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AT LIEU

U'ng dung két qua dinh vi chinh xic cao 1 gidy dé phat hién
thoi diém anh hudng ctua dong dit vao tram do GNSS thudng truc

Nguyén Ngoc Lau!"
Truwong Pai hoc Bach khoa TP.HCM, bai hoc Quéc gia Thanh phé Hb Chi Minh
TU KHOA TOM TAT

GNSS

Pinh vi diém chinh x4c cao
Tram do thuong truc

Thoi diém dong dt

Viéc xéc dinh chinh xac thoi diém song dia chén téc dong vao cac vi tri khac nhau trong khu vuc c6 dong
dAt sé gitip cho chiing ta hiéu rd hon v& co ché dong dit va cAu tric v trai dit. Néu trong khu vire dong dét
6 cai dit cac tram do GNSS thudng trife, v& nguyén tic, dwa trén chubi toa db ta c6 thé xac dinh dugc thoi

diém anh hwéng. Ching t6i xem xét viée xit 1y dinh vi diém chinh x4c cao cho di liéu do ctia cic tram GNSS

Pong dit Noto e o N o o B o .
c6 toc d6 thu 1 gidy va tht nghiém xw ly cho 4 tram do & tran dong dat Noto (Nhat Ban) ngay 1-1-2024.
Chudi toa d6 két qua tif phan mém PPPC clia ching téi, va tt dich vu x@ ly truc tuyén CSRS-PPP ctia B Tai
nguyén Canada 13 hoan toan twong ddng v&i nhau. Dwa vao nhitng chudi nay, ching ta ¢6 thé xic dinh
chinh xé4c thi diém tram do bi dong dAt anh hwéng. Hon thé nita, chiing con ¢am bao tinh chinh xé4c cho
viéc xac dinh d6 dich chuyén t@c thoi ctia tram do ngay sau khi bi dong dat tac dong.

KEYWORDS ABSTRACT

GNSS Determining the exact time when seismic waves impact different locations in an earthquake area will help

PPP us better understand the earthquake mechanism and the structure of the earth's crust. If permanent GNSS

CORS

stations are installed in the earthquake area, in principle, based on their coordinate series, we can determine
Earthquake time

Noto Earthquake the time of impact. We consider the processing of precise point positioning for data of GNSS stations with an
interval of 1-second and test the processing for 4 stations at the Noto earthquake (Japan) on January 1, 2024.
The coordinate series resulting from our PPPC software and from the online processing service CSRS-PPP of
the Ministry of Natural Resources of Canada are completely similar to each other. Based on these series, we
can accurately determine the time when the station was affected by the earthquake. Moreover, they also
ensure the accuracy of determining the instantaneous displacement of the station immediately after the

earthquake.

1. Gidi thiéu va dich chuyén. V& nguyén tic, ta c6 thé dwa vio chudi toa d6 theo thoi

gian tram do dé xéc dinh chinh x4c thoi diém tram do nay bi dong dAt

Séng xung kich dong dit, hay séng dia chin, 12 do dong dit gay
ra va nho vao tic déng rung chuyén mit dit cia né ma ta biét c6 dong
dat xult hién. C6 bbn loai séng xung kich dong dit: Séng P, Séng S,
S6ng Rayleigh va Séng Love. Trong d6 séng P 1a séng dia chin nhanh
nhét, 1a séng nén lan truyén bén trong long Trai dit. Séng S cham hon
séng P, chi lan truyén trong chit rin hosc thé v6 dinh hinh gin rin va
1am rung chuyén mat d4t.

Céc nha dia chin hoc nghién cttu séng dia chin bing may do dia
chén, thity 4m hoic may do gia tbc. Khoang thoi gian gita séng P va
séng S trén dia chin dd c6 thé gitip cac nha khoa hoc x4c dinh déng dt
céch xa bao xa. Ho thudng sit dung it nhit 3 méay do dia chin dé xéc
dinh vi tri chinh x4c ctia tdim chin bing phwong phdp tam gidc. Bién
d6, tAn s6 va thoi gian lan truyén ctia séng dia chin cung cip cho ta
thong tin vé Trai dt va cAu tric bén dudi bé mit cia né.

