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THONG TIN BAI BAO TOM TAT

gﬁq trénh 5/2019 Khéng chi & Viét Nam, véi mdt s6 nwde dang phdt trién cong trinh thiy dién
an bai 03/05/20 nhw Lao, Campuchia,.. cdng tdc dy bdo chuyén dich bién dang ddp thily dién
Chap nhan 10/08/2019 chuwra dwoc chii trong nén viéc canh bdo tinh trang dap khong duoc cdp nhat
bang online 30/08/2019 c6 thé gy ra thdm hoa khi ddp bi v&. Quan trdc chuyén dich bién dang ddp
Tir khéa- thuy dién hién nay dwroc chia thanh hai dang la quan trdc bé mdt va quan
ANN - BP trdc 161 dap, trong do quan trdc bé mdt ddp dworc thuc hién chi yeu bdng
Quan tréc Itin phurong phdp trdc dia va dwoc do theo chu ky, do xdy dlmg hé théng quan
Dt béo I trdc lién tuc rdt phitc tap va tén kém. Viéc dw bdo chuyén dich bién dang dap
trbaofun dya trén s ligu quan trdc theo chu ky c6 vai tro cuc ky quan trong, gép phan
bap thuy dién cdnh bdo nguy co ddp xdy ra sw co, gidm thiéu thiét hai vé cia cdi va con
ngudi ¢ ha lwu. Bai bdo nghién ciru u'ng dung mang thdn kinh nhan tao xay
dung mé hinh lin ciia diém quan trdc bé mdt dap dwa vao s6 liéu do ctia cac
chu ky trwée do, tir d6 dw bdo Itin cho mét s6 chu ky tiép theo. Két qua thuc
nghiém khi xdy dung mé hinh lin cho dap thuy dién Yaly chi ra rang, moé
hinh mang than kinh nhdn tao cé d chinh xdc tét, cdc gia tri dw bdo rdt sdt
Vi gid tri do, diéu dé chitng té c6 thé sir dung mé hinh nay trong dw bdo dé

Iun dap thuy dién.
© 2019 Trwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.
1. Mé dau phap tric dia va phi tric dia da va dang la nhiém

vu bat budc va tré nén phd bién & cac cong trinh

Cac dap thuy dién 16n & nwéc ta dwoc coi la
cac cong trinh trong di€ém quéc gia, sy an toan cla
dap thay dién luén dugc dat 1én vi tri hang dau vi
néu xay ra su c6 sé anh hwdng 1om dén doi song,
tinh mang, kinh té cia nguw¢i dan khu vire ha lwu.
Viéc quan trac chuyén dich dap bang phuong

“Tdc gid lién hé
E - mail: phamquockhanh@humg.edu.vn

nay (Tran Khanh, 2003). Ddi véi quan tric bé mit
dap bang phwong phap trac dia, hién nay van chu
yéu 1a quan tric theo chu ky va xr Iy s6 liéu sau.
Coéng tac du bdo chuyén dich bién dang da dwoc
chi y nhung van con twong ddi don gian khi st
dung cic ham toan hoc c6 san d€ md phong
chuyén dich. Cac phwong phap du bdo dong méi,
hién dai nhw phwong phap tw héi quy, loc Kalman
(Pham Qudéc Khanh, Nguyén Viét Ha, 2015; Pham
Qudc Khanh, Nguyén Qudc Long, 2015) da duorc
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nghién ctru gin diy nhung chwa dwoc pho bién
rong rai. Cac nghién cru nay bwéc dau dat duoc
mot sd két qua twong déi kha quan nhwng con c
han ché nhw do chinh xac dw bao chwa cao khi xtr
ly véi it dir liéu dau vao.

U'ng dung mang than kinh nhan tao (Artificial
Neural Network - ANN) xay dung m6 hinh chuyén
dich va dw bao chuyén dich bién dang dang dwoc
quan tAm nhiéu trén thé gi¢i gan diy (Pantazis
and Alevizakou, 2013; Fuyang and Yayun, 2014;
Narayanakumar and Raja, 2016; Xiaoyu, 2017). O/
Viét Nam, &ng dung ANN dwoc dé cip & mot vai
hwéng nghién ciru nhw dw bao dong dat, du bao
lwong nuwée vé ho thiy dién (Cao Pinh Trong va
nnk, 2011); tuy nhién, chwa thiy tac gia nao dé
cip dén trong linh vuc dw bdo d6 lun dap thuy
dién. Chinh vi thé, bai bdo nay nghién ctru tGng
dung ANN xay dung mo hinh va dy bao do lan cho
dap thiy dién dya trén két qua do lin theo chu ky.
Két qua tinh todn sr dung thuit toan lan truyén
nguoc va so sanh vai dir liéu do thuc té dé danh
gia do chinh xac mo6 hinh cung véi két qua dw bao.

