HIEU CHINH CAC TRI DO TRONG MANG LUG1 B0 CAO NHA NUUG
PHYC W XAY DUNG, CAP NHAT HE THONG THONG TIN TRAC DIA QUOC GIA

THS. BUI PANG QUANG
Cuc Do dac va Ban d6 Viét Nam
Tom tat:
Hé théng thong tin tréc dia quéc gia c6 nhiém vu luu gir co sé dit liéu céc tri do, co sd
dir liéu két qua tinh toan binh sai cac mang Iudi trac dia va két qua xac dinh mat
Quasigeoid. Ngoai ra, hé théng con cho phép cap nhat va xi ly thong tin bién dong vé céac

mang ludi. Bai bao nay dé cap dén viéc nghién cttu ap dung thuét toan binh sai hién dai
két hop vai cac thuc nghiém vé viéc hiéu chinh céc trj do trong mang Iudi do cao gop phén

dinh hudng phat trién hé théng théng tin trac dia quéc gia tai Viét Nam.

I. P4t van dé

rong thuc té€ hién nay, khi st dung,
khai thac mang lugi d6 cao qudc gia
thuong phat sinh moét s6 van dé sau:

- M&c bi mét, bi dich chuyén do tac dong
clia ngoai canh. Khi phuc héi lai méc phai
do lai mét sd tuyén do lién quan;

- Can thay thé tri do c6 dd chinh xac thap
hon, b8 sung thém cac tri do dé tang do
chinh xac cho mang Iudi;

- Phat trién, b3 sung thém mét sé tri do
cho mang lusi khi ghép ndi mang Iugi do méi
cling do chinh xac vao mang luéi quéc gia.

Vé nguyén tic, két qua binh sai mang
luGi d6 cao quc")'c gia sé dugc luu trir trong co
s& dit lieu clia hé théng théng tin trac dia
qudc gia. Ap dung cac thuat toan binh sai
hién dai trong hé thong thong tin trac dia két
hop v6i cac két qua binh sai dugc luu gnu tur
trudc ta co thé gidi quyét cac van dé vé thay
ddi tri do néu trén, tham chi ca trudng hop
b sung vao mang lugi cac diém méi. Piéu
nay cho phép khéng phai tién hanh binh sai
lai toan bd mang luGi nay. Bay la chiic nang
quan trong clia hé théng thong tin tréc dia
qudc gia.

Ngudi phan bién: TS. Duong Chi Céng

Van dé dat ra 6 day la lya chon dudc cac
thuat toan dé giadi quyét yéu cau cla bai
toan ddi méi tri do déng thdi cac thuat toan
dam b&o céc yéu cau:

- Cho phép phat hién su c6 mat va tim
kiém tri do thé trong qua trinh binh sai;

- Han ché t6i da su tich Iy cla cac sai s6
l[am tron trong qua trinh tinh toan binh sai;

- Gidm dugc thdi gian tinh toan va bo nhd
clia may tinh nho ky thuat ma trén thua.

Il. Giai quyét van dé

II.1. Qud trinh phdt trién cda thuét todn
truy hoi

Trong céac cong trinh [3,4,5] gido su
Markuze Y.| da bat dau nghién ctu va dé
xuét thuat toan binh sai truy héi dé kiém tra
su c¢6 mét clia sai s6 thd trong qua trinh tinh
toan binh sai (thuat toan Q), thuat toan sl
dung dudc cho cac bai toan d6i méi tri do
(dua tri do méi vao, loai bd tri do ci).

Tuy nhién phuong phap nay st dung ma
tran Q la ma tran day gay ra sai s6 lam tron
I6n va khéng cho phép st dung k¥ thuat ma
tran thua.

Trong cong trinh [6], gido su Markuze Y.I
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da dé xuat phuong phéap thay thé ma tran Q
bang ma tran & c6 cau tric bang dé giam bo
nhé cla may tinh. Tuy nhién thuat toan nay
chi cho phép dua vao tri do méi vao ma
khéng loai bd dugc tri do cii ra khdi mang
luGi.

