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PHUONG PHAP TiM KIEM CAC TRI PO THO
TRONG QUA TRINH BINH SAI MANG LUOI TRAC PIA
MAT BANG CO DANG PUONG CHUYEN

ThS. LWUONG THANH THACH
Trirong Pai hoc Tai nguyén va Mébi truong Ha NJi

Tém tat:

Hién nay, véi sw phat trién cia cong nghé do dac béan db, tiéu biéu la sw c6 mét cua
céng nghé GNSS (Global Navigation Satellite System) da gidi quyét duoc rét nhiéu nhiing
khé khan cua cdéng nghé do dac truyén théng, vi du nhw do dac thanh Iap luwéi khéng ché
tréc dia, do vé chi tiét thanh Iap ban db... Tuy nhién, thuc té khi trién khai cong viéc do dac
thanh lap Iuéi khdéng ché tréc dia khéng phai khi nao ciing cé thé (ng dung céng nghé
GNSS va &p dung cac db hinh ludi cé két cau chéat ché, thay vao dé la dung may toan dac
dién tr hodc may kinh vi dé thanh lap céc dang Iuéi khdng ché trc dia dang don gidn nhw
Iwéi dwong chuyén, ma cu thé la luéi dwong chuyén phu hop va duwong chuyén khép kin
do tinh “linh hoat” ctia né. Bai béo nay trinh bay co sé ly thuyét phuong phép tim kiém va
phét hién céc tri do thé trong Iuéi duwong chuyén va tién hanh tinh toén thuc nghiém déi véi
hai dang dé hinh co bén trén.

1. Dat van dé

Mang lwéi dwéng chuyén cé lwong tri do dw it nén khdng thé tim kiém céc tri do thd mét cach
tin cay theo phuong phap binh phwong nhd nhét 1&p. V& nguyén tac, khong thé tim kiém tri do
thé khi chi c6 mét tri do dw. Khi mang Iwéi cé hai tri do dw tré 1én thi viéc tim kiém tri do thé chi
thwe hién dwoc trong trudng hop tri do thd 1a tri do chung trong hai phwong trinh diéu kién cla
mang lwdi. V&i nguyén tac néu trén, ching ta sé nghién ctru phwong phap tim kiém céc tri do
thé trong mang lwéi dwdng chuyén.

Trong qua trinh binh sai truy hdi mang lwéi dwéng chuyén, khi phat hién sw c6 mét cla tri do
thd, chung ta tién hanh tim kiém tri do thd. Qua trinh tim kiém tri do thd dwoc thwc hién theo cac
dd hinh dwéng chuyén co ban (xem cac hinh 1, 2 & dui day). O’ hai d6 hinh co' ban nay, méi
dd hinh chi c6 3 tri do dw, do vay chi c6 thé co tbi da 3 phuong trinh diéu kién, bao gdm hai
phwong trinh diéu kién toa dd va mot phuwong trinh diéu kién phuong vi trong méi d6 hinh trén
dé tim kiém dwoc mot tri do thd (néu co), tri do thd trong cac trwerng hop nay cé thé 1a mot géce
do thd hodc mét canh do thé. Tuy nhién, déi véi phwong phap nghién ciru nay lai khdng co hiéu
qué dbi v&i méi dd hinh dwdng chuyén cé nhiéu hon 1 trj do thd, do dé sé khéng dwoc ap dung.
Phwong phap binh sai truy hdi cé wu diém la phat hién sw c6 mét clia cac tri do thd. Dbi vai viec
tim hiéu cac tri do thd ching ta s& nghién ciru phuong phap dwoc dé xuét trong [2].

Hinh 1: Puwong chuyén phu hop

Nguoi phan bién: TS. Nguyén Dinh Thanh
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Hinh 2: Buong chuyén khép kin

Gilra tuyén dueng chuyén phu hop va dwdng chuyén khép kin cé sy khac nhau & cac
mat sau:

Tuyén dwong chuyén phi hop co n goc do va n - 1 canh do, diém dau (diém 1) va diém
cudi (diém n) ca dwong chuyén déu la diém gbc. @ va @, la cac phwong vi goc cta canh
goc, @,,a,...., , |a cac goc phwong vi cla cac canh dwong chuyeén; Sq, S,, ..., Sj.
- la cac canh do cla canh dwdng chuyén; 8.8, -1a cac géc do cla tuyén dwong
chuyén.