Néu trén khu vire déng dit c6 cai diit cac tram GNSS thudng truc,

séng dia chin lan truyén dén vi trf tram do sé& 1am cho #ng ten rung lic

*Lién hé tic gia: nnlau@hcmut.edu.vn

Nhan ngay 17/04/2025, stia xong ngay 04/06/2025, chip nhan ding ngay 05/06/2025

Link DOI: https://doi.org/10.54772/jomc.03.2025.925

anh huéng (néu c6). C6 hai doi hoi co ban dé ding dugc phwong phiap
nay trong thuc té: d6 chinh x4c toa do cang cao thi viéc phat hién dich
chuyén bét thudng trén chudi thoi gian cang tin cdy, va tée do thu dit
liéu cang cao thi thoi diém phat hién cang chinh xac.

Cé hai ddi hoi trén hién nay déu c6 thé giai quyét dugc. Pé nang
cao d6 chinh x4c dinh vi diém tic thoi, ta c6 thé két hop xit 1y tri do
da hé théng vé tinh két hop vé&i giai da tri. Hién nay da ¢6 cic san phAm
hé tro giai da tri cho vé tinh GPS va GALILEO. Téc d6 thu dit liéu phé
bién ctia cic tram GNSS thudng trie 1a 15 gidy hodc 30 gidy. Nhung
hién nay da xuét hién ngly cang nhidu cac tram thu c6 téc do 1 gidy.
Piéu nay cho phép ta xem xét thdi didm bi anh hwéng dong dit ciia
tram do chinh xac dén titng gidy!

Trong bai bdo nay, ching toi sé xem xét viéc ap dung xt ly PPP
titc thoi tram do c6 dit liéu GNSS 1 gidy, nhim xac dinh chinh xac thoi

diém ma tram do nay bi anh hwdng ciia dong dat (néu c6). Chiing tbi
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thit nghiém didu nay cho tran dong d4t Noto (Nhat Ban) xay ra vio
ngay 1-1-2024.

2. Phuong phap xt 1y PPP dong 1giay, da hé théng vé tinh va giai
da tri

Pinh vi diém chinh x4c cao dwgc ap dung 1in diu tién vao nim
1997 [1]. Phuong phép nay x@ 1y tri do pha va méa cta 1 may thu GNSS
duy nhét ¢6 két hop véi thong tin vé ban lich chinh x4c va s hiéu chinh
ddng hd chinh x4c ctia vé tinh GNSS. Ban diu PPP chi x 1y tri do clia
vé tinh GPS va khong c6 giai da tri cho tri do pha. Do d6 d6 chinh xac
PPP tinh 24h & giai doan nay chi dat vai cm [1], con PPP déng c6 d6
chinh xéc thip & mtc dm.

Cam on nhitng né lwc khong ngitng nghi ctia cic nha khoa hoc
va td chtic ¢4 nghién cttu va cung cAp mién phi cdc san phdm ban lich
va df‘)ng hé vé tinh hd tro cho viée giai da trj trén tri do pha (Ambiguity
Resolution — AR). Tit cubi ndm 2009, Trung tdm Nghién citu Khong gian
Québc gia Phap (Centre National d’Etudes Spatiales — CNES) da bit diu
cung cp cac san phAm PPP-AR cho vé tinh GPS [10]. Khéong ditng lai
& d6, tit 12/2018 (GPS week 2034), CNES tiép tuc cung cAp thém san
phém PPP-AR cho cac vé tinh GALILEO. Tuong ty nhu CNES, Trung
tAm Xéac dinh Quy dao Chau Au (Center for Orbit Determination in
Europe - CODE) cung cAp cdc san phdm PPP-AR cho céc vé tinh GPS va
GALILEO bt dau tif 6/2018 [9, 11].

