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SU KHAC BIET GIJO’A TOA DO VUONG GOC PHANG UTM VOI
HE TOA DO VUONG GOC PHANG DIA DIEN CHAN TROI

NCS. LE VAN HUNG
Viéen KHCN Xay dung

Tém tét: Trong thue té viéc binh sai tinh toan mang Iudi tréc dia duoc thuc hién hoan toan trén bé mat
Elipsoid sau d6 dé c6 thé st dung trong trac dia cong trinh, ching duoc tinh chuyén vé toa do dja dién chan troi
hodc vé toa d6 vuéng géc UTM. Viéc khdo sét sw khéc biét gitka hé toa dé dia dién chén troi va hé toa dé vuéng
goc phdng UTM trong tréc dia céng trinh |a mot van dé cén lwu y.

1. Dat van dé

Ngay nay viéc trng dung cong nghé dinh vi toan cau (GPS) trong cong tac 1ap lwéi trac dia dwoc st dung
kha phé bién. K&t qua do GPS sé xac dinh duoc toa dd khong gian Xi, Yi, Zi hodc toa d6 trac dia Bi, Li, Hi cla
cac diém trong hé toa d6 WGS-84 hoéc trong hé quy chiéu québc gia VN2000.

Pé st dung chung trong trac dia cong trinh can phai tinh chuyén toa d6 tric dia B, L vé& hé toa dd vudng
goc phang x,y theo phép chiéu hinh tru ngang gi®* géc (UTM). Néu nhw dé cao clta khu do khéng qua Ién va
viéc chon kinh tuyén truc ctia phép chiéu UTM hop ly thi bién dang chiéu dai kha nhé, nhwng dbi véi tridng
hop chon kinh tuyén truc khéng phu hop va dé cao khu vire xét kha Ién thi bién dang chiéu dai la dang ké.

Trong thyc té, ngoai hé toa d6 vudng goc phédng UTM ngudi ta ¢ thé st dung hé toa d6 vudng géc khong
gian dia dién chan tr&i cho cac cong trinh tap trung trén mét dién tich khéng Ién [1,2]. Dé thiét lap hé toa do
nay, can chon 1 diém quy chiéu, tai dé thiét 1ap ma tran xoay R va diém dé ciing chinh |a diém gbc cia hé toa
dé dia dién.

C6 thé tinh toan khao sat bién dang chiéu dai trong cac trwéng hop dé cao (H) cia khu do khéc nhau va sy
khac biét gitra hai hé toa do dia dién chan troi va hé toa do vudng goc phang UTM. Trén co sé& do cé thé dua
ra két luan vé kha nang (rng dung clia tirng hé toa do trong trac dia cong trinh.

2. Co s& ly thuyet
2.1 Toa dé vuéng géc phang theo phép chiéu hinh tru ngang gii¥ géc UTM

Theo phép chiéu UTM, vj tri clia mét diém trén mat Ellipsoid dwoc xac dinh qua toa do phang X, Y theo

cong thire sau [1, 2]:
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trong do, X, 1a chiéu dai cung kinh tuyén t xich dao dén vi do B.
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Trong cac cong thirc tinh dbi toa do (1), (2), gia tri mo 1a ty 18 bién dang chiéu dai trén kinh tuyén trung wong
clia mui chiéu. Néu 1a phép chiéu Gauss-Kriuger thi mg = 1, néu 1a phép chiéu UTM theo mui 6° thi m, =
0,9996, va néu |a phép chiéu UTM theo mai 3° thi me=0.9999 [4].
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a) HO taa ®¢ ®a diOn chon tréi

b) HO taa ®é vu«ng gac UTM
Hinh 1. Hé toa dé dja dién chan troi va hé toa dé vuéng géc UTM

Hién nay theo quy dinh clia nha nuéc cac ban dd ty 1& nhé va Ién déu si dung hé toa d VN2000, phép
chiéu UTM mui 6° hodc mui 3°.
2.2 Hé toa d6 vubng goc khéng gian dja dién chan troi

Hé toa do dia dién chan troi dwoc st dung trong tréc dia vé tinh, trac dia thién van, chd yéu Ia lién
quan dén diém quan sat vé tinh, thién van. Hé toa dd nay duoc thiét l1ap dwa vao mot diém quy chiéu By,
Lo, Ho hodc x, y, z trén mat dat (mang tinh dia phwong). Quan hé gitra toa d6 vuéng goc khong gian dia
tam va hé toa d6 khéng gian dia dién chan troi dwoc biéu dién théng qua cac cong thirc dwéi day[2]:

—sinB,cosL, —sinBgysinL, cosB, | | X — (N, + H,)cos B, cosL,

X
y|=| —sinL, cosL 0 |.|Y—=(Ngy+Hy)cosBgsinL, (5)
z cosB,cosL, cosBysinL, sinB, | |z _[No(l_QZ) +H,].sinB,
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Trong do:
X, Y, Z - toa dd vubng gbc khdéng gian dia tam;
Bo, Lo, Ho - toa d6 tréc dia ctia diém trong tam lwéi ( hay gbc toa do clia hé toa do dia dién);
No - ban kinh cong vong thang dirng thir nhat di qua hé toa d6 dia tam.
aZ
" Ja® cos? Bo+bZsin? Bo
a, b - ban truc I&n va ban truc nhé cla Ellipsoid WGS 84;

N (6)

e - thm sai thir nhét cuia Ellipsoid.
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a
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3. Tinh toéan khao sat sai khac giira hai hé toa do

Sau khi binh sai GPS sé& xac dinh dwoc toa dd khdng gian Xi, Yi, Zi hodc toa d6 trac dia Bi, Li, Hi ctia cac
diém trong hé toa dd WGS-84 va dé sir dung chung trong trac dia cdng trinh can phai tinh chuyén vé hé toa do
dia dién chan troi hodc vé hé toa d6 vudng géc UTM. Muébn chuyén toa dd clia mét diém bét ky tr mét cong
(mat Ellipsoid WGS 84) vé mat phang (dia dién hodc UTM) déu gay ra bién dang vé chiéu dai va dién tich.
Chung ta tién hanh khao sat dé xac dinh dwoc gia tri bién dang nay.

Chon lw&i khao sat gém 20 x 20 8, mdi 6 c6 kich thwde AB, AL = 10". Mi mat lwéi co toa dd Bi, Li, Hi (co
441 mét luéi) tai cac ving co dd cao khac nhau. Cu thé:

- Tai viing déng bang chon d6 cao cla cac diém trong mét ludi déu bang 6 m va toa do trac dia B, L, H cua
diém bén trai phia dwoi twong tng 1a 21°0'0", 105°45'0", 6 m;

- Tai vung trung du chon d6 cao cla cac diém trong mat lwdi déu bang 100m va toa d6 trac dia B, L, H cla
diém bén trai phia dwoi twong (rng 1a 21°0'0", 105°45'0", 100 m;

- Tai viing ndi chon do cao cla cac diém trong méat lwdi déu bang 700 m va toa dd trac dia B, L, H cta diém
bén trai phia dwdi twong tng 1a 21°0'0", 105°45'0", 700 m.
3.1 Xdc dinh khoang cach di(_l)g gitka cdc diém trong hé toa do khéng gian Xi, Yi, Zi cia mat Iwéi véi diém

quy chiéu

Tl toa dd cla céc diém khao sat Bi, Li, Hi tinh chuyén vé Xi, Yi, Zi theo [2,3], sau d6 ta tinh dwoc khodng
cach theo cbng thirc (8)

A = JAX?  +AY?  +AZ2 ®)

Chiéu dai di(_l)g la khodng céach khéng gian gilra cac diém c6 cung do cao trac dia, coi la khodng céch thyc.

3.2 Xac dinh khoang cach di(_zg gitra cdc diém trong hé toa dé dia dién x;, yi, cia mat lwéi véi diém quy
chiéu
Tl toa d6 cha cac diém khao sat Bi, Li tinh chuyén vé x, y;, theo [2,3], sau d6 ta tinh dwoc khoang céach
theo cong thirc (9)

A = A +Ay* ©) ©)

Chiéu dai di(_zg la chiéu dai trén méat phdng ndm ngang (mat phang chan tréi) di qua diém quy chiéu.
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3.3. Xac dinh khoang cach di(_gé gitra cac diém trong hé toa do vudng goéc phing UTM Xiv yi ciia mat
lwéi véi diém quy chiéu
Tl toa do cla cac diém khao sat Bi, Li tinh chuyén vé X, Y; theo [2,3] st dung kinh tuyén trung wong 105°,
mui chiéu 3° (m,=0,9999), sau d6 ta tinh dwo'c khoang cach theo cong thire (10)

3) _ 2 2
di% _\/Ax e TAYT
Trong do:

(20) (10)
i - diém xét ther i;
g - diém quy chiéu (diém gbc hoac diém trong tam);
AX, AY, AZ ; Ax, Ay; AX, AY - gia s6 toa do gitva diém xét va diém quy chiéu.

3.4 Khao sét bién dang chiéu dai gidra hé toa dé dia dién chan troi va hé toa d6 vuéng géc phang UTM

Gi4 tri bién dang chiéu dai gitra toa do vudéng goc khong gian va toa d6 dia dién.

