1. LOI MO PAU

Hé théng dinh vi toan cau (Global Positioning System) - mot hé thong
dan duong va dinh vi chinh xac dua trén cac vé tinh NAVSTAR (Navigation
Satellite Timing And Ranging) duoc xay dung va phat trién boi Bo qubc phong
My. Hé théng nay hién dang duoc st dung rong réi trong nhiéu linh vuc: tric

dia, dia chat, dau khi, thuy van, xay dung, hai duong hoc, du lich....

Khi khao sét thiét ké va thi cong xay dung cac cong trinh ¢ ving dia hinh
dac biét kho khan ( Cong trinh thuy dién, cau vuot séng .v.v) cong tac truyén do
cao bang phuong phap thuy chuan hinh hoc truyén théng gap rat nhiéu kho
khan, hiéu qua kinh té khdng cao va trong nhiéu truong hop khong thé thuc hién
duoc do yéu té dia hinh gay nén. Bang két qua do GPS tuong ddi tinh ¢ thé xac
dinh chénh cao trac dia (H) giira hai diém céch xa nhau tir 1 - 8 km véi d6 chinh
X4c rat cao. Nhung gia tri chénh cao nay lai khdng st dung duoc trong trac dia
cong trinh vi hé d6 cao sur dung la hé do cao thuong. Nghién ctru xay dung thuat
toan va lap chuong trinh may tinh dé tinh chuyén d6 cao do bang cdng nghé
GPS vé hé do cao thi cong cong trinh s& dem lai hiéu qua kinh té cling nhu dap
g duoc yéu cau vé tién do thoi gian khi khao sat thiét ké va thi cong xay dung

cac cong trinh tai vung dia hinh kho khan

Xuat phét tir nhitng diéu kién khach quan va cha quan, nhét 1a yéu cau tir thuc
tién san xuat, t6i da tham khao dé& xuat va dugc phép thuc hién dé tai Nghién
ctru xay dyung thuat toan va 1ap chuong trinh tinh chuyén d6 cao GPS trong tric

dia cong trinh bang phuong phép sir dung ham dia hinh ciia Walter H.F. Smith
2. MUC TIEU PE TAI

Nghién ciru nguyén 1y do cao bang cong nghé GPS. Tir d6 xay dung thuat
toan phd hop véi qué trinh tinh toan thyuc té. Lap chuong trinh tu dong hoa qua

trinh tinh toan dé tinh chuyén do cao GPS vé hé do cao thi cong, nham dap tng



dugc yéu cau vé do chinh xac, ciing nhu day nhanh tién d6 do cao trong trong
khao sat, thiét ké va thi cong xay dung cong trinh & nhitng khu vuc c6 dic diém
dia hinh khé khan.

3.NOI DUNG CUA PE TAI

1.Phwong phap hinh sir dung ham dia hinh cia Walter H.F. Smith

Cong thac thire ndi suy di thudng do cao xuat phat tir ham toan hoc sau:

N =a,+ a;X +aY + azhy = Ny + Oy

Vi gia thiét trong pham vi khong l6n, do cao Geoid nhan dugc tir mé hinh
Geoid toan cau c6 quy luat gan vai phan bién dbi tuyén tinh ctia N, = ao+ a;X +
a,Y. Nhu vay 8y = ashy duoc coi nhu 13 phan “dj thuong” ctia d6 cao Geoid do
anh huéng cia do cao bé mat dia hinh. Phan “di thudng” nay c6 hé sb a; (nam
trong gigi han tir -0.008 + -0.006) ¢ dinh cho dic trung ting loai dia hinh khu
vuc xét va phu thudc vao do cao trung binh cia dia hinh xung quanh diém xét

trong mot ban kinh R du 1on.

