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KHAO SAT UNG DUNG CONG NGHE GPS PE THANH LAP LUGI QUAN
TRAC CHUYEN DICH NGANG CAC TUYEN PAP THUY DIEN

NGUYEN VIET HA, Truong Pai hoc M6 - Dia chit

Tém tit: Bai bio c6 ndi dung khao sdt viéc thiét ké luéi quan trdc chuyén dich ngang cdc tuyén ddp
thity dién bang cong nghé GPS. Da dé xuat bi¢n phap thiet ke, thanh lap luci GPS mot cap deé quan
trac dich chuyén voi viéc ing dung thudt toan binh sai ty do dé thiét ké va danh gia do chinh xdc cac

yeu to trong ludi.

1. it van dé

Hién nay & nudc ta luéi quan tric cong
trinh thuy dién thuong dugc thuc hién theo
cong nghé do dac mat dat. Vi nhiéu 1y do, cong
nghé GPS mac du da dugc tng dung hiéu qua
trong nhiéu linh vyc tric dia, nhung van chua
duoc trién khai ung dung cho muc dich quan
trac bién dang cong trinh. So voi cong nghé do
dac mat dat thi cong nghé¢ GPS c6 mdt loat
nhimg wu diém nodi bat nhu: cho phép lwa chon
d6 hinh luéi linh hoat, c6 diéu kién lya chon cac
diém khéng ché ¢ nhiing vi tri on dinh, khong
can thong hudng, khong han ché vé& diéu kién
thoi tiét, thoi gian thi cong.... Vi vy, viéc
nghién ctru ing dung cong nghé¢ GPS dé quan
trac dich chuyén bién dang cong trinh thuy Ia
can thiét, co ¥ nghia ca vé khoa hoc va thuc
tién. Trong bai bao nay s& khao sat mot sé van
dé vé thiét ké ludi quan tric chuyén dich ngang
cong trinh bang cong nghé GPS.
2. Co s& ly thuyét
2.1. Thiét ké d@6 hinh lwéi

Khi quan tric bién dang bang cong nghé do
dac mat dat, luéi khéng ché thuong duoc thanh
1ap theo 2 bac la bac ludi co s¢ va ludi quan

trac [2]. V&i cong nghé GPS, do dic diém cong
nghé trong qué trinh t6 chirc do dac va xir 1y sb
liéu, cling nhu do cong nghé GPS rat kho dam
bao do chinh xac xay dung ludi co so khi quan
tric bién dang, boi vay co thé g0p 2 bac do
thanh mot bac ludi duy nhat va nhu vay ludi
quan tric bién dang bang cong nghé GPS la
mang ludi tu do.

Khi thiét ké lugi GPS, can clr vao myc dich
str dung, thudng c6 4 phuong thic lién két co
ban dé thanh lap ludi 1a: lién két diém, lién két
canh, lién két ludi, lién két hon hop - canh -
diém. Ngoai ra con co thé lién két hinh sao, lién
két duong chuyén, lién két chudi tam giac nhu
hinh v€& (hinh 1).

Néu Iuéi co n diém, duoc do véi N may thu
va s6 lan dat may trung binh ¢ mdi diém 1a m
thi s6 ca do dugc tinh theo cong thic:
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Dua theo cong thuc trén va diéu kién thuc
té cua dia hinh ciing nhu yéu cau ky thuat déi
v6i cac diém co so, CaC diém quan tric dé lya
chon vi tri va d6 hinh quan tric.

Hinh 1. Lién két diém, lién két canh, lién két duong chuyén va lién két sao



2.2. Uéc tinh dp chinh xic luéi GPS theo
thudt todn binh sai tw do

Khi uéc tinh do chinh x4c luéi GPS, c6 thé
str dung chidu dai canh Dix va goc phuong vi aik
duoc tinh tir baseline nhu 1a cac tri do. Theo
thuat toan binh sai tu do, bai toan udc tinh luéi
GPS duogc thyc hién theo trinh ty sau [1, 2]:

1- Chon an sé: trong luéi GPS mit bang an
s& duoc chon 1a sé hiéu chinh toa do caa tat ca
cac diém trong ludi

&x = (dx, dy;,dX,, dy,..dx,,dy,)" .

