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Xay dung ludi tam giac thuy cong trén co s két hop tinh
chuyén toa do cong trinh va binh sai tu do

Tran Trung Anh"” " Nguyén Quang Ha'

'Khoa Trac dia - Ban do va Quan ly dat dai, Tricong Dai hoe Mo - Dia chat )
Nhom nghien ciru Cong nghé Dia tin hoc trong Khoa hoc Trdi dat (GES), Trieomg Pai hoc Mo - Pia chat
‘Cong 1y Thuy dién Ban Ve

TOM TAT

Bai bao trinh bay vé muc dich xay dung ludi tam gidc thuy cong o pham vi nghién ciru thudce cong trinh
thuy dién Ban Ve, tinh Ngh¢ An. Phuong phap nghién ctru gém phuong phap tric dia cong trinh. do dac
thue nghiém, do dac hién truomg b?mg may toan dac dién tur do chinh xac cao, do tinh ludi GNSS. phuong
phdp binh sai tu do, danh gid d¢ chinh x4c va xir ly van dé tinh chuyén toa do, cai chinh tri do. Ket qua
nghién ctru 1a quy trinh xay dung, xur ly luéi tam giac thuy cong phuc vu thi cong va quan trac bién dang
cong trinh thuy dién. Thuc nghiém véi luéi tam giac thuy cong tai cong trinh thuy dién Ban VE vl 6
diém do tinh GNSS, do 26 gbc, do 13 canh toan dac; Xur ly sb lidu sau binh sai dat sai s6 trung phuong
trong sO don vi 0.8501, sai s6 trung phuong vi tri diém yéu nhat dat 0,7 mm, sai s6 trung phuong twong
doi canh yeu nhat dat 1/231715, sai s6 trung phuong phuong vi yéu nhét dat 0,40". Céc diém nay co do
chinh xac cao. phan anh dtng, chén thuc véi thyuc té tai khu vuc thuc nghiém thuy dién Ban V& phuc vu
tot cho thi cong va quan triic bién dang cong trinh.

Tir khéa: Ludi tam giac thuy cong, toan dac, GNSS, binh sai tu do, thuy dién.

1. Dt van dé

Theo Quyet dinh s 16/2005/ND-CP ngay 07/02/2005 ciia Thii tuéng Chinh phu: Tat ca cac cong trinh
thuy dién nhom A va nhom B truée khi thi cong déu phai xay dung luéi khdng ché thi cong chuyén dung
g0i 14 ludi tam gidc thiy cong va thity chudn thuy cong (EVN, 2005). Luéi tam giac thuy cong duge xav
dung véi muc dich 1am co sé toa do, d6 cao géc thér}g n}lét cho cong trinh phuc vu thi cdng, hoan cong
cong trinh nhu: Pua tim cac hang muc cong trinh thiét ke ra thyc dia; Bo tri, theo ddi, diéu chinh lap dat
céc cau kién co khi, cong nghé; La co sd theo doi, kiém tra, bo sung, diéu chinh va khoi phuc cac tm.
truc, cdc duong bién cdng trinh trong qua triph thi cong, lap may, hoan céng va nghiém thu cong trinh;
Do vé ban db ty 1& 16n, cac mit cit dia hinh dé chinh xac hoa khoi luong thi cong,... La co s¢ dé xay dung
luéi quan trac bién dang cong trinh ciing nhu nang cap, cdi tao sura chita sau nay (EVN, 2003). Cac diém
tam giac thuy cong va thuy chuan thay cong khi thiét ké va xay dyung moc ¢dn ¢dn ¢ vao ban vé tong mat
bang cong trinh két hop véi viéc khao sat hién truong. Vi tri cac moc phdi dam bao tinh bén vimg. n
dinh, it bién dang hogc bi pha hoai trong qué trinh thi cong va dugc bé tri thudn loi cho muyc dich sur dung.
Hé¢ t0a d6 va do cao cua ludi tam giac thuy cong phai phu hop voi hé toa do va do cao da sur dung wrong
qué trinh khao sat va thiét ké cong trinh, thong thuong 1a h¢ toa dé quoe gia VN2000 va hé do cao Hon
Dau, Hai Phong. Theo TCVN 9398:2012 tai 4.8: “Dd4i voi nhimg cong trinh lon ¢o day chu_vén cong nghé
phuc tap va cong trinh cao lfmg can phai sir dung cac mz‘iy moc, thict bi hi¢n dai 6 do chinh xac cao nhur
may toan dac di¢n tu, may thuy chudn ty dong can bang ¢6 bd do cue nho va mia invar, may chiéu
ding, .. Dé thanh lap ludi kJ16ng ché co thé sir dung cong nghé G PS két hop may toan dac dién >

