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Pap thuy dién

M6 hinh tw héi quy la mé hinh dwoc thanh ldp dwa vao quy ludt chuyen
dich cia diém quan trdc, cho phep biéu dién sw twong quan gitta gla tri
chuyén dich ctia diém quan trdc theo thoi gian qua cdc chu ky. Bai bdo ng
dung phlm'ng phdp ty hoi quy xdy dwng mé hinh, kiém tra chdt lwgng mé
hinh qua méi twong quan thong ké va dw bdo chuyén dich ngang doi véi
diém quan trdc tuyén dap cong trinh thuy dién Yaly. Phdn tich thuc nghlem
chi ra rang, mé hinh tw héi quy miéu td dwo'c xu thé chuyén dich ciia cong
trinh, d6 1éch dw bdo cia diém quan trdc qua hai chu ky 16n nhét 1a 6.2%
va nhé nhdt 1a 1.7% so véi do léch do thurc té, Qua dé cho thdy, phwong
phdp tu hoi quy ddp U ung dwoc cong tdc du bdo chuyén dich ngang dap thiiy

dién ddp bdng ddt dd ¢ Viét Nam.

© 2018 Trwdong Pai hoc M6 - Pia chit. T4t ca cac quyén dwgc bao dam.

1. M¢& dau

Cac cong trinh cé quy mé 1&n nhw cong trinh
nha cao ting hodc siéu cao tang, cong trinh ciu
vuot, cong trinh thiy loi-thiy dién trong qua trinh
van hanh, str dung déu bi chuyén dich bién dang
du it hay nhiéu. D€ c6 thé phan tich va dw bao cac
gia tri chuyén dich ngang cta céng trinh trong
twong lai phai thong qua qua trinh quan tréc
thwong xuyén, str dung phwong phap phan tich
hop ly ddi voi tirng loai cong trinh mai ¢é thé dw
b4o chinh xac. C6 nhiéu phwong phap xiy dwng
mo hinh du bao, nhung hién nay thwong chia lam
2 dang la mo6 hinh dy bao tinh va mé hinh dw bao
dong. M6 hinh dy bao tinh thwong st dung cac
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ham to4n hoc c6 sn nhuw dwdng thing, ham m,
parabol, hypebol, ham song tuyén (Tran Khanh,
2010), con mo hinh dw bao dong dwoc xay dung
theo cidc phwong phap loc Kalman, mang thin
kinh nhén tao, ly thuyét séng nhé .v.v..(Huang
Shengxiang va nnk, 2013; Hou Jianguo va Wang
Tengjun, 2008). Phuwong phap phan tich theo day
thoi gian cling chia thanh hai dang, mé hinh tinh
la héi quy tuyén tinh don hodac tuyén tinh boi, mo
hinh dong 1a tw hoi quy, Auto-Regressive (AR);
trung binh trwgt, Moving Average Model (MA)
hodc mé hinh phéan tich theo diy thoi gian téng
quat, Auto-Regressive Moving Average Model
(ARMA). M6 hinh du bao ddng theo day thoi gian
dwoc thé giGi nghién ctru tir lau (Lu Liu va nnk,
2004; Mei Hong va Yue Lejie, 2005; Rojas va nnk,
2016) nhung trong linh vuc Trac dia & Viét Nam,
phwong phap nay méi dwoc dé cip va chwa ¢
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nhiéu nghién ctru (Pham Qudc Khanh va Nguyén
Viét Ha, 2015).

Cong tac trac dia trong quan trac chuyén dich
ngang cong trinh chi quan tric chuyén dich bé mat
nhung chiém vi tri rit quan trong, viéc xay dung
mo hinh va du bao chuyén dich theo s6 liéu tric
dia gop phan lam gidm cac bién c6 cua cong trinh
c6 thé gy ra trong twong lai. Chinh vi vdy, bai bao
nghién cttu phwong phap phan tich theo day thoi
gian tw hoi quy va rng dung trong dw bao chuyén
dich ngang cong trinh thiiy dién & Viét Nam la cd y
nghia thuc té va cin thiét.

