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TOM TAT

Hé thdng dinh vi vé tinh toan cau (Global Navigation Satellite System - GNSS) ¢6
tiém nang I&n trong quan trac sic khde cong trinh ciu (Bridge Structural Health
Monitoring - BSHM) nhér kha nang cung cap di liéu chuyén vi lién tuc trén cong trinh quy
mé I&n. Tuy nhién, hiéu qua (rng dung van bj han ché b&i nhiéu do, gian doan tin hiéu va
sw rdi rac gitra cac hwdng nghién ctru vé cdng nghé do, tich hop cdm bién va x& ly div
liéu.

Bai bao tbng quan cac nghién ctu tlr ndm 2020 dén nay vé &ng dung GNSS trong
quan trac cong trinh cau, nham 1am ré cac xu thé phat trién chinh va vai trd cta ching
trong theo ddi chuyén vi, nhan dang dac trwng déng hoc va danh gia trang thai két cau.
Két qua cho thdy GNSS dang chuyén tlr cong cu do don 1é sang nén tang di¥ liéu cho
BSHM da nguén, v&i cac xu hwdng ndi bat 1a nang cao ndng luc do, tich hop cdm bién
va xtr ly di¥ liéu theo hwéng thdng minh hon.

Twr khéa: GNSS, quan tréc két cau cau, xi ly di¥ liéu, hoc may, hoc sau.

ABSTRACT

The Global Navigation Satellite System (GNSS) has strong potential for bridge
structural health monitoring (BSHM) because it can provide continuous displacement
data for large-scale structures. However, its practical application is still limited by
measurement noise, signal interruptions, and the weak connection among research
directions in measurement technology, sensor integration, and data processing.

This paper reviews studies published since 2020 on the application of GNSS to
bridge monitoring, with the aim of clarifying the main development trends and their roles



in displacement tracking, dynamic characteristic identification, and structural condition
assessment. The review shows that GNSS is evolving from a stand-alone measurement
tool into a data platform for multi-source BSHM systems, with major trends including
improved measurement capability, sensor integration, and more intelligent data
processing.

Keywords: GNSS, BSHM, data processing, machine learning, deep learning.

1. DAT VAN BE

Cau nhip I&n can dwoc quan trac thuwong xuyén do chiu &nh huéng dong thoi cla
tai trong khai thac, moi trwong va sw suy giam vat liéu theo thoi gian. Trong hé BSHM,
chuyen vi la mét dai lwgng quan trong vi phan anh tryc tiép phan rng tdng thé cta két
cau. V&i kha ndng cung cap toa do ba chiéu lién tuc trén cong trinh quy mo Ién, GNSS
da tré thanh mot céng nghé co nhiéu tiém nang trong quan trac cau [1].

Tuy nhién, hiéu qua ng dung cia GNSS khdéng chi phu thudéc vao dd chinh xac
dinh vi ma con gan va&i kha nang x& ly nhiéu, tach tin hiéu, khai thac dac trung déng hoc
va tich hop véi cac cdm bién bd tro. Nhirng ndm gan day, nghién ctru quéc té cho thay
xu hwéng phat trién ré rét theo cac hwéng nay, trong khi & Viét Nam viéc téng hop va
danh gia con thiéu tinh hé théng.

Vi vay, bai bao nay thuc hién tdng quan cac nghién ctru tir nam 2020 dén nay nham
lam rd cac xu hwéng phat trién chinh ctia GNSS trong BSHM va thao luan kha nang ap
dung trong diéu kién Viét Nam.

2. CO' SO KY THUAT NG DUNG GNSS TRONG BSHM

BSHM nham theo déi trang thai lam viéc cha codng trinh cau théng qua cac dai lwong
d&c trung cho dap (rng két ciu. Déi véi cau, cac dai lwong chi yéu la chuyén vi va dao dong,
phuc vy danh gia an toan khai thac, hiéu chinh md hinh két ciu va canh bao sém hw héng
[1].

2.1. Cac dai lwong quan trac dic trieng bang phwong phap GNSS

Céc dai lwong quan tréc chinh dwoc tdng hop trong Bang 1.

Bang 1. Phan loai chi tiét cac dai lwong quan tric trong BSHM [2].

