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Wavelet filtering is now effectively applied in many fields such as
denoising audio signals, medical signals, GNSS; filtering and analyzing
biological signals... thanks to its ability to separate noise, preserve signal
characteristics, and handle both time and frequency domains well. In this
study, we investigate Wavelet filtering for continuous GNSS data (ENH
coordinate series) collected in Vietnam, with the aim of reducing GNSS
signal noise to improve the accuracy of continuous GNSS measurements
for monitoring structural displacement. The filtering results using
Daubechies-4 Wavelet (db4) show that this method can be fully utilized
for GNSS data filtering. Accuracy indicators such as standard deviation,
root mean square error, and mean absolute error decreased by a
maximum of 12.58% and a minimum of 1.07%. Compared to Kalman
filtering in terms of noise reduction andstability of the filtered data series,
Wavelet-db4 is more effective in smoothing signals after filtering but less
effective than Kalman filtering in prediction capability. Specifically, the
standard deviation of Wavelet-db4 is 9.9% lower, and the root mean
squareerror is 9.5% lower than Kalman filtering; mean absolute error is
similar, while data dispersion after filtering is 3.4% lower with Kalman.
Therefore, to achieve better results when filtering continuous GNSS data,
the two filtering methods can be combined.
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U'ng dung Wavelet loc tin hiéu GNSS lién tuc va so sanh véi
loc Kalman

Pham Quéc Khanh”
Trwong Pai hoc M6 - Pia chdt, Ha Ni, Viét Nam

THONG TIN BAI BAO TOM TAT

gl}? trtl)nh17 12/2025 Phép loc Wavelethién dwgc u'ngdunghleu qud trong nhiéu linh vic nhw khte

S dn bal 1 ‘/L 2626 nhiéu tin hiéu dm thanh, tin hiéuy té, GNSS; loc va phan tich tin hiéu sinh
tra xong 1/4/ hoc,... nhor khd ndng tdch nhiéu, gii nguyén dic trung tin higu va xtr [y tot cd

Chdp nhan dang 21/4/2026 mién thoigian lan tdn s6. Trong nghién citu nay, ching toi khdo sdt phép loc

Tir khéda: Wavelet doi vai div liéu GNSS lién tuc (chu01 toa do ENH) thu thdp tai Viét
ENH Nam, muc dich la dé gidm nhiéu cia tin hiéu GNSS nhdm ndng cao dé chinh
GNSé lién tuc xdc do GNSS lién tuc phuc vu quan trdc chuyen dich cong trinh. Két qua loc

Kal bdng Wavelet Daubechies-4 (db4) cho thdy hoan toan cé thé st dung

aman, ph wong phdp nay trong loc di¥ liéu GNSS. Cdc chitiéu ddnh gid dj chinh xdc
Nhiéu da duong, vé do léch chudn, sai s6 trung phwong, sai sé tuyet doi trung binh gidm Ién
Wavelet. nhdtld 12 ,58%, nho nhdtla 1,07%. So sdnh vé&iloc bang Kalman & khd ndng
khik nhiéu va tinh 6n dinh chudi dir liéu sau loc, Wavelet-db4 hidu qud hon é&
linhvwclamtrontin hleu sau Ipcnhwng lai khong tétbangloc Kalman 6 khd
ndng dw bdo. D6 la, do 1éch chudn ctia Wavelet-db4 thdap hon 9,9%, sai sé
trung phwong thdp hon 9,5% so véi loc Kalman; sai sé tuyét déi twong
dwong nhau, con dé phdn tdn div liéu sau loc thi Kalman thdp hon 3,4%. Vi
thé dé c6 két qud tot hon khi loc sé liéu GNSS lién tuc cé thé két hop hai
phwong phdp loc véi nhau.
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1. M& dau

