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1. Tinh cép thiét ctia luan vin : Ngudn nuée ngdm & Dong Nam A
dang chiu ap lyc tit sy ting trudng dan sb6, do thi héa va bién ddi khi hau.
Luan van nay tap trung vao phan loai kha nang uéng dugc clia nudc ngam bang
ML/DL (PSO-SCNN, CNN-GIS, AI-LGBM) va GIS dé cai thien do chinh xéc.

2. Muc tiéu nghién cttu cta luan van : Nang cao phan loai nudc
ngam & Viet Nam va Odisha st dung AI-LGBM, PSO-SCNN va CNN-GIS, lam
cd s¢ tham khao cho do chinh xac va kha ning tong quat cao hon.

3. Déi tuong va pham vi nghién citu : Tap trung vao Dong bing
song Ctru Long va Odisha véi dit lieu vat 1y hoa hoc va khong gian, chia thanh
70/15/15 (train/val/test) va phan loai 1a “Xuat sic,” “Tot,” “Kém.” Kiém chiing
qua phuong phap k-fold va so sanh véi co sé.

4. Phuong phap va noéi dung nghién ciu : Phét trién va so sanh
AI-LGBM, PSO-SCNN va CNN-GIS vé6i DT/SVM/RF stt dung céc bo dut lieu
tu Viet Nam va An Do; danh gid bang do chinh xéc, do nhay, do dac hiéu, F1,
AUC, va cac ban do két qua trong GIS.

5. PDéng goép cua luan van : Trinh bay cac mo hinh AI-LGBM, CNN-
GIS va PSO-SCNN dugc t6i uu héa véi phan nhém khong gian va diéu chinh
sieu tham s6; tich hop GIS dé lap ban do chat luong nude ngam & Odisha va
Dong biang song Ctru Long.

6. B6 cuc ctia luan van : Cau tric luan van bao gom Gidi thieu, ba
chuong va Két luan. Cu thé,

Chuong 1: Phan loai kh& nang uéng dudc ciia nuée ngam va kién thic nén.
Chuong 2 trinh bay cac phuong phap Hoc méay khong gian tap hop duge de
xuat.

Chuong 3 trinh bay két qua ctia AI-LGBM, PSO-SCNN nang cao do bén viing
(ANOVA), CNN-ban do6 khong gian rti ro; kién tric he thong.



Chuong 1

Phan loai kha niang uéng dudc cua

nudc ngam va Kién thic nén

1.1 Phan loai kha ning udéng dudc ciia nuéc ngam

Béi canh va Dong lwe.  Nudc ngam duy tri sy song cho hang ty nguoi nhung dang
d6i mit v6i cac rii ro tit kim loai nang, nitrat va thudc trit sau. Cac phuong
phap danh gia truyén thong cham va ton kém, trong khi AI hita hen mang lai
phan loai kip thoi va c6 thé mé rong, nhung van gap khé khan véi do chinh xac,
kha niang md rong va kha ning gidi thich. Cong trinh nay tap trung vao ba van
dé: phan loai khi nang uéng dugc nuéc ngam da 16p, to6i wu hoa siéu tham so
vitng chic, va triic quan héa khong gian hd trg ra quyét dinh.
Van dé 1: Phan loai kha nang uéng dudc ctia nudc ngam
Muc tiéu. Phan loai méi mau thanh Xuat sdac, Tot, Vita phdi, Kém, hoac Khong
phti hop dé uong st dung cic dic trung vat 1y hoa hoc va khong gian (vi du,
pH, TDS, nitrat, vi do, kinh do).

Coéng thic. Gia st X = {z;} , z; € R™, va nhan y; € {1,...,k}. Mot
mo hinh f(-; W) sé dua ra diém s6 16p; 16p duy doan 1a

i = arg X fe(zi; W),

Chung ta huan luyén bing cach t6i thicu héa r1i ro thic nghiem
1 n
min -~ 21 Lyi, f(xi; W),
1=

v6i £ thuong 1a ham mat mat chéo da 16p. Danh gia sit dung do chinh xac, do



nhay, do dic hieu, F1, va AUC. Khong giong nhu cac phuong phap WQI véi
ngudng c¢d dinh, mé hinh hoc céc quan hé phi tuyén va ¢6 thé mé rong cho cac
bo dit lieu 16n va da dang.
Van dé 2: T6i uu héa siéu tham s6 cho mé hinh GWQC
Muc tiéu. Lya chon cac siéu tham sb (vi du, do sau cay, téc do hoc, s6 lugng
bo phan loai, diéu chinh déu) dé t6i da héa hiéu suat ngoai mau trong khi kiém
soat chi phi tinh toan.

Phuong phap. Sit dung tim kiém hop den qua AIO, Optuna va To6i uu
héa dan chim (PSO) trén mot khong gian tim kiém W. Gia sit g(W) 1a diém s6
da dugc kiém tra chéo (vi du, macro-F1). Bo tdi utu hoa giai bai toan

W* =a ax g(W),
rgvrvneicvg( )

c6 thé véi cac rang buoc vé tai nguyen (vi du, ngan sach thoi gian hosic FLOPs).
Phuong phap nay cai thien do chinh xéac, su 6n dinh va kha ning tong quat trén
cac du lieu da dang tu Viet Nam va An Do, bao gom cac tinh hudng nhiéu va
dit lieu c6 do chiéu cao.
Van dé 3: Truc quan héa khéng gian cac nhan phan loai
Muc tiéu. Lap ban do cac du doan lén ban do dia ly dé truyen dat rai ro va
lap ké hoach.