Nhém dai | Tham sé do dac Téc d6 lay | Muc tiéu ky thuat
lwong mau yéu
cau
Chuyén vi | D6 lun tru, dich chuyén | 0.1-1Hz Giam sat 6n dinh dai
tinh/  ban | mdng, nghiéng thap. han, phat hién lun khéng
tinh Gian n& nhip, chuyén vj déu
dinh thap theo nhiét do Panh gia phan &ng
nhiét, kiém tra khe co
gian
Chuyén vi | Bién d6 dao déng nhip, | 10-100 Hz Phan tich tac déong qgio,
dong quy dao chuyén dong day xe cO, dong dat
vang

Tham sb | Tan sbé riéeng, dang dao | Dan xuéat tr | Cap nhat mé hinh sb
dong hoc | dong di¥lisu dong | (FEM), danh gia hu
héng

2.2. Phwong phap do GNSS st dung trong BSHM
GNSS trong BSHM cha yéu st dung ba phuwong phap: Do tinh, RTK [3] va PPP [4],
v&i s khac biét vé do chinh xac, thei gian thue va mire dd phu thudce vao tram tham chiéu.
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Hinh 1: Nguyén ly hoat ddng ctia GNSS-RTK trong quan tréc cau.

2.3. Sor do6 tong hop qua trinh xt ly dir liéu GNSS trong BSHM )
Trong BSHM, Di¥ liéu GNSS can dwoc tien xtr ly, phan tach tin hiéu va trich xuat

dac trung trwde khi phuc vu danh gia két cau Hinh 2.
( THU NHAN VA CHUAN HOA DU LIEU )
v

Thu thap dit liéu GNSS ~ Pongbd thoi gian
—»  Chuanhéava ddngbo thoi gian

Thiét lap tram do tai cac vi tri ddc trung
Thu nhan dir liéu tho va phu trg

TIEN XU LY TIN HIEU GNSS

Xac dinh chudi toa d6
Lam sach dir liéu
Phat hién dit liéu bat thubqg
Loai bo, hiéu chinh diém 101
Chuyén doi hé toa do
Tir hé toa d6 toan cau > Hé toa do dia phuong >Hé toa d cau
Chudi chuyén vi lién tuc theo thoi gian

.

PHAN TACH TIN HIEU
TRICH XUAT PAC TRUNG KET CAU
v v
Chuyén vi tinh Chuyén vi dong
Chuyén vi cham do nhiét d9, co ngot.. Do giao thong, gi6
Trich xuét dic trung két ciu
Mién thoi gian
Mién tan s6

v

( DANH GIA TRANG THAI CONG TRINH )

v
So sinh Phat hién
V6inguong thietke, mé hinh FEM, —p Thay doi tan s0
Gia tang chuyén vi

trang thai ban dau va lich sir

QUYET PINH
Van hanh, canh bao, bao tri

Hinh 2: So’ d6 téng hop cac budc xtr ly div liéu GNSS phuc vu BSHM.
3. XU THE NG DUNG GNSS TRONG QUAN TRAC KET CAU CAU



Bai bao nay tap trung vao cac nghién lién quan truc tiép dén r’ng dung GNSS trong
BSHM va dap (ng dong thoi ba diéu kién: (i) GNSS la céng nghé quan trac chinh, (i) bai
bao trinh bay ré phwong phap dinh vi, x&r ly d liéu hoac mé hinh tich hop va (iii) két qua
nghién clru gan truc tlep v@i bai toan theo ddi chuyen vi, dao déng hoac nhan dang dac
trwng dong hoc cla cau. Cac nghién ciru dwoc hé thdng hoa theo ba hwdng: Phat trién
cong nghé do GNSS, tich hgp da cam bién va xtr ly di liéu.

3.1. Phat trién cac cong nghé do GNSS

Trong quan trdc BSHM, GNSS da hé da tré thanh nén tang phd bién nhe cai thién
kha nang quan sat va tinh lién tuc ctia két qua dinh vi. Trén co s& doé, cong nghé do hién
phat trién theo hai huwéng chinh.

- Tang tan sb I4y mau tir khodng 1 - 20 Hz I&n 10 - 100 Hz dé thu nhan tét hon dao
dong két ciu dai thap - vira; tuy nhién, div liéu 100 Hz c6 thé nhiéu hon khodng 10,3%
so v&i 1 Hz, nén can cac thuat toan hau x& ly hiéu qua hon [3].

- Chuyén tir RTK truyén thong sang PPP, nham giam phu thudc tram gbc nhwng van
duy tri 6 chinh xac cao. Mot s6 nghién ctru gan day cho thdy PPP-RTK c6 thé nhan
dang t6t 6 tAn sb dao déng dau tién va cho két qua gan twong dwong RTK; véi BDS
PPP-RTK, sai sb dat khodng 6 mm theo phwong doc va 1,6 cm theo phwong dirng, sau
lam tron con khoang 3 mm va 6 mm [5], [6].
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Hinh 3: So' d6 mé ta vi tri cac tram tham chiéu va diém quan trac bang PPP-RTK [6].

