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NGHIEN CUU MOT GIAI PHAP TiNH CHUYEN TOA PQ LUOI GPS
VE HE TQA PQ THI CONG CONG TRINH

TRAN VIET TUAN, Truong Pai hoc Mé-Dia chdt

Tém tit : Noi dung ciia bai bdo trinh bay phwong phdp VA thudt todn tinh chuyén toa do
luw6i GPS vé hé toa dé thi céng cho cdc cong trinh dang tuyén cé chiéu dai lén. Phurong
phap tinh chuyén nham dam bdo d chinh xdc bé tri thi cong xdy dung céng trinh. Két qua
tinh todn thwe nghiém tinh chuyén toa do lwdi GPS g dung cho logi cdng trinh dang tuyén

o Viét Nam.

1. Dit van dé

Ludi khong ché thi cong co6 mot vai tro rat
quan trong trong qua trinh xay dung cong trinh.
Chat lugng cta ludi khdng ché thi cong s& dam
bao d6 chinh xac xay dung cong trinh. M4t trong
nhitng yéu ciu co ban khi thanh 13p Iudi khéng
ché thi cong 1a phai dam bao sy dong nhat vé hé
toa do cua ludi khong ché thi cong va hé toa do
da duoc str dung dé thiét ké cong trinh voi su
bién dang vé chiéu dai canh 14 nho nhat [2].

Ngay nay véi nhitng uu diém vuot troi,
cong nghé GPS d4 dugc ung dung rong rai dé
thanh lap cic dang ludi khong ché thi cong
cong trinh. Tuy nhién dé dam bao do chinh xéac
bd tri cong trinh can phai lya chon giai phéap
phtl hop dé tinh chuyén toa do cac diém do GPS
vé hé toa do thi cong cong trinh [2]. Trong két
qua nghién ctru phuong phép tinh chuyén luéi
GPS vé hé toa do thi cong theo phuong phap
tinh chuyén qua hé toa do dia dién chan troi [1]
cho thiy két qua tinh chuyén ludi GPS da dam
bao do chinh xac can thiét trong bd tri cong
trinh. Tuy nhién phuong phép tinh chuyén nay
chi st dung cho céc cong trinh dang vung, c6
kinh thudc nhd va trung binh. Hién nay ¢ nudc
ta dang co rat nhiéu cong trinh c6 dang tuyén
kéo dai hang tram km (tuyén dudng cao tdc
Ninh Binh - Thanh Hoa, Ha Noi - Lao Cai), khi
d6 st dung phuong phap tinh chuyén qua hé toa
d6 dia dién chan troi dé tinh chuyén toa do cho
ludi GPS phuc vu cho cac cong trinh nay la
khong pht hop. Vi vdy can phai nghién ctu
phuong phap tinh chuyén toa do cho ludi GPS
cho céc cong trinh dang tuyén c6 kich thudc va
chiéu dai 16n.
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2. Co sé 1y thuyét va phwong phap nghién
ciru

2.1 Xac dinh phwong phdap va thudt toan tinh
chuyén toa d \wéi GPS

Pé tinh chuyén toa do ludi GPS vé hé toa
do6 thi cong, can phai sir dung toa do vudng goc
khong gian dia taim (X, Y, Z) hoic toa d6 tric
dia (B, L, H). Két qua do GPS duogc thé hién
trong h¢ toa d0 WGS- 84. Két qua do nay can
duoc tinh chuyén vé mit chiéu c6 do cao trung
binh ctia khu vuc hay c6 thé coi d6 1a mat thuy
chuan di qua diém c6 d6 cao trung binh caa khu
vue. Do ¢6 su khac biét vé chénh cao gilra mat
Elipsoid va mit thuy chudn trung binh va cac sb
hiéu chinh do phép chiéu va do 1éch day doi nén
chiéu dai canh ludi GPS khi tinh chuyén vé hé
toa do thi cong trén mat dat thuong bi bién
dang. Dé khic phuc hién tuong bién dang chiéu
dai canh ludi khdng ché thi cong 1ap bang cong
nghé GPS cho cac cong trinh co chiéu dai 16n
can phai xay dung phuong phép va thuit toan
tinh chuyén phu hop.

