DPIA KY THUAT - QUAN TRAC

BAN VE VAN DE THIET KE VA UO'C TiNH PO CHINH XAC LU'OI GPS
TRONG TRAC BIA CONG TRINH

KS. BUI HO’U TUAN
Vién KHCN Xay dwng

Tém tat: Bai bao trinh bay cac giai phap lién quan
dén thiét ké va wérc tinh do chinh xac mang luéi GPS
trong tréc dja cong trinh. Trén co s& dé, tac gid da xay
dwng mét chuong trinh may tinh. Tac gid da st dung
chwong trinh nay dé wéc tinh cho mét Iwéi cu thé. Két
qud woc tinh bang chuwong trinh phu hop kha tét véi
két qué danh gia dé chinh xac sau binh sai chét ché
bang nguyén ly “sé binh phwong nhé nhét”.

1. bat van dé

So voi cac dang lwai khéng ché truyén thdng thi
lwdi GPS ¢6 nhitng dac diém riéng, GPS duwogc (ng
dung trong trac dia cong trinh lai phai dap &ng cac
yéu cAu riéng cla trac dia cong trinh. Vi vay can phai
c6 phuwong phap thich hop dé thiét ké va wéc tinh d6
chinh xac cua ludi.

Viéc thiét ké lwdi dwoce thwe hién theo cac bwéc
sau:

- Thiét ké so bd ban dau;
- Thi&» nghiém va stra dbi phwong an;

- Cai thién phwong an dé di dén phwong an hop
ly v& mat kinh t&, kha thi vé mat ky thuat va dap tng
dwoc cac yéu cau cla cong trinh.

2. Co s& ly thuyét

Cé6 2 phwong phap wéc tinh db chinh xac lwdi la
woc tinh gan dung va wéc tinh chat ché. Ca hai
phwong phap wéc tinh déu cé thé dwa trén co s&
binh sai diéu kién ho&c binh sai gian tiép. Ngay nay,
cac may tinh dién t&r da dwoc st dung rat rong rai
nén thwong wéc tinh d@6 chinh xac cua lwdi theo
phwong phap chat ché dwa trén co s& cla bai toan
binh sai gian tiép. Luwdi GPS (ng dung trong trac dia
céng trinh thwong can phai wéc tinh d6 chinh xac vi
tri mat bang diém luwdi. Trong trwong hop nay,
phwong phap wéce tinh dya trén co s binh sai gian
tiép lai cang co loi, vi trong phwong phap binh sai nay
thwong chon toa do diém lam 4n sé.

Vi vay tac gid da chon phwong phap wéc tinh
chat ché dwa trén co' s& bai toan binh sai gian tiép.
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Uéc tinh do chinh xac vi tri mat bang diém lusi
GPS duwoc tién hanh theo cac budc sau day:

- Chon 4n sé la toa do cla cac diém luéi;

- Viét phuwong trinh sé hiéu chinh cla cac tri do
trong lwdi;

- X&c dinh trong sb cla céac tri do va lap hé
phwong trinh chuén;

- Tinh ma tran nghich d&o Qx cutia ma tran hé sb
hé phwong trinh chuan;

- Tinh sai s trung phwong cla toa d6 x;, y; cla

cac diém lwdi:
myi = 'u\/ Qyi (l)
va sai sb trung phwong vi tri diém:

my +my, = 1y Qq +Qy, )

Trong d6: u la sai s trung phuwong trong sé don
vi d& chon khi tinh trong sb cta cac tri do.

My = 1y Qy ;

2.1. Phwong trinh sé hiéu chinh cua céc tri do
trong Iwéi GPS

Trong dinh vi GPS, khoang cach gia va pha séng
tai co thé dwoc xem la dai lwong do truc tiép.

Trong dinh vi twong déi, hai may thu dat & hai
diém i va k khac nhau, quan trédc déng bé cung moét
nhém cac vé tinh dé& xac dinh AX, AY, AZ (hodc AB,
AL, AH) gitra hai diém clia vector dwérng day D, trong
hé toa d6 WGS-84. Nhw vay, co thé xem AX, AY, AZ
la cAc tri do trong dinh vi twong déi.

