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§_.nh gi_ saisé vO w trf
trong c_c hO taa ®é kh_c nhau

TrCn Quéc Bxnh, NguyOn Cao HuCn
Khoa Dia ly, truong Pai hoc Khoa hoc Ty nhién, DHQG Ha Noi

1. Mé ®Cu

Ngay nay, cling véi su phét trién clia khoa hoc cong nghé, da xuat hién nhiéu phuong phép
thu thap va xu ly dit liéu khong gian méi. Do dac thu cua tung phuong phap va do yéu cau ky
thuat cia ngudn cung cdp ma dit liéu thu duoc s& ndm trong cdc hé toa do va hé quy chi€u khac
nhau. C4c phan mém Hé thong tin dia ly (GIS) phé bién hién nay déu c6 kha nang lam viéc dong
thoi v6i dit lieu khong gian trong nhiéu hé toa do. Tuy nhién, ching chi cho phép chuyén déi toa
do ma khong c6 kha ning chuyén ddi sai s6 clia cic toa do do. Bai bao nay dé xuat cdc cong thiic
tinh chuyén déi sai s6 vé vi tri giita hé toa do vuong géc khong gian, hé toa do tric dia (dia 1y) va
hé toa do phang ban do.

2. C_c c«ng thgc c- bin
Gia stt toa do (x,, x,, x;) chia diém P dugc xdc dinh véi ma tran hiép phuong sai sau:

Oy O, O
L=|0y 0p Oyl 05=0; o))
Oy Op Oy

Theo Ly thuyét sai s6, sai s6 trung phuong vé vi tri ctia diém P chinh la cin bac 2 clia cc
phan tir chéo cua ma tran X:
m =5, =123 @)
Tur cong thic (2) ¢ thé nhan thdy viéc chuyén déi sai s6 vé vi tri ¢ thé dugc thuc hién
thong qua chuyén ddi ma tran hiép phuong sai X.
Gia st phép chuyén d6i toa do gifta 2 he X = (X, X,,%;) va U =(u,,U,,u;) duogc bi€u dién
boi phuong trinh sau:
X=FU) 3)
Trong trudng hop tong qudt, ham vecto F c¢6 dang phi tuyén tinh. Phan tich v€ phai cta (3)
thanh day Taylor v6i di€ém khdi dau U, va loai bo cdc phan tir bac cao s& dugc phuong trinh

tuyén tinh sau:

X =F(u0)+g—5du _ F(U,)+ DdU 4)
v6i p_dF _dX (5)
du du

Moi quan hé giita cac ma tran hiép phuong sai 2, 2, trong cac hé toa do0 U va X dugc
suy ra tir cong thic (4) va quy tac chuyén déi hiép phuong sai [2, 7]:
>, =Dx,D’ (0)

Tir cong thiic trén suy ra:
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¥, =Dz, D’ (7)

Cic phin ti€p theo clia bai bdo nay s& tinh todn ma tran D cho bai toan chuyén déi giita
cac hé toa do khac nhau.

3. Chuy0n ®zi gi+a h0 taa ®é tric ®a vy h0 tda ® vu«ng géc kh«ng gian
Céc y€u t6 cta hé toa do trac dia (@, 4,h) va hé toa do vuong géc khong gian (u,v,w) dugc
thé hién trén hinh 1.
w » P

kinh tuyén goc
ellipsoid ) h

\ duong phap tuyén

e
u

Hxnh 1: Hé toa do trdc dia (¢, A,h) va hé toa do dia tam (uU,V, W) .

Véi 1 ellipsoid xac dinh, moi quan hé gitta toa do vuong géc khong gian (u,v,w) va toa do
tric dia (p,1,h) duoc biéu dién qua cdc cong thic sau [4, 6]:
u=(N +h)cos(p)cos(A)
v =(N +h)cos(p)sin(1) (8)
w=[N(1-e?)+h]sin(p)
trong do:
a : ban truc 16n cua ellipsoid,
f: do det cua ellipsoid,
e’ =2f — f %: binh phuong ctia do léch tam thi nhat,

N=———2 _ :bankinh cong clia vong thing ding thit nhat,

J1-e?sin?(p)
@, A,h: vi do, kinh do va do cao tric dia.

