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PHUONG PHAP PHAT HIEN DICH CHUYEN THEO THOI GIAN THUC
TU CHUOI DU LIEU PINH VI GNSS/RTK TRONG QUAN TRAC BIEN DANG

Pham Cong Khai

Truong Dai hoc Mo - Dia chat
Nguyén Vin Hai

Truong Dai hoc Thuy loi

Tém tat: Viéc phat hién dich chuyén, trugt lo dat da theo thoi gian thyc co mot y nghia rat lén
trong viéc duwa ra canh bdo dé giam thiéu nhitng rii ro tai bién do né gdy ra. Trong thoi gian
gan day, cong nghé hé thong vé tinh dan dwong toan cau (Global Navigation Satellite System -
GNSS) voi ky thudt do dong xit ly tirc thoi (Real Time Kinematic — RTK) da dwoc vng dung rat
o hiéu qua va rong rdi trong quan trdc, gidm sat dich chuyén theo thoi gian thyc. Tuy nhién do
anh huong cua nhiéu khi dinh vi RTK ma chudi dir liéu quan trdc sé xudt hién nhiing gid tri di
thuong, de nham lan véi gid tri dich chuyén, 8ay kho khan trong vi¢c phat hi¢n dich chuyen pé
gidi quyét van dé nay, chung toi sir dung chuéi dir liéu dinh vi GNSS/RTK, dwoc chiét xudt ra
theo dinh dang tiéu chudn NMEA. Sir dung hai logi tin nhan GGA va GST cia chudi dir liéu nay
dwoc loc qua ba buoc dé loai bé nhiéu va cdc gid tri di thuwong sau do duoc tinh chuyén sang hé
toa dé vudng goc khéng gian dia dién chdn troi. Phwong phdp civa sé truot (Sliding Window —
SW) duwoc dé xudt vmg dung dé phdn tich chudi dir liéu da loc nhiéu sé phdt hién ra thoi diém xdy
ra chuyén dich va gia tri chuyén dich. Mot thue nghiém mo phong chuyén dich duwoc thuc hién
véi hé thong thiét bi do chiing tdi thiét ké ché tao dd minh chieng tinh ding dan cho phirong phép
nghién cveu da dé xudt.

Tir khéa: GNSS; RTK; NMEA; Phdt hién chuyén dich; Thoi gian thwce; Cika s6 truot.

Summary: Real-time detection of displacement and landslides is of great significance in
providing warnings to minimize the risks of disasters caused by them. Recently, the Global
Navigation Satellite System (GNSS) technology with Real Time Kinematic (RTK) has been
applied very effectively and widely in monitoring and supervising displacement in real time.
However, due to the influence of positioning noise, the monitoring data series will appear outlier
values, which are easily confused with displacement values, making it difficult to detect
displacement. To solve this problem, we use the RTK positioning data series, extracted in the
standard format NMEA (National Marine Electronics Association). This data series is filtered
through three steps to remove noise and the outlier values, are then calculated and converted to
the rectangular coordinate system of the horizon space. The Sliding Window (SW) method is
applied to analyze the filtered data series to detect the time of the shift and the shift value. A
simulation experiment of the shift was conducted with the equipment system designed and
manufactured by us, proving the correctness of the proposed research method.

Keywords: GNSS,; RTK; NMEA, Displacement detection, Real-time, Sliding window.

