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Tém tit: RO ri mede trén mang ludi van dang la van dé can gidi quyét ciia cdc cong ty cap nude, mot
trong nhitng nguyén nhan chinh cia hién tuwong nay la do ong vé. Cac mé hinh dw bdo nguy co ong vé
ciing khéng ngimg duoc cdi thién dé dw bdo vi tri ng vé mét cach chinh xdc va nhanh chéng. Véi muc
tiéu phdt trién mét mé hinh tot hon va cé thé g dung vdo thiee té, trong nghién ciru nay da dé xudt sir
dung mé hinh mang noron nhdn tao dé di bdo ong vé. M6 hinh dé xudt dwoc kiém chitng bang mang
i cdp nuwde DMAI7 thuée phwong 17 qudn Go Vip Thanh phé Ho Minh, danh gid két qua dw béo

bang chi sé6 AUC dd cho thay mé hinh dé xudt dat chat heong rdt tot.
Tir khoa: Cép thoat nudc, mang noron nhan tao, that thoat nudc, 6ng bé v&, md hinh du bao.

1. PAT VAN PE

Trong qué trinh hoat dong ctia cac mang ludi
cép nudce ludn xay ra hién twong nudc bi that thoat
mot lugng nhat dinh. Co6 rat nhiéu nguyén nhan
dan dén that thoat nude trong d6 chu yéu la do
nguyén nhan ky thudt nhu: ro ri trén mang ludi
tuyén 6ng cép nudc, thi cong khong ding ky
thuat, vo éng do dao duong, .... Trén thuc té cho
thdy that thoat nuéc phan 1on 1a do 1o ri trén
duong bng vi duong dng cip nude dugc chon
ngam dudi nén dat nén cong tac tim kiém ro ri rat
kho khin. Day la vin dé dat ra cho tat ca cac don
vi cdp nude trén thé gidi cling nhu tai Viét Nam.
Dé phat hién sém va loai boé nguy co 1o ri nudc
trén mang ludi cap nudc can sir dung mo hinh du
béo nguy co éng va.

Mang noron di bat dau xuit hién tir nhiing
nam 1940 tuy nhién moi bat dau ung dung nhiéu
trong khoang 10 ndm tr¢ lai day va ngay mot
phat trién rong rai hon. Pac biét 1a trong Iinh vuc
du bao va phan loai dir liéu, mang noron nhén tao
da cho thiy uu diém ndi bat khi xtr 1y cac dir liéu
c¢6 tinh chat phirc tap, khdi lwong dir liéu 1on.
Pong thoi két qua mé hinh ing dung mang noron

" Khoa Ky thudt ha tang doé thi, PH Kién tric Tp. Ho
Chi Minh
? Khoa Ky thudt Xdy dung, PH Bdch Khoa Tp. Ho
Chi Minh

nhan tao hd tro qua trinh ra quyét dinh chinh xéac
va c6 do tin cdy cao. Vay nén trong nghién ciu
nay s€ xem x¢&t viéc ung dung mang noron nhan
tao dé xdy dyng mé hinh du bao dng v& trén
mang ludi cip nudc.

2. TONG QUAN VE MO HINH DU BAO
ONG VO

Pi c¢6 nhiéu nghién ciru tim hiéu nguyén nhan
v& 6ng trén mang lw6i phan phdi dé tir ¢ du bao
kha ning v& 6ng, theo thoi gian cac phuong phap
cling nhu ndi dung nghién ctu dugc md rong va
xem xét vin dé toan dién hon.

2.1. Céc nhén t6 anh hwéng téi sy kién dng v

Trong nghién ciru nay sé& ké thira két qua cua
tac gia (P.T.M. Lanh nnk., 2018), dé xay dung
mé hinh dy béo dng v can cac bién sau: cac
dic trung vat li ciia hé thong (Puong kinh dng-
D, Chiéu dai 6ng-L, vét liéu 6ng-Mat), do tudi
(A) dai dién cho ti 1€ an mon va duong kinh
tuyén 6ng lam viéc (RD). Ngoai ra cac dai
lugng dic trung cho dic diém hinh hoc cua
mang ludi bao gdm vi tri tuyén dudng dat ong
(R), s6 doan ong két ndi trén mot tuyén ong
(NO), va sb 1an v& trude day (Prior).

