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NGHIEN CUU UNG DUNG CAC MO HINH HQC MAY DE DU BAO
CHI SO CHAT LUQNG NUOC MAT VUNG BAN PAO CA MAU

Nguyén Pirc Phong, Ha Hai Dwong
Vien Nuoc, Twoi tiéu va Moi trueong

Tém tat: Chat lugng meoc mat ving BDCM dang bi 6 nhzem do anh hwong cua xd thadi khong dat yeu cau vao
nguon nudc. Nguon nuoc mgt trong vung bi 6 nhiem pho bién la hitu co va vi sinh véi cdc thong 50 DO, BODs,
COD, NH,", tong Coliform,... Ti rong vung nghzen cutu, cac dia phwong thu"ong dung chi s6 chat lwong muéc
(WOQI) dé déanh gida chat lu’ong nudc mdt va kha nang si: dyng clia nguon nucée doi véi timg muc dich khac nhau.

Tuy nhién, viéc tinh toan WQI tir cac thong S() quan trdc chat leong meée con gdp nhiéu han ché do can nhzeu
théng sé quan trac va tinh todn con tuong doi phu’c tap. Viéc tim pthong phap tinh todan hi¢u qua WOl la rat
quan trong va can thiét nham phuc vu tot hon cho céng tic danh gid chat heong nudc mdt cho vung nghzen cuu.,

Nghién ciru nay s€ ung dyng thudt toan (mo hinh) hoc may dé tinh toan WOI dwa vao s6 liéu dau vao (théng sé
chdt heong nudc 16i thiéu) dé giam chi phl quan tréc chat lwong mudc mat. Nghién ciru da ap dung phwong phap
Bayes (BMA ) de lwa chon cac thong so chat luwong nuoc toi vu (pH, BODs, POs va Colzform) de tinh toan WQI.
Két qud cho thdy cdc mé hinh hoc may da tinh toan (dy bao) WQI dya vao cdc thong S0 (Zoz tiéu) véi do chinh
xac cao. Theo dé mé hinh Tang cuong do doc c6 ket qua dy bao chinh xdac nhat Vi co h¢ so xac dinh R? cao nhat
(0,973), gid tri cdc sai 50 } MAE, MSE va RMSE thap nhat (3,24; 22,54; 4,75). Tiép dén la mé hinh Tang cwong
do doc cwe dai c6 R? 1a 0, 966 va gid tri cac sai so tuong mg (3,15, 28,95, 5,38). Mo hinh Cdy quyet dinh 6 R

la 0,944, gid tri cdc sai 56 la 4,46; 49,67; 7,04; M6 hinh Tang cuong d doc nhe c6 R? la 0,928; gid tri cdc sai
56 1a 5,95; 63,30; 7,95. o

Tw khéa: Bdn dio Ca Mau, phwong phap BMA, mé hinh hoc may, chi so chat lwong nuwoc mat (WQOI)

Summary: Surface water quality in the Ca Mau peninsula is being polluted due to the influence of unsatisfactory
discharge into water sources. Surface water sources in polluted areas are organic and microbiological with
parameters of DO, BODs, COD, NH,4", total Coliform, etc. In the study area, localities often use water quality
index (WQI). to assess surface water quality and usability of water sources for different purposes. However, the
calculation of WQI from water quality monitoring parameters still faces many limitations because it requires
many monitoring parameters and is relatively complicated. Finding an effective WQI calculation method is very
important and necessary to better serve the assessment of surface water quality for the study area. This study
will apply a machine learning algorithm (model) to calculate the WQI based on the minimum input data (water
quality parameters) to reduce the cost of surface water quality monitoring. The study applied Bayesian method
(BMA) to select optimal water quality parameters (pH, BODs, PO4 and Coliform) to calculate WQI. The results
show that the machine learning models have calculated (predicted) WQI based on (minimum) parameters with
high accuracy. Accordingly, Gradient Boosting model has the most accurate prediction results because it has
the highest coefficient of determination R? (0.973), the lowest error values of MAE, MSE and RMSE (3.24;
22.54; 4.75). XGBoost model with R? of 0.966 and the corresponding error values (3.15; 28.95; 5.38). The
Decision Tree model has an R? of 0.944; the lowest error values is 4.46; 49.67; 7.04); The LightGBM model
has an R? of 0.928; false value value is 5.95; 63.30; 7.95.

Keywords: Ca Mau peninsula, Bayesian Model Averaging method, machine learning model, surface water
quality index (WQI).

1. PAT VAN PE S6c Trang, Bac Liéu, Ca Mau va phan phia
Viing nghién ciu (BDCM) nim & phia Nam qu tinh Kién Giang (gém cac huyén Giong
kénh Cai Sén va hitu ngan song Hau, c6 tng Riéng, An Bién, An Minh, Vinh Thuan, Go
dién tich tu nhién khoang 1.678.000 ha; bao Quao va cac xa phia Nam cac huyén Chau
gdm thanh phé Cin Tho, cac tinh Hau Giang, ~Lhanh, Tan Hiép).
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Déi véi ving BDCM, séng Hau 13 con song cip
nude chinh cho vung, tuy nhién, mot $6 doan
song cua song Hau da ghi nhan hién tuong 6
nhiém cuc bd chit hitu co, voi muc do khac
nhau do nudc thai tr cac khu cong nghiép va
hoat dong khai thac cat, nudi trong thuy san
khong qua xir 1y, xa thang ra méi truong. Pién
hinh nhu doan song Hau qua khu vuc Nhon My
va C4i Con da c6 dau higu 6 nhiém hitu co va
vi sinh. Bén canh d6, do duc cting & muc kha
cao do cac song ¢ khu vuc nay c6 phu sa lon
[2], [18]. Péi v6i chit lwong nude mit hé thong
kénh ndi ving BDCM, nudc mdt vung nghién
ctru cha yéu bi 6 nhiém hitu co, chit dinh
dudng, vi sinh vat va c6 xu hudng bi nhiém
phén. Mtc d6 6 nhiém hitu co, chit dinh
dudng va vi sinh vat ngay cang tang qua cac
nam [15]. Theo danh gia chat lugng nudc mat
clia cdc dia phuong trong ving BDCM, dién
bién chat lugng nudc cua hé théng song kénh
cua tung tinh trong vung nghién ctru dugc trinh
bay dudi day:

- Chat lugng nudc mit tinh Hau Giang: Chat
luong nudc mat tai mot sb song, kénh dia ban
tinh da bi 6 nhiém hitu co va 6 nhiém vi sinh.
Nhiéu thong s6 quan tric méi trudng nudc mat
tai cac khu vuc nay da vuot tiéu chuan cho phép
nhu: DO, TSS, N-NO2", NHs*, BODs, COD va
tong Coliforms [5]. Tai mot sé tuyén song chinh
trén dia ban nhu khu vuc kénh xang Xa No, Cai
Cén, Lai Hiéu, song Hau doan chay qua dia ban
huyén Chau Thanh, mét sé tuyén song thudc
huyén Long My ... chét lugng nuéc déu di bi 6
nhiém;

- Chat luong nudc mit thanh phé Can Tho:
Chit luong nude mat tai cac kénh rach trén dia
ban thanh phd Can Tho di bi 6 nhiém hiru co
vavi sinh [14]. Theo S¢ Tai nguyén Moi trudng
Can Tho, cac vi tri quan tric ndm 2020 trén 19
song, kénh, rach trén thi c6 14 séng, kénh, rach
c6 chi s6 WQI nam trong khoang tir 51 dén 75
(chi str dung cho muc dich tudi tiéu hodc twong
duong); chi c6 04/19 kénh, rach c6 chi s6 WQI
nam trong khoang tir 76 dén 90 (st dung cap
nudce sinh hoat, nhung can xir 1y) d6 1a rach Cai
Son - Hang Bang quan Ninh Kiéu; rach Cam
quan Binh Thuy; rach Ba Lang quén Cai Rang

varach Bo Ot quan Thét N6t [1];

- Chét lugng nudc mat tinh Séc Trang: Nudce
mit thudc tinh Séc Tring ciing bi 6 nhiém hiru
co va visinh, gia tri COD, BODS tai hau hét cac
diém quan tric déu vuot gidi han cho phép [17].

Theo S¢ Tai nguyén Moi truong Soc Trang, cac
Vi tri quan trac ndm 2020 tai 19 séng, kénh dugc
quan trac chi c6 04/19 kénh, rach c6 chi sb WQI
nam trong khodng tir 76 den 90 (st dung cap
nuéc sinh hoat, nhung can xu 1y). Co 10/19
song, kénh c6 chi s6 WQI nam trong khoang tir
25 dén 75. Trong d6 ¢6 2 vi tri nude bi 6 nhiém
nang (WQI =25), can cac bién phap xu 1y 1a
kénh Thanh Loi, kénh thi trdn Long Phu;

- Chét lugng nudc mit tinh Bac Liéu: Nudc mat
tinh Bac Liéu cling bi 6 nhiém hitu co va vi sinh,
gia tri COD, BODS tai hau hét cac diém quan tric
déu vuot gidi han cho phép tir 1,2 — 10,1 1an. Theo
S& Tai nguyén Moi truong Bac Li€u, cac vi tri
quan tric nam 2020 tai 8 song, kénh dugc quan
trac chi c6 1/8 kénh, song co chi s6 WQI nam
trong khoang tir 76 dén 90 (sir dung cap nudc sinh
hoat, nhung can xtr 1y). C6 6/8 song, kénh c6 chi
s6 WQI nam trong khoang tir 25 dén 75. Trong
d6 ¢6 2 vi tri nude bi 6 nhiém ning (WQI =25),
can cac bién phap xir Iy 1a cdng Cai Cung (huyén
Hoa Binh) va cong Pau Bang (TX x3 Gi4 Rai). O
mdt s6 vi tri nhur Ctra Ganh Hao (huyén Pong
Hai), Nga tu Chu Chi (huyén Phudc Long), Cira
Nha Mat (TP. Bac Liéu), Céng Hung Thanh
(huyén Vinh Loi), Vinh Ldc - Ba DPinh (huyén
Hong Dan) gi4 tri WQI ndm trong khoang tir 49-
70, nude chi str dung cho giao thong thuy va céac
muc dich twong duong khac [9, 6-8];

- Chét luong nudc mat tinh Ca Mau: Nudc mat
tinh Ca Mau ciing bi 6 nhiém hiru co va vi sinh,
gia tri COD, BODs tai hau hét cac diém quan
trac déu vuot giGi han cho phép tir 1,4 — 11,5
lan. Theo S& Tai nguyén Moéi truong Ca Mau,
cac vi tri quan tric nam 2020 tai 20 vi tri dugc
quan tric chi c6 1/20 vi tri (Ctra song Ctra 16n)
¢6 chi s6 WQI nam trong khoang tir 76 dén 90.
C6 10/20 vi tri c6 chi s6 WQI nam trong khoang
tir 25 dén 50. Day ciing 1a nhiing vi tri nudc bi
6 nhiém ning, can cac bién phap xir Iy (WQI <
25) [12, 13, 10, 11].
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Nhu vay, hién trang moéi trudong nudc mat vung
BDCM van dang dién bién kha phirc tap (v6i
nhiéu ngudn x4 thai khong duogc xur 1y trude khi
X4 vao nguén nuoc), dac biét 1a tai cac do thi,
trung tdm va khu dén cu déng dic séng 2 bén
song chit lwong nude mat bj 6 nhidm chu yéu
do nudc thai sinh hoat, mot s6 noi khac lai do
hoat dong san xuat cong nghiép, nudi trong thiy
san... [3, 4].