2. Phwong phap nghién ciru

2.1. Cdu triic ANN

ANN Ia mo6 hinh tinh toan m6 phoéng theo kha
nang nhan biét cta con nguwoi dé xi Iy thong tin.
ANN bao gobm nhiéu Neural (con goi la nit hay mot
don vi xtr ly théng tin) doc 14p lién két véi nhau
theo mot ciu tric nhit dinh dé gidi quyét van de
cu thé. ANN giéng nhw con ngudi, dwoc huin
luyén (Training) va lwu trit nhirng hiéu biét sau
khi huin luyén dé s dung trong nhitng tinh
hudng phtt hgp sau nay. D€ xay dwng mot ANN cin
xac dinh thong tin cau tric mang va thong tin cac
trong sd cda tirng neural trong mang (Wusheng,
2006).

2.1.1. Cdu triic mot Neural

Mobi Neural c6 chitc ning nhan tin hiéu vao,
téng hop va xtr Iy cac tin hiéu vao dé tinh tin hiéu
ra, Hinh 1 miéu ta ciu tric ctia mot Neural.

Trong do:

- Tap cac dau vao: La cac tin hiéu vao (input
signals) cia Neural, cac tin hiéu nay thuwong dworc
dwa vao dwdi dang mot vector N chiéu.

- Tap cac lién két: Mbi lién két dwgc thé hién
bd&i mot trong s6 (goi la trong so lién két - Synaptic
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Hinh 1. Cdu triic mét Neural.

weight). Trong s lién két gitra tin hiéu vao thit j
véi Neural k thwong dwoc ki hiéu la wy. Thong
thwong, cac trong s6 nay dugc khdi tao mot cach
ngiu nhién & thoi diém khéi tao mang va dwoc
cap nhatlién tuc trong qua trinh hoc mang.

- Ham tong (Summing function): Thwong
dung dé tinh téng cua tich cac dau vao véi trong s6
lién két ctia no.

- Ngudng (con goi la mot do 1éch - bias):
Ngwong nay thwong dwgc dwa vao nhw mot thanh
phan cia ham truyén.

- Ham truyén (hay goi 1a ham kich hoat -
Transfer function): Him nay dwoc dung dé gidi
han pham vi dau ra ctia méi Neural. N6 nhan dau
vao la két qua ctia ham téng va nguwdng da cho.
Thong thwong, pham vi d4u ra ciia méi Neural
dwoc gidi han trong doan [0, 1] hoac [- 1, 1]. Cac
ham truyén rat da dang, c6 thé 1a cac ham tuyén
tinh hodc phi tuyén. Viéc lwa chon ham truyén nao
la tuy thudc vao tirng bai toan va kinh nghiém cta
ngudi thiét ké mang.

- P4iu ra: La tin hiéu dau ra clia mét Neural,
v&i mbi Neural sé c6 t6i da 1a mot dau ra.

2.1.2. ANN truyén thang st dung thudt todn lan
truyén ngwoc (Back Propagation - BP)

ANN c6 nhiéu loai khac nhau tuy thudc vao
viéc phan loai, khi phan loai theo su lién két gitra
caclop thi c6 mang truyén thang va mang hoi quy.
Trong linh virc dw bdo chuyén dich bién dang cong
trinh thuong st dung mang lan truyén thing
nhiéu lép véi thudt todn lan truyén nguwoc (ANN -
BP).