2.2 M hinh du bao dng v

Mot sb nghién ciru trén thé gioi da dé xut cac
md hinh thuong dung trong xac suit thong ké dé
du bao su kién éng v0O nhu sau:
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Mé hinh s6 mii: Nhan dinh ban dau cho ring
dng v& chu yéu 1a do thanh 6ng bi dn mon va vi
vay tudi ong duoc st dung dé danh gia. Shamir
&nnk. (1979) dd dua ra mo hinh sb mi dé mo ta
hién twong nay. Nhuoc diém cua phuong phap
nay 1a khi xem xét s6 diém v& trén mot doan 6ng
cap nude thi cac dng truyén dan c6 chiéu dai 16n
s& ¢6 6 1an v& nhidu va cic doan 6ng nhanh phan
phdi ¢6 chiéu dai nho va ti 1& v& dng cao nhung lai
dua ra két qua s6 1an v& it hon nhiéu. Nhu vay,
can phai xem xét t6i cac dac diém hinh hoc cua
mang ludi cip nude nhidu hon, nhu sé diém dau
n6i trén mot tuyén 6ng hay tuyén duong ma 6ng
lam viéc (vi moi truong lam viée khac nhau thi d
an mon cting khac nhau).

M&6 hinh héi quy Bayesian: G. Kabir (2016) da
xay dung md hinh hdi quy Bayesian trén co so 1y
thuyét tinh xac suét cua sy kién 6ng vo. Két qua
cho thay anh hudng cta cac tinh chat vat li ng
dan quan trong hon tac dong cia moi trudng dit
dng nhung xac suit du bao phu thudc nhiéu vao
xac suét tién dinh, nghia 1a nhitng tuyén 6ng xuét
hién v& nhiéu lan thi x4c sudt xuat xay ra vd trén
nhiing tuyén c6 dic diém twong tu s& cao hon. Véi
céc bién khong dan dén su cb v dng trong lich sir
thi m6 hinh du bao x4c suét khong chinh xac.

M&6 hinh hoi quy logistic tong qudt: Mo hinh
hdi quy tuyén tinh twong ddi don gian, dé sir dung
tuy nhién két qua chi dat do chinh xac dén 70%
(T. Wengstrom, 1993). Kha ning v& dng trong mé
hinh dwoc danh gid qua ti 16 v& 6ng trong 1
nam/lkm. Dé ting do chinh xac cua két qua du
béo, cac nghién ciru gan day st dung mo hinh hoi
quy logistic tong quat v6i bién sb ¢ dang nhi phan
0|l biéu thi kha ning 6ng khong v&|va.

Mo hinh mang tri tué nhan tao: Mot sb nghién
ctru nhu H. Al-barqawi& nnk. (2008) tiép can
theo phuong phap mang noron nhan tao (Artificial
Neural Network- ANN) dé x4c dinh hiéu suit lam
viéc ctia hé thong ciing nhu ti 1& v& dng trong thoi
gian 1am viéc, ngoai ra con dé xudt dwa phan tich
phan tang (AHP) vao mo hinh ANN dé ting hiéu
sudt mo hinh (D.Achim& nnk., 2007). Dir liéu
khao sat dugc phan loai thanh cac cép do khac
nhau theo céc tiéu chi nhét dinh, sau d6 danh gia

trong s6 cuia mdi yéu t6 va phan tich téng hop dé
dua ra gia tri dong gop trung binh ciia mdi yéu td
vao su kién 6ng v0. Mot trong nhitng nhuoc diém
cua nghién ctru nay la thoi gian chay md hinh
ANN 16n va chi phi khao st sb liéu dau vao kha
cao, nén mo6 hinh moi chi dap tng cho nghién ctu
hoc thuat.