1. GIOI THIEU hai phuong thirc 13 quan tric theo chu ky va
quan tric lién tuc theo thoi gian thuc. Quan
tric theo chu ky thudng str dung cac thiét bi do
dac truyén thong nhu nhu cac may thity chuan
quang hoc [1], may toan dac dién tr [2], may
thu GPS [3-4]. Ngoai ra viéc sir dung may quét
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laser mat dat [5] va ky thuat vién tham [6-9]
cling d3 duoc st dung trong viéc quan tric
chuyén dich. Tuy nhién c6 mot dic diém
chung cua cac phuong phap nay 1a quan tric
theo chu ky nén khong phat hién duoc chuyén
dich mét cach tirc thoi dé dua ra canh bao
som. Ngay nay, xu hudng quan tric lién tuc
theo thoi gian thuc ngdy cang phd bién voi
viéc ing dung cong ngh¢ GNSS. Cong nghé
nay co nhleu vu diém vuot troi so voi cong
nghé truyén thong nhu quan tric duoc lién tuc,
phat hién chuyén dich trong thoi gian thyc, do
chinh xac cao, khoéng phu thudc vao thoi gian
va thoi tiét [10]. Cong ngh¢ GNSS da dugc
mg dung dé quan trac két cau cong trinh cau
[11], quan tric chuyen dich, bién dang céc
cong trinh nha cao tang [12], quan tric dich
chuyén dap thuy dién [13], quan tric chuyén
dich truot 16 dat da o nhitng vung ddi nai co
d6 dbc 16n [14, 15]. Qua trinh phat hién dich
chuyén theo thoi gian thuc dua trén cong nghé
GNSS phai trai qua hai giai doan. Giai doan
thir nhat thyc hién qua trinh quan tric bang k¥
thuat dinh vi RTK dé thu thap dir liéu. Giai
doan thir hai 1a xtr Iy va phan tich dir liéu dé
phat hién chuyén dich. Véi cong nghé GNSS,
cong tac dinh vi duoc thyc hién bang phuong
phap dinh vi xtr Iy tirc thoi RTK [16, 15]. Két
qué ctia cac nghién ciru nay cho thiy do chinh
xac dinh vi RTK dat 4.7 mm vé mit bang va
7.9 mm vé do cao. Tuy nhién h¢ thong dinh vi
GNSS 1a mot qua trinh rat phirc tap, do vay ket
qua quan tric s& con ton tai nhiéu do sai sb
dinh vi, vi vay viéc xu 1y dir li¢u dé phat hién
chuyén dich theo thoi gian thuc van con 13 mot
thach thirc v&i nhitng ngudi 1am cong tac tric
dia. Trong cong trinh nghién ctru [18], cac tac
gia da str dung thuat toan Bayes dé phat hién
dich chuyén tir chudi dir lidu dinh vi GNSS.
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Tuy nhién, v6i phuong phap nay moi chi
nghién ctru vé phat hién chuyen dich dung,
chua nghién ctru phat hién chuyén dich ngang,
dit liéu dua vao dé xu ly & dang toa dd, chua
c6 thoéng tin vé& thoi gian. Hon nira phuong
phap nay kho thyc hién va xu ly tac thoi khi
chudi dit liéu quan tric qua 16n.

Muc dich cua nghién ctru nay la xu ly, phan
tich chudi dir liéu do RTK dé phat hién dich
chuyen theo thoi gian thuc trong quan tric
bién dang.

2. DU LIEU SU DUNG VA PHUONG
PHAP NGHIEN CUU

2.1. Pinh dang dir liéu sir dung trong quan
trac dich chuyén trugt 16 dat da

Trong quan triac dich chuyén theo thoi gian
thuc dya trén cong nghé GNSS, dir liéu tu
tram quan tric truyen vé may tinh chu theo
dinh dang tiéu chuan NMEA (National Marine
Electronics Association). Dt li€u theo tiéu
chuin NMEA gdm c6 nhiéu loai tin nhan co6
ciu tric khac nhau, tuy thudc vao muc dich
cong viéc ma trich xuét loai tin nhin cho phu
hop. Trong quan tric dich chuyén trugt 16 dat
da, co hai loai tin nhan duoc stir dung 1a GGA
va GST. Cau trac cia mot dong tin nhin
GGA (Hinh 1) bao gém céc thong tin vé thoi
gian (1), vi do bac (2), kinh do dong (3), chi
bao chit lugng dinh vi (4), s6 lugng vé tinh
dugc su dung (5), do suy gidm dd chinh xac
mit bang (6), cao dd ang ten so v4i mat
Geoid don vi 1a m (7), khoang céach gilra mat
ellipsoid trai dat WGS-84 va miat Geoid don
vi 1a m (8), thoi gian ghi dir liéu (9), ma dinh
danh (ID) cua tram tham chiéu, pham vi tu
0000 dén 4095 (10), ma téng kiém tra chudi
tin nhan (11).

