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Vién Khoa hoc Do dac va Ban db

Tém tat:

Tiép theo bai bao khoa hoc (Ha Minh Hoa (2015)), trong bai bdo nay chiing ta sé nghién
ctru phuwrong phap xac dinh vecto trong mé hinh bai toan néi suy cac gia tri dj thuong trong
Iure tai céc dinh cda céc 6 chuén trong co sé& di liéu (CSDL) dij thwang trong luc quéc g/a
ttr cac gia tri dj thwong trong Iwec trén cac diém trong Iwrc chi tiét. Chung ta sé chi ra rang
phuong phép binh sai truy héi véi phép bién déi xoay T-T cho phép gidi quyét hiéu qué hé
phuong trinh chuén véi ma trén chuén khéng xac dinh duong lién quan véi bai toédn xéc
dinh vecto

1. Dat van de

Nhuw d3 trinh bay trong tai liéu (Ha Minh Hoa (2015)), gia thiét rAng trén tap hop Q goém
diém trong lwc chi tiét chung ta da xac dinh dwoc n gia tri bién ngdu nhién (cac gia tri di
thwong trong lwe) LIX;] (i = 1,2,...,n). Bai toan dwoc dat ra la can xac dinh bién ngdu nhién

Z(z,p) tai diém p thudc tap hop P sao cho théa méan cac diéu kién:

- Khéng xé dich E[Z(Zp)‘L(Zp)]= 0, (1)
- Sai sb trung phwong cuc tiéu
E|Z(zp)~L(zp)] =min, @
& day E[.] - ky vong toan hoc, con P 1a tap hop cac dinh clia cac 6 chuan (grid) trong
CSDL di thwdng trong Iwc dang dugc xay duwng.
Nhw da danh gia trong cac tai liéu (Chauvet P and Galli A. (1982); Reguzzi M., Sanso
F. and Venuti G. (2005)), cac danh gia theo phwong phap collocation trung phwong hoac
phwong phap kriging don gian dwoc dat trén cach tiép can Wiener - Kolgomorov trong
trwdng ngau nhién tinh tai D ma trong d6 gia tri trung binh K clia cac bién ngau nhién la
khéng ddi (hoac bang 0) va thda man diéu kién:

E[L(0)|= 1) = m(xy) = . = (i) = = comst, 3)

thém vao dé gia tri trung binh ctia cac bién ngau nhién E[L(x)]= g c6 thé béng 0 c6 thé
khac 0 va luén la dai lwong khéng dbi trong trwdng ngau nhién tinh tai.

Tuy nhién, trong thuc té, cac bjén ngau nhién L(X) (cac gia tri di thwéng trong lwe t‘rén
céq diém trong Iwc) dwoce phan bo tai cac vi tri khac nhau trong trwong vat ly khong dé(lg
nhat. Do dé diéu kién (3) khéng dwoc thda man va moi bién ngau nhién L(X) co thanh phan
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trend A(y)=u(y) riéng ré va cac thanh phan trend ctia cac bién ngdu nhién L(X) ludn
khac nhau.
Do dé, chung ta phai xac dinh vecto cta cac thanh phan trend ddi véi n bién ngau nhién
L(X) trén n diém thudc tap hop Q & dang sau:
H(xy)

(7)< 1(x,) ’

(4)

u(xn)

them vao do #(x;)=E[L(x;)] va cac thanh phan cla vecto £3 khéng thda man diéu kién
3).

Khi d6, danh gia gia tri tin cay nhét cta bién ngu nhién L(,) tai diém p thudc tap hop
P dwéi dang sau:

Lp) =4 L) =2 Q+Z(x,)=p(p)+ A Z(2), 5)
& day gia tri trung binh (trend) tin cay nhéat tai diém p dwoc xac dinh theo céng thirc:
H(xp) =2 Q, (6)
con vecto Z(X) co dang:
Z(Z']}
Z(xy)
Zm=|""|,
Z(xn)

thém vao do thanh phan thirc i (i=1,2,...,n) cha vecto Z(X) dwoc xac dinh theo coéng

thive:
Z(x:)=L(x)— pu(x)- (7)
Trong tai liéu (Ha Minh Hoa (2015)) dwa trén diéu kién (1) d& ching minh dwoc réng
vecto 4! thda man diéu kién:
Ae=1 (8)

vOi vecto

Tl cac cong thirc néu & trén, chung ta thay rang viéc danh gia gia tri tin cay nhat E(ZP)
clia diém p trong tap hop P theo cong thirc (5) doi hoi phai gidi quyét hai bai toan:
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Bai toan thi¥ nhat: Xac dinh vecto clia cac thanh phan trend Q(y) (4) doi véi n bién
ngdu nhién L(X) trén n diém thudc tap hop Q.