Dé€ y rang:

(€9
<\

dN _ ae’singcosg
do [1-e’sin®(p)]'?’

lay vi phan cac phuong trinh (8) ta duoc:

—(M +h)cosAsing:— (N +h)cosgsin 1icospcos A

D =| - (M +h)sinAsing: (N +h)cosgpcosA :cosesin A 9)

¢,A,h—u,v,w = d(
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a(l-e?)
[1-e”sin*(¢)]"*
Ma tran D

toa do vuong géc khong gian. Ma tran D, ,, ., d€ chuyén d6i tir hé toa do vuong géc khong

véi M = - ban kinh cong ctia cung kinh tuyén.

pinouyw QUOC st dung dé chuyén déi sai s6 vé vi tri tir hé toa do tric dia sang he

gian sang toa do tric dia thu dugc bang céch 14y nghich dao ctia D,, ;.-

[ cosising | sindsing i cosg |

...............................................................

_d(p,4,h) sin A : cosd

d(u,v,w) - (10)

D

uv,woe,A,h ¢, Ah>uyvw —

...............................................................

4. Chuy0n ®=i gi+a h0 taa ®é tr¥c ®a vy h0 tda ® vu«ng gac phting
Phan nay chi xét truong hop st dung cac luéi chi€u ban do thudc loai Transverse Mercator
nhu Gauss-Krugger, UTM...

XA

Puiong kinh tuyén A

P(x.y.h) = P(p.Ah)

Puong vi tuyén ¢

Kinh tuyén truc A,

Hxnh 2. Hé toa do vuong géc phdng.

Phuong trinh chuyén déi tir toa do tric dia sang toa do vuong géc phang nhu sau [3]:

x=F _S (A=A)

sin(¢)cos
kN N 5 (p)cos(p)

+%sin((p)cos3((p)(5—t2772 +an* )+ (11)

_ 6
+%sin(gp)coss((p)(61—58t2 1t + 27057 -330t°,")

-F 233 ~nc3
Y5 (1 a)cos(p) + A=) SO0 g gz ),
kN 6 1)
2 Y5 AnG5
+ A A) COSUP) (5 _gge2 4404142 —561252)
120
trong do:

k, - Hé s6 bién dang chiéu dai theo kinh tuyén truc;

A, - Kinh d0 cta kinh tuyén truc;
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F,,F, - Khoang dich chuyén tam toa do theo céc truc x va y. O Viét Nam, F, =0 va

F, =500000m.

e2

2(.y.
5 C0s” (@) ;

t=t .0t =
9lp) 7 =1

S - Chiéu dai cung kinh tuyén tr xich dao dén vi do ¢:

S = li(aogo —a,sin(2¢) + a, sin(4g) — a, sin(6p) + a,sin(8p))  (13)
+n

i n? n* 3 n®
vOl: a,=1+—+— a=—|N-——
4 64 2 8
15( , n* 35 ,
a,=—|n° —— ag=——n
16 4 48
315 , f
ag=——n n=——
512 2 f

V6i muc dich tinh todn ma tran hiép phuong sai, cdc phan tit bac cao déi véi (A-4,) c6 thé
duoc bo qua va cac cong thic (11) va (12) duoce rit gon thanh:
ak . . . .
X= 1 % (a,p—a,sin2¢p+a,sindp—a, sin6p + a,sin8¢p)
+Nn

. (14)
+a—|2(°(/1—/10)2 sinpcosg

Jl-esin’p
(A—4,)cose

VJ1-e?sin®p

Gia thiét ring hé toa do vuong géc phang ciing sit dung do cao tric dia h, ma tran
D, 1 nosxyn d€ chuyén ddi sai s tir hé toa tric dia sang hé toa do vuong géc phang dugc suy ra tir
cac cong thuc (5), (14) va (15):

y = ak, +F,

(15)

d, d, 0
D, ihoxyn = d,, dy, O (16)
0 0 1

vGi cac phan tlr sau:
dx  ak,

d, = e [a, —2a, cos2¢ + 4a, cos4p — 6a, cOs 6 + 8a, c0s8¢ |
¢ 1+n

2 ~2ain2
+ak0(i—lo)2[cos @—C*sin‘ ¢]