Ké thira va phat trién cac nghién ctru trude ddy
két hop vo1 muc tiéu xdy dung mot mo hinh du
b4o co chat lugng t6t, d6 tin cdy cao phu hop véi
diéu kién Viét Nam, tac gia dé xuét nhu sau:

- Péanh gia truc tiép kha nang xuat hién diém
vd trén 6ng khong qua ti 1& v& trén lkm nhu
nghién ctru mo hinh s6 mii cua tac gia (U. Shamir
nnk., 1979).

- Twong ty nhu nghién ctru vé mo hinh hdi quy
logistic, tac gia tiép tuc st dung s nhi phan dé
danh gia hién twong 6ng vdlkhong v&. Bén canh
d6, dé cai thién két qua cia mo hinh Bayesian,
nghién ciru s& st dung ANN dé ting tinh ngau
nhién cua mo hinh.

- Nhuoc diém vé hiéu suit cia mo hinh ANN
ma nghién ctru trudc day da dua ra thi véi su phat
trién cong nghé thong tin ngay nay hoan toan c6
thé khic phuc dugc vay nén trong nghién ctru nay
tiép tuc sir dung ANN dé xay dung mé hinh.

3. UNG DUNG MO HINH ANN DU BAO
ONG VO

3.1 Mang noron nhan tao (Artificial Neural
Network - ANN)

Xuat phéat tir y tuong md phong bd ndo cua
con ngudi, mang noron nhan tao (ANN) bao gom
nhiéu noron két ndi v6i nhau dé xtr li thong tin
qua cac thudt toan. Mot noron cé rat nhiu soi
nhanh dé tiép nhan nhiéu dir liéu cung luc, tuy
thugc vao tirng bai toan ma cac tin hiéu co thé
duoc trao d6i qua lai gitta cac noron. Gia sir
noron i ¢6 n tin hiéu dau vao, mdi tin hidu x;
duoc gan mot trong s& W, tré thanh x;W; 1a mot
dai luong vo6 huéng. Toéng 2 (Hinh 1) 1a ddi s6
duy nhat cta ham kich hoat f; . Tin higu dau ra y;
la dai lugng v6 huong. Ham kich hoat co thé 1a
ham tuyén tinh, ham ngudng, ham Sigmoid, ham
Sigmiod ludng cuc... Ham Sigmoid thuan lgi
cho thuat toan lan truyén nguoc vi dé liy dao
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ham, gitp giam dang ké tinh toan trong qua trinh
huén luyén, thich hop cho céac bai toan cé dau ra
mong mudn roi vao khoang [0,1] nén duoc lua
chon trong nghién ctru nay.

Mang noron nhan tao thuong co6 hai loai
chinh 1a mang truyén thing va mang hdi quy.
Tin hiéu truyén theo mét chiéu tir trai qua phai
duoc goi 1a mang truyén thing, mang c6 cau
truc cling nhu thudt todn don gidn nén dat hi¢u
sudt cao. Trong mang nay khong c6 lién két mo
rong tir don vi dau ra téi ddu vao nhung mang
noron hoéi quy lai c6 kha ning nay. Trong bai
toan dy bao 6ng v, céc thudc tinh cia ong l1a
doc lap, khong c6 mbi lién két thong tin gitra
cac dng vdy nén mang noron truyén thing s&
phu hop cho bai toan nay.

3.1.1. Mang noron nhin tgo truyén thing
(Feedforward Artificial Neural Network)

Mang noron thudng c6 ba 16p 1a 16p vao, 16p
an va 16p ra nhu Hinh 1, trong dé:

- Lép vao lam nhiém vu nhan tin hiéu, véi moi
noron 1a mot tin hiéu dau vao. Thoéng tin ¢ 16p vao
xi; ¢O thé 13 mot hodc nhiéu yéu td x.