_Tuyén duong chuyén khép kin co n goc do va n canh do. Biém dau va diém cudi 1a 1.
bé cpuyén phwong vi vao ,céc canh cua df) hinh st gung diém do noi phwong vi ( ky hiéu
la ,diém A). Cac toa do phang x, y ctua diém 1 va diém A la cac toa do khé[ lwoc clha cac
diem nay; a,,a,,...a, - cac goc phwong vi cia cac canh dwong chuyén; Sy, S, ...,
S, - cac canh do cla cac canh duwong chuyén;  Bi.ferB. - céc géc do trong tuyén
dwdng chuyén.

2. Giai quyét van dé

Qua trinh tim kiém céc tri do thé trong cac dé hinh dwérng chuyén co ban duoc thuc
hién nhw sau:

Bwéc 1. Tinh sai s6 khép phwong vi
1. Dbi voi dwong chuyén phu hop W, =58 +(n—1)180° +a, - a,
2. B6i voi da gidc duong chuyén khép kin W, =>"" B, —(n—2)180°

Bwéc 2. Tinh cac sb gia toa do clia cac canh va toa d6 clia cac diém theo chiéu thuan
va chiéu nghich

1. Bbi v&i dwdrng chuyén phu hop

* Tinh cac sb gia toa dd theo chiéu thuan:

S,.cosa;; S,.cosa,;...; 8,

"

_1-COSQ,,
BB L T
§,.sin@,;$,.sina,;...;S, ,.sinq, ,

* Tinh cac toa dd cta cac diém dwong chuyén theo chiéu thuan:
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(xm) = (x' )r +,.cosq;

(yil-l )T

(Vl' )T + Sf'Si'nai

voii=1,2, ..., n-1.

* Tinh cac sb gia toa dd theo chiéu nghich:
S, ,.cos(a, ,+180°);S, ,.cos(a, , +180°);S,.cos(a, +1807)

S, .sin(a, , £180°);S, ,.sin(a, , +1807); S, sin(a, +180%)

n-2 —

* Tinh céac toa do cla cac diém dwdng chuyén theo chidu nghich:
(x; )y =(x)y + 8, ,.cos(e, , +180°)
i)y =)y + 8, sin(e, , £180%)
voii=n, n-1,...,2;
2. Bdi v&i dworng chuyén khép kin
* Tinh cac sb gia toa do theo chiéu thuan:
S,.cosa;; S, cosa,;...;S,.cosa,;
S,.sing;; S, sina,;...;8, sina, ;
* Tinh céac toa do cla cac diém dwdng chuyén theo chiéu thuan:

(x:,1)r =(x;)r +8;.cosa,

Uin)r =)r +8,.5ina,
voii=1,2,...,n1
Luu y: Biém n+1 twong (ng v&i diém 1
* Tinh cac gia s6 toa dd theo chiéu nghich

S,.cos(a, +180°); S, ,.cos(

>~ m-l* n

, £180%);S,.cos(a, +180%)
S,.sin(a, +180°);S, ,.sin(a, , +1807);S,.sin(a, +180%)
* Tinh céac toa do cta diém dwong chuyén theo chiéu nghich:

(X, )y = (X)y + 5, ,-cos(a; , £180°)

i)y =)y +8,.sin(a; , £180%)

voii=n+1,n, ..., 2
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Lwu y: Biém n+1 twong (rng v&i diém 1
Bwérc 3. Kiém tra sw co mat cla tri do thd

Han sai clia sai’sé khép phwong vi (W, )., =irmﬂ.x/; , & day hé sb nhan t nhan bang
2.5; con my - sai so trung phwong do géc dwgc xac dinh mét cach tién nghiém [2].

Néu W, <(#,),,, thi cac goc do khdng c6 goc do thé va chiing ta chuyén sang buoc 4.
Trong trwvd'ng hop sai s6 khép phuwong vi khdéng nhé hon han sai, ching ta tién hanh tim
kiém géc do thd nhu sau:

Tai diém dwong chuyén i co do goc tién hanh tinh cac hiéu theo cac toa d cua cac diém
dworc tinh theo chiéu thuan va theo chiéu nghich:

dxs‘ = (xi)T =i (xi)N
dyi = (yi)?' - (yf)N

va tinh dai lwong

M, = \(dx)’ +(dy,)’

Doi voi tt ca cac diém co do goc trén do hinh duong chuyén dugc nghién ciu, goc do
tho sé thuéc‘diém né}o c6 dai lwvong M nho nhat. Két thac qua triph tim kiém tri do thé trong
dwong chuyen va tién hanh chinh stra goc do thé dwoc tim thay.

