Nghién ctiu - Ung dung

NGHIEN CUU THUAT TOAN PHAT HIEN SAI SO HE THONG
DO CHIET QUANG TRONG PO GOC PUNG CUA LUOI
KHONG GIAN CONG TRINH KET HQP MAT PAT - VE TINH
HOANG NGQC HA®, VU THAI HA®

OTrwong Pai hoc M6- Pia chit
@Truwong Pai hoc Xay dung

Tom tit:

Tri do mat dat trong luoi két hop mat dat — vé tinh hién nay chi yéu la tri do goc bcing va tri do
canh nghiéng. Voi do chinh xac do goc cua cac may toan dac dién tir hién dai, sai 56 do goc co 17,
hodn toan cé thé do thém tri do goc dirng lam ting do chinh xdc xdc dinh do cao cho dang hedi
khong gian két hop mdt dat — vé tinh. Tuy nhién, trong qua trinh do goc du’ng khéng thé tranh khoi
nhiéu nguon sai s6, ddc biét la sai s6 he thong do anh hwéng cia chiét quang. Trong bai bdo da
nghién ciru thudt toan phdt hién sai s6 hé thong trong do goc dirng, nham ndng cao dé chinh xdc
xac dinh do cao trong luoi khong gian két hop mat dat —vé tinh. Viéc nghién curu thudt toan binh sai
nay ca vé phwong dién 1y thuyét va thuc tién da dwoc thwe hién thanh céng va trinh bdy trong badi

bao.
1. Pit van dé

Khi xir 1y s6 liéu do dac tric dia can quan tim
dén cac sai s6 do theo tinh chit va quy luat xut
hién ciia chiing, véi ba loai sai sd: sai s6 tho (sai
1am), sai s6 hé thong va sai sb ngau nhién. Bai
toan binh sai theo phuong phap s6 binh phuong
nho nhat 12 bai toan binh sai kinh dién dé xir 1y
tri do ¢ chira sai s6. Tuy nhién, bai toan nay chi
thuc hién dugc va ding khi cac tri do trong ludi
da dugc loai bo sai s6 thd va sai s6 hé thong,
trong két qua do chi con lai sai s6 ngau nhién.
Viéc nghién ciru sai s6 thé va cac thuat toan xir
1y khi tri do chura sai s tho, chung t6i cling da
quan tim nghién ctru va cong bd bai bao vé sir
dung binh sai truy hoi dé phat hién sai s6 tho trén
tap chi Khoa hoc k¥ thuét Pai hoc M¢ - Dia chét
[1].

Khi xét day tri do cua cung mét dai lugng,
néu thiy cac sai s6 do c6 cung tri sd va dau
khong ddi hodc bién doi theo mot quy luat nhat
dinh nao do thi trong do tdn tai sai sd hé théng.
Sai s6 hé théng do cac nguyén nhan hoan toan
xéc dinh va xuét hién c6 quy luét 1 rang. Trong
qué trinh do dac, can ap dung cac phuong phap,

thoi diém do thich hop nhdm han ché su xuét
hién sai s6 hé thong. Dé loai bo hodc giam bat
sal s6 hé thdng trong két qua do, thong thu:orng
can biét nguyén nhan va quy ludt xut hlen roi
dung phuong phap kiém dinh tim dugc tri s cua
no6 dé cai chinh vao két qua do.