- L6p 4n ¢ nhiém vu xir 1y thong tin dau vao
va dua két qua xir Ii t6i 16p ra. Lép nay co thé
gém mot hodc nhiéu noron nhén tao va mot mang
noron s& c6 mot hodc nhiéu 16p an.

- Lop ra cling c6 thé c6 mot hodc nhiéu noron,

tin hiéu 16p vao sau khi duoc xtr Iy c6 thé dua ra
mot hodc nhiéu tin hiéu & 10p ra.

Chirc ning ciia mot mang noron dugc quyét
dinh boi cac nhan t6 chinh: sb 16p, qua trinh hoc
hay huan luyén mang va thuat toan huin luyén
mang. Mot mang noron thong thuong thi co6 mot
16p vao va mét 16p ra, mot hoac nhiéu 16p an. Tuy
nhién, theo tac gia Jeff Heaton (2008) thi rat hiém
khi st dung nhiéu hon mét 16p an. Bén canh do,
tac gia ciing cho rang viéc lya chon s6 16p an ciing
khong quan trong bang s noron trong 16p an vi
day moi 1a gia tri quyét dinh céu tric cua mang
noron.Vay nén trong nghién ctiu nay s€ st dung
mang noron ¢ mot 16p an.

S4 lugng noron 16p an phu thude vao sb lugng
bién vao va bién ra, thuét toan huin luyén mang,
ham 15i. Néu s6 noron 16p 4n qué it s& lam mang
noron khong nhan dang dugc tin hiéu diy du
trong tap dit licu dan dén hién tuong thiéu an
khdp. Nguoc lai s6 noron 16p an nhiu qua s& lam
tang thoi gian hudn luyén mang hodc khong dap
g tot mot dau vao méi, nghia 1a thong tin trong
dir liéu mau khong di dic trung dé huén luyén
mang. Trong nghién ctru nay s lya chon ANN co
hiéu qua du bao tot nhat bang cach thay doi sd
noron an va str dung k¥ thuat kiém dinh bang cach
chia tdp huin luyén thanh ba phan 13 kiém dinh,

huan luyén va kiém tra.

Hinh 1. Mé hinh mang noron nhén tao truyén thang ba I6p

3.1.2. Qud trinh hudn luyén mang noron
Qua trinh hoc hay huén luyén mang la qua
trinh co ban, quan trong nhat cia mang noron va

dugc phan thanh ba loai: hoc c6 giam sat, hoc
khong c6 giam sat, hoc tdng cuong. Trong linh
vire dy bao kha ning v ong, cac dir liéu vao va
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dir liéu dich déu c6 sin nén phuong phap hoc co
giam sat 1a phu hop nhat. Cac tin hiéu vao duoc
gan trong s6 sau d6 so sanh va diéu chinh cac gia
tri nay phu hop véi cac tap dich mong mudn. Hé
s6 bias (by) duoc dua vao dé didu chinh céc gia
tri trong sb sau mdi lan lap. Sai sb cia ANN
dugc xac dinh bang tong binh phuong trung binh
(Mean Squared Error — MSE). Qua trinh huén
luyén dirng lai khi sb 1an hoc du 16n hodc khi sai
) gitra tap ra va tap dich dat gia tri da nho. Do
dir liéu dng v& 16n nén phan tach dir liéu phuc
tap, can su dung cac thuat toan tdi wu dé tim
nghiém phu hop. So sanh céac thuét toan t6i wu
thuong dugc so dung cho mang noron, nghién
ctu lya chon thuat toan Levenberg-Marquardt vi
thut toan nay cho két qua hoi tu nhanh va giam
dang ké khdi lugng tinh toan.

3.2 M6 hinh ANN du bao dng v

Dua trén 1y thuyét vé mang noron nhén tao két
hop véi dic diém cia hién twong éng v& trén
mang Iudi cdp nude va tinh ning cua cong cu
MATLAB, nghién ctru dé xudt mé hinh ANN du
béo kha niang dng v& trén mang Iudi cp nude nhu
Hinh 2.

