Nghién eiw - Ung dung

VAN BE LOAI BO TRI DO LIEN QUAN DEN BIEM THIEN VAN
TRAC Pin Bi MnT TRONG QUY TBINH BINH sAl
TRUY HOI KHOI PHUC DIEM

Tom tat:

ThS. BUI PANG QUANG
Cuc Po dac va Ban do Viét Nam

Viéc hiéu chinh toan hoc cac két qua do dac tréc dia trong mang Iudi thién van trac dia
la mét trong nhimg co sG quan trong dé xay dung CSDL trac dia quéc gia. Trong do viéc
hiéu chinh cac két qua binh sai do co su bién dong cla céac tri do (thém vao céc tri do mdi,
bd di céc tri do ¢t do mét s6 méc tréc dja bi mat) doi hdi phai hoan thién cac phuong phap
binh sai v8i yéu cdu khoéng phai binh sai lai toan b6 mang Iudi thién van trac dia.

Bai bao khoa hoc nay dé cap dén viéc nghién cutu phuong phap va xay dung quy trinh
hiéu chinh cac két qua binh sai khi doi hdi phai loai bé cac tri do hudng lién quan dén cac
diém thién van trdc dia bi méat va dua vao céc tri do mai lién quan dén cac diém trac dia

dudc xay dung trén thuc dia.
l. Pat van dé

o nhiéu yéu t6 khach quan trong
, mang Iusi thién van trac dia qudc

gia hang 1,1l luén xuét hién nhu cau
clia viéc d6i mdi tri do do méc bi mat, bi dich
chuyén tir hoat déng kinh té x& hoi clia con
ngudi. Khi phuc héi lai mé&c phai chén lai
méc (khéng phai lic nao cling trung vdi vi tri
cti, va phai do néi véi cac diém trac dia quéc
gia dang ton tai).

Hién nay cac tri do ndi chil yéu la tri do
GPS, trong trudng hdp nay dé xac dinh toa
d6 clia méc méi phuc héi phai loai bod cac tri
do hudng tir cac diém trac dia quéc gia dang
ton tai dén diém da mat va dua vao cac tri
do mdi dén maéc trac dia qudc gia mdi chon.

Pay 14 yéu cau dam bao su khoéng du
thira cac dir liéu do dac trac dia trong CSDL
trdc dia quéc gia va dam bao mat do cac
diém tric dia quéc gia theo quy dinh cla
“Quy pham tam giac nha nuéc hang |, 11, IlI,
IV” do Cuc Do dac va Ban dé Nha nudc ban
hanh nam 1976.

Trong bai bao khoa hoc nay sé nghién

Ngudi phan bién: PGS. TS. Bang Nam Chinh

ctu phuong phap loai bo cac tri do hudng
dén diém tric dia qudc gia bi mat va dua
vao cac tri do mdi (cac tri do GPS) dén diém
tric dia dudc xay lai khi s dung cac két qua
binh sai mang Iudi thién v&n trac dia da co
tlr tru6c ma khéng can phai binh sai lai toan
b6 mang ludi nay.

II. Giai quyét van dé

I1.1. Ldp phuong trinh sé cdi chinh cho
tram mdy

Khi binh sai chat ché mang ludi thién van
trac dia phai binh sai theo cac tri do hudng,
khéng phai céac tri do gbc. Trong qua trinh
gidi quyét bai todn nay véi muc dich giam
thai gian tinh toan va b nhd clia may tinh
ching ta phai bd sé cai chinh hudng trén
mbi diém thién van tréc dia.

Trong phudng phap binh sai truyén théng
trudc day, dé giai quyét van dé trén, Sreiber
da dua ra phuong phap dé loai bo s6 cai
chinh géc dinh huéng, nhung phuong phap
Sreiber chi la thd thuat toan hoc va cac
phuong trinh sé cai chinh hudng dudc tao ra
trén moi diém thién van tric dia khdng tuong
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(tng vdi tri do thuc. Do d6 khong thé sir dung
cac phuong trinh s cai chinh dé giai quyét
bai toan phat hién su c6 mat va tim kiém cac
tri do hudéng tho.

