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BAN TOM TAT

Trong bai bao nay chung t6i trinh bay tém tat nhitg thanh twu dat dugc trong viée xtr 1y dit liéu
GPS de nghién ctru sy chuyén dich ctia vo tréi dat tai khu vue Lai Chau - Dién Bién. Dé dat duoc yéu
cau rat cao vé do chinh x4c, mang ludi dia dong hoc Lai Chau - Dién Bién duoc tién hanh do lap bang
cong nghé GPS trong chu ky tir 2002 dén 2004. Dit ligu do tir mang ludi nay da dugc xir 1y chit ché
bang phan mém ECME-GPS do cac tac gia viét ra.

ABSTRACT

In this paper, we present briefly some achievements from processing GPS data for researching
Earth crustal movements at Lai Chau — Dien Bien region. To obtain very high accuracy, Lai Chau —
Dien Bien geodynamic network is surveyed repeatly by GPS technology from 2002 to 2004. The data
from this network were processed robustly by using software package ECME-GPS, which are coded
by the authors

1. TONG QUAN VAN PE va xay dung cac mo dun xu ly dir liéu do GPS
va danh gia cac vecto chuyen dich khong gian,
Trong khudn khd dé tai nghién ctru cip BO mit bang, ding. Cac két qua thuc nghiém trén
Tai nguyén va Moi truong “ Nghién ctiu ing co so dit ligu do GPS trén dut gy Lai Chau -
dung cong nghé GPS dé xac dinh chuyén dich Pién Bién cho thdy mé dun GUST va phéan
vo trai dat trén khu vuc dut gdy Lai Chau - mém BERNESE cho két qua tuwong dwong
bién Bién”, nhom nghién ctru dé tai da phat nhau. Ngoai ra hang loat cadc nghién cuu ly
trién phan mém ECME - GPS (Earth Crustal thuyét nhu xdy dung thuat toan T ' dé binh
Movement Estimation by GPS technology) d¢ sai mang ludi tric dia tu do [3], thudt toan
xur ly du ligu do GPS va xac dinh cdc vecto phan tich cac thanh phan cla vecto baseline
chuyén dich khong gian, mat bang, ding trén thanh hidu d¢ cao tric dia va cac hiéu toa do
khu vyc dit gay Lai Chéu - Dién Bién trong trac dia [6], quy trinh va thuat toan xac dinh
giai doan tir 2/2002 dén 2/2004. Céc co s& vecto baseline phing [5] da duge 4p dung dé
khoa hoc cua viéc xur ly dir liéu do GPS d¢ xdy dyung cic mé dun ciia phin mém ECME -
chinh xac cao trén cac khoang cach lon da GPS vé6i muyc dich danh gia cac vecto chuyén
duoc nghién ciru va s dung dé xay dung mo dich khong gian, mit bang, ding theo cic chu
dun GUST. Nhém nghién ctru da tién hanh cac ky do GPS I3p trén khu vyc dit gdy Lai Chau -
nghién ctru co ban nhu anh huong cia sirc hit Dién Bién. Bai bao nay s& tom tat cic két qua
Mit trdng - Mdt troi dén viéc lya chon thoi nghién ctru duoc dé cap & trén.
gian thu tin hi¢u v¢ tinh [1], anh huong cua strc
hat Mt tring - M3t trdi va cuc tridu trai dat 2. PHAT TRIEN MO PUN GUST

dén d6 chinh xac cua vecto baseline [2].
Nhung noi bat nhat 1a cac két qua nghién ciru
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GUST 1a tén viét tat ciia cum tir GPS
processing Using Sequential static Techniques
duoc tac gia thir hai phat trién trong thoi gian
lam nghién curu sinh tai Pai hoc Tasmania,
Australia va dudi su huéng dan cia gido su
Richard Coleman [7]. GUST dua trén bo xt ly
1a bd loc Kalman cai tién dé c6 thé tich hop
day du mdi lién hé giita cac tri do GPS theo
thoi gian. Dit liéu do pha GPS dugc phan mém
xtr Iy mot cach lién tuc nhiam khai thac téi da
uu thé cua viée giai da tri. Day la su khac nhau
co ban giita GUST véi nhitng phin mém khoa
hoc thong dung khidc nhu GAMIT hay
BERNESE.