Mo hinh tw hoi quy dwoc xy dung trén co s&
tim quy luat thdng ké trong quan hé néi tai gitra
gia tri chuyén dich va yéu t6 dan dén chuyén dich
clia d6i twong quan trac. Mo hinh nay c6 co s& ly
ludn chat ché khi str dung phwong phép sé binh
phuwong nho nhat tinh tham s6 mé hinh, déng thoi
kiém nghiém tinh chinh xac cia mé hinh vira
thanh 13p théng qua moi quan hé théng ké gitra
cac bién. Ttr d6, thong qua phwong trinh du bao
dong thai dé tinh gia tri dw bao chuyén dich ngang
cta cong trinh. Thyc nghiém véi so liéu chuyén
dich ngang ctia cong trinh thdy dién Yaly thiy
rang, mo hinh tw hoi quy hoan toan dap ¢ng dwoc
khi xay dung mo hinh dy bao doi véi thiy dién
dap dat da.

2. Phan tich tw hoi quy

2.1. Mé hinh tw héi quy

Mo hinh ty hoi quy AR(p), trong d6 p la bac
ctia mo hinh, ¢ thé dwgec mo ta don gian théng
qua hién twong con lac don (Huang Shengxiang va
nnk, 2013), gia thiét con lac & thoi di€ém chu ky ¢
c6 bién d6 16m nhit la x,, dwdi anh hwong cda luc
can khong khi, & chu ky t+1 bién d6 16n nhat xe.
phai théa mén biéu thirc quan hé sau:

Xy = PX (1)
trong do, @la hé s6 lwc can. Néu con lac don
nay con chiu cac anh hwéng khac cia méi treong
xung quanh thi gia tri bién d6 1ém nhit ctia con lac
& thoi diém xe.; sé phai thém mot bién ngu nhién

mai, tire 1a:

X1 = @K + & (2)

Coéng thirc (2) goi la m6 hinh tw héi quy cap

1. Néu m¢& rong cac khai niém trén 1én bac cao
hon, sé thu dwoc md hinh tw hoi quy téng quat:

X =bX_ +hX ,+..+b X +a (3)
Trong d6: b; (i=1,2,...,p) goi la tham s6 tw hoi
quy, a; 12 sai s6 ngau nhién ctia mo hinh.

2.2. U'éc lwgng tham s6 mé hinh tw héi quy
Gia thiét c6 mot day s6 liéu quan trac véi thoi
gian quan tric dong déu x;, x;,..,X, thi phwong
trinh s6 hiéu chinh cia mo hinh tw hoi quy bac p
la:
Vo = Xpb + X0, +. 4 xb) =X,

+1

Voo = Xpaby + X0, +..+ X0 =X, ”
Vo = X0 + X, 50, + X by — X
Viét dwdi dang ma tran:
V=Xg-Y (5)
trong dé:
Vp+l 1
V — VP+2 ﬂ: b2 ;
Vp+n bp (6)
Xp+ X +...+X Xpi1
X - Xpa + X+t X, Ly = Xps2
Xoqg + X o+t X, Xpn

Giai theo phwong phap s6 binh phwong nhé
nhit, tinh dwoc:
L=(X"X)*XTY (7)
Tl d6 xac dinh dwgc phwong trinh cu thé cia
mo hinh.

2.3. Xdc dinh bdc cia mé hinh tw héi quy
AR(p)

M6 hinh tw hoi quy khéng phai 14y bac bao
nhiéu cling dwoc ma cin xac dinh mot cach hop ly
bac p cia mé hinh. Thong thwong ban dau gid dinh
bac ciia mé hinh trong mot pham vi nao d6, trong
pham vi nay wéc lwgng tham s6 mé hinh cua tit ca
cacbic, dong thoi ki€ém nghiém mirc d6 tin ciy cia
tham s6 dé xac dinh chinh xac b4c cia m6 hinh (Li
Xiao va Yin Hui, 2008).

