng
tich hgp UAV—AI 1a hudng phat trién ¢6 tiém ning
nhit dé bu dip han ché cua timg phwong phap
riéng 1¢.

Két qua phan tich xu huéng tai muc 6 cho thy
linh vyc nay da trai qua ba giai doan phat trién rod rét
tr 2018 dén nay, tr UAV thu thdp anh thy dong sang
tich hgp CNN/YOLO cho phat hién tg dong, va
dang tién dén (mg dung cic mé hinh nén ting nhu
SAM va SAM 2 trong diéu kién dir liéu gan nhan
han ché. Tuy nhién, khoang cach giita két qua thu
nghiém va trién khai thuc t& vin con 16n, dic biét
d6i v6i bdi canh try vién thong thép trong diéu kién
khi hau nhiét déi.

Dong thoi, nam khoang trong nghién ciru quan
trong ciing da dwoc xac dinh: (i) thiéu bo dir liéu
chuan hoé chuyén biét cho tru vién thong, (ii) thiéu
nghién ctru trién khai va danh gia trong diéu kién
thuc dia, (iii) thiéu so sanh truc tiép giita cac phuong
phap trong cing diéu kién, (iv) chua c6 danh gia
thyc nghiém vé hiéu qua cuia cac mo hinh nén tang
trén dir liéu try vién thong va (v) thiéu khung phap
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ly va huéng dan chuyén biét cho ing dung UAV va
Al trong bao dudng ha tang vien thong tai Viét Nam.

Dua trén cac két qua tong hop, ba huéng wu tién
dd dwoc dé xuét cho cac nghién ciu tiép theo.
Huong tha nhét 1a xay dung bd dir liéu anh chuén
hoa va cong khai cho try vién thong thép, bao gdm
c4c dang hu hong dién hinh dugc gan nhin theo
chuan thong nhat, nham tao nén tang cho viéc huan
luyén va so sanh cac mé hinh AI mét cach khach

TAI LIEU THAM KHAO

Al-Khateeb, H., Al-Khateeb, A., & Al-Khateeb, M.
(2022). Structural assessment of
telecommunication towers under environmental
loading. Journal of Structural Engineering,
148(3), 04022012.
https://doi.org/10.1061/(ASCE)ST.1943-
541X.0003265

Ali, R., Chuah, J. H., Abu Talip, M. S., Mokhtar, N.,
& Shoaib, M. A. (2022). Structural crack
detection using deep convolutional neural
networks. Automation in Construction, 133,
Article 103989.
https://doi.org/10.1016/j.autcon.2021.103989

Ameli, Z., Nesheli, S. J., & Landis, E. N. (2024). Deep
learning-based steel bridge corrosion segmentation
and condition rating using Mask R-CNN and
YOLOVS. Infrastructures, 9(1), Article 3.
https://doi.org/10.3390/infrastructures9010003

B¢ Théng tin va Truyén thong. (2020). Quy chudn kj
thudt quéc gia vé chong sét cho tram vién thong
vd mang cdp ngoai vi vién théng (QCVN
32:2020/BTTTT).

Bo Xay dung. (2021). Quy chudn ky thudt quéc gia
vé céng trinh vién théng (QCVN 08:2021/BXD).

Chinh phii Viét Nam. (2025). Quy dinh vé qudn Iy
tau bay khong nguoi lai va cdac phwong tién bay
khdc (Nghi dinh s 288/2025/ND-CP).

Dorafshan, S., Thomas, R. J., & Maguire, M. (2018).
Comparison of deep convolutional neural
networks and edge detectors for image-based
crack detection in concrete. Construction and
Building Materials, 186, 1031-1045.
https://doi.org/10.1016/j.conbuildmat.2018.08.011

Dong, C. Z., & Catbas, F. N. (2021). A review of
computer vision—based structural health
monitoring at local and global levels. Structural
Health Monitoring, 20(2), 692—743.
https://doi.org/10.1177/1475921720935293

Farrar, C. R., & Worden, K. (2007). An introduction
to structural health monitoring. Philosophical
Transactions of the Royal Society A:
Mathematical, Physical and Engineering
Sciences, 365(1851), 303-315.
https://doi.org/10.1098/rsta.2006.1928

