31(2), 184-190

Tap chi CAC KHOA HOC VE TRAI DAT

6-2009

NGHIEN CUU DAC PIEM CHUYEN DICH VO TRAI
DAT THEO THOI GIAN, LAN CAN CHAN TAM
DONG PAT SUMATRA 26-12-2004 TU SO LIEU IGS

1. DAT VAN BE

V6i s6 liéu cla cdc diém IGS do lién tuc
(permanent) phan bé xung quanh chan tam cé thé
xdc dinh duoc chuyén dich vé Trai Pat do dong dat
gay ra. Trong [2, 3] so lieu GPS cla cdc diém
COCO, BAKO, NTUS va SAMP cua cdc ngay
trong nam (Day Of Year - DOY) 336, 358, 360
nam 2004 (truéc dong dat) ngay 025 nam 2005
(sau dong dat) da duoc x{r Iy bing phdn mém
GPSurvey 2.35. Két qua xtr 1y da cho thiy :

- Tirs6 liéu cac diém IGS hoan toan x4c dinh dugc
chuyén dich ctia cc diém BAKO, NTUS, SAMP, véi
xdc suat16n cdc chuyén dich nay do dong dat gy ra.

- Pic diém chuyén dich clia cdc diém phl hop
v6i cac két qua cia M. Hasimoto [4] va m6 hinh
cta S. Koshimura [5] ca vé do 16n cling nhu huéng
chuyén dich.

- Chuyén dich ctia diém NTUS va SAMP chia
lam hai giai doan : truéc dong dat vector chuyén
dich c6 tinh ly tam, sau dong dat cdc diém chuyén
dich vé chan tam véi bién do 16n hon han.

- Vi méi chi xtr 1y s6 liéu ciia bon ngay do dac
trung, cac nhan xét trén chi nén coi 1a két qua budc
dau. Boi vay, bai bdo ciing kién nghi ti€p tuc
nghién ctu chuyén dich vé Trdi Pat theo huéng
khai thdc va xtr 1y s6 liéu theo chudi thoi gian dai
hon truée va sau dong dat, mé rong khong gian, x{r
1y s6 liéu theo cdc phan mém khéc.

Dip nay, nhu mot budce ti€p tuc cac két qua trude
va thuc hién mot trong cac kién nghi trén, mot khoi
lugng 16n s6 liéu cdc diém COCO, BAKO, NTUS va
SAMP da dugc khai thac trong khoang thoi gian dai
hon bao trum ca truge va sau dong dat. Cac so liéu
nay s& dugc xir 1y nhim xdc dinh toa do cdc diém,
tlt d6 sé& tinh toan chuyén dich va xéc lap céc dic
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diém cia chuyén dich vo Trai Pat theo thoi gian.
Véi hy vong céc dic diém nay (dic biét & giai doan
truGe dong dat) gép phan hitu ich cho cdc nghién
ctu lién quan t6i canh bao va du bdo dong dat.

1. SO LIEU VA CAC QUAN PIEM XULY

S6 liéu duge khai thac va xu 1y 1a s6 lieu GPS
hai tin s6 cta cdc tram IGS lan can chan tam cu
thé 1a cdc diém COCO, BAKO, NTUS va SAMP.
Tuy vay, dé c6 thé nghién ciu dic diém chuyén
dich v6 Trai D4t lién quan t6i qud trinh hinh thanh
dong dat va sau dong dat, s6 liéu phai dugc khai
thdc trong khodng thoi gian di dai dé c6 thé thé
hién dugc tinh quy luat chia chuyén dich.

Vi vay, so liéu tir ngay 300 (DOY nam 2004,
trude dong dit 61 ngay) dén ngay 025 (DOY nam
2005 sau dong dat 31 ngay) da dugc khai thac. S6
liéu cac diém IGS & dang nén, sau khi giai nén
nhan dugc & dang Rinex. Cho du s6 liéu duoc cap
theo ngly do (daily data), song ciing cin kiém tra
hién trang s6 liéu (ty 1&¢ phan tram do dai thu tin
hiéu so v6i 24 gi%) va cic thong s6 nhu may thu,
dic biét 1a anten nhim khai b4do chinh xdc cho
phdn mém khi xir ly. Mot so thong s6 co ban cua
tap hop s6 liéu do dugc trinh bay & bdng 1.

