BAI BAO KHOA HOQC

DU BAO KHA NANG RO RI TREN MANG LUOI CAP NUGC
BANG MQT SO KY THUAT HQC MAY: NGHIEN CU'U PIEN HINH
CHO HE THONG CAP NUGC TRUNG AN - THANH PHO HO CHi MINH

Nguyén Hoang Tuén', Tran Ping An’, Tri¢u Anh Ngoc?, Huynh Duy Linh®

Tém tit: Dy bdo kha ndng ro ri trén mang lwéi cap nuée luén la van dé khé va dwoe quan tém hang
dau, déc biét la nhitng thanh phé c6 mang ludi cap nude 16m, phirc tap nhw thanh phé Ho Chi Minh.
Nghién cuu nay dwoc thwe hién dya trén 126 mau thu thap dwoc trén co so dir liéu khong gian voi 11
yéu té anh huong dén khd ndng ro ri: tuéi ong, dwong kinh, vt liéu, sikc chiu tdi nén dat, tdi trong giao
théng, d sau lap ddt, ap lwe, lweu heong, chénh léch dp luc, sé dau noi va mdt d¢ dan sé. Cde mé hinh
hoc may dwoc sw dung: Random Forest Regression, Extreme Gradient Boosting Regression, Light
Gradient Boosting Regression va Catboost Regression dé danh gid kha ning dw bdo ro ri trén mang
luéi thong qua cdc thong sé: sai s6 binh phirong goéc (RMSE), hé sé xdc dinh (R?), tiéu chi thong tin
Akaike (AIC) va tiéu chi théng tin Bayes (BIC) dé lira chon ra mé hinh phii hop nhat. Két qua mé phong
cho thdy, mé hinh CastBoost cho két qua dw bdo vé khd nang ro ri trén mang ludi tot nhat. Cac mé hinh
khdc ciing cé két qua kha tot. Tuy nhién, mé hinh SVR dwoc danh gia khong phiv hop véi bé sé liéu thu
thdp. Két qua ciing chi ra rang, cdc yéu té khdc can dwoe bé sung dé nang cao hiéu qud dw bdo ciia mé

hinh va c6 kha nang vimg dung trong thuc té giam that thodt nuede trén mang hedi cdp nude.
Tir khéa: That thoat nude, du bao ro ri, hoc may, Tp.Hd Chi Minh.

1. PAT VAN PE

Thét thoat nude 1a mot trong nhitng thach thirc
16n ddi voi cac cong ty quan ly cap nude trén gidi
ndi chung va Viét Nam noéi riéng, dac biét 1a Téng
cong ty cap nudc Sai Gon (SAWACO) va cac
cong ty cip nudc thanh vién. Hién nay ty 1& thit
thodt nudc trung binh cua SAWACO 1la khoang
18% diéu nay da thuc ddy cong ty phai tién hanh
giam thiéu mirc d6 that thoat nudc trén mang ludi
cép nudc, dac biét la that thoat nude do ro ri thong
qua viéc phat trién va Gng dung nhiéu k¥ thuat dé
xéac dinh, dinh vi va khic phuc cac vi tri 10 1i va
vOo 6ng.

Céc phuong phap truyén théng dang duoc st
dung rdng rai dé diéu tra, xac dinh vi tri, sb luong

'Phong Céng nghé Théng tin, Tong Cong ty Cap nwée Sdi
Gon — TNHH MTV.

? Phén hiéu Truong Dai hoc Thiy loi.

