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BIG DATA VA THUAT TOAN HQC SAU. AP DUNG THi PIEM CHO
KHU PO THI TRUNG TAM THANH PHO PA NANG
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Tém tat: Ngdp lut dé thi la thach thirc toan cdu, doi héi cdc gidi phdp dy bdo toc d¢ cao ma cdc mé
hinh thiy lic truyén thong khé dap iimg. Bdi bdo ndy dé xudt hé thong canh bdo ngdp lut thoi gian
thiee, dp dung thi diém tai trung tam TP. Pa Nang, dwa trén kién tric dir liéu lai gitta MongoDB (xir
Iy di liéu IoT chudi thoi gian) va PostGIS (quan 1y dit liéu dia hinh DEM va mang ludi cong).

Muc tiéu chinh cia nghién civu la viéc xdy diung mét mé hinh thay thé cho mé hinh thiyy lwe SWMM,
két hop giita LSTM va Graph Neural Network - GNN. M6 hinh lai ghép nay dwoc hudn luyén trén dir
liéu mé phong tie SWMM, cho phép du bdao ngdp lut voi do chinh xac twong dwong nhung thoi gian
tinh todn giam ddng ké, hé tro ddc liee cho viée ra quyét dinh va danh gid rii ro tire thoi.

Tw khoa: Big Data, ngdp lut do thi, moé hinh hoc sdu, LSTM, GNN, MongoDB, PostGIS, DEM, IoT,
Thanh phé Pa Néng.

Summary: Urban flooding is a critical global challenge necessitating rapid forecasting solutions
that exceed the capabilities of hydraulic models. This study presents a real-time flood warning
system piloted in central Da Nang City, leveraging a hybrid data architecture that combines
MongoDB for high-velocity IloT time-series data and PostGIS for spatial data management,
including DEMs and sewer infrastructure.

The core objective is to construct a surrogate model for the SWMM hydraulic engine by coupling
LSTM with Graph Neural Networks (GNN). This hybrid model, trained on SWMM simulation
datasets, achieves flood forecasting with accuracy comparable to physical models but with
significantly reduced computational latency, providing robust support for immediate risk assessment
and decision-making.

1. GIOI THIEU

Thanh ph6 Da Ning, véi vi tri dia 1y ven bién
va dia hinh dbc, dang phai d6i mat voi nguy co
ngdp lut ngay cang gia tdng do tic dong kép
cua do thi hoa nhanh va cac hi¢n tuong thoi
tiét cuc doan [1]. Tran mua lich sir thang 10
nidm 2022 di cho thiy nhirng 16 hong 16n trong
kha nang dy bdo va tng pho, dic biét tai cac
khu vuc trung tdm nhu quén Hai Chau va
Thanh Khé.

Cac hé théng canh bao hién tai cua Pa Nang
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cht yéu dua trén quan tric tai chd va cac mo
hinh thuy van-thuy luc (nhu MIKE, SWMM)
[2]. Cac md hinh nay, du chi tiét, nhung doi
hoi thoi gian tinh toan 16n, kho c6 thé dap tmg
yéu cau canh béo "tirc thoi" (real-time).

Trong bdi canh d6, cac cong nghé cua Cach
mang Cong nghi¢p 4.0 nhu Internet van vat
(IoT), Big Data va Tri tu¢ Nhan tao (Al) mo ra
mot hudng tiép can méi. Kha nang thu thap va
xtr Iy ddng thoi lwong 16m dir liéu tir cac cam
bién [3] cho phép xdy dung cac mé hinh du
bdo dua trén dir li¢u (data-driven). Ciac md
hinh hoc sau, dac biét la nhu LSTM va GNN
da ching minh kha nang vuot trdi trong viéc
phan tich va du bao chudi thoi gian va mang
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lu6i 6 ciu trac phic tap [4].

Muc tiéu cia bai béo la dé xuit va kiém
nghiém mot hé théng canh bao ngip lut cho
TP. Pa Nang, chi sir dung dit liéu tir cdc tram
do mua, cam bién IoT va dir liéu mo phong
lich str, 4p dung thuat toan LSTM va GNN,
nham cai thién d6 chinh xac va rat ngan thoi
gian canh bdo.