Theo cac két qua nghién ciu trong [7],
PGS.TSKH. Ha Minh Hoa da dé xuat thuat
toan binh sai truy héi véi phép bién déi xoay
(thudt toan T) dé gidi quyét cac bai toan vé
d8i méi tri do, phat hién tri do thd va han ché
sai sO lam tron trong tinh toan binh sai véi
viéc s dung ky thuat ma tran thua [2].

Céc két qua nghién ctu trong [1] da chi
ra rang, khi s&* dung phép bién ddi vuéng
goc thi gia tri nghiém nhan dudc sau binh sai
khong bi nhiéu bdi su tich Idy sai s6 lam
tron. Phép bién déi vudng goc ap dung trong
thuat toan truy héi T chinh la phép bién ddi
xoay Givens.

Trong cac cdng trinh nghién ctu [7,8], Iy
thuyét binh sai truy hdi véi phép bién ddi
xoay da hoan thién. Thuat toan binh sai truy
hoi T hoan toan ap dung dudc cho cac bai
toan vé déi méi tri do: loai bd tri do, dua tri
do méi vao mang Iugi d6 cao phuc vu viéc
xay dung hé théng théng tin tréc dia qudc
gia [9].

I1.2. Bai todn déi mdi tri do trong mang
ludi dé cao nha nudc

V&i mot bai toan binh sai truy héi theo
phuong phap xoay (thuat toan T), sau binh
sai, ngoai cac gia tri can tinh toan in ra bao
cao thi can phai luu gil lai ma tran bién ddi
T, Véc to s6 hang tu do Y,, dang toan
phuong @, = [PVV], véc to an s6 (tham sd)
~gan dung X©. Thuc chat viéc luu giit vecto
X® la khéng can thiét khi loai bo tri do,
nhung khi b8 sung méi tri do thi van céan
thanh phan trén.

11.2.1. Loai bé trj do ci ra khdi mang Iudi

V@i bai toan binh sai truy héi mang Iugi
gdm n tri do va k an sd nhu phan trén, ta co

thé loai bd mét hoac nhidu tri do ra khoi
mang IuGi do tinh chat tung bai toan. Viéc
loai b tri do ra khdi két qua binh sai mang
lugi dugce thuc hién véi tiing tri do mét.

Khi thuc hién loai bd tri do thit y; ra khdi
két qua binh sai truy héi nhu trén, tri do yi co
phuong trinh s6 cai chinh sau:

Vi=2a;8X + [, véi trong s6 p..

L&p ma tran phu 3 :

T

& day ma tran T,, — ma tran tam giac trén
lién hé véi ma tran chuan R=T'T,

ma trén"‘[:' } lay tir két qua clia qua trinh
binh sai truy héi ma chuong trinh luu git lai.

Cac gié tri con lai clia céng thic (1) tinh
theo cac cong thac (2), (3), (4) dudi day:

Vecto (ta ) tinh theo cong thiic:

) =T, af

Gia trj (to )i c6 thé tinh theo cong thiic:

@ ”2'th '“Zi(O) & YnT~(tA)i -

n

Gia tri.
i 12
5O ( p s (tAT ),» (tA )i v (}Tn) (4)

Viéc tinh gia tri(ts )i theo cong thiic (3) c6 thé
s dung gid tri clia vecto X® ho#c vectd v,.

()

(3)

Sau khi I&p xong ma tran phu B ta thuc
hién viéc bién déi tir hang cudi cting k+1 clia
ma tran 7 1an lugt theo th(r tu hang k+1,
k,...,1.

- Bién d6i hang k+1:
Lap ma tréan My, V@i gia tri hang, cot nhu

au.
sad b Ah
M = 50
’7 6 2x(k+2)

()
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CAC gia tri bysq, {thks1 18y tU hang (k+1) cla
ma tran B (1);
cac gia tri n® 18y bang 0, gia tris =5 (4)

Tao ma tran xoay

C S 2x2
[_]k+l :[ k+1 k+1 ] (6)
- Sk+l Ck+]

/
AN __yj;;f =(x2 +y2) 2 x=8W

y = {t}+1 clia ma trén My,q (5).