Chinh vi yéu ciu trén, dbi v6i luai tam gidc thuy cong: cac moc duge chon va xdy dung o vi i g;“m
Cac he;ng muc cong trinh xay dung dé dap ang cong tac thi cong duge tign loi, giam thiéu sai sé do do dac
va bién dang cua phép chiéu hé toa do, do cao trung binh cua cong trinh. Cac moc tam giac thuy céng
phai duoc dat o cac khu vice ¢6 tam khong ché rong, ben vimg va ¢o tinh on dinh trong sudt qua trinh oy
khi khoi cong dén lic hoan thién cong trinh. Cac moc can duge wu tién bo i 0 gan cac true doe truc
Ngang cua cong trinh va & cac cao trinh khac nhau thuan lot cho cong tac xay dung cong trinh
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MOt van d¢ dat ra 1a: lusi tam giac thuy cong phai thude hé quoc gia '\I’N2(i()()‘|}1hu;"8 (}()ng thoi cling 14
h¢ cong trinh va dat yéu ciu do chinh xéc rat cao (EVN, 2005)' e da‘l Ung you L(‘m (,O s ,phi“ thl.f? hign
cong viée: do tinh lréi GNSS ¢6 mée gde 1a diém toa do quoc gia (dé qhan fhr(-;f‘ t‘(’j" Nd(-’ ‘('NSS quoc gia
cua cac diém tam giac thuy cong), do goe canh do chinh xac cao hfmg may t”z‘"‘ d ?i,c 158 ll:r o

. V&i véu cau do chinh xac rat cao trong pham vi hep nén toa do (,'N3§ S 31(" chi la d;n}E Vi ban
dau trén mit chiéu gfn‘. can tinh chuyén vé hé cong trinh va chinh XflC hoa ‘bang,trg (‘)Atoan fjac thong qua
bai toan binh sai tu do. Tu trudge dén nay cac cong trinh nghién cu-uthu(mg ta?h rleng Congﬁoan nay:
cang chi chon 1 diém va chon 1 huéng phuong vi phat trién ludi (doi khi 1a hé gia dinh). Bai bio gi;;
quyet dong thdi tinh chuyén toa dd va binh sai tu do nhim dap img ca 2 yeu cau la: xay dl.mg s thy,
cong trong hé qudc gia nhung van dap tng do chinh xéac cao, tan dung uu diém cua cong nghé GNsg va
toan dac dién tr.

2. Co s clia phwong phap nghién ciru
2.1. Co sé cua tinh chuye‘;n toa d¢ va cdi chinh tri do canh toan dac

Co 50 cua tinh chuyén toa d¢ tir hé qudc gia vé h¢ cong trinh va cai chinh tri do canh toan dac duge
trinh bay trong Hinh 1.

o oM p. e
mat do cad\fé;l/wg trinh \/E/’(X Y)
‘ /
QQL.»YJ\Q / H,
mat docao goc ~/ Trong d6: )
\ WP‘X ¥ R=6371000 m 12 ban kinh Tri dit
\ / O(X,, Y,) la toa d6 diém trong tam;
Fo P(Xgnss, Y gnss) la diém toa do do bang GNSS:
\ / P(X,Y) 1a di€m toa d¢ trong hé cong trinh:
/ H, 1a d9 cao mit chicu;
/ Hp 14 d6 cao cua diém do;
/ S la canh do nghiéng;
¥ Dy, 12 canh do ngang; .
\ | / Dy 12 canh do ngang tinh cai chinh vé:
\ / mat chiu cong trinh;

D, 1a canh trén mat do cao gdc.
Hinh 1. Nguyén ly tinh chuyén toa d¢ vé hé cong trinh va cdi chinh canh do

Trong bai toan tinh chuyén toa do tir hé¢ quoc gia vé hé cong trinh can chon 1 diém trong tdm O,’ t‘géxigg
diém nay la khong doi, dugc sua dung thong nhat trong toan by dy an. Piém trong tim O (ilrf_yc xac ’
toa do co thé la tri trung binh cua cic diém tam gidc thuy cong, hodc gia tri toa dd tai vi tri dap, nt}a;élil
theo thiét ké. Nguyén tac tinh chuyén toa do vé h¢ cong trinh la gitr nguyén hudng phuno’ng'V!_Eu {fm‘_'
trong tam dén diém tam giac thay cong, cai chinh vao toa d§ diém tam giac thuy cong gia tri bien dans
cuia mui chiéu va do cao mat chiéu. Van dé nay duge xur ly qua cac buéde nhu sau:

Tinh khoang cach tur diém trong tam dén cac diém tam gidc thuy cong theo cong thire (1):

. :
B, = \[(Xynss - XU) + (ygnss . yo)
Tinh toa do diém trong h¢ cong trinh theo cong thire (2):

X — X" . l ( y"ztb Hine cosa (2)
WE (y) 0o+ (1 k- )uu +TDO](Sm )

trong do: k 1a hé¢ sO bién dang cua mai chiéu (thudng 1y 0,9999 ddi véi mai 39

)

)
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Y, = ———— — 500000 la hoanh do trung binh cua canh tir diém trong tam dén diém tam gias
(huy cONg: .
a la goc phuong vi cua huodng tir diém trong tam dén diém tam giac thuy cong:
pai voi tri do toan dac. vice cai chinh tri do duoc tinh theo cong thire (3):

‘ 2 Heanh—Hme
Dme = Do + (1 = ke = 1), Meann—time (3)
R? R

do — B do

P, *Yp ; :
’ r dau “uot D \ E \ ’ . 3 A A A 424 ~ =
rong d0: Yy = —F5—4 > = — 500000 1a hoanh do trung binh cua canh do tir diém dau dén diém cuoi:

Heann 12 d0 cao cua canh do;
N¢éu canh do T chiCu thi: He,,, = Hp.. (d0 cao cua diém dau canh).
€ Pd;m . J

— HPdau

Néu canh do 2 chiCu thi: H,,), = —8L_—cudi (45 caq trung binh cua diém dau va diém cudi

canh do).
2.2. Co so cua binh sai tw do lwdi tam gidc thiiy cong va quy trinh xay dung luoi
Vé cac bude cua binh sai tr do, dau tién 1ap hé phuong trinh sé hiéu chinh (Pang Nam Chinh, 2015:
Benzao Tao, 2017):
Vgéc = Agéc "X+ Lgéc; Pgéc
ch;mh = Acanh X+ Lcanh; Pcanh (4)
) Vgnss = Agnss X+ Lgnss; Pgnss .
trong d0: Vysc, Veanns Vgnss 1a vector s6 hiéu chinh cia trj do gobc, canh va gia so toa dg GNSS (AX, AY bo
sung néu can); )
Agocr Acanh,ﬁgngs lé} ma trdn hé s6 hé phuong trinh s6 hiéu chinh goc, canh, gia s6 GNSS;
X la vector an s6 (s6 hiéu chjnh toa d§ di€ém tam giac thuy cong);
Lgécr Leanny Lgnss 1a vector so hang tu do; ’
Pgscr Peanhs Pgn§s la ma tran trong so 9ﬁa tri do g(’)c, canh, gia sO toa d6 GNSS; ]
Theo phuong phap s6 binh phuong nho nhat, budc tiép theo 12 1ap hé phuong trinh chuéan:
N-X+1=0 (3
trong d6: N = A7 PgocAgsc + AlannPeannAcann + AhnssPynssAgnss 1a ma tran hé s§ phuong trinh chun:
Agéchéchéc
I'=| AL pnPeannLeann | 12 vector sé hang tu do ciia hé phuong trinh chudn.

T
Agnsngnss Lgnss

Bic diem cua hé phuong trinh chuén (5) 1a c6 ma tran h¢ s suy bién DET(N) = 0, ¢6 sé khuyét d. Dé
¢iai hé phuong trinh chuén nay cin phai thém diéu kién phu rang budc néi bd cac an s6 goi la didu kien
s0 liéu goc. Piéu kién do la:

sT-X=0 o , (6)
trong d6: S” 1a ma tran co s hang béng sb khuyét d va so cot bang so an sd, dang cua S ¢o6 thé tham khao
(Ddng Nam Chinh, 2015). ‘ ) ,

Nhu vay tir (4) va (6) hé phuong trinh chuan kem diéu kién sb liéu gde duoe viét lai la:

[0 ol =1 )

frong d6: K 1a ma tran kich thudc s6 cot la s6 khuyét d, s6 hang 1a 56 an s6 goi la ma trdn nhan L

agrange.
N S|[X]_[~!
[ST ()] IKI - I 0 I
Nghi¢m duy nhat cua hé phuong trinh chuén dugc xac dinh theo cong thire:
X=-Q -1 &
trong do: Q' =(N+ SST) ' goilama tran gia nghich dao.
Ma tran hiép trong s dao cua vector an s6 X duge xac dinh la:
Qxx=Q NQ’' =Q —Q'Ss'Q’ o
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Banh gia do chinh xac cua ludi trén cac ticu chi chinh nhu: Sai ) trung p!un”‘g trong so don Vi, saj N
trung phuong cua an so. elip sai s6 vi tri diém, sai 5O trung phuong turong ho,... duge tham khio theo g3
licu (Dang Nam Chinh. 2015, ('h;u'lcé D. Ghilani, 2017). Kiém dinh thong ké sau binh sai duge tipp the
ticu chi tham khao tai ligu (Charles D. Ghilani, 2017). :

I Iy thuyét co ban nhu trén, nhom tac gia tién hanh trién khai thuat toan v;;\ quyﬂtrmh Xay dt;rng lugi
tam giac thuy cong theo Hinh 2. Lap trinh viét phin mém binh sai ApnetPro dé tu dong xur ly sé lidu vi
kiem chimg thuat toan.

Cong tac chuan bi )

Do goc canh bing may | [ R . A ‘ N
toan dac I ’ ‘ Xay dung moc thuy cong >| Do GNSS tinh
J | '
‘ / an toa do dié N V2 C
Xir 1y dir ligu goc, canh |/ ’:‘;’:]P ;ﬂg‘c‘f‘ﬁ(’) ?]:;:“L::’L'LE / ‘ Xir 1y binh sai luéi GNSS |

] - ] - I

R Lap phuong trinh s6 hi¢u
chinh canh GNSS
; >

J Lap phuong trinh sb hiéu )
chinh goc do, canh do

|
|
|
Nhép dir li¢u do // Tinh chuyén toa d¢ vé hé¢ . ; Nhap toa d§ moc {
goc, canh /o cong trinh / thiy cong ‘
! |
| , , - :
| ' ) ./ Khai bio bo sung f
l “ / canh do GNSS
| I -
' ; .
|
l

‘ Lap dicu kién s6 ligu gbc

|

|

: I

[ l I

< Lap h¢ phuong trinh o ) i j
chuan

' Giai nghi¢m, trj binh sai

—»  Chuyén budc

LThc*’mg, ké va danh gia do |
chinh x4c — — > (6 thé b sung

,_ — 17 ¥7-17W‘7

(*7 Két thiic

Hinh 2. Quy trinh xdy ding ludi khdng ché mét bing thity cong
3. Két qua va thao luan

Khu vyc thyc nghiém la xay dyng lu6i tam gide thuy cong tai thy dign Ban V&. Thuy di¢n Ban V¢
dugc xay dung trén dong song Nam Non tai x3 Yén Na, huyén Tuong Duong, tinh Ngh¢ An. Day 13 thiy
dién 16m nhét khu vyc Bac mién Trung v6i cong suat lap may 320 MW, san lugng dién trung binh nam
1.084 triéu kWh, myc nudc dang binh thuong 200 m va c¢6 dung tich hd chira 1,83 ty m’ (EVN-GENCOI-

2017). :

Lui tam gidc thity cong gom 6 diém moc dinh tim bat buge duoce dat trén nén dét hogc da cimg, O
dinh (Hinh 3). Toa ¢ cac diém moc duge do t0a 49 que gia bang cong ngh¢ GNSS voi phuong phip °
tinh. Do goc canh bing Ay, tofn fac dl.én tr Leica kém phy ki¢n guong tiéu chuin, miy va guong ?c
dugc dinh tam bit budc. May toan dac dién i Leica co thong 6 do chinh xdc do goc 1,0"; o chinh X6
do canh dat 1,0 mm + 1 ppm » D; (D la chiéu dai canh dugc tinh bang km). Céc thong sé cua may d°
co so tinh trong so cua goc, canh do.
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o

Hinh 4. Do goccanh bang mady toan dac dlen ur Leica (anh EVN-PECC])

. Sau khi nhap sb liu gom: toa do diém tam giac thuy cong do biang GNSS lam goc khot tinh (¢o nhap
0 cao cua diém de lam co sO cdi chmh canh do), tri do goc, trl do canh, toa do diém trong tam, do cao
mat chiéuy, véu cau cai chinh phép chiéu (k = 0,9999) va yéu céu cai chinh d cao cho canh do toan dac.