Pau tién can thay doi chiéu cao ctia bé mit
Elipsoid WGS- 84 trong khu vuc cho trung voi
mit chiéu di chon (mit thuy chuén di qua do
cao trung binh cua khu vuc) bang cach thay doi
ban truc 1én a va tim sai tha nhit e cua
Elipsoid. Sau d6 tién hanh dinh huéng lai mat
Elipsoid cho triing v&i mét thuy chuan cia khu
vuc thong qua gia tri d6 1éch day doi. Elipxoid
da dinh hudng lai theo mat thuy chuan khu vuc
ky hiéu 1a Elipsoid Es. Tir d6 c6 thé xac dinh
duoc toa do khong gian dia tdm cua diém GPS
d4 duoc dinh hudng lai trong Elipsoid Es. Tién
hanh tinh toa d¢ tric dia (B', L', H') d tinh



chuyén vé toa d6 phang cua khu vuc theo phép
chiéu, mui chiéu va kinh tuyén truc phu hop voi
hé toa dd thiét ké cong trinh.
2.2. Thudt todn tinh chuyén toa dp luwéi GPS
vé miit thuy chudn khu vue

- Trong luéi GPS chon mét diém (Po) nim
& gitra ludi GPS lam diém gbc. Diém Po c6 toa
dd vuong goc khong gian dia tam:Xo, Yo, Zo;
Toa do tric dia 1a Bo, Lo, Ho; dd cao thuy
chuin: ho. Chon mit chiéu cho lui GPS 1a mat
thuy chuan c6 d6 cao 1a An.

- Tinh tién (thay d6i Ellipxoid WGS-84)
theo E3: Tinh tién bé mit cua Elipsoid 1én do
cao thudng ctia mit chiéu khu vuc bang cach
thay d6i ban tryc 10n a va tdm sai thir nhat e
theo cong thirc [3]:
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- Tai diém Po, phap tuyén cua Elipsoid Es
khéng trung vdi duong day doi. Goc 1éch gitra
phap tuyén va duong day doi ky hiéu u dugc
phan tich thanh hai thanh phan: theo kinh
tuyén- n; theo vong thang dung thir nhat - &

- Lay diém Po lam goc h¢ toa do dia dién
xich dao va dong thoi la goc hé toa d6 vudng goc
phang. 1iy phép tuyen cua E3 lam truc Z, truc X
trang hudng kinh tuyén. Sau d6 liy Po lam tam
quay, quay hé XYZ quanh truc Y mét goc e,
quanh tryc X mot goc &, Sau hai lan quay ta
duoc truc Z cua hé XYZ trung véi duong day
doi. Nhu vay ching ta d4 thuc hién phép bién
d6i dé dua bé mat cua Elipxoid -E3 vé trung véi
mat thuy chuan khu vuc di qua diém Po.

- Toa d6 vubng gdc khong gian dia tam cua
mdt diém i trong hé méi tinh theo cong thirc[3]:
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trong d6: X,,Y;, Z; - toa do vudng goc khdng
gian cua diém i sau khi xoay;

Xi,Yi, Zi - toa d6 vudng goc khong gian cua
diém i trude khi xoay.

- Tur cac gia tri toa d6 (X, ;,Z,) tién hanh
tinh (B', L', H'%) va chuyén vé toa do phang xi,
yi qua kinh tuyén truc ctia khu vuc va phép
chiéu ban d6 phu hop (phép chiéu UTM hoic
phép chiéu Gauss tuy thudc vao hé toa do sir
dung 1a h¢ VN-2000 hay HN-72). b6 chinh la
phuong phap tinh chuyén toa do cac diém do
GPS vé hé toa do khu vuc (hé toa do thi cong
trén mat dat) cho cong trinh x4y dung. Két qua
tinh chuyén nay s& dam bao sy phu hop gitra hé
toa do thiét ké va hé toa do thi cong cong trinh
cling nhu 1am giam su bién dang chiéu dai canh
lugi GPS, nhim dim bdo do chinh xac bo tri
cong trinh.

