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Toém tat: CAc tri do véc to canh GPS AX,AY,AZ dwoc thuc hién trong hé toa do vuong
goc khéng gian dia tam WGS-84. Trong trdc dia céng trinh, cac mang lwéi GPS thuong
dwoc xay dung trén dién tich nho. Mi thé c6 thé sir dung hé toa do vuong goc khong gian dia
dién chan troi dia phuong dé binh sai mang lwéi GPS. Trong truong hop nay ty I¢ ludi sé
gan nhuw khéng thay déi trén mdat phdng tog do x,y va ching ta ciing ¢é thé thue hién binh sai
két hop cdc tri do GPS véi cdc tri do truyén thong bang toan dac dién tir.

1. Mé dau

Lué6i khéng ché tric dia dong vai trd quan trong trong qua trinh khao sat, thi cong cong
trinh. Ngay nay, v&i nhitng wu diém vuot troi, cong nghé GPS dd duoc tng dung rong rdi dé
thanh 1ap cac mang ludi khéng ché tric dia. Do viéc tinh toan binh sai luéi GPS thuc hién
trong hé toa do dia tam, sau d6 tinh doi vé toa do tric dja B, L va vé toa do vudng goc phéng
nén khoang cach giira cac diém trong luéi bi bién dang dang ké do phép chiéu UTM (hoic
Gauss-Kruger). Trong trudng hop sir dung kinh tuyén trung wong trong phép chiéu phing
khong phu hop va d6 cao cia mang ludi kha 16n thi bién dang trén 1am thay ddi dang ké kich
thude cua mang ludi so voi cac tri do chiéu dai truc tiép ¢ thuc dja. Pay 1a van dé can luu y
trong cdng tac trac dla cong trinh.

Dé giai quyét van dé trén, mot trong nhiing phuong an ma ching toi mudn dé cap dén, d6
1a binh sai lu6i GPS véi tri tham gia binh sai 1a c4c gia sb toa do trong hé toa do Vuong goc
khong gian dia dién chan troi dia phuong (Local topocentric coordinate system), ma chung ta
van quen goi 1a hé toa d6 dia dién chan troi. Lién quan dén van dé nay cling da c6 mot sd
cdng trinh nghién ctu trong va ngoai nude [3],[5]. O day ching t6i mudn néu van dé ndy véi
muc dich xay dung quy trinh tinh toan.

2. Co s& 1y thuyét
2.1. Hé toa do dia dién chdn troi

Hé toa d6 dia dién chan troi dugc thanh lap nhu sau: tinh tién géc toa do dia tam O 1én
tring voi diém O; trén mat dat (goi 1a diém quy chiéu mang ludi), 14y Oy lam diém gbc dé
thanh 1ap hé toa dd O1X’Y’Z’ cb cac truc toa d6 twong irng song song v&i hé toa d6 dia tam
(OX Y Z), ta dugc hé toa do dia dién xich dao (hinh 1). Tur hé O;X’Y’Z’ thanh lap hé toa do
dia dién chan troi O1xyz theo quy tic ban tay tréi: liy diém O; lam diém gbc, 1y phap tuyén
di qua diém O; lam tryc z (huéng thién dinh 1am huéng duong), liy huéng kinh tuyén 1am
truc x (huéng bic 1a huéng duong), truc y vudng goc véi truc x va z (hudng doéng 1a huéng
duong). Trong mét sd tai lidu thay vi ky hiéu x, y, z ngudi ta ky hiéu 1a N, E, U, [1],[3].



Hinh 1. Hé toa doé dja dién chan troi

Nhu vay hé toa d6 dia dién chan trdi chinh la hé toa d6 vuong goc khong gian dia tam tir}h
tién va xoay, do do6 cac tri do GPS tinh chuyén vé hé toa do dia djén chan ‘tr(‘yi khoéng bi bién
dang va phuong cua truc z la phuong phap tuyén tai di€ém quy chicu, kha gan véi phuong day
doi.

