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HE TQA PQ VUONG GOC KHONG GIAN PIA DIEN CHAN TROI
VA UNG DUNG TRONG TRAC PIA CONG TRINH

NGUYEN QUANG PHUC, Truong Pai hoc M6 - Dia chit

Tém tat: Hé toa do vuong goc khong gian dia dién chan troi (sau ddy goi tdt la Hé toa do
dia dién chan troi) cé nhiéu ddc diém rat thudn loi trong viéc thanh lap cac mang loi T rdc
dia cong trinh (TPCT) ciing nhu trong nghién ciru cdc bién cé cia cong trinh khi do bang
cong nghé GPS. N¢gi dung bai bdo trinh bay cdc két qua nghién ciru vé hé toa dé dia dién
chan troi va kha nang ting dung n6 trong mét sé dang cong tac TDCT ¢ nudc ta khi do bang
cong nghé GPS. Trén co so d6, rit ra nhitng két lugn va kién nghi can thiét.

1. Pit van dé

Cong nghé GPS c6 mat ¢ nudc ta tir nhiing
nam 80 cua thé ky trude. Pén nay, cong nghé
GPS di c6 nhing bude tién dai va duoc tng
dung trong nhiéu linh vyc cta Tric dia-Ban db.
Trong TDCT, GPS duoc tng dung cha yéu nho
ky thuat do tuong dbi-tinh dé thanh lap céc
mang ludi khéng ché toa do c6 do chinh xéac
cao, phuc vu cho ca 3 giai doan: khao sat, thi
cong xay dung va khai thac st dung cong trinh.

Ky thuat do tuwong d6i-tinh cho phép xéc
dinh cac thanh phan s gia toa d6 vudng goc
khong gian AX, AY, AZ va ma tran tuong quan
tuong g cua cac vector baseline trong hé toa
d6 vudng goc khong gian dia tim quéc t&€ WGS-
84. Chung duoc xem 1a cac dir liéu dau vao va
duoc xtr Iy dé tinh ra gia tri toa d6 phang phuc
vu cho cac muc dich cua Tric dia-Ban dd nho
cic phan mém ban kém theo may (nhu
GPSurvey 2.35 hay TBC). Két qua s& thu duoc
toa do phfmg cua cac diém do GPS trong hé¢ toa
d6 nguoi dung, phép chiéu hinh try ngang dong
g6c va mic dinh trén bé mit cua elipsoid quy
chiéu.

H¢ toa do cong trinh-bao gém géc toa do va
d6 cao mat chiéu hé toa do-1a mot dang cua hé
toa do ddc l1ap, dugc lya chon phu hop vdi dac
diém va vi tri dia 1y cta timg cong trinh, sao
cho bao dam diéu kién ludi it bi bién dang nhét,
hay néi cach khéc, ludi chi bi bién dang trong
gi61 han cho phep so voi kich thude that cua no
trén bé mat dat.

Hé toa do dia dién chan trdi c6 nhiéu uwu
diém hon han so véi hé toa d6 phang trong phép
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chiéu hinh try ngang, dap tmg duogc cac yéu cau
nodi trén cuia hé toa d§ cong trinh, lai cd lién h¢
toan hoc don gian nhung chat ché voi hé toa do
vudng goc khong gian dia tdm-1a hé toa do dugc
su dung trong do dac v¢ tinh. Vi vay, nghién ctu
st dung hé toa dg dia dién chan troi trong TDCT
khi do bang cong nghé GPS 1a rat can thiét, gop
phan nang cao do chinh xac va hiéu qua tng
dung cua cong ngh¢ GPS trong TDCT.