TAt nhién AX, AY va AZ la twong quan theo nghia
cla ly thuyét xac suat. Nhwng khi wéc tinh @ chinh
xac cla lwai thiét ké, cé thé xem mét cach gan dung
la ching déc lap véi nhau.

Vé phuong dién mat bang, thay vi AX va AY gitra
hai diém i va k, c6 thé s&v dung chiéu dai canh Dy va
goc phwong vi ai dwgc tinh ttr AX, AY, nhw la cac trj
do. Tt nhién gitra Dy va ai cling twong quan theo
nghia cla ly thuyét xac suét, va cling dwoc xem mot
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cach gan dung |a chang déc 1ap véi nhau khi wéc tinh
do chinh xac cta lwéi GPS.

Véi cac ky hiéu quen thudc, phwong trinh s hiéu
chinh chiéu dai canh Dy, dworc viét:

— 0 i 0 0 .0
VDik = -Cosa ikéi - SINAL ik M + COSa ikék + SINo ik Nk + lDik (3)

Phwong trinh sé hiéu chinh géc phuong vi o
dworc viét:
Vo = @i + bumi - awék - b Nk + Lo 4)
Trong do:
p'sinay

Ay = Tﬁ( , by, =

_ p'cosay
Di
2.2. Trong sé cda céc trj do trong Iwéi GPS
Sai sé trung phuwong chiéu dai canh va sai sé
trung phwong phwong vi canh trong lwéi GPS thwdng

duwoc wéce tinh theo cac cong thirc cb dang téng quéat
nhw sau:

m, =4 a’+(bD)’ (mm)
. (b Y (%)
m, = a“+(Dj (")
Hoac:
my, =+ a’+(bD)? (mm)
m, ="p (") (6)
Trong doé:

a, b - hdng sbé ctia may;
D - chiéu dai canh.

Trong trwdng hop dinh vi twong ddi - tinh: a=5, b
=1,a,=1, b,=5

Trong sb twong trng clia cac tri do dwoc tinh theo
cong thirc tbng quat:

R=—= @)
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Sai sb trung phwong cla cac tri do duoc tinh theo
cac cobng thire (5) va (6) dwoc hiéu la sai sb trung
phwong chiéu dai va phwong vi canh dwoc do trong
mot ca do (session).

3. Thanh lap chwong trinh méay tinh wéc tinh do
chinh xac lwéi GPS

3.1. Ngbn ngdrlap trinh

VISUAL BASIC.NET (VB.Net) la ngbn ngr lap
trinh ndm trong bod Visual Studio ciing mét s ngén
ngr 1ap trinh rAt manh khac nhu: Visual C++, Visual
FoxPro va Visual J++. VB.Net la phién ban cho phép
ngwoi lap trinh str dung né nhw mét céng cu twong
tdc v&i hAdu hét cac san phdm khac cla hang
Microsoft nhw: SQL Server, Access, Excell, Word,
PowerPoint, Outlook. VB.Net sé& cung cép cho ngudi
lap trinh mét bd cdng cu hoan chinh dé& don gian hoa
viéc trién khai 1ap trinh &’ng dung cho MSWindows.

Chuwong trinh may tinh “Thiét ké - Udc tinh do
chinh xac Iwéi GPS” cé giao dién than thién, don gian,
dé st dung va sb liéu dwoc nhap trwc tiép trén nén
Windows hoac qua file. Chwong trinh c6 thé chay
dwoc trén hé diéu hanh Windows méi nhat (Windows
8), co toc dd xt ly nhanh,...

3.2. So'd6 khéi

Bai toan wéc tinh do chinh xac lwéi GPS duwoc
thwc hién theo nguyén tac thiét ké& téi wu. Noi dung
thuat toan ctia modul wéc tinh dd chinh xac lwédi GPS
c6 thé dwoc tém tat nhw hinh 1:
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B4t dau

A 4

Nhap céac tham sé lwdi

ban dau

Phwong an Thiét ké

A4

\4

PT SHC

Lap matran hé sé A cla hé

A

A4

Lap ma tran hé sé R cla
hé PT chuan

A

Tinh matran Q

A4

Danh gia dd chinh xac

Vuwot

Giam s0 lwong _ yéu cAu
tri do hoac trong s6 yeu cau

tri do

So sanh voi

Chuwa dat i
Tang so lwong tri

yéu cau do hoac trong sb tri do

Pat yéu cau

In ra cac dai lwong do

v

Két thic

(.