Ngoai cac tri do thd trong qua trinh do
dac tai thuc dia, cac sai s6 thd trén méi diém
thién van trac dia thudng gap phai do su
nham Ian clia thao tac vién trong qua trinh
dua cac s6 liéu vao may tinh. Do dé véi muc
dich dua cac tri do huéng vao binh sai trong
cac nghién ctu [1,3] d& dé xuat phuong
phap via loai bd s6 cai chinh gbc dinh
huéng va kiém tra tri do huéng thé.

Tai diém S gia s c6 n1 huéng do, ching
ta ¢ phuong trinh s& hiéu chinh tai hudng i
(i=1n)la

v, =—0Z; +804 o, +1, =—8Z; +a,0X +I,

(1)

trong s6 P;
trong dé:

4@, - ma tran hé s6 thudc toa do diém S va
diém dai Ci tuong Ung véi huéng do th(t i

50‘5,(?/ =ds ci B +bS,Ci By —
—aS,C,ﬁx(,., —bs,c,' & =a,0X

: (0) (0)
sindls sy o b = COSOls ;4.
S—”-P SCEC AR

S.Ci ) S.Ci

b ]

Asci =

l, = (ai(O) —N, )_ZAgO);

Z . gia tri gan dung cla gbc dinh hudng
Zs tai diém S;

o, - phuong vi gan dung cla canh SCi;

&g, g va &,,,0,, - cac s6 cai chinh vao
cac toa d gan dung xi,yS” va x©,y®
cla diém S va diém Ci;

S ;- khodng céch gilia cac diém S va Ci.

Sau khi bién déi hé phuong trinh (1)

chung ta sé nhan dudc (n4-1) phuong trinh
c6 dang:

vi=a . 0X+I
trongsé P’ .

(2)

Hé phuong trinh (2) sé& khéng cé sé cai
chinh goéc dinh huéng 0Z;, trong dé trong sé
P dugc tinh theo céng thc:

I/Pl’:P: l_*_6121-24(P12-})/]):P1 l-’_(;rl

Cac hé s6 khac clia phuong trinh (2) tinh
theo cac cong thic sau:

I'=1 -G, - (LE >-—1 ;
e I
Hi, = Z(Pl ' a_/ )’
J=
VG, =S ps

i—1

Theo phuong phap trén, tai diém thién
van tric dia thi tri do huéng thiri (i #1) tuong
{mg v6i phuong trinh (2) clia diém sé la t&
hop cla i tri do huéng dau tién. Do céac sai
s6 clia i tri do hudng dau tién la cac sai s6
ngau nhién va tuan theo quy luat phan bd
chuan nén ching ta hoan toan cé thé xac
dinh dudc sai s6 trung phuong cla t& hop
céc tri do néu trén. Diéu nay cb nghia tri do
huéng t6 hdp 1a tri do thuc va hoan toan cé
trong s6. Day la co s& dé kiém tra su cé6 mat
cla tri do hudng thé nhd phudng phap binh
sai truy hdi véi phép bién déi xoay.

Tu dang phuong trinh tri do huéng (2)
chung ta sé xay dung phuong phap loai bd
cac tri do hudng tai diém S da bi mat va cac
tri do hudng tir cac diém lién quan dén diém
S. Viéc loai bd tat ca cac tri do hudng tai
diém S dén cac diém lién quan tir két qua
binh sai mang Iudi thién van trac dia da cé
tir trudc dé dang thuc hién nhd thuat toan T
nghich.

Tuy nhién dé loai b tri do huéng tir diém
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Ci dén diém S da bi mat c6 nhiing d&c diém
co ban phai luu y. Gia st trén diém Ci cé n,
. tri do huéng va hudng do Ci dén diém S 1a
thit h (h=1,n,). TU cbng thic (2) ching ta
thdy rang phuong trinh clia tri do huéng th
h la t6 hdp clia h phuong trinh tri do hudng
dau tién. Trong khi d6 céc tri do hudng ti€p
theo tir hudng (h+1) cé phuong trinh dang
(2) chlra phuang trinh cla tri do huéng thir h.
Piéu d6 cé nghia la khi loai bo tri do hudng
tht h theo phudng phap néu trén, ching ta
khong chi loai bo tri do hudng thr h ma con
phai loai b cac tri do hudng tiép theo.