Cong thic. Gia st G = {(lat;,lon;)}?_ 1a toa do mau va § = {g;}7, 1a

dau ra ctia mo hinh. Mot quy trinh GIS tao ra ban do chi de
M = GIS(G, §),

c6 theé st dung noi suy hoic tong hgp dien tich. Dé két hop phan loai va su phit

hop khéng gian, ching ta xem xét muc tiéu tong hop

Liotal = Lelassification T A Lspatialu

trong d6 Lassification 18 ham mat mat chéo va Lgpatial Phat sur gian doan khong
gian khong hop 1y ho#c s sai lech véi cac thong tin khong gian da biét; A > 0

diéu chinh sy can bang nay. Dau ra 1a ban do dé hiéu ctia cac 16p kha nang uéng



duge, 1am noi bat cac diém nong va khu vuc uu tien dé giam sat.

Déng gop va Tac dong. Quy trinh thay thé cac ngudng WQI ciing nhic bang mot
bo phan loai linh hoat, c6 thé du doan tit dit lieu; st dung tim kiém siéu tham
s6 hop 1y dé dam bao viéc trién khai dang tin cdy; va cung cap cac san pham
khong gian ho trg cac quyét dinh chinh sach. Cac thanh phan nay cling nhau
tao dieu kién cho viec danh gia chat lugng nuéc ngam nhanh chong, co thé mé

rong va nhan thic vung.

1.2 Téng quan Tai liéu
1.2.1 Phuong phap C6 dién

Cac phuong phap danh gia chat lugng nuéec ngam truyen thong tén nhiéu
cong siic va phu thuoc vao viéc 1lay mau va phan tich thi cong. Chi s6 chat luong
nuée (WQI) cung cap phan loai don gidn nhung bi gi6i han bdi tinh chi quan

va cac ngudng do chuyén gia dua ra.
Han ché ctia cac Phuong phap Co dién

Cac phuong phap chat luong nuée truyen thong cham chap, mang tinh
chti quan va thiéu di lieu thoi gian thiyc. Nhitng khoang trong chinh bao gom
viéc gidi quyét tinh phi tuyén va cai thién viéc tich hop dit lieu cho phan tich

thoi gian thuyec.

1.2.2 Phuong phap Hoc May (ML)

Cac phuong phap hoc may nhu SVM, RF, va Light GBM x1t Iy cac bo dit
licu 16n va cdc mau phi tuyén, gitp cai thien do chinh x4c. Tuy nhién, van de
overfitting, chat luong dit lieu va kha nang gidi thich van con 1a nhiing thach

thie.

1.2.3 Phuong phap Hoc Sau (DL)

Céc mo hinh hoc sau (CNNs, RNNs) xuat sic trong viéc ty dong trich

xuat dac trung va xtt Iy cac bo dit lieu 16n, nhung yéu cau nang lic tinh toan



cao va bo dit lieu 16n, véi kha nang giai thich han ché.
1.2.4 M6 hinh Hoc May Khong gian lai

Cac mo hinh lai két hgp gitta hoc méy, hoc sau va GIS nang cao phan loai
nuéc ngam bang cach st dung dit lieu khong gian dé ndm b#t sy bién doi ving

va, cung cap cai nhin thdoi gian thue.
Phan nhém Khéng gian va Tich hop GIS

Phan nhom khong gian (vi du, K-means, DBSCAN) va hoc may giup cai
thién phan loai bang cadch ndm bat cac mau khong gian, v6i GIS tich hgp dit lieu
khong gian. Cac mo6 hinh hoc sau nhu Light GBM va CNNs cai thién do chinh
xac nhung yéu cau tai nguyen tinh toan dang ke.

M6 hinh Hén hgp RainNet va GA cho Tuning Siéu tham sé

M6 hinh hén hgp RainNet va Thuat toan Di truyen (GA) gidm MAE so
vGi cadc mo hinh nhu Unet va Segnet, gitp cai thién doé chinh xac trong du bao

lugng mua.

1.3 Han ché va cac khoang tréng nghién ciu

Mzc dit ¢6 tién bo trong phan loai chat lugng nuéc ngam, van con van dé
nhu thiéu dit liéu, overfitting va kha nang giai thich. Nghién citu tuong lai nén
tap trung vao cai thien kha nang tong quat, gidm chi phi tinh toan v giam séat

thoi gian thue.

1.4 Két luan

Chuong nay tong quan cac phuong phap phan loai chat lugng nuée ngam.
Cac phuong phap hoc may va hoc sau cai thien do chinh xac, nhung can gii

quyét van dé overfitting va kha ning gidi thich.



Chuong 2

Phuong Phap Hoc May Khong
Gian Két Hop

Chuong nay gidi thieu phuong phap hoc may khong gian hgp bo dé phan loai
chat luong nude ngam, tap trung vao hai mo hinh: May Tang Cuong Gradient
Nhe (AI-LGBM) dugc cai tién véi tri tué nhan tao va Mang No-ron Tich Chap
Khong Gian t6i vu héa Bay Dong (PSO-SCNN).