Két qua tinh chuyen dugc lrmh bay trong Bang 1.
 Bang 1. Két qua tinh chuyén toa do tr hé ¢ Jum gia W hé « ong trinh

——

o
Diém |

QT()] A

QT2 |

K
|
L Q103
\ ) rO4

Toa dé do bang GNSS
_(VN2000, k =0,9999)

Konss(m) -
2139506.614 |

2139%32.996 |

2139635. 532

 2140014.635 |

2139823.096

06 | 2139777.070_

_ELS\( ‘n)

471990871 |

471715.669

471888, ‘)45

472206.464

472344.101

1472630 456

Toa do tinh Lhuym vé h¢ wnu trinh

X(m)

2 12 3‘)5()() 5846

21 3‘)833 ()()”57”

.ZH‘)()H 5173

21400146635

21398231026

2139777.0714

| (Xp= 2139765 m; Yo

Y(m)

471990. 8551

471715.6218
4718889175

4722064727
4723441254

4726305131

472130 m; H,

H(m)
208
243
245
219 |
198

9 5o b )

150 m)

. ml
Ghichu

|

du({y)c thdy su hi¢u qua khi tinh Lhuybn toa do tu h¢ qum gm vé hé cong trinh cua i do canh gée va 1
C tinh tir toa do GNSS, x¢ét do chénh léch trong Bang 2 canh
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Yang 2. So sanh chicu dai canh goc o hé quoc gia va canh saw cal chinh o h¢ cong trinh
Canh I'ri do g6 I'ri do trong he cong trinh
I \ ‘ . D, D, DD | Do D Dore- ; Gihi
Dau Cudr | (”"'\' | (m) | (mm) ‘ (m) [ (m) [ fnix)m | chy |
1| QT0s | QT06 ‘ 200.0638 | 290,0303 335 | 2900611 | 290,0634 | -2.3 | '
2| QT04 | QTOS | 235.8913 ' 235.8625 28.8 | 2358891 | 2358894 0,3 |
3 QT03 | QTo6 J 7549936 | 7548984 | 952 | 7549837 | 7549845 03 |
4 QT03 | | QTOS | 4923513 | 492, 2878 63,5 | 492, 2458 492,3439 | 1,9 |
5 QT03 | QT04 | 494.5679 494,5072 | 60,7 494,5615 | 4945636 | 2.1 |
6| QT02 | QTo4 ’ 523.3959 | 5233283 | 67,6 | 523,3892 | 5233878 | 14
C 7 QT02 | QTO05 | 628.5914 | 628, 5100 | 81,4 | 628,5844 5844 | 628,5816 | 2.8
8| QT02 | QT06 | 916.6100 | 916,4949 | 1151 | 916,5981 | 916,5994 | -13
9 | QT02 | QT03 | 262,7400 | 262,710l 20.9 | 2627361 | 262,7400 | -39
10 " QTO1A | QT03 | 164,3665 | 1643434 | 23,1 | 164,3643 | 1643621 22 |
| QTOIA | QT04 | 551,9421 | 551,8747 | 67,4 | 551,9357 | 551,9376 | -1.9 |
| QTOIA | QTO5 | 474,3300 | 4742703 | 59,7 | 474,3253 | 474,3243 0|
[ " QTOIA l QT06 | 694,5017 | 694,4173 84.4 | 694,4935 | 694,4965 | -3.0 |
1 ] I D6 léch trung binh | 67,8 Do 1éch trung binh 2.1 |

Tu Bang 2, thay rang viéc tinh chuyén toa d6 di giam thiéu duoc d6 chénh léch canh do tir 67,8 mm
xuong con 2,1 mm. Vi toa d6 diém do tir cong nghé GNSS chi la gia tri khoi tinh ban dau nén ndi bo lua
can chinh xac héa bang trj do toan dac dé giai quyét mau thuén gitra cac tri do va cung cAp gia tri binh sai
cua diém tam giac thuy cong thong qua bai toan binh sai ty do bang phén mém ApnetPro. Két qua duoc

trinh bay trong Bang 3.
Bang 3. Toa dj binh sai diém tam gidc thiy cong trong hé cong trinh