Cong thirc tong quat tinh chuyén toa do tir hé toa d6 vudng goc khong gian dia tAm sang
hé toa d6 dia dién chéan troi nhw sau [1], [5]:

X X=X,
y|=R"| Y=Y, (1)
z Z-7,

Trong do: (X y 2)": toa do trong hé dia dién chan troi;
(X Y 2)":toa do trong hé vuong goc khong gian dia tim;
(Xo Yo Zo)": toa d vudng gdéc khdng gian dia tam cua diém quy chiéu;
Bo, Lo: toa d6 tric dia cia diém quy chiéu;

: 1a ma tran xoay.

—sin B,cosL, -—sinB,sinlL, cosB,

RT=| —sinL, cos L, 0 2)
cosB,coslL, cosB,sinL, sinB,

Piém quy chiéu sé 1a goc ctia ludi trong hé toa d6 dia dién chan troi. Diém nay duoc chon
tring véi mot diém cu thé cua ludi hodc c6 thé 1a diém c6 toa d6 bang toa do trong tam va co
do cao bang dd cao trung binh cua tt ca cac diém trong ludi. Nén chon diém gbc 1a mot diém
nao d6 trong luéi vi khi d6 diém gbc s& 1a diém c6 dau mdc cu thé, d& nhan biét & thuc dia va
dé dang hon khi tinh chuyén tir hé toa d6 dia dién chén troi sang hé toa d6 khac.

Tur (1), thanh lap duogc cong thic tinh chuyén cac tri do AX, AY, AZ tir hé dia tam vé hé dia
dién theo cong thurc:

AX AX
Ay |=RT| AY (3)
Az AZ

Ma tran hiép phuong sai M’ cua cac thanh phan toa do trong hé dia dién chan trdi dugc
tinh:
M’ =R".M.R 4)
Véi M la ma tran hiép phuong sai trong hé toa d6 vudong goc khong gian dia tam:
V(X;X;) COV(X,Y;) COV(X,Z,)
M=|cov(y,Xx,) V(y,) covyz)| ©)
COV(Z,X,) COV(ZY,) V(Z,Z,)



Viéc tinh chuyén tri do AX, AY, AZ va ma tran hiép phuong sai dugc thyc hién theo cac
cdng thire (3) va (4). Sau khi tinh chuyén, can tinh toan kiém tra lai cac sai sb khép trong cac
hinh khép kin.

2.2. Binh sai luwoi GPS trong hé dia dién chdn troi

Trong hé toa d6 dia dién chan trdi, ludi GPS dugce binh sai véi thuét toan binh sai gian
tiép nhu sau:

V6i mdi tri do Ax, Ay, Az lap duoc phuong trinh sai sé:

Vi = —0X; +dy; +(x —Axij)
Vi = —dy; +dy, +(yj -y - Ayy) (6)
Vg =—dz; +dz; + (2] -z - Azy)

V&i: Vax, Vay, Vaz - SO hiéu chinh cho gia s6 toa do do;

dx, dy, dz - s6 hiéu chinh toa d6 diém can xéac dinh;

x°, y°, 2° - toa d6 gin dung.

Nhu vay vdi n baseline, s& ¢6 3n phuong trinh dang (6), véi 3m an s6 (m: sé diém can xac
dinh toa d9).

Viéc binh sai luéi GPS dugc thuc hién véi yéu t6 gdc 1a toa do diém gbc cua hé toa do dia
dién chan troi, day cling 1a ly do ma chung ta nén chon diém géc cua h¢ toa d¢ dia dién chan
troi 12 mot diém cu thé trong ludi. Va vé nguyen tic, diém gdc nay CO toa d6 phang x,y duogc
xac dinh theo toa 6 Nha nudc. Mic di vay, vé ban chét, chiing ta van thuc hién binh sai ludi
trong hé vudng goc khong gian dia dién chan troi dia phuong.