Ngoai ra khi loai bo tri do hudng th(t h tai
diém Ci, gia tri gan dung cla gbc dinh
huéng Z cling sé thay ddi. Do d6 dau tién
ching ta phéi st dung thuat toan T nghich
dé loai bd tat ca cac tri do hudng tai diém Ci,
ti€p theo chung ta s dung thuat toan T
thuan dé dua (n,-1) cac tri do hudng con lai
tir diém Ci dén cac diém con lai khéng bi
mat. D& lam diéu nay trén diém Ci ching ta
phai tinh lai gia tri gan dung Z.) va cac sé
hang tu do |; clia cac phudng trinh cac tri do
hudng con lai lién quan véi cac diém trac dia
khéng bi mat. Sau dé déi véi (n,-1) cac tri do
hudng nay lap cac phuong trinh sé cai chinh
4 dang (2) va dua vao tinh toan binh sai lai
theo thuat toan T thuan.

I1.2. Quy trinh hiéu chinh két qud binh
sai

Véi viéc Ung dung cac nghién clu toan
hoc vé lap phuong trinh s6 cai chinh (2) va
cac thuat toan T thuan, T nghich, tac gia dua
ra quy trinh hiéu chinh cac két qua binh sai
khi doi hdi phai loai bo cac tri do hudng clia
cac diém thién van trdc dia hang |,Il nha
nudc.

Gia s sau khi binh sai mang lugi thién
van tric dia véi téng s N tri do ching ta ¢
ma tran tam giac trén Ty, véc to Yy, téng
binh phuong c6 trong sé [PVV]y va véc to

toa d6 gan dung (&n s6 gan dung) X© trong
cd sd dir liéu cla bai toan.

Piém S trong Iugi bi mat (diém S cé n,
hudng lién quan téi cac diém Ci trong Iu6i).
Ta thuc hién theo trinh tu sau:

- Loai b tat ca cac hudng do lién quan
t6i diém S va cac hudng do tai diém Ci (gia
st c6 m; diém Ci tén tai huéng do CiS v6i
téng s hudéng do tai cac diém Ci nay la m,)
ra khdi mang |udi theo thuéat toan T nghich
[2] tU cac di liéu dudc luu gitr. Sau khi loai
bd (n4+m,) hudng do ching ta sé thu dudc
ma tran Ty, Véc to s6 hang tu do Yy, tong
[PV, V& N1=N-(n{+m,).

- Bua (m,-m4) hudng do con lai (hudng
CiS da bi loai) tai cac diém Ci vao tinh toan
binh sai truy héi theo thuat toan T thuan trén
cd s3 1ap cac phuong trinh s6 cai chinh (2)
véi cac ma tran Ty4, Véc td s6 hang tu do
Yn1, t8ng [PVV]y4 dudc luu gilr. Két qua thu
dudc sé 1a Ty,, véc ta sé hang tu do Yy,
t8ng [PVV]\z v6i N2= N-(ns+my).

Tir két qua do b8 sung méi (tri do GPS),
(gia st ¢ nj tri do) ching ta tinh lai gia tri
toa do gan dung cho diém méi S’ va cap
nhat vao véc to toa dé gan dung X© thanh
X'@, Lap phuadng trinh sé cai chinh cho cac
tri do tai diém S'. Trén co sd ma tran Typ,
véc td s6 hang tu do Yy, téng [PVV]y,; sU
dung thuat toan truy héi T thuadn dua cac
phuong trinh vao tinh toan binh sai. Viéc lap
phuong trinh cho cac tri do mdi (tri do GPS)
dé dua vao tinh toan binh sai sé& dudc dé
cap trong cac nghién clu tiép theo;

In ra k&t qua mang |udi, déng thai luu gitr
céc gia tri véc ta Tys, véc ta s hang tu do
Yns t6ng [PVV]ys, Véc to toa d& gan dung
(an s6 gan dung) X', vi N3=N+ns-(n,+m,).
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. Céac két qua binh sai mang lugi dugc luu
trong CSDL gém Ty, Yy, [PVV],, X©