Co thé thay, cac dia phuong trong vuing
nghién ctru thuong dung chi s6 chét luong
nudc (WQI) dé danh gia chat luong nudc mat
va kha nang st dung ctia ngudn nudc ddi véi
tirng muc dich khac nhau va phai dya vao rat
nhiéu thong sé dé tinh toan WQI va qua trinh
tinh toan tuong ddi phirc tap. Theo Quyét dinh
s6 1460/QD - TCMT cua Tong cuc Mbi
trudng ban hanh vé viéc Hudng din ky thuat
tinh toan va cong bd chi sé chit luong nudc
ctia Viét Nam (VN WQI), sé liéu dé tinh toan
VN_WQI phai bao gébm t6i thiéu 3/5 nhom
thong so, trong do bét budc phai c6 nhoém IV
(nhom thong s6 hiru co va dinh dudng) phai
co t6i thiéu 3 thong sé. Thuc té, cac dia
phuong thudng dung 3 nhém thong sé Nhom
| (pH); Nhém IV (DO, BODs, COD, TOC, N-
NHs4, N-NO3z, N-NO2, P-POs) va Nhom V
(Coliform).

Trén thé gi61 va Viét Nam, cac k¥ thuat hoc
may da duogc sir dung rong rai dé tinh toan (du
b4o) chat luong nudc mit ciing nhu tinh toan
WQI [33]. Phuong phap nay da dugc ching
minh 14 ¢6 nhiéu wvu diém vuot troi (so v&i
phuong phap truyén théng) dé mo hinh hoa
céc phuong trinh phi tuyén tinh phtrc tap trong
nghién ciru tai nguyén nudc [29]. Moi thuat
toan hoc may déu c6 vu nhuoc diém khac
nhau va phu thudc vao cac bién dau vao. bbi
v6i du bdo chit lugng nudce, cac thuat toan
hoc may (Machine Learning) dugc st dung
phd bién 13 Adaboost [19], GBM [28],
XGBoost [22], cdy quyét dinh (DT) [32],
[20], cay ting cuong (ExT) [21], ring ngau
nhién (RF) [24], [27]. Céc thuat toan hoc sau
(Deep Learning) dugc ing dung 1a tri giac da
16p (MLP) [25] ham co s xuyén tam (RBF)
[26], mang than kinh chuyén tiép ngudn cip
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dir liéu sdu (DFNN) [23], va mang than kinh
tich chap (CNN) [31] dé dugc ing dung. Mot
s6 nghién ctru con tng dung rat nhiéu thuat
toan (ca hoc may va hoc sau) dé tinh toan
[30]. Mic du c6 nhiéu thuit toan dwoc ap
dung va cho cac két qua kha quan, tuy nhién
con gip mot sb 1a co qua nhleu s6 liéu dau vao
phuc vu tinh toan, diéu nay can mot lugng 16n
s6 liéu quan tric va két qua mé hinh c6 thé bi
qua khép véi dir lidu (overfitting).

Do vay, viéc nghién ctu ng dung cidc mo
hinh hoc may dé du bao chi sé chat lugng
nuéc mit ving BDCM 14 quan trong va can
thiét. Nghién ctru s& gop phan cung cap thém
phuong phap tinh toan chi sé chat lugng nuée
mit khoa hoc, hiéu qua, ton it chi phi nham
thich hop véi diéu kién thuc té cua cac dia
phuong trong vung Ban ddo Ca Mau.

2. PHUONG PHAP THU'C HIEN
2.1. Muc tiéu

- Xay dung dugc co s¢ khoa hoc tinh toan chi
s6 chat lugng nude mit bang phuong phap hoc
may;

- Pé xuit dugc phuong phap tinh toan chi sd
chat luong nuéc mit bang phufong phép hoc
may thich hop véi diéu kién thyc té ctia cac dia
phuong trong viung Ban ddo Ca Mau.

2.2. Phuwong phap thue hién

Pé dat dugc cac muc tiéu dé ra, cac phuong
phép nghién ctru dugc str dung nhu sau:

2.2.1. Phuwong phdp do dac hién truong, liy
mdu phdn tich

Khao sat do dac, 14y mau phan tich céc chi tiéu
danh gia 6 nhiém nudc va chat luvong nudc mit,
nude thai. Viéc ldy mau nudc miat dé danh gia
dugc xu thé chung bién doi chéat luong nude
[61], [68]. CAc Vi tri duoc quan tric co tinh dién
hinh, dai dién cho viung nghién ctru theo céc tiéu
chi dam bao phéan bd theo cac truc kénh chinh
cua BBCM (xem Hinh 2.1).

