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NHAM NANG CAO HIEU QUA DU BAO
CHAT LUONG NUOC SONG BA CHE,
TINH QUANG NINH

TOM TAT:

Ung dung cadc md hinh hoc méay trong du
béo chét luong nudc mat cod thé mang lai hiéu
qua cao trong quan ly tai nguyén nudc. Mot
trong nhing md hinh hoc may la LSTM c6 kha
ndng phan tich di liéu tir céc chi sb6 clia moi
trudng nuéc dé du bao chat luong nuéc mat
trong tuong lai. Ngoai ra, m6 hinh nay cé thé
duoc két nbi véi cac thibt bi cAm bién dé thu
thap d liéu vé chét luong nudc mat trong thoi
gian thuc. Khi d@ liéu dugc cap nhat lién tuc,
mo hinh c6 thé phan tich va du bao chét lugng
nudc mat ngay 1ap tc, gitp nha quan Iy ¢é thé
phat hién sém cac van dé vé 6 nhiém ngudn
nudc va dua ra bién phap khéc phuc kip thoi.
Béo cdo nghién ciu Ung dung tai song Ba Ché
cta huyén Ba Ché, déy 1a huyén mién nui ca
tinh Quang Ninh véi sb lugng 16n ddng bao
dan tdc thiéu sb sinh séng tai nhiéu khu vuc
c6 dia hinh phtc tap. Nhidu nam qua, nguoi
dan van st dung ngudn nudc tu chay tir cac
bé chua, ti khe, sudi, nén chat luong nudéce khoé
dam bdo. Can thiét phai cé bién phap quan
Iy hiéu qud tai nguyén nudc trén dia ban dé
nguoi dan yén tdm sinh hoat, san xuat, én
dinh doi sbng, vuon 1én thoat ngheo.

Tw khoa: Hoc mdy, LSTM, WQI, song
Ba Che.
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|. DAT VAN BE

Séng Ba Ché 1a mét trong bbn con séng
16n ctia tinh Quang Ninh, khéng chi cung cap
ngudn nudc quan trong cho sinh hoat, néng
nghiép va céng nghiép, ma con la mot tuyén
giao théng thily quan trong va c6é tdm anh
huédng 16n dén phat trién kinh té va van hoéa
cuia khu vuc. Dong séng da tao ra mot moi
trudng sbng da dang va phong pht, gép phan
vao su hinh thanh va phét trién cla céc cong
ddng dan cu xung quanh. Tuy nhién, bén canh
viéc phat trién kinh té va do6 thi mot céch d at
cua dia phuong ciing lam &nh huéng dén chét
lugng nuéc song. Két qué quan tric giam sat
chét lugng nudc cho théy, séng Ba Ché dang bi
6 nhiém hitu co, gié tri COD, BOD, tai hau hét
cé4c diém quan trac déu vuot gidi han cho phép
tir 2 dén 2,3 14n. Phuong phap danh gié hién
tai thuong dua trén két qué do nhanh tai chd,
14y mau va phan tich trong phong thi nghiém
vdi cac thong sb vat Iy, héa hoc va sinh hoc
trong nudc. Phuong phap nay tuy cé dé chinh
xac cao nhung khé tbn thoi gian, kinh phi,
trang thiét bi va nhan luc k¢ thuat cao.

Hién nay, viéc ap dung md hinh hoc may
(Machine Learning) vao nhidu linh vuc khoa
hoc khac nhau dang tré thanh xu thé nhim
tang d6 chinh x&c clia cac phép toan du béao
va phan loai. M6 hinh hoc mdy cac mbi quan
hé théng ké bac cao, do dé thuong vuot troi so