Bdng 1. Cac théng s8 co ban cla s8 liéu khai thac
Tén
diém
COCO ASHTECH UZ-12 AOAD/M_T 92
BAKO TRIMBLE4000SSE TRM14532.00 92

NTUS AOA SNR-12 ACT AOAD/M_T 92
SAMP ASHTECH Z-XII3 ASH700936 92

So tép

Miy thu khai thic

Anten

Trudng hop cin thiét c6 thé kiém tra chat luong
s6 liéu bang phan mém TeQC. Dung lugng s6 liéu
khai thac dugc c6 khai lugng x4p xi vai traim Mb.



Ngoai s6 liéu do con phai khai thac cic tép s6
liéu hé trg, cap nhat phan mém xt 1y s lieu GPS
nhu lich vé tinh chinh x4c, tép hién trang vé tinh,
tép chuyén dong cuc...

Vé ban chat, viéc tinh to4n chuyén dich dua trén
toa do diém xdc dinh theo timg ngay trong hé toa do
thong nhat. ITRF 2000 dugc chon 1a hé quy chi€u cho
toan bo qud trinh xtr 1y. Piém COCO dugc chon 1a
diém c6 toa do co dinh trong khoang thoi gian so liu
dugc khai théac (tr DOY 300/2004 dén 025/2005).

S6 lieu c6 thé xir ly theo cdc phan mém khéc
nhu GPSurvey, Bernese, Gamit. V€ co ban két qua
XU 1y bing cdc phan mém nay déu dat do chinh xdc

va tin cay [1-3]. Tuy vay trong dip nay, dé han ché
phin no céc sai s6 hé thong khi tinh toan chuyén
dich (hiéu toa do) ching t6i da xir ly bang phin
mém Bernese cho cédc ngay do.

Xin luu ¥, v6i quan diém di tir téng quat téi chi
tiét, viéc xtt 1y s6 liéu dugce ti€n hanh theo ting bude.
Trong [3, 7] s0 liéu ciia cac ngay 336, 358,360 (2004)
va 025 (2005) da dugc xtr ly. Dip nay, trong s6 92
ngay so liéu da khai théc, vé co ban chiing toi xir 1y
theo mat do khoang cédch 5 ngay, sit thoi diém xdy
ra dong dat (tlr ngay 355 dén ngay 365/2004) xu 1y
theo tiimg ngay (bdng 2). K&t qua cua dogt xu Iy nay
s€ quyét dinh hudng nghién ctu ti€p theo.

Bdng 2.Téng hop sé liéu xir Iy

STT Doy Ngay Ngay GPS STT Doy Ngay Ngay GPS
1 300.04 26/10/04 1294.2 15 358 23/12/04 13024
2 305 31/10/04 1295.0 16 359 24/12/04 1302.5
3 310 05/11/04 1295.5 17 360 25/12/104 1302.6
4 315 10/11/04 1296.3 18 361 26/12/04 1303.0
5 320 15/11/04 1297.1 19 362 27/12/04 1303.1
6 325 20/11/04 1297.6 20 363 28/12/04 1303.2
7 330 25/11/04 1298.4 21 364 29/12/04 1303.3
8 336 1/12/2004 1299.3 22 365 30/12/04 1303.4
9 340 05/12/04 1300.0 23 001.05 1/01/2005 1303.6
10 345 10/12/04 1300.5 24 005 05/01/05 1304.3
11 350 15/12/04 1301.3 25 015 15/01/05 1305.6
12 355 20/12/04 1302.1 26 020 20/01/05 1306.4
13 356 21/12/04 1302.2 27 025 25/01/05 1307.2
14 357 22/12/04 1302.3

1L KET QUA XULY

Viéc xu 1y cho ting ngay do duoc thuc hién
theo cac budc sau :

- Ldp lich xu ly : day 1a budc k¥ thuat tuy don
gian song hét stic quan trong gidp ngudi xt 1y quan
1y va theo ddi dugc qud trinh xtt 1y. Lich bao goém
cdc thong sO : ngay trong nam, ngay theo lich, s6
hiéu t&p lich v¢ tinh,...