Hién nay, trong cong tac thanh 1ap ludi tric
dia, dang tri do géc dung it dugc st dung do dat
hiéu qua thap hon cac dang tri do khac nhu goc
bang, canh hay do vé tinh. Mot trong nhiing
nguyén nhéan chinh din t6i d6 chinh xac khong
tt cia cac tri do goc dimg 1a do bi anh hudng
dang ké boi cac ngudn sai s6 hé thong khac
nhau, chii yéu do anh huong cua chiét quang.
Cac sai sb hé théng nay, ma dac biét la sai s6 do
chiét quang, khong thé han ché hét trong qua
trinh do dac nén van ton tai trong két qua do goc
dung trude khi dua vao bai toan binh sai chung.
Dé ning cao do chinh xac do géc ding, dd co
mot sb nghién curu vé viéc kiém dinh may trudc
khi do dac nhu [2], [3] nhdm hiéu chinh céc sai
s6 hiéu thong vao két qua do. Phan tich vé anh
hudng cia cac sai s6 hé théng trong két qua do
goc dimg va do goc ngang ciing duoc dé cap dén
trong nghién ctru [4]. Tuy nhién van chua c6
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nghién ctru ndo dé cap dén viéc xur 1y s lidu tri
do goc dung co chira sai s6 hé thong két hop
trong bai toan binh sai theo nguyén 1y sd binh
phuong nho nhat. Tie 13, hau hét cac nghién ciru
déd c6 déu tap trung vao han ché sai s6 hé thong
trude khi tién hanh do goc ma chua co phuong
an phat hién sai s nay trong két qua do. Trong
khi, sai s6 do chiét quang trong do goc dimg thi
khong thé tranh khoi va ludn ton tai trong két
qua do goc dung ma khong thé xu Iy triét dé
trude binh sai.

Nhan thiy, viéc nghién ctru cac thuit toan dé
phat hién sai sb hé thdng trong do goc ding la
can thiét, nham nang cao kha ning 4p dung cia
dang tri do nay trong thanh 1ap ludi khong ché
tric dia hién nay. Chung t6i da nghién ctru thuat
toan phat hién sai s6 hé thong trong ludi khong
gian két hop tri do mat dat — vé tinh va bang cac
tinh toan thyc nghiém, chiing minh dugc tinh
dung dén cua thuat toan. Két qua cua bai bao
dong gop cho viée phan tich sb liéu do tric dia,
nang cao do chinh xac xac dinh thanh phan do
cao trong ludi khong gian két hop mat dat —vé
tinh.

2. Trj do goc ding trong ludi khong gian
két hop tri do mit dit — vé tinh

Lu6i khong gian mat dat — vé tinh 13 dang
lu6i khéng ché dugc thanh 1ap véi hai dang tri
do: tri do mat dat va tri do vé tinh. Tri do mit dat
1a mot hodc dong thoi cac tri do: khoang cach
nghiéng, goc ngang, goéc dung (hodc goéc thién
dinh). Trong hau hét cac nghién ctru hién nay,
khi dé cap dén quy trinh do va tinh toan ludi
khong gian két hop mit dat — vé tinh, méi chi dé
cap voi dang tri do mat dat 1a gb6c ngang va canh
nghiéng ma chua dé cap dén s dung goc dung.
Véi cong nghé phat trién nhu hién nay, do chinh
xac do goéc cua cadc may toan dac dién tir ngay
cang cao, sai s6 do gbc ¢ +1” véi cac may
(Leica TS16, Nikkon DTM — 760, Topkon GTS
-601..) hoac nhé hon c& + 0,5 (Leica TC —
2003, Leica TS60...). Thuc té v6i thong sé do
goc tot nhur ké trén, trong mot sd truong hop can
thiét c6 thé do thém cac goc dung trong ludi
khong gian két hop tri do mat dat — vé tinh.

Uu diém cua viéc do thém tri do goc dung 1a:
Tang thém sb tri do thira trong ludi.

C6 thém gia tri chénh cao luong giac dé so
sanh voi gia tri chénh cao GNSS.

Tri do goc uu tién trong ludi khong gian voi
truong hop cac diém c6 chénh 1éch do cao 16n 1a
do goc dimg. Vi khi do nghiéng tia ngam 16n thi
sai s6 ctia huéng ngang va goc ngang sé dat gia
tri dang ké. Nén han ché sir dung tri do goc
ngang gitra cac diém c6 chénh léch d6 cao 16n.

Nhuoc diém cua viée do thém tri do goc dimg
la:

Viée b tri do goc dung trong diéu kién xay
dung khong phai ltic nao ciing that sy thuan tién,
dam bao thong hudng.