Véi day s6 liéu tri do (x1, x2,...,xt), trwde tién
gia thiét s6 bAc mo hinh 1a p, tién hanh xay dung
mo hinh ty hoi quy:
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X =bX_ +0,x ,+...+bx_ +a  (8)
Sau d6 xem xét mé hinh bac p-1, thi:
b, =0 9

Két hop diéu kién (9) va cong thirc (8) chinh
1a mo hinh bac p-1. Binh sai ddc 1ap mé hinh bac p
trwdec, tinh dwgc tham s6 wéc lwong mo hinh va
téng binh phwong sai s6 mé hinh, ky hiéu la SC,=
[VTV],; sau d6 binh sai mé hinh bac p - 1, lai tinh
dwoc tham sé wéc lwong mo hinh va téng binh
phwong sai s6 mé hinh; ky hiéu 1a SC,.1=[VTV],.1.
Theo phuwong phap gia thuyét tuyén tinh, véi
gia thuyét goc Hy: b,=0, sé thanh lap duwoc lwong
théng ké theo phan bd Fla:
_ Sc,, =S¢, (10)
Sc, /(n—p)
Chon mic xac suit a=0.05, twong tng védi do
tin cly 95%, bac tw do mau 1a (n-p), tra bang phan
bé F dwoc gia tri F.. Néu F>F, thi bac bo H, tic
b,#0, md hinh bac p va mé hinh bac p-1 c6 sai khac
vé d6 tin ciy, khi d6 sé chon mé hinh bic p; ngwoc
lai, néu F>F, thi chdp nhin Hy, biéu thi mirc tin ciy
ctia hai mé hinh 1a nhw nhau, m6 hinh ty héi quy
nén chon bac p-1.
Xét trwong hop p=1, khi F>F, thi chdp nhin
Hy, tirc 1a mo hinh tw héi quy bac 0, diéu nay cling
déng nghia véi viéc khong thanh 14p duoc mo
hinh tw ho6i quy, tirc ddy s6 liéu phan tich khong
twong quan v&i nhau, khi d6 can kiém tra lai s
liéu mau ban dau.

2.4. Dw bdo theo mé hinh tw hdi quy

Gia thiét phwong trinh mé hinh tw h6i quy bac
pla:
X, =bX,+bX ,+...+bx (11
Khi di xac dinh dwoc hé s6 héi quy b;
(i=1,2,...,p), c6 thé dwa vao phwong trinh (11) dé
tién hanh dwv bdo.
Gia tri dw bao bwéc 1 1a:
X (1) =b X +0,X , +...+b X . (12)
Twong tw, dw bdo budcl1a:
X (1) =bx (1 -1 +b,x (1 —2)+...+b,x_,,(13)
Tt cong thirc (13) thiy rang, I cang 16m (tic
s6 chu ky dw bao cang nhiéu) thi d6 chinh xac dw
bao cang thap. Do viy, s6 chu ky dw bao I cang nho
cang tot, tirc chi nén dw bado mot s6 it chu ky sau
chu ky quan tric hién tai.

Cac cong thirc & trén dugc ap dung dw bao
chuyén dich ngang cho tirng truc cong trinh vé&i
thoi gian quan trac twong ddi déu nhau. Khi quan
trac cong trinh v&i thoi gian khong déu can phai
thuc hién viéc chuyén d6i s6 liéu tir quan trac voi
thoi gian khong déu sang quan trac véi thoi gian
déu (Hou Jianguo va Wang Tengjun, 2008). Khudn
khé bai bdo nay chi xir ly day s6 liéu quan tric dau
vao véi thoi gian twong doi déu.

3. Tinh toan thwc nghiém

3.1. Gi¢i thiéu mé hinh thwce nghiém

Thuy dién Yaly 1a cong trinh thiy dién lon thi
3 & Viét Nam xdy dung gitra hai tinh Gialai va
Kontum, dap chinh dwoc dip bang dat da véi 16i
dat sét, bao gbm 4 tuyén co nam & do cao 522m,
510m, 500m va 480m. Lu¢i quan tric chuyén dich
ngang c6 32 diém phan b6 déu trén cac co dap nay.
Bang 1 la s0 liéu chuyén dich ngang qua 15 chu ky
dau ctia diém quan tric M24 va M28 dit tai tuyén
co'480m cida thiy dién Yaly tir cudi ndm 1999 dén
nam 2008 véi thoi gian quan tric twong doi déu
nhau, khoang 6 thang do mot chu ky (Cong ty tw
van dién I, 2006). Luéi quan tric 1 lwéi giai hoi
goc canh dwoc do bang may toan dac dién tir
TC1700 c6é dd chinh xac do gocla 2.0", @6 chinh
xac do canh 1a 1+1.ppm.