2. PHUONG PHAP NGHIEN CUU

2.1. Khu vuc nghién ctru
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Hinh 1: So dé nghién citu

2.1. Nguon dir liéu va tién xir ly

1. M6 hinh cao d s6 (DEM): La 16p dit liéu
nén tang, chiing t6i st dung DEM chi tiét (46
phan gidi Im x 1m) cho khu vuc nghién ctru.
DEM doéng hai vai tro:

o Vai tro Mé hinh héa: Cung cip dir liéu dia
hinh (cao d6, 6 dbc, huéng doc) dé xac dinh
cac vung triing tu nhién va 1am dau vao hiéu
chinh cho mé hinh thuy lyc SWMM.

o Vai trdo Truc quan héa: La 16p nén khong
gian dé noi suy va hién thi ban do do sau ngap
du bao (két qua tir md hinh LSTM va GNN).

2. Dir liéu ha ting mang luéi thoat nwéc:
Dt liéu dang vector dugc luu trong PostGIS,
md ta chi tiét mang ludi thodt nudc (vi tri, kich
thudce, do dbc, vat liéu céng; vi tri hd ga, cua
xa...). Pay 1a dir liéu bit budc dé xay dung va
hiéu chinh m6 hinh thuy luc SWMM.

3. Dir liéu quan tric thoi gian thwe (IoT):
Dit liéu chudi thoi gian tir 89 tram do mua va
25 cam bién muc nudc hd ga. Dir liéu nay
dugc thu thap, lam sach va luu trit trong
MongoDB. Py 1a nguén dir liéu "tryc tuyén"
(online) cho hé thong khi van hanh.
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4. Tao lap B¢ dir li€éu Big Data: Day la budc
quan trong nhét ciia phwong phép luan.

o VAn dé: Mo hinh thiy lyc SWMM rit
chinh xac nhung tinh toan qua cham va khong
pht hop dé canh bao. M6 hinh hoc sau (LSTM
va GNN) tinh toan rat nhanh nhung can luong
16n dit liéu (Big Data) dé huan luyén.

o Giai phap: Thiét ké tap kich ban mua va
hién trang cua hé théng, sau do6 su dung
SWMM dé tao ra cac két qua tinh toan theo
tung kich ban va luu trit vao Big Data.

o Két qua: Chung ta thu duoc mot bo dir licu
khong 16 (vai terabyte) gdm céc cip {Pdu vio:
Chudi thoi gian muwa)} va {Pau ra: Chudi thoi
gian do sdu ngdp tai hon 3.000 nut}. B dir
liéu nay duoc st dung dé huin luyén cho mé
hinh LSTM va GNN

5. Dir lifu Xac thwe: Dir liéu phi ciu trac
(dnh tir camera giao thong, camera an ninh,
cac hinh 4nh dang tai trén bdo, mang xa hoi
hoic do nguoi dan chup...) dung dé giai doan
d6 sau ngap lut va gin vao cac vi tri. Két hop
vo1 cac dir ligu thu nhan chinh thac (tir cac
cam bién IoT) s& duoc dung dé xac thuc khu
vuc ngap lut va lam dir ligu dé hiéu chinh céc
mo hinh sau nay.

2.2. Kién tric Co sé dir liéu: Phén tich sw
hi¢p dong MongoDB & PostGIS

Hé théng st dung kién trac dir liéu lai dé t6i
uu hoéa cho tung loai tac vu.