Diém I Toa d6 sau binh sai Elip sai sé
| Xpm) | Yy(m) Sy(mm) | S,(mm) t Ghi cha
) QTO1A | 2139506.5834 | 471990.8561 | 0,5 0,4 139°53'
" QT02 | 2139833.0024 | 471715.6215 | 0,5 0,4 133°58'
ﬁ QTO03 | 2139635.5203 | 471888.9172 | 04 0,3 132°30'
; QTO04 | 2140014.6629 | 472206.4723 | 0,5 0,4 136°35'
" QTO5 | 2139823.1032 | 472344.1269 | 04 0,3 105°06' |
h QTO06 | 2139777.0708 | 472630.5117 | 0,6 0,4 99°24'

Ket qua thong ké sau binh sai bang phan mém ApnetPro (Hinh 5) dugc bao cao nhu sau:

KET QUA DANH GIA DO CHINH XAC LUOI - ADJUSTMENT SUMMANY

1.SSTP Trong so don vi - Standard Deviation of Unit Weight = 0,8501

Z.SSTP vi tri Diem yeu nhat - Max positional RMSE (QT06) = 0,7(mm)
3.SSTP vi tri Diem nho nhat - Min positional RMSE (QT03) = 0,5(mm)

4.SSTP tuong doi Canh yeu nhat - Max Relative Error (QTOIA QT03): 1/231715
5.SSTP tuong doi Canh nho nhat - Min Relative Error (QT02 QT06): 1/1094379
6.SSTP Phuong vi yeu nhat - Max azimuth RMSE (QTO1A_QT03): 0,40(")

7 §STP Phuong vi nho nhat - Min azimuth RMSE (QT02_QT06): 0,11(")

PHAN TICH THONG KE BINH SAI- ADJUSTMENT STATISTICS

[_an tinh lap
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Hinh 5. Xur ly lum tam gidc thuy cong bang phan mém ApnetPro
Thong qua két qua bao cao binh sai tu do ludi tam giac thiy cong, nhén thay cac tidu chi déu dam bao
véu cau k¥ thuat vé d6 chinh xac.

4. Két ludn

Tir két qua thuc nghlem vé xay dung ludi tam giac thuy cong trén co so do tinh luot GNSS, van de
tinh chuyén toa do, cai chinh tri do, binh sai tu do trong cung mot quy trinh nhin thdy: tdc do xur lv nhanh
chong, tr dong hoa cao. Ludi tam giac thay cong tai cong trinh thuy dlen Ban Vé véi1 6 diém do tmn
GNSS, do 26 goc, do 13 canh toan dac; Xur ly s0 liéu sau binh sai dat sai s6 trung phuong trong sé don vi
0,8501, sai sb trung phuong vi tri diém yéu nhat dat 0,7 mm, sai s& trung phuong tuong doi canh yéu nhat
dat 1/23171 5, sai sO trung phuong phuong vi yéu nhét dat 0,40". Cac diém nay ¢6 do chinh xac cao phuc
vu 16t cho th] cong va quan tr 4c bién dang cong trinh. Quy trinh xu ly dong b trong | lin chay phan
mem, dam bao su théng nhét va tranh sai sot.

Kién nghi EVN (va cédc cha dau tu cac du an xay dung thuy dién) ap dung quy winh va ptmn mem

xu 1y sb liéu ApnetPro dé tang nang suét lao dong, dam bao do chinh xac khi xay dung luot tam giac
huv cong. -
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ABSTRACT

Building the horizontal network for hydropower projects by
combining local coordinates transformation and free adjustment
networks

Tran Trung Anh"?* ", Nguyen Quang Ha’
!Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology
“Geomatics in Earth Sciences Research Group (GES), Hanoi University of Mining and Geology
’EVN-GENCO!

The paper presents the purpose of constructing a horizontal network for the Ban Ve hydropower project
in Nghe An province. The research methods employed include the construction geodetic method, a case
study of field measurements using high-precision total stations and GNSS static measurements, the free
adjustment method, accuracy assessment and processing, as well as addressing issues related to
coordinate transformation and observation corrections. The research result is the technical workflow and
processing the network to serve the construction and deformation monitoring of hydroelectric works. The
experiment conducted at the Ban Ve hydropower project involved 6 GNSS static measuring points, 26
angle observations, and 13 distance observations using total stations. The data processing after adjustment
resulted in a unit weighted mean square error of 0.8501. The weakest point had a mean square error of OA"‘
mm, the relative mean square error of the weakest distance was 1/231715, and the mean square error of
the weakest azimuth was 0.40". These points exhibit high accuracy and provide an accurate reflection of
the reality at the Ban Ve hydropower experimental area. They effectively serve the purposes of surveying,
construction, and deformation monitoring.

Keywords: Horizontal network, total station, GNSS, free adjustment networks, hydropower projects.
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