Nh& céc san phdm PPP-AR trén, cdc nha nghién citu da bt diu
xti 1y PPP tich hop GPS + GALILEO v&i viéc giai da tri va céng b6 nhitng
két qua kha quan vé& d6 chinh xéc dat dugce cho dinh vi tinh va dong.
Glaner va Weber trong bai bao [8] da sit dung cac san phdm vé tinh ti¥
CNES, CODE va vai Trung tim khac vao PPP-AR GPS + GALILEO rdi so
sanh thoi gian hoi tu ctia nghiém cé dinh. Két qua cho thiy san phdm
vé tinh ctia CODE thyc hién t6t nhét, con CNES xép vi tri 4p chét thit
5. D§ chinh xac dinh vi 2D ¢6 thé dat tét hon 5 cm v6i thoi gian héi tu
trung binh khoang 6 phit. Katsigiani va nnk [12] dd x@ 1y déng PPP-
AR v6i san phdm ctia CNES va két ludn d6 chinh xéc dinh vi khi chi
duing tri do GALILEO twong dwong véi khi chi diing tri do GPS va dat
khoang 14 mm theo mit bing va 31 mm theo d6 cao. Khi xt 1y két hop
GPS + GALILEO, d6 chinh xac dinh vi dugc cai thién khoang 30 %.

Tai Viét Nam, chiing tdi da nghién cttu va st dung PPP tif ndm
2010 [4]. Chiing t6i da ty viét ra phdn mém x 1y PPP bing ngén ngit
1ap trinh C, c6 tén 12 PPPC. Sau nhidu 14n cai tién va ning cAp, hién
PPPC c6 kha ning x{t 1y do tinh 14n do dong. PPPC c6 thé xit 1y tich hop
tri do cua céc vé tinh GPS, GALILEO, BEIDOU va GLONASS. Khi st dung
san pham ctia CNES hay CODE, PPPC c6 kha niing giai da tri cho tri do
pha cua vé tinh GPS va GALILEO [6, 7]. Khi dung PPPC x@ ly tich hgp
tri do 30s cua GPS+ GALILEO + GLONASS, d6 chinh xac dinh vi tinh
24h 1a (2,1; 2,1; 5,8) mm, con dinh vi dong dat (6,6; 6,2; 20,2) mm &
cac thanh ph:?m huéng Béc, Pong va do cao [7].

Thach thic khi x@¢ 1y PPP di¥ liéu GNSS 1gidy ctia cac tram
thuong truce 13 file dit liéu do 24h qué 16n. Pidu nay 1am cho thoi gian

xt 1y kéo dai. Tuy nhién néu cit ngin dit liéu thi c6 thé sé anh huéng

dén kha ning giai da tri, din dén 1am giam d6 chinh xéc dinh vi, dic
biét 13 khi xit Iy déng. D& dam bao cho viéc giai da tri thanh céng khi
x Iy PPP dong cho tng dung déng dit, chiing t6i diing dit liéu GNSS
2h triee va 2h sau thoi diém xay ra dong dt.

3. Thi nghiém & tran dong ¢4t Noto (Nhat ban) ngay 1-1-2024

Tran déng d4t M7.5 ngay 1- 1- 2024 & by bién phia tay Nhat Ban,
trén dao Honshu, xay ra do ditt giy nguoc & 16p vo Trai dat. Cac giai
phdp co ché trong tdm cho trén dong datchira r?mg diit gy xay ra trén
mét dit gy nguoc cé do dbe vira phai tin cong vé phia tdy nam hoic
dong bic. Tran dong ¢4t nay xay ra & noi bién dang vé trai dit tao ra
b&i chuyén ddng ctia cdc mang réng hon tao nén céc ditt giy nong.
Pong dit néng gay ra nhiu thiét hai hon so véi doéng dat c6 d6 sau
trung binh va 1én vi nang lwgng do céc sy kién nong tao ra dwgc giai
phéng gin b mit hon va do dé tao ra rung lic manh hon so v&i déng
dAt xay ra sau hon trong long Trai dAt. Tran dong dit ven bién nay vira

tao ra rung lic manh trén dAt lién vira tao ra séng thin [2].
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Hinh 1. Vi trf ctia tim chin trin va cdc tram GNSS thuwdng tric trong
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vung bi anh hudng (tham khao tw [5]).

M6t nghién citu vé tran déng dit Noto do nhém tic gia Gotou
Hideaki tai Pai hoc Hiroshima thifc hién [13]. Nghién cttu nay chi yéu
st dung anh hang khéng, chup sau tran déng dit Noto ngay 1-1-2024
trén mot khu vie rong khoang 50 km doc theo bd bién dong bic ciia
Ban dao Noto. Két qua cho thiy tran déng dit ngay 1-1-2024 d3 khién
mit d4t bi nang lén tai hiu hét bo bién déng bic ctia Ban dao Noto va
m& rong ra khu vige ven bién. & quin Kawaura, thanh phé Suzu (trén
ban dao Noto), c6 mét viing ven bién mé réng thém 175 m. Theo nhém
clia Hideaki, téng cong, khu vitc Ban dao Noto dd m& rong khoang 2.4
km? sau trn dong dat. Mot sb cang & phia bic clia ban dao da gin nhu
khé can do mit dit bi nang 1én.