Bai toan thir hai: Khi da biét vecto Q(¥)chuing ta hoan toan xac dinh dwoc vecto Z(X)
v&i cac thanh phan dwoc tinh toan theo cong thire (7) dbi véi n bién ngau nhién L(X) trén
n diém thudc tap hop Q. Tiép theo, dé xac dinh 4(xp) theo cong thire (6) va L(Zp)
theo cong thirc (5), ching ta phai xac dinh vecto g théa méan diéu kién (8).

Bai toan th(r nhat da dworc gidi quyét trong tql lieu (Ha Minh Hoa (2015)). Trong bai bao
khoa hoc nay, chung ta sé nghién ctru giai quyét bai toan th hai.

2. Giai quyét van dé

Trong cac tai liéu (Marcin Ligas, Marek Kulczycki (2014)) da biéu di&n mé hinh trend
dwdi dang sau:

u(x)= Py +x.p +y.,6’2 +x.y.5 +x2.ﬁ4 +y2.ﬁ5 +... ©)

& day x,y - cac toa dd cua diém.

Gia thiét da thire (9) cd g+1 bac, chang ta ky hiéu:

L= [W=x L=y, L) =xy, fLD)=%, f5(0)=r"..
Khi dé cbng thire (9) cé dang:
1(x) = 1o(0)-By + [(0)-B +f2(l)-ﬁ2 + f3(1)-Bs “'f4(Z)—ﬂ4 +f5(2’)-ﬁ5 + (10)
Lwu y (10), vé trai ctia cong thire (6) c6 dang:
#(xp) = 1o(xp)-Bo+ /i (xp)-Br+ 1o (xp)-B, + [3(xp)-By + [u(xp)-B, + [s(p)- B+ (11)
con vé phai ctia céng thire (6), khi lwu y (4) va fo) = fo(;(p) =1, co6 dang:
%#(Z|)+AQ#(Z2)++AHJ“(ZH) = (12)

DY R WAL TS WAVAL Y B WACOEH

Tw diéu kién (8), chung ta thdy rang trong cong thirc (12) thanh phan Z,A*' =L Luwuy
dang thire (6), khi so sanh (11) va (12) ching ta nhan dwoc q phwong trinh diéu kién:

Zlfl )4 =f(xp)s

3 LA =f e
i=1 (1 3)

;fq(;fi)"lf = Jqo(Xp)-
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Trong cac tai liéu (Hivronen R.A. (1962); Goovaerts P. (1997); Olea R. A. (1999); Jekeli
Ch. (2010); Marcin Ligas, Marek Kulczycki (2014)) da st dung cac diéu kién (13) cung v&i
diéu kién (8) dé tim cwc tiéu clia ham (2). Nhw da trinh bay trong tai lieu (Ha Minh Hoa
(2015)), ma trén hiép phwong sai C;; cla cac bién ngdu nhién L(X) dwoc xac dinh trén co
s& xac dinh dang va cac tham sb clia ham ban phwong sai ly thuyét dwa trén ham ban
phwong sai thuwc nghiém. Cac ham ban phwong sai ly thuyét thweng dwoc stiv dung 1a ham
s6 m{, ham Gauss, ham cau, ham tuyén tinh. Gia thiét ring ma tran C;; da dwoc xac dinh.