$GNGGA[010847.002102.54503820.N10720. 57611321 Ef hi 7o 293 164022 849 M o]pooof{7E]

i
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(4)(5)(6) (7) (8) (9)(10) (11)

Hinh 1: Céc théng tin ciia mét dong tin nhdan GGA

Trong dong tin nhin GGA c6 thong tin vé chi
bao chat lugng dinh vi. Day la thong tin rat hitu

ich dé loc ra nhitng gia tri toa d§ da dugc cai
chinh vi tri tr tram tham chiéu CORS. Chi bao
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chét luong dinh vi c6 6 mic do khac nhau va
danh s6 tir 0 d&én 5. Néu chi bao 1a 4 thi chat
lwong dinh vi RTK ¢6 d6 chinh x4c cao nhat va
tri do nay duoc chép nhan.

Céu trac ctia mot dong tin nhan GST (hinh 2)
c6 chira cac thong tin vé thoi gian hiéu chinh vi
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tri (1), phan du cta khoang cach gia (2), gia tri
ban truc 16n cua ellip sai s6 (3), gia tri ban truc
nhé cua ellip sai s6 (4), goc dinh hudng ban
truc 16n cua ellip sai sd (5), gia tri sai sb theo
truc Y (6), gia tri sai s theo truc X (7), sai sd
cao do (8), ma kiém tra chudi tin nhan (9).

$GNGST}010847.00]p.118]p.003p.00349.6]p.003]0.005]0.012}73
! Yoy oY Y vy
M @ 6 @ G 6 @O 6 O

Hinh 2: Cdc théng tin ciia mot dong tin nhin GST

Dua vio cac thong tin vé sai sd theo cac thanh
phan toa do dé loc ra nhitng diém quan tric co
sai s6 vi tri nho hon quy dinh dat ra.

2.2. Phuong phap xir ly chudi dir liéu quan
tric theo tiéu chuin NMEA

Qua trinh xir 1y chudi dit liéu quan tric theo
tiéu chuain NMEA bao gdom hai budc: loc
nhing gia tri di thuong trong chudi dit liéu do
dong xur ly tirc thoi RTK, tinh chuyén toa do
tor h¢ toa d0 WGS84 sang hé toa dd vudng goc
khong gian dia dién chan troi.

2.2.1. Loc nhiing gid tri di thuong trong chudi RTK

Trong quan tric lién tuc dya trén céng nghé
GNSS voi ki thuat RTK, diém di thuong xuét
hién cung véi diém thay d6i do chuyén dich dot
ngdt. Vi vdy trong qua trinh phat hién chuyén
dich can phai nhan biét diém di thuong dé loai
b6 n6 trong chudi trj do. O (hinh 3) cac diém I,
I, 111 1a diém di thuong con diém IV 1a diém
thay d6i (hay con goi 1a diém dich chuyén).
Piém di thuong 1a do d6 léch twong dbi trong
chudi tri do, con diém dich chuyén l1a do thay
d6i trang thai trong chudi tri do theo thoi gian.

Bi€u db tri do theo chudi thivi gian

Tr| do (smem)

..............................

1

Thir gian (UTC)

I, 11, 111 1a diém di thuong; IV 1a diém dich chuyén.
Hinh 3: Diém di thwong va diém dich chuyén trong chudi dir liéu dinh vi RTK

Viée loc nhitng diém di thuong duya trén ba tiéu
chi sau: thir nhat 13 tinh ddy du cia cac thong
tin trong chudi tin nhén, thir hai 1a chét luong tri
do RTK va thtr ba 12 sai sd vi tri dinh vi. Qua
trinh loc diém di thuong duoc tién hanh qua ba
budc sau:

116

1) Budc 1: Loc nhitng tin nhan khong day du
(Checksum)

Trong dinh vi GNSS, dir liéu ¢ cac may thu hay
O tram quan trac dugc ma hoa theo dinh dang
tiéu chuan NMEA va truyén qua mang internet
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vé may tinh chi, c6 thé xay ra 16i do nhiéu tin
hiéu, 13i phan cimg, hodc sai sot trong qua trinh
truyén. Viéc kiém tra tinh toan ven cta chudi tin
nhin NMEA thyuc hién bing cach phan tich tit
ca cac ky tu trong khoang tir ky tu $ dén * thanh
mdt chudi méi. Sau do, thue hién thuat toan thao
tac bit XOR ky tu dau tién véi ky tu tiép theo,
cho dén khi két thac chudi. St dung mi
checksum giri kém dé so sanh véi md checksum
tinh toan dugc. Néu hai mi nay gidng nhau, thi
dong tin nhin nay duoc chip nhan.

2) Budc 2: Loc nhiing tin nhén tri do da duoc
hi€u chinh vi tri (Fixed).