2- Lap ma tran hé sd (A) caa hé phuong
trinh sb hiéu chinh

AdX+L=V . 2

Pbi véi tri do GPS, phuong trinh s6 hiéu

chinh duoc xac dinh theo cong thic cu thé sau:

k

Hinh 2. Canh va phuong vi do

- Phuwong trinh sé hiéu chinh phuwong vi

Vi = 80X, + Dy 8y — a3 8%; — by y; + 1 ,(3)
a. -Sina,

t do:| | = P " ' 4
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- Phuong trinh 6 hiéu chinh canh
Vik = aiksxk + biksyk _aiksxi + biksyi + Iik ' (5)
trong do: {a”‘} = {Cow‘k} . (6)

(o Sinay,

3- Lap ma tran hé s6 (R) cua hé phuong
trinh chuan (RSX +b=0)

R=ATPA . (7

Trong cong thirc trén P la ma trén trong sO
cua cac tri do, thuc té giita canh ngang va
phuong vi clia mdi baseline GPS c¢6 moi quan hé
tuong quan, tuy vay trong udc tinh do chinh xac
6 thé coi gﬁn dang hai tri do trén doc 1ap nhau.
Trong s6 cua cac tri do d6 dugc x4c dinh trén co

Mo va mfx, tinh theo cong thirc sau [3]:

=./a’ +(b.D)*(mm)
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4- Tinh ma tran gia nghich dao

Ciing nhu ddi véi mang ludi tu do khac, ma
tran nghich ddo trong ludi GPS tu do dugc tinh
theo cong thirc sau:

R =(CC"+R)*'-TT", (9)
trong d6: T=B(C'B)*. (10)
Déi voi mang ludi GPS ma trén B ¢6 dang [1]:

S

Ma trén dinh vi C dugc xac dinh theo quy tic
{ i=Bi vdi i la diém co s¢ (12)

Ci=0voiila dlem quan trac

5- Tinh toan cac yéu td sai s ciia mang ludi

=R +R7yy .(13)

- Elip sai s6: Cac tham sb cua elip sai s6
gém co: cac kich thudc cua ban truc 16n, ban
truc nho, hudng cua ban truc 16n [1, 2]. Béan
truc 16n E va ban truc nhdé F duoc tinh theo
cong thuce [4]:

R +R” (R x—R7y)? +4R "

_ yy XX yy xy
E_“\/ 2 +\/ 4 . (14)
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Hudng ban tryc 16n cua elip sai s6 (o0):
o= 1 Arctg # :
2 R —R7yy
- Sai s6 chuyén dich theo huéng
Sai s6 vi tri cia diém quan tric theo hudng
cho trudc (@) dugc tinh theo cong thire:

(11)

- Sai 56 vi tri diem m,

(15)

(16)

trong do: E, F tuong g 1a cac ban truc 16n va
nho cua Elip sai sd.
3. Thuee nghiém thiét ké lwéi quan trdc chuyén
dich tuyén ddp nha may thuy di¢n laly

Pé minh chimg cho kha ning tmg dung cong
nghé GPS vao muc dich quan tric chuyén dich
ngang cong trinh, ching t61 da tn'én khai tinh toan
thiét ké mang ludi quan tric tuyen dap nha may
thay dién IALY. Trong thyc té cong ty tur Van xay
dung dién I da xay dung mang ludi quan trac dich
chuyén ngang cong trinh nay theo coéng ngh¢ do
dac mit dat voi d6 hinh dua ra ¢ hinh 3. Néu tién
hanh do dac mang ludi da néu bing cong nghé GPS
v6i 4 may thu thi s6 ca do tinh theo cong thirc (1) s&
2 14 ca do va d6 hinh luéi c6 dang dua ra & hinh 4.

m, =p/E.cos’ ¢ +F.sin’ ¢,
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Hinh 4. Ludi thiét ké theo cong nghé GPS

Dé so sanh d6 chinh x4c clia ca hai phuong
an thanh 1ap ludi, chiing t6i da thuc hién udce tinh
dd chinh xac theo quy trinh nhu da néu ¢ muc 2.2.

Dbi voi ludi mat dat (ludi do goc — canh)
dugc thiét ké do 19 goc vai sai sd trung phuong
do géc mg=2", do 61 canh véi sai s6 trung
phuong do canh my =2mm+ 2ppm.