Trong tric dia cong trinh d6 cao thuong gan voi mit Kvadigeoid cua khu
vuce nén ciing c6 thé dua ra thuat todn tuong tu véi d6i twong ham xét o day 1a
di thuong do cao {. Cac tham sb a,, a1, ay, as xac dinh tly thudc vao ting cong
trinh. Cac bién cua ham chinh 14 toa d6 phing va do cao tric dia nhan duoc tir
cong nghé GPS véi luu ¥ dung toa do trong tdm cua cac diém tham gia qua trinh
tinh todn noi suy dé thé hien méi quan hé twong ddi vé mat bang giita cac diém

trong khu vuc.
a. Co s¢ Iy thuyét

Rat nhiéu nghién ctru da chi ra rang anh huong cua dia hinh dén do cao
Geoid la rat phuc tap, theo Walter H.F Smith, tai ving ndi ngam cia dai duong

bé mat nudc dai duong ciing duoc nang lén.
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Mt dai dicong va dia hinh ddy
Ngoai ra theo mdi quan hé giita d6 cao dia hinh va mit Quasigeod ciing thé

hién kha rd.
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. Bé mar dat va mat quasigeoid

Trén mot pham vi gidi han ma cong trinh xay dung, quy luat bién doi di
thudng do cao ¢ xét dén anh huong do cao bé mat dia hinh dwoc thé hién qua
biéu thac :

N=a +aX+a,Y+ah, =N, +3,
Trong do: ao, a1, @, as 1a cac tham sé can xac dinh cua quy luat bién doi
X, Y latoa do cta diém
he 12 d6 cao trung binh cua diém xét

N, =a,+a X +a,Y

5N =a, htb



Trén mot pham vi khéng 16n, gia tri 36 cao Geoid nhan dugc tir mod hinh
Geoid toan cau c6 quy luat gan véi phan bién d6i tuyén tinh cua No. Nhu vay &,
duogc coi 1a phan “di thuong” cta do cao Geoid do anh hudng cia do cao bé mat

dia hinh.

Mt dat thuc

Quasigeoid

Geoid

Elipxoid

Mdt cdt dia hinh

Tai cac diém song tring ta cé thé tinh N theo cong thuc:

N=H -h

b. Thugt toan #ng dung trong tréc dia cong trinh

Tric dia cong trinh xét trong mot pham vi nhod nén cé thé coi quy luat bién
dbi di thudng d6 cao co xét dén anh huong d6 cao bé mit dia hinh dwoc thé hién

qua biéu thuc:

¢=a,+ax+a,y+a,H

Trong do: { 1a di thuong d6 cao
8o, A1, 82, a3 12 cac tham sb can x4c dinh cua quy luat bién doi
H 1a d cao tric dia

X, y 1a c&c hiéu toa d6 phang cua diém song tring so voi diém trung binh cua ca

khu vuc, xac dinh nhu sau:



X= X—¥=X—m vay = Y—\7:Y—m
n n
(X,Y la gid trj toa d¢ phing trung binh cua cac diém tham gia tinh toan ngi suy,

n 1a tdng s6 diém tham gia tinh toan noi suy)

Mt khac ta lai c6 mbi quan hé giira di thuong do cao ¢, d6 cao tric dia H

va do cao thuy chuan h nhu sau:

(=H-h

Ddi voi mbi diém song trang da biét d6 cao thiy chuan va do cao tric dia
thi ta s& c6 mot phuong trinh. Vi thé s6 diém song tring can biét it nhat 1a 4.
Khi s6 luong diém song tring 16n hon 4 thi cac hé $6 a,, a1, ay, as cua quy luat

bién doi s& xac dinh theo nguyén ly s binh phuwong nhé nhat.

Viét dudi dang ma tran ta co:

AX+L=0
Trong d6 A 14 ma tran hé sd
X 12 ma tran an sb
L 1a ma tran s6 hang tu do
i XY Hl_ _ao_ _|1_ __(H1_h1)_
A= X Y Hz ;X= aQ : L = Iz — _(Hz_hz)
a,
_1 Xn yn Hn_ _a3_ _In_ __(Hn_hn)_

(n 1a sb lugng diém song trung, diéu kién n > 4)

Nhu vay néu céc hé sé a,, a1, a,, as xac dinh tir hé (3.7) thi ta s& tim duoc di
thudng d6 cao cho timg diém va thay vao (3.8) sé& tinh duoc d6 cao thay chuan
h.