2.1 AI-LGBM

2.1.1 Téng Quan Vé Khung AI-LGBM Dé Xuit

May Tang Cuong Gradient Nhe (AI-LGBM) dugc cai tién véi tri tueé nhan
tao 13 mot mo hinh tién tién duge thiét ké dé két hop cac lgi ich ctia tang cudng
gradient véi cac k§ thuat tri tue nhan tao. Y tudng chinh ctia AI-LGBM la nang
cao hiéu suat du doan ctia mo hinh Light GBM truyen théng bang cach két hop
cac k¥ thuat hoc may nhu phan tich tam quan trong ciia dac trung va cic thuat
toan t6i wu héa. Mo hinh nay dic biét hieu qua trong viec xit Iy cac tap di lieu
16n va phiic tap véi nhiéu bién dau vao, lam cho n6 1y tuéng cho phan loai chat

lugng nude ngam, noi dit lieu ¢6 thé bao gom nhiéu tham s6 1y héa hoc.
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Hinh 2.1: So D6 Quy Trinh AI-LGBM Dé Xuét

Cong Thic Toan Hoc Cua AI-LGBM Véi MIFS

Cai bat. Cho cdc mau X = {z;}"; v6i z; € R™ (céc dac trung ly héa hoc +
khong gian) va nhan y; € {1,...,k}, mo hinh AI-LLGBM f(-;W) san xuat céc

diém s6 16p. Du doan va huan luyén:
1 n
U; = argmcaxfc(xi;W), mmi/H ﬁ;ﬁ(yz‘,f(xi;w))-
1=
Hiéu Suat / Siéu Tham S6. Chon siéu tham s6 bang diém s6 cross-validated g(WW)
(vi du: macro-F1, AUC):
W* = W).
arg max g(W)



Chung t6i st dung tim kiém hén hgp véi Optuna (dé xuat thay thé/TPE),
PSO (tinh chinh bay dan), va ATO (dot bién thich nghi):

W) ~ (W | Hs-1), Vi1 = wogtcerry (pbest—Wy)4cora(gbest—Wy),  Wip1 = Witvpy,

Wit < Wigr +n A(Wig1; He),

v6i ditng sém va cross-validation K-fold dé dam bao tong quat hoa én dinh.

Chon Dac Trung (MIFS). Xép hang cac dic trung theo thong tin hd trg véi nhan

va kiém soat do du thira; chon k dac trung S; bing

Sk = arg max, J(S), J(S) = IxiY) = XD Iajm),
z;€S Tj,x0E€ES
j<¥

noi I(-;-) 1a thong tin ho trg. (Tuwong dwong véi I(X;Y) = H(X) + H(Y) —
H(X,Y).)
Muc Tiéu Tém Tit. MIFS gidm chiéu trude khi huan luyén; AI-LGBM sau d6

t6i wu W dé giam thiéu mat mat va téi da héa g(W) dudi cross-validation.

Co Sé Toan Hoc

T B VA . )
Phan loai: min — Z;L(yz, f(zi; W)), Ui = argmgxfc(xz, w). (2.1)

Sieu tham s6: W* = arg ml/%xg(W) (vi du: macro-F1/AUC qua CV). (2.2)

Chon dac trung: Sy = arg SI?SETXIC (S). (2.3)

Gia Thuyét (AI-LGBM + MIFS)

Hy : E[g(AI-LGBM+MIFS)] = E[g(Céac Baseline)],
H; : E[g(AI-LGBM+MIFS)] > E[g(Céac Baseline)].



2.1.2 Cai bat Thuc Nghiém va Chién Lugc Hoc Cho AI-LGBM

Chia dit ligu nuéec ngam 70/15/15; tien xt ly: thay thé gia tri thiéu,
chuan héa Z-score, loai bd ngoai lé IQR. Hoc c6 giam sat: chon MIFS, can bing
SMOTE, Light GBM vé6i t6i wu héa Optuna/AIO (5-fold CV, max F1 ¢6 trong
s6). Céc chi s6: do chinh x4c, do chinh xac, do thu hoi, F1, AUC; kh& nang giai
thich SHAP.

Coéng Thic Toan Hoc

Gia st D = {(Jii,yi)}?zl, T € Rm, Yi € {1, e K}
Chon Dic Trung (MIFS). Chon cac dac trung top-K: S* =
argmaxgc{1,..m},|S|=K ZjeS I(Xj; Y), sau do X « Xg«.

1T = l’z‘—l-)\(x(-nn) —

7

Can Biing SMOTE. D6i véi z; thidu s6 va hang x6m kNN z{™)

1

z;), A~ U(0,1), § = y;, tao ra DSmte,

train

M6 Hinh Tiang Cudng B6 Sung. Light GBM phu hop F, () = Fi—1(2)+n 25-721 viml(z €

Rjm), V61 vjm = arg min, ineij L(yi, Frn—1(x;) + 7).

P . K R Iy Dier. 9i
Mat mét daldp: 4; = — >, yir log pik, £ =), wil;. Cap nhat 1a: wi = =

N Zielj hi+X?

Gain nhu trong goc.

T6i Uu Siéu Tham S6. TOI uu 6* = arg maxy + Zszl F'l-scoreg(0).
2.1.3 T6i Uu M6 Hinh va Hiéu Suat

AI-LGBM da dugc diéu chinh véi AIO/Optuna duéi 5-fold CV dé (learn-
ing _rate=0.05,

num_ leaves=32, mazr_depth=8, n_ estimators=150, subsample=0.8,

colsample_ bytree=0.7). So v6i mac dinh, do chinh xéc tang tit 0.812 lén
0.865 va F1 ¢6 trong s6 tang tir 0.801 len 0.864 ( 7.9%), v6i céac cai tién tuong

tu ve do chinh xac va do thu hoi.



2.1.4 Tam Quan Trong Cua Dac Trung va Truc Quan Héa

Lich sit/quan trong Optuna trong Hinh 2.2a-2.2b. SHAP ndi bat tds105,

na, cl (Hinh 2.2¢).

(a) Lich st Optuna

Uu Diém.

(b) Quan Trong Siéu Tham S6

héa quan hé tuyén tinh va phi tuyén.

Nhugc Diém.

kha nang giai thich (gidm thiéu véi SHAP).