Hé (6) viét dudi dang ma tran: V=AX+L 7)
Thanh lap hé phuong trinh chuan: NX+b =0 (8)
Voi: N=ATPA 9)
b=ATPL (10)
Trong d6, ma tran trong so P:
P 0 .. 0
b 0 P .. 0 (11)
0 0 .. P
V6i P 1a ma tran khéi tya duong chéo, P; 1a ma tran nghich dao ctia ma tran hiép phuong
sai M’(3x3):
Pi =Mt ” (12)
Giai hé phuong trinh chuan (8) ta dugc:
X =-N"b (13)

Panh gia do chinh xadc:
Sai so trung phuong trong so don vi:

. VTPV (14)
3n-3m
Sai s6 vi tri diém i: Mes = 13 Qiox +Qiy + QS (15)
(Qly,Ql,,Ql, : cac phan tir trén dudng chéo ciia ma tran Q=N"" tuong rng voi diém i)
Sai s trung phuong ctia ham trong s6: M. = 14/Qp , Q. =F'QF (16)

Chung ta d4 biét, cac s6 hiéu chinh nhan duoc tir két qua binh sai ludi GPS véi sb liéu gbc
14 toa do x.y,z cia mot diém gbc va két qua binh sai tu do ludi GPS (khong c6 diém gbc nao)
trong hé toa do dia dién chan troi cho két qua hoan toan gidéng nhau.

Néu nhu c6 thém céc tri do chiéu dai canh bang toan dac dién tir, ching ta hoan toan c6
thé 1ap thém cac phuong trinh s6 hiéu chinh chiéu dai, lién quan dén toa do cac diém. Néu 1a
chiéu dai nam ngang, phuong trinh s6 hiéu chinh chi lién quan dén x,y. Trong trudng hop do
chiéu dai nghiéng, thi phuong trinh s6 hiéu chinh s& lién quan dén ca x,y va z.



Céc tri do goc ngang c6 thé dua vao binh sai cung ludi GPS. Trong pham vi hep, phuong
trinh s6 hiéu chinh géc ngang chi lién quan dén toa dd x,y. Cac tri do goc dung ciing c6 thé
tham gia binh sai cung luéi GPS trong hé dia dién chén troi. Trong trudng hop nay phuong
trinh s hiéu chinh goc dimg s& lién quan dén x,y,z.

3. So liéu tinh toan thyc nghiém

Tir nhitng 1y thuyét néu trén, chang tdi tién hanh tinh chuyén tri do sang hé toa do dia dién
chén troi va binh sai ludi GPS Nha may Xi-mang Bat Son. Mang ludi dugc do nam 2008
biang 4 may thu GPS 1 tan s Trimble R-3. Luéi c6 9 diém do va 19 canh do (baselines). So
d6 mang ludi thé hién trén hinh 2.

BS57 BS62 BS65 BS67
/ \ / 3;2 BS66
BS56 BS61 BS64

BS51

Hinh 2. So d6 lwéi GPS nha mdy xi mang Biit Son

Coéng viéc tinh toan binh sai dugc thuc hién theo cac budce sau:

a. Tinh Chuyén tri do GPS AX, AY, AZ sang hé dia dién chan troi

Tur tép két qua giai canh GPS, 14y céc s6 liéu do AX, AY, AZ clng ma tran hiép phuong sai
M cua ching, va toa do tric dia By, Lo cua diém duoc chon 1am gbc trong hé dia dién.

Trong truong hop ndy, diém BS62 dugc chon 1am gdc, ¢o cac sb lidu nhu sau:

Toa do tric dia: Bo = 20° 31’ 50736214, L, = 105° 52 075151, Ho = 9.738m.

Tinh ddi toa do tric dia Bo,Lo,Ho sang toa d6 vuéng goc khong gian dia tam:

Xo =-1633719.823m, Y, = 5747828.023m, Z,=2222811.129m.

Dé co toa d6 diém gdc trong hé dia dién, tinh d6i toa d6 Bo, Lo cua diém BS62 sang toa do
vudng goc phang, theo phép chiéu UTM, ellipxoid WGS-84, kinh tuyén trung uong
Lo=105°45", mi chiéu 3 d¢:

X’ =2270888.925m; y’ =512184.998m

Toa d6 phang x’,y’ va d6 cao H cua diém BS62 s& duoc lay 1am gia tri khoi tinh x,y,z dé
binh sai mang ludi trong hé dia dién chan troi. Nhu vay toa d6 khoi tinh cua diém BS62 nhu
sau:

(x,y,2)" = (X, y’, Ho)" = (2270888.925, 512184.998, 9.738)".