Dir ligu
thure 1€
e

Dir liéu Xuat %

Mang noron | dir ligu _/" Xiac dinh N Tét
_I nhin tao (ANN) \ _chi s0 AUC

déu vao F s
Két qua

ry -

. \""H__ —

bicu chinh - £
£ g Chura tot
sO noron lop an

Hinh 2. Mé hinh ANN dir bdo ong v&

Cac budc thuc hién md hinh dé xut va thudc
tinh cia ndé nhu sau:

Budc 1. Xay dung dir litu dau vao bang
phuong phap thdng ké va xir 1y sb liéu dwa vao
ANN. O déay dir liéu thong ké duoc phan chia
ngau nhién lam hai bo dir liéu véi ti 1é 7:3 trong
d6 70% dir liéu huan luyén chia thanh 3 nhom 1a
70% luyén mang, 15% kiém dinh va 15% kiém
tra. BO thtr hai c6 30% dit liéu dé du bao kha ning
vo éng.

Budce 2. Tao ANN trong MATLAB nhu Hinh 3

- ANN c6 cdu tric 3 16p gdém:16p vao (c6 8

yéu t8), 16p an (co 1 16p va sd noron trong 16p an
(s6 noron an) s& thay d6i) va 16p ra (1 yéu t6 ong
vo| khong vo).
- Thuat
Levenberg - Marquardt.

toan huin luyén (Training) la

- Ham 16i lam ham xac dinh d6 léch trung binh
binh phuong (Mean Squared Error-MSE).

- Ham kich hoat noron an dang logsig
(sigmoid).

- Khéi tao trong sb va hé sb bias ban dau ngau
nhién nhd.

Budc 3. Xuét két qua dy bao va so sanh véi s6
liéu thuc té. Danh gia chit lugng két qua.

Budc 4. Thay doi s6 noron an dé cai thién két qua.

L ] MNeural Network Training (nntraintool)

Neural Network
Hidden Layer Qutput Layer
Output

Algorithms

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (tralnls
Performance: Mean Squared Error (mse
Calculations: MEX

Progress

Epach: o 13 iterations | 1000
Time: 0:00:01

Performance: 0.0787 BN 0.0533 0.00
Gradient; 0.0668 NN 0.0292 1.00e-07
Mu: 0.00100 1.00e-06 1.00e+10
Validation Checks: 0 | 6 6

Plots
Performance
Training State

Regression

Hinh 3. Cdc théng s6 cai ddt trong mé hinh ANN
trong MATLAB

3.4 Kiém dinh mé hinh bang tiéu chuin AUC

Céac két qua mo6 hinh ANN duy bao sai s& roi
vao hai truong hop, mot 1a dng hoat dong hoan
toan binh thudng nhung mo hinh lai dy bao 6ng
v&, hai 1a dng bi v& nhung mé hinh lai di béo bng
khong v&. Sai 1am loai 1 ¢6 anh hudng t6i chi phi
kiém tra duong dng v& nhung sai 1am loai 2 gay ra
hau qué 16n hon vi khong nhirng nude bi that thoat
ma con cd nguy co chit 6 nhiém di vao trong
duong 6ng. Nhu vy, khi két qua du bao mic hai
loai sai 1am nay thi cdn c6 mot tiéu chuan dé danh
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gi4 chat lwong mo hinh. Theo Hanley JA nnk.
(1982), ROC (Receiver Operating Characteristic)
la duong cong ndi cac diém co hoanh do 1a ti 16 du
bao dung xac suit 6ng khong v (False Positive
Rate) va tung do 1 ti 18 du bao dung xéac suit 6ng
v& (True Positive Rate). Bang phuong phép tich
phan nguoi ta xac dinh gid tri dién tich dudi
duong ROC goi 14 chi s6 AUC (Area Under the
Curve), AUC cho biét gia tri xac suat liy ngiu
nhién mot két qua du bao éng v duge xép hang
cao hon két qua du bao éng khong v& bao nhiéu.
Chi s6 AUC cang cao thi mé hinh du béo cang
chinh xac trong viéc phan loai cac 16p. Theo
Hanley JA nnk. (1982) thi hiéu sudt ciia mé hinh
du bao duoc danh gia theo tiéu chudn AUC nhu
Bang 1.