}

| - Loai bd cac hudng do tai diém S, Citheo thust
N toan T nghich
| - Luu ma tran Tys, Yas, [PVWa

}

- Tinh lai cac phugng trinh clia cac tri do huéng
con lai tai cac diém Ci
- Pua cac phuadng trinh tinh dudc vao tinh toan
binh sai truy hdi theo thuét toan T thuan

|

- Luu ma tran Ty, Yya, [PVV]e, X©

y

- Tinh toa d gan dung cho diém b8 sung
- Lap phuong trinh s8 cal chinh cac tri do bS sung
- Pua cac phuadng trinh tinh dudc vao tinh toan
binh sai truy hdi theo thuét toan T thuan

'

- Xuéat ra cac két qua binh sai
- Luu ma tran Tys, Yya, [PV, X©

Hinh 1

lll. Tir quy trinh trén cé két qua thuc
nghiém

lI.1. S6'liéu géc ludi do huong hang |
Iudi binh tri thién (bang 1, bang 2)

Bang 1
Toa do géc

STT | Téndiém X Y
1| 30501 1898421700 | 657351.298
11| 30608 1882616.334 | 680965.508
| 30602 1903155.087 | 702007.976

Toa d6 gan ding

STT | Téndiém X° Y°
1 30609 | 1882054.536_ | 699889.594
2 31701 | 1878522.150 | 659144.709
3 31801 | 1860683.719 | 671619.039
4 31803 | 1846509.895 | 685064.864
5 31802 | 1860399.466 | 701565.861

- Ang dung

* T s6 liéu bang 1, bang 2 chung ta lap
dudc hé phuong trinh s& hiéu chinh tri do
huéng theo (1)

Il.2. Tinh todn mang ludi do huong khi
loai bo sé cai chinh goc dinh huong theo
coéng thuc (2)

* Hé phuong trinh s8 hiéu chinh da loai
bd sé cai chinh géc dinh hudng nhu bang 3.

* Binh sai hé phuong trinh s& cai chinh
trong bang 3 trén theo thuat toan T thuan
[2], ta c6 két qua bang 4.

V4i s6 ligu nhu trén, khi kiém tra su ¢
mat cla tri do tho trong qué trinh tinh toan
binh sai mang Iu6i theo thuat toan truy hoi
cho két qua: Cac tri do huéng trong bang 2
khong chira tri do tho.

I11.3. Biém 4 bi mat méc, can phuc héi
lai trén thuc dia

* Budc 1: Loai bd cac tri do hudng tai
diém 4 va cac diém lién quan dén diém 4
(diém 3,5) ra khoi két qua binh sai truy hoi.
TU cac két qua trong bang 4; ap dung thuat
toan T nghich dé dua cac tri do tai diém
3,4,5 tuong Ung véi 7 phuong trinh (tur 12-
18) trong bang 3 ra khoi két qua binh sai. Ta
cb két qua trong bang 5.