TAP CHi KHOA HOC VA CONG NGHE THUY LQ1 SO 76 - 2023 3



| KHOAHOC CONG NGHE
B 'S
N /
i L N s
4| ,f" \ o“ e .«% - {*
o N R .,
wy 1 e ) :n A ;.. >
Ib .J:'::.'m .":".” . } ."" l?."\ \'
M,.. A o 100, 2etn)
g s W R =X\
‘;:; o . o o' 7o N\
l" L .:-—<:.l~ o e .hb !

i VG

- Wt o
i - e S .'“b~:-f"\‘t.

b PO B L
L3 A
A

i = e N

e
Hinh 2.1: V; tri Idy mdu phan tich chdt hwong
nuot mat vung BDCM

2.2.2. Phwong phdp Bayes (BMA)

Phuong phap Bayes (BMA) khai thac nhan té
Bayes (BF) va chi s6 do luong muc d6 quéin
binh “compromise” gitta d§ phuc tap va kha
nang tién lugng cia md hinh (BIC) dé chon mo
hinh t6i wu. Day la phwong phap méi khic phuc
dugc van dé thira bién (bién khong c6 tac dong
thyc t&) trong md hinh hdi quy tuyén tinh da
bién [16].

Theo két qua quan tric chat luong nudc c6 rat
nhiéu thong sé chat lugng nudce 1a 1y, hoa va vi
sinh (pH, TSS, DO, BODs, COD, NH4, POs,
Coliform) quyét dinh dén 6 nhiém, tirc 1a dén
chat lugng nuée (¢ day 1a gia tri WQI). Pé xac
dinh duoc cac thong sb dic trung phuc vu mo
hinh hoc may trong ving BDCM, nghién ctru
da dung phuong phap Bayes dé xac dinh duoc
nhing bién (thong s6 chat luong nudc) c6 anh
hudng 16n dén WQI. Két qua phan tich théng
ké bang phuong phap Bayes (BMA) sé& xac dinh
dugc cac thong sd chat lugng nudc cd anh
huong 16n dén gia tri WQI, tir do xéac dinh duoc
cac thong sb chinh anh huong dén WQL

2.2.3. Phwong phap hoc mdy

Nghién ciru st dung cac mé hinh hoc may dé
tinh toan (du bao) WQI v61 2 nhom chinh: thuat
todn tang cuong, thuat toan cay quyét dinh vi

day 1a 2 thuat toan cho két qua tinh toan c6 do
chinh xac cao, cac thuat toan d¢ hiéu va de trién
khai.

2.2.3.1. Thuat toan tang cwong

Thuat toan tang cuong la mét phuong phép
duogc stir dung trong may hoc dé giam 15i trong
qué trinh phan tich dir liéu duy doan. Cac nha
khoa hoc dir liéu dao tao phén mém may hoc,
hay con goi 1a cdc mo hinh may hoc, trén dir
liéu dugc gin nhin dé du doan vé dit liéu chua
duoc gén nhan. Mt mé hinh méy hoc c6 thé du
doan 16i dya trén do chinh xac cua tap dir licu
dao tao. Pé dao tao mod hinh thuit toan ting
cudng, mot thuat toan can trai qua nhitng budc
téng quat sau:

Budc 1: Thuat toan tang cuong chi dinh trong
s6 nhu nhau cho mdi mau dit liéu. Qua trinh nay
cung cép dit liéu cho moé hinh may dau tién,
duoc goi 1a thuat todn co s¢. Thuat toan co so
dua ra du doan cho mdi mau dir liéu.

Budc 2: Thuat toan tang cudng danh gia cac du
doan mo hinh va ting trong s6 ciia cac mau voi
mot 16i nghiém trong hon. Qua trinh nay ciing chi
dinh mét trong $6 dua trén hiéu suit ctia mé hinh.
M0 hinh cho ra cac du doan xuét sic s& c6 anh
hudng 16n dén quyét dinh cubi cung.

Budc 3: Thuét toan chuyén dit liéu duoc chi
dinh trong s6 sang cay quyét dinh tiép theo.

Budc 4: Thuat toan lap lai budc 2 va 3 dén khi
cac truong hop 16i dao tao xdy ra thap hon
nguong nhat dinh.

Thuat toan ting cudng c6 nhiing wu diém nhu
sau:

- D@ trién khai: Thuat toan ting cudng co cic
thuat toan dé hiéu va dé dién giai, duoc dic két
tir sai lam. Cac thuat toan nay khong yéu cau
bét ctr qua trinh tién xtr Iy dir liéu nao, dong thoi
con c6 cac quy trinh tich hop sin dé xu Iy dir
liéu con thiéu.

- Giam thién kién: Thién kién 1a sur tdn tai cua
tinh khong chic chan hoic khong chinh xac
trong két qua cia may hoc. Cac thuat toan ting
cuong két hop nhidu may hoc yéu theo phuong
phép co trinh tu lién tuc cai thién cac du doan.
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Huéng tiép can nay giup giam mic do thién
kién cao thudng gip & cac mo hinh may hoc.

- Hi¢u qua dién toan: Cac thuat toan tang cuong
uu tién nhirng tinh nang lam tang do chinh xac
cua du doan trong qua trinh dao tao. Céc thuat
toan nay giup gidm thudc tinh dir li¢u va xu ly
tap dir liéu 16n mdt cach hi€u qua.

Tuy nhién thuat toan tang cuodng con cé
nhitng nhugc diém nhu d& bi anh hudng boi
dir liéu ngoai lai. Cac mo6 hinh thuit todn tang
cuong dé bi anh huéng boi dir liu ngoai lai
hodc gia tri dit liéu khac véi phén con lai cua
tap dir liéu. Vi mdi mo hinh déu ¢b ging khic
phuc céc 18i ciia phién ban tién nhiém, nén dir
liéu ngoai lai c6 thé lam két qua bi sai 1&ch
dang ké.