N3m céch tdm chin khoang 250km, c6 mét s6 tram GNSS thudng
triyc. Cac tram nay hién dang tham gia vao mang lwéi Dich vu GNSS qubc
t& (IGS) toan ciu. Vi tic dong khung khiép ctia trin dong dat dugc dé
cAp & trén, cic tram nay c6 kha ning bi anh hwong. Méi quan tim ctia
ching t6i trong bai béo nay 13 kiém tra xem cac tram GNSS d6 ¢6 bi &nh
hwéng hay khong va sau d6 xac dinh chinh xéc thoi diém bi anh hwdng
clia chiing. C6 4 tram c6 dit liéu GNSS 1 gidy gdm: USUD, CHOF, TSK2
va ISHI. Vi tri cta céc tram nay dugc thé hién trén hinh 1. Trong d6 USUD
& gin tam chén nhit (179 km) va TSK2 & xa nhét (294 km).
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Chiing t6i diing phdn mém PPPC dé xit Iy dong dit liéu GNSS 1
gidy cua 4 tram do trén. Phuwong an xtt ly PPP dugc trinh bay trong
Bang 1.

4. Phan tich két qua

Két qua xtt 1y PPP 1gidy clia 4 tram GNSS bing phin mém PPPC
duge hién thi trong Hinh 2. Quan sat chudi toa do ciia cdc tram, ta thdy
tAt ca cac tram du c6 sy dao dong va dich chuyén tir thoi diém khoang
7:11 tr& di. Theo thong béo ctia Cuc Khao sat Bia chit My (United States
Geological Survey — USGS) [2], tridn ddong dAt Noton xay ra vao lic
2024-01-01 7:10:09 UTC, tiic 1a khoang 7:10:27 GPST. Tuy nhién, khi
xem xét chudi toa d6 PPP 1 gidy trong Hinh 2, ching ta thiy thoi diém
bi anh huéng diu tién 12 khoang 7:11:30 tai USUD, 7:11:52 tai CHOF,
va 7:12:00 tai ISHI va TSK2. Pidu d6 c6 nghia 13 c6 su cham tré 1-2
phit so v&i thoi gian tai tim chin. Thoi gian lan truyén c6 ty 18 thuan
v6i khoang céch tit tAm chan. T4t ca céc tram déu c6 sy dich chuyén
ngay lap tiic sau trdn dong dit véi gid tri wéc tinh & mit bang dugc
cho & Bang 2, con thanh phin d6 cao khong thé wéc lwgng chinh xéc
do d6 nhiéu cao. K&t qua nay dva trén chudi toa d6 PPP 1 gidy truéc
va sau thoi diém dong dAt 20 phiit.

Céc tac gia trong [5] da ding dich vu tryc tuyén CSRS-PPP clia
Bo Tai nguyén Canada xtt ly PPP 24h cho dit liéu GNSS 1 nam trudc va
5 thang sau thoi diém dong dAt Noto. Dya trén chudi toa do PPP, ho
xéc dinh dwge d dich chuyén ctia cac tram do, cho & Bang 3. So sanh
Bang 3 va Bang 2, ta thiy cac d6 léch mit bing chi chénh nhau vai mm.
Pidu nay chitng to d6 chinh xac PPP 1 gidy xt 1y bing PPPC 14 kha tét.
Va duwéi tic dong ciia séng dia chén, cac tram do bi dich chuyén gin
nhv tic thoi & thoi diém xay ra dong dit.

Station USUD day 01/01/2024 | Station GHOF day 0110172024
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Bang 1. Cac cai dit khi x@ 1y PPP dong bing PPPC.