’ Phong ky thudt, Céng ty Cé phan Sonadezi Long Binh

va quy mo 10 ri trén mang thuong yéu ciu ngudn
nhan lyc va tai chinh 16n. Hién nay, nhiéu cong ty
cap nudc di duoc ap dung viéc giam sat mang
truc myén theo thoi gian thuc, tao diéu kién phat
hién sém va khoanh vung 10 ri; phuong phap nay
¢6 wu diém 1a giup don vi quan Iy van hanh d&
dang theo ddi va co phwong an khic phuc hiéu
qud. Tuy nhién, phuong phap ciing doi hoi kinh
phi dau tu rat 16n va ngudn nhan lyc c6 trinh do
cao moi phat huy dugc hi€u qua. Bén canh do,
phuong phap nay can doi hoi doi ngii van hanh c6
trinh d6 cao. D¢ rit ngan thoi gian va ting hiéu
qua trong vi€éc gidm sat, quan Iy va xur 1y ro ri trén
mang ludi cip nudc, ky thuat hoc may da duoc
mg dung nhiéu trong nhitng nim qua tai cic nudc
trén thé giéi va dem lai nhirng hiéu qua hét sic
tich cuc (Banjara, Sasmal, & Voggu, 2020; Hu,
Han, Yu, Geng, & Fan, 2021). Hu va ctv (Hu et
al., 2021) sir dung mang no-ron da ting dé xac
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dinh chinh xac vi tri cac diém ro ri nuéc trén
mang luGi cap nude. Ngoai ra, Candelieri va ctv
(Candelieri, Soldi, Conti, & Archetti, 2014)dé
xut cach tiép can dua trén mo phong thuay luc va
hoc may dé cai thién kiém soat ro ri thong qua
phan tich cac thong tin ciia diém ro ri trén mang
ludi cap nude. Cantos va ctv (Cantos Wilmer,
Juran, & Tinelli, 2020) da két hop mo phong thiy
luc va hoc may dé xac dinh diém 10 ri trén mang
luéi cép nudc. Ky thuat hoc may ciing dugc su
dung dé hd tro hiéu qua phuong phap do 4m thanh
trong phat hién ro ri trén hé thong duong ng dan
nudce (Banjara et al., 2020).

Tai Viét Nam dac biét 1a & khu vuc Tp.HCM,
trong nhirng nim gan dy nghién ciru vé du bao
rd i trén mang ludi cip nude da dugc nhidu tac
gia quan tdm. V& Anh Tudn, 2015 d3 tién hanh
nghién ctru dic diém ro ri that thoat nudc trén
hé théng cidp nuéc SAWACO bing phwong
phap diéu tra, quan tric va phan tich dic diém
r0 1i nudc trén hé théng tr d6 xac dinh nguyén
nhan gdy ra hién tuwgng nay. Pham Thi Minh
Lanh va Nguyén Quang Truéng (Pham Thi
Minh Lanh, 2022) d3 st dung két hop diéu tra,
quan tric, st dung mdé hinh thuy luc
WaterGEMs va mé hinh 1y thuyét mo (Fuzzy
Logic) dé xac dinh hé sb ro ri nuéc trén mang
ludi cdp nudc. Trong nghién ciru nay, tac gia da
st dung dung mot sb thuét toan hoc may bao
gdm moé hinh hdi quy Logistic (Logistic
Regression Model), mé hinh cdy quyét dinh
(Decision Tree Model) va m6 hinh mang No-ron
nhan tao (Artificial Neural Network model) dé
xay dung mo hinh du béo rui ro do ro ri nudce
gdy ra trén mang lugi cdp nuéc Phuong 17,
Quan GO Vép, Tp. H6 Chi Minh (Pham Thi
Minh Lanh, 2022).

C6 thé thdy rang ky thuat hoc may da duogc
ung dung rong rai trong trong nghién ctru xac
dinh kha nang, sb lwong va luu lugng ro ri nudce
trén mang ludi ¢ nhiéu nude trén thé gisi. Tai
Viét Nam, mot sb nghién ctru ban dau vé ro ri
that thoat nuéc theo hudng tiép can moi nay da

dat duoc mot sb két qua nhét dinh. Tuy nhién,
ung dung k¥ thuat hoc may trong nghién ctru ro
ri nudc trén mang ludi cap nudc do thi & nudce ta
van con la mot trong linh vuc rat méi mé va
chua dugc ung dung rong rdi. Do do, viéc
nghién ciru, danh gia kha ning ro ri va cac yéu
t6 anh huong dén ro ri trén mang ludi cip nudce
trén dia ban Tp.HCM dua trén k¥ thuat hoc may
1a can thiét va c6 ¥ nghia khoa hoc, ¥ nghia thuc
tidn, gop phan ning cao hidu qua giam thit thoat
nude ciia nganh cip nuéc Tp.HCM néi riéng va
nganh cép nude Viét Nam néi chung.