* Bubc 2: Tinh lai cac phuong trinh tai
diém 3, 5 véi cac huéng 3-4, 5-4 khong ton
tai. K&t qua trong bang 6
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Bang 2
Tram | Hudng 54 acE 5 Tram | Hudng 52 poc .
g G B
do do a tri hudng do do Gia tri hugng
1 11 00° 00’ 00 2 1 00° 00 00™
2 51°03° 18.7" 11 84°31° 2271
11 2 00° 00’ 00™" 3 150° 11’ 05.13"
44°25° 18.14 3 2 00° 00’ 00
3 111 146° 19’ 1537 11 58°02° 45.18"
192°19° 3931 5 125° 30’ 31.06™
5 237° 47 20.32™ 4 171° 28’ 28.63™
3 303 42 28.20" 4 3 00° 00’ 00
111 1 00° 00’ 00 S5 93° 24 04.72
11 39° 57 40.38" 5 1 00° 00’ 00
1 11 00° 00" 00 4 234°20° 14.81"
111 94° 01" 54.75™ 3 274° 58" 11.66"
5 263°52° 23.61" 11 321°35° 17.50"
?
Bang 3
ST dX ay, | dX% dYy, | dx | d% dx.,] dy, | % | dYs [ Pi
1 0.7 [-102& 0.05505 | 0.500
2 9131 | 1713 0.12905 | 0.500
3 4566 | 0857 lo.68185 | 0.667
4] -10.890] -0.323|-3.044 | 0571 [-1.39388 | 0.750
5| 2723 | 0.081 [-2283 | 0428 -4629[-4.992 [0.03205 | 0.800
6| 2.178 | 0.065 [-1.826 | 0343 [3392 [-7.959 0926 [0.998 [0.18827 | 0.833
7| 0.972] 9.678 [0.53431 | 0.500
8| 11.862] -0.355 240363 | 0.500
9| 562 | 14469 -0.733]-9.468 [-1.07038 | 0.667
10 10058 | 8569 02659 | 0.500
11 1.228 |13763 [-5430(-7.766 0.21613 | 0667
12 -5.430 |-7.766 | 8822 |-0.194 0.18745 | 0.500
13 2715 |-3883 | 7.906 [7.928 -6.887[-0.065 [0.31704 | 0.667
14 -1.810 |-2589 | 5650 [12.879| -7.2661-7.660 | 2296 [0.022 [0.32143 | 0.750
15 -7.266|-7.660 | 14.5891.501 |-7.316|6.158 |0.47112 | 0.500
16| -0.733] -9.468 7316[6.158 |-6.583[15.627 |0.54034 | 0.500
17| -0.366| 4.734 6.887 [0.065 | -3658/3.079 |-2.862[1.590 |0.54898 | 0.667
18| -0.4| 3.156 -2296|-0.022 | -24392.063 | 0.350 [-3.867 [0.32876 | 0.750
?
Bang 4
13.84401 0.20680d 1.19724 -Q2245¢ 0.35364 -1.04431 -0.09697 0.0816]-0.58781-3.64047 -1.56871
q17.24629 0.01414 -000265-0.93874 -0.0214d -1.00289 0.84419 1.86524 -9.31741, 1.69304
q q 11.93111 6613284.71969 208029 0.83763 0.86239 1.43087 1.0R054 -0.21543
q d d 14.82390-5.61634 -7.0686 0.57642 0.62004 Q16594 -0.59971 Q08384
d d d (11.8708¢ 6.74901 -7.58813-1.60014-0.12404 -0.99839 -0.18984
Ts=
qg q [¢ q g 13.70128 -5.05389-4.5659¢ 087139 -2.15905 -0.05724
d qd qd q d q 10.04425-1.647349-7.92614 7.61071 -0.1764(
d d d q d q d 6.75317-2.35264 -5.56409 -0.07391
d d d d qd q d d 572174 1.58654 -0.13171
q d d d d q [s [§ d 5.99739 -0.19544
[PWos =0.857569
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Bang 5
13.82980 -0.1679 1.19854 -0.22480 044494 -1.04411 0 -0.80884 -3.2545 -1.59859
d 1517519 0.0456d -0.00855 0.01703 -0.03994 0 -0.49154 -6.07505 1.55150
[o 0 10965349 4.31197 -0.95784 0.59099 0 0.73304 1.07403 -0.37388
[0 [0 q 14.13221 -3.15924 -5.40244 0 -0.33024 -0.48394 -0.05243
0 q q q 4.26074 -2.44039 0 0.62044 0.90864 0.09659
T Y=
Q Q g q q 751079 [0} -1.02609 -1.50304 0.12440
(o [0 [0 [0 q  0.000001 0 [o [0 0
Qa [0 [6 q q q 0.000001 q qg 0
q q g q q d 0 3.9031q 3.89764 -0.25447
[0 Q q q [0 q 0 dq 3.65991 -0.37002
[PW]6 =0.337986
Bang 6
X v (D [d2 (D38 |3 [0é [duds  [db Ci Pi
12 5.430| -7.766| 8.822|-0194 0.18745| - 0.500]
13 2715| -3.883| 7.906| 7.928 6.887|0.065| 031704] 0667
14|-0733|-9.468 6.887 0.065 5.154| 9403] 081915 0.500
15]-0.366| 4.734 3.444]-0033 0819]-0.225] 037235 0667
Bang 7
1384273 | 016634 | 1.19743 | -0.22459| 0.32296 |-1.0442 0 0 -0.63074 -3.49650| -1.56884
0 17.03104| 0.01711 | -0.00821]| -1.26818 |-0.02705 O ‘0 1.43856|-7.91878| 1.71025
0 0 11.82804| 6.37450 | -4.10913 [-0.62158] 0 0 1.71189| 1.01787 -0.25470|
0 0 0 14.76112| -5.23997 |-6.07119 0 0 0.37038|-0.57955] 005547
0 0 0 0 976868 | 1.31288 0 0 -4.30022 282594 -0.23480
To= Yoo
0 0 0 0 0 9.74065 0 0 |-3.531724-1.75671 -0.0424
0 0 0 0 0 0 0.000001 0 0 0 . 0
0 0 0 0 0 0 0 0.000001] 0 0 0
0 0 0 0 0 0 0 0 5.72140| 1.56955 -0.14004
0 0 0 0 0 0 0 0 0 591290 -0.28211
[P, =0571939
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* Budc 3: Pua cac tri do con lai tai diém
3,5 tuong (ng véi phuong trinh trong bang 6
vao tinh toan theo thuat toan T thuan véi ma
tran T4g, VéC t0 Yyg, [PVV]e lUu gilr trong
CSDL nhu bang 5. Sau khi tinh toan dugc
két qua tai bang 7.