Bwérc 4. Kiém tra s cé mat va tim kiém canh do thd

Khi khéng phat hién sy tén tai ctia géc do thé & budc 3, tién hanh kiém tra sy cé mét
cla canh do thé theo quy trinh sau:

* Tinh céac sai sb khép toa do theo chiéu thuan:
Déi véi duwdng chuyén phu hop, cac sai sd khép toa do dwoc xac dinh theo cong thirc
sau:
f.=x,+8.cosq, + 5,.cosa, +...+ 5, ;.cos, , — X,
f, =y +S8sinq, +8,.sina, +..+8, .sina, -y,
Déi voi da giac dwdng chuyén, cac sai sé khép toa dd dwoc xac dinh theo céng thirc
sau:
f.=8,.cosq, +85,.cosa, +...+§,_,.cosa,_,
f,=8,.sina, +8,.sina, +...+ 8§, ,.sin, |

* Tinh sai s6 khép toa do twong dbi theo cong thirc sau:

XM
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& day, TS - la tdng chidu dai canh do clia dd hinh dang nghién ctru; M =,f+f}

So sanh sai s6 khép toa dd twong ddi tinh dwoc véi han sai cho phép theo cap, hang
cla mang luwéi dwong chuyén. Néu vwot han sai, thi cé thé két luan rang trong dé hinh
dwéng chuyén dang nghién clru c6 ton tai canh do thd. Viéc tim kiém canh do thé dwoc
thwe hién nhw sau:

Tim cac canh ma sb gia hoanh dd Ax, = §,.cose, co dau cung véi dai lwgng f, va déng
thoi s6 gia tung d6 Ay, = S..sing, €0 cung dau véi dai luong f,;

Ay, f,

Trén m canh tim dwoc & trén, chung ta tién hanh tinh cac dai lwong: diga, = M1

&dayj=1,2, ...m.

Canh do thd sé 1a canh c6 dai lwgng diga, nhd nhat.
3. Thwc nghiém
3.1. Béi v&i duwdng chuyén phu hop

~ Thyc nghiém tién hanh doi voi duong chuyén pha hop (hinh 3) c6 céc s6 liéu goc va
s0 liéu do nhw bang 1 va bang 2. Gia s, géc do g, tai diém 4 sai so thé. Chung ta tién
hanh tim kiém sai tho.

. o & __:‘ s
¥ = ___..--f" 4 i
s & ‘
B .~ 2 2
/T L
2 Hinh 3
* S0 liéu goc * Sé liéu do
Bang 1 Bang 2
Diém Toa do X (m) | Toa dd Y (m) STT |Canh do Sy (m)| Goécdofy © * )
A 2336294.650 | 569899.351
1 172.273 134 26 13
1 2336499.363 | 570276.649
2 157.342 210 59 35
2 23369783978 | 571137.692 3 128.058 152 41 54
B 2337430.647 | 571454.425 4 171.322 204 46 18
5 153.985 214 40 12
6 133.283 166 20 10
7 156.738 218 05 00
8 143.209 205 14 07
9 86 45 30
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3.1.1. Tim géc do thé

- Tinh dwoc cac phuong vi géc nhw sau: a,, =61°3101" va a,, =35°02'24"

Nghién citu

- Tinh sai s khép phwong vi:

W, =1593°58'59""+(9 —1).180° + 61°31'01''-35°02'24""'= 27'36""

- Han sai cho phép cua sai s6 khép phuong vi:

W, )ep=125.15 'V9 = +1'52.5"

So sanh gitta W, va (W, )cp tathayrang W, >(W,)cp - Nhw vay, co goc do tho.

Chung t6i da tién hanh tinh toa d cac diém trong dwdng chuyén theo hai chiéu thuan

- nghich, tiép theo la tinh cac gia tri M;, két qua tinh dwoc thdng ké & bang 3.

Bang 3
Diém | Toa d6 tinh theo chidu thuan | Diém | Toa do tinh theo chiéu nghich | Diém dx dy M;
1 2336499.363 | 570276.649 9 2336978.978 | 571137.692 1 1.671 -3.088 3.511123
2 2336665.001 | 570324.000 8 2337067.700 | 571025.277 2 1.297 -1.757 2.183863
3 2336772.414 | 570438.973 7 2337103.082 | 570872.585 3 0.377 -0.891 0.967476
4 2336893.018 | 570482.025 6 2337046.676 | 570751.826 4 0.035 0.078 0.085493
5 2337015.387 | 570601.929 5 2337016.311 | 570600.865 5 -0.924 1.064 1.409210
6 2337044.539 | 570753.129 4 2336892.983 | 570481.947 6 -2.137 1.303 2.502914
7 2337099.973 | 570874.337 3 2336772.037 | 570439.864 7 -3.109 1.752 3.568667
8 2337063.366 | 571026.740 2 2336663.704 | 570325.757 8 -4.334 1.463 4.574268
9 2336973.744 | 571138.410 1 2336497.692 | 570279.737 9 -5.234 0.718 5.283018

Theo bang 3, chung ta thay diém 4 c6 gia tri My la nhé nhat. Nhw vay, goéc do tai diém
4 c6 chtra sai sb thd. Tién hanh hiéu chinh goc do thé tai diém 4 va tiép tuc kiém tra sy cé
mat ctia canh do tho.