2.2 PSO-SCNN

2.2.1 Téng Quan Vé Khung PSO-SCNN

olo 035 030

ols o020
mean(|SHAP value])

(c) Tém Tit SHAP

Do chinh x4c cao, xit 1y dit lieu khong gian véi nhiéu chiéu, mo hinh

Toén tai nguyeén tinh toan, yéu cau diéu chinh tham s6, han ché

Dé xuat PSO-SCNN, mo hinh hoc sau két hop AI-LGBM, nam bat phu

thuoc khong gian qua nhtung khong gian, ma héa Haversine, cht ¥ da dau va

CNN.

O

Feature Vector

Concatenation
Features Extracted

Normalized
Data

|

Dot Product
Element wise

Element

Dot Product

Novelty Layer
Input Data Backbone Feature Neck Layer
Extractor
spatial Attr Embedding Dense Reshape —
Data Data Layer 1
Multi-Head
L Attention
& Distance t
i l Reshape
Feature Engr Emb. Emb.
—>
Attr Spatial Relu
| T f

Task-Specific Head

(

After Batch Normalization

Conv 3x3
Relu
Conv filter 3x3

Batch norm
Conv2D
PSO Hyperparameter
Tuning

Conv 1x1

Initialization SCNN

Output Classification

+

|

Pooling Layer

{

Flatten Layer

Fully
Connected
Layer

Output Classification

Custom-designed Transformer-based restNet architecture backbone for feature extractor

Hinh 2.3: Kién Trac M6 Hinh Khong Gian PSO-SCNN
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Custom-designed Transformer-based restNet architecture backbone for feature extractor

Hinh 2.4: M& Rong Cho Minh Hoa Ban D6 Khong Gian

2.2.2 Cong Thic Toan Hoc Cia PSO-SCNN va CNN-GIS

Coéng Thic PSO-SCNN

M6 hinh PSO-SCNN t6i uu héa Mang No-ron Tich Chap Khong Gian
(SCNN) biang cach st dung Té6i Uu Hoéa Bay Dong (PSO) dé phan loai chat
lugng nuée ngam, két hop dit lieu khong gian dé cai thien mo hinh phu thuoc
khong gian. Gia st D = {(x;, i, (lat;, lon;))}7?_, 1a tap di lieu, trong d6 z; € R™
la cac dac trung 1y hoa hoc, y; € {0,1} 14 nhan tinh uéng duge nhi phan, va
(lati, lon;) la toa do.

(o2

Tién Xit Ly va Ma Héa Khong Gian. Céc dic trung duge chuan hoa: x] =
Cac dac trung khong gian dugec ma hoa qua khoang cach Haversine tur tam

(lat,lon):

d; = 2R arcsin

lat; — lat . lon; — lo.
sin? <¥) + cos(lat) cos(lat;) sin (M) , (2.4)

tao ra cic dau vao md rong 7; = [27;d;]. SMOTE can bang cac 16p bang cach

tao ra cac #; tong hgp cho 16p thicéu sb.

Téi Uu PSO. PSO tim kiém cac siéu tham s6 § = {filters, kernel size, learning rate}

trong bay dong {pi}l_,. Do thich hop 1a AUC am: Fit(py) = —AUC(SCNNp).
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Cap nhat:
'U,tjl = wvl, + c171(pbesty, — ph) + cara(gbest — ph), (2.5)
pit = pf + ot (2.6)

vl w 1a dong luc, c1, ¢z 1 cac hé s6, r1,re ~ U(0,1), hoi tu dén 6* tdi uu.

Kién Tric SCNN. SCNN x1t Iy #; qua cac 16p tich chap: hy = o(W) * hy_1 + by),
16p gop, va cac 16p day dac, xudt ra §; = o(Wrhy + by). Duge huan luyén véi

ham mat mat nhi phan: £ = —3" [y;log§; + (1 — y;) log(1 — 4;)].
Coéng Thic CNN-GIS

CNN-GIS mé rong PSO-SCNN cho viéc minh hoa khong gian, anh xa céc
du doan g; t6i cac toa do dia 1y (lat;, lon;) qua tich hgp GIS. Muc tiéu la tao ra
ban do chti dé M lam noi bat cac 16p chat luong va cac khu vic néng.

Ban D6 Dy Doan Khong Gian.  Cac du doan dude noi suy trén luéi G = {(lat, long)}gG:1

bang phuong phap trong s6 khoang cach nghich ddo (IDW):

A > willi 1
N 5 - 2.7
y( alg, ong) ZZ w3 y (0 d((latg, long), (lati, lOni))p’ ( )

ndi d(-) la khoang cach Haversine va p > 0 diéu khién sy suy giam. Ham maét
mat tong hop két hop phan loai véi diéu chinh khong gian:
Liotal = Letass + A D _ 19 — 95ll - d((lats, lony), (latj, lonj)) ™, (2.8)
(2]
Dam bao sy muct ma khong gian. Két qua xuat sang GeoTIFF cho minh hoa

ArcGIS veé khu viyc néng tinh udng duge.

2.2.3 Ly Do Chon M6 Hinh Hybrid va Tiéu Chi Danh Gia

M6 hinh hybrid (AI-LGBM, PSO-SCNN) chon vi do chinh xéc, kha nang
gidi thich, vd md rong trong phan loai nudc ngam khong gian; danh gia tap

trung vao on dinh, hiéu qua, va hitu dung.
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2.2.4 Chién Lugc Hoc Ctia PSO-SCNN

Chién lugec PSO-SCNN két hop khdi tao, toi wu hoa, trich xuat dac trung
khong gian va huan luyén/kiém tra. PSO tim kiém siéu tham s6, t6i wtu hoa 16i.
SCNN trich xuat dic trung khong gian tir dit lieu nuéc ngam. Huan luyen véi

cross-validation K-fold.
Cai Dt C6 Giam Sat.  Muc tiéu: §* = arg maxy + Zszl Fly <f9(_’“),D(’“)).