2.2.3.2. Thudt todn cdy quyét dinh

Cay quyét dinh 1a mdt thuat toan hoc tap cé
giam sat khong tham sd, duoc sir dung cho ca
nhiém vu phan loai va hoi quy. N6 ¢6 cdu tric
dang cay, phan cip, bao gébm nut gdc (root
node), cac nhanh, cac nut bén trong (internal
node) va cac nut 1a (leaf nodes). Cay quyét dinh
bat dau bang mot nat gc, khong co bat ky
nhanh nao dén. Cac nhanh di tir nut gbc sau d6
dua vao cac nut bén trong, con dugc goi la nut
quyét dinh. Dya trén cac dic diém sin c6, ca hai
loai ntit déu tién hanh danh gia dé tao thanh cac
tap con déng nhat, duoc ky hiéu béng cac nut
14, hodc cac nat dau cudi. Cac nit 14 dai dién
cho tt ca cac két qua c6 thé c6 trong tap dir lidu.

Trong cay quyét dinh, dé dy doan 16p cua tap
dit liéu da cho, thuat toan bat dau tir nut gbc cua
cay. Thuat toan nay so sanh cac gia tri cua thudc
tinh gdc vé6i thudc tinh ban ghi (tap dir liéu thuc)
va dya trén su so sanh, di theo nhanh va nhay
dén nat tiép theo. D6i voi nat tiép theo, thuat
toan lai so sénh gid tri thudce tinh véi cac ntit con
khac va di chuyén xa hon. N6 tiép tuc qua trinh
cho dén khi n6 dat dén nut 1a cua cay (Hinh 2.2).
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Hinh 2.2: So do thugt toan cay quyér dinh

Quy trinh hoan chinh c6 thé dugc hiéu rd hon
bang cach su dung thuat toan dudi day:

Budc 1: Bat dau cdy véi nit gbe (Dat tén: S),
nut nay chura tap dir liéu hoan chinh.

Bude 2: Tim thudce tinh t6t nhét trong tap dir
li¢u bang cach su dung Phép do lya chon thudc
tinh (ASM).

Budc 3: Chia S thanh céc tap con chura cac gia
tri ¢6 thé c6 cho cac thudc tinh tot nhat.

Budc 4: Tao nut cay quyét dinh chira thudc tinh
tot nhat.

Budc 5: Tao mot cach dé quy ciy quyét dinh
m&i bang cach sir dung cac tap con cua tap di
liéu da tao & budc -3. Tiép tuc qué trinh nay cho
dén khi dat dén mot giai doan ma ban khong thé
phan loai thém cac nat va dugc goi 1a nat cudi
cung la nat 1a.

Mot s6 wu diém cia thuat toan cay quyét dinh
nhu sau:

- D& hiéu: céc biéu dién truc _quan cua cdy quyet
dinh giip chung dé h1eu va d& hiéu hon. Ban chat
phén cap cua cay quyét dinh ciing gitp ban d&
dang thay thudc tinh nao 1 quan trong nhat, diéu
nay khong phai luc nao cling rd rang vdi cac thuat
toan khac, nhu mang no-ron.

- t hodc khong can chuan bj dir liéu: Cay quyét
dinh c6 mot s6 ddc diém, lam cho né linh hoat
hon céc bd phan loai khic. N6 co thé xir 1y céac
kiéu dix liéu khac nhau, tire 1a cac gia tri roi rac
hodc lién tuc va céac gia tri lién tuc co thé duoc
chuyén d6i thanh céc gié tri phan loai thong qua
viéc su dung cac ngudng.
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- Linh hoat hon: Cay quyét dinh c6 thé dugc tan
dung cho ca nhi¢m vu phan loai va hoi quy, lam
cho nd linh hoat hon so v&i mot s thuat toan
khac. N6 ciing khong nhay cam véi cac mbi
quan hé co ban giita cac thudc tinh; diéu nay cd
nghia 13 néu hai bién c¢6 twong quan cao, thuat
toan s& chi chon mot trong cac dic diém dé tach.

Tuy nhién, thuat toan cay quyét dinh con mot
s6 nhuge diém:

- Dé bj hién tugng md hinh tim duoc qua khép
v6i dir lidu (overfitting): Cay quyét dinh phirc
tap c6 xu huéng qua muc va khong tong quat
héa tét cho dit ligu méi.

- Céc cong cu ude tinh phurong sai cao: Cac bién
thé nho trong dit liéu c6 thé tao ra mot cay quyét
dinh rat khac. Tinh tong hop, hodc tinh trung
binh cta cdc ude tinh, c¢6 thé 13 mot phuong
phép giam phuong sai cta cay quyét dinh. Tuy
nhién, cach tiép can nay bi han ché vi n6 c6 thé
dan dén cac yéu t6 du bao c6 tuong quan cao.

3. KET QUA VA THAO LUAN
3.1. Két qua quan tric chét lwong nwéc mit

Theo két qua quan tric chat luong nudc mit

ndm 2016 tai cac vi tri lay mau vung nghién clu
[2] vao mua khd va mua mua, két qua quan tric
mot sb thong sb chat luong nudc trong vung
nghién ctru dugc tong hop trong Bang 3.1. va
cac biéu dd mot sb thong s chat lwong nude
chinh tir Hinh 3.1 — Hinh 3.4.