vd4i cac phuong phap moé hinh héa va du béo
truyén théng. Trong du béo chat luong nudc,
cac thuat todn hoc may cé thé ude luong va
phan tich cic thong sb, dua trén mbi quan hé
tuyén tinh va phi tuyén tinh. Cac k¥ thuat hoc
may cing déong mot vai trd quan trong trong
viéc du béo chét luong nudc séng nho mang
no ron nhan tao (ANN), vecto hd trg (SVM),
riing ngau nhién (RF), cdy quyét dinh (DT) va
hoc sé&u (DL) [1]. Hoc méy lam tang hiéu qua
dé&nh gi chat lugng nudéc mat bang chi sb chét
luong nudc (WQI) thdéng qua cac thuét toan co
giam sat nhu du béo da 16p dbi véi thuat toan
AdaBoost (AB), thuat toan K-nearest neighbors
(KNN), quy trinh Gaussian (GP) va hdi quy tang
cuong do dbéc cuc dai (XGBR) [2, 31. Ngoai ra,
c4c phuong phép tiép can dua trén may hoc
nhu ritng ngau nhién da thanh céng trong viéc
phan loai chat lugng nudc s6ng thanh cac loai 6
nhiém hoac 6 nhiém nhe véi d6 chinh xac cao,
nhan manh tam quan trong cua thong sb6 DO
trong du doan chit lugng nudc [4]. Hon nita,
viéc tich hgp céc thuat todn hoc sdu nhu mang
tich chap db thi (Graph Convolutional Network
- GCN) va mang than kinh bd nhé ngén han
dai (Long Short-Term Memory - LSTM) da cai
thién dang ké d6 chinh x4c cta cdc mo hinh
du béo chat luong nudc, hd tro quan 1y moi
truong nudc hiéu qua [5].

@ Viét Nam, nhiéu nghién ctru thudng diing
chi s6 chét luong nudc (WQI) dé déanh gia chét
luong nudc mat va kha nang st dung cla
ngudn nudc dbi véi tiing muc dich khac nhau.
Tuy nhién, viéc tinh toan WQI tir c4c théng sb
quan tric chat luong nudc con gap nhiéu han
ché do can nhiéu théng sb quan trac va tinh
todn con tuong dbi phtc tap. Trong nhimng
nam gan day, nhiéu nghién ctu tai Viét Nam
ap dung thuéat todn hoc may dé du béo chi sb
chét luong nuéc mat, nang cao do chinh xac va
gidm chi phi gidm sat. Cac thuét todn hoc may,
dac biét la tang cuong d6 déc (GBoost), dugc
ing dung hiéu qua trong udc tinh chi s6 chit
luong nudéc mat & dong bang séng Hong, Viét
Nam, nang cao do chinh x4c du bao va hiéu
qua chi phi [6]. Ké ca véi méi trudng nudc bién,
céc thuat toan cay quyét dinh (DT), rimg ngau
nhién (RF), hdi quy tdng cuong doé déc (GBR) va
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hoi quy tang cuong d6 déc Ada (ABR) st dung
anh vién tham Sentinel-2 dbi v4i khu vuc ven
bién tinh Binh Binh. Nghién cttu cho thay thuat
toan rimg ngau nhién (RF) du bao céc théng sb
chét luong nudc bién chinh xac nhat so véi di
liéu do tai hién truong (R2 = 0,69 + 0,74) [7].
Viéc tim ra thuat todn dé du béo hiéu qua WQI
14 rat quan trong va can thiét nham phuc vu tot
hon cho céng tac danh gia chat luong nudc mat
cho vung nghién ctru. Nghién ctu tai ban dao
Ca Mau dé ap dung phuong phap Bayes (BMA)
dé lua chon cac thong s6 chét luong nuéc t6i uu
(pH, BOD,, PO, va Coliform) dé tinh toan WQL.
Két qua cho thay s dung céc thuat toan ting
cudong dé dbc (GBoost) c6 két qua du béo chinh
x4c nhat (R2=0,973), tang cuong do dbc cuc
dai (XGBoost) c6 R?=0,966, cay quyét dinh cé
R2=0,944 va ting cuong d6 dbc nhe (LGBoost)
c6 R2=0,928 [8].

Nhu vay, cac nghién ctu trudc ddy vé ung
dung hoc may trong du bao chat lugng nudc
chti yéu tap trung vao du béo céc théng sb chit
luong nudc va tinh todn chi sb6 chat luong nudc
(WQI). Mdt sb nghién cru con két hop thuat
todn hoc mday vdi mang gidm sat thoi gian
thuc va cho két qua rat kha quan. Tuy nhién,
c4c nghién cru nay chd yéu trén thé gidi, con
tai Viét Nam, cé rat it nghién ctu danh gia
tiém nang cua thuat todn hoc may trong du
béo chi s6 chét lugng nudc mat (WQI) dua trén
di liéu dau vao nham gidm chi phi gidm sét
chét luong nudc mat. Vi vay, viéc nghién cau
ing dung cac mo6 hinh hoc may dé du béo chi
s6 chét luong nudc mat tai sébng Ba Ché la can
thiét va gép phan dua ra cac phuong phép tinh
toan chi sb chét luong nuéc mat hiéu qua va
tibt kiém hon.