Vong Lap PSO. Cap nhat cac hat qua cac phuong trinh van téc/vi tri, danh gia

tren AUC kiém tra dé chon 6*.

Huin Luyén. St dung Adam véi ditng sém trén F1 kiém tra dé ddm bao su tong

quat va anh xa khong gian.
2.2.5 So Sanh Cac Thuat Toan Hoc

Lya chon bo t6i wu anh hudng dén hoi tu. Bang 2.1 so sanh Adam, AdamW
va AdaGrad. Adam dudc chon vi hiéu qua, ty lé thich nghi va it yéu cau dicu
chinh, 1y tudng cho SCNN trén dit lieu nuéc ngam c6 chiéu cao. AdamW phu
hop v6i cac moé hinh quy mo 16n; AdaGrad cho dit lieu thua nhung c6 thé hoi
tu cham.

Bang 2.1: So Sanh Cac Bo Téi Uu

Optimizer | Speed | Adaptivity | Generalization | Tune Need | Use Case

Adam Fast Yes Very Good Low Deep networks
AdamW Fast Yes FExcellent Low Large-scale models
AdaGrad Medium Yes Good early Medium Sparse data

Bang 2.2: Cac Sieu Tham S6 Quan Trong Ciia PSO-SCNN

Siéu Tham Sé Mo Ta Gia Tri
Kich Thuéc Hat Kich thudc bay dong 10-50
Trong S6 Quan Tinh | Tic dong ciia van tbc trude do 0.5-0.9
C1/C2 Anh huéng ca nhan/toan cu 1.5-2.0
S6 Vong Lap T6i Uu | S6 vong lap PSO 50-200
Kich Thué6c Kernel Kich thudc kernel tich chap 3x3, 5x5
Budc Nhay Budce nhay tich chap 1-2
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2.2.6 Anh Huéng Cta Cac Siéu Tham S6 PSO

Cac tham s6 PSO can bang gitta kham pha/khai thac. Da st dung:
Nparticles = 3, W = 0.9, ¢1 = 0.5, ¢ = 0.3. Bang 2.3 cho thdy anh hudng dén
hiéu suét.

Béang 2.3: Anh Huéng Cia Céc Tham S6 PSO Dén PSO-SCNN

Céau Hinh w | AUC | F1 Hoi Tu
High w (Kham Ph4) 0.9 | 0.965 | 0.945 Cham

Can Bing (Nghién Ctu) | 0.9 | 0.988 | 0.965 Trung Binh
Thép w, Cao c2 0.4 | 0.972 | 0.950 | Nhanh, Mao Hiém

Trong s6 w cao hd trg kham pha nhung lam cham hai tu; cac chién luge

thich nghi tang cuong do ben.
2.2.7 Uu Piém va Nhugc Diém
Uu Diém: Xt Iy dit lieu khong gian t6t, mo hinh héa phu thuodc phiic tap.

Nhuge Diém: Toén tai nguyen, khé giai thich.

2.3 Két Luan Chuong

Chuong nay dé xuat sy két hop AILLGBM va PSO-SCNN dé st dung
thong tin khong gian trong bai toan danh gia chat lugng nuéc ngam va toi wu
hoéa tham so.

Doéng Gop Chinh
e Két hop ensemble va hoc sau khong gian.
e T6i wu hoa kép cho téng quat.

e SHAP va minh hoa khong gian.
Han Ché Chi phi tinh toan cao, phiic tap diéu chinh tham s6, kho giai thich.

Trién Vong Chuong tiép theo danh gia két qua va cac minh hoa khong gian.
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Két Qua va Panh Gia

3.1 Danh Gia Hiéu Suat va So Sanh

Cac két qua ML truyen thong trong 3.1 dugc cong bd trong Earth Science

Informatics, 16(2), 1701-1725. Springer.

[DOI: https://doi.org/10.1007/s12145-023-00977-x].

Bang 3.1: Cac Chi S6 Hiéu Suit cho Cac Mo Hinh Khac Nhau trong Dit Lieu Odisha

Mo Hinh D% Chinh Xac Trung Binh | P Chinh Xac Trung Binh | F1-Score Trung Binh | P Thu Hbi Trung Binh
Hbdi Quy Logistic 0.7051 0.72 0.6275 0.6025

SVM Da Thiic 0.9012 0.9175 0.9025 0.8925

Cay Quyét Dinh 0.8989 0.885 0.8900 0.8850

AdaBoost 0.5445 0.465 0.4950 0.4650

CNN 0.9766 0.9877 0.9877 0.9877
AI-LGBM 0.94 0.95 0.92 0.93

Bang 3.2: Cac Chi S6 Hieu Suit cho Cac Mo Hinh Khac Nhau trong Dt Ligu Viet Nam

Mo Hinh D6 Chinh Xac Trung Binh | D6 Chinh Xac Trung Binh | F1-Score Trung Binh | D6 Thu Héi Trung Binh
Hoi Quy Logistic 0.9672 0.5333 0.5517 0.5714

SVM Da Thic 0.9766 0.9950 0.9926 0.9950

Cay Quyét Dinh 0.9696 0.9877 0.9889 0.9877

AdaBoost 0.9696 0.9901 0.9877 0.9901

CNN 0.9766 0.9877 0.9913 0.9877
AI-LGBM 0.94 0.95 0.92 0.93



https://doi.org/10.1007/s12145-023-00977-x
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3.1.1 Két Qua ML (Sau Téi Uu Héa): AI-LGBM