Muc ti€u ctua nghién ctru nay la danh gid va
lgya chon cac thuat hoc may tién tién hién nay
bao gdbm mé hinh Random Forest (RFR), Mb
hinh Support Vector Machine (SVR), M6 hinh
Extreme Gradient Boosting (XGB), M6 hinh
Light Gradient Boosting (LGB), va M6 hinh
CatBoost (CBR) phuc vu du bao sé diém ro ri
nude trén mang ludi cap nude. Trén co s& d6 s&
dé xuat mo hinh phu hop v6i mé phong du bao
diém ro ri phuc vu quan 1y hiéu qua thit thoat
nude trén mang ludi cap nude dién hinh tai Tp.
H6 Chi Minh.

2. GIOI THIEU VE VUNG NGHIEN CUU

Hé théng cdp nudc Trung An ndm & phia Bic
— Tp.HCM, chiém 14,7% dién tich noi thanh,
8,7% tong dién tich toan Thanh phd vdi cao do
dia hinh bién d6i tr +15 m dén +1 m (cac bo
song Vam Thuat, song Sai Gon) voi nhiéu loai
hinh dia chit khac nhau. Téng dan sé trong
ving khoang 1.8 triéu ngudi (Nién giam thong
ké, 2019). Khu vuc ndy c6 nhiéu d6i tuong sir
dung nudc bao gdm sinh hoat va in udng cua
dan cu trén dia ban chiém trén 70% bén canh d6
nhu cau nude cho san xuit cong nghiép, tiéu thu
cong nghi€p, thuong mai- dich vy, va ndng
nghiép. Pay 1a khu vuc c¢6 toc do d6 thi hoa va
ti 1¢ ting truong kinh té nhanh diéu nay tao ra
stc ép rat 1on d6i voi mang luéi dudng dng
truyén tai va phan phdi hién hiru.

Mang lu6i cap nude Trung An bao gém 72
km 6ng truyén dan; 2,018 km 6ng phan phéi va

KHOA HOC KY THUAT THUY LO1T VA MOI TRUONG - SO 78 (3/2022) 45



hon 1,866 km 6ng dich vu. Ty 1é that thoat nudc
binh quan nam 2014 la 41,8%, dén cudi nim
2020 la 18.05% va hudéng téi nam 2025 la
16.5%. Thét thoat nudc do ro ri v& 6ng trong
khu vic nghién ctru chi yéu 1a do cac yéu tb
chinh nhu di dé cap & Bang 1. Trong dé, tudi
tho dudng 6ng, chénh I¢ch ap luc va dac tinh vt
liéu 1am 6ng dwgc xem 14 nhirng yéu té chinh
anh huong t6i kha ning that thoat nudc do ro ri
va v& Ong din ra trén mang ludi cdp nudc khu
vuc nay.

3. PHUONG PHAP NGHIEN CUU

3.1. Cac m6 hinh hgc may

3.1.1. M6 hinh Random Forest (RFR)

RF 1a mot ky thuat phan 16p va hdi quy
(Friedman, 2001) bang cach sir dung nhiéu cay
phan 16p hodc hdi quy trong mot nhém. Thuét
toan nay la mdt trong nhitng thudt toan dugc xay
dung dya trén md hinh ciy quyét dinh. Mdi cay
dong vai trd nhu mét 1a phiéu 1am co so ra quyét
dinh cho thuat toan. Cac phuong phdp hoc nhom
két hop voi cac két qua riéng 1é cua ting cay
thuong mang lai cac két qua t6t hon. Random
Forest 1a thuat toan dugc mé rong dua trén ky
thuat dong goi (bagging) hoac tdp hgp boostrap
str dung cac mau ngau nhién (c6 lip lai) cua dir
liéu huén luyén dé tao ra nhiéu cay dir liéu hoi
quy khong can cat tia va 1a tong két qua trung
binh ctia chung.