Quy trinh do phai tuén thi chit chd dé dam
bao d6 chinh xac, goc ding phai duoc do ca
chiéu di va vé (thay d6i vi tri dat may va diém
ngim).

bic biét 1a do thém goc dung khong phai luc
nao ciing 1am cho Iuéi tét 1én, ma con c6 kha
nang lam giam d¢ chinh xac cua ludi do viée do
goc thién dinh bi anh hudng boi nhiéu ngudn sai
s6 h¢ théng. Do vay ciing gidng nhu tri do goc
b?mg, khi dua vao xu ly s6 liéu can linh hoat
trong viéc co sir dung hay khong cac két qua do
gbc dang.

Dua vao cac phan tich trén, nhan théy tri do
goc dimg 1a dang tri do nén c6 nhung khong bat
budc trong ludi khong gian két hop mat dat — vé
tinh. P& nang cao kha nang s dung dang tri do
nay, nham tang tinh chat ché cho ludi khong gian
xay dung duoc, chung toi dé xuét st dung thuat
toan phat hién sai sé hé thong cua tri do goc
dtrng. Thuat todn c¢6 kha nang phat hién ra gia tri
cua sai s6 hé thong t6n tai trong két qua do goc
dung duoc két hop trong qua trinh xur Iy s6 liéu
lu6i khong gian mat dat — vé tinh. Day ciing 1a
wu diém cua ludi két hop mat dat — vé tinh so véi
dang lud6i chi do mot dang tri do v¢ tinh hodc tri
do mat dat. Chi khi c6 thém trj do vé tinh véi do
chinh xac cao, méi c6 thém gia tri kiém tra va
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cho phép phat hién sai sb trong két qua do goc
ding néu co.

3. Thuit toan phat hién sai s6 hé thong
trong do goc dirng ciia lwéi khong gian xay
dung cong trinh ket hop tri do mat dat — vé
tinh

Goi gia tri goc thién dinh do dugc co ton tai
sai s6 hé thong (chii yéu do anh hudng cua chiét
quang) 1a Z. Ludi khdng ché tric dia trong xay
dung cong trinh co pham vi hep nén anh huéng
clia chiét quang la hang s0 va ki hiéu la c. Khi d6
gid tri xac suat nhét cta goc thién dinh Z duoc
tinh theo cong thurc:

E=Z-¢ (1)

Theo phuong phap binh sai gian tiép thuc

hién trong h¢ dia dién chéan troi, néu lfiy ansb la

toa do dia dién cac diém X;, Vi, Zi (VOI1=1+n,

n 1a s6 diém can xac dinh trong ludi). Phuong

trinh (1) bién d6i dwoc thanh phuong trinh lién
hé nhu sau.

Z=F((xy2z) +c 2)
O day

(H,—H,)+(@-1)
Y —x ) + (- 1)

Z=F (x,v.z)=arcctg

Trong d6: H;, — H; 1a chénh cao lugng giac
giita 2 diém, ¢ 1a chidu cao may, / la chiéu cao
tiéu ngam. Trong pham vi hep ctia cong trinh, do
1&ch day doi c6 thé coi la nhu nhau, (H;, — H,) co

thé coi bang (z; — z,).

Tt (2), xac dinh dugce phuong trinh s6 hiéu
chinh kém an s0 1a sai s6 hé thong ¢ d6i voi goc
thién dinh Z; c6 dang nhu cong thuc:

Yz = Af;‘.(?xg + Bi;ﬁyf + Ci;\,(SZg + Ag\-f[‘]\xk +

3)
+ Bkiéyk + Ckiazk + dc + Ez“.(

.0 .0

I .
—.cotgZ, :

Ay =- Ay By =- By, Chi =-Cy,
D=7 -x) + (32 -3

F oo

Izrk :Z;:— _Z;::- cot gz':r - ED.? f

K

Chi s6 “0” ¢ phia trén thé hién tri gan ding
cua cac toa do.