h=H-¢

2.Ham Iap trén ngdn ngir 1ap trinh C cta phwong phap Walter H.F. Smith

void W_Smith()
{ int i, j, nst,ntt ;
FILE *fp, *fpr;
double ast[maxhang][4], att[maxhang][3];
char tdst[maxhang][6], tdtt[maxhang][6], tg[5];
double tongx =0, tongy =0, x, y, htd, htc;
printf("Moi nhap ten tep song trung : ");
fflush(stdin); gets(tt); fp = fopen(tt, "r");
if (fp==NULL) { printf(" Khong doc duoc tep, nhan phim bat ky ket thuc
I"); getch();}
else
{
fscanf(fp,"%d",&nst);
for(i=0; i<nst; i++)
{ fscanf(fp, "%s%hlf%lf%1f%1f",&tg,&x,8&y,&nhtd,&htc);
ast[i][@]=x; ast[i][1]=y; ast[i][2]=htd; ast[i][3] = htc;
strcpy(tdst[i], tg); tongx = tongx + x; tongy = tongy + y;
}
fclose(fp);
printf("Moi nhap ten tep tinh toan : ");
fflush(stdin); gets(tt); fp = fopen(tt, "r");
if (fp==NULL) { printf(" Khong doc duoc tep, nhan phim bat ky ket thuc
"); getch();}
else
{ fscanf(fp,"%d",&ntt);
for(i=0; i<ntt; i++)
{ fscanf(fp, "%sklf%lf%1f",&tg,&x,8&y,&htd);
att[i][@]=x; att[i][1]=y; att[i][2]=htd;
strcpy(tdtt[i], tg); tongx = tongx + x; tongy = tongy + y;
}
fclose(fp);

tongx = tongx /(ntt+nst); tongy = tongy/(ntt+nst);
// Thanh lap he phuong trinh so hieu chinh
for(i=0; i<nst; i++)
{ A[i][e] = 1; A[i][1] = ast[i][@] - tongx;

A[i][2] = ast[i][1]- tongy; A[i][3] = ast[i][2];
A[i][4] = ast[i][3]-ast[i][2];
}
// Thanh lap he phuong trinh chuan
LapPTC(nst,5);
GiaiMaTran(4);
TinhNghiem(4);
//danh gia do chinh xac
clrscr();

printf("\nKET QUA DANH GIA DO CHINH XAC VOI PHUONG PHAP SO HIEU CHINH DIA
HINH");

printf("\n STT X Y Htd dn Hns
Htc");

double mtp = 0;

for(i=0; i<nst; i++)

{ double dn = X[O] + X[1]*A[i][1] + X[2]*A[i][2] + X[3]1*A[i][3];



printf("\n%5s %12.41f %12.41f %10.41f %10.41f %10.41f
%10.41F" ,tdst[i],ast[i][@],ast[i][1],ast[i][2],dn,ast[i][2]-dn,ast[i][3]);
mtp = (ast[i][2]-dn-ast[i][3])*(ast[i][2]-dn-ast[i][3]);
}
printf("\nSai so trung phuong m = %10.51f",sqrt(mtp/(2*nst)));
// Noi suy tinh do cao thi cong cho cac diem

printf("\nMoi nhap ten tep ket qua tinh toan : ");
fflush(stdin); gets(tt);
fp = fopen(tt, "w");
if (fp==NULL) { printf(" Khong doc duoc tep, nhan phim bat ky ket thuc
I"); getch();}
else
{ fprintf(fp," STT, X, Y, Htd, dn, Hns\n");
printf("\n KET QUA NOI SUY CHO CAC DIEM TINH TOAN");
printf("\n STT X Y Htd dn Hns");
for(i=0; i<ntt; i++)
{double x = att[i][@] - tongx, y = att[i][1] - tongy;
double dn = X[@] + X[1]*x + X[2]*y + X[3]*att[i][2];

Fprintf(fp, "\n%5s,%12.41F, %12 .41F,%10.41F,%10.41F,%10.41F", tdtt[i],att[i][@],a
tt[i][1],att[i][2],dn,att[i][2]-dn);

printf("\n%5s %12.41F %12.41f %10.41f %10.41f
%10.41F" ,tdtt[i],att[i][0],att[i][1],att[i][2],dn,att[i][2]-dn);

¥

fprintf(fp,"\nSstp, m , =, %10.51f",sqrt(mtp/(2*nst)));
printf("\n Sstp m = %10.51f",sqrt(mtp/(2*nst)));
fclose(fp);

printf("\n\n Moi nhan phim bat ky de ket thuc !"); getch();
}// kiem tra tep ket qua tinh

—
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Két thac

So dbé khéi ham chwong trinh phwong phap sé hiéu chinh dia hinh.