Bang 3.3: So Sdnh Gid Tri Trung Binh ctia Cdc Chi S6 Hieu Sudt ctia Tat Cd Cde Mo Hinh trong
Du Liéu Viét Nam

Mo Hinh D6 Chinh Xac Trung Binh | P Chinh Xac Trung Binh | F1-Score Trung Binh | D6 Thu Hbi Trung Binh
K-NN 0.899533 0.909028 0.899533 902478

SVM 0.897196 0.922039 0.897196 0.902437

Cay Quyét Dinh 0.989655 0.987780 0.988920 0.987710
AdaBoost 0.9696 0.9853 0.9877 0.9901
XGBoost 0.9813 0.9902 0.9938 0.9975

So Sanh M6 Hinh AI-LGBM Véi Cac M6 Hinh Co Ban va M6 Hinh Tién

Tién

Bang 3.4: So Sanh AI-LGBM Véi Céac Mo Hinh Co Ban

Mo Hinh Po6 Chinh Xac Trung Binh | D6 Chinh Xac Trung Binh | F1-Score Trung Binh | D5 Thu Hbi Trung Binh
XGBoost (co ban) 0.9367 0.9325 0.9275 0.9324
SVM Da Thitc (co ban) 0.9012 0.9175 0.9025 0.8925
Cay Quyét Dinh (cd ban) 0.97992 0.9821 0.9799 0.9785
AI-LGBM (dé xuét) 0.9953 0.9954 0.9953 0.9953

Bang 3.5: So Sanh Higu Sudt Mo Hinh Dt Liéu Viet Nam V6i Log Loss

Mo Hinh Do Chinh Xac | D6 Chinh | F1-Score Do Thu Héi | Log
Trung Binh Xac Trung | Trung Binh Trung Binh Loss
Binh
MLP Don Gian 0.985981 0.986333 0.985981 0.986113 0.071997
MLP 2 0.983645 0.983645 0.983645 0.983645 0.115310
AI-LGBM 0.995327 0.995492 0.995327 0.995363 0.019135

Két Luan AI-LGBM

Duge danh gia lai trén da lieu Odisha va Viet Nam, AI-LGBM lién tuc vugt
troi so v6i KNN, SVM, Cay Quyét Dinh, vA XGBoost vé do chinh xac, do chinh
xac, do thu hoi va F1. So véi cac mo hinh sau (MLP/CNN/Transformer) trén
bo dit lieu Kaggle va bo dit lieu Viet Nam, AI-LGBM dan dau veé F1 va do thu
hoi, dat do chinh xac 99.53% va log loss 0.0191 trén dit lieu Viet Nam.
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3.2 Xac Thuc PSO-SCNN

Xac thic PSO-SCNN st dung do chinh xac, do chinh xac, do thu hoi va
F1.
So sanh bé t6i uwu héa. Grid Search dat do chinh xac 1.0000 trong 4.56s;
PSO dat 0.9948 trong 3.70s; GA dat 0.9948 nhung mat 11.54s—PSO mang lai
sy can bang tot nhat gitta toc do va do chinh xac, Grid Search dat do chinh xéc

toi da, GA cham nhat.
3.2.1 Két Qua Hiéu Suat PSO-SCNN

Két qua trong Sec. 3.2.1 dugc chap nhan béi Proc. ICIIT 2025 (Ha Noi; dang
in); phuong phap két hgp duge giii dén Journal of the Indian Society of Remote
Sensing (SCIE, IF 2.2).

Bang 3.6: Hieu Sudt Mo Hinh Dit Liéu Viet Nam (Bo Kiém Tra)

Mo6 Hinh D6 Chinh Xac | P6 Thu Hbéi | P6 Chinh Xac | F1-Score | AUC
Support Vector Machine 0.764 0.920 0.750 0.835 0.960
Cay Quyét Dinh 0.980 1.000 1.000 0.990 0.980
XGBoost 0.950 0.950 0.890 0.950 0.990
LightGBM 0.950 0.960 0.885 0.950 0.980
SCNN 0.929 0.950 0.955 0.970 0.970
PSO-SCNN 0.975 1.000 0.988 0.995 0.990

Béang 3.7 so sanh cadc mo hinh dé xuat (AI-LGBM, PSO-SCNN va CNN-
GIS) v6i cac mo hinh hoc méy truyén thong.

Bang 3.7: So Sanh Cac Mo Hinh Dé Xuat V6i Cac Mo Hinh Co Ban

Mo Hinh D6 Chinh Xac Trung Binh | D6 Chinh Xac Trung Binh | F1-Score Trung Binh | D6 Thu Hdi Trung Binh
XGBoost (cd ban) 0.9267 0.9225 0.9175 0.9200
SVM Da Thic (co ban) 0.9012 0.9175 0.9025 0.8925
Cay Quyét Dinh (co ban) 0.8989 0.8975 0.8900 0.8850
AI-LGBM (dé xuét) 0.9400 0.9500 0.9300 0.9400
PSO-SCNN (dé& xuat) 0.9880 0.9750 0.9950 1.0000
CNN-GIS Mapping (d& xuat) 0.9700 0.9650 0.9750 0.9800
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3.2.2 Két Qua PSO-SCNN Sau Téi Uu Héa

Sau t6i uu hoa, PSO-SCNN da duge danh gia lai trén ca hai bo dit lieu,
dat duge nhitng cai thien dang ké vé do chinh xac, do thu hoi, F1 va AUC.