Qua phan tich & trén, thdy ring nuéc mit ving
nghién ctru chii yéu bi 6 nhidm hitu co, chat dinh
dudng, vi sinh vat. Cac thong sé vuot nhidu lan
TCCP 1aDO, BOD:s, NH4 va tong Coliform (day

ciing 14 nhitng thong s6 6 nhidm dién hinh cta
ving nghién ctru). Mirc d6 6 nhiém hiru co, chat
dinh dudng va vi sinh vat ngay cang tang qua cac
nam vuot TCCP tir 1,1 — 3,7 lan). Céc kénh/rach
bi 6 nhiém 14 Cai Son Hang Bang; rach Cam; Ba
Lang va Bo Ot... (Can Tho) kénh Xa No, Cai
Con, Lai Hiéu, mot sé tuyén song thudc huyén
Long My (Hau Giang); Kénh 8 mét, kénh 16 mét,
kénh 30/4, song C6 Co, kénh chg Thi xd Vinh
Chau, kénh TT Huynh Hiru Nghia, kénh thi trin
Chau Thanh (Séc Trang); kénh Quan Lo - Phung
Hiép, Pho sinh — Phudc Long; kénh Bac Liéu - Ca
Mau (Bac Liéu); va cac kénh rach thudc thanh
phd Ca Mau.

Bing 3.1: Tong hep két qua phan tich chat lweng nwéc ving BBCM

. A . Mua kho Mua mua Téng
Thong so Pac trung
(N=239) (N=239) (N=478)
oH Trung binh (SD) 7.61 (0.335) 7.25 (0.252) 7.43 (0.346)
Trung vi [Min, Max] 7.59 [5.57, 8.75] 7.24 [6.52, 8.07] 7.40 [5.57, 8.75]
DO Trung binh (SD) 5.48 (1.48) 6.25 (1.68) 5.87 (1.63)
Trung vi [Min, Max] 5.68 [0.210, 8.40] 6.62 [0, 8.68] 6.16 [0, 8.68]
BODs | Trung binh (SD) 11.5(7.44) 13.6 (30.0) 12.6 (21.9)
Trung vi [Min, Max] 9.40 [2.20, 46.3] 10.5 [3.40, 420] 10.2 [2.20, 420]
COD | Trung binh (SD) 20.5 (13.5) 27.1(61.4) 23.8 (44.5)
Trung vi [Min, Max] 16.9 [4.00, 96.8] 20.5[6.70, 880] 19.0 [4.00, 880]
NHs | Trung binh (SD) 0.238 (0.464) 0.967 (2.15) 0.603 (1.59)
Trung vi [Min, Max] 0.100 [0.100, 3.99] | 0.430[0.0100, 20.2] | 0.200 [0.0100, 20.2]
PO, Trung binh (SD) 0.422 (3.68) 0.752 (5.24) 0.587 (4.53)
Trung vi [Min, Max] 0.100[0.0100, 55.9] | 0.110 [0.0100, 65.5] | 0.100 [0.0100, 65.5]
TSS | Trung binh (SD) 113 (119) 225 (284) 169 (224)
Trung vi [Min, Max] 68.0 [7.40, 732] 110 [4.00, 1530] 95.4 [4.00, 1530]
Coliform | Trung binh (SD) 22600 (38600) 38800 (63100) 30700 (52900)
Trung vi [Min, Max] 5200 [180, 320000] | 12000 [180, 540000]| 7900 [180, 540000]
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Hinh 3.1: Biéu do két qua quan trac DO ving
BDCM (Mua khé va mua mua 2016)
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Hinh 3.3: Biéu d6 két qua quan trac NH*
vung BDCM (Mua kho va mua muwa 2016)

Qua két qua tinh toan VN_WQI c6 thé thay cac
vi tri bi 6 nhiém nang chiém khoang 50%:
ving phia Pong Bic (Thanh phé Can Tho);
vung BDong Nam (Soc Trang — Bac Liéu); vung
phia Tay (huyén An Minh, An Bién tinh Kién
Giang) va vung gitta Ban ddo (Vi Thanh, Ca
Mau). Trong d6, cac tuyén kénh bi anh huong
boi 6 nhiém 1a Kénh Ca Mau — Bac Liéu, Quan
Lo - Phung Hiép; cac kénh rach trong do thi
clia cac d6 thi 16n (Can Tho va Soc Tring). Poi
vO1 cac tinh trong Vung nghién cuu, bién do
dao dong cua VN WQI cling rat khac nhau,
cac tinh Hau Giang, S6c Trang, Kién Giang va
Can Tho c6 gia tri WQI thap va bién do dao
dong 16n (déng nghia v6i 6 nhiém nghiém
trong hon); 2 tinh Bac Liéu va Ca Mau c6 gia
tri VN_WQI 16n hon 50, nén chét lugng nudc
mit khong bi 6 nhiém nghiém trong. Tuy
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Hinh 3.2: Biéu do két qua quan trac BODs
vung BDCM (Mua kho va mua mua 2016)
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Hinh 3.4: Biéu do téng Coliform vung BDCM
(Mua kho va mua muwa 2016)

nhién, tinh Ca Mau c6 mot vai diém 6 nhiém
cuc bo (chi yéu ¢ thanh phd Ca Mau do nudc
thai tir sinh hoat va cong nghiép). Pdi vdi cac
vi tri bi &nh huéng man (dd mdn > 3 g/l) can
phai c6 bién phap xtr Iy hoac khong dung cho
sinh hoat va san xuat néng nghiép (xem Hinh
3.5).
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Hinh 3.5: Bleu do WQI cua cac tinh trong
viung BDCM (thang 4 va 10/2016)
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3.2. Ung dung phuwong phap Bayes (BMA)
Ira chon cac thong s6 phuc vu xay dung mo
hinh hoc may