II. THU THAP MAU VA PHUGNG PHAP NGHIEN CUU

1. Khu vuc nghién citu va ldy mau

Vi tri quan trac lay mau duoc théng ké
trong bang 1 va thé hién trén hinh 2 trong 2
dot khdo sat mua kh6 va mua mua giai doan
2017-2022. MAu dugc l4y theo TCVN 6663-
6-2018 (ISO 5667-6-2014) trong ldy méu
nudc séng va TCVN 6663-3-2016 (ISO 5667-
3-2012) trong bdo quén va xi ly mau nudc
(Bang 1, Hinh 1).
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2. Phuong phdp thu thap
dit liéu

D liéu cho bai bao nay
cht yéu tap trung vao viéc
thu thép thong sb chét lugng
nuéc nhu pH, TSS, NTU,
BOD,, COD, DO, NO,, NH4+,
NO,, PO,*, Zn, Fe, Cu, Pb,
Hg, va Coliform.

3. X Iy s6 lidu

Dénh gid mdu nudéc theo
QCVN 08:2023/BTNMT, muc
A - Quy chuén k§ thuat Québc
gia vé chét lugng nudc mat
phuc vu muc dich cip nudc
sinh hoat.

Quy trinh tinh toédn chi
sb WQI theo huéng dan
trong Quyét dinh sb 1460/
QP-TCMT clia Téng cuc Moi
trudng trong giai doan tu
2017 dén 2023.

4. Phuong phap hoc may

Mang no ron hoi quy
(RNN) la mdt loai thuéat toan
hoc méay phu hop véi dT liéu
lién tuc, da bién cé thé xu Iy
d liéu tudn tu va da dugc
ching minh hiéu qué trong
du béo chét luong nudc.

Mang no ron bd nhé ngan-
dai (LSTM) ké thira thut todn
ctia RNN dé xt Iy cac chubi di
liéu theo thdi gian (sequence/
time-series), phu hgp trong
viéc du béo chét luong nudc
thoi gian thuc. LSTM vua hoc
dugc cac thong tin tu state
gan né (short term memory)
gibng RNN va cac théng tin tir
state & trudc né rat xa (long
term memory) diéu ma RNN
khong lam dugc. O state thu
t ctia m6 hinh LSTM:

Output: C, h, trong dd cla
cell state, h la hidden state.

Input: C_, h ,, x, trong do6
x la input & state thu t cta
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Bdng 1. Toa dp diém khdo sdt thu thip mdu nudc mdt
trén song Ba Ché
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Hinh 2. Céu triic cia mo hinh LSTM

mdb hinh, ¢, h, la output
cua layer trudéc.

(Hinh 2).

Forget gate: ft=0(W X[h,_,
x]+b), €, =tanh (W _X[h, _, x

I+b). (1)
Input gate:
i=0(WX[h_,x]+b). (2)

Output gate:
0,=0(W X[h _,x]+Db). (3)
Long memory:

c,=f Xc_,+iXC. (4)
Short memory:
htzotXtanh (ct). (5)

Ghi cha: 0, tanh la budc
dung sigma, tanh activation
function; X, + la phép nhén,
phép cong ma tran; f, i, va
9t tuong ﬁng vai forget gate,
input gate va output gate.

Viéc danh gia do chinh xac
ctiia mo hinh trong du bao chi




sb6 chét luong nudc tai khu
vuc nghién ctu bang céc
chi sb nhu: Sai s tuyét dbéi
trung binh (MAE); sai s6 binh
phuong trung binh (MSE);
can béc hai cia gia tri trung
binh cta sai sb binh phuong
(RMSE); R-square (R?).