C&u tric ANN - BP gobm 3 16p 1a16p vao (input
layer), 16p ra (output layer) va 1ép an (hidden
layer) nhw Hinh 2. Lép 4n két noi gitra 1ép vao va
16p ra, 1a thanh phan nodi tai cia mang, mét ANN
c6 thé dung nhiéu I¢p 4n nhwng da cé nghién ciru
chi ra rang chi can str dung mot 16p 4n la da dé mo
hinh héa mo6t ham bat ky (Fuyang and Yayun,
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2014). Mat khéc, chua c6 nguyén tic ndo hwéng
dan 16p 4n c6 bao nhiéu Neural, viéc xac dinh nay
dwa trén kinh nghiém hodc st dung phép thir dé
xac dinh sai s6.
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Hinh 2. M6 hinh ANN 3 I6p truyén thang.

2.2. Ham truyén trong ANN - BP

Neural co ban cé n ngd vao, mdi ngd vao c6
trong s6 twong ing la W, tdng clia cac ngd vao cd
trong s6 va ngudng tao nén tin hiéu vao cia ham
truyén f. Neural c6 thé sir dung nhiéu loai ham
truyén khac nhau dé tao ra tin hiéu ngo ra. Cac
ham truyén thwong dwgc str dung véi ANN - BP
gdbm ham tuyén tinh purelin (x) - Hinh 3a va ham
sigmoid, ham sigmoid c6 hai dang la logsig(x) -
Hinh 3b va tansig(x) - Hinh 3c.

ANN - BP thwong st dung ham truyén
sigmoid dang logsig(x). Ham nay gi¢i han ngo ra
clia mang trong mot vung nho. Néu sir dung ham
tuyén tinh thi ngd ra ctia mang lay gia tri bat ky.

2.3. Xdc dinh trong sé cho tirng neural

ANN véi gidi thuit lan truyén nguwoc dwoc
xem 1a gidi thuidt hoc c6 thidy (supervised
learning), nghia 1a phai c6 bd dit liéu mau dé€ mang
c6 thé hoc. Dit liéu mau bao gom dit liéu dau vao x;

Fi5]

1a cic yéu t6 anh hwdng dén sy chuyén dich bién
dang, dir liéu diu ra ¢; (Target value) la két qua
mong muon. D& thwc hién viéc hoc, giai thuat thuc
hién qua 2 buéec:

- Pau vao x; sau khi nhip vao mang dwoc lan
truyén dé thu dwoc dau ray;

- Sai s0 (e=t; - yi) lan truyén ngworc lai dau vao
nham cap nhat trong s6 ciia mang.

b€ thu dwoc mé hinh sat voi thuc té nhét,
mang phai thwc hién rat nhiéu vong lip nham tim
ra trong s t6i wu nhat cho mau twong tng. Thuat
toan BP dworc st dung dé diéu chinh cac trong so
két noi sao cho téng sai s6 e nho nhit, tirc 1a 1)

e =Y (tl;w) —y(x))? =min

Trong d6: t(x;, w) 1a gia tri cia tAp mau; y(x)
la gia tri dau ra cia mang.

3. Xay duwng mo6 hinh dw bao dg lun tai thuy
dién Yaly

D€ minh chirng cho ly thuyét nghién ctru &
trén, mo hinh dw bao d6 1un cho 2 diém quan tric
Un tai thay dién Yaly dwoc xay dung trén co s&
trng dung ANN - BP.

3.1. Gid’i thiéu cong trinh thiy dién Yaly

Nha may thiy dién Yaly dwgc xay dung trén
sdng Sé San véi dién tich 20 km?, ndm gidp ranh
gitra hai huyén Chuw Pah (tinh Gia Lai) va huyén Sa
Théy (tinh Kon Tum), v4i cong suat 720 MW va
dién lwong binh quin nhiéu nam khoang 3,68 ti
KWh/nam. Pay la cong trinh thuy dién lén thi ba
nudc ta, sau nha may thuy dién Hoa Binh va nha
may thily dién Son La trén séng Da. Thuy dién Yaly
c6 4 t6 may da va dang hoat dong tir cudi nam
2001. Tuyén ap lwc ctia thiy dién Yaly 1a hang muc
quan trong ctia nha may gom dap ding, dap tran.
D4ap dang ctia thiy dién Yaly 1a loai dap da do voi

a. f{x) = purelin{x}

b. fix} = logsig{x)

c. flx) = tansig(x)

Hinh 3. Ham truyén ctia ANN.
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16i gitra 1a 16p dat nén day, vé dang hinh hoc thi
day la loai dap vom trong lwc véi ban kinh cong R
=400m nhw Hinh 4. Theo mat cit ngang, dap dwoc
chia thanh 4 tuyén co trong do6 c6 1 tuyén co &
phia thwong lwu va 3 tuyén & ha lwu, méi tuyén co
¢6 hanh lang rong khoang 8 - 10m. Pap tran xa li
c6 két cau bé téng c6t thép trén nén da gbm hai
phan chinh 1a phén tran va phan déc nwédc voi
chiéu dai 191m va chiéu réng 105m (Cong ty tw
van dién 1, 2006).