Bang 3.8: Hieu Sudt Mo Hinh Tién Bo Di Liéu Viét Nam (Bo Kiém Tra)

Mé Hinh P6 Chinh Xac | P6 Thu Hbi | F1-Score | AUC
Autoencoder+CIf 0.923 0.939 0.931 0.978
CNN-LSTM 0.962 0.994 0.978 0.997
LSTM 0.951 0.978 0.964 0.993
Transformer 0.978 0.978 0.978 0.996
MLP2 0.983 0.961 0.972 0.992
MLP 0.972 0.972 0.972 0.994
PSO-SCNN 0.994 0.955 0.974 0.993

Bang 3.9: Két Qua Cross-Validation (Trung Binh + Do Léch Tiéu Chuan) ctia Cac Mo Hinh Dé Xuat

M6 Hinh D6 Chinh Xac F1-Score AUC D6 Thu Hoi
AI-LGBM 0.932 +£0.011 0.914 +0.009 | 0.945 4+ 0.010 | 0.911 £0.012
PSO-SCNN 0.918 +0.013 0.902 + 0.008 | 0.934 +0.009 | 0.889 + 0.014
CNN-GIS 0.902 + 0.015 0.880 +0.011 | 0.921 £0.012 | 0.867 +0.013

Vietnam Water Quality

MMMMMM

mmmmm

20.0 Poor Longitude

1056 1058 1060 1062 1064 1066 1068  107.0
Longitude

(b) Biéu D6 Phan Tan Chét Lugng Nudc
(a) Viet Nam - Khu Vyc Mekong Tai Céac Diém Giéng 3 Odisha

Hinh 3.1: Minh Hoa Chat Lugng Nudc Tai Viet Nam va Odisha

Hiéu Suit Huin Luyén va Kiém Tra
Céc hinh dudi day cho thiy ton that huan luyén/kiém tra, do chinh xAc

va so sanh v6i cac mo hinh co ban, chi ra qua trinh huan luyén hiéu qua va kha

nang tong quat tot.
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Béang 3.11: Tom Tat Cross-validation PSO-SCNN (trung binh + SD).

Do Chinh Xac F1 AUC Do Thu Hoi
0.918 £0.013  0.902 £0.008 0.934 +0.009 0.889 £ 0.014
Simulated Spatial Groundwater Prediction Map
High °®
mean concave points T CRTE *“ 22 ~
®
worst area .« i . agr
‘ a- e o
worst concave points oo - —+- 20 ®
worst texture sty son il as L] e ®
area error Y R TY
worst concavity - —for-.. . 18 1 °
compactness error con *. .. L 0.6
worst symmetry e | mnd
mean texture . + ..+. . 16 o
symmetry error (4 E ]
worst perimeter eredpe- - % 144 . ® ® L ] L 0.4
mean smoothness o {- - £ ° ®
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®
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worst smoothness 3 ' ° .
mean concavity $ ‘ 104 . :
concave points error L2 l
mean compactness 1<) Ce
mean fractal dimension -$ 8
perimeter error 1 102 104 106 108 110
Low
-3 -2 1 2

SHAP value (impact on model output)

Hinh 3.3: Lép phu cac vung khong an
toan dy doan véi cac khu vyc 6 nhiém
thuc té

Hinh 3.2: Biéu Dd Tém Tit SHAP cho
Mo Hinh AI-LGBM

Hinh 3.4: Tam Quan Trong Céc Dac Trung SHAP va Xem Minh Hoa O Nhiém Khong Gian

PSO-SCNN Training and Validation Loss PSO-SCNN Training and Validation Accuracy

— PS0-SCNN Train L

L A\

\ \*,./\

S

7

Epochs Epochs

(b) Do Chinh X&c Huin Luyén
va Kiém Tra PSO-SCNN

(c) So Sanh Tén That Kiém Tra -
PSO-SCNN so véi Cac Mo Hinh
Deep Baseline

(a) Tén That Huin Luyén va
Kiém Tra PSO-SCNN

Hinh 3.5: Danh Gia Hiéu Suat: Ton That Huin Luyén/ Kiém Tra, Do Chinh Xac va So Sanh

Bang 3.10: Két Qua PSO-SCNN Sau Téi Uu Héa trén Cac Bo Kiém Tra Puge Gitt Lai.

Khu Vuc Do Chinh Xac Do Thu Héi Do Chinh Xac F1 AUC
Viet Nam (Mekong) 0.975 1.000 0.988 0.995 0.990
An Do (Odisha) 0.960 1.000 0.988 0.970 0.990

Cross-validation (t6m t3t cho PSO-SCNN). Cross-validation lap lai nam lan dat
duge 0.918 £0.013 Do Chinh Xéc, 0.90240.008 F1, 0.93440.009 AUC, va 0.889 &
0.014 bo Thu Hdi—dam bao tinh tong quat manh mé trong khi van duy tri ho

so do thu hoi dinh huéng an toan ciia mo hinh.
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Bang 3.12 trinh bay két qua dinh lugng ctia nghién citu loai bd, tom tat

do chinh xac, do thu hoi, F1, AUC va thoi gian huédn luyén cho méi bién thé mo

hinh.
Bang 3.12: Nghien Cittu Loai Bé: Anh Huéng Dinh Lugng ctia Viéc Loai Bé Cac Thanh Phan
M6 Hinh Do Chinh Xiac Do Thu Hai F1 AUC Epochs Théi Gian Huin Luyén (s)
PSO-SCNN (hoan chinh) 0.977528 0.988636  0.983051  0.998470 13 9.579775
SCNN khong ¢6 PSO 0.965116 0.943182  0.954023 0.988418 13 9.588812
PSO-SCNN khong c6 khong gian 0.977011 0.965909  0.971429  0.997050 14 9.746294
SCNN nong 0.988506 0.977273  0.982857  0.998142 13 6.442084