3.1.2. Tim canh do thé

Néu duong chuyén phu hop & hinh 3 khdng c6 goc do chira sai tho, chung ta tién hanh
tim kiém canh co tri do tho. Gid thiét, canh do S7 Qhu’a sai thd C(:) gia tri bang 165.738m
(gia tri khdong co sai tho l1a: 156.738m). Chung ta, tién hanh tim kiém va chirng minh canh
do S7 la canh c6 chira sai thé.

Thuc hién cac phép tinh & budc 4, két qua dwoc théng ké & bang 4 nhu sau:

Chung ta cé:
Céc sai s6 khép toa do: fy =-2.010m ; fy = 8.848m

M= fI+f}=9.03Tm
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- Sai sb khép toa dd twong dbi:

1 1 1
=S 12252100 140
/M 9.073
Béang 4
Goc do Phwong vi . Gia s0 toa do
Chiéu dai (m)
(G (G & X (m) AYm)
A
61 31 01
1 134 23 13
15 57 14 S1=172.273 165.638 47.351
2 210 59 35
46 56 49 S2 = 157.342 107.413 114.973
3 152 41 54
19 38 43 S3 = 128.058 120.604 43.052
4 204 18 46
43 57 29 S4 =171.322 123.326 118.92
5 214 40 12
78 37 41 S5 = 153.985 30.362 150.962
6 166 20 10
64 57 51 S6 = 133.283 56.403 120.76
7 218 05 00
103 02 51 S7 =165.738 -37.417 161.459
8 205 14 07
128 16 58 S8 = 143.209 -88.724 112.414
9 86 45 30
35 02 24
B
Téng 1225.210 477.605 869.891

s 1 1 . ) . .
Nhan thay rang, 140" 10000 (/@ Sai SO khép twong doi gidi han cua luwdi khong ché do

vé cdp 1). Theo [1], c6 thé két luan rang dwéng chuyén nay ton tai canh do thd. Theo bang
4, c6 canh S7 va S8 co cac gia sb toa dd co cung dau voi f, va fy.

Ay S
Ax,

B =

Tinh cac dai lvong:  diga, - %_é
T

=0.087 diga, = =3.135

x
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Nhu vay, co thé két luan dwoc rang canh S7 la canh do thd. Diéu nay hoan toan phu
hop véi gia thiét dat ra ban dau cla bai toan.
3.2. Béi v&i duwdng chuyén da giac khép kin

Thuc nghiém doi voi dwong chuyén da gidc khép kin (hinh 4) co cac s0 liéu goc va so
liéu do nhw bang 5 va bang 6. Gia st, géc do By tai diém 7 chiva sai s6 thd. Tién hanh tim
kiém tri do thd nhw sau:

Hinh 4
* Sé ligu géc * S0 liéu do
Bang 5 Bang 6
Dié T O X T oY
iem oa do X (m) | Toadd Y (m) STT |Canh do Sy (m)| GécdoB, ¢ * )
A 2336978.978 | 571137.692
1 265.742 87 32 52
1 2336303.284 | 571651.076
2 203.373 98 30 15
3 279.528 179 29 10
4 205.666 137 54 15
5 198.505 110 50 57
6 201.845 105 42 12
7 227.087 180 18 05
8 174.395 179 54 46

3.2.1. Tim goéc do thd

Twong tw trwéng hop dwdng chuyén phi hop, ching ta tinh duwoc sai sé khép phwong
vi va han sai cho phép nhw sau:
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W, =1080°1232""~(8 —2).180° =12'32"
(W, )ep =42,5.15" /8 = +1'46.07"

So séanh gitta W, va (W,)cp tathay rang W, > (W, )cp . Nhw vay, c6 goc do thé.

Tién hanh tinh toa d6 cac diém trong dwong chuyén theo hai chiéu thuan - nghich, tiép
theo la tinh cac gia tri M;, két qua tinh dwoc thong ké & bang 7.