Tin hiéu GNSS (Hé th6ong dinh vi toan ciu)
déng vai tro quan trong trong dinh vi vi tri, khao
sattracdia, quanly tainguyénvadan dudngtrong
nhiéu linh vire nhw giao théng, ndng nghiép, quéc
phong,... Tuy nhién, chat lwgng tin hiéu GNSS
thudng bi danh hwéng b&i cAc ngudn nhiéu nhu sai
s6 dotang diénly, tAing d6ilwu, hiéung da dwong
dan (multipath) vanhiéu tring,... din dén gidm do
chinh xac trong dinh vi. Nhirng thach thirc nay doi
hoi cac phwong phap xr ly tin hiéu phai hiéu qua
dé cai thién chatlwong dir liéu, ndng cao dd chinh
xac ciia phép do. Cac ky thuit kinh dién nhw loc
Kalman (KF) c6 wu thé mé hinh héa dong luec,
nhung thudng gid dinh tuyén tinh hoic nhiéu
Gaussian; trong khi nhiéu GNSS ngoai thuc dia c6
tinh khong dirng, khdng tuyén tinh va c6 nhiéu do
phan giai (Ghaderpour va nnk., 2018; Barthelmes
va nnk.,1994). Trén thé gi&i, phép loc (hay phép
bién d6i) Wavelet, véi kha ning phan tich tin hiéu
trong ca mién thoi gian va tin so, da chirng minh
hiéu qua trong viéc loc nhiéu va xt ly tin hiéu
khong dirng (Kumar & Foufoula-Georgiou, 1997;
Wapenaar va nnk., 2005; Keller, 2004). Wavelet
cling dwgc img dung trong gidm nhiéu da duwong
dan GNSS khi ding bién déi r&i rac véi bién doi
thuc nghiém (DWT, EWT) va chon nguwdng thich
hop dé 1am tron khoang cach gia hoic chudi toa
do (Zhong va nnk., 2008; Zulfigar & Faroogq,
2023); Chéng nhiéu/gid mao GNSS: WPT kéthop
loc thich nghi d€ kh chirp/ hep bing (Wang va
nnk., 2014; Li va nnk,, 2019); U'éc lwgng bién do
va 6n dinh vong kh6a pha khi tin hiéu di qua ting
dién ly; Phan tich chudi GNSS khong déu/khong
dirng (Cucci va nnk., 2023); Ngoai GNSS, wavelet
condwocdung délocdirliéutronglwcvé tinh, tich
hop dirliéu dia vatly,... (Wapenaar va nnk., 2005;
Yuen va nnk., 2002; Tao va nnk., 2021). 0] trong
nwéec, c6 cacnghién cru wng dung Wavelet trong
dw bao phu tai (Dwong N.H. va nnk., 2024), phan
tichdtrlieutrongluc (Dwong Q.C.T.vannk., 2024),
loc tin hiéu dién ndo (Nguyén va nnk, 2019), chiét

xudt diém dic trung trén anh (Tran, 2017), chwa
c6 nghién ctru nao no6i dén loc dirliéu GNSS. Chinh
vi thé, bai bao tac gia khao sat phép loc Wavelet
ddi vai dir liéu GNSS lién tuc (chuditoa do ENH)
thu thap tai Viét Nam, muc dich 1a d€ gidm nhiéu
cua tin hiéu GNSS nham nang cao dd chinh x4c do
GNSS lién tuc phuc vu quan trac chuyén dich cong
trinh. Tr d6 dwa ra quy trinh loc Wavelet cho
chudi ENH ctia GNSS, két qua loc dwoc so sanh véi
loc Kalman trén cing mot b6 dir liéu.

2. Dir liéu va phwong phap

2.1. Di¥ liéu GNSS

Bai bao st dung mot file do GNSS lién tuc tai
M6 Lao-Ha Dong-Ha Noi, tin hiéu GNSS dwoc thu
v&i tin sudt 01 mau/01s, & day tac gia chi lay
2.900 mAu dé thuc nghiém. Mot doan dit liéu nhw
Hinh 1.

Cactruong dirliéutrongfile sé liéu GNSS nhw
sau:

Cot 1: M4 tin nhan GPGGA;

Cot 2: Thoi gian cda tri do twong (rng (gior
UTC, gio:phut:giay);

Cot 3: Vi do cua diém do (do:phut:phut);

Cot 4: Hwong bic;

Cot 5: Kinh do ctia diém do (d6:phdt:phut);

Cot 6: Hwong dong;

Cot 7: Trang thai 1o giai (4:fix);

Cot 8: SO lwong vé tinh st dung cho 1oi giai;

Cot 9: HDOP;

Cot 10: Do cao;

Cot11: Pon vi (m);

Cot 12: Di thwong do cao;

Co6t 13: Pon vi (m);

Cot 14: Tudi cia ban ghi dit liéu GNSS;

Cot 15: M3 tram tham chiéu;

Cot 16: Kiém tra tinh toan ven ctia NMEA.

Cacgiétri toadd tronghé toa do tracdia dwoc
chuyén déitructiépsanghé toa do VN-2000 trong
qué trinh cai dit may thu GNSS trén phin mém
diéu khién bang s6 tay.