Bang 3.13: So Sanh Thoi Gian Huan Luyén va Tiéu Thu Bo Nhé Cho Cac Mo Hinh AI-LGBM va
PSO-SCNN

AI-LGBM PSO-SCNN

Dac Ta

Thoi Gian Huén Luyén Tiéu Thu Bo Nhé Thai Gian Huén Luyén Tiéu Thu B6 Nhé
Thoi Gian Dé Hoi 2.750229 0.000000 3.2720 16.5 GB
Tu (giay)
Tiéu Thu B6 Nhé 0.000000 0.000000 16.5 GB 16.5 GB
(GB)
Dic Ta Phan Cing Linux 6.6.105+ 12.67 GB RAM, 2 cores Linux 6.6.105+ 32.65 GB RAM, 2 cores

Cac pham vi dac trung ma cidc mé hinh chua hiéu qua

Distributin of tds105 Distribution of ph Distribution of hardness_general

(a) Cac Ving Néng Nham Lan (PSO-SCNN) (b) Phan phdi déc trung cho cac mau phan 16p ding va sai

Hinh 3.6: Pham vi dic trung, Ma tran nham 1an, Cac khu vyc phan 16p sai vi phan phéi dic trung

Cac két qua nay dugc cong bo trong bai bao cao hoi thao vé t6i uu hoa CNN-GIS
trong Proc. ICIIT 2025 va PSO-SCNN trong Journal of the Indian Society of

Remote Sensing.

Két Luan Chuong

AI-LGBM: VN >98%. Odisha 92-93%, Prec >0.92, Rec >0.90, F1 >0.91:
ATO/Optuna cai thien F1 tu 15-20%.
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PSO-SCNN: F1 vugt troi trén cac nhiém vu khong gian; PSO cai thién hoi tu
tir 25-30%, giam hién tuong qua khdp.

‘I%T Data Acquisition Layer Data Processing Layer ‘ M
5. |  Water Quality Sensors Feature Engineering = Input Layer
Environmental Sensors —>» Missing Value Handling <-|_ Physiochemical
GIS / Spatial Data Quality Scoring Spatial Data
Edge Gateway | Real-time Buffering ‘ Water Quality
¥
Al Model Ensemble layer
= psosow [ owas |
Feature Selection Resthet Backbone Conv layers
LGBM Training <> Multi-head Att <> GIS integration 9
Swam optimization PSO-Tuning PSO-SCNN
[ Ensemble Vioting Combiner
\
¢
Artificial Intelligence Framework
= End User Interface Layer End Users
ngine
Risk Assessment ‘_’Web Dashboard | Agencies & Utilities
Alert Generation GIS Mapping Emergency Response
Real time Output Researchers & Public
Tontinuos Learning
Auto-Retrain
Model Up
=] Data Flow = Key Features = system Performance
—3 Primary Flow Real-time loT data integration Response Time: < 5 Seconds
——» Model Udates Multi-modal ensemble predictions Throughput: 10,000+sensors/sec
- Rz@l-time Stream Automated model Update Accuracy: > 95% for critical params
Multi-platform user access Availability: 99.9% uptime

Hinh 3.7: Kién Triac He Théng Dé Xuit cho Khung Tri Tué Nhan Tao
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Két Luan va huéng phat trien

Mot s6 déng gép chinh

Két hop khong gian hybrid (AI-LGBM, PSO-SCNN, CNN-GIS); tich
hop dic trung dia 1y r6 rang; tinh chinh siéu tham sé dwa tréen PSO; XAI
(SHAP/LIME) cho céc quyét dinh minh bach.
Y Nghia Khoa Hoc va Ly Thuyét

Tién bo trong hoc may khong gian cho hydroinformatics; két hop PSO véi
hoc sau; nhung XAI trong giam séat; chiing minh kha nang mdé rong lién ving.
Han Ché

Dai dién dit licu han ché kha ning tong quat; PSO-SCNN tén tai nguyéen
tinh toan; tich hgp IoT trong thoi gian thuc chua thuyc hién.

Huéng Nghién Cdu Tuong Lai

Theém trich xuat dic trung hoc sau cho dit lieu khong cau tric; mé rong
cho dit lieu theo chiéu dai thoi gian, da vung; tich hgp IoT/vién tham cho thoi
gian thic; bao gom céac yéu t6 xa hoi-kinh té/khi hau; phat hanh nén tdng ma

nguon md.
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PHU LUC A: MA VA DU LIEU
CO SAN

Al - TAI SAN XUAT

Phan nay cung cap ma nguon, bo dit lieu, phan mém phuy thuodc va gia tri

hat giong ngau nhién.
S&n C6 Ma Nguon

Ma nguon: https://github.com/MichaelOmar24/PSO-SCNN-model, bao

gom tat ci cac tap lenh va tai nguyen.
Truy Cap Dt Liéu

Dit liéu c6 sén khi yéu cau. Lién hé: omar2@fe.edu.vn.
Phién Ban Phan Mém

Phu thuoc: Python 3.8, TensorFlow 2.4.1, Keras 2.4.3, scikit-learn 0.24.1,
matplotlib 3.3.4, NumPy 1.20.2, pandas 1.2.4.

Gia Tri Hat Giéng Ngau Nhién

Hat giong: Global Seed = 42, TensorFlow Seed = 42, NumPy Seed = 42.


https://github.com/MichaelOmar24/PSO-SCNN-model
mailto:contact@omar2@fe.edu.vn
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