Biang 1. Tiéu chuan AUC

AUC Y nghia dién giai
>0,9 RAt tbt

0,8-0,9 Tét

0,7-0,8 Trung binh

0,6 - 0,7 Khong t6t

0,5-0,6 Két qua khong st dung duoc

RS
- ; ::::::L m :0“ A ’;)f‘ r% -

4. KIEM CHUNG MO HINH

4.1. Thu thip s6 liéu mang lwéi cip nuéc
DMA17 Trung An quin Go Vip

Cong ty c6 phan cip nudc Trung An thudc
Tong cong ty cap nude Sai Gon quan 1y cip nudc
trén dia ban quan Go Vap (trir phudng 1), quan 12
va huyén Héc Mon. Mang ludi duge chia thanh
caic khu vuc cdp nudc (DMA-District Meter
Area), trong d6 c6 DMAI17 (Hinh 4) thudc
phudng 17 quan GO Vip ciing 1a mot trong nhiing
khu vuc quan li cua cong ty. Thu thap dir lidu tur
h6 so quan i ctia cong ty va tham vAn cac nhan
vién phu trach ki thuat cling nhu cong nhan van
hanh, sira chira hé thong dé hiéu rd hon vé sé liéu.
Mang ludi cdp nuéc DMAI17 bao gdm cac 6ng
nhanh duong kinh 25mm, dng chinh duong kinh
tir 50mm dén 250mm va 1683 ddéng hd khach
hang. Theo sé liéu thong ké tir nim 2014 dén
thang 7/2020 mang ludi li€én tuc dugc mo rong,
tinh dén thoi diém khao sat thi tong chiéu dai 6ng
nhanh 1a 3416,68m. Mang ludi 6ng nhanh c6 ba
loai vat liéu 1a uPVC, PE va HDPE véi ti 1é chiéu
dai lan luot chiém 36,4%, 63% va 0,6% so voi
tong chiéu dai mang luéi dng nhanh.

Hinh 4. Dit liéu GIS ciia mang ludi cap mede DMAI7, Trung An, qudn Go Vap.
4.2. Xay duwng mé hinh ANN du bio éng v sir dung phin mém MATLAB

Bing 2. Mo ta anh hwéng ciia cac yéu t téi sy kién dng vor

TT | Loai bién Tén bién Gia tri Anh hwéng téi bién dng v (F=1)
Déc trung 1.z 3 thang dén 12
1 . Tudi 6ng (A) - £oea o S ST SR
vat li nam So6 diem v& (NO) chu yéu xuat hién trén
Sb diém dau nbi . .| cac ong vat lidu (Mat) s6 1-uPVC va sb
2 2 dén 100 diém R o .
(NO) 3-PE hoat dong trong thoi gian (A) tur 5
. uPVC, HDPE, | dén7 nam vatir 11 dén 13 nam.
3 Vat liéu (Mat) PE
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TT | Loai bién Tén bién Gia tri Anh hwéng téi bién dng v (F=1)

4 Pudng kinh (D) 25mm S lidu 6ng v& quan sat 1a trén mang ludi
éng nhanh nén duong kinh chi c6 mot
dai ngén (< 8m).

Ong quan sat 1a éng ndi tir éng chinh t&i
Dic trung . ‘ Mi wyén duoc n’ha‘l dan co6 éAp luc lé‘rp Viéf va té}i tl‘()l’Alg
N Tuyén duong IO % tac dung bén ngoai khong I6n nén
6 moi truong ki hi€u tur 2 dén R Nz N . R

\ n (R) nguyén nhan ong vo do tai trong khong

lam viéc 129 O LT
the hién rd trong so li€u nay va cac diém

v& nam trén cac tuyén duong khac nhau.
7 Lich st v& Prior 0 dn1 lan Lich st v& 6ng Prior cho thiy sé éng v&
) ‘, 14n dau nhiéu hon dng v lan thir hai va

8 B:‘-‘_C trung Bu’cz‘ng kinh >0, 100, 150, tap trung chu yéu trén cic tuyén Ong

tai trong tuyén (RD) 200 (mm) dudng kinh (RD) 1a 100mm.