- Chudn bi s6'liéu : phan mém Bernese 4.2 yéu
cu s0 liéu dang Rinex, bdi vay tap hop sd liéu do &
dang nén (compact) da dugc chuyén sang dang Rinex
bang viéc giai nén thich hop. Bén canh d6 con phai
khai thac va chudn bi céc tép lich vé tinh & dang thich
hop véi lya chon cia phan mém. Thiét 1ap céc tép s6
lieu (toa do gan ddng) va céc tép so lieu hod trg phan
mém hoat dong khai théac tir IGS (tép hién trang vé
tinh, chuyén dong cuc, tam pha anten...).

- Ldp Project va cdc thu muc di kém, cdp nhdt cdc
tép vao thu muc : cac sO liéu do sau khi cap nhat
vao thy muc RAW phai chuyén déi sang dang
Unix thich hgp v6i phan mém. Chuyén lich vé tinh
chinh xdc va cap nhat cic tép phu tro vao cic thu
muc thich hop.

- Xit Iy theo tung budc dén két qud binh sai : qua
trinh x&t 1y bing Bernese yéu cau dang d6i thoai
nguoi - mdy. Cho du x{ 1y trén cg s& trinh don, theo
ting bude song phai tip trung cao, dam bao khong
sai sOt cdc thong s6 ddu vao - ra. Ciing do ché do
xu 1y doi thoai nguoi - mdy, nén viéc xtt 1y s6 liéu
phiic tap, nhiéu truong hop mat rat nhiéu thoi gian
phét hién 161 dé phadn mém chay tiép.

- Kiém tra két qud xit Iy : phan mém hoat dong
theo co ché: chi ¢6 thé di ti€p khi budc truéc da hoan
thanh. Tuy vy vai trd clia ching ta 1a kiém tra két qua
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x{t 1y c6 thé chap nhan, di ti€p hay phéi xt 1y lai. Viéc
kiém tra nén thuc hién ngay sau timg cong doan.

Két qua xur 1y cudi cung cua s6 liéu do theo
ngay 12 toa do binh sai cla ting diém. Bdng 3 tap
hop két qua binh sai toa do va sai s6 lién quan cta
ngay 300. T bang 3 c6 thé thdy, sai s6 theo phan
mém thong bdo theo v§ tuyén va kinh tuyén khoang
1-2 mm, theo d¢ cao khoang 5 mm. Vi quy mo

luéi c¢6 canh dai xap xi 2.000 km, két qua xt 1y chi
lién quan t6i so lieu 1 ngay do, c6 thé néi day 1a
thanh qua dat do chinh xdc cao. Cic ngay khac
phuong an xu 1y ciing nhu két qua nhan dugc c6 do
chinh x4c tuong tu.

Pé x4c lap duge mai lién hé clia chuyén dich theo
thoi gian, hiéu toa do cua cdc ngay so véi ngay 300/
2004 dugc tap hop theo chiéu v§ tuyén va kinh tuyén.

Bdng 3. Két qua binh sai DOY 300/2004

TOTAL NUMBER OF STATIONS: 4

NUM STATION NAME ARAMETER A PRIORI VALUE NEW VALUE NEW- A PRIORI RMS ERROR

2 BAKO X -1836969.0724 -1836969.0709 0.0015 0.0020
Y 6065617.1448 6065617.1830 0.0382 0.0052
7 -716257.8335 -716257.8303 0.0032 0.0013
HEIGHT 158.1837 158.2192 0.0355 0.0054
LATITUDE - 6 29 27.796601 - 6 29 27.796364 0.0073 0.0009
LONGITUDE 106 50 56.075608 106 50 56.075201 -0.0125 0.0017

4 NTUS-01 X -1508022.8757 -1508022.8648 0.0109 0.0018
Y 6195576.6572 6195576.6952 0.0380 0.0051
7 148799.4241 148799.4252 0.0011 0.0014
HEIGHT 75.4139 75.4483 0.0344 0.0051
LATITUDE 1 20 44.886544 1 20 44.886552 0.0003 0.0014
LONGITUDE 103 40 47.845202 103 40 47.844568 -0.0196 0.0016

1 COCco X -741950.3510 -741950.3510 0.0000 0.0000
Y 6190961.6860 6190961.6860 0.0000 0.0000
7 -1337768.2070 -1337768.2070 0.0000 0.0000
HEIGHT -35.2505 -35.2505 0.0000 0.0000
LATITUDE - 12 11 18.051327 - 12 11 18.051327 0.0000 0.0000
LONGITUDE 96 50 2.287429 96 50 2.287429 0.0000 0.0000

