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UNG DUNG THUAT TOAN TRUY HOI TRONG THIET KE TOI UU
LUOI QUAN TRAC BIEN DANG CONG TRINH

LE BUC TINH, Truong Pai hoc M6 - Pia chdt

Tém tat: Ludi quan trdc bién dang cong trinh co yéu cau €ao vé do chinh xdc, Vé thoi gian
thi céng lwéi. VI vay, khi thiét ké hedi can phdi dp dung cdc bi¢n phap 16i 1eu nham xdc dinh
phuwong dn ludi phit hop. Viéc thiét ket ludi theo phuong phap 16i wir la mét qud trinh tinh ldp
phiic tap, trong do phdai xem xét tGi vo so  nhitng phirong dn thiét ké. Do dé, gidi phdp phii hop
nhdt la ap dung thudt toan truy héi, vi thudt todn nay cho phép xdc dinh nhanh chong ma tran
trong s6 dao ciia cac an khéong thong qua viéc thanh ldp hé phirong trinh chudn. Trén co s¢
nghién ciru ly thuyét da xdy dung hé thong thudt todn va quy trinh xu Ly so liéu phu hop trong
thiét ké t6i wu mang lwdi theo do chinh xdc. Tinh ding dan ciia cdc van dé néu ra da duwoc

kiém chitng théng qua vi du thuwc nghiém.

1. Coséli thuyét ciia thuit toan truy hoi

Luéi quan trac bién dang cong trinh Ia cong
tac tric dia ¢4 do chinh xac cao trong trac dia
cong trinh, khi thiét ké ludi quan tric doi hoi phai
ap dung cac bién phap ti wvu nhim xac dinh
phuong an ludi phu hop nhat. Bai bao niy s&
khdo sat viéc ung dung thuét toan truy hoi trong
thiét ké t6i wu ludi quan tric bién dang cong
trinh.

Cong thire truy hoi tinh ma tran nghich dao
dugc dua ra theo [5, 6]r

_ QiaiaQ,

Q=Qu-——"~ 7, 1)
pi + aiQi—lai
trong d6: ai, pi 1a vector hé sb phuong trinh s6
hiéu chinh va trong s cia tri do thir i, Ri, Qi la
ma tran hé ) hé phuong trinh chuin va ma tran
nghich ddo tuong Ung.

Tr (1) cho thiy, dé xac dinh ma tran nghich
dao Q tmg v6i tri do thir I, can phai tinh ma tran
trong s6 dao cua tri do thir (i-1).

Ma tran Qo xudt hién khi thuc hién tinh toan
v6i tri do thir nhat. Co thé xac dinh ma trén nay
dua trén co so suy luan: Gia sir rang tat ca an sO
cua luoi duge do doc 1ap voi ma tran trong so Po.
Theo 1y thuyet binh sai c6 tinh den sai 86 s6 liu
gbc, s& viét dugc ma tran hé sb cua hé phuong
trinh chuan:

R=R+P, . @)
Trude hét, tinh ma tran Qo = Pol, diéu nay
dong nghia véi viée dua vao ludi cac “tri do a0”

vdi trong so gan bang 0. Pt Qo=10"E véi m rat
16n, s6 m can chon sao cho dai luong 10™ c6 gia
tri nho khong dang ké so véi sai sb tinh toan.
Trong trudng hop nay, két qua binh sai cudi ciing
s& khong chiu anh huong ctia m. Thuc té cho thy
6 thé chon m =5 + 6 [1].

Phuong phap binh sai v&i cach tinh ma tran
nghich dao theo cong thirc truy hdi c6 uu diém
la: trong bai toan khao sat do chinh xé4c cua cac
mang ludi tric dia, nhidu truong hop phai thay
d6i s6 dai lugng do, nhu bd sung hodc giam bét
cac dai luong do, khi d6 cong thuce truy hdi cho
phép khong can phai lap lai hé phuong trinh
chuén va tinh ma tran nghich ddo tur dau, nén rat
thun tién cho viéc tinh toan thiét ké ludi [6].