Dt ligu théng ké duong 6ng trén mang ludi cép
nuéc DMA17 dugc chia theo ti 1¢ 7:3 tuong
duong véi 1818:779. Bang 2 md ta dit liu mau
cho mo6 hinh ANN véi 4 tap dit li€u dang ma tran
kich thudc nhu sau: tap hudn luyén [8 x 1818]; tap
dich [1 x 1818]; tap kiém tra [8 x 779]; tap so sanh
[1 x 779] ding dé kiém ching két qua du bao.

4.3. Két qua md hinh ANN

Khi thay ddi s6 16p an thi két qua dy bao ciing
thay ddi theo, bang phuong phap thir sai tic gia
bt dau tir ANN ¢6 1 noron an va ting dan dén
100 noron, sau mdi 1an mé phong cho mét két qua
moi. So sanh két qua mo hinh sau mdi 1an thay d6i
s6 noron 4n voi dit liéu thuc té va xac dinh gid tri
AUC theo 1y thuyét da trinh bay ta c6 biéu dd nhu
Hinh 5. Chi s6 AUC dat gia tri nho nhét 1a 0,900
va 16n nhét 14 0,934 khi mang c6 13 noron an, so
véi tiéu chuan thi mé hinh dy béo dat mirc tot va
rét tot.

Biéu d6 Hinh 5 ciing cho thiy thay ddi s 16p
an c6 anh huong toi két qua mé hinh tuy nhién
bién d6 dao dong ctia AUC trong khoang tir 5 dén
30 noron an 1a nhiéu nhat. Khi tiép tuc ting sé 16p
an thi bién do nay giam dan diéu nay c6 nghia 1a
chit Iugng két qua khong thé cai thién thém nira.
M6 hinh ANN 13 noron 4n du béo 6ng vO thuc
hién tat ca 13 lan lap va gia tri 161 (MSE) qua céc
lan duoc trinh bay trong Hinh 6.

Chi s6 AUC ciia cac md hinh ANN ¢6 s6 16p 4n khac nhau
AUC |4
0.935 0.%3
0.930
0.925 9P
(AN / X oo PENEE
)| =
0.920 p \ 9P 5
bols ’0’ | 4 0.?Ié 06§ 096
) 09]2 093 0415
0.910
s x
0.905 50
0.900
0.9
0.895
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
S8 16 &n

Hinh 5. Biéu do chi s6 AUC cua cdc mé hinh ANN
¢6 s6 noron I6p an khdc nhau

Tap kiém dinh (Validation) 1a duong trén cing
trong Hinh 6 (a) dugc m6 hinh danh gia 1a dat
hiéu suét tdi wu & bude lap (epoch) thur 7 khi d6
MSE = 0,10238 (Best Validation
Performance). M6 ta twong quan gitra téng do leéch

gia tri

(Sum Squared Error), trong s6 Weight W va sb
Bias B ta c6 Hinh 6 (b) — Bé mat 15i (Error
Surface), biéu d6 ciing cho thay khi sb 1an lap ting
(e nay chi sb Bias giam) thi cac thong s ciia mo
hinh ANN c6 xu huéng bao hoa va khong tim
thém dugce diém cuc tiéu.