Hang by, dugc bién déi nhd phép nhan
hai ma tran (6) va (5), ta dugc ma tran méi
ky hiéu nhu sau:

(7)

2x(k+2)
- Bién ddi hang k:

Lap ma tran M, v6i gia tri hang, cot nhu sau:

bk
Mk - (k-1) (k-1) (8)
n @ 2x(k+2)
cac gia tri by, {t} 18y tir hang k cGa ma tran
B theo (1);

cac gia trin® " =7 va gia tri g¢H = 5®
theo (7).

Tao ma trdh xoay Hy tuong tu nhu (6),
bién ddi xoay nhd phép nhan ma trén nhu
trén ta sé nhan dugc ma tran

| b t
o o
ﬁ(k—l) 5 (1)
2x(k+2)
Tiép tuc bién ddi hang thi (k-1) cho tdi
hang 1 nhu nguyén tic trén ta sé& nhan dugc
ma tran phu bién déi 1a:

Ay ] [ i )
o om0 {}]
) | J

A & | (10)

k+1

b
{Tn—l Yo ] =| : (1 ) )
12 ;
0 9,5 ksnxksy | B
(k+1)x(k+1)

Vectd nghiém 8X,, , nhan dudc tur giai hé:
T.6X,, =Y, (12

11.2.2. Bua tri do mdi vao mang Iudi

Sau khi loai b tri do y; c6 phuong trinh s6
cai chinh Vi=aidX+® | véi trong s6 p; ra
khdi mang lu6i nhu phan 11.2.1 ta thu dugc
ma tran Tp.q, Yy VA gid tri ¢u-1 . Mudn dua
tri do mdi y; c6 phuong trinh s cai chinh
Vi=a;8 X+ (trong d6 gia tri || tinh dudc
nhd vao viée luu gitt thanh phan do cao gan
ding X cta céac an s6) vao tinh toan binh
sai can thuc hién cac cdng viéc sau:

Lap ma tran B ban dau:

T. Y,
Bn_] _ n-1 1 o (13)
JEA, -~ P

Trong d6 ma tran T,..1, Yo ta thu dugc tu
cong thie (11). Thuc hién qua trinh binh sai
truy hdi v6i phép bién doi xoay [8] ta s& thu
duoc ma tran phu bién déi

B —B—T" ol
S T

TU ma tran phu bién déi B, tinh lai cac
gia tri cho mang lugi binh sai theo [8].

(14)

11.2.3. Bai toan dua tri do mdi vdi viéc
thay d6i &n

Trong mang luéi do cao Quéc gia con
xudat hién nhu cau cla viéc binh sai lai mang
IuGi khi c6 thém tri do va an s do phat trién
thém mot s6 dudng dd cao cung cép hang
tir mang Iudi da cé.

N&u nhu mang Iusi cii dugdc binh sai bang
cac phuong phap trudc day, khi ghép noi
thém tri do va thém &n s6 thi viéc gidi bai
toan trén phai thuc hién lai toan bo qua trinh
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clla mot bai toan binh sai v6i 4n s6 méi va
tri do mdi.

Nhung vGi bai toan binh sai truy héi khi
dua thém tri do (kém &n s6) vao mang Iudi,

thi viéc binh sai mang Iudi sé dugc thuc hién

don gian hon nhiéu.

Gia st mét mang Iudi gém n tri do, k &n
s6, sau khi thuc hién binh sai truy hoi ta c6
cac gia tri dugc luu gilr gém: Ma tran T,, Y,
va dang toan phuong [PVV].

Sau d6 can b8 sung vao mang Iudi trén
thém n’ tri do va k' 4n s6. D& binh sai ca
mang Iu6i cli va mang Iudi b8 sung cling véi
nhau ta thuc hién cac cong viéc sau:

- Lap phuong trinh s8 hiéu chinh cho n’ tri
do méi véi (k+k’) &n s6:
Vi=A 38X+ | véi trong s6 P;.
- Coi ma tran phu bién di B, cta qua

trinh dua n tri do dau tién vao cb cong thiic
nhu sau:

T, 0 Y,
B,=|0 T 0 (15)
0 0 \‘Ad) 1 (kb + D) x(k+k'+1)

trong cong thic (15), ma tran 7, =10".5,..
cac gia tri cla ma tran T,, vecta Y,, 18y tir két
qud clia qua trinh binh sai truy hoi véi n tri
do va k an s6 ban dau. '

- Thyc hién qua trinh binh sai truy héi nhu
[8] vGi viéc dua l1an lugt n’ tri do vao tinh todn
binh sai.