« MongoDB (Lép dém thu thap téc dd cao -
Ingestion Layer):

oChirc nang: Luu trit toan bo dir liéu chudi
thoi gian (time-series) tir cam bién IoT.

oLy do chon: Dt li€u IoT c6 dac tinh "ghi
nhiéu, doc it" (write-heavy). MongoDB, v&i
kién traic NoSQL, cho phép ghi (ingest) hang
ngan ban ghi mdi gidy ma khong can khoa
bang (table locking), dam bao khong bi mat dit
liéu cam bién. Cau trac linh hoat (schema-less)
ciing dé dang tiép nhan cac loai cam bién moi
trong tuong lai.

e PostGIS (L6i khong gian-quan hé -
Spatial-Relational Core):

o Chirc nang: Luu trit cac dir liéu ¢ ciu trac
va mang tinh khéng gian. Bao gdm: DEM
(raster), ha tang cong (Vector) ranh gio6i hanh
chinh, vi tri cac cam bién, va quan trong nhét
1a két qua tinh toan, du bao cudi cung.

o Ly do chon: PostGIS cung cdp hang trim
ham phan tich khong gian manh mé theo
chuin OGC, diéu ma MongoDB khong thé
lam t6t bang.

« Phan tich sy hiép dong (Data Lifecycle):

1. Thu thap: Cam bién IoT day dir lidu
(JSON) vao MongoDB lién tyc.

2. Kich hoat: Mot dich vu (cron job) mdi 10 phit
s& truy van MongoDB dé lay dir liéu méi nhat.

3. Dw bao: Dt licu nay dugc dinh dang thanh
vector dau vao cho moé hinh LSTM. Mb hinh
chay va du bdo ra mot vector két qua (vi du:
[Node 1:0.5m, Node 2: 0.2m, ...]).

4. Luu trir & Phan tich: Vector két qua nay
(dr liéu phi khong gian) dugc ghi vao mot
bang trong PostGIS.

5. Truec quan héa: Khi PostGIS dugc kich
hoat, n6 thuc hién phép ndi (JOIN) két qua dy
bdo voi bang toa d¢ cac nut (dir liéu khong
gian), sau d6 dung cac ham noi suy khong gian
(Spatial Interpolation) dé tao ra mot 16p raster
ban d6 ngap lut méi dua trén nén DEM.

2.3. Thiét ké M6 hinh Hoc sdu Lai ghép
(Hybrid Spatio-Temporal GNN-LSTM)

Dé giai quyét triét dé bai toan ngap lut do thi,
chung t6i dé xuét kién trac mo hinh lai ghép,
két hop gitra LSTM (xir Iy yéu t6 thoi gian) va
GNN (xtr Iy yéu t6 khong gian mang 1uéi).

1. Lwa chon mé hinh: Tai sao cin két hop
LSTM va GNN?

Dy bao ngap lut 1a mdt bai toan cd dac tinh
kép: phu thudc ca vao chudi thoi gian va ciu
triuc khong gian.
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e Vai tro cia LSTM (Xir ly Thoi gian):
Muc nude tai thoi diém T+1 phu thudc vao
luong mua va trang thai dat tich liy tir qua
khir. LSTM giai quyét tét vin dé "do tré" (lag)
va ghi nhd dai han nho co ché cong (gates),
khic phuc nhugc diém "gradient bién mat" cua
RNN truyén théng.

e Vai tro cia GNN (Xir ly khong gian):
Néu chi diung LSTM, cac nit duoc xem nhu
cac bién s6 doc lap. Tuy nhién, hé théng thoat
nude 13 mot d6 thi mang ludi (Graph): nudc tir
h6 ga thuong luu s& chay vé ha luu. GNN
(Graph Neural Network) cho phép md hinh
hiéu duoc cau trac ciia mang ludi nay. N6 giup
thong tin ngap lut dugc lan truyén tir nat nay
sang nut khac theo ding hudng dong chay cua
duong 6ng, gidng nhu quy luat vat 1y thuc té.

o Két ludn: Mo hinh lai ghép (Spatio-
Temporal Graph Neural Network) gitp du bao
chinh xac hon vi n6 hoc dugc ca quy luat mua-
ngdp theo thoi gian va quy luat dong chay theo
khong gian.

2. Chu tric Piu vao - Piu ra (Feature &
Label Engineering)

Mo hinh duoc thiét ké dé tiép nhan dit liéu da
chiéu, tdn dung strc manh cua co s¢ dir li¢u
PostGIS va MongoDB.