J

Hinh 1. So' dé khdi bai toan thiét ké va wéc tinh do chinh xac Iwéi GPS

3.3. Té chuc dikliéu

Vé6i giao dién chwong trinh tryc tiép trén nén
Windows, di¥ liéu c6 thé nhap trwc tiép tlr ban phim
ho&c cé thé dwoc td chirc dwéi dang file sb ligu *.sl.
Du6i day la td chire cla file sb liéu wéc tinh do chinh
xac cla lwéi GPS:

Dong thlr nhat: Tén cong trinh.
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Dong thir hai: Téng sé diém géc, sb diém méi, sb
canh do, s6 phwong vi do

Dong th&r ba: a canh, b canh, a phwong vi, b
phuwong vi.

Dong th tw: Tén diém, X(m), Y(m).

Dong the ndm: Tén diém dau, Tén diém cubi, sb
lan do 13p trén mot canh (sé lan d&t |&p may thu GPS
trén mot canh).
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3.4. Strdung chwong trinh

r e [ el e i

Cong Trinh :

Tén Céong Trinh
Théng Tin Udc Tinh

Bigm G&¢ | Piém méi | Canh Bo |

TenB8m  Xim)

R
mD = {(aa+bbDD)sark) =
mAnfa= 6 (mD/D Vsarp) v
n - 55 [&n do 1&p trén 1canh
g =180 * 3600 / Pi

Trong S6

Ps = (nuy)"2 [(mD})"2
Panfa = (nuy)™2 /(mAnfa)"2

e

|

— = i |

Hinh 2. Giao dién chinh cda chuong trinh “Thiét ké - U'6c tinh d6 chinh xac lwéi GPS”

Trén hinh 2 la giao dién chinh cla chwong trinh.
Véi giao dién nay, ngudi ding cé thé nhap sé liéu
trc tiép tlr ban phim hodc mé file sb liéu da c6 sén.
Sau khi c6 sé liéu, tién hanh woc tinh, két qua wéc
tinh dwoc lwu dwoi dang file *kg. M& file két qua dé
xem két qua wéc tinh, so sanh véi yéu cau dé chinh
xac dé dua ra két luan vé lui thiét ké.

4. Sé liéu tinh toan thwe nghiém
4.1. Mb ta thuc nghiém

Dé kiém nghiém tinh dung dan cta chuong trinh,
tac gia da tién hanh tinh toan thwc nghiém véi sé liéu
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dung dé tinh toan 1a: Lwéi GPS khu du lich sinh thai
hé Hoa Binh.

Hé théng lwéi dwoc thanh lap béng cong nghé
GPS, tao nén tir 8 diém khéng ché 1a; 115573, 11527,
GPS-01, GPS-02, GPS-03, GPS-04, GPS-05, GPS-
06. Viéc do dac mang lwéi dwoc thuc hién bing may
GPS Trimble 4600 LS cla héng Trimble do My sén
xuét, dac tinh ky thuat cGia may khi do tinh nhu sau:

- Do chiéu dai: 5mm + 1ppm.D (khoang céach D <
10km);
- Do phwong vi: 17 + 5"/D"".

So dd lwéi thwe nghiém dwoc thé hién trén hinh 3:

Tap chi KHCN Xay dung - sé 2/2014
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GPS-06

11527
Hinh 3. So' dé lu6i GPS khu du lich sinh thai hd Hoa Binh

Toa do thiét ké cac diém cia lwéi dwoc théng ké trong bang 1.
Bang 1. Toa do thiét ké /ui GPS khu du lich sinh thai hd Hoa Binh