$GPGGA,094125.44,2058.85092434,N,10547..00567314,E,4,26,0.7,11.9003,M, -28.06906 ,M,02,0*4E
$GPGGA,094125.46,2058.85092440,N,10547 .00567265,E,4,26,0.7,11.9016,M, -28.0906,M,02,0*AC
$GPGGA,094125.48,2058.85092399,N,10547.00567316,E,4,26,0.7,11.8996,M, -28.0906,M,02,0*42
$GPGGA,094125.50,2058.85092329,N,10547.00567268,E,4,26,0.7,11.8965,M, -28.0906,M,01,0*41
$GPGGA,094125.52,2058. 85092448 ,N,10547.00567327 ,E,4,26,0.7,11.9021,M, -28.0906,M,01,0*41

Hinh 1. File di¥ liéu GNSS.
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2.2. Co'sé ly thuyét vé loc Wavelet

Loc Wavelet dung bién d6i Wavelet roi rac
(DWT) dé phan tich tin hiéu thanh cac thanh phin
tan soO thip (x4p xi) va tan s6 cao (chi tiét), sau dé
loai bé nhiéu bang cach nguéng héa cac hé sé chi
tiét (Keller, 2004).

- Phan ra tin hiéu:

DWT
x[n] — {aj,dj } (1)

Trong dé: a; - hé s6 xap xi (low-frequency);
d; - hé s6 chi tiét (high-frequency).

- Nguwdng hda (Thresholding):

&j = sign(dj) * max(|dj| - 0) (2)

Trong d6: A - gia tri ngwdng (threshold),
thwong chontheo phwong phap Soft-thresholding
hodc Hard-thresholding & day 1a Soft-
thresholding.

- Tai tao tin hiéu:

2[n] = IDWT(a,,d, }) (3)

Trong d6: IDWT - bién d6i Wavelet nguoc dé
khoiphuctin hiéusauloc; x[n] -tinhiéugdc; a;, d;
- hé s6 Wavelet; £[n] - tin hiéu sau loc.

2.3. Mgt s6 Iwu y khi st dung loc Wavelet
2.3.1. Ho Wavelet

- Haar: don gian, tinh toan nhanh.

- Daubechies: h6 tro nhiéu cip phan r3, gitr
dwoc dac trung tin hiéu.

- Symlet, Coiflet: cai thién tinh d6i x(rng va do
muot.

2.3.2. Cdp phanra

Cip phan rd (decomposition level) quyét
dinh s6 1an phan tich tin hiéu. Cip cao hon cho
phép phan tich chi tiét hon nhwng tang d6 phic
tap tinh toan.

2.3.3. Chién lwoc ngwong

- VisuShrink: ngwdng c6 dinh dwa trén do dai
tin hiéu.

- SureShrink: nguwdong téi wu dwa trén ly
thuyét théng tin.

- BayesShrink: nguwdng thich nghi theo phan
phdi nhiéu.

24. Cdc tiéu chi cor ban ddnh gia doéi voi loc
Wavelet

- STD (Standard Deviation),d6 1éch chuan, do
mirc d6 phan tan cda dit liéu quanh gia tri trung
binh:

st = (LI, G- (8)

Trong dé: x; - gia tri dit liéu, x - gia tri trung
binh.

- RMSE (Root Mean Square Error): Sai s6
trung phwong, danh gia do chinh xac cua tin hiéu
sau loc so v&i tin hiéu géc:

RMSE = \/% S Ri—x)? (5)

Trong dé: x; - gia tri goc, X; - gia tri sau loc.
- MAE (Mean Absolute Error): Saisé tuyét déi
trung binh:

MAE =~ | £ — x| (6)

- IQR: Interquartile Range - D6 phan tan dir
liéu sau loc:

IQR=Q3-Q (7)

Trong d6: Q, - phan vi thit nhit, Q5 - phan vi
thi ba.

2.5. Quy trinh thwc hién Wavelet loc tin hiéu
GNSS lién tuc

T cac budc tinh toan, x 1y so liéu & trén co
thé dwa ra quy trinh thwc hién loc Wavelet cho tin
hiéu GNSS lién tuc nhw Hinh 2.

File GNSS dang NMEA, GPGGA

!

Loai bo gia tri di thuong bﬁng MAD (Median Absolute Deviation)
ba thanh phan toa d¢ Lat, Lon va Hgt

'

Khir nhidu Wavelet

!}

Tai tao tin hiu va tinh cac chi sb RMSE, MAE, STD, IQR

Hinh 2. Quy trinh thwc hién loc Wavelet véi tin hiéu
GNSS lién tuc.
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3. Thwc nghiém

3.1. Loc Wavelet bing db4

Véi tap dit liéu gom 2.900 mau & trén, theo
(Yusri, 2021) tac gia da thyc hién loc Wavelet voi
ho db4 vi db4 da du dé loai bé cac thanh phan
hdng + tuyén tinh (bac 0+1), phu hop véi loai
nhiéu chAm thwong gap trong toa do GNSS. Ngoai

111

ra, db4 dap ing nhanh, bd loc ngan nén it méo
bién,itdelén bién dongthitnénbdo toan dwgcdd
that cda tin hiéu. Trong qua trinh loc db4 st dung
DWT da mitc, wéc lwgng o bang MAD va 4p dung
ngudng mémA = o,/2log (n) & mdi mirc chi tiét,
v&i o 1a do 1éch chuan clia nhiéu, n 1a s6 luwong
diém dir liéu.