3.1.2. M6 hinh Support Vector Machine
(SVR)

SVM la mot thudt toan hoc may c6 giam sat
(Balabin & Lomakina, 2011) dwoc s dung rat
phd bién ngay nay trong cac bai toan phan 16p hay
hdi qui. Y tuéng cia SVM 1a tim mot mit siéu
phang dé phan tach cac diém dir lieu. Mit siéu
phing nay s& chia khong gian thanh cac mién khac
nhau va mdi mién s& chira mot loai dit liéu.

3.1.3. M6 hinh Extreme Gradient Boosting
(XGB)

XGB la mot giai thuat dua trén Gradient
Boosting (Friedman, 2001)dua trén cdy quyét

dinh. Tuy nhién, XGB 1 nhitng cai tién to 16n vé
mit ti wu thuat toan, vé su két hop hoan hao gitra
sitc manh phan mém va phan ctng, gitp dat duoc
nhitng két qua vuot trdi ca vé thoi gian hoc tap
cling nhu bé nhé st dung. K& tir 1an du ra mat
nam 2014, XGB nhanh chéong dugc don nhan va
la giai thuat dugc st dung chinh, tao ra nhiéu két
qua vuot troi.

3.1.4. M6 hinh Light Gradient Boosting
(LGB)

LGB ciing 1a mét thuat toan dua trén Gradient
Boosting (Tran et al., 2021). Pay la thuat toan co
nhiéu cai tién: tbc d6 huin luyén va hi¢u qua cao
hon, it ton bo nhd hon, d chinh xac t6t hon bat ky
thuat toan Boosting nao khac.

3.1.5. M6 hinh CatBoost (CBR)

Thuat toan CatBoost dugc xay dung dua trén
cdy quyét dinh dugc ting cudng gradient bao
gém tap dir liéu dao tao, voi d¢ chinh xac duoc
xac dinh trén tap dir liéu xac thyc. Thuat téa nay
duoc phat trién boi cac k§ su va nhém nghién
ctru thuoc Cong ty Yandex, Nga (Hancock &
Khoshgoftaar, 2020). CB 1a sy ké thira thuat
toan MatrixNet dugc s dung rong rai trong Xép
hang cac nhiém vy, du bao va dua ra cac khuyén
nghi. Thuat toan nay da tré thanh mot trong
nhitng thuat toan hoc may phd bién nhdt va
duoc 4p dung dé xur 1y cac van dé& khac nhau
trén nhiéu linh vuc khac nhau.

3.2. S liéu dau vao md hinh

Duya trén cac nghién ciu vé cac yéu td anh
huong dén ro ri mang luéi phan phdi duoc
nghién cuou boi (Hu et al, 2021; Wéber,
Huzsvar, & Hds, 2021; Xue et al., 2020), trong
nghién ctru nay da phéan tich va lya chon 11 yéu
t6 anh huong dén kha ning ro ri mang ludi cp
nuée Trung An — Tp. HCM. Téng cong 126 miu
dir liéu khong gian dwgc thu thap tir nhiu
ngudn khiac nhau nhu trinh bay ¢ Béang 1, thé
hién nhitng nguyén nhan chinh gy ra ro ri trén
hé thdng mang ludi cap nude hién trang cua khu
vuc cap nudc Trung An.
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Bang 1. Céc yéu to anh hwéng dén kha ning ro ri ciia nghién ciru

STT Dién giai hlzl Pon vi Ngudn
1. | Puodng kinh éng DIA mm TAWACO
2. | Module dan héi (Vat liéu 6ng) ELA Gpa TAWACO
3. | Tudi éng: tinh tir nam thi cong dén thoi diém hién tai AGE | nim TAWACO
4. | Luu luong nudc di qua 6ng trong thoi gian mét gio QAN m’/h TAWACO
5. | Ap lyc trung binh cta 6ng PRS mH,0 TAWACO
. il;;n:hzil;;;; ﬁ;;gz; 14 hiéu sb giira 4p luc cao nhat va DPRS | mH,0 TAWACO
7. | Strc chiu tai cia nén dt GRD | kN/m*> | TAWACO
8. Anh huéng cua giao thong (tim duong, cdp dudng, mat do TIP TAWACO

giao thong)
9. | Mat do dan sb POP | Ng/km®? | TAWACO
10. | D6 sau lap dat cua duong dng DPP m TAWACO
11.| Sb d4u nbi CNT TAWACO

Ghi chii: TAWACO — Céng ty C6 phan cdp nuwée Trung An

3.3. Phwong phap nghién ciru

Trong nghién cou ndy md hinh duy bio céc
diém 1o 1 nuéc trén mang ludi cip nuéc duoc
thiét 1ap théng qua 04 budc co ban nhu Hinh 1,
chi tiét dugc dién giai cu thé dudi déy.