Bang 7
Diém | Toa d6 tinh theo chiéu thuan | Diém | Toa dd tinh theo chiéu nghich | Biém dx dy M;
1 2336303.284 | 571651.076 1 2336303.284 | 571651.076 1 2.329 1.786 2.93496797
2 2336089.238 | 571493.586 8 2336194.015 | 571786.994 2 1.740 0.109 1.74341074
3 2335945811 | 571637.771 7 2336051.462 | 571963.762 3 1.213 -0.413 1.28138129
4 2335750.462 | 571837.708 6 2335925.582 | 572121.546 4 0.482 -1.124 1.22298814
5 2335742.426 | 572043.217 5 2335742.694 | 572044.369 5 -0.268 -1.152 1.18276287
6 |2335925.031 | 572121.061 4 2335749.980 | 571838.832 6 -0.551 -0.485 0.73404768
7 2336051.485 | 571963.737 3 2335944598 | 571638.184 7 0.023 -0.025 0.03397058
8 2336194.682 | 571787.490 2 2336087.498 | 571493.477 8 0.667 0.496 0.83120695

Theo bang 7, ching ta thay diém 7 c6 gia tri M, 1a nhdé nhéat. Nhw vay, géc do tai diém
7 ¢6 chira sai sb tho.

3.2.2. Tim canh do thé

Twong tw nhw dwdng chuyén phu hop, ching ta gia thiét trong dwéng chuyén da giac
khép kin nay c6 canh do Sy la canh do thé c6 gia tri la 272.087m (tri do thue la 227.087m).
Chung ta tién hanh chirng minh canh S5 la canh do thé.

Thuc hién cac phép tinh & budc 4, két qua duoc thdng ké & bang 8:

Ta co:

- C4c sai sb khép toa do: f. =28247m; f, =-35.074m

M =[f2+ f? =45.034m

- Sai sb khép toa dd twong dbi:

1 1 1

S/ 1801.141/ ~ 20
M Vas.034 W0
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Bang 7
Géc do Phuong vi . Gia s6 toa do
Chidu dai (m)
(G (G A X (m) AY(m)
1
216 20 41 S1=265.742 -214.046 -157.490
2 98 30 15
134 50 56 S2 =203.373 -143.427 144.185
3 179 29 10
134 20 06 S3 =279.528 -195.349 199.937
4 137 54 15
92 14 21 S4 = 205.666 -8.036 205.509
5 110 50 57
23 05 18 S5 =198.505 182.605 77.844
6 105 42 12
308 47 30 S6 =201.845 126.454 -157.324
7 180 05 18
308 52 48 S7 =272.087 170.787 -211.809
8 179 54 46
308 47 34 S8 =174.395 109.259 -135.926
1 87 32 52
Téng 1801.141 28.247 -35.074

Nhan thédy réng, 25 (la sai sb khép twong dbi gi6i han cia luéi khéng ché do

> P im———
10000
vé cép 1), theo [1] co thé két luan rdng dwdng chuyén nay tdn tai canh do thé.Theo bang

8, c6 canh Sg, S7 va Sg ¢6 cac gia sb toa do twong (ing cung dau véi fx va fy.

&y, _J = 0.0015; digar, =
Ax, f,

7

Tién hanh tinh cac dai lvong:

Ays f
(] x

Nhuw vay c6 thé két luan dwoc rang canh S7 1a canh do thd. Piéu nay hoan toan phu
hop véi gia thiét dat ra ban dau cta bai toan.

4. Két luan

- Qua trinh kiém tra swr c6 mét va tim kiém céc tri do thé trong mang Iwdi dudng chuyén
dwoc tien hanh lan lwot theo tat ca cac dé hinh dwong chuyén co ban cé trong mang lwéi
do.

- Céc két qua nghlen clru & trén cho thay rang mang lwoi duo’ng chuyén c6 kha nang
rat han ché trong viéc tim kiém céc tri do tho. Do d6 can hét sirc can than trong viéc dwa

=0.0024

diga, =

=0.0024;diga, = ixy f

8 x
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céc tri do trong mang lwéi dwdng chuyén vao co sé div liéu tréc dia.Q
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Summary

About a correction of geopotential differences from mean tide system to zero tide
system in task of the state vertical network by geopotential differences

Assoc. Prof. Dr. Sc. Ha Minh Hoa, MSc. Nguyen Thi Thanh Huong
Vietnam Institute of Geodesy and Cartography

This scientific article shows existence of systematic errors in normal height values in
mean tide system under the effect of the zonal wave arisen from the attraction of the Moon,
Sun and necessity of conversion of normal heights from mean tide system to zero tide sys-
tem for solving the modern tasks of the high geodesy. Besides, from conservation of geopo-
tential values in mean tide system and zero tide system there ins’'t necessity of conversion
of a geopotential differences from mean tide system to zero tide system in case of the
adjustment of the state vertical network by the geopotential differences.OQ
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