Ngoai ra, chiing ta nhan phwong sai ctia bién ng4u nhién L(Xp) bang:

()= E[L() - n)f
Khi @6, chuing ta biéu di&n diéu kién (2) dwéi dang ham:
o) = E[L(xp) - L) = B L - L] =
o V[;LT.L( z)] +V[L( l’p)]“ 2.c.ov[f.L( 7).L( ,zp)]

hay

T 2/ T
A =4 LA+ CO—24 Cripyiirpy (14)

Tim cuc tri ham (14) dwéi cac diéu kién (8), (13) dan dén hé phwong trinh chuén
(Goovaerts P. (1997); Olea R. A. (1999); Marcin Ligas, Marek Kulczycki (2014)):

s Con 1 hn) fo(n) ---f‘,,(;:l)—‘z1 1 [Gr ]
Ca -~ Cu 1 A K Sy@)||a | |Cw
| (15)
| 0 0 0 0 ky 1
L) KGw) 0 0 0 O Nk | | A
| few) Sz O 0 0 0 _-kq*'- | Ja(zr)
& day ma tran chuén
_|c F' ()
R: ]
F(p) 0 1)
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con ma tran

1]] e (/11" (17)

Cnl Crm

ma trén F7(y) co dang cdng thirc (16) trong tai liéu (Ha Minh Hoa (2015)), vecto K =
(k1 ko ... Kq+1)" la vecto cac nhan ter Lagrange.
Khi ky hiéu cac vecto con sé hang tw do

]

™ b W= A (18)

_fq(ZP)_

& day cac thanh phan s6 hang tw do C; , (i = 1,2,...,n) 1a cac moi lién hé khong gian gitra
bién ngdu nhién L(X;) thudc tap hop Q va L(Xp ) tai diém p thudc tap hop P.

Vecto sé hang tw do Wp trong cong thirc (18) bang vecto F’(X) & dang (14) trong tai
liéu (Ha Minh Hoa (2015)) dwoc xac dinh tai diém p.
Hé phwong trinh chuan (15) c6 dang:

c F'(y) {,{f‘]_[cﬁp] (19)
F(z) 0 K| % ]

Viéc giai phwong trinh (19) d&m bao viéc xac dinh duwoc vecto & thda man ca didu kién
(8) 1an diéu kién (13) Tuy nhién, van dé phurc tap & day la ma tran chuan & (16) xac dinh
khéng dwong. Diéu nay tao ra rat nhiéu khé khan khi gidi hé phwong trinh chuén (19) theo
phuong phap Choleski.

Dé tranh phai giai hé phwong trinh chuén (19), trong bai bao nay dé xuét phwong phap
nhw sau. Chung ta cling Iwu y rang vecto A dwoc xac dinh tir viéc gidi hé phwong trinh
chuén (19) chi twong trng v&i mét diém p thude tap hop P voi muc dich xac dinh gid tri tin
cay L(zp) cua diém nay theo céng thirc (5) Nhuw vay, néu trong tap hop P c6 m diém, thi
chuang ta phal gidi m hé phwong trinh chuan (19) dé xac dinh m vecto A khac nhau twong
trng vOi m dlem thuéc tap ho’p P. Tuy nhién, m hé phwong trinh chuén (19) chi khac nhau
& m vecto sd hang tw do nam & vé phai clia hé phuwong trlnh nay. Tinh chét nay sé dwoc
st dung dé xay dwng phwong phap xac dinh chi vecto o dwoc dé xuat & dudi day.

Theo phwong phap vién (Bordering method), khi cho ma tran chuén
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Ry Ry
ma tran nghich ddo 0 =R~ ctia né c6 dang
o, 9
Q[ 11 12], (20)
05 O
& day
On = R1"|| 'le-Rzl'Rﬂl; O =‘R1"|]-R12-Q22;
T, ( -1 )"
01 =012 Oy =\Rpy =Ry R Ry,

Dwa trén phwong phap nay, ma tran nghich ddo @ = R ' clia ma tran chuén (16) c6 dang
(20), & dwoi day

0, =C"-C F plFc F (] Fapc 1)
0, =C FT (|Fnc FT s

0, =[Fac FT (' Fp.cs

Oy =|F).C FT (p] .

Khi do, tr hé phwong trinh c_;huén (19) lwu y (20), (21) chung ta sé nhan duwgc phuong
trinh xac dinh vecto nghiém ae dang sau:

A= 0,€C, ,*Q, ", = 22)
= {C‘ L_c-1FT( z){?( 2).CLFT( z)]_'.ﬁ( j{).C_l}.CQ, ,
+C F'(plFap e Fr (! W = A+,
& day
i = {C“ - | Fo)c F o | P '}-CQ,; (23)
B =T »IFc Frpl . (24)

T (22) ching ta thay réng ddi véi méi diém p thudc tap hop P can xac dinh cac sb hang
tw do Cq p va Wp. Khi thay ching vao (22), chung ta s€ nhan dwoc vecto nghiém & twong
(ng véi diém p xac dinh.