Hinh 4. Dap thuy dién Yaly.

3.2. Nhiém vu quan trdc do lin ddp thuy dién
Yaly

Cong tac quan trac do lun tai tuyén dap thuy
dién Yaly v&i nhiém vu la do caclép 1in khac nhau
trong 16i sét, do ltin c4c co va mit dap nham theo
doi, kiém tra mirc do 6n dinh ctia cac hang muc
cong trinh. K&t qua quan tric lin 12 mot trong
nhirng tai liéu co s d€ ban quan ly, vin hanh céng
trinh thiét ké va lap ké hoach cho ché d6 vin hanh,
tu stra, bao dudng cong trinh mot cach t6i wu. Hon
nita, tai liéu vé dw bao do Iun con cé tac dung 16m
14 canh bao dé ngin ngira cac sw ¢d do cong trinh
khéng on dinh gy ra.

3.3. Phan b6’ méc quan trdc lin thiy dién Yaly

DE€ xac dinh d6 lan cua dap trong qua trinh
xay dung va van hanh cong trinh, nguoi ta 1ap dat
trén thin dip & céc cao trinh khac nhau hé théng
mdc quan tric lin. Theo yéu ciu nhiém vu ky
thuat, s6 lwong mdc quan trac lun tuyén dap thay
dién Yaly gobm 40 méc cac loai va phan b6 méc
quan tric dap dang gbm:

-8 mdc siu dat ¢ dinh 16i dap, cao d6 mat moc

khoang 522m va d6 sau diat méc la 2m dwoc ky
hiéu M1, M5, M9, M13, M17, M21, M25, M30.

- 24 moc dat trén 3 tuyén: cac co 480m, 500m
va tuyén tai dap & do cao 518m, mdi tuyén dit 8
moéc.

+ Tuyén 480m bao gbm: M4, M8, M12, M16,
M20, M24, M28, M32.

+ Tuyén 500m bao gobm: M3, M7, M11, M15,
M19,M23,M27, M31.

+ Tuyén mai dip 518m bao gom: M2, M6,
M10,M14, M18, M22, M26, M29.

- Cac mdc quan trac lun dap dang dugc dit
theo 8 mat cat huéng vé tam dap, tai mdi mit cat
sé diat 3 moc mat va mot méc sidu nhw Hinh 5.

3.4. Quan trdc Iin dap thuy dién Yaly

P& dam bdo tinh chit ché va dod chinh xac can
thiét cho viéc xac dinh do cao moc lun, cin thanh
1ap mot mang lwéi do cao lién két cac diém lan va
diém khdng ché co s¢ trong mot mang lwdi thong
nhit. Mang lwéi d6 cao trong do lin cdng trinh
thuwong gobm hai bic 1a bac lwdi khdng ché co s va
bac lwéi quan tric. i véi thiy dién Yaly, ludi co
s& va lwdi quan trac phai dam bado d6 chinh xac
nhw trong Bang 1.

Bdng 1. Chi tiéu do chinh xdc lwdi quan trdc lin
thuy dién Yaly.

Bacludi DPinh dap (ms; =3 mm)
Ludi co sé 0.94mm
Lwdi quan tric 1.9mm

3.4.1. Lwéi khdng ché co sé&

La hé théng mdc khong ché 6n dinh, khéng bi
dich chuyén trong qua trinh quan tric. Cic méc co
s& phai c6 két ciu thich hop va dwoc dat & bén
phai ngoai pham vi &nh hwdéng cia chuyén dich,
bién dang cong trinh hodc dat & ting da goc. Moc
co'sé nén dwoc bo tri thanh tirng cum ba méc mot,
cac moc dugce do ndi lién két véi nhau tao thanh
mot mang lwédi chat ché, c6 do chinh xac cao, kiém
tra thwomg xuyén trong moi chu ky quan trac.
Lwéi khdng ché co sd c6 tac dung la co s& do cao
dé thuc hién do ndi do cao dén cac diém quan tric
gan trén cong trinh trong sudt qua trinh theo doi.