Quy trinh xr 1y s lidu ludi khong gian két
hop mit dat — vé tinh, véi phuong trinh sb hiéu
chinh tri do géc ngang, canh nghiéng, tri do vé
tinh da dwoc dé cép dén trong [5, 6]. Nhu vy,
van v6i quy trinh xir 1y s6 liéu ludi khong gian
két hop mat dit — vé tinh d biét, chi thém
phuong trinh sé hiéu chinh goc thién dinh theo
cong thire (3). Két thuc ba1 toan binh sal két hop,
nhan duoc ngay gia tri 4n ¢ 1a sai s6 hé thong
trong do goc thién dinh Z. Tu gia tri ¢, danh gia
duogc chit luong do goc thién dinh cua ludi. Co
thé cai chinh gia tri ¢ vao két qua do goc thién
dinh dé ting do chinh xac cua cong tac xir 1y s6
liéu.

Hon nita, v6i cong nghé ngay cang phat trién
nhu hién nay, kha nang ap dung dang lu6i khong
gian trong thi cong xay dung mot s6 dang cong
trinh da tro nén kha thi hon so voéi trude day.
Ludi khong gian ¢6 wu diém véi dang cong trinh
c¢6 pham vi nhé, nhung chénh cao giita cac diém
trong ludi rat 1on, nhu trong cong tac chuyén
truc 1én nha siéu cao tang. Ludi khong gian cho
phép xac dinh dong thoi ca ba thanh phén toa do
X, y, z. Khi do, viéc bd sung thém tri do goc diing
(da duoc han ché sai s6 hé thong, ma dic biét 1a
sai sO do chiét quang), s& nang cao do chinh xac
xac dinh thanh phan do cao trong ludi. Nhimng
van dé nay da duoc nghién ctru va trinh bay két
qué trong [7]. Vay, nghién ctru nham xac dinh sai
s6 hé thdng trong do goc dimg cia ludi khong
gian két hop mat dat — vé tinh 1a can thiét. O muc
4 sau day s& trinh bay cac thuc nghiém xir 1y s6
liéu danh gia thudt toan phat hién sai sb hé théng
trong do goc dung.

4. Thuc nghiém

Dé minh chimg cho thuat toan phat hién sai
s0 h¢ thong trong do goc dung, chiung toi da xay
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dung va do dac ludi thuc nghiém la ludi khong
gian két hop mat dat — vé tinh. Ngoai cac tri do
vé tinh, goc bang, canh nghiéng con do thém céc
tri do goc ding tai nhiing vi tri thuan loi. Vi tri
thue nghiém: Nha CT2A (28 tang), Khu nha &
Quan doi, xa Thach Ban, quan Long Bién, Ha
Noi. Hinh 1 1a so dd ludi thuc nghi¢m.

O3

& MOQG

L,

Hinh 1: So do vi tri cac diém ludi thuc nghiém

Trén hinh 1: Cy, C,,C; 1a cac diém khong ché
trén mat dat ¢ xung quanh cong trinh; T,
T,,T5,T, 12 4 diém khong ché dit trén mai (ting
28) ngo6i nha. May moéc dung cho do dac thuc
nghiém: may thu GPS Trimble 2 tan Trimble
R8s; may toan dac dién tir Leica TC-1201 co6 d9
chinh xdc do dac mg = + (1+1.5ppm.D)mm; mg
=+ 1”. Tién hanh do GNSS toan b 7 diém luéi
va do ndi ludi véi diém Qubc gia (MQG). Sau
d6, bang may toan dac dién tir: do cac goc ngang
va canh ciia tir gidc tric dia trén mai nha
(T, T,T5T,). Ngoai ra, st dung may toan dac
dién tir @& do thém 3 goc dung tir cac diém
khéng ché trén mat dat 1én mot s6 diém & tﬁng

28 cua toa nha. Thong sb cua ludi thuc nghiém
trinh bay trong bang 1.