Trudc hét, hdy xem xét mot sd dic diém
cua hé toa d6 dia dién chan troi.
2. Hé toa do dia dién chan troi

Trén hinh 1, Po 1a diém tram do, O 1a tdm
cua elipsoid. O-XYZ 1a h¢ toa do vuong goc
khong gian dia tam. Thanh ldp hé toa do dia
dién chan trdi theo quy tic ban tay phai, lay
diém Po tam tram do lam diém gbc, phap tuyén
v6i mit elipsoid qua diém Po 1am tryc z (huéng
thién dinh l1a hudng duong), lay hudng kinh
tuyén lam tryc x (hudng Béc 1a hudng dwong),
truc y vudng goc voi truc x va z (huéng Dong 1a
huéng duong). Po-xyz dugc goi 1a hé toa do dia
dién chan troi [4].
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Hinh 1. Hé toa d6 dia dién chan troi



Quan h¢ gitra toa do vudng goc khong gian
va toa do dia dién chén trdi duoc biéu dién theo
cong thure [4]:

X; | |-sinBycosL, —sinBysinL, cosB ||X;-X,

Yi|=| -sinlL, cosL, 0 L Y=Yy (1)

Z; | |cosBycosl, cosBysinL, sinB, || Z -2,
trong do:

Xi,Yi,Zi va Xi,Yi,zi — la toa d6 khong gian va
toa do dia dién cua diém can tinh chuyén;

Xo,Y0,Zo vVa Bo,Lo — 1a toa do khong gian va
toa do trac dia cua diém gdc hé toa do dia dién.

Xem xét hé toa do dia dién chan troi co thé
rit ra mot sb nhan xét sau day:
1- Trong céng thirc (1) khéng c¢6 su tham gia
ctia thanh phan d6 cao tric dia Hi. Vi thé, toa do
phang x,y cta cac diém trén mat phang dia dién
chan tro1 khong phu thudc vao do cao tric dia
cua chung.
2- Piém gbc Po cia hé toa do dia dién chén troi
c6 thé chon la diém trong tam hodc mot diém cy
thé nao d6 gan vdi trong tim cta mang ludi. Vi
vdy, tuy theo vi tri tuong d6i ciia cac diém tram
do so v&i diém gdc ma toa do phang trén bé mit
dia dién chan troi cua cac diém co dau khac
nhau (hinh 2).

Hinh 2. Xét dau toa do
trén mat phang dia di¢n chan troi

0
Hinh 3. Xét anh hudng cta d6 cong Trai dét

3- Huong truc x cia h¢ toa do dia dién chan troi
1a huéng Bic cua kinh tuyén di qua diém goc
Po, trong khi d6 huéng truc x cua hé toa do
phang trong phép chiéu try ngang UTM (hay
Gauss-Kruger) 1a huéng Bic cua kinh tuyén
truc. Nhu vay, dinh huéng cua 2 hé thong toa
d6 nay hoan toan khac han nhau. Chi c¢6 duy
nhit mot truong hop, khi diém gbc cia hé toa
dd dia dién dugc chon nam trén kinh tuyén truc
thi dinh hudng cua 2 hé thdng nay trang khit 1én
nhau. Pay 1a diém rat dang luu y dé nguoi dung
c6 phuong 4n bao dam trung hop t6t nhat giita
hé toa do dia dién chan troi va hé toa d cua
cong trinh hay h¢ toa d6 cua Nha nudec.
4- Vigc lay mat phang dia dién chan troi thay
cho mit cong cua elipsoid di gay ra nhiing bién
dang nhét dinh vé khoang cach va do cao cua
céc diém. Trén hinh 3, M 1a mot diém trén mat
dat. Trén mot pham vi hep, co thé thay mat
elipsoid bang mdt mat cau ban kinh R. H va A
1a 6 cao cua diém M so véi mat cAu va mat
phang dia dién. PoMo=S 1a khoang cich trén
mat cong tu diém géc dia dién dén diém xét.
P,M, =dla khodng cich tuong {mg trén mit
phang dia dién. MM, =Ahva d —S=AS 13
nhitng dai luong déac trung cho sai 1éch dd cao
va khoang cach khi thay mit cong bing mit
phéng dia dién. Céac gié tri ndy dugc xac dinh
theo cong thuc [6]:
3 2
AS—d—2 va Ah—d— (2)
3R 2R
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D& nhén thay rang, khi khodng céch d cang
16n thi cdc sai léch nay cang lon. Vi vay, can
phai can cir vao yéu cau d6 chinh xac ddi véi
khoang cach va chénh cao dé xac dinh pham vi
su dung mat dia dién (gioi han bdi vong tron
tdm Po, ban kinh d) mdt cach hop ly. Khi do,
phép chiéu xuyén tam cé thé dugc xem 1a phép
chiéu tryc giao bé mit elipsoid 1én mit phing
[6].