2. Ung dung thut toan truy hdi trong thiét ké
toi wu dd chinh xac lwéi quan tric bién dang
cbng trinh

Truong hop khi ludi dugc thiét ké tdi wu theo
dd chinh xac, bai toan duoc dit ra 1a: Can xdc
dinh phirong dan lw6i ¢é do chinh xdc cao nhat
voi chi phi (thoi gian, nhan vat luc, gia thanh)
cho trirde. Ham muc tiéu duoc chon 1a ham sb
thé hién d6 chinh xac ludi (c6 thé coi 12 sai sd tai
vi tri yéu nhat cia mang ludi), hé diéu kién rang
buoc thé hién chi phi thi cong ludi. BJ chinh xéc
cua cac dai luong trong ludi phy thudc vao céac
yéu té nhu: so d6 phén b vi tri cac diém luoi, do
chinh xac do dac, s6 lugng cac yéu to dugc do.
Khi vi tri cac diém va sai s6 do cac yéu td trong
ludi da dugce xac dinh thi @6 chinh xac cua ludi
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chi con phu thudc vao $6 luong, chung loai va
phan b ctia cac dai lugng do trong ludi [3].

Ki hi¢u do chinh xac cia mang ludi l1a Z, tap
hop céc dai lugng do co thé thuc hién trong ludi

1a (X1, Xz, .,xn). Khi d6 ham muc tiéu dugc viét dudi
dang tong quat nhu sau:
Z="F(X;, X500 %) 3

Coi chi phi thi cong ludi theo thiét ké (ky
hiéu W) 1a ham tuyén tinh ddi véi cac dai luong
do trong ludi. Mit khac, dé bao dam do tin cay
ctia ludi thi theo [3] sé luong tri do thira trong
lu6i phai lar=~ (0.5 + 0.7)t (véi t 1a s tri do can
thiét). Pé bao dam diéu kién d6, dbi véi mdi
diém ludi can c6 mot s6 luong tdi thiéu hudng
do nd. Ki hiéu sb lwong hudéng do ti thiéu dén
mdi diém ludi 14 V, s6 hudng do dén diém m bat
ky 1a Hm, & (i =1, n) 1a chi phi do dai lugng xj, k
1a s6 diém khéng ché trong ludi. Khi d6, hé diéu
kién rang budc c6 thé viét nhu sau:

ax, +a,X, +..+a,x, <W A

>V;(m=1+Kk) )

DE thiét ké t6i uu theo do chinh xac ludi, ban
dau mang luéi dugc thiét ké véi tdt ca cac dai
lirong do cé thé. Sau d6 lan luot giit lai nhom dai
luong do (theo td hop), sao cho chi phi do luéi
khong vuot qué chi phi da an dinh trong ban thiét
ké. V&i mdi to hop dai lwong do sé& thuc hién bai
toan udce tinh do chinh xac ludi dé trén co s¢ d6
xéc dinh sai s6 diém yéu (sai s6 vi tri diém hodc
sai s theo huéng) theo cong thirc:

m, = Max(m,,m,,...m,) . (5)

Giai phap khao sat do chinh xéac theo t6 hop
cac phuong an nhu trén doi hoi khéi lwong tinh
toan rat 16n, thoi gian tinh toan phu thudc vao sb
luong diém, s6 dai lugng do trong mang ludi. Ki
hiéu N, N1 1an luot 1a téng sb dai luong do va sb
dai luong do giit lai trong phuong 4n tinh, thi s6
luong phuong an can phai thyc hién wdc tinh d6
chinh x&c la:

I
= _ Nt . (6)
N, I(N—N))!

Véi viée ap dung thuét toan truy hdi va tng
dung giai phap tinh todn thong qua cong cu lap
trinh trén may tinh thi xtr 1y bai toan v4i nhiéu
phuong 4n khong con 1a tré ngai dang ké.

Thyc hién thiét ké t6i wu do chinh xac ludi,
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md hinh va thuat toan tinh tdi wu duoc xay dung
nhu sau:

a) M0 hinh bai toan:

- Chon bién s6 thiét ké: Bién so thict ke duoc
chon 1a cac dai lugng do trong ludi

- Ham muc tiéu

Z=f1(X1,X2,...,Xn) — Min

- Heé diéu ki¢n rang buoc

+ M < MTpjetke

+ Chi phi thanh 1ap ludi Wo < W
+Hn> V.
b) So do thudt toan

Nhap dir liéu ciia mang
ludi
Xéc dinh tong s6 phuong
an (w), i=1
A 4
Chon tap tri do phuong |
an i b
Uéc tinh 1= i+1
dd chinh xéc ludi Sal
Dung Dung
~— Chon phuong an
Chap nhan ¢6 d¢ chinh x4c
phuong an i cao nhat