3.4.2. Bdc lwdi quan trdc

Lwdi quan tric duoc thanh 1ap bang cach lién
két gitra cAc mOc quan trac dén cong trinh. Lwdi
quan trac tao thanh mot mang lwéi thiy chuin
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khép kin v&i nhiéu vong va dwoc do ndi véi cac
diém khdng ché d6 cao nham muc dich xac dinh
db6 cao ctia diém ldn & nhirng thoi diém do khac
nhau. Lwdi khéng ché co sé va lwdi quan tric dwoc
thiét ké nhw Hinh 6.

3.5. U'ng dung ANN- BP xdy dwng mé hinh dé liin

Lwéi co sé va lwdi quan trac ltin dap thiy dién
Yaly déu duwgc do bang phwong phap do cao hinh
hoc tia ngdm ngan do chinh xac cao. Tlr thang 11
nam 1998 dén thang 11 nam 2005 da thwc hién
dwoc 14 chu ky do lan cho tat ca cidc mdc trén cac
co dap. Trong bai bao nay st dung do lin cia 13

chu ky, tng dung ANN - BP xay dung mo hinh lan
cho diém M30 nam trén dinh dap (d6 cao 522 m)
va diém M26 & tuyén co 518m, dong thoi dw bao
d6 lan chu ky 14. Thoi gian quan tric gitra cAc chu
Ky va dé lun tich liy cda 2 diém do lan dwoc ghi
trong Bang 2.

Ung dung modul ANN - BP trong chuwong
trinh Matlab R2016a xay dung mang neural 3 16p,
trong d6 16p 4n gobm c6 8 neural. So @6 mang, qua
trinh hudn luyén va kiém tra dwgc mo ta nhw Hinh
7, Hinh 8 va Hinh 9. Két qua xiy dung mo hinh
ANN - BP qua 13 chu ky do lan, dw bao cho chu ky
thir 14 va sai s6 mé hinh dwoc trinh bay & Bang 3
va Bang 4.
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Hinh 6. Sor do lwdi quan trdc lin dép thiy dién Yaly.
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Bdng 2. B¢ lin do thuec té ctia diém M26 va M30.
Chu | Khoang thoi | D6 lan diém | PO lun diém Chu ky Khodng thoi | DO lun diém | PO lun diém
ky | gian (ngay) | M26 (mm) | M30 (mm) gian (ngay) | M26 (mm) | M30 (mm)
1 0 0.0 0.0 8 200 -36.7 -101.1
2 120 -9.1 -14.0 9 193 -44.3 -112.4
3 113 -13.6 -44.3 10 192 -46.3 -117.6
4 109 -19.6 -57.2 11 260 -52.6 -127.9
5 137 -23.3 -76.8 12 194 -53.2 -130.5
6 152 -26.5 -81.2 13 180 -58.5 -139.2
7 225 -30.8 -88.3 14 188 -63.6 -149.8
Bding 3. So sdnh gid tri cia mé hinh va tri do diém quan trdc M26 (mm).
Chuky | Trido | Mohinh ANN-BP | Pdléch | Chuky | Trido | M6 hinh ANN-BP | Doléch
1 0.0 0.4 -04 9 -44.3 -44.3 0.0
2 -9.1 -9.5 0.4 10 -46.3 -46.3 0.0
3 -13.6 -13.6 0.0 11 -52.6 -52.6 0.0
4 -19.6 -20.3 0.7 12 -53.2 -53.2 0.0
5 -23.3 -23.2 -0.1 13 -58.5 -58.8 0.3
6 -26.5 -27.0 0.5 s .
7 | -308 2317 0.9 Gia trf dy bao
8 -36.7 -36.8 0.1 14 | -636 | -63.9 | 03
- 1% Network: Khanh IE@I&J
| View | Train | Simulate | Adapt | Reinitialize Weights | view/Edit Weights|
Hidden Layer Output Layer =
4
Hinh 7. So d6 mang ANN - BP.
Bdng 4. So sdnh gid tri ctia mé hinh va tri do diém quan trdc M30 (mm).
Chuky | Trido | Mo hinh ANN-BP | Pdléch | Chuky | Trido | Mdhinh ANN-BP | Pdléch
1 0.0 4.2 -4.2 9 -112.4 -112.4 0.0
2 -14.0 -18.2 4.2 10 -117.6 -117.6 0.0
3 -44.3 -44.3 0.0 11 -127.9 -127.9 0.0
4 -57.2 -57.4 0.2 12 -130.5 -130.5 0.0
5 -76.8 -76.8 0.0 13 -139.2 -139.2 0.0
6 -81.2 -81.3 0.1 s .
7| -883 -88.3 0.0 Gid tri dw bdo
8 -101.1 -101.1 0.0 14 | -1498 | -146.6 | -32
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Hinh 8. Qud trinh hudn luyén mang.