3. Sir dung hé toa do dia dién chan troi trong
trac dia cong trinh

Khong nhu phép chiéu hinh try ngang dong
goc, phép chiéu 1én mat dia dién chan troi cho
phép tinh chuyén toa d6 ludi GPS vé mit phing
cong trinh kha don gian, gitp han ché dang ké
suy giam d6 chinh xac cua ludi do cac budc
tinh chuyén gy ra. Nhitng ndm vira qua, ching
toi da nghién ciru st dung h¢ toa d§ dia dién
chan troi trong mot s6 dang cong tic TDCT khi
do bang cong nghé GPS nhu: thanh lap luéi
khdng ché thi cong, quan tric chuyén dich
ngang cong trinh, kiém tra d6 thang dung cong
trinh...

3.1. Swr dung hé toa do dia dién chdn troi trong
thanh lgp luwdi khong ché thi cong

Mang luéi dugc 1iy 1am nghién ciru 1a luéi
thi cong thiy dién Nudc Nat nam trén song
Nudc Nat, thudc dia phan xa Tra Bui, huyén
Bic Tra My, tinh Quang Nam [1]. Mang ludi
gom 08 diém (hinh 4) duoc do bang cong nghé
GPS, trong d6 cac diém 13443, GPS-1, GPS-2
1a céc diém do nodi, da c6 toa do mat dat. Sau
khi do dac, luéi dugc binh sai theo hé quy chiéu
khong gian voi Ellipsoid chon la WGS-84 qudc
te.

Hinh 4. So d6 lu6i khong ché

thi cong thuy dién Nudc Nat
Cac diém do ndi 13443, GPS-1 va GPS-2 da c6
toa do cong trinh, dugc xac dinh trong hé toa do
VN-2000, mui chiéu 3°, kinh tuyén trung wong
107° 30’ 00”, d0 cao mait cong trinh 260m.
Truéc hét, tinh chuyén toa do GPS cua céc
diém vé h¢ toa do dia dién chan troi, v6i diém
gbc cua hé dia dién chon 14 diém trong tdm cia
mang ludi. Sau d6, sir dung cc diém song tring
la 13443, GPS-1 va GPS-2 dé tinh chuyén toa
dd dia dién chan troi cua cac diém vé toa do
cong trinh nho phép chuyén doi Helmert.
Str dung may toan dac dién tou TC-805L voi do
chinh x4c do canh ms=2mm+2ppm dé do kiém
tra mot sO canh. So sanh chiéu dai canh do béng
méy TC-805L véi chiéu dai canh cua ludi sau
tinh chuyen két qua thong ké trong Bang 2.
Céc két qua ¢ Bang 2 cho thdy, chiéu dai canh
sau tinh chuyén rat phu hop vdi chiéu dai thyc
cua chung trén mat dat. Su sai khac nay nam
trong giGi han sai sé do, dam bao duoc tinh chat
quan trong 1a Iudi it bi bién dang (trung binh
vao khoang 1:150.000), dong thoi ludi duge xac
dinh toa dg trong hé toa do phu hop voi cong
trinh.
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Bdng 2. So sanh chiéu dai canh sau khi tinh chuyén