STT Tén diém X(m) Y(m) Ghi cha
1 11527 2291792.221 413992.200 Diém gbc Nha nwéc
2 115573 2296317.134 411769.208 Diém gbc Nha nwéc
3 GPS-01 2295102.400 413466.800 Diém m&i
4 GPS-02 2295199.000 412963.000 Diém méi
5 GPS-03 2295086.500 411070.000 Diém méi
6 GPS-04 2294395.300 410526.800 Diém m&i
7 GPS-05 2296094.000 410350.000 Diém méi
8 GPS-06 2294340.000 409020.300 Diém m&i
S6 diém cla lwdi la 8 diém, voi sb lwong may thu DPé c6 thé woc tinh dd chinh xac lwdi GPS thiét
GPS 1a 3 may, sb 1an dat may trung binh tai méi diém ke, tac gia da chon toa d6 va phuong vi khai tinh la
1a 2 14n thi sb ca do la: toa d6 va phwong vi cla hai diém géc nha nwéc
58 11527 va 115573.
n> EN 6 So dd b tri cac ca do duoc thdng ké trong bang 2.

Bang 2. So'dd bé tri ca do luéi GPS khu du ljch sinh thai hd Hoa Binh

o May A B c

1 GPS-05 GPS-06 GPS-04
2 GPS-05 GPS-04 GPS-03
3 GPS-03 GPS-04 11527

4 GPS-03 11527 GPS-02
5 GPS-02 11527 GPS-01
6 GPS-01 115573 GPS-02
7 GPS-01 115573 GPS-03
8 GPS-02 GPS-03 115573
9 GPS-01 11527 GPS-03

4.2. Uérc tinh d6 chinh xac Iwéi

S& dung chwong trinh may tinh “Thiét ké - Udc tinh db chinh xac Iuéi GPS” tién hanh tinh toan thuc
nghiém.

Tap chi KHCN Xay dung - s6 2/2014 67
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KET QUA u6c TINH PO CHINH XAC LUl GPS
Cong Trinh: luéi GPS khu du lich sinh thai hd Hoa Binh

KXk

I.CHI TIEU KI THUAT CUa LUdI

Sé piém Géc

Sé piém M&i

Sé Canh Po

Sé Phuong Vi Po
Sai Sé Po Phuong

w
o))
wn
O

6 Po Canh

Vi | a

1", b= 57"

5 mm,

sé trung phuong chiéu dai canh
sé trung phuong phuong vi canh

b= 1mm

- mD=sqr(@™2 +(b.D)"2) mm
: mAnfa = r6.(mb/D) **

11.Toa O PIEM GOC

S | TEN | TOA PO DPIEM |
T | e
T | PIEM 1 X(m) | Y(m) 1
-— - |- |
1] 11527| 2291792.221]  413992.200]
2] 115573] 2296317.134] 411769.208|

111.ToA PO PIEM THIET KE

S | TEN | TOA PO DIEM |
T T e ——— |
T | PIEM | X{m) | Y(m) |
e S |- mmm oo |
1] GPS-01] 2295102.400| 413466.800]
2] GPS-02] 2295199.000] 412963.000]
3] GPS-03] 2295086.500] 411070.000]
4] GPS-04] 2294395.300] 410526.800]
5] GPS-05] 2296094.000] 410350.000]
6] GPS-06] 2294340.000]  409020.300]

S| CaNH |
L
T pau - Cusi |

1]GPS-05
2|GPS-05
3| GPS-06
4| GPS-05
5] GPS-04
6] GPS-03
7]|GPS-04
8] GPS-03
9] 11527
10| GPS-02
11] 11527
12]GPS-01
13]115573
14]GPS-01
15]115573

115573]
GPS-02]
GPS-03]
GPS-03]

SO LAN |
PAT MAY |
(an) |
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V.BANG SAl SO TRUNG PHUONG VI TRI DIEM