Cac goc dung nay dwoc do nhiéu lan, tai
nhiéu vi tri 6ng kinh va & cac thoi diém khac
nhau trong ngdy: sang, trua, chiéu. Két qua do
goc dimg tai 3 thoi diém khac nhau trong ngay
thé hién ¢ bang 2.

Pé xur ly sb lidu theo cac thuat toan néu &
muc 3, chung t6i da tién hanh 13p trinh binh sai
ludi khong gian mat dit — vé tinh ¢6 kém thuat
toan phat hién sai s6 hé thong cuia goc ding bang
ngdn ngit Visual Basic. Két qua tinh bang
chuong trinh v6i goc dimg do vao budi sang
08h30 cho két qua tdt, co cac gia tri toa do tuong
tu nhu bai toan binh sai chi bao gém tri do vé
tinh, goéc ngang va khoang cach ngang giira cac
diém trén ting 28. V&i sb lidu do 08h30’ sang,
phat hién duoc sai s6 hé thong cua do goc ding
v6i an sb ¢ = — 0.317. Két qua sai sb hé thong
nay khong dang ké nén khong lam giam di chat
luong do cua ludi. Nghia la d6 chinh xac do goc
dang tuong duong véi cac dang tri do khac khi
khong bi anh huong boi sai s6 hé thong.

Két qua tinh v6i goc dimg do vao budi trua
11h45° va budi chiéu 14h45’ cho sai sb hé thong
ctia goc dung sai 1éch dang ké 1an luot 1a ¢ = —
4.40” va c =—2.97”. Pdng thoi, két qua bai toan

Bdng 1: Théng s6 ciia mang ludi

STT Tén tham sb Giati | STT Tén tham sb Gia tri
1 | Téng sd diém 8 7 | SO tri do GNSS 20
2 | So diém goc 1 8 Sai s6 do goc "
3 | S6 didm moi 7 9 Sai so do canh 1+2.105D
4 | So gbe bing do 8
5 | 86 canh nghiéng do 6 10 | Dang ludi Kh(?ng glan mat
- dat — vé tinh
6 | So goc dirng do 3

Bdng 2: Két qua do khodng cdch nghiéng tai ba thoi diém trong ngay

Sé | Ki higu diém do géc Goc diing Géc ding Goc dimg
T Pau Cubi do 8h30” sang Do 11h45" trra | Po 14h 45° chiéu
1 Cl 1 210333 21°03°26"" 21°03°29"

2 Cl 4 19010737 19010732 19°10°35™

3 c2 1 18052°23" 18952722 18952720
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binh sai chung c¢6 d6 chinh xac giam di so véi két
qua do vao 08h30’ sang. Két qua goc dung sau
binh sai va sai s6 hé thong do goc dung cua 3 1an
do goc dung dugc trinh bay trong bang 3, 4, 5.

Nhan thay két qua thuc nghiém tinh dugc sai
s6 hé thdng cua goc dimg tai cac thoi diém khac
nhau trong ngay 1a pht hop véi thyc tién. Sai s6
do goc dung vao thoi diém giira trwa khé 16n, 16n
hon 4 14n sai s trung phuong do goc theo 1y lich
may. Nhung két qua do nhiéu 1an tai cing thoi
gian nay trong ngay déu sai cling mot gi tri nhur
vy nén day chinh 1a gia tri cia sai s6 hé thong
(chu yéu 1a do chiét quang). Vay, khi di do goc
ding nén do vao thoi diém sang som, tranh thoi
diém giira trua hodc dau gio chiéu. Do giita trua
va dau gio chiéu, két qua do goc dung sé sai léch
do nhiéu nguyén nhan khac nhau, dic biét 14 sai
s6 do chiét quang.

Sau khi tim dugc cac gia tri c, tién hanh stra
chita cac tri do goc dung va bai toan dugc binh
sai lai tir dau dé dam bao do tin cdy cua két qua
binh sai ludi.