Khi dinh vi v6i k§ thuat RTK, chét lugng do
c6 thé & nhiéu muc do khac nhau, nd duoc
phan anh qua chi béo cht luong trong tin nhan
GGA. Chi bao chit lugng phép do RTK ¢6 6
muc va duge danh s6 tir 0 dén 5. Khi chi bao
1a s6 4 thi chat lwong dinh vi RTK 1a tét nhat
va tin nhan nay duogc gitr lai.

3) Budc 3: Loc nhiing tin nhan tri do c6 sai s6
vi tri trong gidi han cho phép (Error).

N. | |-sinB,.coslL, —sinB,sinL, cosB,

E, |=|-sinL, cosL, 0

U, | |cosB,.cosL, cosB,.sinL, sinB,
Trong do:

N'-<><i
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Khi dinh vi GNSS RTK, sai sd vi tri cling

khéng gidng nhau va né dugc thé hién trong
tin nhin GST. Dé nang cao d6 chinh xac két
qua quan tric, chi nhitng tri do c6 sai sd vi tri
nho hon gié tri quy dinh méi dugc glu lai. Qua
trinh loc ra nhiing tin nhan c6 sai sb vi tri trong
gi6i han cho phép duoc thuc hién bang cach
phan tich chudi tin nhin GST. Trong nghien
clru ndy, chung t6i lay gidi han quy dinh vé sai
s6 mit bang 1a 4mm va sai s6 do cao 13 8mm.

2.2.2.Tinh chuyen toa do

Véi hé théng tram quan tric d3 thiét lap, k¥
thudt do dong xu 1y tic thoi RTK dugc su
dung dé quan tric chuyén dich. Toa d¢ cua
tram quan tric duge xac dinh trong hé toa do
dia tam vd&i cac thanh phén la (X,Y,Z) hoac
(B,L,H). Dé thuan tién trong viéc phat hién
dich chuyén, cac thanh phén toa do nay sau khi
duoc loc nhiéu qua ba budc nhu & trén s& duogc
tinh chuyén sang hé toa d6 vuéng goc khong
gian dia dién chan troi1 (N, E, U theo cac cong
thire (1) dén (4).

~X,
-y, (1)
-7,

-Bo, Lo, Ho 1a toa d9 trac dia cia diém goc hé toa do dia dién chan troi;

-Xi, Yi, Zi 1a toa d¢ khong gian dia tdm cia cac diém quan trac;

-Xo, Yo, Zo 1a toa d¢ khong gian dia tdm cua diém géc hé toa d6 dia dién chan troi1 duoc tinh theo

cong thirc (2).

Xo = (No + Ho).cosBo.cosLo
Yo = (No + Ho).cosBo.sinLo
Zo=[No (1 —e?) + Ho].sinBo

} )

Bién dbi cong thue (1) s€ tinh dugc thanh phﬁn toa do cua diém quan tric trong hé toa d§ vuong
gbc khong gian dia dién chan troi theo cong thuc (3).

Ni = -(Xi — Xo)sinBocosLo — (Yi — Yo).sinBosinLo + (Zi — Zo)cosBo
Ei =-(Xi — Xo)sinLo + (Yi — Yo).sinLg 3)
= (Xj — Xo)cosBocosLo + (Yi— Yo).cosBosinLo + (Zi — Zo)sinBo

Ttr cac thanh phan toa d6 phang N; va E; , vi tri ctia cac cac diém quan tric trong hé toa do phang
dia dién chan trdi dugce xéac dinh theo cong thuce (4)
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P= N +E’ (4)

2.3.Phén tich dir liéu phat hi¢n dich chuyén
Phat hién dich chuyén theo thoi gian thyc 1a tim
ra thoi diém dich chuyén va dai luong dich
chuyén. Trong nghién nay, thuit toan ctra s6
truot (Sliding Window — SW) da dugc dé xuit
{mg dung trong viéc phén tich dit lidu quan tric
theo thoi gian thyc. Phuong phap nay dugc thuc
hién dua trén suy luan Bayesian [18] bang cach
dich chuyén mot ctra s6 ¢6 kich thude ¢ dinh
qua mdt tap hop dir li¢u, sau d6 thuc hién cac
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phép tinh hoic phén tich trén cac phan tir trong
ctra sd d6. Gia str, c6 chudi toa do lién tuc X(xi,
X2, ...,Xn) twong tng voi chudi thoi gian 1a T(ty,
ta, ..., ta) goi 12 mang 16n (ctra s 16n). Pau tién,
chia diy toa do vi tri diém thanh nhiéu méang nho
(ctra s6 nho) c6 kich thude s ké nhau. Cira s6 thir
nht bat dau tir toa do thir nhat t6i toa do thu s,
cira s6 thir hai bat dau tir toa do thi hai t6i toa do
thar s+1, va tiép tuc lam nhu vay cho dén hét
mang X. Kiéu 1am nay dugc goi la cua s6 truot
dugc mo ta nhu (Hinh 4).