3.3.1. Chudn bj va xir ly diF ligu

Tap dir li¢u thu thap dugc ¢ cac nguén thir
cép va so cép c6 nhiéu dang dir li€u, can phai
dugc sd hoa va chuin hoa dé co thé chay duoc
cdac md hinh hoc may. Vi du: cip duong giao
thong (A, B, C...) hodc dia chat nén 6ng (dat
sét mém, cat min I6ng - kho, cat vira nhé - gon
- kho ...); stra chira nhiing sai s6 vé s6 hoc, 13i

trong ghi nhan dir liéu. Cac dir li¢u nay duogc

xtr 1y dé dua vé dir liéu chuan héa mang gia tri
lién tuc dé nhdp vao moé hinh hoc may nhu
Bang 1.

3.3.2. Chay thir mé hinh hoc may

Sau khi c6 bo dit liéu dugc chuan héa la mot
ma tran c6 126 cot (DMA) va 11 bién doc lap (cac
yéu té anh huong toi ro ri), tap dit liéu duoc chia
thanh 2 tap dir liéu huin luyén va tap dir liéu kiém
tra v&i ty 1& 70/30 mot cach ngau nhién. Dir liéu
du doan dau ra 1a nhitng gia tri lién tuc, do do voi
nhitng mo6 hinh hoc may sé dugc chay & ky thuat
hoi quy. M6 hinh hoc may duoc luya chon dé thuc
hién la cac mdé hinh hoi quy RFR, SVR, XGB,
LGB va CBR.
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Hinh 1. Phuong phdp nghién cuu

3.3.3. Tinh todn hiéu suit mé hinh

Viée tinh toan hiéu suit cia mé hinh dugc cin
cr dua trén cac ti€u chi (Tran et al., 2021): Root
mean squared error (RMSE) — sai s6 binh phuong
gdc 1a d¢ léch chuén cua 16i du doan, cho biét
muc do tap trung dir liéu xung quanh dong phu
hop nhit. RMSE dugc sir dung trong cac md hinh
hoc may du bao dé xac minh két qua. RMSE cang
bé, mirc d chinh xac cang tdt. Gia tri cia RMSE
duoc tinh theo cong thuc:

|
— |lvw =
RMSE= [TT,0i=5° ()

Coefficient of Determination (R%) — hé sb xac
dinh: 1a thude do cho sy phu hop cia mo hinh,
cho biét ty 1& du doan cua bién phu thudc dbi véi
bién doc 1ap. R* cang 16n, mirc d6 phu hop cang
tbt. Gia tri ciia R? dugc tinh theo cong thuc:

Ely;—5)*
R*=1- 2 o0 @)

¥; : gia tri thyc té; ¥ : gia tri du doan; ¥ : gia
tri trung binh

Akaike information criterion (AIC) (Akaike,
1974) — Tiéu chi thong tin Akaike: udc tinh luong
thong tin tuong ddi bi mat boi mot mo hinh nhat
dinh, mé hinh mét cang it thong tin thi chét luong
cua md hinh d6é cang cao. Gia tri cia AIC dugc
tinh theo cong thirc:

AIC =2k —2log(L) 3)

Bayesian information criterion (BIC) (Stone,

48

1979) — Ti€u chi thong tin Bayes: 1a mdt tiéu chi
dé lya chon mo6 hinh trong sd cac mo hinh hitu
han; mé hinh c6 BIC thip nhét duoc lya chon. Gia
tri ctia BIC dugc tinh theo cong thuc:

BIC = 2klog(n) — 2In(L) 4)

k: s6 bién doc ldp;, n: s6 lwong mau,; L:
Likelihood

3.4. Lwa chon md hinh tdi wu

Siéu tham sb (Hyperparameter) duoc hiéu nhu
la: Moi m6 hinh hoc may co thé dugc dinh nghia
12 mot md hinh toan hoc véi mét sb tham sb. Gia
tri cia cac tham sb nay anh hudng dén viéc huin
luyén va do d6 d6 chinh xac cia mo6 hinh. Hi¢u
chinh siéu tham s6 14 qua trinh chon mét tap hop
cac siéu tham sd t8i wu cho mét thuét toan hoc
may. Qua trinh trinh nay dugc thuc hién mot cach
tir d6ng, nham giup dat duoc do chinh xé4c tdi da
c6 thé ctia dy doan. C6 nhiéu cach dé dat dugc két
qué t6i wu cta didu chinh siéu tham sé trong hoc
may nhu: Grid Search, Random Search hay
Bayesian Optimization. Trong nghién ctu nay,
chung t61 sit dung b dit li¢u 1a mot ma trén co
126 hang tuong tng voi s DAM va 11 cot twong
tmg v6i sb bién doc 1ap anh huong dén mé hinh
du bdo ro ri. V&i dir liéu nay phuong phap Grid
Search dwgc chon dé diéu chinh siéu tham sb
nham tim ra mé hinh ti wu.

4. KET QUA VA THAO LUAN

4.1. Lwa chon mo hinh du doan diém ro ri
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Biang 2. Hiéu suit cic mé hinh khi & ché d9 mic dinh

RFR XGB LGB CBR SVR
RMSE 190 195 192 120 229
R? 0.46 0.42 0.446 0.81 0.21

Can clr trén két qua thong ké hiéu suat cua
mo hinh theo Bang 2, d& dang nhan thiy ring
mé hinh CBR c¢6 dd chinh xac nhit voi R?
=0.81 va RMSE = 120 tiép theo cdc md hinh
RFR, XGB, LGB. Két qua ciing cho thdy
rangmd hinh SVR ¢6 d¢ 1éch chudn RMSE rét
cao (229) va hé s6 R* rit thap chi khoang 0.21.
Diéu nay cho thdy, phuong phap du bao bang
mo hinh SVR — hdi quy dua theo vector hd trg
v6i bo s6 liéu dau vao dé mo hinh hoa su twong
quan anh hudng cua cac yéu té gdy anh huong
dén ro ri mang ludi cap nude khong dat duoc
hiéu qua cao trong trudng hop cu thé mang luéi
cdp nudc Trung An. Do d6, md hinh SVR sé&

khong duoc st dung cho cac budc phan tich du
béo tiép theo.

Cac budc thiét lap — cdu hinh, huéin luyén
(training) va kiém nghiém (testing) ctia bon md
hinh hoc may dugc thuc hién trong cong cu
Jupyter (Python) phién ban 6.3.0 v&i 126 mau
duoc chia ngau nhién thanh tap dir liéu huén
luyén(70%) va tap dir liéu kiém nghiém (30%) dé
danh gia do chinh x4c va phu hop cia méd hinh
bang cach st dung géi Scikit-learning. Siéu tham
s6 ctia bdn mé hinh hoc may (RFR, XGBR, CBR
va LGBR) di duoc diéu chinh bang cach st dung
chirc nang Grid Search vdi Cross Validation = 5
trong mo dun Scikit-learning.

Bang 3. Két qua danh gii cic mé hinh sau khi hiéu chinh siéu tham sb

Budéc huén luyén Budre kiém nghiém
RMSE R? RMSE R? AIC BIC
XGB 112 0.38 125 0.44 1237.94 1269.13
LGB 107 0.32 121 0.47 1231.44 1262.40
CBR 0 1.0 99 0.83 1179.87 1211.07
RFR 0 1.0 109 0.56 1204.25 1235.45