Tinh ma tran xoay theo (2) va tinh chuyén tri do va ma tran hiép phuong sai sang hé dia
dién chan troi theo (3) va (4).

Vi toa dd Bo,Lo cta diém quy chiéu, ma tran xoay R Ia:

—-sinB,cosL, -sinB,sinL, cosB, 0.095881 —0.337304 0.936500
R" = -sinL, cos L, 0 |=/-0.961893 -0.273426 0
cosB,cosL, cosB,sinL, sinB, —0.256063 0.900813 0.350667

Két qua tinh chuyén tri do tir h¢ toa do dia tam sang hé toa d6 dia dién chéan troi thé
hién trong bang 1.
Bang 1. Tri do trong hé toa do dia tdm va chuyén vé hé toa do dia dién chdn troi

No/Piu-Cudi Tri do trong hé toa do dia tam Trido tronghg% tt(;?ﬁd() dia di¢n
AX AY AZ AX Ay Az

1 BS51 BS57 151.667 -20.951 166.356 177.400 -140.160 0.637

2 BS56 BS51 -22.880 60.436 -168.331 -180.221 5.485 1.264

3 BS56 BS57 128.785 39.477 -1.981 -2.824 -134.671 1.892

4 BS56 BS61 8.687 -41.833 112.434 120.238 3.081 -0.476




5 BS57 BS62 12.223 -32.717 92.969 99.273 -2.812 0.004
6 BS61 BS57 120.093 81.318 -114.419 -123.069 -137.750 2.376
7 BS61 BS62 132.315 48.603 -21.449 -23.796 -140.562 2.382
8 BS64 BS51 -44.869 133.440 | -371.630 -397.344 6.677 1.358
9 BS64 BS57 106.787 112.522 -205.259 -219.942 -133.482 2.033
10 BS64 BS61 -13.306 31.204 -90.840 -96.873 4.268 | -0.343
11 BS64 BS62 119.009 79.808 -112.289 -120.669 -136.294 2.040
12 BS64 BS66 16.805 -40.977 117.188 125.180 -4.961 | -0.116
13 BS64 BS67 149.473 0.461 113.560 120.524 -143.904 1.971
14 BS65 BS56 -155.327 30.770 | -198.188 -210.874 140.996 | -2.019
15 BS65 BS61 -146.639 -11.057 -85.750 -90.634 144.075 | -2.488
16 BS66 BS67 132.671 41.444 -3.624 -4.654 -138.947 2.093
17 BS67 BS56 -171.465 72.578 | -316.838 -337.639 145.089 | -1.838
18 BS67 BS61 -162.778 30.743 -204.404 -217.400 148.171 | -2.315
19 BS67 BS65 -16.137 41.799 -118.655 -126.767 4.094 0.171

Tir toa d6 diém gbc BS62 va gia s6 toa do trong hé dia dién chan troi, tinh duoc toa do
gan dung cac diém con lai cua ludi. Toa d6 gan dang cac diém thé hién trong bang 2.
Bang 2. Tog do gan dung cua cac diém can xdc dinh

No ;i_ggl x° (m) y% (m) 2° (m)
1 BS51 2270612.252 | 512327.970 9.097
2 BS56 2270792.483 | 512322.479 7.832
3 BS57 2270789.652 | 512187.810 9.734
4 BS61 2270912.721 | 512325.560 7.356
5 BS64 2271009.594 | 512321.292 7.698
6 BS65 2271003.355 | 512181.485 9.844
7 BS66 2271134.774 |1 512316.331 7.582
8 BS67 2271130.120 | 512177.384 9.675

b. Binh sai lwdi GPS trong h¢ toa d¢ dia dién chan troi

Sau khi tinh toa d6 gan dung cho cac diém theo diém gbc (BS62), lap cac phuong trinh sb
hiéu chinh theo (7), 1ap h¢ phuong trinh chuan theo (8) va giai hé phuong trinh chuan.

Sau khi binh sai lan thir nhét, nhian duoc két qua binh sai véi sai sé trung phuong trong so
don Vl pn = 2.56. Tlep tuc binh sai lan tha hai, sau khi da chia cac phan tir ma tran trong s
cho ?=6.5536, két qua binh sai c6 sai s6 trung phuong trong sé don vi p = 1.00. Két qua binh
sai cudi cling trinh bay trong bang 3 va 4.