Theo két qua quan tric chit lugng nudc & muc
3.1 ¢6 rat nhiéu thong sé chét luong nudc 1a 1y,
hoa va vi sinh (pH, TSS, DO, BODs, COD,
NHa, PO4, Coliform) quyét dinh dén 6 nhiém,
tic 1a dén chat lwong nudc (¢ day la gia tri
WQI). Bé xac dinh dugc cac thong sé dic trung
phuc vu mé phong chat luong nude trong ving
BDBCM, nghién ctru da dung phuong phap
Bayes dé xac dinh duoc nhiing bién (thong sb
chit lugng nudc) c6 anh huong 16n dén WQI
(Hinh 3.6).
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Hinh 3.6: Biéu d6 tirong quan ciia cac thong
so chat luong nuoc va WQI

Theo Hinh 3.6, mdi twong quan gitta WQI va
cac thong sb khong cao, mic tuong quan dang
ké v6i mot s6 thong sé nhu Coliform (0,55);

tiép dén 1a pH (0,29); NHa4 (0,16); DO (0,15) do
vay viéc chon cac thong sb (t6i wu) dé tinh toan
WQI bang mo hinh hoc may s€ kho khan. bé
chon dugc cac thong sd (t6i wu), nghién ciru da
ap dung phuong phap Bayes (BMA), két qua
phén tich thong ké bang BMA di xéc dinh dugc
cac thong sd chit luong nude co anh huong 16n
dén gia tri WQI 1a DO, COD, BODs, NH4* va
tong Coliform. Tir d6 d3 xac dinh duogc cac
thong sd chinh anh huéng dén WQI Hinh 3.7).

- Theo két qua phan tich theo phuong phap
BMA, xac suat xuit hién (theo mé hinh duoc
chon) cua ting thong s6 anh huong dén WQI
nhu sau: pH, Coliform (100%); PO4 (55,3%);
COD (52,8), BODs (47,2%); DO (31,8%);
NH4" (29,1%) va TSS (1,6%);

- C6 5 md hinh téi wu dugc chon nhu sau
(Hinh 3.6).

o M hinh 1: pH, BODs, PO4 va Coliform (tan
suat hau dinh la 13,4%);

o Mb hinh 2: pH, COD, PO4 va Coliform (tan
suat hau dinh 13 13,2%);

o M0 hinh 3: pH, COD va Coliform (xac suat
hau dinh la 8,7%);

o ,M() hinh 4: pH, COD, NH4 va Coliform (xac
suat hau dinh la 7,5%);

o M6 hinh 5: pH, DO, COD va Coliform (xac
suit hau dinh 12 7,5%).

Qua phan tich & trén cho thy, mé hinh 1 12 mo
hinh t6i wu nhét vi c¢6 tan suét hau dinh cao nhét.
Do vay chon mo6 hinh 1 dé tinh toan (du bao)
WQI b?lng cac thuat todn hoc may (s€ dugc thuc
hién trong Muc 3.3).

A hink dengpe chon

Hinh 3.7: Biéu d6 lira chon thdng s¢ chat
lwong nwoc quan trong theo BMA

3.3. Nghién ciru tinh toan chi s chat hrong
nuwéc mat bang phwong phap hoc may cho
vung BDCM

3.3.1. Tiéu chi danh gia cac mo hinh hgoc may
Céc tiéu chi danh gia (hi€u chinh) cac mo hinh
hoc may duoc trinh bay trong cac cong thic (1)
den (4):

- Sai s6 trung binh tuyét d6i (MAE): 13 1 chi s6 phd
bién dé tinh sai sb nham danh gia (kiém dinh) mo
hinh d6i véi cac bién lién tuc, duge xac dinh theo
cong thire (1). Trong do, Pi 1a gid tr1 du bao va Mi
14 gia tri thuce do. Gia tri MAE cang thap thi két qua
tinh toan cang chinh xac.
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- Sai s6 toan phuong trung binh (MSE) ctia mot
phép udc lugng 1a trung binh cua binh phuong
cac sai sd, tic 1a sy khac biét gitra cac gid tri du
doén va gia tri thyc do va duogc tinh toan theo
theo cong thirc (2). Gia tri MSE cang thap thi
két qua tinh toan cang chinh xac.

n

1 :
MSE=—3 (¥

i—=1

Y;)? )

- RMSE 1a can bac hai cua trung binh cua cac
sai sO binh phuong. RMSE 1a thudc do mirc do
dan trai cua nhitng phan du nay, noi cach khéc,
n6 cho ban biét muc do tap trung cua dir liéu
xung quanh duong phi hgp nhat. RMSE 1a do
1éch chuén cua cac phan du (sai sé du doan) va
dugc tinh toan theo theo cong thuc (3). Gia tri
RMSE cang thap thi két qua tinh toan cang
chinh xac.

N . SN
RMSE = |- ' (@4 - Q)" (3)

i=1

- Hé sb6 xac dinh (R?): phan anh phan trim
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¢) M6 hinh héi quy tang cirong dg doc nhe
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phuong sai ctia y c6 thé giai thich boi mé hinh
dugc xéc dinh theo theo cong thirc (4). Trong
do, ESS 1a téng cac do léch binh phuong cua
phan du; TSS 1a tong cac d6 1éch binh phuong.
Gi4 tri R? dao dong tir 0 dén 1, gia tri R? cang
gan 1 thi két qua tinh toan cang chinh xac.