GUST duoc thiét ké dé nham dén hai muc
dich pho bién hién nay:

e X ly chinh x4ac cac canh dai

Pé dat duge muc dich nay GUST bao
gém ddy du cac moé hinh méi nhat vé do
tré dbi luu; mo hinh bién dong tdm pha
anten GPS; mé hinh chuyén dich tram do
dudi tac dong cua dia triéu, thuy triéu va
cuc triéu trai dat; kha niang sir dung qui
dao chinh xac IGS va cac thuat toan giai da
tri tin cdy trong nhitng diéu kién khé khan.

e Xulydong

Nham nghién ctu cac hién tugng dia
dong hoc chdm chap nhu bang tan, dat
trugt hay nhitng chuyén dich tirc thoi nhu
dong dat, GUST cung cap cac chon lya da
dang vé toa do xir Iy ciia tram do.

Trong cac bai bao [8,9], chung t6i da tom
tat mot sO tmg dung da dang cia GUST trong
thyc té va so sanh vé6i viée xir 1y bang phan
mém BERNESE va GAMIT. Két qua cho thdy
d6 léch ¢ thanh phan mit bang & mirc do mm.
Trong khi & thanh phan d6 cao, GUST cho
thiy nhitng wu diém nhat dinh so véi cac phan
mém khéc.

3. PHAT TRIEN THUAT TOAN T 7.

Khi nghién ctru chuyén dich cua vo trai dat
trén mot khu vire nho va khong gin két véi cac
du an quéc té, ching ta khong don gian xtr ly
cac dir liéu do GPS dong thoi voi cac dir lidu
do GPS trén cac diém cua mang ludi IGS.
Trong truong hop nay ching ta phai s dung
phuong phép binh sai mang ludi trac dia tu do
dé nghién ctru su 6n dinh cua cac diém GPS va
danh gia cac vecto chuyén dich khong gian,
mit bang, ding theo hai chu ky do GPS lap.
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Nhu vay viéc xay dung thuat toan hiéu qua dé
binh sai mang ludi tric dia tu do doéng vai tro
quyét dinh. Khai niém thuit toan binh sai hiéu
qua trén quan diém hién dai bao gom kha ning
loai bé anh huéng cua su tich luy sai sé lam
tron va kha niang phat hién va tim kiém cac tri
do tho trong qua trinh tinh toan binh sai. Boi vi
phép bién d6i xoay thudc 16p cac phuong phap
bién d6i truc giao, nén no6 han ché & mirc t6i da
su tinh luy cia sai s6 1am tron. Trong [3] da dé
xuét thuat toan bién d6i xoay véi ma tran lam
viéc 1a ma tran tam gidc dudi nghich daoT T R
o ddy ma tran T T lién hé v6i ma trn nghich
dao Q boi biéu thic Q=R =T 'T",con R

12 ma trdn chuin. S¢ di chon ma tran T T lam
ma tran bién doi xoay la do nhd ma trén nay c6
thé duoc trién khai trong quy trinh ctia phuong
phap binh sai truy hdi dé phat hién sy c6 mit
ctia cac tri do thd va tién hanh tim kiém chung.
Ngoai ra thuat toan T ' cho phép trién khai
mot cach don gian mo hinh cua bai toan binh
sai mang ludi tric dia tu do:

V=AN +L, P,
V, =CT.8X P,
v6i ma tran trong sd P, =x.E,§day oo - sb
16n vo han.

Dé trién khai thuat toan T ' khi binh sai
mang trac dia tu do, chung ta can chon ma tran
ban dau c6 dang sau:

T 0=10° Eu,

0 day Ey, - ma tran don vi bac k.
Gia su sau khi dua vao tinh toan (i-1) tri
do dau tién theo thuat toan dang xem xét chung

~ A A - A R -T ’
ta da nhan dugc ma tran bién d6i T,”, , véc to

an dx, ,, tong [pvv]H . Bay gio ching ta dua

vao tinh toan tri do y; v6i phuong trinh sb cai
chinh:

Vi = a; - 0X + Ii(O)a P; (D
o day sb hang tu do |i(o) =@, (X (0))— Vi @i -
véc to - ham lién hé; X vecto an gan dung;
P; - trong s0 cua tri do y;.

Chuing ta 1ap ma tran phu:



T
Bi _|: 0 5i(0) (2)
& day o i(o) duoc x4c dinh theo cong thirc
5 =1 3
. /<ﬁ$, 3)
con vecto t;
T AT
tl - Ti—] . al .