Sau qua trinh loc, thu dwgc két qua biéu dién
theo biéu d6 nhw sau:

—— Trudc
-~ Sau loc (db4)
0.010 1
0.005 A
Do léch
m
™ 000
-0.005
34890 34900 34910 34920 34930 34940
UTC (s)
Hinh 3. Biéu dd so sdnh do léch toa dd Lat trwéc va sau loc.
— Truéc
0.006 —— Sau loc (db4)
0.004 Jxl I ‘
AU \ | ‘
. Rl
0.002 am i it FI Vi
D5 léch U T, ' :
(m)  0.000 - Sl [ ‘,‘
||1 L7y f ) ‘ )
It ! ]
-0.002 4 | T TR \ "1 F N
|
-0.004
34890 34900 34910 34920 34930 34940
UTC (s)
Hinh 4. Biéu dd so sdnh do l1éch toa dé Lon trwdc va sau loc.
— Truéc
0.04 4 —— Sau loc (db4)
0.02 1
D6 lach
(m)
0.00
-0.02 1
—0.04 L T T T T T T
34890 34900 34910 34920 34930 34940
UTC (5)

Hinh 5. Biéu do so sdnh dé léch do cao Height trwéc va sau loc.
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- Sai sd toa d6 (Hinh 3, 4, 5):

- Do chinh xac cta cac chi tiéu sau loc:

+D0d 1éch chudn STD (Hinh 6);

+ Sai s6 trung phwong RMSE (Hinh 7);

+ MAE (Hinh 8).

Qua két qua thu dwoc véi db4 cb thé riut ra
dwgc mot s6 nhan xét nhw sau:

- V&i dir liéu chit lwong cao (RTK fixed), sai
s6 vOon nho; sau loc db4 RMSE/STD giam nhe, rd
nhit & Lon.

-P95(|err|) sauloc &n dinh, cho thiy db4 chu
yéu khr nhiéu cao tin ma giit ciu truc.

% giam STD sau db4

- Twong quan |err|-HDOP duy tri (hodc tang
nhe) cho thdy Wavelet khong thay d6i dwoc chat
lwong hinh hoc vé tinh chi phéi 16i.

3.2. So sanh Daubechies-4 véi loc Kalman

Van v&ibo dirliéu & trén, ching toi tién hanh
so sanh két qua gitra loc Wavelet db4 véi loc
Kalman dé danh gid hiéu qua cda tirng phwong
phép. K&t qua loc dwgc bi€u dién qua biéu dd sau:

-Vido (Lat): Hai phwong phap gan nhwtwong
dwong, db4 cao hon mét chut vé RMSE/STD
(~1,5+1,6%), con Kalman c6 IQR thip hon ~2,8%
(Hinh 9).

% giam RMSE sau db4

12.58%

12

10

2 1.61%

Lat Lon Height

Hinh 6. Mikc do gidm STD sau loc db4.

12.22%

1.60%

Lat Lon Height

Hinh 7. Mtkc dj gidm RMSE sau loc db4.

% giam MAE sau db4

Lat

6.44%

Height

Hinh 8. Mikc dj giadm MAE sau loc db4.

Sai s6 Lat (m): truéc/db4/Kalman

0.010 4

0.005

0.000 4

—0.005

348’90 349‘00 34610 349’20 34630 34é40
UTC (s)

Hinh 9. Biéu do so sdnh sai sé Lat ctia db4 va Kalman.
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- Kinh d6 (Lon): sai s6 gin nhw nhau (Hinh
10).

- D6 cao (Height): db4 t6t hon rat it vé
RMSE/STD (~0,9+1,0%) (Hinh 11).