Bay gi0 chung ta sé nghién clru phwong phap xac dinh vecto nghiém & ma khéng phai
giai hé phuwong trinh chuén (19) véi ma tran chuan khéng xac dinh dwong. Pau tién, ching
ta xem xét cong thirc nghich ddo ma tran & dang (Duncan W.J. (1944)):
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(C+FT (). PF)) = - FT ()P + F().C™ FT () F(p)C™.

Néu thay # trong biéu thirc trén bang P ==.E

aq» O day E(q+1)(q+1) - ma tran don vi bac q,
thi

T =T D - -1 +— +—1 =T = 1 =T -1 = o
(C+FT (. PF(p) = - FT ) (F () C™ FT () F(p.c™.
Khi so sanh biéu thirc trén véi (23), chung ta thay rang vecto nghiém thanh phan 4 hoan
toan xac dinh dwoc tr giai hé phwong trinh s cai chinh:
VI = Enxﬂ"a1T _C_].‘CQ,p' Pl =C,

(25)

" o
Ve=F(2)4 +00, P=wE . ..

theo nguyén téc binh phwong nhé nhét, & day E,,,, va E q+1)(q+1) - cac ma tran don vi bac
n va bac g+1 mét cach twong ng.

Khi d6, vecto nghiém thanh phan £ (23) lién hé v&i hé phwong trinh chuén
~, o DT T
(c+F"PF)A =c,, (26)

Hé phwong trinh sb cai chinh (25) dé dang dwoc trién khai nhé thuat toan truy héi bién
ddi xoay T7 (xem Ha Minh Hoa (2013)). Déi v&i hé phuwong trinh con thé hai trong hé (25),
khi dwa q phwong trinh sb cai chinh véi cac trong s6 p=% vao tinh toan truy hoi, nhw da
chi ra trong tai liéu (Ha Minh Hoa (2015)), sé khai dau 6 =% dbi voi mdi phwong trinh
sb cai chinh néu trén déu bang 0 va cho phép trién khai thuat toan truy hoi bién dbi xoay
T mdt cach don tri.

Khi d6 ma tran C dwoc khai trién tam giac dwdi dang

c=U.U (27)

& day U - ma tran tam giac trén bac n x n.

Khi lwu y (27), hé phwong trinh sb cai chinh (25) duwoc biéu dién duéi dang:

j£7I:("Iar::ﬂrrﬂ‘ir_l_’l' ‘(_)I =Epens

Ve =F()H +00, P=wE ., ..

(28)

& day vecto s6 hang tw do g, duoc xac dinh tir hé
Y i
UL =C,,,
con m - sb vo han.

}(hi sff’dung thuat t‘oén bién ddi xoay T7 sau khi xac dinh dwoc vecto nghiém thanh
phén.ﬂf{’ ddi véi diém dau tién thudc tap hop P, ching ta nhan dwoc ma tran tam giac dudi
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7-T lién hé v&i ma trén nghich dao (c+FT(pPF(p)' bdi biéu thirc:

(C+FT(pPFp) =TT " (29)

Ma tran tam giac dwdi 77 khong dbi dbi vai tat ca cac diém p thudc tap hop P. Khi ky
hiéu
_m-T
Go,p=T " Co,p> (30)
tlr hé phwong trinh chuén (26) khi lwu y (29) suy ra cong thirc tinh toan vecto nghiém
thanh phan :%:T doi voi cac diém con lai thudc tap hop P:

T _ 7m-1
# =5 g (31)

Tl cac cong thtre (29), (30) va (31) chung ta thay rang khi coi ma tran F’(X) la ma tran
0, vecto nghiém thanh phan & twong (ng voi phwong phap collocation.

Céc cong thire (30), (31) dwoc st dung dé tinh toan vecto nghiém thanh phan £ doi
vOi cac di,ém p con lai thuéc tap hop P sau khi da xac djnh duoc ma tran tam giac duwéi
7" tir két qua giai hé phuwong trinh so cai chinh (28) doi voi diém’ dau tién trong tap hop
P theo thuat toan bién dbi xoay 7" . Vecto sb hang tw do Cq p dbi voi mbi diém p thudc
tép hop P dwoc xac dinh theo cong thie (18).