T Bang 3 thdy mo hinh CBR (véi hiéu
chinh siéu tham sd: learning_rate = 0.01, depth
=3, n_estimators = 100) c6 két qua du doan cao
nhit v6i bo kiém nghiém (RMSE = 99, R* =
0.82), tét hon dang ké so véi cac mé hinh XGB
(RMSE = 125, R* = 0.44), LGB (RMSE = 121 ,
R? = 0.47), RFR (RMSE = 109, R? = 0.57). Bén
canh do6, cac gia tri AIC va BIC chi ra su khac

biét dang ké vé mit thong ké giita cic mo hinh
(theo Bang 3). Viéc danh gia kha nang du bao
clia cac mo hinh hoc may bang biéu dd Taylor
(Taylor, 2001) (theo Hinh 2) ciing thé hién rd
cac két qua nay. Gia tri du bao tir mo hinh CBR
c6 mdi twong quan cao hon va sai s binh
phuong gdc thdp hon so vdi cac méd hinh XGB,
LGB va RFR.
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Hinh 2. Danh gid cac moé hinh hoc may
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4.2. Két qua dy doan diém ro ri

Dua vao két qua du doan sb luong cac diém ro
ri trong 126 DMAs ctia mang luéi cip nudc Trung
An tir mo hinh Catboost ¢ phan 4.1, ban d phan
bd theo khéng gian cac diém ro ri dy doan trén
mang luéi nay duoc thiét 1ap bang cach sir dung
phuong phap noi suy nghich dao khoang cach viét
tit 1a IDW (Inverse Distance Weight). Két qua noi
suy sy phan bd theo khong gian cac diém ro ri
dugc chia theo 5 16p bao gom 16p 2-58; 58-162;
162-319; 319-535 va 16p 535-1200 diém ro ri.
Ngoai ra, s6 lidu théng ké cac diém ro ri tir thuc té
trong cac DMAs cua khu vuc nghién ctru dugc
chong xép v6i dit lieu ban d6 ndi suy phan bd
khong gian cac diém ro ri dé kiém tra mirc 6 phu
hop gitra két qua mé hinh va s liéu thuc do nhu
Hinh 3. C6 thé thiy rang két qua du bao va sb liéu
thong ké cac diém ro ri trong cac DMAs ctia mang
ludi cap nude Trung An 1a kha phu hop ké ca vé
s6 lwong va vi tri phan bd cua chiung trén mang
ludi nghién ctru ndy. Dya vao ban dd nay c6 thé
thdy rang cic DMAs nim ¢ phia Pong Nam va
khu vuc trung tim ctia mang ludi cip nudc Trung
An ¢6 b lugng diém ro ri rit 16n dao dong tir 535
t6i 1200 diém trong khi d6 khu vuc Ty Béc va
phia Nam c6 s6 lwong diém ro ri trong cac DMAs
1a kha nho dudi 58 diém. Két qua nay 13 thong tin

106“%3'0"E 106°36'0'E 106°39'0'E 106°420'E

10°540°N
10°540'N

Diém bé/ro ri thye té)
® 258
© 58-162
O 162-319
@ 319535

@ 535-1200

D doan sé diém bé/ro ri bing thuat toan Catboost:

10°51'0"N
10°51'0"N

10°480°N
°
P
@
°
10°480'N

2 1200

106“33’0"E 106":;6'0“E 106“59‘0"E 106°42'0"E

Hinh 3. Két qua dy doan so diém ro ri
va ket qua thong ké so diém ro ri trén thuc té
trong khu vic nghién cuu

hitu ich hd tro cac don vi quan 1y van hanh co6 thé
phan ving wu tién th tu cac khu vuc can sira
chita nang cip mang ludi dé giam lwong nudc ro
ri that thoat hiéu qua hon. Vi du nhu can duoc
quan tim tap trung ngudn lyc dé giam thiéu ro ri
that thoat ¢ khu vuc phia Pong Nam va khu vuc
trung tAm cua mang ludi cip nude Trung An do
cac khu vuc nay c6 s lugng 10 ri trong cac DMAs
16n hon 500 diém. Nguoc lai, néu ngudn luc tai
chinh con han ché thi chwa can phai tap trung dau
tu nhidu ngudn lyc dé giam sb lwong diém ro ri
xudng mirc thip hon nita cac phia TAy Bic, phia
Nam va phia Bic ctia mang luéi cip nudc khu vire
nay do s6 diém ro ri & mirc kha thip dudi 58 diém.