- V6i tri do th nhét ta co:
T Y
B"+l o [ n+l n+l 0

\/—R_'A' VP j](k+k'+1)x(k+k'+l) (16)

trong (16), B,,+4 1a ma tran ban dau vai tri do
th& nhat bé sung;

Thets Yneq 18 cic ma tran ban dau theo (15)

véi:
| 7, 0 v,
T.,= 0 T, s Y= 0 (17)

Ay, Py, 119, la cac gia tri cla ma tran hé
s, trong s6 va sé hang tu do cla tri do dau
tién dua vao tinh toan.

Thuc hién phép bién d8i xoay 1an luot tir
hang dau tién cho téi hang thir (k+k’), theo
nguyén ly trinh bay trong [8], ching ta sé
nhan dugc ma tran phu bién déi c6 cau tric

sau:
§n+1 _ I:Trﬁl )_,n+l :|
0 JAd.
Lan lugt thyc hién v6i tat ca n’ tri do thém

trong Iugi ta sé thu dugc ma trdn phu cudi
cung la:

(18)

EnM. _ Tn+n' Yn+n' (19)
0 ‘\/ A¢n+n‘

Nghiém clia bai toan theo (19) la:

X =Ton¥ow H=H+X  (20)
Dang toan phuong:
[PVV]n+n' = [PVV]., i o nZA¢n+i
S (@)

lll. Két qua thuc nghiém:

Mang Iugi d6 cao c6 so db va sé liéu do
trong bang 1,2 dudi day:

2
Bang 1
Bang sd liéu géc
STT Ah(m) L(km) Do cao gic
1 3.542 3 HA:10.675 m
2 4.708 5 HB: 26.489 m
3 1.174 8
4 2471 2
-5 1.281 10
6 7.608 15
7 -4.710 30
8 -6.001 18
9 5.120 7
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Ill.1. Binh sai truy héi mang Iu6i trén theo thuat toan T ta sé co két qud trong bang 3,4:

I11.2. Bai toan d6i mdi tri do

Gia st méc s6 5 bi mat méc, can phuc héi lai tai thuc dia. So liéu do méi clia cac tri do

Béng 2

Phuong trinh s6 hiéu chinh Do cao gin
STT Ma tran hé s6 i m) | Pi=1/L diing cdc 4n
1 2 3 4 5
1 1 0 0 0 0 0] 0.33333 H,°=14.217 m
2 0 1 0 0 0 0 0.2 H,°=15.383 m
3 -1 ] 0 0 0 -0.008 0.125 H,%=16.688 m
4 1] 0 1 0 0 0 0.5 H,°=21.808 m
5 0| -l 1 0 0 0.024 0.1 H,%=10.687 m
6 1|0 0 1 0 -0.017 | 0.06667
q 0| -1 0 0 1 0.014 | 0.03333
8 0 0 -1 0 1 0| 0.05556
9 0 0 -1 J 0 0] 0.14286
10 0 0 -1 0 0 0.011 | 0.03704
11 0 0 0 0 -1 0.027 | 0.16667
12 0 0 0 -1 0 0.004 | 0.07143

Béng 3
1012423 | -0.123466 | -0.493865 | -0.065852 0 [ -0.002107
0| 0.665647 | -0.241833 | -0.012214 | -0.050072 | 0.005418
B 0 0| 0730119 | -0.244256 | -0.092682 | -0.002360
127 0 0 0| 0465632 | -0.049931 | 0001654
0 0 0 0| 0.491904 | 0.008474
0 0 0 0 0 | _0.000458
Bang 4
-0.000162471 | Hl= | 142168 | [pv]
Delta | 0009810878 | H2= [ 153928
"% 0000761045 | H3= | 166888 | | 1001046
0.005399348 | Hd= | 218134
0.017227853 | H5= | 10.7042

lién quan dén méc 5 trong bang 5,6:

Béng 5
STT | Ah(m) | L(km)
1 -3.030 30
8 -4.352 18
11 14.159 6
Do cao goc
HA: 10.675 m
HB: 26489 m
Béng 6
Phuong trinh sé hiéu chinh Do cao gin
STT Ma tran hé so li'(m) [ Pi=1/L | dingcdc dn
1 [2]3J4a]s
7 Lol -1 o] o] 1 [-0017]0.03333] H’-14217m
8 olol -1 1o 1 0] 0.05556 | H,’=15.383m
11 ] 0| 0] 0| 0] -1 | -0.006]0.16667| HO <16.688m
H,7=21.808 m
H,,=12336m

18
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Budéc 1: Ta loai bé cac tri do lién quan dén mdéc thir 5 la tri thir 7,8,11. Sau khi loai bé

theo phéan 11.2.1 ta dugc két qua trong bang 7,8:

Béng 7
1.012423 | -0.123466 | -0.493865 | -0.065852 0| -0.002107
0| 0.640122 | -0.251476 | -0.012701 0 0.004905
B - 0 0| 0.687573 | -0.259719 0| -0.002618
? 0 0 0| 0457174 0 0.001450
0 0 0 0 | 0.000001 0
0 0 0 0 -0.000273
Béang 8
-0.002330603 | H1= | 14.2147 [pvv]
0.006700651 | H2= | 15.3897
Delta X= -0.00260898 | H3= | 16.6854 0.0000530
0.003171305 | H4= | 21.8112
0| H5= | 10.687

Budc 2: Bua céac tri do méi trong bang 5,6 vao theo phan 11.2.2 ta sé dudc két qua trong

bang 9,10:
Béng 9
1.012423 | -0.123466 | -0.493865 | -0.065852 0| -0.002107
0| 0.665647 | -0.241833 | -0.012214 | -0.050072 | 0.003866
3o 0 0] 0.730119 | -0.244256 | -0.092682 | -0.002874
12 0 0 0] 0.465632 | -0.049931 | 0.001343
0 0 0 0| 0491904 | -0.000893
0 0 0 0 0| -0.000428
Bang 10
-0.002946928 | Hl= | 142141 [pvv]
0.004533582 | H2= | 15.3875
Delta X= |-0:003266592 | H3= | 16.6847 0.0000759
0.002690678 | H4= | 21.8107
-0.001814829 | HS5= | 123342
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111.3. Pua thém tri do lam thay d6i diém goc
* So d6 mang 1uGi ban dau hinh 2 (s6 liéu do nhu bang 11,12):

Bang 11
Bang so liéu goc
STT | Ah(m) | L(km) | Do cao goc

1 3.542 3 [ HA: 10.675m

2 4708 5 | HB:26.489m

3 1.174 8

4 2471 2

5 1.281 10

6 7.608 15

7 5.120 7

8 9.790 21

9 4671 14

Béng 12
Phurong trinh s¢ hi¢u chinh Do cao gin
STT Ma tran hé s I (m) [ Pi=1/L | dingcac én
1 2 3 4

1 1 0 0 0 0] 0.33333 | H’=14.217 m
2 0 1 0 0 0 0.2 | H=15.383 m
3 -1 1 0 0 -0.008 0.125 | H,°=16.688 m
4 1|0 1 0 0 0.5 | HL =21.808 m
5] 0 | -1 1 0 0.024 0.1
6 -1 0 0 1 -0.017 | 0.06667
7 0 0 -1 1 0 | 0.14286
8 010 -1 0 0.011 | 0.03704
9 0 0 0 -1 0.004 | 0.07143

* Binh sai truy héi theo thuat toan T ta c6 két qua trong bang 13, 14:
Béng 13

1.012423 | -0.123466 | -0.493865 | -0.065852 0| -0.002107
0| 0640122| -0.251476 | -0.012701 0 0.004905
B- 0 0| 0.687573 | -0.259719 0| -0.002618
B 0 0 0| 0457174 0 0.001450
0 0 0 0 | 0.000001 0
0 0 0 0 0| -0.000273
Béng 14
-0.002330603 | Hl= 142147 [pvv]
Delta | 0.006700651 | H2= 15.3897
X= -0.002608980 | H3= 16.6854 | 0.0000530
0.003171305 | H4= 21.8112