Hinh 1. So dé tinh todn thiét ké t6i uu
do chinh xac

3. Thue nghiém thiét ké t6i wu lwéi

Mang luéi thuc nghiém la ludi co s¢& mat
bang quan tric chuyén dich ngang nha may thuy
dién Hoa Binh [2]. Day la ludi tam giac do canh,
cac canh dugc thiét ké do vai do chinh xéc
ms=1mm-+0.5 ppm, sé luong canh t()i da c6 thé
do duoc trong mang ludi la 15. Yéu cau do chinh
xé4c quan tric d6i voi cong trinh nay duoc dua ra
& mg=t6mm [2]. Néu chon hé s giam dg chinh
x4c k = 2 s& tinh duoc yéu cau do chinh xac dbi
voi ludi co sd 1a Mgqcs = +2.7mm (hinh 2)



T1

k12

Hinh 2. So' do lwéi thue nghiém
Trong phuong an ban dau, thuc hién thiét ké ludi véi tat ca tri do c6 thé (15 tri do canh). Két

qua tinh dugc dua ra trong bang 1.

Bang 1. Toa do thiét ké va dé chinh xdc ludi theo phuwong dan ban dau

S6 | Ten Toa do thiét ké Sai 86 vi tri diém (mm) Elip sai s0

TT | diém x(m) Y(m) Mex | Mgy | Mg | Emm |[Fmm | ¢°
1 | T16 |2303057.6 | 533977.1 | 1.4 | 20 | 24 | 22 | 11 | 1144
2 | T17 |2303390.0 | 5344905 | 1.7 | 16 | 24 | 20 | 1.2 | 1382
3 | T13 |2302716.4 | 5338466 | 12 | 22 | 25 | 22 | 1.1 | 102.6
4 | T4 |23022355 5336756 | 1.3 | 1.7 | 21 | 1.7 | 1.3 | 899
5 | M12 | 2301746.3 | 5343419 | 14 | 16 | 21 | 16 | 14 | 826
6 | M15 | 2302084.7 | 5345626 | 14 | 16 | 21 | 16 | 1.4 | 1021

Coi chi phi thot gian (hodc gia thanh, hodc
nhan lyc) thi cong ty 1€ thuan véi ) luong tri do
trong ludi. Bai toan dat ra 1a: Voi mukc chi phi cho
truoc (thé hién théng qua sé lwong canh do trong
lwoi) can xdc dinh mot phwong an dat do chinh
xdc cao nhat théa méan hé diéu kién rang budc.

Xem ludi thyc nghiém nhu mdét ludi tu do
d>0. Thuc hién uwdc tinh d6 chinh xac cac
phuong an thanh 1ap ludi theo thuat toan truy hoi
dd ndi ¢ trén bang chwong trinh “Construction
Deformation Analysis - CDA” [4]. Trong tinh
toan da khao sat cac truong hop sau day:

- Truong hop bot 1 canh: c6 15 phuong an,
trong d6 4 phuwong an thoéa man dugc hé didu kién
rang budc va dap ung duoc yéu cau do chinh xac
dbi voi mang ludi.

- Truong hop bot 2 canh: ¢6 105 phuong an,
trong d6 1 phuong 4n thoa man duoc hé diéu kién
rang budc dap ung dugc yéu cau do chinh xac
d6i véi mang luéi.

- Truong hop bot 3 canh: ¢6 395 phuong an,
trong d6 khong phuong an nao dap ung duoc yéu
cau do6 chinh xac ddi véi mang ludi.

- Truong hop bot 4 canh: ¢6 735 phuong an,
trong d6 khong phuong an nao dap ung duoc yéu
cau do chinh xac d6i véi mang ludi.

- Truong hop khi s6 canh dwoc bét I6n hon
4 canh: khong c6 phuong an nao dap img duoc
yéu cau do chinh xac ddi v6i mang ludi.

Két qua ude tinh d chinh xac ludi tng voi
cac truong hop thiét ké nhu néu trén, mdi trudng
hop chon duara 1 phuong an c¢6 d6 chinh xac cao
nhat (xét theo chi tiéu sai s6 vi tri diém) duoc dua
ra trong bang 2:
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Badng 2. Két qud thuwe nghiém thiét ké toi wu theo d¢ chinh xdc