11
50 =40, ~4) a Y
Gia tri bién dang chiéu dai gitra toa do vudng géc khdng gian va toa dd vuéng géc UTM
] (12)
55 =% ~df) 12)
3.5 Két qua tinh todn
T nhitng cdng thirc trén va sb liéu khao sat tién hanh tinh toan cho dwoc két qua dwdi day:
a. Két qua khéo séat vang déng bang (h=6 m)
Tén Toa do tric dia Toa d6 khong gian
diém B(® ') L® " H(m) X(m) Y(m) Z(m)
22 21 00 10.00 105 45 0.00 6 -1616960.0552 5733307.8876 2271684.287
36 21 00 10.00 105 47 20.00 6 -1620851.1030 5732209.0730 2271684.287
98 21 00 40.00 105 47 10.00 6 -1620483.2161 5731969.3716 2272545.6091
176 21 01 20.00 105 46 10.00 6 -1618695.8828 5732015.9181 2273693.9646
219 21 01 40.00 105 46 20.00 6 -1618913.7926 5731725.0619 2274268.1109
220 21 01 40.00 105 46 30.00 6 -1619191.6725 5731646.5680 2274268.1109
221 21 01 40.00 105 46 40.00 6 -1619469.5487 5731568.0606 2274268.1109
Tén Toa d6 dia dién Toa d6 UTM
diém X(m) y(m) z(m) X(m) Y(m)
22 -2768.1841 -2887.5346 1.2573 2323334.9885 577970.2265
36 -2767.9733 1155.0139 0.7084 2323354.4501 582013.3135
98 -1845.3123 866.2604 0.3272 2324275.6427 581719.9826
176 -615.1196 -866.2604 0.0886 2325497.3605 579981.3995
219 -0.0100 -577.5069 0.0261 2326113.8308 580267.1797
220 -0.0025 -288.7535 0.0065 2326115.2298 580555.9237
221 0.0000 0.0000 0.0000 2326116.6338 580844.6679
b. Két qua khéo sat ving trung du (h=100m)
Tén Toa db trac dia Toa d6 khdng gian
diém B(" ' ") T H(m) X(m) Y(m) Z(m)
22 21 00 10.00 105 45 0.00 100 -1616983.8754 5733392.3478 2271717.9780
36 21 00 10.00 105 47 20.00 100 -1620874.9805 5732293.5170 2271717.9780
98 21 00 40.00 105 47 10.00 100 -1620507.0882 5732053.8121 2272579.3127
176 21 01 20.00 105 46 10.00 100 -1618719.7286 5732100.3592 2273727.6853
219 21 01 40.00 105 46 20.00 100 -1618937.6416 5731809.4987 2274301.8400
220 21 01 40.00 105 46 30.00 100 -1619215.5256 5731731.0036 2274301.8400
221 21 01 40.00 105 46 40.00 100 -1619493.4059 5731652.4951 2274301.8400
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Tén Toa do6 dia dién Toa d6 UTM
diém x(m) y(m) z(m) X(m) y(m)
22 -2768.2251 -2887.5772 1.2573 2323334.9885 577970.2265
36 -2768.0143 1155.0309 0.7084 2323354.4501 582013.3135
98 -1845.3397 866.2732 0.3272 2324275.6427 581719.9826
176 -615.1287 -866.2732 0.0886 2325497.3605 579981.3995
219 -0.0100 -577.5155 0.0261 2326113.8308 580267.1797
220 -0.0025 -288.7577 0.0065 2326115.2298 580555.9237
221 0.0000 0.0000 0.0000 2326116.6338 580844.6679
c. Két qua khao sat vang nui (h=700 m)
Tén Toa d6 trac dia Toa dd khdng gian
diém B(° ' " TS H(m) X(m) Y(m) Z(m)
22 21 00 10.00 105 45 0.00 700 -1617135.9195 5733931.4554 2271933.0260
36 21 00 10.00 105 47 20.00 700 -1621027.3905 5732832.5212 2271933.0260
98 21 00 40.00 105 47 10.00 700 -1620659.4635 5732592.7936 2272794.4420
176 21 01 20.00 105 46 10.00 700 -1618871.9358 5732639.3449 2273942.9233
219 21 01 40.00 105 46 20.00 700 -1619089.8692 5732348.4569 2274517.1324
220 21 01 40.00 105 46 30.00 700 -1619367.7794 5732269.9545 2274517.1324
221 21 01 40.00 105 46 40.00 700 -1619645.6858 5732191.4386 2274517.1324
Tén Toa d6 dia dién Toa d6 UTM
diém x(m) y(m) 2(m) X(m) y(m)
22 -2768.4869 -2887.8487 1.2575 2323334.9885 577970.2265
36 -2768.2761 1155.1395 0.7085 2323354.4501 582013.3135
98 -1845.5142 866.3546 0.3272 2324275.6427 581719.9826
176 -615.1869 -866.3546 0.0886 2325497.3605 579981.3995
219 -0.0100 -577.5698 0.0261 2326113.8308 580267.1797
220 -0.0025 -288.7849 0.0065 2326115.2298 580555.9237
221 0.0000 0.0000 0.0000 2326116.6338 580844.6679

d. Bang két qua khao sat bién dang chiéu dai:

. Tén diém K.hoéng cach khao sat (m) Cheénh 'écrzrf]r)“’éng cach Viing khio
pau | - | cusi Kh‘A’(ﬂgG?'a” Di(%‘g?” UTM™ KG-DD | KG-UTM sat
1 [ 221 | - | 22 | 4000.0876 | 4000.0874 | 3999.9955 |  0.0002 0.0921
2 | 221 | - | 36 | 2999.2880 | 2999.2888 | 2999.2319 [  0.0001 0.0570
3 | 221 | - | 98 | 20385251 | 20385251 | 2038.4858 | 0.0000 0.03%4 | \yng aéng
4 221 | - | 176 | 1062.4402 | 1062.4402 | 1062.4178 | 0.0000 0.0224 bang
5 221 ] - | 219 577.5060 | 577.5069 | 577.4950 |  0.0000 0.0120 (h=6m)
6 | 221 | - | 220 288.7535 | 288.7535 | 288.7476 |  0.0000 0.0059
7 221 | - | 221 0.0000 0.0000 0.0000 |  0.0000 0.0000
T [221 | - | 22 | 40001467 | 4000.1465 | 3999.9955 [  0.0002 0.1512
2 | 221 | - | 36 | 2999.3333 | 2999.3332 | 2999.2319 [  0.0001 0.1015
3 | 221 | - | 98 | 20385553 | 20385553 | 2038.4858 | 0.0000 0.0696 Vitng trung
4 | 221 | - | 176 | 1062.4550 | 1062.4559 | 1062.4178 | 0.0000 0.0381 du
5 | 221 | - | 219 577.5155 | 577.5155 | 577.4950 |  0.0000 0.0205 (h=100m)
6 | 221 | - | 220 288.7577 | 288.7577 | 288.7476 |  0.0000 0.0102
7 221 | - | 221 0.0000 0.0000 0.0000 |  0.0000 0.0000
T [ 220 | - | 22 | 40005239 | 40005237 | 3999.9955 |  0.0002 0.5284
2 | 221 ] - | 36 | 2999.6167 | 2999.2319 | 2998.9862 |  0.0001 0.3849
3 | 221 | - | 98 | 20387479 | 20387479 | 2038.4858 | 0.0000 0.2622 _
4 | 221 | -] 176 | 1062.5560 | 10625560 | 1062.4178 |  0.0000 0.1382 (nggonrgl)
5 221 | - | 219 577.5698 | 577.5698 | 577.4950 |  0.0000 0.0748
6 [ 221 ] - | 220 288.7849 | 288.7849 | 288.7476 |  0.0000 0.0373
7 221 | - | 221 0.0000 0.0000 0.0000 |  0.0000 0.0000
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4. Két luan
Qua céc két qua tinh toan & trén co thé thay rang:

- Trong hé toa dd vudéng géc khéng gian dia dién chan trdi, mat phang x,y ctia hé toa do di qua diém quy
chiéu c6 d6 cao xap xi dd cao trung binh cla khu viwc khéo sat, do d6 dé cao khu do khéng &nh hwéng dén
bién dang chiéu dai canh khi chiéu I&n m&t phang nhw trong phép chiéu UTM;

- Tai cac vung c6 d6 cao khac nhau, khodng cach cuta cac diém sau khi chuyén vé hé toa do vudng géc
khong gian dia dién chan troi gén nhuw trung voi khodng céach thuwe, xét cho ban kinh t&i trén 4 km;

- Khoang céach clia cac diém sau khi chuyén vé hé toa do vudng géc UTM dbi véi vang déng béng, trung du
va viing nai c6 sy khac biét rd rét. Béi véi ving trung du va vang ndi, &nh huédng cia d6 cao dén bién dang
chiéu dai 1a kha lén;

- Hé toa dod vudng goc khéng gian dia dién chan troi ¢é thé str dung cho cac cong trinh c6 hinh thé khéng
kéo dai ma nam gon trong mét dién tich gan vuéng hodc gan tron véi ban kinh khéng qua 5km.
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