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Tinh toan binh sai.

Mét trong nhirng néi dung quan trong dé dat muc tiéu hién dai héa hé théng
do cao la tién hanh két ndi cdc tuyén do cao lwdi hang 1, hang Il nha nwoc
Vi cdc diém tram GNSS CORS va cdc diém trong lwc nha nwéc. Hién nay &
nwérc ta dang st dung mé hinh Geoid 2010 dworc xdy dung trén co sé¢ mo
hinh Geoid toan cdu EGM 2008 v&i bé sung sé liéu ctia trén 30.000 diém trong
Iwc chi tiét va trén 800 diém GPS-thuy chudn. Viéc xit Iy két hop s0 liéu GNSS-
thiy chudn va mé hinh Geoid trong lwc dé nang cdp mé hinh Geoid dia
phwong dat do chinh xdc cao (co 4+ 10 cm) c6 thé cho phép dp dung cong
nghé do cao bang vétinh ddn thay thé cong nghé do thuy chudn truyen thong
trong \ viéc xdc dinh do cao dat do chinh xdc hang I valVlabai todn cdp thiét
cla cong tdc trdc dia ban do & nuéc ta. Vé van dé xir Iy s6 liéu nham nang
cap mé hinh Geoid dd cé nhidu tai lleu trong va ngoaz nwdc dé cap. Trong cdc
tai liéu nay, chi yéu thdo ludn vdn dé d dap dung cdc mé hinh cho ham ngi suy
nhw phu'o'ng phdp Collocation, ham tuyen tinhbdc1,2 hay ham splme Trong
bai bdo nay, myc tiéu la xem xét va dé xudt bai toan xtr ly s6 liéu trdc dia tir
khia canh 1y thuyét binh sai diéu kién kém dn sé va tinh todn ma trdn trong
s6 ddo cia cdc s6 lidu ddu vao.

©2020 Trwong Dai hoc M6 - Dia chit. Tt ca cac quyén dwoc bao dam.

1. Mé dau

(d6 cao trac dia); ¢- di thwong dd cao.
T phwong trinh (1) ta c6 phwong trinh (2):

Trén Hinh 1 minh hoa mdi quan hé gitra d6 cao

chuén va db cao ellipsoid nhw phwong trinh (1)

h=H-C

H-(—-h=0 2)

) Dai lvong di= H-Cu- h=-Fxy) hodc
dé= H-Cu- h=-FBL).

Trong d6: 4- dd cao chuin; H- d6 cao ellipsoid

*Tdc gid lién hé

Moé hinh binh sai 1
C6 thé viét phwong trinh s6 hiéu chinh:
Vi = al-AxL- + li [3)
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Hinh 1. Méi quan hé dé cao.

Thuec té c6 thé chon md hinh 4 4n s6 (Hoang
Ngoc Ha, Trwong Quang Hiéu, 2015; Markuze,
Hoang Ngoc Ha, 1991):

a; = (1 cosBicosLi cosBisinLi sinBi)

xT = (%o

(4)
X1 Xy X3)
O day: xg X1, x5 X3- cac hé s6 ctia md hinh ham
ndi suy.
T n diém GNSS c6 dd cao thiy chuin 4 di
thwong do cao va do cao trac dia A, xac dinh hé
phuong trinh cac s6 hiéu chinh:

V=AA, +1L (5)
Hé phwong trinh chuén:
RA,+b=0 (6)

Giai hé phwong trinh (6) xac dinh dwoc Ax va
x= x° + Ax. Nhw viy, ta c6 cac hé s6 clia mo hinh
4).

Di thwong ddé cao dwoc tinh toan tir cdc md
hinh Geoid véi cac diém khéng c6 d6 cao thuy
chuén:

h =Hgyss — C + Ax (7)

Nhuwoc diém ctiia mo hinh binh sai nay la khong
thé hiéu chinh cac tham sé A, {va A sau binh sai.

M©é hinh binh sai 2

Trong cac tai liéu (Kotsakis va nnk, 2012; Lé
Van Hung, Nguyén Xuan Hoa, 2013) da thao luin
van dé xtr ly s6 liéu nhdm nang cdp md hinh
Geoid,trén co s& ap dung cac mo hinh cho ham ndi
suy nhw phwong phép Collocation, ham tuyén tinh
bac 1,2 hay ham spline. Trong bai bao nay xem xét
bai to4n xtr 1y s6 liéu trac dia tir khia canh Iy thuyét
binh sai diéu kién kém an s6 ma céc tac gia da néu
ra & (Hoang Ngoc Ha, Markuze, 1990; Markuze,
Hoang Ngoc Ha, 1991; Hoang Ngoc Ha, Trwong
Quang Hiéu, 2000; Hoang Ngoc Ha, 2006; Leick va
nnk., 2015) va tinh

toan ma tran trong sé dao cta cac s6 liéu dau vao.