R’ =1— (ESS/TSS) (4)
3.3.2. Két qud danh gia cac md hinh hoc mdy

Viéc xay dyng mo hinh hoc may theo 5 budce
chinh nhu sau:

yn chge

Can ctr vao két qua lva chon cac thong sb phuc
vu xdy dung mo hinh hoc may bang phuong
phap Bayes (BMA), nghién ctru da lya chon M6
hinh 1 vé&i 4 thong s6 pH, BODs, POs4 va
Coliform dé 1am sb lidu dau vao du bao WQI
theo 4 thuat todn (m6 hinh) hoc may la Tang
cudng d6 dbc, Tang cudng do doc cuc dai, Tang
cudng d6 doc nhe va Cay quyét dinh. Két qua
du bao WQI va cac biéu do so sanh giita gia tri
WQI du bao va thyc do d6i voi tap sb liéu thu
nghiém theo 4 md hinh hoc may khac nhau
duogc trinh bay trong Hinh 3.8.

il ’; | ,\
']\ l\;? “} H 'l’”{l

b) Mb hinh héi quy tang cuong do doc cuc
dai

‘HM
||M

M |
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d) Mb hinh héi quy céy quyét dinh
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Hinh 3.8: Biéu do so sanh gizza gia tri WQI du b&o va thue do doi véi tap sé liéu thir nghiém
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theo 4 mé hinh hoc may khac nhau

Két qua danh gia (dwa vao 4 tiéu chi) cac md
hinh hoc may du bao chi s6 chat lugng nudc
mat vuing BDCM duoc trinh bay trong Bang
3.2. Theo d6 mé hinh Tang cudng do doc co két
qua du bao chinh xac nhét vi co hé s6 xac dinh
R? cao nhit (0, 973) gia tri cac sai s MAE,
MSE va RMSE thép nhét (3,24; 22,54; 4,75).
Tiép dén 1a m6 hinh Ting cudng do déc cuc dai
c6 R? 13 0,966 va gia tri cac sai sd tuong ung
(3,15; 28,95; 5,38). Mo hinh Cay quyet dinh co
R? 1a 0,944; gia tri cac sai s6 1a 4,46; 49,67;
7,04; M6 hinh Ting cudng do doc nhe c6 R? 1a

0,928; gia tri cac sai $6125,95; 63,30; 7,95). Co
thé thay, cac mo hinh hoc méay dugc 4p dung
trong nghién ctru nay déu co thé du doan tét
WOQI cho khu vuc nghién ciru (hé s xac dinh
rat cao, 16n hon 0,9). Py 1a co sé khoa hoc
vitng chic va ciing 1a két qua quan trong dé co
thé img dung cac mé hinh hoc may trong tinh
toan WQI cho cac vung khac c6 diéu kién tuong
tu nhu ving BDCM, nhit 14 trong diéu kién kho
khin trong cong tac quan tric ddy du cac thong
s6 chét lugng nudc dé phuc vu tinh toan WQI
theo phuong phép truyén thong.

Bang 3.2: Bang thong ké két qua danh gia cac md hinh hoc may
dw béo chi s6 chat lwgng nwéc mat ving BDPCM

U U ST W N Tiéu chi danh gia
M6 hinh Céc thodng so6 dau vao Thong s6 dau ra MAE MSE RMSE R?
Gradient pH, BODs, POs, Coliform WQI 3,24| 22,54 475 0,973
Boosting
XGBoost pH, BODs, POy, Coliform wWaQl 3,15 28,95 5,38| 0,966
LightGBM pH, BODs, PO., Coliform WQI 595/ 63,30 7,95 0,928
Decision Tree |pH, BODs, POy, Coliform WQI 4,46| 49,67 7,04| 0,944

4. KET LUAN

Két qua nghién ctru da xay dung dugc co so khoa
hoc tinh toan chi sd chat luong nudc mat bang
phuong phap hoc may va dé xuét dugc phuong
phap tinh toan chi s6 chat luong nudc mit bang
phuong phap hoc may thich hop véi diéu kién
thyc té ctia cac dia phuong trong ving Ban dao
Ca Mau. Trong d6, nghién ctou da Umg dung
phuong phép Bayes (BMA) dé luya chon céc
thong s6 (t6i wu) phuc vu xay dung mé hinh hoc
may tinh toan WQI véi 4 thong sd chinh 1a pH,
BODs, PO4, Coliform (it va téi wu hon so véi
phuong phap truyén thong).

Theo két qua tinh toan (du bao) WQI ciia cac md

hinh hoc may cho thiy rang mé hinh tang cudng
do déc (Gradient Boosting) c6 két qua du bao
chinh x4c nhat, tiép dén 12 mé hinh ting cudng do
déc cuc dai (XGBoost), M6 hinh Cay quyét dinh
(Decision Tree) va mo hinh ting cuong do doc
nhe (LightGBM). T4t ca cdc md hinh nay c6 do
chinh xac cao, tir 92,8% dén 97,3%.

Nhu vay, 2 loai md hinh hoc may tang cuong
va cay quyét dinh déu c6 thé tinh toan (du béo)
WQI cho khu vuc nghién ctru véi @6 chinh xac
cao, va co thé &p dung cho céac khu vuc khéac voéi
diéu kién tuong tu. Diéu nay s& giup cac dia
phuong cai thién hon trong cong tac danh gia
va quan ly chat luong nuéc mat.
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