Cu thé :

(Hinh 12).
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- STD: db4 thip hon ~9,9% so vé&i Kalman

- RMSE: db4 thdp hon ~9,5% so v&i Kalman

Két qua so sanh cac chi tiéu sai s6 nhw trinh (Hinh 13).
bay & Bang 1.
Sai s6 Lon (m): trudc/db4/Kalman
0.006 : :r;:ac
“' —— Kalman
0.004 . [ |
,’J ‘} H!.! X i A || ‘
0.002 ,Jhw‘ll, b 7K kL
e \ [} I“'|| i ‘q '
0.000 4 N “I' /. I
1 " My v “‘lj‘ A H
~0.002 by ¢ “v’l’ \',' 7 5|‘| |1" !
-0.004 4
34690 34600 34é10 34é20 34é30 34640
UTC (s)
Hinh 10. Biéu db6 so sdnh sai sé Lan ctia db4 va Kalman.
Sai s6 Height (m): trudc/db4/Kalman
0.04 4
13
-0.04 4 . . ’ 5 .
34890 34900 34910 34920 34930 34940
UTC (s)
Hinh 11. Biéu do so sdnh sai s Height ctia db4 va Kalman.
Bdng 1. So sdnh cdc chi tiéu sau loc ctia db4 va Kalman (m).
Bién | RMSE_db4 | RMSE_Kalman| STD_db4 | STD_Kalman | MAE_db4 | MAE_Kalman | IQR_db4 [QR_Kalman
Lat 0,0057 0,0058 0,0055 0,0056 0,0048 0,0048 0,0102 0,0099
Lon 0,0020 0,0022 0,0020 0,0022 0,0018 0,0019 0,0038 0,0037
Height| 0,0218 0,0220 0,0218 0,0220 0,0195 0,0196 0,0432 0,0427
So sénh STD (m): db4 vs Kalman So sanh RMSE (m): db4 vs Kalman
= dbd 0.0218 0.0220 [—— 0.0218 0.0220
0.020 4 m Kalman
0.015 4 _
3 :
E 0.010 | é
0.005 - 0.0055 0.0056 0.0057 0.0058

0.000 -

Lat

Hinh 12. So sdnh STD ctia db4 va Kalman.

Lon

Height

Lat

Lon

Height

Hinh 13. So sdnh RMSE cua db4 va Kalman.
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So sanh MAE (m): db4 vs Kalman

0.0200 0.0196

0.0195

mm dbd

mm Kalman
0.0175 4

0.0150

0.0125 A

0.0100

MAE (m)

0.0075 4

0.0048

0.0048

0.0050 4

0.0025 0.0018 0.0019

0.0000 -

Lat Lon

Height

Hinh 14. So sinh MAE cua db4 va Kalman.

- MAE: twong duong nhau (Hinh 14).

- IQR: Kalman thip hon ~3,4% (Hinh 15).

- Nhan xét:

+ Wavelet db4 giam RMSE va STD t6t hon
Kalman, ro nhit & toa do Lon.

+ Kalman cho IQR nhé hon (phin bo gon hon),
hitu ich gidm tin hiéu di thuwong.

+ Véi dir liéu do c6 chat lwong cao, db4 ti wu
vé do chinh xac tdng thé; Kalman phu hop véi dw
doan dong hoc.

4. Két luan

- Phép loc Wavelet v&i kha nang tach nhiéuy,
xt Iy dwgc cd mién thoi gian1an tin s nén gidm
nhiéu t&t cho cac tin hiéu GNSS lién tuc, dic biét
véi db4, cé tac dung ré rang khi hiéu qua khi
nhiéu va giit dic trung tin hiéu va c6 két qua tot
v&i chudi GNSS lién tuc tai Viét Nam.

- Tinhiéusaukhilocdéucé sais6 nho honsai
s0 cua tin hiéu ban dau.

- So v@&i loc Kalman, tin hiéu sauloc cia db4
daphintothonvé do chinhxactoa dd néntinhiéu
c6 phan muwot hon. Tuy nhién vé d6 chinh xac dw
bao thi loc Kalman lai troi hon so véi db4.

- C6 thé két hop loc Kalman véi Wavelet dé
nang cao hiéu qua loc tin hiéu GNSS.

Két qua nghién ctru trong bai bio cho thiy
hoan toan c6 thé ap dung Wavelet dé lam loc di
liéu GNSS tai Viét Nam. Tin hiéu sau loc sé tron
hon va c6 dé chinh xac tét hon.

Pong gop cha tac gia

Pham Qudc Khanh - phwong phap ludn, phin
tich dir liéu, viét ban thdo bai bao, kiém chirng,
danh gia va chinh stra.
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So sanh IQR (m): db4 vs Kalman

0.0432

0.0427

. db4

0.04 1 mmm Kalman

0.0102 0.0099

0.0038 0.0037

0.00 -

Lat Lon

Height

Hinh 15. So sdnh IQR ctia db4 va Kalman.
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