Bdng 1. Chuyén dich tich liiy ciia diém quan trdc

M24 va M28 qua 15 chu ky.
Chuyén | Chuyén Chuyén | Chuyén
Chudich diém|dich diém Chu dich diém|dich diém

ky M24 theo|M24 theo ky M28 theo |[M28 theo

truc X trucY truc X trucY

(mm) | (mm) (mm) | (mm)
1 0.0 0.0 1 0.0 0.0
2 -7.4 -77.6 2 9.7 -27.0
3 -18.4 -91.5 3 9.9 -33.5
4 -25.8 -120.1 4 10.6 -35.2
5 -35.3 -150.9 5 13.6 -36.3
6 -40.9 -181.4 6 13.7 -40.4
7 -48.7 -199.8 7 15.1 -43.4
8 -49.6 -204.2 8 13.7 -45.6
9 -50.1 -209.2 9 14.0 -46.3
10| -52.8 -212.2 110 12.9 -48.2
11| -52.8 -215.1 |11 13.2 -46.4
12| -56.4 -220.0 |12 15.0 -49.0
13| -56.7 -221.7 |13 16.6 -48.6
14| -59.0 -2219 |14 14.5 -47.4
15| -58.0 -224.7 |15 15.9 -48.8




72

Pham Qudc Khdnh, Nguyén Quang Phiic/Tap chi Khoa hoc Ky thudt M6 - Pia chdt 59 (1), 69-74

3.2. Xdy dwng mé hinh tw héi quy cho diém
quan trdc

Dbé xay dung mo hinh tw hoi quy, st dung gia
tri chuyén dich ngang 14 chu ky ctia méc quan trac
M24 va M28 véi chu ky quan trac déu nhau, xay
dung md hinh chuyén dich ngang theo ly thuyét
nghién ctu & trén. Thong qua kiém nghiém méo
hinh, 14p dwoc m6 hinh AR(3) cho chuyén dich
theo truc X va truc Y clia diém quan trac M24, mo

hinh AR(2) theo truc X va Y cho diém M28.

M6 hinh tw hoi quy AR(3) ctia diém M24 la:

x, =1.1845x, , +0.3921x,_, —0.5830x, ,

y, =1.7141y, , -0.5301y, , —0.1952y, ,

M6 hinh tw hoi quy AR(2) ctia diém M28 la:

x, =0.9976x, , +0.0262x, ,
y, =1.2351y,, -0.2180y, ,

Theo phwong trinh mé hinh tw h6i quy & trén,
tinh gia tri chuyén dich va gia tri dw bao cho chu
ky 15 theo m6 hinh va so sanh véi gia tri do thuc
té. SO liéu tinh toan cu thé dwoc ghi trong Bang 2.

Bdng 2. Gid tri tinh dworc ttr mé hinh tw hoi quy va sai sé ctia diém quan trdc M24, M28 so véi gid tri
do thwc té (Pon vi:zmm).