. Canh do bing | Canh sau tinh Sai khac (As) |As|
Tén canh . 2 —
may TC-805L chuyén (mm) S
IV-02 - IV-01 862.898 862.904 -6 1:143.800
IV-02 - IV-03 1070.871 1070.864 +7 1:153.000
IV-03 - 1V-04 655.516 655.520 -4 1:163.700
IV-03 - IV-05 998.415 998.411 +4 1:249.600




3.2. Swr dung hé toa dj dia dién chan troi trong
quan tric chuyén dich ngang céng trinh

bé danh giad kha nang stir dung h¢ toa do dia
dién chan troi trong quan tric chuyén ngang
cong trinh bang cong nghé GPS, di thuc
nghiém quan tric trén moé hinh chuyén dich
thue mang ludi thue nghiém 4 diém nhu hinh 5
trén dia ban huyén Tir Liém, thanh phd Ha Noi.
P4 tién hanh 2 thuc nghi¢m. Thyc nghiém 1 tao
ra chuyén dich thuc cua diém C theo tryc x 1a
10mm, theo truc y 1a -10mm. Thyc nghi¢m 2
tao ra chuyén dich thuc cta diém C theo truc x
1a 4mm, theo truc y 1a -4mm. Chuyén dich tong
hop ctia diém C trong 2 thuc nghiém twong tng
la 14,2mm va 5,7mm [3].

Sau khi do dac, binh sai ludi nhu mot ludi
GPS tu do trong h¢ toa do khong gian WGS-84.
Thuc hién tinh chuyén toa d6 cac diém GPS vé
hé toa d6 dia dién chan troi nhan diém A lam
gbe. Tur d6 xac dinh cac thong sb chuyén dich
cac diém trong mat phéng dia dién chan troi.
Két qua thu dugc nhu ¢ bang 3 [3].

Tir cac két qua tinh toan va tong hop & bang
3 ¢ thé thay, bang cong nghé GPS va thuat
toan xtr Iy s6 lidu hop 1y, két hop véi viéc ap
dung h¢ toa do dia di¢n chan troi1 da cho phép
xac dinh dung gia tri chuyén dich cua cac diém.
Tuy nhién, huéng chuyén dich chua dat dugc
két qua my min ma theo ching toi, nguyén
nhan chinh 13 do la ban c6 d6 chinh xac thap.
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Hinh 5. So dd ludi

3.3 Sur dung h¢ toa do dia di¢n chin troi xdc
dinh d¢ thang dirng cong trinh

Ap dung hé toa d6 dia dién chan troi, ching
t6i da thuc nghiém xac dinh d6 thing dung cua
cong trinh thap A thudc to hop toa thap
Keangnam Ha Noi trong qué trinh thi cong tai
cac chu ky 13 va 14, twong tng v6i céac tang 40
va 43. Dé xac dinh do thing dung cia cong
trinh nay, don vi thi cong dd xay dung hé théng
ludi khong ché GPS bao gdom 4 diém tir M1 dén
M4 (Hinh 6). Cac diém X3Y18, X3Y2l va
X5Y21- giao diém cla cic truc cung tén cia
cong trinh- 1a cac diém duoc chiéu 1én tir san
tang 1 bang may chiéu dimg lazer va ciing 1a
diém ding cho viéc kiém tra. Trong ting chu
ky, sir dung 4 may thu tin hi¢u Trimble R3 tién
hanh do tai cac diém cua luéi khéng ché va tai
cac diém kiém tra, tao thanh d6 hinh luéi nhu &
hinh 6.

Pé xac dinh do nghiéng cua cong trinh
trong cac chu ky, da xac 1ap mot hé toa do dia
dién chan tro1 cho cong trinh, nhéan diém
X3Y18 lam gbc toa do [2]. Sau khi tinh chuyén
toa do binh sai cac diém GPS vé toa do dia dién
chan troi theo thuat toadn (1), da xac dinh céc
thong sé chuyén dich cua cac diém kiém tra
ngay trén mit phiang dia dién chan troi quy
chiéu tai diém X3Y18. Két qua thu duoc nhu &
bang 4.