Ngoai thyc nghiém tinh bﬁng ) liéu thuc té
v6i cac thoi diém khac nhau trong ngay, chiing
t6i da thyc nghiém tinh v6i s 1iéu mo hinh bang
cach 1y gia dinh cac sai s hé thong. Két qua
cling phat hién dugc chinh xac gia tri sai sb hé
thong nhu da gia dinh véi sai léch +0,5”. Diéu
nay mot 1an nira khing dinh tinh ding din cia
thuat toan.

5. Két luan
Tu nhing nghién clu ly thuyét va thuc

nghiém néu trén, c6 thé rut ra mot so két luan
nhu sau:

Bdng 3: Két qua xir Iy géc dirng do vao 08h30’ sang

Sé | Ki higu diém do goc Gac dimg o Goc dimg
\ - L S0 hiéu chinh R .
T bau Cuol do 8h30” sang Sau binh sai
1 Cl 1 21°03°33"" -0.16" 21°03°32.84""
2 Cl 4 192107377 +1.047" 19°10°38.04™"
C2 1 180527237 +0.04"" 18052°23.04™"

Sal‘so hf? thqng c 031"
cua goc ding

Bang 4: Két qua xir Iy géc ding do vao 11h45’ triea

S6 | Ki hiéu diém do goc Gobc dimng . , Gaéce ditng
N . K S0 hiéu chinh R .
T Pau Cuoi do 11h45" trra Sau binh sai
1 Cl 1 21003726 +5.50" 21°03°31.50
2 Cl 4 19°10°32" +4.97"" 19°10°36.97"
3 C2 1 18052°227 +2.707 18052°24.70™

Sal_so h? tllQllg c 4407
cua goc ding

Bdng 5: Két qua xir Iy géc ditng do vao 14h45’ chiéu

S6 | Ki hiéu diém do goc Goc ding o Goc dimg
‘ - L S0 hiéu chinh ) )
T Pau Cubdi do 14h45” chieu Sau binh sai
1 C1 l 21003729 +3.38” 21°03°32.38”
2 Cl 4 19010735 =3.17" 19°10°38.17"
2 1 180527217 +2.35" 18052°23.35"

SBL‘SO hf? thgng c o7
cia goc ditng
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1) Thuat toan phat hién sai s6 hé thong (chu
yéu do anh hudng cia chiét quang) ton tai trong
tri do goc dung dugc két hop trong qué trinh xur
1y sb liéu ludi khong gian mat dat — vé tinh cho
két qua phu hop va co thé tng dung trong thuc
té dé két qua sau binh sai duoc tét hon.

2) Khi di do goc dung nén do vao thoi diém
sang som, tranh thoi diém giita trua hodc dau gio
chiéu. Do giita trwa va dau gid chiéu, két qua do
goc dimg s& sai léch 16n hon do nhiéu nguyén
nhan khac nhau, trong d6 anh huéng cua chiét
quang .

3) Khi do dac va xay dung ludi tric dia cong
trinh, nén quan tim dén van dé chiét quang va
xac dinh tham sb cia sai sd chiét quang trong
diéu kién Viét Nam.Q
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Research on algorithm to detect systematic error due to refraction in the vertical angle
measurements of the combining terrestrial and GNSS spatial construction networks

Hoang Ngoc Ha, Hanoi University of Mining and Geology

Vu Thai Ha, National University of Civil Engineering

The current terrestrial measurements in the combing terrestrial — GNSS network is mainly hor-

izontal angle measurements and slant distance measurement. Because the accuracy of measuring
angle of the modern total station is getting better and better, approximate + 17, it is possible to meas-
ure vertical angle in order to increase the accuracy of determining z - coordinate for the combining
terrestrial — GNSS spatial network. However, in the process of measuring vertical angle, it is
inevitable that many sources of error, especially systematic errors. In order to increase the accuracy
of determining z - coordinate in the combining terrestrial — GNSS spatial network, in this the arti-
cle, we presented the algorithm to detect systematic errors in measuring vertical. The study of this
adjustment algorithm has both theoretical and practical been successfully implemented and present-
ed in the article.O
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