Bang 3. Gi4 trj sau binh sai va két qua danh gia @6 chinh xdc

R .. Tri do truée binh sai (m) Sé hiéu chinh (m) Tri do sau binh sai (m) Saiso |

No | Dau- Cuoi twong doi |
AX Ay Az VAx VAy VAz A’X ANy Nz canh ™

1 | BS51-BS57 177.400 | -140.160 0.637 | 0.002 | 0.001 | 0.004 177.398 | -140.159 0.641 1: 97803 | 2.1
2 | BS56 - BS51 -180.221 5.485 1.264 | 0.005 | 0.004 [ 0.007 | -180.226 5.489 1.257 1:72456 | 2.8
3 | BS56 - BS57 -2.824 | -134.671 1.892 | 0.004 | 0.001 | 0.006 -2.828 | -134.670 1.898 1:73248 | 2.8
4 | BS56 - BS61 120.238 3.081 | -0.476 | 0.002 | 0.001 | 0.000 120.240 3.080 -0.476 1: 70537 | 2.9
5 | BS57 - BS62 99.273 -2.812 0.004 | 0.000 | 0.000 | 0.003 99.273 -2.811 0.007 1:80385 | 2.2
6 | BS61 - BS57 -123.070 | -137.750 2.376 | 0.002 [ 0.000 | 0.002 | -123.068 | -137.750 2.374 1:127742 | 1.6
7 | BS61 - BS62 -23.796 | -140.562 2.382 | 0.000 [ 0.000 | 0.000 -23.796 | -140.562 2.382 1:173599 | 1.4
8 | BS64 - BS51 -397.344 6.677 1.358 | 0.004 | 0.001 [ 0.032 | -397.340 6.676 1.390 1:173458 | 1.1
9 | BS64 - BS57 -219.942 | -133.482 2.033 | 0.000 [ 0.000 | 0.002 | -219.942 | -133.483 2.031 1:167442 | 1.1
10 | BS64 BS61 -96.873 4,268 | -0.343 | 0.001 | 0.001 | 0.000 -96.874 4.268 -0.343 1:69202 | 2.5




11| Bse4-BS62 | -120669 | -136.294 | 2.040 | 0.000 | 0.000 | 0.002 | -120.669 | -136.204 | 2.038 | 1:196379 | 1.1
12 | BS64 - BS66 125180 | -4.961 | -0116 | 0.000 | 0.001 | 0.001 | 125180 | -4.960 | -0117 | 1:73468 ] 2.8
13 | BS64 - BS67 120.524 | -143.904 | 1.971 | 0.002 | 0.000 | 0.002 | 120.526 | -143.904 | 1.973 | 1:127007 | 1.6
14 | BS65-BS56 | -210.874 | 140.996 | -2.019 | 0.000 | 0.000 | 0.006 | -210.874 | 140.996 | -2.013 | 1:124142 | 1.8
15 | BS65 - BS61 90.634 | 144.075 | -2.488 | 0.001 | 0.001 | 0.001| -00.633 | 144.076 | -2480 | 1:93844 | 2
16 | BS66 - BS67 4654 | -138.947 | 2.093 | 0.000 | 0.003 | 0.004 | -4654 | -138.944 | 2080 | 1:74087 | 2.7
17 | Bs67-BS56 | -337.639 | 145.089 | -1.838 | 0.001 | 0.002 | 0.002 | -337.640 | 145.001 | -1.840 | 1:201627 | 1.1
18 | BS67-BS61 | 217400 | 148171 | 2315 | 0.001 | 0.000 | 0.001 | -217.399 | 148171 | 2316 | 1:178376 | 11
19 | BS67-BS65 | -126.767 4.094 | 0.171]0.001 | 0.001 | 0.002 | -126.766 4.095 | 0.173| 1:71998 | 3.3
Sai S(f) trung phuong twong ddi canh yé}l nhé:c: BS64-BS61 1: 69202.
Sai s0 trung phuong phuong vi canh yeu nhat: BS67-BS65 373. ?
Bang 4. Toa dé sau binh sai va sai so vi tri diém