Nhdan xét:

- Két qua tinh ttr mé hinh ANN - BP twong d6i
sat vai d6 1an thye té. M6 hinh ldn ctia diém quan
tric M26 t6t hon so vé&i diém M30.

- Gia tri dw bdo d6 14n cia diém M26 ciing tot
hon diém M30.

4. Thao luin va két luan

- Cong tac dy bao dap cong trinh thay dién

can dwgc chu y va phai dwoc dwa vao quy dinh quy
pham quan tric do lun, thuc hién viéc du bao tot
sé giam thiéu thiét hai khi c6 sw ¢d xay ra. Tuy
nhién, du thuc hién dw bao theo mé hinh nao di
nita, cling chi nén dw bao cho 1 hoic 2 chu ky tiép
theo.
- S6 liéu quan trac can dwoc cip nhét lién tuc va
day du thi céng tac dw bdo méi c6 thé dat dwoc do
chinh xac tot. Khi xy dung mo hinh ANN - BP, s6
chu ky quan trac khong nén nhé hon 10, khi cac
yéu t6 anh hwdng dén chuyén dich cta so liéu dau
vao trong moi chu ky cang nhiéu, cang chi tiét thi
mo hinh thu dwoc cang sat thuc té.

- Dw bao lun dap thuy dién theo mo hinh ANN

Hinh 9. Kiém tra két qud hudn luyén.

- BP 1a mét phwong phap dw bao déng, cho phép
mo phong xu thé in khéng theo quy luit. Véi thuc
nghiém trén, can xac dinh ro thoi gian dw bao cia
cac chu ky tiép theo thi gia tri dw bAo méi dang tin
cay.

- Két qua thue nghiém duw bao do 14n dap thay
dién Yaly theo ANN - BP cho két qua twong ddi tot,
sai sO dw bdo nho6 hon 10% so véi dd lun thuee té.
Tuy nhién, cAn nghién ctru v&i nhiéu thuc nghiém
va nhiéu dang s6 liéu hon dé c6 két ludn chinh x4c,
tir d6 dwa vao ap dung trong thuc té san xuit.
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ABSTRACT

Application of artificial neural network for forecasting the subsidence
of hydropower structure

Khanh Quoc Pham 1, Manh Van Nguyen 2

1 Faculty of Geomatics and Land Administration, Hanoi University of Minning and Geology, Vietnam
2 MP equipment and surveying joint, Vietnam

Besides VietNam, there are some countries such as Laos, Cambodia...that care of developing the
hydropower works. However, forecasting about the displacement and deformation of the hydropower
dam has not focused yet, therefore warning of the dam’s status has not updated frequently so it is easy to
cause catastrophe in case of the broken-down dam. Now deformation and displacement monitoring of
hydropower works is divided in two types: surface monitoring and dam core monitoring, surface
monitoring is mainly observed by geodetic methods and periodical measurement because it is expensive
and complex to estalish a continuous monitoring system. Dam displacement forecasting on the basis of
the cyclic data is extremely important, it help warning the risks of dam and reducing damages on material
and human. The article researched the application of artificial neural network on subsidence modeling of
the dam surface monitoring points on the base of data that was observed in previous periods, then predict
the subsidence of the next ones. Results of the experiment on building subsidence model of Yaly
hydropower dam demonstrated that the artificial neural network model has good accuracy, forecasting
values are the same as measures and then they proved the applicability of this model in predicting the
subsidence of the hydropower dam.