S6 | Teén Toa d6 thiét ké (m) Sai s6 vi tri (mm) Elip sai s6 (mm)
TT | diém X Y My | My | Mg | E F | ¢°
Bo b6t 1 canh: T17-T4
1 T16 2303057.6 | 533977.1| 14 2.0 25 |22 |11 |1144
2 T17 2303390.0 | 534490.5 | 1.8 1.7 25 |20 | 14 |1416
3 T13 2302716.4 | 533846.6 | 1.2 2.2 25 | 22 | 11 |102.6
4 T4 2302235.5 | 5336756 | 15 1.8 23 |18 | 14 70.7
5 M12 | 2301746.3 | 5343419 | 1.4 1.6 21 |16 | 14 81.7
6 M15 | 2302084.7 | 534562.6 | 1.4 1.6 21 | 16 | 1.4 |104.2
Bo bot 2 canh: T17-T4, T16-T13
1 T16 2303057.6 | 533977.1| 1.6 2.1 26 | 22 | 15 |113.0
2 T17 2303390.0 | 534490.5 | 1.8 1.7 25 |20 |14 |141.1
3 T13 2302716.4 | 533846.6 | 1.5 2.3 27 | 23 | 15 94.3
4 T4 2302235.5 | 5336756 | 15 1.8 23 |18 | 14 70.2
5 M12 | 2301746.3 | 5343419 | 1.4 1.6 21 |16 | 14 81.0
6 M15 | 2302084.7 | 534562.6 | 1.4 1.6 21 | 16 | 1.4 |105.2
B6t 3 canh: T16-M12, T17-M12, T13-T4

1 T16 2303057.6 | 533977.1 | 1.7 2.3 28 | 26 | 1.2 |121.9
2 T17 2303390.0 | 5344905 | 2.2 1.8 28 | 25 | 1.3 | 1458
3 T13 2302716.4 | 533846.6 | 1.5 24 28 | 24 | 14 97.9
4 T4 2302235.5 | 533675.6 | 1.7 1.8 25 | 19 | 16 50.3
5 M12 | 2301746.3 | 5343419 | 2.0 1.6 26 | 20 | 16 9.1

6 M15 | 2302084.7 | 534562.6 | 1.5 1.6 22 | 16 | 15 93.5

Bé6t 4 canh: T16-M12, T17-T4, T17-M12, T13-T4

1 T16 2303057.6 | 533977.1 | 1.7 2.3 29 | 26 | 1.2 |1216
2 T17 2303390.0 | 5344905 | 24 1.8 30 | 26 | 15 |1524
3 T13 2302716.4 | 533846.6 | 1.5 24 28 | 24 | 15 96.7
4 T4 2302235.5 | 533675.6 | 2.2 2.0 29 | 25 | 16 40.3
5 M12 | 2301746.3 | 5343419 | 2.0 1.6 26 | 20 | 16 9.1

6 M15 | 2302084.7 | 534562.6 | 1.5 1.6 22 | 16 | 15 97.8

Duya trén cac phuong an tt nhét trong céc
truong hop thoa man ham muyc tiéu va hé diéu
kién rang budc, dua vao kinh nghi€ém cta nguoi
thiét ké s& chon ra dwoc mot phuong an tdi wu
nhat c6 thé trién khai thuan lgi, phu hop ngoai
thuc té.

4. Két luan

Trén co s phan tich 1y thuyét va tinh toan
thuc nghiém, c6 thé rat ra mot s6 két luan sau:

1- Ludi quan tric bién dang cong trinh c6
yéu ciu cao vé do chinh xéc, lai phai thi cong
ludi trong khoang thoi gian ngan. Vi vay, khi
thiét ké ludi can thiét phai ap dung cac bién phap
t6i ru nham xac dinh phuong 4n ludi phi hop.

2- Khi ham muc ti€u 1a d¢ chinh xac lap luoi
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thi tng dung thuat toan binh sai truy hoi cho phép
thuc hién udc tinh nhanh chéng véi nhiéu
phuong an 1ap ludi va cho két qua 13 phuong an
¢4 d6 chinh xac tot nhat thoa man cac diéu kién
rang budc trong viée thiét ké toi wu ludi.
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ABSTRACT
Using of recurrent algorithm in optimization design for construction project deformation
monitoring network
Le Duc Tinh, Hanoi University of Mining and Geology

The geodetic networks for construction project deformation monitoring are required with high
accuracy, and short time for establishment. Therefore, it is necessary to apply optimizing solutions to
design the most suitable network. The process of designing the networks based on optimization is a
process of complicated repetition, in which a large number of solutions are considered. Therefore,
the most appropriate approach is using recurrent algorithmbecause this will enable the quick
determination of the inverved weight matrix of the unknows without determination of the normal
matrix. Based on this theorical approach, the author has established the process of appropriate data
processing in optimization design according to the accuracy. The correctness of the algorithm is tested
through an experiment network.
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