Dbi v6i mang ludi GPS thiét ké 62 baseline
c6 sai sb trung phuong do canh

m, =+/a% + (b.D)? (mm), sai s trung phuong do
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phuong vi m, :%p"(") (@5i voi  cic may

GPS mot tan sb dd c6 & Viét Nam thi hé s a=5;
b=1).

Tir gia tri toa do thiét ké, du kién do canh
va phuong vi theo bang 1. Két qua wéc tinh do
chinh xéac luéi GPS bao gdm sai s vi tri diém,
elips sai s6 vi tri diém dwoc dua ra trong bang
2. Két qua udc tinh do chinh xac ludi mat dat
dugc dua ra trong bang 3.



Bang 1. Ky hiéu canh va phuong vi thiét ké

TT D.Dau — D. Cubi Chiéudai(m) | TT | DB.Pau-b. Cubi Chiéu dai (m)
1 QT10  QT9 356.76 32 QT9 M9 877.69
2 QT9 QT5 1282.67 33 QT5 M13 646.45
3 QT5 QT10 1486.76 34 QT4 M13 594.32
4 QT9 QT2 696.91 35 QT3 M13 623.64
5 QT10 QT2 585.78 36 QT2 M13 933.45
6 QT10 QT3 778.31 37 QT10  M13 1027.09
7 QT9 QT3 708.15 38 QT9 M13 731.74
8 QT10 QT4 1230.47 39 QT5 M17 742.84
9 QT9 QT4 1077.40 40 QT4 M17 615.46
10 | QT2 QT3 366.83 41 QT3 M17 510.16
11 | QT3 QT4 475.06 42 QT2 M17 784.38
12 | QT4 QT5 312.33 43 QT10  M17 854.52
13 | QT3 QT5 769.90 44 QT9 M17 570.87
14 | QT2 QT4 824.83 45 QT5 M21 798.99
15 | QT5 M1 290.22 46 QT4 M21 639.56
16 | QT4 M1 425.76 47 QT3 M21 461.08
17 | QT3 M1 748.59 48 QT2 M21 708.11
18 | QT2 M1 1112.75 49 QT10  M21 766.24
19 | QT10 M1 1358.28 50 QT9 M21 493.92
20 | QT9 M1 1102.85 51 QT5 M25 896.48
21 | QT5 M5 422.30 52 QT4 M25 700.31
22 | QT4 M5 500.05 53 QT3 M25 419.41
23 | QT3 M5 736.51 54 QT2 M25 605.10
24 | QT2 M5 1090.02 55 QT10  M25 634.44
25 | QT10 M5 1278.78 56 QT9 M25 386.35
26 | QT9 M5 1002.75 57 QT5 M29 1014.98
27 | QT5 M9 541.80 58 QT4 M29 816.60
28 | QT4 M9 557.13 59 QT3 M29 498.22
29 | QT3 M9 696.35 60 QT2 M29 614.84
30 | QT2 M9 1031.62 61 QT10  M29 538.35
31 | QT10 M9 1167.85 62 QT9 M29 267.69
Bang 2. Két qua wdc tinh d6 chinh xéac ludi GPS
S6 | Tén Toa d¢ thiét k& (m) Sai s vi tri (mm) Elip sai s6 (mm)
TT | diém X Y My my mp E F o°
1 [m 1575262.10 | 806058.85 2.3 2.5 34 | 28 1.9 [130.13
2 | M5 1575140.08 | 806119.44 2.3 2.4 33 | 27 2.0 | 130.34
3 | M9 1575002.85 | 806129.17 2.3 2.4 33 | 25 2.1 | 129.27
4 | M13 | 1574865.07 | 806080.34 2.2 2.3 32 | 24 2.1 | 125.22
5 | M17 | 1574736.88 | 805962.95 2.2 2.3 32 | 24 2.1 | 115.01
6 |M21 | 157467436 | 805897.97 2.1 2.3 32 | 23 2.1 | 103.76
7 | M25 | 157457754 | 805804.73 2.1 2.3 31 | 23 2.1 | 73.90
8 | M29 | 1574458.71 | 805807.40 2.1 2.3 31 | 24 2.1 | 64.42
9 | QT2 | 157455450 | 805200.07 1.5 1.5 21 | 1.6 14 | 47.00
10 | QT3 | 1574814.61 | 805458.74 1.3 1.5 20 | 15 1.3 | 112.33
11 | QT4 | 157525650 | 805633.13 1.4 1.5 20 | 15 1.3 | 120.51
12 | QT5 | 1575472.39 | 805858.83 1.4 1.6 21 | 1.6 1.4 |116.57
13 | QT9 | 1574191.32 | 805794.86 1.3 1.5 20 | 15 1.3 | 104.04
14 | QT10 | 1574036.44 | 805473.48 1.4 1.5 20 | 1.6 1.3 | 117.09
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Bang 3. Két qua udc tinh d6 chinh xac ludi mat dat