Gidtri |SaisOgitta| Gidtri |SaisOgitta| Gidtri |[Saisd gitta| Gidtri |Saiso gilra
Chu| AR(3) cia | mo hinh | AR(3) cia | mo6 hinh | AR(2) ctia | m6 hinh | AR(2) cia | m6 hinh
ky | diém M24 | véi gid tri | diém M24 | véi gid tri | diém M28 | véi gid tri | diém M28 | véi gia tri
theo truc X| do thwc té |theo truc Y| do thwc té€ | theo truc X | do thwc té | theo truc Y | do thuc té
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 0 0 0 0 9.68 -0.22 -33.35 0.15
4 -24.7 1.1 -115.71 4.39 10.13 -0.47 -35.49 -0.29
5 -33.46 1.84 -142.21 8.69 10.83 -2.77 -36.17 0.13
6 -41.20 -0.30 -177.14 4.26 13.84 0.14 -37.16 3.24
7 -47.24 1.46 -207.51 -7.71 14.02 -1.08 -41.98 1.42
8 -53.14 -3.54 -216.87 -12.67 15.42 1.72 -44.80 0.80
9 -54.00 -3.90 -208.70 0.50 14.06 0.06 -46.86 -0.56
10 -50.40 2.40 -211.35 0.85 14.33 1.43 -47.24 0.96
11 -53.26 -0.46 -212.98 2.12 13.24 0.04 -49.44 -3.04
12 -54.03 2.37 -215.39 4.61 13.51 -1.49 -46.80 2.20
13 -56.72 -0.02 -221.66 0.04 15.31 -1.29 -50.40 -1.80
14 | -58.49 0.51 -221.41 0.49 16.95 2.45 -49.34 -1.94
Gia tri dw bao theo mo hinh chu ky 15 diém M24 va M28 va sai s6
15| -59.23 -1.23 | -21990 | 480 | 14.90 -1.00 -47.95 | 0.85
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| ——Chuyén dich do thuc t6 —s—\5 hinh AR(3) | | ——Chuyén dich do thuc té —s—M5 hinh AR(3) |

Hinh 1. Biéu do so sdnh chuyén dich ctia diém M24
theo truc X.

Hinh 2. Biéu do so sanh chuyén dich ctia diém M24
theo truc.
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Hinh 3. Biéu do so sanh chuyén dich ctia diém M28
theo truc X.

C6 thé biéu dién chuyén dich cta diém quan
trac M24 va M28 nhu Hinh 1 dén Hinh 4.

Nhan xét

- Gia tri ciia diém quan tric tinh tir mé hinh c6
sai s0 16m & cac chu ky ma gia tri chuyén dich thuc
té thay doi 16m. Véi diém M24, sai s6 1én nhit cla
mo6 hinh theo truc X 1a -3.90 mm, theo truc Y 1a -
12.67mm; con véi diém M28, cic gia tri nay lan
lwotla-2.77mm va 3.24mm.

- Gia tri dw bao chu ky 15 ctia diém M24 c6 sai
s6 theo truc X 13 -1.23mm, theo truc Y 1a 4.8mm,
déu twong dwong 2,1% so v6i chuyén dich do
dwoc thuc té. V6i diém 28, sai s6 nay lan lwot 1a -
1.0mm va 0.85mm, twong dwong 6.2% va 1.7%
chuyén dich cia diém do dwoc thuc té. Vi do
chinh xac dw bao nay, chi nén ng dung mo hinh
tw h6i quy du bao cho cic cong trinh thiy dién cé
yéu cau do chinh xac quan tric trung binh nhw dap
dat da hodc dap dat.

4. Két luan

- M6 hinh chuyén dich ngang xay dung theo
phuwong phap phén tich theo diy thoi gian tw hoi
quy c6 ly thuyét dé hiéu, két qua dw bao sat vai
thuc té biéu dién dwoc xu thé chuyén dich cua
diém quan trac.

- M6 hinh c6 sai s6 16n khi gia tri chuyén dich
thay doi khong theo quy luit.

- Hoan toan c6 thé &ng dung phwong phap
phén tich theo day thoi gian tw héi quy trong dw
bo chuyén dich ngang cong trinh thiy dién dap
bang dat da.

Hinh 4. Biéu do so sdnh chuyén dich ctia diém M28
theo truc'Y.
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ABSTRACT

On the application of auto-regression for prediction of dam’s
movement monitoring of hydropower plants

Khanh Quoc Pham, Phuc Quang Nguyen
Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam.

Auto-regression method, based on the variation of monitoring points, allows us to illustrate the
correlation among the shifting value of the monitoring point throughout observed circles.. The paper is
applied the auto-regression to establish the model, test the quality of the model using the statistic
correlation, and predict the movement of observed points in dam of Yaly’s hydropower plant.
Experimental analysis suggests that the auto-regression method is a good solution for prediction the
tendency of movement monitoring. The difference between the predicted value and the measured value
of two cycles over 6.2% and the smallest is 1.7% of the actual measurement value. Hence, the auto-
regression method can meet the requirement of prediction for soil and rock dam of hydropower plants
in Vietnam.