3.2. Tich hop GNSS vé&i cac cam bién va nén tang khac

Trong quan tréc thwc t&, GNSS van bi han ché b&i nhiéu va gian doan tin hiéu, nén
xu thé hién nay 1a phat trién hé BSHM da nguén, trong dé6 GNSS git vai trd tham chiéu
chuyén vi tuyét dbi, con cac cdm bién khac bd sung théng tin dao déng va duy tri chudi
do:

- N&i bat nhét |4 tich hop GNSS véi gia tdc ké, giup két hop d6 én dinh & dai tan
thp ctia GNSS v&i kha nang thu nhan dao déng nhanh cta gia tbc ké&; nhor do, sai sb
chuyén vi c6 thé gidm khodang 55 - 78%, duy tri dwéi 1 mm, v&i sai sb bién d6 dusi 0,5
mm [7], [8].

- Bén canh d¢, tich hop GNSS/IMU giup tang do bn dinh két qua do, hé tro duy tri
quan tréc khi tin hiéu GNSS gian doan ngan va cho phép theo dbi ca chuyén vj 1an goc
quay két cau; cu hinh ba ang-ten GNSS/IMU da cho sai sb khodng 2,6 mm, cai thién
khoang 33,0% so v&i cau hinh mot ang-ten [9].

3.3. Phat trién phwong phap xir Iy di lidu GNSS

Cac phuwong phap xt ly dir lieu GNSS ngay nay khéng chi phuc vu bai toan dinh vi,
ma con huéng téi khai thac thong tin két cau tir chudi toa dd theo thei gian.



3.3.1. Tién xa ly tin hiéu GNSS o
Chuoi GNSS thuwdong chira nhieu va ngoai lai, can tien x ly trud'c khi phén tich Bang 2.
Bang 2: Tong hop cac phuong phap xt ly tin hiéu truyén thong.

Phuong phap/nhom |, o via v Iy Wu diém chinh Han — che
phwong phap chinh
Phu thubc
. Phat hién va loai bd o x clra sb truot;
;rg]”gvltr”c-’”"'ampe' ngoai lai, diém nhay Dﬁu”h%a%w‘fcf‘ignd;&”% khd Xt Iy
bat thuwdng phuhop Y | nhidu phoc
tap
Lam muwot dir ’Iiéu, ] Phu thubc
Bo loc Kalman/ . wéce lwong chuyen vi | Phu hep quan trac thdi | mo hin,h va
Kalman bén | thwc va giam é~nh gian thyc va tich hop | tham so loc.
virng/thich nghi [11] hwdng cla nhieu, | GNSS va gia toc ke Cau hinh
ngoai lai phirc tap
R X . . . o Phu thubc
Bién ddi Wavelet [12] | KN nhieu tin higu | Git duoc dac trung | .\ avelet
khéng dirng cuc bo tot . ~
_ va ngudng
CEEMD/CEEMDAN, | Fnan ra tin hieu de o o0 chugi phi | Nhay VoI
tach nhiéu va thanh % . . tham sO va
VMD [13] A L~ tuyén, khéng dwrng £
phan hiru ich sO mode

Tuy nhién, khi di¥ liéu GNSS chju tadc ddng ctia nhiéu phirc tap, gian doan chubi
do hodc can khai thac sau hon cac mau bat thuwéng, cac phwong phap xt ly truyén thdng
thworng chwa du linh hoat. Vi vay, nhiéu nghién ctru gan day da chuyén sang khai thac
cac md hinh hoc may (Machine Learning - ML) va hoc sau (Deep Learning DL), nhw téng
hop trong Bang 3.

Bang 3: Cac phwong phap xw ly tin hiéu bang hoc may, hoc sau.

Hwéng
dung ML/DL

NG | két qua tidu biéu

Y nghia/Han ché

[14],[15]

Lam sach dir liéu

TFM-CNN tach da duwdng & mulrc
milimét; SVM cai thién do chinh xac
dinh vi déng t&i 65,4% theo phuwong
ngang va 85% theo phwong ding.

Hiéu qua rd trong nang cao
chat lwong div liéu GNSS,
nhwng con phy thuéc vao
loai nhiéu va di lieu huan
luyén.

[16], [17]

Khéi phuc dir liéu

Trén chubi GNSS cau Can Tho, LSTM
cho két qua t6t nhat, GRU canh tranh
vOi ANN va CNN.

La hwdng phat trién manh,
vuot trdi hon nhiéu phwong
phap truyén théng;
Transformer/self-attention la
xu hwédng méi dang chu y.