[11. KET QUA VA THAO LUAN

1. Két qud tinh todn chi sb
chét lugng nuedc mat

Két qua tinh toan gié tri
WQI cta cac mau phuc vu
huén luyén mo6 hinh dugc thé
hién trong giai doan tu nam
2017 dén 2022 cho théy, dién
bién chat luong nudc sbng
Ba Ché c6 su bién dong theo
mua, chat lugng nuéc mua
khé th&p hon miia mua. Trong
giai doan gidm sét chat luong
nuéc kha én dinh & muc tot
dén rat tot véi gia tri WQI dao
dong trong khodng 76 dén 97,
dép ung tiéu chuén cap nudc
sinh hoat. Trong do, tai cac
diém quan trac NM-02 1a diém
trude khu vuc 14y nuéc vé nha
maéy nudc sach Ba Ché c6 chéat
lugng t6t hon & cac diém phia
ha ngudn khi chua chiu anh
hudng nhiéu clia viéc xa nudc
thai sinh hoat, dich vu va cong
nghiép trén dia ban.

Dua trén két qua thu duoc,
lua chon cac théng s6 dé
xay dung mo hinh hoc méay.
Nghién ctu da xay dung mo
hinh tUr cac théng sb (BOD,,
NH,*, PO,*, TSS, NTU va
Coliform) gom di¥ liéu dao tao
(24 méau) va thi nghiém (36
mau) dé du béo chét luong
nuéc mat (WQI) theo cdc mo
hinh 1& Mang no ron hdi quy
(RNN) va Mang no ron bo nhé
ngan-dai (LSTM).

c-LSTM-NMO2

b-RNN-NMO5

s

d-LSTM-NMO5

Hinh 3. So sanh gita WQI dy bdo va thuc té doi vdi dit lidu
thit nghiém theo cdac mo hinh hoc may

Bdng 2. Pdnh gid cdc mé hinh dy bdo chi so chat heong nudc mat
khu vuc nghién citu

Hoc

i Thong sb dau vao
may

bau Péanh gid
ra | MAE | MSE | RMSE | R?

RNN | BOD,, NH,*, PO,*, TSS, NTU, Coliform waQl | 5,7 78,6 | 8,85 0,82

LSTM

BOD,, NH,*, PO,*, TSS, NTU, Coliform WQI | 5,5 73,0 | 8,52 0,86

Két qua bdo cédo WQI va
biéu dd so sanh gita gia tri
WQI du doéan va do dugc dbi
vdi tap da liéu thuc nghiém
theo cac md hinh hoc méay
(Hinh 3).

2. Két qud ddnh gid mo hinh

Két qua danh gid mo6 hinh
hoc méay du vao 4 tiéu chi
(MAE, MSE va RMSE va R®)
dé du doan chi sb chat luong
nudc mat tai khu vuc nghién
ciu (Bang 2).

Theo két qua tinh toén,
moO hinh hoc may LSTM cé do
chinh xac cao hon mdé hinh
RNN. Trong d6, md hinh md
hinh RNN c¢6 R? la 0,82; gia
tri 16i 1a 5,70; 78,6; 8,85 va
mo hinh LSTM c6 R2 la 0,86;
gia tri 16i 1a 5,50; 73,0; va
8,52. C6 thé thdy, cic md
hinh hoc may 4p dung trong

bai bdo déu cé thé du doan
t6t WQI cho khu vuc nghién
ctu (R? déu 16n hon 80%).
Do dé¢, viéc ung dung cac md
hinh hoc may trong tinh toédn
WQI cho séng Ba Ché la phu
hop va tiét kiém chi phi. Ti
do, gitp tang hiéu qué trong
cong tac gidm sat chat luong
nudc séng phuc vu chp nudc
sinh hoat, 6n dinh doi s6ng
va phat trién kinh té-xa hoi
trén dia ban huyén. Pdng
thoi, ndng cao coéng tdc quan
ly tai nguyén nudc, dac biét
1a tai céc ving cé diéu kién
khé khan nhu huyén mién
nui Ba Ché.

3. Két qud phan ving chét
lugng nudc song Ba Ché

Két qua noi suy ludi sb lidu
chét luong nudc tinh toan chi
s WQI va du bao biang mo
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hinh LSTM tai cac diém khdo sét tao ludi sb
liéu chat luong nudc tuong Gng. Cac mat cat
dai dién trén song Ba Ché dugc tinh toan noi
suy hién thi theo da giac theo cadc mau tuong
ng véi chat lugng nudc quy udc. Tién hanh
chdng céc 16p ban dd trén co s& nén dia hinh
tai khu vuc nghién ctu thu dugc phan vung
chat luong nudc séng Ba Ché theo hai mua
(Hinh 4).