No | Diém Toa d¢ sau binh sai (m) Mx My m;z mp

X' y' z | m | (m | (m | (m

1| BS51 | 2270612.255 | 512327.968 | 9.090 | 0.002 | 0.002 | 0.005 | 0.006

2 | BS56 | 2270792.480 | 512322.479 | 7.833 | 0.001 | 0.001 | 0.004 | 0.004

3| BS57 | 2270789.652 | 512187.809 | 9.731 | 0.001 | 0.001 | 0.003 | 0.004

4| BS61 | 2270912.721 | 512325.560 | 7.356 | 0.001 | 0.001 | 0.003 | 0.003

5| BS64 | 2271009.594 | 512321.292 | 7.700 | 0.001 | 0.001 | 0.003 | 0.003

6 | BS65 | 2271003.354 | 512181.484 | 9.846 | 0.001 | 0.002 | 0.004 | 0.005

7 | BS66 | 2271134.774 | 512316.332 | 7.583 | 0.001 | 0.001 | 0.004 | 0.005

8 | BS67 | 2271130.120 | 512177.388 | 9.673 | 0.001 | 0.001 | 0.003 | 0.004

9 | BS62 | 2270888.725 | 512184.998 | 9.738 0 0 0 0

DPiém yéu nhat trong ludi 1a diém BS51, co sai s trung phuong vi tri diém
+0.006m.
4. Két luan

- Khoang cach giita cac cap diém khi binh sai ludi GPS trong hé dia dién chan trdi khong
bi bién dang do phép chiéu va d6 cao mang ludi so v6i mit ellipxoid. Piém quy chiéu nén
chon 1a diém gan trung tim cua mang ludi, s& 1a diém gdc khi binh sai luéi;

- Khi binh sai ludi GPS trong hé dia dién chan troi, viéc két hop tri do mat dat va tri do
GPS s& don gian hon vi ching ta d tach X,Y,Z trong hé dia tim thanh X,y nam trong mit
phang chan troi (yéu té mat bang) va z 1a thanh phan lién quan dén do cao;

- Do thanh phan z trong hé dia dién chéan troi ¢6 phuong 1a phuong phap tuyén tai diém
quy chiéu (diém gbéc), do d6 co thé tinh chuyén tir z thanh d6 cao tric dia H theo cong thirc
kha don gian, lién quan truc tiép dén ban kinh cong ellipxoid trén hudng tir diém gbc dén
diém xét;

- Quy trinh tinh toan binh sai trong hé toa d6 dia dién chan troi gdm hai budce: tinh chuyén
va binh sai. Viéc binh sai duoc thyc hién bang cac chuong trinh binh sai do ching ta lap
trinh, khéng phu thudc vao cac phan mém ban quyén nudc ngoai;

- Binh sai ludi GPS canh ngin c¢6 quy mo khong 16n trong hé toa d6 dia dién chan troi vira
dam bao duogc tinh chat ché vira khong lam bién dang kich thuoc ctia mang ludi. Phuong
phap nay nén ap dung dé binh sai cac mang luéi tric dia cong trinh phuc vu x4y dung céc
cdng trinh dan dung va céng nghiép.

TAI LIEU THAM KHAO
1. PANG NAM CHINH, PO NGQC DUONG. Céng nghé GPS. Bai gidng. Truwong Pai hoc

M6 - Dia chat, 2007.




. HOANG NGOC HA. Tinh toan tric dia va co so dit liéu. Bai gidng cho cdc khoé cao hoc.
Truong Pai hoc Mo - Pia chat, 2000.

. TRAN VIET TUAN. Nghién ctru ung dung cong nghé GPS trong tric dia cong trinh &
Viét Nam. Ludn dn tién sy ky thuat. Truong Pai hoc Mo - Pia chat, 2007.

. LEVENT TASCI. DAM deformation measurements with GPS. Fyrat University, 23119
lazyd, Turkey, 2008.

. SLAWOMIR CELLMER, ZOFIA RZEPECKA. Common adjustment of GPS baselines
with classical measurments. The 7" International Conference —May 22-23-2008.