Tiép theo, chiing ta nghién ctru phwong phap xac dinh vecto nghiém thanh phénﬂg{24).
Tw (27) chung ta co

C'=U.UT (32)
Khi ky hiéu
0" =F(x)U™", (33)
la ma tran bac q x n va lwu y (32), (33) tir biéu thire
(Fop.c' F' () ' w,=2,, (34)
chung ta c6 hé phwong trinh chuén:
(Fa.c' F'(p)z,=0"02,-Ww,. (35)
Viéc giai hé phwong trinh (35) dan dén viéc gidi hai hé phuwong trinh:
o' V,=w, (36)
0.Z,=V,. (37)

Nhw vay, ching ta xac dinh dwoc vecto trong biéu thire (34). Lwu y (32), (33), (34), (37)
chuing ta biéu dién biéu thirc (24) dwéi dang:

A=\ TF(»nzZ =U 9z =0y .
5 (%) 2 A 5

Tw biéu thire trén ching ta thay rang vecto nghiém thanh phénﬂg duwoc xac dinh tw hé:
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T _
U./’I'.2 = .Vp, (38)
¢ day vecto V), dwoc xac dinh tlr giai hé (36).

Lwu y rdng ma tran U 1a nhe nhau déi v&i moi diém p trong tap hop P. Do d6, dé xac
dinh vecto nghlem thanh phan 42 déi véi mbi diém p trong tap hop P, chung ta phai xac
dinh vecto s6 hang tw do W, cua diém nay & dang (18). Tiép theo, gidi hé

Ut o=F"(y)
dwoc suy ra tir (33) dé xac dinh ma tran , giai hé (36) dé xac dinh vecto V,va cudi cung
gidi hé (38) dé xac dinh vecto nghiém thanh phan /12

Péi véi mdi didm p thudc tap hop P, vecto nghiém 4 = /1:‘+/1§- Trong phwong phap da
dwoc trinh bay & trén, viéc khai triér) tam giac ma tran C & dang (27) la bwéc khéi dau
quan trong dé Iap hé phwong trinh sé cai chinh (28) va giai cac hé (36), (38).

Nhw vay, chung ta da nhan duwgc phuwong phap xac dinh vecto A ma khéng can phai
giai hé phwong trinh chuén (19) v&i ma tran chuén khéng xac dinh dwong.

3. Két luan

V&i muc dich tranh viéc gidi hé phwong trinh chuén véi ma tran xac dinh khéng duwong
khi xac dinh vecto ar trong bai toan ndi suy cac gia tri di thuo’ng trong Iwc vao cac dinh
cla cac 6 chuan thudc co s& di liéu di thweng trong lwe qudc gla tr cac diém trong luc
do chi tiét theo phwong phap kriging tdng quat, bai bao nay da dé xuit mé hinh cai bién
cUa bai toan dé trién khai hiéu qua theo thuat toan truy héi T7. Cung v&i kha nang phat hién
va tim kiém céc tri do thd trong cac di¥ liéu di thwdng trong lwc (xem Ha Minh Hoa (2015)),
thuat toan truy hdi 77 c6 kha nang giai hé phuwong trinh sé cai chinh (28) véi ma tran trong
sb c6 cac thanh phan bang v6 han va gidm thiéu tdi da anh hwéng cta sw tich Iy cac sai
sb lam tron khi gidi hé phwong trinh (28) trén may tinh dién t&r. V&i cac tinh chat nay, thuat
toan truy hdi 77 cho phép trién khai hiéu qué phwong phap kriging tdng quat trong viéc xay
dwng co s& di liéu di thwong trong lwc quéc gia.
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Summary
Assoc. Prof. Dr. Sc. Ha Minh Hoa
Vietnam Institute of Geodesy and Cartography

Problem of solving of normal equasions system with non - positive definite nor-
mal matrix in task of construction of state gravity anomaly database by general
kriging method

Following scientific article (Ha Minh Hoa (2015)), in this article we will research a method
for determination of the vector A in model of the task of interpolation of gravity anomalies
at points of gravity anomaly grid in state gravity anomaliy database from gravity anomaly
values on the detailed gravimetric points. We will show that reccurent algorithm with rota-

tion transformation T allows to effectively solve the normal equasions system with non -
positive definite normal matrix in relation to task of determination of the vector 4 .
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