3.3.2. Phan tdch tin hiéu va trich xuat dic trung két cau
Téach chuyén vj tinh va déng 1a buwdc quan trong trong x( Iy di liéu GNSS phuc vu
BSHM, vi chudi quan trac thuwérng chira ddng thei thanh phan bién dang cham, dao déng
két cAu va nhiéu do. Cac phwong phap hién nay chd yéu gdm ba nhém:
Bang 4. Téng hop cac phuong phap phan tach tin hiéu GNSS phd bién.

Nhém
phwong
phap

Nguyén ly Két qua tiéu biéu

Han ché




Dung cac bo loc low-

Phé bién nh& don gian,

Phu thuéc manh

| pass, high-pass, | d& trién khai va thuan | vao tn sb cat; dé
Loc sO ¢O | band-pass dé tach |tién trong x& ly tin hiéu | sai léch hodc mét
dien [18] thanh phan tinh va | GNSS théng tin khi dai dao
déng dong gan dai nhiéu
Phén tich tin hiéu | EWT nhan dang tw di* | Phy thuéc vao ham
theo nhiéu thang tan | liéu GNSS tan s6 co ban | wavelet, sb muec
Wavelet/ sb, phu hop véi chudi | 1.6707 Hz, hé sé can | phan ré va ngudng
EWT [19] GNSS phi tuyen, | 0.82% va chuyén vi dong | khtr nhiéu
khéng durng cwc dai 10.1 mm trén cau
Wilford
Phan ra tin hiéu | ICEEMDAN-DFA- Nhay v&i s mode
o GNSS khéng dirng | wavelet dat RMSE ~0.85 | va tham sb Iua
Phan ra thich | hanh cac thanh phan | mm; chon; két qua con
nghi  (EMD, | 4 y nghia vat ly rd | VMD-Random  Forest | phu thuéc budc
ICEEMDAN, | 5 tach duoc chuyén vitheo | hiéu chinh
VMD) - [12], gi6, nhiét do va giao
[21] théng

Sau khi phan tach, dU" lieu GNSS c6 thé dwoc khai thac dé xac dinh cac dac trwng
déng hoc quan trong cla cau: ) o
Bang 5: Tong hop cac phwong phap xac dinh tham s6 dao dong két cau tlr dir lieu GNSS.

Tham so ) . ; )
dong Phwong phap Ket qua tiéu bieu Y nghia/Han che
hoc
St dung bién dbi Fourier | ~. ., z . . , Cn s
Tan sé tu | nhanh (FFT) hosic phan | €0 the xac dinh cac mode | C6 tiem nang trong
. , ne A 2 oA dao déng v&i sai s6 so voi | nhan  dang dac
nhién tich mat dé6 pho cong N AP R ;
£ S~ Ao | m6 hinh phan t& hiru han | treng déng hoc cua
[12], [20] | suat (PSD) t d& liéu | o\ poang 19 [12], [16] | cAu
GNSS tan so cao ’
Trién khai mang Iudi Doi héi b tri man
Dang dao | anten GNSS dong bé | Cho phép vé lai dang dao 3 mang
» . A S R > A a do dong bd tai
déng thdi gian tai nhiéu vi tri | déng cua toan b6 cau A iR
n XK. X nhiéu diém
trén két cau
Phan tich di¥ liéu GNSS | Mét s6 nghién clru XaC | ~. oo 2 . <\ o 4
S X , : X % > Co thé xac dinh hé
.~ z | bang cac phuwong phap | dinh dwgc tan s6 co ban, | x ,
Hésbcan| . 7., .. . « .~ £ | SO can, nhwng chu
[19], [21] Xw ly tin hiéu, trong dé cé | vi du 1.6707 Hz va hé s6 &u hidU QuUA VGi
’ bién thé cia Wavelet | cdn 0.82% trén cau treo géc mode bqéc tha
nhw EWT Wilford AC thap

3.3.3. banh gia va dw bao trang thai céng trinh

Ung dung ML/DL trong xtr ly di liéu GNSS phuc vu BSHM dang phat trién rat
manh mé, t vai tro ho tro loc nhiéu dén tham gia ngay cang sau vao toan bo chuoi
xtr ly di¥ liéu bao gom ca dy bao bién dang va phat hién bat thwong ket cau.



Bang 6. Tdng hop cac phwong phap ML/DL trong xi ly dir liéu GNSS.