2C°

dx sin @Ccos @
d,=—=ak,(1-4,)———
12 dl O( 0) C

d sin
dzl=é=ako(ez_1)(/1_;to)c—3¢

d coS
dy, :%:a 0 C¢

C =41-€’sin’(p)
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Matran D, ., d€ chuyén ddi nguoc lai tir toa do vuong géc phang sang toa do tric dia

C s . . . _
chinh la ma tran nghich daocua D, ,,  ,:

d,,/r —d,/r o
Dx,y,haq),/i,h = D;,ll,hax,y,h =|—-dy/r dy/r ¢ 7)
0 0 1
V0L 1 =dyydy —dpdy

5. ChuyOn ®zi gi+a h0 tda ®é vu«ng gac kh«ng gian v h0 taa ®é vu«ng gac phting

Phép chuyén ddi nay c6 thé dugc thuc hién qua trung gian 12 toa do tric dia theo so do trén
hinh 3:

Toa d6 vuong géc khong gian

A

A 4

Toa do tric dia

A

A

Toa do vuong géc phang

Hxnh 3. So' dé chuyén doi giita hé toa do vuong géc khong gian va hé toa do vuoéng géc phdng.

C6 thé nhan thdy cdc ma tran chuyén d6i D, ,.,» V& D
(10), (16) va (17) nhu sau:
D

xyhouyw QUOC tinh tir (6), (9),

u,v,w—x,y,h = D(p,/l,hax,y,h x Du,v,wa(p,/l,h (18)

Dx,y,heu,v,w = D(p,/l,hau,v,w x Dx,y,ha(p,ﬂ,h

6. KOt quy thé nghidm

Toa do vuong géc khong gian cuia diém P32 duoc xdc dinh bing phuong phip do GPS véi
két qua nhu sau:

u -1567135.18
vV |=| 5697755.49
W 2392128.44

0.009853 -0.001239 -0.001467
2w =[-0.001239 0.006252 0.005539
-0.001467 0.005539 0.008670

Sai s6 vé vi tri cha diém P32 trong hé toa do vuong géc khong gian duoc xdc dinh theo
cong thic (2):

M, =+/(Z ), =+/0.009853 =0.099m
M, = /(4 ),, =+/0.006252 = 0.079m
mM,, = /Sy ),, =+/0.008670 =0.093m
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Toa do trac dia clia P32 dugc tinh bang cdch giai phuong trinh (8)':

| | 22°1021.0"
A|={105°22'43.0"
h 42.504m
Matran D, ,, ,» dugc tinh tir cong thiic (10):
1.5775x10®° -57354x10° 1.4596x10”
D -1.6316x107 -4.4877x10° 0

u,v,w—¢,4,h =

-0.24558542  0.89289405 0.37739636

Ma tran hi¢p phuong sai £, |, cua toa do trac dia bang:

=D > D'

uv,w—e,4,h<uv,w~uyv,w-p,1,h

1.10479x10™ -2.1333x10" 7.30123x10™
=[-2.1333x10" 2.56765x10™ 3.0765x10™
7.30123x10%  3.0765x10™ 0.011362

by

[

Suy ra sai so trung phuong ctia toa do diém P32 trong hé toa do trac dia bang:

m, = V1.10479x10° =1.05109x10rad = 0.00217"

m, = J2.56765x10 =1.60239x10®rad = 0.00331"

m, =~/0.011362 =0.107m
Toa do vuong géc phang ctia P32 duoc tinh theo cong thic (11) va (12):
X 2451969.162m
y |=| 539033.323m
h 42.504m

Ma tran chuyén doi D, ,, , , suy ratir (17):

6342016.75 1473095 O
-15815.86  5906939.55 0
0 0 1

D

@, Aho>xyh =

Ma tran higp phuong sai X, , | bang:

z:x,y,h = D(p,ﬂ.,h—)X,y,hZ(p,ﬂ.,h D;,A,h—m,y,h
0.004440 -0.000788 0.004635
=|-0.000788 0.008963 0.001806

0.004635 0.001806 0.011362
Suy ra sai s6 trung phuong clia toa do diém P32 trong hé toa do vuong géc phang bang:
m, = 1/0.004440 =0.067m
m, =+/0.008963 = 0.095m
m, =+/0.011362 =0.107m

! Phuong phép gidi phuong trinh (8) d6i véi cdc 4n s6 ¢, A, h dugc trinh bay trong nhiéu tai lieu [3].
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