Véi n diém GNSS c6 do cao H dwoc xac dinh
trong hé toa do mat dit va c6 do cao thiy chuin,
ta c6 cac phwong trinh diéu kién véi 4n s6 phu:

BV +AAx+W =0
Brxan = (Enxn — Enxn — Enxn) (8)
VT = (Vanl VCnxl Enxn)

Trong d6: E£- Ma tran don vi; Aue- Ma trdn hé
sO.

AT = (@l af .. al)
Qu
Qv = QC
Qn

Trong d6: Ax - vector an s6; QH,QQ, Qp - ma
tran trong s6 dao cla cac vector H, C, A.

PailwongW =H - —h
H
=(E—E—E)<Q> )
h

Qu
Qv = QC
Qn

Qy = BQB”
Qu
—(E—E—E) (0 (E-E-E) (10)
Qn

=@y + Q¢+ Qn)
Hé phwong trinh (8) dworc gidi véi diéu kién:
O =VTQy'WV =ViQy'Vy +VIQ:'V;
+ VI Qv = min
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T ly thuyét binh sai diéu kién kém 4n s6 1ap
dwoc ham Lagrang:

® = VTPV + 2KT(BV + AAx + W)

=min (11)
Tinh cac dao ham theo vector:
9]
P _ opyT Tg—
— =2V'"P-2K"A=0 12
o (12)
o _ _akTa=0 (13)
d04x
Tir cong thic:
V=P 1BTK (14)
ATK =0 (15)
Thay vao cong thirc (8) xac dinh dugrc:
NK + AAx+ W
ATk =0 (16)
N=BQB" = Qu +Qc+ Qn
Trongdé: N = BQBT;Q = P!
Coéng thirc (16) c6 thé viét lai dwdi dang:
N A\ /(K wy _ (17)
(AT 0) (Ax) + (0) =0
Vector nghiém cta hé phwong trinh (7) sé la:
K\ _ -1 (W (18)
(Ax) =B (0 )

N A
AT 0
trinh (17) c6 thé dworc gidi don gidn hon nhw sau.
T phwong trinh dau ctia hé (16) c6 cong thikc:

(' day, ma tran N, = ( ) Hé phwong

K =—-N"1AAx—N"w (19)
= —N"1(4Ax + W)
= —N_1W1
O day vector:
W, =AAx+ W (20)

Thay thé céng thirc (19) vao phwong trinh thir
2 cda hé phwong trinh (16) sé nhan dworc:
ATN"'AAx + ATN"'W =0

Hay la:
Ax = —(ATN71A)TATN W
= —[A"(Qy + Qc
+QnAAT(Qy +Q, D
+ QW

Vector s6 hiéu chinh V dwoc tinh theo (14) va
(19) nhw sau:

Vy
= QBTK
Vi

Qu E
= Qc (—E) N“lw,  (22)
Qn

—F
Qu »
=-| (QH"‘Q("‘Qh) wy
Qn

DE danh gid d6 chinh xac sau binh sai, cin phai
tinh ma tran trong s6é dao cua vector V'sau binh
sai:

Q, = TQwW1T? (23)
O day ma tran:
Qn .
T=|0Q: |(Qu+Q;+Qn)
Qn
Hoac:
Qu
T=|Q |N?! (24)
Qn

Ma trin trong s6 dao vector x dworc xac dinh tir
cong thie (21):

Qax = (ATNTIA)™!

Ky hiéu ma tran R = ATN~'A thay cong thirc
(21) vao cong thirc (20) cé:

W, = AAx + W = (—AR“ATN-L + E)W

Trong d6: £- ma tran don vi.
Theo cbng thirc tinh trong s6 ddo cua ham s6
co:

Qw1 = (—AR"'+ E)N(—N"1AR™1AT + E)
= (—ARAT + N)(—N'AR1AT +E)

= ARTATTARTAT — N71ARIAT + AR1AT
+N=N—-AR1AT

Nhuw vay cong thirc:
Qw1 = N—AR™ AT (25)

Tlr cac két qua tinh toan theo cong thikc (21),
vector x dung dé tinh do cao chinh di vai cac
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diém khong c6 d6 cao thiy chuin.