Bang 7 néu trén la két qua luu gilr gia tri
ma tran T, véc ta Y, [PVV] clia bai toan binh
sai truy hdi mang Iudi hinh 2 sau khi loai bd
diém 4 ra khdi mang Iudi. Khi b sung diém
mdi, ta can tinh toa d& gan dung, lap céac
phuong trinh cla tri do bd sung (tri do GPS)
va dua vao tinh toan theo thuat toan T
thuan.

IV. K&t luan

V&i quy trinh va cac két qua thuc nghiém
trén cho thady, cac thuat toan binh sai truy
hdi véi phép bién ddi xoay hoan toan c6 thé
sr dung hiéu qua dé giai quyét bai toan loai
bd cac tri do cii lién quan dén cac diém thién
van trac dia bi mat va dua vao cac tri do mdi
lien quan dén viéc phuc héi cac diém bi mat
trén thuc dia. Chinh vi ly do nay céac thuat
toan T thuan, T nghich la cac cong cu cd
ban dé hiéu chinh cac tri do va cac két qua

Summary

AUng dung

tinh toan binh sai mang Iudi thién van trac
dia dua trén CSDL trac dia quéc gia.

Viéc st dung phuang phap loai bd s6 cai
chinh géc dinh huéng dé giai quyét bai toan
phuc hdi cac diém thién van trac dia bi mat
dap (ng dudc yéu cau phat hién va sia
chita cac tri do thd cla bai toan hiéu chinh
hién dai cac dif liéu thién van trac dia trong
CSDL trac dia quéc gia.O
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A PROBLEM ABOUT THE REMOVING OBSERVED WHICH ARE RELATED TO THE
ASTROGEODETIC MISSING POINTS IN THE PROCESS OF RECURRENT ADJUST-

MENT WITH POINT'S RESTORATION
MSc. Bui Dang Quang

Department of Survey and Mapping of Vietnam

The mathematical correction of geodetic observed results in astrogeodetic network is

one of the important bases for building the National Geodetic Information System. The cor-
rection of adjustment results due to the changes of observations (e.g. addition to the new
observations, removing the old observations due to the missing of geodetic points) requires
completed adjustment methods with a request that don't re-adjustment the entire of astro-
geodetic network.

This paper discusses the method and the process to correct the adjustment results as
required to remove the observed directions related to the astrogeodetic missing points and
to add the new observations related to the geodetic points which are built on the field.O
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