Chung ta thay tir (3) rang khi trong sé P; =
o s88=0. ,

Lan luot bién doi xoay doi voi cac hang
j =1k, & day k 1a bac cia ma tran T,',. Dé
bién d6i hang thir j (j = 1,2, ..., k), can lap ma
tran xoay:

H j =
1. 0
o .S |<—Hang]
b0
R SR R

Trong d6 C;=x/f; Sj=-y/f; f= (x> +y*)"?

x=06U"; y, =1{t}, - thanh phén tht j

cua véc to t;.

Nhan ma trdn xoay H; tir bén trai v6i ma
tran B; (2). Két qua sé& bién d6i xong hang thir j
cua ma tran B;. Bﬁng cach nhu vay, sau khi
bién d6i xong tit ca k hang diu tién cua ma
tran B;, chung ta s€ nhén dugc ma trén:

-T
3 {Ti 0}
i 7i
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Vecto 4n sb va [pvv]i dugc tinh theo céc
cong thirc sau:

1
__"’7iT |

=dx;,

2

[pw ] =[pwl + &

o day sb hang tw do I, = a; . dx;; + 19 : con sb
&= 11/'Y1

Trong truong hop tri do y; 1a tri do du viéc
kiém tra su c6 mit cua trj do thd duoc tién
hanh dua trén viéc so sanh sb hang tu do [; voi
gia tri cho phép cua no (l))cp , & day

()ep=3-1o- /9 ,

con Ty - gia tri tién nghiém cua sai sd trung
phuong cua tri do ; g; dugc tinh theo cong thuc

g = Pf1 +tiT -t

Viéc tim kiém cac vecto baseline thd khi
binh sai mang ludi GPS dugc dé xuat trong

[4].

4. PHAT TRIEN THUAT TOAN PHAN
TiCH VECTO BASELINE THANH HIEU
PQ CAO TRAC PDIA VA VECTO
BASELINE PHANG

bé danh gia cac vecto chuyén dich ngang
va chuyén dich dimg trong hai chu ky do lap
trén mang ludi GPS can thuc hién chuyén cac
thanh phén AX, AY, AZ cua vecto baseline
trong ting chu ky do lip thanh hiéu do cao tric
dia AH (nhém tao mang ludi d6 cao tu do
trong tung chu ky do 1dp) va thanh céac thanh
phdn Ax, Ay cla vecto baseline phang (cic
hiéu toa do ph'flng cia hai diém dau cua
baseline nham tao mang ludi mat bang (x,y) -
tu do). Cac cong thirc co ban dé giai bai toan
néu trén do GS.TSKH. Pham Hoang Lan dé
xuét [6]:



HOY o
1-e>+-—1—|.sinB"
CosB" - AZ ~ N,

AB =B, — B, =arcSi
o N, +HY H O

1+

1

(0) inL©
x 2~CosB£°).3in2A_L+COS|—1 -AX +SinLl” - AY
2 N, +H

J 2. .CosB” - CosB, -Sin%B

. . AB
2-SinB,, -Sln7 . CosB§°) N CosBl(O) .
(0) (0) (0) (0) ’
1+H1 . 1+H2 ey Na oy Ha gy N
N, N, N, Hgm N, wa

CosL\?- AY —sinl@ . ax |
(N, +H).cosB,

+e2.SinBY) x

4

AL=L,-L, = arcSin{
AL

AH=H, —H, =2-(N2+H§°))-Sin27+

(COSL(IO) -AX +8inL® - AY +2- (N, + H ) sinB,, x SinAf]/Cos B —

—2-b, -Sin2B,, - SinAB +2-b, - Sin4B,, - Sin2AB -2 -b - Sin6B,, - Sin3AB +
2-bg - Sin8B,, - Sin4AB -2 -b,, - Sinl0B,, - SINSAB + 2 -b,, - Sin12B,, - SiN6AB;

trong do
l:)():no"'n_"'3 n4+i n6+3_5 r]8+ﬁ n10+£'n12
8 16 128 256 1024
b2 :n_2+n_4+£.n6+l.n8+£.nlo+ﬁ.n12;
2 2 32 16 256 512
b4 :ln4 +in6 +ln8 +£n10 +ﬁn12,
8 16 32 64 2048
b6 =L'n6 +L'n8 +£'n10 +£n12,
32 16 512 124