Phwong phap Noi dung chinh Png dung chinh

Phat hién bat thuong,
hd tro danh gia trang
thai két cau

Tach va dinh lwgng anh hwéng cta gio, | Phan tich nguyén nhan
nhiét do, giao théng I&n chuyén vi ciu | chuyén vi, danh gia
do bang GNSS trang thai van hanh

Dw bao quan hé tai trong - bién dang
clia cau trong diéu kién mdi trudng
khac nghiét

CNN dé trich d&c trung va GRU dé nam
Hoc sau | bat quan hé thdi gian. CNN-GRU va | D bao bién dang/
CNN+GRU [24] CNN-LSTM cai thién hiéu ndng dw bao | chuyén vi GNSS
khoang 45%

3.4. Tinh hinh nghién ctru GNSS trong BSHM tai Viét Nam

O Viét Nam, BSHM da dworc trién khai trén mét sé cau I¢n nhw Can Tho, Nhat Tan
va Bai Chay, trong d6 GNSS/GPS dwoc st dung nhw mét thanh phan theo déi chuyén
vi két cAu. Tuy nhién, viéc trién khai van con phan tan va han ché vé tiéu chuan ky thuat,
nang lwc khai thac div liéu va nguén nhan lwc chuyén sau.

T ndm 2020 dén nay, nghién ctru trong nwéc chi yéu tap trung vao lam sach,
chuén héa va khdi phuc chudi chuyén vi GNSS; cac phwong phap nhw Kalman, Hampel,
LOF, ANN, CNN, GRU va LSTM da duoc thtr nghiém trén dir liéu cau day vang, trong
d6 LSTM cho két qua tét trong bai toan bu dir liéu thiéu trén chudi cdu Can Tho [17], [25],
[26].

Hpc may + chi bao | Phat hién vé’ dinh vi bét thgy(‘)’ng trén
bat thuwdng [22] mang cam bién GNSS cua cau

VMD + Random
Forest [13]

Dw bao chuyén vi/bién
dang th&i gian thye

ANN cap nhat thoi
gian thyc [23]

— GRU
—— D@ ligu thyc té , k,m‘_“____ LsTM
. 0.5 Ty 2x10 = e
fé’ 66 LSTM
FJJ =05 Viing bi che § 10
210 E
s 6x10
2
-2.0 4x10°
0 20 40 60 80 100 0 25 50 75 100 125 150 175 200
Budc thoi gian S6 epoch
Hinh 4a: So sanh két qua dw doan ctia cac mob Hinh 4b: Bwdng cong mat mat
hinh v&i dir liéu thwe [17]. kiém dinh ctia cac mé hinh [17].

Bén canh d6, mét sé nghién ciru budc dau xem xét anh hudng cla yéu td6 moi
trwéng, phan cum dir liéu va tich hop GNSS vaéi gia toc ké/loT [27], [28].

Nghién ctru trong nwéc dang chuyén tir x(r ly tin hiéu don 1& sang khai thac div liéu
théng minh hon, két hop hoc may va tich hop da cdm bién. Tuy nhién, van con thiéu cac
nghién ctru vé nhan dang dac trwng ddng hoc tr di¥ liéu GNSS, dung hop thdi gian thuc
v&i cac cam bién khac, cling nhw phat hién va chan doan hw héng dwa trén chudi quan
trac dai han.

4. KET LUAN

Bai bdo da phan tich va hé thdng héa cac xu thé rng dung GNSS trong giam sat
strc khde két cau cau theo ba hwéng chinh: cong nghé do, tich hop da cdm bién va x&
ly di¥ liéu. Tdng quan cho thdy GNSS dang chuyén t» cong cu theo ddi chuyén vi sang
nén tang dir liéu phuc vu nhan dang d&c trwng dong hoc va danh gia trang thai két cau.
Péng théi, ML/DL dang thac day tw dong héa xir ly dir liéu GNSS, tir lam sach trj do, bu
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dir lieu thiéu va dy bao bién dang dén phat hién bat thwdng, qua d6 nang cao dd tin cay
clia théng tin két cAu va hé tro quan tréc thoi gian thuc.

Déi voi Viet Nam, nghién ctru GNSS cho BSHM can dwoc dich chuyén tir xt ly tin
hiéu don 1é sang cac hé tich hop théng minh, thdi gian thwe va da cdm bién. Trong giai
doan t&i, can wu tién xay dwng bd di¥ liéu dai han, tin cay; chuan hoéa quy trinh thu nhan
va xtr ly di¥ liéu; tdng cwéong tich hop GNSS véi cac cdm bién bd tr dé nang cao tinh
kha thi cGia cac gidi phap quan trac cau thoi gian thuc.

L&i cam on: Nghién clru nay duwoc tai tro béi Tredng Pai hoc Giao thong van tai
trong Dé tai ma sé T2026-CT-015.
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