3 SAMP X -964465.1587 -964465.1445 0.0142 0.0023
Y 6291997.1577 6291997.2048 0.0471 0.0056
Z 400195.8803 400195.8868 0.0065 0.0014
HEIGHT 2.0227 2.0675 0.0448 0.0056
LATITUDE 3 37 17.799728 3 37 17.799849 0.0037 0.0016
LONGITUDE 98 42 52.988419 98 42 52.987731 -0.0212 0.0022

Bc tranh chuyén dich theo chiéu v§ tuyén, kinh
tuyén clia diém SAMP trinh bdy & hinh I va hinh 2
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(S6" liéu ngay trén do thi dwoc tinh lién tuc ké tir
ngay 300), vi tri diém SAMP trinh by & hinh 3.
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Hinh I. Chuyén dich theo chiéu v§ tuyén clia diém SAMP (don vi : m)
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Chuyén dich cta diém NTUS dugc trinh bdy & hinh 4, hinh 5.
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Hinh 5. Chuyén dich theo chiéu kinh tuyén cta diém NTUS (don vi : m)
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THAO LUAN

1. Xem xét hinh 1-5, so sdnh d¢ léch toa do va
sai s6 xédc dinh ching c6 thé thdy, hoan toan c6 thé
xdc dinh dugc chuyén dich clia cdc diém (dai dién
cho chuyén dich vé Trdi Dat) tir s6 licu GPS. Chuyén
dich clia cdc diém c6 dang xung (pulse) rat 16 rang,
c6 thé chia 1am 3 giai doan :

- Tt DOY 300 dén 360 (2004) vi tri diém giao
dong trong dai tuong doi hep cd centimet.

- Tai thoi diém dong dat vo Trai Dat chuyén dich
16n dot ngot, diém SAMP (c6 khoang cdch 318 km tir
chan tam) chuyén dich xap xi 16 cm, 16n hon nhiéu
so v6i chuyén dich c6 bién do ~3 cm clia diém NTUS
(c6 khoang cach 905 km tinh tir chan tam).

- Sau dong dat, giao dong cuia vi trf diém lai tr&
v€ hién trang gin nhu trude khi dong dat.

2. Chuyén dich theo chiéu kinh tuyén c6 bién
do 16n hon chiéu v§ tuyén & ca hai diém SAMP va
NTUS. Diéu d6 c6 thé giai thich do dudng thing
gitta diém SAMP véi chan tam, va diém NTUS véi
chan tam c6 hudng 4 v§ tuyén.

3. Doi v6i huéng du bdo dong dat diéu chiing ta
quan tam la dic diém chuyén dich trudc dong dat.
Thoi gian truée dong dat (tr DOY 300 dén DOY
360), dac diém chuyén dich ctia diém SAMP theo
chiéu kinh tuyén dugc phan tich trén co s& hinh 6.
Vi trf diém giao dong trong giai tir -0,1 dén 1,7 cm ;
dudng thang xap xi (trend) c6 hé s6 it nhd (0,5.10%);
néu tinh theo dudng xap xi, vi tri diém chi thay déi
3 mm trong thoi gian tir DOY 300 dén DOY 360
nam 2004 (twong duong véi téc do ~2 cm/nam). V6i
céc so liéu trén, c6 thé coi giai doan truéc dong dat
vi tri diém khong thay déi trong méi lién quan t6i sai
s0 x4c dinh ching. Tuy vay, chiing ta cin déy :

- Hé s6 nhan clia dudng thing hdi quy tuy nho
song mang dau duong, diéu d6 c6 nghia ké tir thoi

diém khao sat (DOY 300 ; 2004), diém SAMP dich
chuyén vé phia dong, c6 xu thé ly tam so véi chin
tam. Nhan dinh nay mot 14n nita dugc cung co, khi
trén hinh 5 c6 thé thay, tir ngay 300 dén 360 vi tri
diém & phin géc vuong thit nhat, sau dong dat tir
ngay 361 dén ngay 025(2005) diém chuyén dich
tGi phan géc vuong thi 3.

- bic diém chuyén dich néu trén khong déng
nhdt véi biic tranh chuyén dich khu vuc trong diéu
kién binh thuong.