291

quan. Hudng tht hai 1a thuc hién cac nghién ctru
thuyc dia danh gia hiéu qua cia hé théng UAV-AI
trong diéu kién van hanh thuc té tai Viét Nam, voi
su phdi hop giita don vi khai thic mang va té chirc
nghién ctiru. Hudng thir ba 1a phdi hop véi co quan
quan Iy nha nu6e dé dé xuat khung phép 1y va huéng
dan k¥ thuat chuyén biét cho ung dung UAV va Al
trong kiém tra dinh ky ha tang vién thong, pht hop
v6i diéu kién phap 1y va ha tang cua Viét Nam.

Farrar, C. R., Dervilis, N., & Worden, K. (2025).
The past, present and future of structural health
monitoring: An overview of three ages. Strain,
61(1), Article e12495.
https://doi.org/10.1111/str.12495

Greenwood, W. W., Lynch, J. P., & Zekkos, D.
(2019). Applications of UAVs in civil
infrastructure. Journal of Infrastructure Systems,
25(2), 04019002.
https://doi.org/10.1061/(ASCE)IS.1943-
555X.0000464

International Commission on Non-Ionizing
Radiation Protection. (2020). Guidelines for
limiting exposure to electromagnetic fields (100
kHz to 300 GHz). Health Physics, 118(5), 483—
524,
https://doi.org/10.1097/HP.0000000000001210

International Organization for Standardization.
(2012). Corrosion of metals and alloys:
Corrosivity of atmospheres — Classification,
determination and estimation (ISO 9223:2012).

International Organization for Standardization.
(2017). Paints and varnishes: Corrosion
protection of steel structures by protective paint
systems — Part 2: Classification of environments
(ISO 12944-2:2017).

International Organization for Standardization.
(2019). Asset management: Overview, principles
and terminology (ISO 55000:2019).

International Telecommunication Union. (2021).
Guidelines for telecommunication infrastructure
resilience.

Kirillov, A., Mintun, E., Ravi, N., Mao, H., Rolland,
C., Gustafson, L., Xiao, T., Whitehead, S., Berg,
A. C., Lo, W.-Y., Dollar, P., & Girshick, R.
(2023). Segment anything. In Proceedings of the
IEEE/CVF International Conference on
Computer Vision (ICCV) (pp. 4015-4026).
https://doi.org/10.1109/ICCV51070.2023.00371

Koch, C., Georgieva, K., Kasireddy, V., Akinci, B.,
& Fieguth, P. (2015). A review on computer
vision based defect detection and condition
assessment of civil infrastructure. Advanced
Engineering Informatics, 29(2), 196-210.
https://doi.org/10.1016/j.2ei.2015.01.008


https://doi.org/10.1061/(ASCE)ST.1943-541X.0003265
https://doi.org/10.1061/(ASCE)ST.1943-541X.0003265
https://doi.org/10.1016/j.autcon.2021.103989
https://doi.org/10.3390/infrastructures9010003
https://doi.org/10.1016/j.conbuildmat.2018.08.011
https://doi.org/10.1177/1475921720935293
https://doi.org/10.1098/rsta.2006.1928
https://doi.org/10.1111/str.12495
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000464
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000464
https://doi.org/10.1097/HP.0000000000001210
https://doi.org/10.1109/ICCV51070.2023.00371
https://doi.org/10.1016/j.aei.2015.01.008

Tap chi Khoa hoc Dai hoc Can Tho T ap 62, S6 CP: Khoa hoc va Cong nghé cho su phat trién bén vieng cua viung PBSCL: 280-293

LeCun, Y., Bengio, Y., & Hinton, G. (2015). Deep
learning. Nature, 521(7553), 436-444.
https://doi.org/10.1038/nature14539

Lyu, C., Lin, S., Lynch, A., Zou, Y., & Liarokapis,
M. (2025). UAV-based deep learning
applications for automated inspection of civil
infrastructure. Automation in Construction, 177,
Article 106285.
https://doi.org/10.1016/j.autcon.2025.106285