* Trong mang lugi nhu hinh 2, can b8 sung thém mdc 5 va cac tri do mdi lién quan. S6
liéu do chénh cao tir méc 5 dén méc 2,3,B va d6 cao gan dung tinh dugc cla diém 5 dugdc
théng ké trong bang 15:

Béng 15
Trido | Diém dau | Diém cudi | Ah(m) | L(km) | D cao gén ding
10 2 S -4.710 30 | H'=10.687 m
11 3 5 -6.001 18
12 5 B 15.775 6
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* Lap ma trén phu ban dau nhu bang 16:
Béng 16

1.012423 | -0.123466 | -0.493865 | -0.065852 | -0.002107
0] 0.640122 | -0.251476 | -0.012701 0.004905

E = 0 0| 0.687573 | -0.259719 | -0.002618
0 0 0] 0457174 [ 0.001450
0 0 0 0] -0.000273

* Binh sai truy héi dua 1an lugt cac 8n s6 vao tinh toan, két qua trong bang 17,18:

Béang 17
1.012423 | -0.123466 | -0.493865 | -0.065852 0 | -0.002107
0| 0.665647 | -0.241833 | -0.012214 | -0.050072 | 0.003866
3o 0 0| 0.730119 | -0.244256 | -0.092682 | -0.002874
12 0 0 0| 0465632 | -0.049931 | 0.001343
0 0 0 0| 0491904 | -0.000893
0 0 0 0 0 | -0.000428
Béng 18
-0.000162471 Hil= 14.2168 [pvv]
0.009810878 H2= 15.3928
Delta X= 0.000761045 H3= 16.6888
.0001046
0.005399348 H4= 21.8134 —
0.017227853 H5= 10.7042

K&t qua binh sai sau khi dua thém &n s trong phan 11.3 (bang 17,18) hoan toan tuong
tu vi két qua binh sai truy hoi trong phan 111.1 (bdng 3,4). Diéu nay cho thdy thuat toan
binh sai truy héi hoan toan ap dung dugc véi viéc bé sung cac diém méi vao mang IuGi.

IV. Két ludn

TU nhing 1ap luan va két qud thuc nghiém trén cho thay réng, viéc ap dung thuat toan
binh sai truy héi v6i phép bi€n d6i xoay hoan toan 4p dung dudc cho cac bai toan hiéu chinh
tri do (dua vao mdi, thay ddi tri do cii va dua vao cac tri do méi) trong mang Iuéi d6 cao
qudc gia. Viéc hoan thién va phat trién ti€p cac k§ nang nhu ky thuat ma tran thua, tim kiém
tri do thd v.v... cling véi cac phép bién d6i xoay khac s& cho phép phat trién cac modun
binh sai hién dai trong viéc xay dung hé thdng théng tin trc dia quéc gia.

Céac thuat toan x{ ly trén xay dung trong hé thdng théng tin tréc dia quéc gia sé la co sé
cho phép chuing ta quan ly, khai thac, cap nhat hé théng cac diém méc tric dia mot cach
khoa hoc phuc vu cac nhiém vu phat tri€n kinh t& xa héi va an ninh quéc phong.Q
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Summary

CORRECTION OF OBSERVATIONS IN THE NATIONAL LEVELLING NETWORK FOR
HELPING TO BUILD AND UPDATE THE GEODETIC INFORMATION SYSTEM IN
VIETNAM

MSc. Bui Dang Quang
Department of Survey and Mapping of Vietnam

The National Geodetic Information System is responsible for storing the database of
observations, adjustment results of the geodetic networks, and the results of determination
of Quasigeoid. In addition, the system also allows updating and processing the variations
of the network. This paper discusses the application of the modern adjustment algorithm
with examples of observation’s correction in levelling network for development of the
National Geodetic Information System of Vietnam.O
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