— =W

I S| CaNH | | | | |
IT1--—-——— | Ms | Ms/S | Manfa | Mth |
i T i pau - Cusi | (m) : : (&GP : (mm) :
| 21]GPS-05 GPS-06] .074] 1/ 540292] 0.382] 5.761]
| 2|GPS-05 GPS-04] .931] 1/ 582678] 0.354] 4.145]
| 3|GPS-06 GPS-04] .026] 1/ 374440] 0.551] 5.694]
| 4]|GPS-05 GPS-03] .441] 1/ 359872 0.573] 4.866]
| 5]GPS-04 GPS-03] .830] 1/ 310635] 0.664] 4.002]
| 6]JGPS-03 11527] .009] 1/ 2192360] 0.094] 2.841]
| 7|GPS-04 11527] .254] 1/ 1331756] 0.155] 4.603]
| 8]GPS-03 GPS-02] .379] 1/ 797064] 0.259] 3.365]
| 9] 11527 GPS-02] .120] 1/ 1679048] 0.123] 2.998]
| 10]GPS-02 GPS-01] -390] 1/ 214624] 0.961] 3.380]
| 11] 11527 GPS-01] .139] 1/ 1566815] 0.132] 3.025]
| 12|GPS-01 115573| .139] 1/ 975837] 0.211] 3.025]
| 13]115573 GPS-02] .120] 1/ 771694] 0.267] 2.998]
| 14|GPS-01 GPS-03] .408] 1/ 995225] 0.207] 3.406]
| 15]115573 GPS-03] .009] 1/ 704668] 0.293] 2.841]
V.KET QUA PANH GIA PO CHINH XAC
1. SSTP Trong Sé
mo 1
2. SSTP Vi Tri biém Yé&u Nhit : (GPS-06)
mP = 7.033 (mm)
3. SSTP Tuwong Péi Chiéu Dai Canh yéu Nhat : (GPS-02 - GPS-01)
Ms/S = 1/214624 (mm)
4. SSTP Phuong Vi Yéu Nhat : (GPS-02 - GPS-01)
mAnfa = 0.961 (*7)
5. SSTP Tuwong hé 2 Piém yéu : (GPS-05 - GPS-06)

Mth = 5.761 (mm)

GHI CHU :

- Ngay thang ndm thuc hién : Th& Bay 19/12/2013 10:18:38
- Ngusi thyc hién tinh toan: BOi Hau Tuan
Tinh Theo Chuwong Trinh: “Thiét ké - Uéc tinh dé chinh xac luéi GPS” v1.0
CopyRight(C) 2013 by Bli Hau Tudn - TTTV Tréc dia va XD — Vién KHCN XD

4.3. Phan tich két qua

Sau khi da wéc tinh d6 chinh xac lwédi khéng
ché mat bang khu du lich sinh thai hé Hoa Binh,

Tap chi KHCN Xay dung - s6 2/2014

tac gia tién hanh so sanh két qua wéc tinh voi két
qua binh sai chat ché mang lw&i (bang 3). Nhan
thay, két qua wéc tinh hoan toan phu hop véi két
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qua danh gia dé chinh xac sau binh sai chat ché
b&ng nguyén ly sé binh phwong nhd nhéat. Diéu d6

khdng dinh tinh dung
chwong trinh.

dan va do tin cay cla

Bang 3. So sanh sai sd vj tri diém

Ten didm Két quft wéc tinh Két qubéS binh sai Do lech
STT Mp™ (mm) Mp™(mm) (mm)

1) ) ®3) -
1 GPS 01 3.0 2.0 1.0
2 GPS 02 3.0 2.0 1.0
3 GPS 03 2.9 2.0 0.9
4 GPS 04 4.7 2.0 2.7
5 GPS 05 55 4.0 15
6 GPS 06 7.1 5.0 2.1

5. Két luan GPS” da gidi quyét dwoc cac yéu cau co ban cua

Can cr vao phan tich co s& ly thuyét, cac két qua
tinh toan thwc nghiém (muc 4.2) va két qua so sanh
sai léch sai sb vi tri diém thdng ké trong bang 3 cé thé
nhan xét:

- V6i nhitng wu diém néi bat vwot troi, cong nghé
GPS dang ngay cang dwoc (rng dung réng rai trong
trc dia cong trinh. Do d6, viéc lwa chon nhirng thuat
toan va quy trinh dung dé xt ly sb liéu GPS trong trac
dia cong trinh |a hét strc can thiét;

- P& thwc hién dwoc muc tiéu thiét ké luvéi GPS
theo cac yéu cau cu thé cla tirng dang cong trinh,
can phai nghién ctru cac giai phap lien quan dén noi
dung thiét k& va wéc tinh dd chinh xac mang lwéi
GPS;

- Viéc &ng dung céng nghé tin hoc dé thanh lap
chwong trinh “Thiét ké - Uéc tinh do chinh xac IuGi
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cong tac thiét ké, xir ly sb liéu GPS trong tréc dia
cong trinh.
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