1 5 1 6
b =— ng +—-njn + ‘Niy;  bijg=——Njg+——:Ny»;
8 128 8 256 10 2048 12 10 512 10 1024 12

1 I 3 9
bp=——-npp: ng=a (m} nmy=—e”ng: ny=—e ny:

2048 2 4
n e2 n n 7e n n = 9e n n lle Nins
6= N4 Mg=T€Ng Mg =_o€Tengs Ny = 105

1
By = —(Bl(o) N B&O)) AB = B&O) - Bl(o); AL = L(g) - L(lo)

2
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Trong céc cong thirc trén, B 1(0)’ L0) 1y 0) 4 duge tir két qua binh sai mang luéi GPS; a va

1°71
01,10 10

¢’ — cac tham sb cua ellipsoid thyc dung; N —
cic toa do ellipsoid cua cic ban kinh cong ctia duong thang ding thir nhat :

diém 1 va 2 1a cac diém dau cua baseline nhan

a

Ji—e?.sin’B

N:

Ma tran tuong quan cua hi¢u toa do tric dia AB, AL dugc tinh theo cong thirc:

_ T
KAB,AL = 7-KAX,AY,AZ Vo

¢ day K,y oy 7z - ma tran twong quan cua cac thanh phan AX, AY, AZ cua vecto baseline, ma tran hé

A

SO

(& a, a
a b1 b2 b3 ’

con cac hé so

o__ o s o -a Cosll? 1 CosB”
' CosAB N, +H’? CosaB NI 4+ H” >~ CosAB N, +H(°)’
(0)
(1—e2 +H1] -SinB(®)
a= Nl 5
- (0) ’
1+ H,
Nl
SinLl©) L©)
_ 1 ) k) ;b = ! 08 ;b3ZO;IB:(N2+H§O))'COSB§O).
cosAL S cosAL p

Ma tran twong quan cua hi¢u d6 cao tric dia duoc xé4c dinh theo cong thirc:

dl
2
Man :(d1 d, dS)'KAX,AY,AZ' d, |,
d3
& day cac hé sb
4 _Cost? o _sinl? o
' cosB® 7 cosBY YT

Viéc tinh céac thanh phan AXx, Ay cua vecto
baseline phang giita hai diém déu cua baseline
duoc thyc hién theo quy trinh sau: st dung toa
do tréc dia B;, L, binh sai cia diém dau
baseline dé tinh toa do tric dia B, , L, cua
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diém cubi baseline dua trén cac hiéu toa do
tric dia AB, AL giira hai diém d6 dugc tinh
theo cac cong thue (4). Tlep theo thyc hién
chuyen dbi cac toa do tric dia cia cac diém
nay vé cac toa do phang x;, y; va x,, y, va thuc



hién tinh toan céc thanh phan Ax, Ay cla vecto
baseline phang giira hai diem do .
Van dé tiép theo la xac dinh ma tran lién
h¢ K, ,, dua trén ma trgn lién hé K,z , . T
cac cong thic tinh toa do tric dia cia diém 2 :
B2 = Bl + AB

L2 :Ll + AL .
ching ta c6 thé tinh ma tran lién hé Kgypo

theo cong thirc sau :

Koo =Kaiu + Kaga Q)

Tuy nhién khi str dung lich v¢ tinh chinh
xac trong ITRF-yy do T chirc IGS cung cip
va sit dung phin mém c6 tinh dén tit ca cac
ngudn sai s6 trong dir liéu do GPS chung ta s&
nhén duoc cac vecto baseline do chinh xac rat
cao & mirc mm va nho hon. Do do6 khi binh sai

mang luéi GPS trong ITRF-yy, sai sd trung
phuong toa do tric dia sau binh sai rat nho chi
& muc 0.00001”. Biéu nay cho phép bo qua
thanh phin Kg, 1, trong cong thirc (5). Khi d6
chung taco :

KBZ,LZ = KAB,AL

(6)

Tu (6) chung ta s€ nhan dugc cong thic

tinh ma trén lién hé K, ,, cua cac thanh

phan Ax, Ay:

KAx,Ay = C'KBZ,LZ c’

A 1A A . o~ Ch Cu
Ma tran hé s6 C c6 dang: C = ,
C21 C22

trong d6 cac thanh ph?m Ci1, Cip, Gy va Cyy
dugc xac dinh theo cac cong thic sau [5]:

Ci=o+a,+a;;C, =a, +a5;C, =a, +a,;C,, =04 + ay;

a
0(12
V1-¢?