a-Mua kho

b-Mua mua
Hinh 4. Phan ving du bdo chat heong nuedc song
Ba Ché theo hai mua tai khu vic nghién citu
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Phan b muc chat lugng nuéc séng Ba Ché
c& hai mua cho thay chat lugng nudc tbt dén rat
t6t. Trong d6, chat luong nudc sébng vao mua
mua dugc cai thién hon do moét lugng nudc 16n
tu cdc nhanh s6ng Quéch, séng Poang, séng
Lang Céng va thugng ngudn chay vé va kha
nang tu lam sach ctia séng cao. Nhin chung
chat lugng nuéc séng van dam bao vé chét
luong nuéc mat phuc vu muc dich cép nudc
sinh hoat trén dia ban huyén Ba Ché theo
QCVN 08:2023/BTNMT (muc A). Tuy nhién,
vao mua khé can cac bién phap xu Iy pht hop
truéc khi diing lam nuéc cdp sinh hoat cho
nguoi dan.

IV. KET LUAN

Két qua nghién ctu da dua ra co s& khoa
hoc cho viéc tinh toan chi sb chat luong nudc
mét bang hoc may va da phat huy hiéu qua
trong du bao chi sb chét luong nudc (WQI)
sébng Ba Ché. Bao céo da xdy dung mo hinh
hoc may du bdo WQI véi 5 tham sb dugc chon,
bao gém: BOD,, NH,*, PO,*, TSS, NTU va
Coliform. Theo két qué tinh todn du bdo WQI
clia cic md hinh hoc may cho thdy, mé hinh
LSTM c6 do chinh xac hon mo hinh RNN va ca
hai mé hinh déu cé dé chinh xéc cao, dao déng
tlr 82-86%.

Tuy nhién, b6 d liéu st dung trong bai béo
con han ché chua dat dugc dd chinh xac cao
nhu mong mudn. Vi vy, can tiép tuc b6 sung
thém bo dir liéu vé ngudn xa thai, thiy dong
luc hoc dong chay va dac biét 1a nhimg yéu tb
nhan tao gay anh huéng dén chat luong nudc
song. Tu d6, giup nadng cao d6 chinh xac hon
nra cia md hinh hoc may trong cong tac du
bao va nang cao hiéu qua quéan ly moi truong
séng dé dam bao chét luong nudc phuc vu
muc dich cip nuéc sinh hoat bén ving trén
dia ban huyén Ba Ché.

Lo cam on:

Két qua bai bdo dugc hoan thanh dudi su hé tro
kinh phi va s6 ligu ciia dé tai “Ung dung mo hinh
LSTM trong dy bdo chat lugng nudc song Ba Ché
phuc vu cap nwede sinh hoat cho huyén Ba Ché, tinh
Qudng Ninh” - Ma s6 T24-24. Cdc tdc gid xin trin
trong cam on.
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méay dé du béo chi sb6 chat luong nudc mat
vung ban ddo Ca Mau. Tap chi Khoa hoc va
Cong nghé Thuay loi 76.

APPLYING MACHINE LEARNING TO IMPROVE THE EFFICIENT
WATER QUALITY PREDICTION FOR BA CHE RIVER,

QUANG NINH PROVINCE
Nguyen Thi Hong', Dao Trung Thanh’
Hanot University of Mining and Geology

SUMMARY:

Applications of machine learning models in
predicting surface water quality have brought
efficiency to water resource management.
Machine learning models can predict surface
water quality through data analysis from
physical, chemical, and biological parameters.
In addition, it can be connected to sensor devices
to collect data on surface water quality in real-
time. These models can immediately analyze
and predict surface water quality, so managers
can detect water pollution problems early and
take timely corrective measures. The models
used in the article are RNN and LSTM, which
have been used by many scientists and have
proven their effectiveness. The scope of the
article’s research is the Ba Che river area of
the Ba Che mountainous district with a large
number of ethnic minorities living in many
areas with complex terrain. The scope of the
article’s research is the Ba Che river area of
the Ba Che mountainous district with complex
terrain, sparse population, and difficult life.
In recent years, people have used water from
reservoirs, streams and streams, so water
quality is difficult to ensure. It is necessary to
have measures to effectively manage water
resources so that people can feel secure in living,
producing, stabilizing their lives, and escaping
poverty.

Keywords: Machine learning, LSTM, WOQI,
Ba Che River.
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