Vii, Vg, Vi st dung dé hiéu chinh cac gi tri 4;
i hitai cac diém GNSS va lwédi do cao.

Can lwu y rdng, trong binh sai hdn hop cac dai
lwong c6 tinh chat khac nhau, thay vi sit dung ma
tran trong s6 dao nén dung ma trin twong quan,
dwoc xac dinh theo dinh nghia:

C = o%Q
Ch
Cy = CC
Ch

Trong d6: o- D6 1éch chuln; Q - ma trin trong
s6 ddo. Trong thuc té dai lwong o dwoc thay thé
bang sai s8 trung phuwong trong s don vi. Ma tran
Q duoc xac dinh tir két qua binh sai riéng ré cac
mang luéi trac dia. Nhw vay, dé t6i wu hda cong
viéc tinh toan cac cong thirc tir (15) dén (25), cac
ma tran Qy, Qc, Qn dwoc thay thé bang ma tran
Ch, Cp Ch.

2. Tinh toan thwc nghiém

D& minh hoa cho thuit toan da trinh bay & trén,
tac gia tién hanh tinh toan véi s6 liéu dwoc do thue
nghiém v&i so d6 nhw Hinh 2. Cac diém 1, 2, 3,4, 5
12 nhitng diém ndm trong mang lwdi GNSS va thiy
chuén. Cac s6 liéu do cao Geoid {va €. dwoclay tir
mo hinh Geoid hodc dwoc tinh toan tir cac so liéu
do trong lyc. Viéc tinh toan £ dworc trinh bay trong
cac tailiéu (Lé Van Hung, Nguyén Xuan Hoa, 2013;
Kotsakis va nnk, 2012). Viéc xac dinh C; dé dwa
vao tinh toan cé thé xac dinh do léch chuin thuc
nghiém.

Binh sai riéng ré lwdi dd cao va lwdi GNSS dwoc

3

Hinh 2. So do cdc diém chung GNSS va thily chudn.

=

1

cosBlcosL1
cosB2cosL?2
cosB3cosL3
cosB4cosL4
cosB4cosL4

cosBisinL1
cosBisinL2
cosB3sinlL3
cosBisinL4
cosBisinL4

sinB1
sinB2
sinB3 | (*)
sinB3
sinB4

Tir s6 liéu trong Bang 1, sé tinh dworc cac thanh
phan ma trin 4 va vector W trong Bang 2.
Ma tran:

N=CH+ Cg‘l‘ Ch

Trong do:
Cy = oH*Qy; Cr=08*Qy; Cp = oh?Qy,
Theo mo hinh tinh toan cé:

Cn=25.E; C, =125.E; G, =100. E

Nhéan dwgc ma tran (*%).
Tinh nghiém xtheo cong thirc (21), vay:

—350404
—86358,9
313792,2
129945,4

X= (26)

Vector W;trong cong thirc (20) dwoc xac dinh
nhuw cdng thire (27):

/ 0,011995702 \

tinh toan trén Ellipsoid WGS-84 da dwoc dinh vi —0,01206639
dé xac dinh cac vector A, vector do cao tric dia H Wy, = (Ax+w) = | 0,001384377 (27)
va cac ma tran C,va Cy. Cac s6 liéu d€ dwa vao tinh k_0'001370179)
toan dwoc dwa & Bang 1. 5,64605E — 05
Ma tran A dwgc thanh lap nhw ma tran (*).
ATN"14=14.1073
5 —1,26847437 4,491972028 1,792529391
[ —1,26847437 0,321805453 —1,13959027 —0,454755521 _ATN-IW
4,491972028 —1,139590274 4,035562542 1,610398375
1,792529391 —0,4547555211,610398375 0,642632325 )
0,358
_ —_3 [ —0,09082
=410 0,321625

0,128346



Hoang Ngoc Ha/Tap chi Khoa hoc Ky thudt M6 - Pia chdt 61(5), 64 - 70 69

Thyc hién cong thirc (22) tinh dworc vector cac
sO hiéu chinh V*

VT = (Vh1Vh2 o VinVenVnn V) (28)

Tr cong thirc (23), ta c6 cic tham s6 Bang 3.