5. KET LUAN

Két qua nghién ctru cho thdy ring mé hinh
CBR cho hiéu qua dy doan sb luong diém ro ri
trén mang ludi 1a tot nhit véi R* = 0.83 va
RMSE =99, trong khi d6 mé hinh SVR cho két
qua dy bao rit kém chinh xac v6i hé s6 R? = 0.29
va RMSE =229. Cac mé hinh hoc may con lai
nhu RFR, XGB, va LGB cho két qua kém chinh
xac hon md hinh CBR trong nghién ctru nay do
d6 khi ap dung can phai xem xét dén quy mé va
dic tinh dit liéu dau vao cho cac mé hinh du bao.
Nghién ctu nay cling da xac dinh, phan tich,
danh gid va gidi thich dugc sy anh hudéng cua
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cac yéu to ddi tac dong dén kha ning gy ra ro ri
trén mang ludi cap nuéc Trung An véi 11 yéu t6
anh hudng chinh.

Mic du cac két qua du bao sb luwong cac diém
rd ri nudce trén mang ludi cip nude tir nghién ctru
nay chua dat dugc murc do chi tiét cao tuy nhién tir
cac két qua cua nghién ctru ndy c6 thé thdy ring
(1) mé hinh hoc may c6 tiém ning rat 16n trong
viéc hd trg xac dinh sb lugng cac diém ro ri, phan
viing vu tién dau tu nang cap sira chita va quan ly
hiéu qua thit thoat nudc; (2) két qua dy bao nay
c6 thé 1a thong tin hitu ich hd tro gidm sat, quan
ly, van hanh va nang cao chét lugng dich vu cép
nude cho cac cong ty cap nude hién nay dic biét
g6p phﬁn giam thiéu dang ké cac sai sot trong
cong tac quan ly, tiét kiém ngué)n nhan luc, tan

TAI LIEU THAM KHAO

dung duoc ngudn dit liéu khong 16 thu thap duoc
tir cac nguon mang lai hiéu qua vé kinh té va ky
thuat rat 16n.

Piéu can luu ¥ d6 1a nghién ciru nay chi dimg
lai ¢ viéc st dung cac mo hinh hoc may va hi¢u
chinh cac tham sé dau vao cac mé hinh hoc may
nhdm tim ra mé hinh phu hop vé6i dir liéu dau vao
ciia mang ludi cap nude trong khu vuc nghién
ctru. Dé ting do chinh xac va muc do chi tiét cua
md hinh du bao, cac nghién ctru tiép theo can xay
dung b dir lidu dau vao chi tiét ti cac diém dong
hd st dung nuéc cua ting ho din, xem xét va
danh gia cac yéu t6 anh huong chinh téi kha ning
rd i nude dwa vao dic diém mang ludi cip nudc
thyue té nham loai bo cac bién dau co thé gay nhifu
cho cac mo hinh du bao.
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Abstract:
PREDICTION OF WATER LEAKAGES IN WATER DISTRIBUTION
NETWORK USING MACHINE LEARNING TECHNIQUES: A CASE STUDY
FOR TRUNG AN WATER SUPPLY SYSTEM - HO CHI MINH CITY

This study applied several novel machine learning algorithsms to predict the number of water leakage
points in 126 DMA with 11 factors that affect the possibility of leakage: pipe age, diameter, materials,
movement of the soil, traffic loads, depth of placement, pressure, flow, differential pressure, number of
connections, and population density. The machine learning models are used as Random Forest
Regression (RFR), Extreme Gradient Boosting Regression (XGB), Light Gradient Boosting Regression
(LGB), and Catboost Regression (CBR) combined with the performance appraisals as well as reliability
of the machine learning model by comparing the Root-Mean-Square Errors (RMSE), Coefficient of
determination (R2), Akaike Information Criterion (AIC) and Bayes Information Criterion (BIC) to
evaluate the effectiness of the models. The result revealed that the CBRt model showed the best
prediction results of water leakage in DMAs. However, detailed dataset and presection of influenced
factors should be performed to increase the accuracy of the model and to be more effective in reducing
water loss.

Keywords: Non-revenue water, leak prediction, machine learning, HoChiMinh City.
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