SW; | [1I3[1a 151617 [ 18[19]20] ... |
SWa [ [13]1a]1ST16 (1771819307 ... ]
SW, [ [T [ 1617 [ 18 [19]20]
(3@ is[ie 17 [18 1920
[T is[we 17181920 .. ]
SWy

Cira so lom

Hinh 4: M6 hinh tao cira s6 truot

Phuong phép ctra s6 truot dua trén su bién doi
cia cac do léch chuan cua chudi nhod (ctra )
nho) trong chudi 16n (ctra sé 16n) toa do. Vi
trong chudi toa do di loai bd cac diém di

thuong nén chi con cac diém dich chuyén. O
hinh 3 chudi di liéu c6 ca diém di thuong va
diém dich chuyén, sau khi loc chi con lai diém
dich chuyén (Hinh 5) va da duoc phat hién.

Bifu &5 trj do theo chubi thii gan

T -
o Chuyén dich e tinh l

‘.ju‘h L

---------
.............

Hinh 5: Phat hién diém dich chuyén trong chudi dir liéu RTK da loc cdc gia tri di thuong

Sau khi chon dugc kich thudc cira so truot,
chung ta tinh d¢ I¢ch chuan cua ctra s6 thu i
theo cong thuc (5)
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Trong do:

xj 1a tr1 do thu j;

i1a s thir tu cla cura sé;

)?,. 1a gia trj trung binh & cira s6 thit i;

s la kich thudce cira so.
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St dyng gia tri gioi han 3o dé phat hién dich
chuyén theo diéu ki¢n sau:

-Néu |, - x,| <30 thi diém x; khong dich chuyén
- Néu [x, - x| 230 thi diém x; c6 dich chuyén

Gia tri dich chuyén udc tinh s€ dugc tinh béng
hiéu gia tri do ciia diém cudi cung va diém
trudc nod trong cua s6 trugt cd chuyén dich,
duogc tinh theo cong thirc (6).

Qest = xj - xj—l

(6)

Gié tri dich chuyén quan tric dugc tinh bang
hi¢u gitra gia tri trung binh cua tri do sau khi
c6 dich chuyén va trudce khi dich chuyén, theo
cong thirc (7).

Qm:L i Xy —niiXi (7)

N, gon+1 1 =l

Asg en ONS3

May S0 Auicg cach
Laww

Chavin dph vgmng
—-—

»
' oy dch Amg

CONG NGHE

Trong d6: xi 1 tri do ctia diém thir k sau dich chuyén;
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xi 12 trj do cua diém th{r i trudc dich chuyén.

3. KET QUA QUAN TRAC THUC
NGHIEM MO PHONG

Pé kiém chimng tinh kha thi ctia thudt toan phat
hién dich chuyén theo thoi gian thuc, mot thuc
nghiém mé phéng dich chuyén di duoc tién
hanh bang mot hé thng thiét bi da dugc ching
t6i thiét ké, ché tao. So dd hé thong thiét bi mo
phong duoc thiét ké dya trén sy thay di vi tri
ctia tim pha ang ten GNSS theo phuong nim
ngang va phuong thing dung thé hién nhu &
(hinh 6a). Hé thong thiét bi mé phong chuyén
dich, truot 16 dat d4 duge ché tao hoan chinh
nhu ¢ (hinh 6b).

a)