DPé c6 thé thuc hién viéc so sanh, chuyén dich
clia cdc diém lan can chan tam trong diéu kién
binh thuong theo tinh todn cua IGS dugc khai thic
[7] va phai hiéu chinh vé diém khoi tinh 1a diém
COCO. Hinh 7 thé hién céc vector chuyén dich dugc
xdc dinh tir cdc diém IGS trong ITRF2000. Céc
vector nét lién, manh 1a vector nguyén ban ; cic
nét dit, dam 1a céc vector da dugc téng hop tir cc
vector nguyén ban véi diém c6 dinh (van t6c = 0)
1a diém COCO, cung diém khéi tinh véi céc tinh
todn trong cong trinh nay. RO rang, néu so véi
diém COCO trong diéu kién binh thudong, diém
SAMP chuyén dich vé phia tay véi t6c do ~20
cm/nam. Trong khi d6, theo khao sat cua ching
toi, truéc dong dat, diém nay cé xu thé€ chuyén
dich vé phia dong. Khdc biét trén c6 thé do :

a) Thoi gian truéc dong dat & mot thdi diém nao
d6 su tich liiy nang lugng gy ra bién dang lam thay
ddi xu thé chuyén dich clia diém : chuyén dong vé
phia tay clia diém SAMP déan cham lai, trung tinh
r6i chuyén dan sang huéng dong. VE nguyén ly
day la dau hiéu hét stic quan trong, 1a co s& dé c6
thé trién khai cong tdc du bdo dong dat bing cong
nghé GPS.

b) Van t6¢ nhan tir IGS dugc tinh tit toan bo cac
diém ctia 1u6i IGS toan cdu, phan anh xu thé tdng
thé nén c6 thé chua thé hién cac chuyén dich mang
tinh cuc bo trong khodng thoi gian ngan.
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Hinh 6. Chuyén dich theo chiéu kinh tuyén ctia diém SAMP
(Tr ngay 300 dén 360/2004 - don vi : m)
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Hinh 7. Chuyén dich khu vuc 1an can chén tam trong ITRF2000
(Theo http://sopac.ucsd.edu/dataArchive) (Ghi chd : vector nét lién, manh 1a van toc do IGS xéc dinh ;
nét dit, dam Ia vector duoc tinh so véi diém COCO duge chon 1 diém c6 dinh)

Cic dic diém chuyén dich & diém NTUS ciing
tuong tu, song do khoang cach tir chdn tdm xa hon
nén bién do 16n nhat chi con khoang 3 cm, buc tranh
chuyén dich ciing khong rd rang nhu diém SAMP.

4. Ciing xin luu ¥, céc dic diém trén c6 thé nhan
biét & diém BAKO, song kém 18 nét hon nhiéu do
diém BAKO c6 khodng cdch kh4 16n tinh tir chan
tam, song lai gin ranh giéi mang thach quyén, nén
khong loai trir ngoai chuyén dich do dong dat gay
ra con c6 su tham gia chuyén dich clia cic mang
thach quyén.

5. Trén co s& két qua xu 1y, v6i cac phan tich tir
1 dén 4, c6 thé thay du bdo dong dat trén co s& s6
lieu chuyén dich tinh tir s6 liéu cdc tram do GPS
thuong truc cho thdy cac dau hiéu tich cuc, tuy bai
todn hoan toan khong don gian. Can ti€p tuc nghién
cttu theo ciac huéng : kéo dai thoi gian khai thac,
tang ddy mat do ngay xt 1y s6 lieu truGc dong dat.
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SUMMARY

Studies of time-dependent feature of crustal
movements caused by the Sumatra Earthquake on
December 26, 2004 from IGS data

The time-dependent feature of crustal movements
associated with the earthquake plays an important
role for forecasting earthquake

In this paper, GPS data of some continuous sta-
tions near by the Sumatra Island (COCO, BAKO,
NTUS, SAMP) was collected from 300 DOY(2004),
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to 025 DOY (2005) and have been processed in
order to calculate the movements of GPS stations.

Our calculations and graphs indicated that
crustal movements at the investigated GPS sites
clearly were pulse. In detail, before earthquake
occurred, it is relatively in the range of small (1-2
cm), but at the time of the earthquake points shifted
suddenly and larger (the SAMP station approximately
16 cm, NTUS station about 3 cm). After earthquake
they were stabilized again. The remarkable thing is
that before earthquake, the trend of movements
seem to be against the trend in normal conditions.
This is an important feature to help predicting earth-
quake by GPS data, but further investigations
are needed.

Ngay nhdn bai : 29-4-2009
Vién Pia chdt