Hinh 6. So d6 ludi thuc nghiém

Bang 3. Téng hop két quda thwc nghiém

I Chuyén dich xac dinh duoc trén
Thue | Tén Chuyen dich thyc bé mit dia dién Sai léch (mm)
nghiém diém Tri s6 Huong .z Huéng chuyén (5)- (3
(mm) | chuyén dich | 7SO0 (mm) dich
1) (2) 3) (4) ©) (6) (1)
1 C 14.2 Tay- Bic 14.2 335022°58” 0.0
2 C 5.7 Tay-Bic 6.5 357°13°57” 0.8
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Bang 4. Két qud xdc dinh do nghiéng tai cdc diém kiém tra

| T. | TEN | LECH T
| |

| T | DIEM | HUONG x (m)
[-———- |-——————- [
| | X3Y18 | -0.008

| CK13| X3Y21 | -0.003

| | X5Y21 | -0.012
[-==-- [-==—===-- [ m e
| | X3Y18 | -0.019

| CK14| X3Y21 | -0.023

| | X5Y21 | -0.022

O A D O | LECH |
- I |
| HUONG y (m) |TOAN PHAN (m) |
|[-—————— [-———— - I
| -0.009 | 0.012 |
| 0.014 | 0.014 |
| 0.006 | 0.013 |
[ === [ == I
| -0.012 | 0.023 |
| 0.005 | 0.023 |
| 0.002 | 0.022 |

Céc két qua tinh toan trén day hoan toan
phu h0’p vé6i cac két luan cua [5].
4. Két luan va kién nghi

Tu cac két qua nghién ctru néu trén, co thé
rat ra mot so ket luan va kién nghi sau day:

4.1. Hé toa d6 dia dién chan troi ¢6 nhiéu uu
diém hon han so véi hé toa d6 phang trong phép
chiéu hinh tru ngang, dap tng dugc yéu cau lya
chon h¢ toa d6 doc 1ap cho cong trinh, lai ¢o6 lién
h¢ todn hoc don gidan nhung chat ché vdi hé toa
do6 vudng goc khong gian dia tam. Pay 1a diéu
kién thuan loi dé trién khai img dung né trong
TDCT khi do bang cong nghé GPS.

4.2. Tryc x cta hé toa d6 phang trong phép
chiéu tru ngang 1a hudng cia kinh tuyén truc,
con truc x ctia hé toa do phing trong phép chiéu
mat dia dién 1a huong cua kinh tuyén thuwc. Vi
vay, khi can c¢6 su lién hé toa do dia dién chan
tro1 voi toa do cong trinh hay toa d Nha nudec,
nhat thiét phai st dung phép bién d6i xoay.
Cong cu hitu hiéu nhat trong trudng hop nay la
phép bién d6i dong dang hé toa d6 ciia Helmert
v6i s6 diém song tring khong it hon 2.

4.3. Cong ngh¢ GPS noi riéng va cong nghé
dinh vi vé tinh GNSS (Global Navigation
Satellite System) dang ngay cang dugc Ung
dung rong rai trong TDCT Vi vay, can phai
trién khai ap dung va tiép tuc nghién ctru tmg

dung hé toa do nay trong cac cong tac TBCT
khi do bang cong nghé GPS.
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SUMMARY
Using local topocentric coordinate system in engineering surveying
Nguyen Quang Phuc, Hanoi University of Mining and Geology
Local topocentric coordinate system has many advantages in creating engineering surveying
networks as measured by the Global Positioning System (GPS). The report presents several results
of applying this coordinate system in some tasks of engineering surveying. On this basis, important
conclusions and necessary recommendations are drawn.
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