Xuat 779 két qua mo hinh va so sanh voi dir
lidu thue t& c6 sb 6ng v 1a 292 va khong v 1a
487 6ng, két qua du bao 205 dng v& va 574 bng
khong vo. Nhu vady md hinh da du bédo sai 109
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truong hop trong d6 du bao 98 bng khong v&
nhung thue té bi v& (sai 98/292=34%) va du bao
11 6ng v& nhung thuc té 1a khong v& (sai
11/487=2%). Sir dung tiéu chuin AUC d3 trinh
bay & trén dé kiém tra chit luong mé hinh ANN

13 noron 4n. Két qua tinh toan va biéu dién dudng
cong ROC (Hinh 7) di cho thiy AUC = 0,934,
nghia 13 mé hinh dat mirc rat tét va so véi tt ca
cac truong hop md phong thi chi s6 AUC ctua md
hinh nay tét nhét.

Best Validation Performance is 0.10238 at epoch 7

Train
Validation
— Tost
Best

Mean Squared Error (mse)
3

Error Surface

Sum Squared Error

qua sau:

0 2 4 6 8 10 12 Weight W 1 -2 Bias B
(a) 13 Epochs (b)
Hinh 6. Gid tri MSE va bé mat 16i ctia mé hinh ANN 13 noron an
5. KET LUAN VA KIEN NGHI ; ROC Trung An (AUC13: 0.93448)
Ung dung ANN trong du bao kha ning dng v& ool
da duoc thuc hién trong cac nghién ctiu trudc day .
va ti€p tuc dugc cai thi€n trong nghién ctru nay dé Lo
danh gid kha nang vo Ong trén mang ludi cap B el
C XA ‘A , ~ J4 L
nudc tai Viét Nam. Nghién ctiru da dat dugc két B e
g
. N 304
- Trong du bao ong vo thi ANN ¢ dang truyén .
thang va hoc c6 giam sat, cau tric mang chi can e
mot 16p an va so noron trong 16p an s€ thay doi il
cho dén khi két qua du béo dat chi s6 AUC tdt . . ‘ . ‘ ‘
X 4 . X X e e 0 0.2 0.4 0.6 0.8 1
nhat. K&t qua ung dung thuc té cho thay néu so False Positive Rate

noron an qua nho thi két qua du bao ¢ chi sd
AUC khong cao, néu s lugng noron an 16n thi két
qua khong dugc cai thi¢n thém nita, vay nén trong
nghién ciru ndy tac gia dé xuit sé lwong noron an
dao dong tir 5-30 noron.

- Hiéu qua dat dugc khi &p dung trén mang
lu6i cap nuéc DMA17 Trung An, quian Go Vép,
thanh phé H6 Chi Minh & mirc rat tot (AUC =
0,934). Qua d6 cho thiy mé hinh ANN trong dy
béo 6ng v& 14 hoan toan phu hop va c6 do chinh

Xac cao.

Hinh 7. Duong cong ROC va AUC cua mo
hinh ANN 13 noron dn

Nghién ctu cé thé dugc cai thién trong tuong
lai vé& viéc danh gia dic diém hinh hoc cia diém
v& ciling nhu nguyén nhan dng v (thong thudng
nhitng éng v& do yéu tb bén ngoai tac dong thi
diém v& khong bi anh hudng boi 8 yéu tb da xét
trong bai toan). Bén canh do, ciing c6 thé danh gia
cu thé hon vé& nhitng diém v& tai vi tri phu ting
dau ndi.
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Abstract:
APPLICATION OF ARTIFICIAL NEURAL NETWORKS TO PREDICT
PIPE FAILURE IN WATER SUPPLY NETWORKS

Water leakage on the water supply network is still a problem to be solved by water supply companies. One of
the main causes of this phenomenon is due to pipe failure. Prediction models of water pipe failure are also
constantly being improved to accurately and quickly predict the position of pipe leakage. With the aim of
developing a better prediction, this study proposed application of the neural network model to predict pipe
failure on water supply network. The proposed model is verified by the water supply network in ward 17
(DMA17), Go Vap district, Ho Minh city. The quality of the proposed model was evaluated by using the
AUC standard. The results shows that the proposed model is very good.

Keywords: Artificial neural networks, water leakage, pipe failure, predictive models, water supply
networks.
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