Maitre, G., Martinot, D., & Tuci, E. (2024). On the
design of deep learning-based control algorithms
for visually guided UAVs engaged in power
tower inspection tasks. Frontiers in Robotics and
Al 11, Article 1378149.
https://doi.org/10.3389/frobt.2024.1378149

Mardanshahi, A., Sreekumar, A., Yang, X., Barman,
S. K., & Chronopoulos, D. (2025). Sensing
techniques for structural health monitoring: A
state-of-the-art review on performance criteria
and new-generation technologies. Sensors, 25(5),
Article 1424. https://doi.org/10.3390/s25051424

Mendu, B., & Mbuli, N. (2025). State-of-the-art
review on the application of unmanned aerial
vehicles (UAVs) in power line inspections:
Current innovations, trends, and future prospects.
Drones, 9(4), Article 265.
https://doi.org/10.3390/drones9040265

Nguyen, V. N., Jenssen, R., & Roverso, D. (2018).
Automatic autonomous vision-based power line
inspection: A review of current status and the
potential role of deep learning. International
Journal of Electrical Power & Energy Systems,
99, 107-120.
https://doi.org/10.1016/j.ijepes.2017.12.016

Page, M. J., McKenzie, J. E., Bossuyt, P. M.,
Boutron, 1., Hoffmann, T. C., Mulrow, C. D.,
Shamseer, L., Tetzlaff, J. M., Akl E. A.,
Brennan, S. E., Chou, R., Glanville, J.,
Grimshaw, J. M., Hrobjartsson, A., Lalu, M. M.,
Li, T., Loder, E. W., Mayo-Wilson, E.,
McDonald, S., McGuinness, L. A., Stewart, L.
A., Thomas, J., Tricco, A. C., Welch, V. A.,
Whiting, P., & Moher, D. (2021). The PRISMA
2020 statement: An updated guideline for
reporting systematic reviews. BMJ, 372, Article
n71.
https://doi.org/10.1136/bmj.n71

Pomarnacki, R., Brucas, D., Ja¢ionis, T., & Plonis,
D. (2025). Unmanned aerial vehicles for the
monitoring of telecommunication towers from
the engineering approach. Drones, 9(4), Article
308.
https://doi.org/10.3390/drones9040308

Qudc hoi Viét Nam. (2024). Ludt Phong khong nhan
dan (Luat s6 49/2024/QH15).

Rakha, T., & Gorodetsky, A. (2018). Review of
unmanned aerial system (UAS) applications in

292

the built environment: Towards automated
building inspection procedures using drones.
Automation in Construction, 93, 149—160.
https://doi.org/10.1016/j.autcon.2018.05.028

Ravi, N., Gabeur, V., Hu, Y.-T., Hu, R., Ryali, C.,

Ma, T., Khedr, H., Réidle, R., Rolland, C.,
Gustafson, L., Mintun, E., Pan, J., Alwala, K. V.,
Carion, N., Wu, C.-Y., Girshick, R., Dollar, P.,
& Feichtenhofer, C. (2024). SAM 2: Segment
anything in images and videos
(arXiv:2408.00714). arXiv.
https://doi.org/10.48550/arXiv.2408.00714

Redmon, J., Divvala, S., Girshick, R., & Farhadi, A.

(2016). You only look once: Unified, real-time
object detection. In Proceedings of the IEEE
Conference on Computer Vision and Pattern
Recognition (CVPR) (pp. 779-788).
https://doi.org/10.1109/CVPR.2016.91

Ronneberger, O., Fischer, P., & Brox, T. (2015). U-

Net: Convolutional networks for biomedical
image segmentation. In Medical Image
Computing and Computer-Assisted Intervention
(MICCAI 2015) (pp. 234-241).
https://doi.org/10.1007/978-3-319-24574-4 28

Savino, P., & Tondolo, F. (2025). Automated

corrosion surface quantification in steel
transmission towers using UAV photogrammetry
and deep convolutional neural networks.
Computer-Aided Civil and Infrastructure
Engineering, 40(13), 2050-2070.
https://doi.org/10.1111/mice.13434

Shakhatreh, H., Sawalmeh, A. H., Al-Fuqaha, A.,

Dou, Z., Almaita, E., Khalil, I., Othman, N. S.,
Khreishah, A., & Guizani, M. (2019). Unmanned
aerial vehicles (UAVs): A survey on civil
applications and key research challenges. /[EEE
Access, 7, 48572—-48634.
https://doi.org/10.1109/ACCESS.2019.2909530

Snyder, H. (2019). Literature review as a research

methodology: An overview and guidelines.
Journal of Business Research, 104, 333-339.
https://doi.org/10.1016/j.jbusres.2019.07.039

Spencer, B. F., Jr., Hoskere, V., & Narazaki, Y.