No6i dung Gia tri

Ban lich va sb hiéu chinh | San phém CODE [11]

ddng hd vé tinh chinh xac

Tri do L3 va P3 ctia GPS, GALILEO va GLONASS

Giai da tri Giai da tri cho tri do pha GPS va GALILEO

Go6c cao vé tinh gi¢i han 5 do

Ham 4nh xa dbi vu VMF3/GPT3 [3]

Trong so tri do sing, v&i € 1a goc cao vé tinh

Chiéu dai di liéu GNSS 2h trude va 2h sau déng dat

Bang 2. Dich chuyén mit bing do déng dit ctia 4 tram do dua trén két
qua PPP 1 giay.

o Dich chuyén mat béng (mm)
Tram do Thoi diém anh hudng
North East
UsuD 7:11:30 +18 -10
CHOF 7:11:52 +10 -10
ISHI 7:12:00 +12 -5
TSK2 7:12:00 +10 -5

Bang 3. Dich chuyén do dong d4t Noto ctia 4 tram do (tham khao ti [5]).

Do dich chuyén (mm)
Tram do
North East Up
USuD +22,9 -15,5 +1,8
CHOF +7,8 -5,2 +3,7
ISHI +7,5 -8,6 +1,1
TSK2 +10,8 -8,4 -0,4

Station ISHI day 0170172024 Station TSK2 day 01/01/2024
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Hinh 2. Chudi toa d6 PPP 1 gidy ctia 4 tram GNSS, xtt Iy bing PPPC.

Chting t6i tiép tuc kiém tra két qua PPP 1gidy ctia minh, bing
cach gai dit liéu GNSS 1 gidy dén dich vu xit 1y tric tuyén CSRS-PPP
ctia Bo Tai nguyén Canada. Két qua x 1y cia CSRS-PPP dugc hién thi
& Hinh 3. Quan sat trén cc chudi toa d6 1 gidy ctia CSRS-PPP trén Hinh

3, ta thdy thoi diém dAu tién ma tram do bi anh hwdng ciing gidng nhu
Hinh 2. Ngoai ra d6 1éch toa d6 mit bing do dong dit ciing duwgc nhin
thiy rd rét tai USUD, CHOF va ISHI. Chi ¢6 TSK2 1a khong r6 rang do
@6 nhiéu toa d6 kha 16n.
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Station USUD day 01012024
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5. Kétluan

Khi mét trin déng dit xay ra, ngudi ta rit quan tdm dén su lan
truyén séng dia chin ti tim chin dén khu viee xung quanh, dic biét 1a
séng S vi n6 lan truyén trong méi trudng rin, giy ra chin dong va
nhitng hau qua khing khiép khéc. Hiéu biét chinh xac hon vé bién do,
tAn s6 va thoi gian lan truyén ciia séng dia chén sé gitp cho ta hidu biét
nhiéu hon vé Trai d4t va ciu tric bén duéi bé miit cta né.

Dé giam sat dong dat & nhitng khu vire c6 nhidu kha ning xay ra,
céc td chite khoa hoc d3 cai dit mot sb tram GNSS thuong truc. Téc do
thu di liéu cta nhitng tram nay hién da ting 1én 1 gidy. Ngoai ra may
thu GNSS déu 12 loai da hé théng vé tinh, c6 thé thu tin hiéu tir GPS,
GLONASS, GALILEO, ...
xt¢ Iy va stz dung két qua PPP 1 gisy nhdm xac dinh chinh xéc thoi diém

Pay chinh 12 didu kién thuan lgi dé ching ta

séng chén dong tic dong dén dng ten tram do.

Chting t6i d4 diing phin mé&m ty viét PPPC va dich vu xt 1y truc
tuyén CSRS-PPP ctia B6 Tai nguyén Canada dé xit 1y dit liéu GNSS 1giay
ctia 4 tram do nim trong viing anh hudng ctia tran déng dit Noto (Nhat
Ban) ngay 01-01-2024. Chudi toa &6 PPP 1 gidy xudt ra ti 2 phin mém
rit twong ty nhi nhau, va d d6 chinh xéc dé x4c dinh ding thoi diém
bi anh hwong &
dinh duge d6 dich chuyén toa d6 ctia titng tram do xay ra gAn nhu ngay

titng tram do. Hon thé nita, ching ta con c6 thé xac

sau thoi diém bi anh huéng. Két qua nay di duwoce khing dinh 13 tin cay
khi so sanh véi mot nghién cttu khac ding chudi toa dd PPP 24h véi 1

nim tride va 5 thang sau dong dat.
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