12 e?-Sin?2B
a,=y,.— N- + Co0s2B |;
2= [4~(1—e2-8in28)
=1+ A, + A;;

1%.Sin2B
oy =|-—"

12

a, =y -IE-N -Sin2B;

'[ﬂo-i-Al -CosB—SinzB-(ﬂzﬁL}ﬂ4 -Cos’B+5-f3,-Cos*B+7-f3, -Cos6B)l

4

+18-e7-Cos"B+12-e'7-Cos"B )+ —-Sin2B -{Sin“B —30-Cos A
6+18-¢'>-Cos’B+12-¢'*-Cos*B '6 Sin2B-(Sin*B—30-Cos’B)|- A,

Qs :[Ig~(5~CoszB—SinzB+9~e'2 -Cos*B+4-¢"* ~CosﬁB)+

3

e?-Sin’B-CosB

+;—0~(61~COS4B—58-SinzB-CoszB+Sin4B)

:|.A4;

a(’:}/z'l‘N‘{z-l—ez-SinzB —SinBJ; v, =1+ A+ A

30

2 - 4 -
a7:{_l Sssz-(lJre’z-CoszB)Jrl SlnzBX

x(~7-Cos?B+5-Sin?B —~25-¢™2 - Cos*B +29 - - Sin’B - Cos’B |- A;

og =y, -N-CosB;



3
¢y =| L (Cos2B + ¢ -Cos*B)+ L. (5-Cos*B ~18-5in>B-Cos’B + Sin*B +
K 30

+14-¢" .Cos°B - 58-¢' - Sin’B - Cos*B |- A;
A =, -CosB + f3, -Cos’B + f3, - Cos’B + 3 -Cos'B;

2
AZ::—2-[—1+COSZB-(6+9-e’2-COSZB+4-e’4-C054B)1;
|4
AB=—-(61-Cos4B—58-SinzB-CoszB+Sin“B}
|2
A4:— N - SinB - CosB;
AS_I-N-CosB,
2
Aé— (cos2B+e -Cos*B},

A7_I

3 r2 45 4
=]l-—-e -e
A
Br=B -1
15 . 175 ., 3675 4

Ps 32 384 8192

35 6 135
Ps 96 2048

315 s,
1024~ °

11025
16384

175 6
—-€
256

By =

a la ban truc 16n cua ellipsoid thuc dung;

evae

8.

>

(5 Cos*B—18-Sin’B-Cos°B + Sin*B+14-¢e'* -Cos®B —58-¢'* - Sin’B - Cos B}

- cc d6 léch tam thi nhét va thir hai cia elhpsmd thuc dung;

I1=L-Ly,0 day L, - kinh d6 kinh tuyen truc ciia mai chiéu; i )
B, L - toa d0 tric dia ciia diém; N - ban kinh cong ctia duong thing dimg thir nhét.

5. KET LUAN

Viéc nghién ctru, xay dung dugc cac co so
ly thuyét ciia qua trinh xir Iy cac dir liéu do
GPS trén cac khoang cach 16n va ap dung
thanh cong budc dau vao viéc xdy dung phan
mém ECME - GPS khiang dinh sy trudng
thanh vugt bac cua d6i ngii cac nha khoa hoc
tric dia Viét Nam trong viéc lam chu cong
nghé GPS. Khong nhiing thé, cac két qua
nghién ciru con khang dinh vi thé cia cac nha
tric dia Viét Nam so v&i cac nudce trong khu
vyc trong viéc chiém linh cong nghé GPS dé
giai quyet cac nhiém vu khoa hoc - ky thuat
ctia Tric dia cao cap. Mang lu6i dia dong hoc
Lai Chau - bién Bién 1a mang luéi GPS c6 do
chinh xac cao hon mm dau tién do céc nha tric
dia Viét Nam tu thiét ké, thi cong va truc tiép
xtr 1y dit liéu do GPS boi phan mém ECME -
GPS ty lam ra. Pay la két qua hop tac khoa

207

hoc ddy hiéu qua giita cac Vién va cic trudng
dai hoc nhu Vién nghién ctru Dia chinh, Vién
dia chit thuoc Vién khoa hoc va cong nghé
Viét Nam, truong Pai hoc Bach khoa thanh
ph6 H6 Chi Minh va Truong Pai hoc Mo - Dia
chat Ha Noi.
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