S6 | Tén Toa do thiét ké (m) Sai s6 vi tri (mm) Elip sai s6 (mm)
TT | diém X Y My my mp E F ©°

1 M1 1575262.10 806058.85 2.2 1.9 2.9 2.2 1.9 | 346.79
2 M5 1575140.08 806119.44 2.2 2.0 3.0 2.3 2.0 |351.88
3 M9 1575002.85 806129.17 2.2 2.0 3.0 2.2 2.0 | 347.45
4 M13 1574865.07 806080.34 2.1 2.1 2.9 2.1 2.0 |125.29
5 M17 1574736.88 805962.95 1.9 2.2 2.9 2.2 1.9 |101.31
6 M21 1574674.36 805897.97 1.8 2.2 2.8 2.2 18 | 94.14
7 M25 1574577.54 805804.73 1.7 2.3 2.9 2.3 16 | 84.21
8 M29 1574458.71 805807.40 1.6 2.4 2.9 2.4 16 | 84.83
9 QT2 1574554.50 805200.07 1.3 1.0 1.7 1.3 1.0 | 350.97
10 | QT3 1574814.61 805458.74 1.1 1.1 15 1.1 1.0 | 324.57
11 | QT4 1575256.50 805633.13 1.2 1.3 1.8 1.4 1.1 | 56.47
12 | QT5 1575472.39 805858.83 1.2 1.6 2.0 1.8 0.9 | 56.39
13 | QT9 1574191.32 805794.86 0.9 1.1 14 1.2 0.8 | 110.86
14 | QT10 | 1574036.44 805473.48 1.1 1.1 1.6 1.3 0.9 | 131.84

Phan tich so sanh két qua thiét ké ludi theo
hai phuong an do dac mat dat va GPS cho thay
vé d6 chinh xac tuong duong nhau ca Ve sai s0
trung phuong vi tri diém ca vé elip sai so.

Ve t6 chuc do dac luéi GPS ¢6 d hinh chit
ché hon do khong doi hoi sy thong hudng gitra
cac diém, ngoai ra cong ngh¢ GPS c6 uu diém
hon han ludi mit dat 14 c6 thé thi cong trong moi
diéu kién thoi tiét va & moi thoi diém trong ngay.
4. Két luin

1. Thong qua vi¢c ude tinh thir nghiém cho
cong trinh IALY va mét s6 thuc nghiém khac &
Viét Nam (Hoa Binh, Tuyén Quang...) ching
t6i nhan thdy rang sai sO 1 tri diém quan trac
dugc xac dinh 6 gia tri nam trong khoang tur 3-
5mm, vi vdy vo6i cong nghé nay co the ap dung
dé quan tric chuyen dich cac tuyén dap thiy
dién v6i yéu cau vé sai s6 chuyén dich > +5mm.

2. Khi tmg dung cong nghé¢ GPS dé thanh
1ap luéi quan trac dich chuyén ngang c6 thé coi
ludi nay 1a ludi ty do mot bac.

3. Khi thanh 1ap ludi quan tric dich chuyén
ngang cac tuyén dap thuy dién bang cong nghé

GPS c6 thé van dung dugc nhiing vu diém ndi
bat ctia cong nghé nhu cho phép luya chon db
hinh luéi linh hoat, ¢6 diéu kién lua chon cac
diém khdng ché ¢ nhiing vi tri 6n dinh, khong
can thong hudng, hidu qua kinh té cao, c6 thé
thi cong trong moi diéu kién thoi tiét va & moi
thoi diém trong ngay.
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SUMMARY
Survey technology application for establishment of GPS network monitoring direction
deformation hydroelectric dam
Nguyen Viet Ha, University of Mining and Geology
This paper surveys the content monitoring network design horizontal transfer routes damby
GPS technology. Proposed design measures, establishing a GPS network to monitorfor movement
with the adjustment application algorithms freedom to design and evaluatethe accuracy of elements

in the mesh.
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