Tlr két qua tinh todn cic ma trin twong quan &
trén dé dang nhan thiy, sau khi binh sai tong thé
cac thanh phan dwong chéo dung dé tinh sai s6
trung phwong cac dai lwong H; h; £; déu nho hon

gia tri trwde binh sai, wu diém cta thuit toan la cho
phép tién hanh xac dinh ma trin trong s6 dao sau
binh sai tong thé cla cic dai lwong dwa vao binh
sai,cu thé la A, hva £ Tac gia cling da ap dung
thuit toan dé thir nghiém véi 19 diém vung Tay
nguyén véi so liéu lay tir tai liéu cda Lé Van Hung,
Nguyén Xuan Hoa (2013) va cé két qua lalam ting
do chinh xac cac gia tri {'va c6 thé dung dé nang
cip mo hinh Geoid dia phuwong.

Bdng 1. D liéu ddu vao.

Pdcao | Pdcao |DP0 caothay

;grr; Toa do phang Toa do trac dia trac dia Geoid chuin
X (m) Y (m) B(°'Y) L") H(m) | N(m) H (m)
1 | 2323837,548 | 579648,236 | 210 26,08232 | 10545 58,18666 | -20,157 | -28,156 7,977
2 | 2324052,727 | 580277,877 | 21032,98045 | 10546 20,02539 | -20,909 | -28,148 7,211
3 | 2323878,279 | 579770,245 | 21027,38768 | 10546 2,41827 | -20,871 | -28,154 7,198
4 | 2323932,544 | 579780,075 | 21029,15061 | 105462,76768 | -20,983 | -28,155 7,047
5 |2324169,145 | 580230,307 | 21036,77332 | 10546 18,39762 | -20,707 | -28,152 7,347
Bdng 2. Thanh phdn ma trdn A va vector W.
Ma tran A Vector W
1 -0,25365 0,898414 0,35848 -0,022
1 -0,25374 0,89838 0,35853 -0,028
1 -0,24843 0,842034 0,47881 -0,085
1 -0,24869 0,83766 0,48629 -0,125
1 -0,30477 0,79908 0,51825 -0,098
Bdng 3. Ma trdn twong quan st dung dé ddnh gid dé chinh xdc cdc tham s6.
TT Céc tham s0
121,7523596 20,30600433 —111,325858 —33,59547132 15,19614
( 5,095216293 —27,2525548 3,734761623 —2,7352 w
1 Qw, = 137,4972685 7,489646814  0,649983
\ 42,24054219 —14,5437
8,438036
121,7523596 0,203060043 —1,11325858 —0,335954713 0,151961
0,050952163 —0,27252555 0,037347616 —0,02735
2 Cy = 1,374972685 0,074896468 0,0065
0,422405422 —0,14544
0,08438
60,87617981 10,15300216 —55,6629288 —16,79773566 7,598071
2,547608146 —13,6262774 1,867380812 —-1,3676
3 Ce= 68,74863425  3,744823407 0,324991
21,12027109 -—7,27186
4,219018
48,70094385 8,122401731 —44,5303431 -—13,43818853 6,078457
{ 2,038086517 —10,9010219 1,493904649 —1,09408w
4 Cp = 54,9989074 2,995858726  0,259993
\ 16,89621687 —5,81749/
3,375215
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DPé& tinh do cao chuin cta cac diém chi do GNSS
va khong do néi thiy chuin, 4p dung cong thirc:

(O day vector xdwoc tinh trong cng thirc (26).

3. Két luin va kién nghi

Tl két qua nghién ctru ly thuyét va tinh toan
thuc nghiém nhan thdy, thuat toan binh sai hon
hop lwédi thily chuin, GNSS va s6 liéu tir mé hinh
Geoid hodc do trong luc dwa trén co s& phuwong
phép binh sai diéu kién kém an s0, v&i sw phat
trién cic cong thirc (21+25) da dwoc chirng minh
cho phép binh sai chit ché va st dung dwoc két
qua binh sai riéng ré cac lwdi GNSS va thuy chuin.
Thuit toan nay cé thé phuc vu céng tac tinh toan
binh sai lwéi trac dia nham phuc vu viéc hién dai
héa hé thong d6 cao & nuwérc ta.

Thuit toan trén c6 thé &ng dung trong truedng
hop xt¥ Iy bai toan véi s6 liéu 1a do cao tric dia, dd
cao chinh va do cao Geoid.
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