4. Két qua thte nghiém cho tuyén dweng Hé Chi Minh



Tuyén dwdng HO6 Chi Minh dwoc xay dwng phia déng Trwdng Son
c6é do cao trung binh tr 350 - 850m dé& dwa vao tinh toan thwc nghiém.
Pay la coéng trinh xay dwng trén dia hinh mién nuai va trung du. Doan
tuyén di qua tinh Playcu c6 chiéu dai khoang 115 Km dwoc do 40 diém
GPS hang IV va dan dd cao thuy chuan hang IV dén tat ca cac diém
GPS. Pé tinh toan thyc nghiém cho chwong trinh, tac gia chon cac diém
GPS20, GPS21, GPS22, GPS23, GPS24, GPS 25 dé kiém dinh do tin
cay cla chwong trinh. Pay la nhirng diém song tring co do cao GPS va

do cao hinh hoc.

Két qua kiém tra tuyén theo tiéu chuin dénh gid do chinh x4c cho phép khi dan

thity chudn hang IV (Sai s6 khép gi6i han 20/L )
Tuyén: GPS20; GPS21; GPS22; GPS23; GPS24; GPS25
S6 doan do N =5
Chiéu dai tuyén: [S] = 15.44 (km)

Sai s6 khép cho phép : Wh,, = 20JL = 0.078 (m)

Toa do, do cao tréc dja, d6 cao thdy chudn céac diém song tring.

STT X Y Htd Htc

gps20 | 1357519.640 | 402223.767 869.302 868.063
gps21 | 1354487.796 | 403654.356 876.600 875.337
gps22 | 1352040.970 | 404057.745 855.584 854.301
gps23 | 1349341.664 | 405675.871 859.019 857.711
gps24 | 1345698.023 | 406250.511 839.541 838.236
gps25 | 1342798.643 | 406877.938 810.838 809.525

Két qué ndi suy dé cao theo phuwrong phép sb6 hiéu chinh dia hinh




STT X Y Htd dn Hns
gps20 1357519.64 402223.767 869.302 1.2424 868.0596
gps21 1354487.796 403654.356 876.6 1.2686 875.3314
gps22 1352040.97 404057.745 855.584 1.2715 854.3125
gps23 1349341.664 405675.871 859.019 1.3056 857.7134
gps24 1345698.023 406250.511 839.541 1.3072 838.2338
gps25 1342798.643 406877.938 810.838 1.3157 809.5223
Sstp m = 0.0008

- Lwa chon cac diém GPS20 dén GPS25 lam diém song trung.

- Sai s6 trung phwong ndi suy :

m, = i‘/_[dd] =0.0008 (m)
2n

4. KET LUAN
Tur két qua tinh toan thuc nghiém cho mot sb tuyén duong cao téc HO Chi
Minh doan tir GPS20 dén GPS25

- S0 Véi cac phuong phap do cao truyén thong thi phuong phap do cao
GPS ¢6 nhiéu wu diém hon. Viéc ung dung do cao GPS trong khao séat va thi

cong cé4c tuyén duong cao toc da dem lai nhitng hiéu qua kinh té rd rét.

- Phuong phap do cao GPS d3 hoan toan dap tmg duoc cac yéu cau ky

thuat trong quy trinh, quy pham nganh.

- Két qua tinh thyc nghiém chuong trinh cho tuyén duong H6 Chi Minh,
doan tir GPS20 dén GPS25. Modul cua chwong trinh cho d6 chinh xéac chinh



xac dam bao yéu cau qui pham nganh. Vi vay chuong trinh hoan toan c6 thé ap

dung cho thuc té san xuat.
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