(2019). Advances in computer vision-based civil
infrastructure inspection and monitoring.
Engineering, 5(2), 199-222.
https://doi.org/10.1016/j.eng.2018.11.030

Sun, L., Shang, Z., Xia, Y., Bhowmick, S., &

Nagarajaiah, S. (2020). Review of bridge
structural health monitoring aided by big data
and artificial intelligence: From condition
assessment to damage detection. Journal of
Structural Engineering, 146(5), Article
04020073.
https://doi.org/10.1061/(ASCE)ST.1943-
541X.0002535


https://doi.org/10.1038/nature14539
https://doi.org/10.1016/j.autcon.2025.106285
https://doi.org/10.3389/frobt.2024.1378149
https://doi.org/10.3390/s25051424
https://doi.org/10.3390/drones9040265
https://doi.org/10.1016/j.ijepes.2017.12.016
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3390/drones9040308
https://doi.org/10.1016/j.autcon.2018.05.028
https://doi.org/10.48550/arXiv.2408.00714
https://doi.org/10.1109/CVPR.2016.91
https://doi.org/10.1007/978-3-319-24574-4_28
https://doi.org/10.1111/mice.13434
https://doi.org/10.1109/ACCESS.2019.2909530
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.1016/j.eng.2018.11.030
https://doi.org/10.1061/(ASCE)ST.1943-541X.0002535
https://doi.org/10.1061/(ASCE)ST.1943-541X.0002535

Tap chi Khoa hoc Dai hoc Can Tho T ap 62, S6 CP: Khoa hoc va Cong nghé cho su phat trién bén vieng cua viung PBSCL: 280-293

Tang, Y., & Yang, W. (2025). A review: Research
progress in bridge structural health monitoring
from the perspective of Al development.
Structural Control and Health Monitoring, 1,
Article 8870840.
https://doi.org/10.1155/stc/8870840

Telecommunications Industry Association. (2022).
Structural standard for antenna supporting
structures, antennas and small wind turbine
support structures (ANSI/TIA-222-1).

Thu tuéng Chinh phit. (2020). Quyét dinh vé viéc
thiét ldp khu vuc cam bay, khu vuc han ché bay
ddi véi tau bay khéng nguweoi ldi va cde phirong
tién bay siéu nhe (Quyét dinh sé 18/2020/Qb-
TTg).

VNPT Ddng Thap. (2023-2025). Hé so dnh va tdi
liéu néi bg vé hé théng try thu phadt song thong

293

tin di déng trén dia ban tinh Pong Thdp [Tai lidu
ndi bd chua xuét ban]. Vién thong Dong Thép.
Yeum, C. M., & Dyke, S. J. (2015). Vision-based
automated crack detection for bridge inspection.
Computer-Aided Civil and Infrastructure
Engineering, 30(10), 759-770.
https://doi.org/10.1111/mice.12141

Zhao, Z.-Q., Zheng, P., Xu, S.-T., & Wu, X. (2019).
Object detection with deep learning: A review.
IEEE Transactions on Neural Networks and
Learning Systems, 30(11), 3212-3232.
https://doi.org/10.1109/TNNLS.2018.2876865

Zhu, J., Zhang, C., Qi, H., & Lu, Z. (2020). Vision-
based defects detection for bridges using transfer
learning and convolutional neural networks.
Structure and Infrastructure Engineering, 16(7),
1037-1049.
https://doi.org/10.1080/15732479.2019.1680709


https://doi.org/10.1155/stc/8870840
https://doi.org/10.1111/mice.12141
https://doi.org/10.1109/TNNLS.2018.2876865
https://doi.org/10.1080/15732479.2019.1680709