Hinh 6: Hé thong thiét bi thwe nghiém mé phong chuyén dich truot 16 dat dd

340 km

v ol B
oo
CON GhD

4% .9 iy
)
- (V1 N

oo 2

Hinh 7: Khu vue quan trdc thwce nghiém mé phong chuyén dich truot 16 ddt dd

Thyc nghiém mé phong dugc tién hanh & khu
vuc thanh ph6é Cam Phda, tinh Quang Ninh
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(hinh 7). Trong thuc nghi€ém nay thuc hién 5
lan dich chuyén dét ngdt véi gia tri dich
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chuyén ngiu nhién. Thoi gian mdi 1an thu tin
hiéu vé tinh khoang 20 phut v6i tan suét thu
tin hi¢u la SHz. Sau mdi lan thu tin hidu vé
tinh, thay doi vi tri dng ten theo phwong nim
ngang va thang dimg dé tao ra dich chuyén chu
dong. Hiéu khoang cach theo phwong nim
ngang va thang dung tir diém tham chiéu dit

|  KHOA HOC

may do khoang cach Laser dén tdm pha dng
ten 13 d6 dich chuyén thuc.

O bang 1 thé hién mot doan dit liéu quan
tric thyc nghiém mo phong theo dinh dang
tiéu chuan NMEA véi hai tin nhin 1a GGA
va GST.

Béng 1: Mt doan dir liéu quan tric thwe nghiém mé phéng theo dinh dang tiéu chuAn NMEA

23.050,M,1.0,0000*75

23.050,M,1.0,0000%*73

23.050,M,1.0,0000*7C

23.050,M,1.0,0000*72

23.050,M,1.0,0000*7D

23.050,M,1.0,0000*71

23.050,M,1.0,0000*7F

$GNGGA,045937.00,2059.76848666,N,10716.18868776,E,4,19,0.6,4.153,M,-

$GNGST,045937.00,0.031,0.004,0.003,163.7,0.004,0.003,0.010*45
$GNGGA,045942.00,2059.76848725,N,10716.18868775,E,4,19,0.6,4.161,M,-

$GNGST,045942.00,0.033,0.004,0.003,164.2,0.004,0.003,0.010*47
$GNGGA,045947.00,2059.76848649,N,10716.18868747,E,4,22,0.6,4.169,M,-

$GNGST,045947.00,0.044,0.004,0.003,9.3,0.004,0.003,0.009*41
$GNGGA,045952.00,2059.76848673,N,10716.18868803,E,4,23,0.6,4.164,M,-

$GNGST,045952.00,0.048,0.004,0.003,8.9,0.004,0.003,0.008*43
$GNGGA,045957.00,2059.76848761,N,10716.18868742,E,4,23,0.6,4.166,M,-

$GNGST,045957.00,0.047,0.004,0.003,6.5,0.004,0.003,0.008*4B
$GNGGA,050002.00,2059.76848640,N,10716.18868722,E,4,23,0.6,4.163,M,-

$GNGST,050002.00,0.058,0.004,0.003,7.1,0.004,0.003,0.008*4D
$GNGGA,050007.00,2059.76848679,N,10716.18868771,E,4,23,0.6,4.164,M,-

$GNGST,050007.00,0.057,0.004,0.003,5.9,0.004,0.003,0.008*4D

Dit liéu quan tric theo s& duoc xir 1y dé loc
céc diém di thuong, sau d6 tinh chuyén sang
hé toa d0 vuong goéc khong gian dia dién
chan troi. O bang 2 thé hién toa d6 mot sb

diém quan tric theo chudi thoi gian sau khi
loc cac diém di thuong va duogc tinh chuyén
sang hé toa do vuong goc khong gian dia
dién chén troi.

Bang 2: Toa dd mjt sé diém quan tric theo chudi thoi gian sau khi loc cac diém di thwong

Time Toa d6 vudng goc khong gian dia tam Toado .Vuo.nAg goci khqgg glan
No (UTC) dia dién chan troi
X(m) Y(m) Z(m) N(m) E(m) U(m)
1 04:59:37 | -1768531.139 | 5688654.788 | 2270997.668 0.000 0.000 0.000
2 04:59:42 | -1768531.141 | 5688654.795 | 2270997.672 | -0.001 0.000 -0.008
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Time Toa do vudng goc khong gian dia tam Toado .VuOHg goi kho‘r'lg glal