Ttr trinh tu tinh chuyén di néu trén ta thay,
dé thuc hién duge bai toan tinh chuyén can phai
Xac dinh dwoc gia tri do léch day doi gitra
Elipxoid (Es3) va mit thuy chuan khu vuc di qua
diém Po la céc dai luong (g &)

Pé tinh dugce gia tri do léch day doi tai
diém Po can sir dung cac diém song tring (ttc 1a
c4c diém GPS ¢6 d6 cao thuy chudn). Phuong
phép tinh nhu sau:

1. Dya vao mot s diém song trung trong
lu6i GPS, tinh d§ chénh gitta d6 cao tric dia va
d6 cao thuy chuan tai diém song trung thir j
theo cong thuec:

Vhj =Hj- (hj-An), 4)
trong d6: Hj - d cao trac dia cta diém j, hj- do
cao thuy chuan cia diém j;

- d6 cao ciia mit chiéu.

2. Khi xoay va dinh hudng lai Elipxoid (Es)
ta co:

Vhj =dH;j + Hj- (hj-An), (5)
véi: dH;j = [eZ cos Bj sin Bo sin (Lj- Lo)(No sin
Bo -N;jsin Bj) - (No +Ho)cos Bj sin (Lj -Lo)] €,
+[e? cos Bj sin (Lj- Lo) (No sin Bo - Njsin B))
+ (No + Ho) sin Bj cos Bo - sin Bo cos Bj cos
(Lj - Lo) Jec 7 (6)
trong do: No - ban kinh vong thang ding thir
nht tai diém Po[3].

3. Sb diém song trung trong luoi phai 16n
hon hogc bang hai diém.Khi sé diém song trung
n >2, can giai bai toan theo nguyén 1y s binh
phuong nho nhat. Két qua giai hé cac phuong
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trinh dang (5) cho ta gia tri cac dai lugng (g
&n), tir do co thé tinh chuyén toa d6 cac diém do
GPS vé& hé toa do khong gian dia tam moi theo
cong thuc (3).

4. Tl‘I cac dai luong (X.,Y;,Z;) tinh
chuyen Ve hé toa do tric dia (B' i,L'i,H'%) va tinh
chuyén vé toa do vudng goc phang cho tung
khu vue (xi,yi) theo kinh tuyén truc va phép
chiéu ban d6 (phép chiéu UTM hay phép. chiéu
Gauss) phu hop véi hé toa d6 da dung dé thiét
ké cong trinh.

Ta thiy rang bang cach s dung cac thuét
toan tinh chuyén toa do luéi GPS vé mit thuy
chuan khu vyc, ta co thé tinh chuyén luéi GPS
thi cong cac cong trinh ¢ chiéu dai 16n nhu céc
tuyén dudng cao toc ¢6 chiéu dai hang tram km,
chay qua nhiéu khu vuc c6 kinh tuyén, vi tuyén
thay doi. Phuong phép tinh chuyén nay dam bao
dugc sy phu hop gitra hé toa do thiét ké va hé toa
do thi cong cong trinh voi sy bién dang chiéu dai
canh ludi GPS nam trong gid1 han cho phep ma
van dam bao dugc tinh théng nhat vé hé quy
chiéu cho toan b cong trinh. P6 ciing chinh 13
uu diém noi bat ciia phuong phap tinh chuyén
toa do ludi GPS vé hé toa do thi cong qua mat
thuy chuan khu vyc. Phuong phap tinh chuyén
nay ciing cho két qua va do chinh xac tinh
chuyén tuong tu nhu phuong tinh chuyén qua hé
toa do dia dién chan troi nhung khic phuc duoc

YP3 P4

YF5
Hinh 1

nhitng giéi han vé kich thudc clia ludi GPS ma
phuong phap tinh chuyén qua hé toa do dia dién
gip phai, khong khic phuc duoc.
3. Tinh toan thwe nghiém

Pé kiém dinh tinh chinh x4c cua phuong
phap tinh chuyén toa do ludi GPS theo thuat
toan tinh chuyén vé mat thuy chuan khu vuc,
ching t6i da tién hanh tinh chuyén cho luéi
GPS xay dung khu cong nghi€p Yén Phong (
Bic Ninh). Pé thir nghiém phuong phap tinh
chuyen chung t61 da sur dung 7 diém do GPS
nim trén mot tuyén tir diém YP3 dén diém
IVYP3 nhu (hinh 1).