No (UTC) dia dién chan troi
X(m) Y(m) Z(m) N(m) E(m) U(m)
3 04:59:47 | -1768531.143 | 5688654.803 | 2270997.674 0.000 0.001 -0.016
4 04:59:52 | -1768531.143 | 5688654.798 | 2270997.672 0.000 -0.001 -0.011
5 04:59:57 | -1768531.142 | 5688654.800 | 2270997.674 | -0.002 0.001 -0.013
1284 | 07:34:12 | -1768531.035 | 5688654.442 | 2270998.006 | -0.445 -0.004 -0.217
1285 | 07:34:17 | -1768531.038 | 5688654.438 | 2270998.005 | -0.445 -0.008 -0.220
1286 | 07:34:22 | -1768531.040 | 5688654.445 | 2270998.011 | -0.448 -0.007 -0.211
1287 | 07:34:27 | -1768531.037 | 5688654.443 | 2270998.008 | -0.446 -0.005 -0.215
1288 | 07:34:32 | -1768531.038 | 5688654.447 | 2270998.009 | -0.446 -0.005 -0.211
1289 | 07:34:37 | -1768531.039 | 5688654.447 | 2270998.009 | -0.445 -0.006 -0.210
1290 | 07:34:42 | -1768531.039 | 5688654.447 | 2270998.009 | -0.445 -0.006 -0.210

dich dimg quan tric & vi tri tha nhit va tha hai
duogc phat hién thé hién nhu ¢ bang 3.

Dua trén chudi toa d6 quan tric theo thoi gian,
cac dai lugng chuyén dich ngang va chuyén

Bang 3: Két qua xac dinh chuyén dich ngang va ding thong qua thwe nghiém mé phéng

Landich |  Thoi Dich chuyén thuc Dich chuyén quan tric Chénh léch dich chuyén
chuyén | diém dich (mm) (mm) (mm)
chuyén Ngang Pung Ngang Pung Ngang Ding
1 05:21:07 30 -27 25.6 -31.3 4.4 43
2 05:55:12 60 -15 56.2 -20.4 3.8 54
3 06:26:32 73 -30 69.0 -35.5 4.0 5.5
4 06:47:37 107 -24 102.3 -29.8 4.7 5.8
5 07:11:52 183 -125 179.5 -129.2 3.5 4.2

Biéu do dich chuyén ngang va dich chuyén ding quan tric thuc nghiém mo phong dugc thé hién
nhu ¢ hinh 8

pch chinyen neang (nim)

o 8 8
8 8B 8
b ‘ .
s, ©
&,
‘ N
ey
‘3,
%
>y
v
2 |
Lich ¢huy én ey (mim

S AW e Ay YRAFLGLAD
SESEFII IS .
TR & .

Thén glan (UTC) - gidrphutgely

(a) (b)
Hinh 8: Biéu do dich chuyé’n’ngang (a) va dich chuyén dimg
(b) thong qua quan trac thuc nghiém mo phong

4. KET LUAN
Bai bao nay da nghién ctru phuong phap quan

tric dich chuyén theo thoi gian thyc dua trén
cong nghé GNSS/CORS v6i ky thuat do dong

TAP CHi KHOA HOC VA CONG NGHE THUY LQI SO 91 - 2025 121



|  KHOA HOC

|__CONG NGHE |

xtr 1y tirc thoi RTK. Dir lidu quan tric duogc
chiét xuét theo dinh dang tiéu chuan NMEA
v6i hai loai tin nhin GGA va GST cho phép
loc dugc nhiing gia tri di thuong nang cao do
chinh x4c dinh vi RTK dat 4mm vé mat béng
va 8mm vé do cao. Dt liéu quan tric sau khi
loc nhidu dugc tinh chuyén sang hé toa do
khong gian dia dién chan troi dé phat hién dugc
dich chuyén bang thuit toan ctra sb truot. Bang
thuc nghi¢m moé phong dich chuyén dua trén hé

TAI LIEU THAM KHAO

théng thiét bi quan tric, dit lidu quan tric dugc
dugc xtr ly va phan tich da phat hién duoc
chinh x4c thoi diém xay ra dich chuyén va gia
trj dich chuyén. D6 chénh léch 16n nhat giira
dich chuyén quan tric va dich chuyén thyuc 1a
4.7 mm vé dich chuyén ngang va 5.8mm vé
dich chuyén dung. Nhu vdy phuong phap ctra
sO truot dap tng dugc trong viée xir 1y va phan
tich chudi dit liéu quan trac dé phéat hién dich
chuyén truot 10 dat dé theo thoi gian thue.
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