Luéi GPS duoc do bang may thu Trimble -
R3. Két qua xu ly sb liéu, tinh toa do bfmg phﬁn
mém TGO, st dung hé toa do VN-2000 véi
kinh tuyén truc 105° 30". Ching t6i d tién hanh
tinh chuyén ludi GPS nay theo hai phuong phap
tinh chuyén. Tinh chuyén qua hé toa do dia dién
chén troi [1] va tinh chuyén theo cac thuat toan
tir (1) &n (6). Khi tinh chuyén toa d6 qua mat
thuy chuan khu vuc ching t6i chon diém IV16
lam diém gdc Po. So sanh két qua do canh ludi
bang cong nghé GPS trong hé toa 46 VN-2000,
kinh tuyén truc 105° 30" v6i két qua do kiém tra
canh bang may toan dac dién tir TC303, két qua
tinh chuyén toa do theo hai phuong phap tinh
chuyén dugc néu trong bang 1.

15

™ 16 ¥P3

Bdng 1. So sanh két quda tinh chuyén chiéu dai canh theo cdc phirong phdp tinh chuyén toa do

Téncanh | S-do bang Chiéu dai canh S - do bang cong nghé GPS (m)
may TDDT | Chua tinh chuyén | Tinh chuyén qua hé | Tinh chu}{én qua mat
TC(?-3)03 toa dd (2) toa 40 dia dién (3) | thuy chudn khu vuc

m (4)

1) Si(m) | AS(m) | S2(m) | AS(m) | S3(m) AS (m)
YP3-YP4 | 371.597 371.580 | -0.017 | 371.601 | 0.004 371.590 | -0.007
YP4-YP5 | 167.266 167.260 | -0.006 | 167.267 | 0.001 167.259 | -0.006
YP5-YP6 | 529.745 529.711 | -0.034 | 529.738 | -0.007 529.739 | -0.006
YP6-1V16 | 504.890 504.860 | -0.030 | 504.881 | -0.009 504.889 | -0.001
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Tir két qua tinh toan thuc nghiém cho

luéi GPS khu cong nghiép Yén Phong cho thay:

- Chiéu dai canh cua luéi GPS khi chua

tinh chuyén (cot 2) c6 su khac biét twong ddi

16n so voi chiéu dai canh do truc tiép trén mat
dat (cot 1).

- Két qua tinh chuyén cho thdy: sau tinh
chuyén toa do ludi GPS, su bién dang cua chiéu
dai canh ludi giam di 10 rét, chiéu dai canh ludi
GPS gan x4p xi véi chidu dai canh do tryc tiép
trén mat dat b.':fmg may toan dac dién tir. Két qua
tinh chuyén theo phuwong phap tinh qua mit
thuy chuan khu vuc (cot 4) twong duong véi
phuong phép tinh chuyén qua hé toa do dia dién
chan troi (cot 3).

4. Két luan va Kién nghi

Tir nhitng két qua nghién ciru vé 1y thuyét
va tinh toan thyc nghiém chung toi rat ra két
luan sau day:

Khi thanh 1ap ludi khéng ché thi cong bang
cong nghé¢ GPS phuc vu thi cong xay dung cac
cong trinh dang tuyen c6 chiéu dai 16n (nhu cac
tuyen duong cao tdc, tuyen ham xe dién ngam,
cac cong trinh duong ong dan khi ) nén 4p dung
phuong phap tinh chuyén toa d6 qua mat thuy
chuan khu vuc. Phuong phap tinh chuyen toa do
nay hoan toan dap tng dugc yéu cau do chinh

xéac b tri cong trinh va dam bao sy théng nhit
vé hé toa do cho toan b du an trong qué trinh
thiét ké va thi cong xay dung cong trinh.

Kién nghi: can tiép tuc tinh toan thuc
nghiém cho nhiing ludi khéng ché thi cong lap
bang cdng nghé GPS khi c6 diéu kién do kiém
tra lai chiéu dai canh lu6i trén mit dat bang
may toan dac dién tir, nham khang dinh vé kha
nang tmg dung cua phuong phap va thuat toan
tinh chuyén toa do ludi GPS vé hé toa do thi
cdng cho cac cong trinh dang tuyén.
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SUMMARY
On the research of some transformation methods to transfer
coordinates from the GPS system into the construction system

Tran Viet Tuan, University of Mining and Geology

The content of this report focus two main parts: methods and algorithm to transform
coordinate by GPS network in the coordinate system of construct works for form large linear length.

Results of transfer will ensure the correct layout and construction works.

Then, there are

experimental calculation results for several types of large length work in Vietnam.
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