« Piu vao (Features): Bao gébm hai thanh
phan chinh:

o Ma tran Pac trung Nuat ([X]): D liéu
chudi thoi gian tir MongoDB. Tai mdi budc
thoi gian t, [X(] 1a ma tran chura lugng mua va
muc nudce tai cac nut. Chung t6i sir dung cua
sO truot (sliding window) voi do dai 12 budc
(120 phut qua khr).

o Ma tran ké (Adjacency Matrix [A]): Dit
lidu chu trac mang luoi tr PostGIS. Ma tran
[A] biéu dién sy két nbi vat 1y gitra cac hd ga
(nat) va dudng 6ng (canh). Néu nudc chay tir
nut i sang nut j, gia tri [Aij] = 1 (hoic trong s6
dua trén do doc/tiét dién cong). Day 1a thong
tin giup GNN dinh huéng dong chay.
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« Daiura (Labels [Y]):

o La vector du bdo do sau ngap tai [M] nut
trong yéu trong mang ludi (hon 3.000 niit) cho
thoi gian tuong lai [Delta t] = 60 phut.

3. Quy trinh Huén luyén va Suy luin

« Huén luyén (Offline - Training):

o Chung t6i st dung by Big Data mé phéng
tir SWMM (80 kich ban mua).

o Qué trinh hudn luyén s& tdi vu hoa cac tham
s6 dé mo hinh hoc dugce ham [f(X_{past}, A)
\approx Y _{future}].

o Diém dic biét: Nho GNN, méd hinh
khong chi hoc mdi quan hé thong ké ma
con "hoc" dugce clu tric thuy lyc ctia mang
ludi (vi du: néu nat A tic, nut B phia trén
s€ ngap nhanh hon).

e Suy luin (Online - Inference):

o Khi van hanh thuc té, hé thong lay dir liéu
do mua/myc nuéc méi nhit tr MongoDB
([X_{realtime}]) va két hop voi Ma tran ké
tinh ([A]) da luu san.

o M0 hinh thyc hién phép tinh lan truyén trén
46 thi va dwa ra két qua du bao
[Y {predicted}].

o Viéc bd sung GNN lam ting nhe do phirc
tap tinh toan nhung van dam bao thoi gian
phan hoéi dudi 1 phat, dap ing hoan toan yéu
cau thoi gian thyec.

3. KET QUA VA THAO LUAN

3.1. Panh gia hi¢u suidt md hinh Lai ghép
(GNN-LSTM)

Dé ching minh hiéu qua ctua phuwong phap dé
xuit, chung t6i so sanh mo hinh lai ghép
GNN-LSTM v6i ba phuong phap khac: (1)
Mo hinh thay lvc SWMM (tiéu chuan vang vé
do chinh xac vat ly); (2) Mo hinh hoc may
truyén théng Random Forest (RF); va (3) M6
hinh LSTM thuin tdy (chi xét chudi thoi
gian, khong xét quan h¢ khong gian).

Cac chi s0 danh gid bao gébm Sai sO quan
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phuong (RMSE) va thoi gian thyc thi
(Inference Time) trén cing mot phin clng

may chu.

Bang 1: So sanh hi¢u suét cic mé hinh (D bao truwée 120 phut)

M hinh RMSE Accuracy Thoi gifm tinh Ghi chii
(m) (%) toan
A cham dé canh ba

SWMM (M6 phéng) | 0.15 95% ~30 phit Qud cham d& canh bao
tirc thoi

Random Forest 0.30 78% <20 gidy D6 chinh xéc thip

A B¢ lien két ludi

LSTM (Thun tay) 0.21 88% <25 gidy 2 qua Tieh ket fhatlg ot
cong

GNN-LSTM  (bé . s

) B¢ 917 92% ~ 30 gidy Cin bing t6i wu
xuat)
Phan tich két qua: canh (edges) cua d6 thi dé dy bao muc ting

e V& @) chinh xac: M6 hinh GNN-LSTM
(RMSE 0.17m) vuot trdi hon han so véi
LSTM thuan tay (RMSE 0.21m). Diéu nay
khang dinh gia thuyét rang viéc tich hop Ma
trdn ké (Adjacency Matrix) tir PostGIS gitp
md hinh hiéu dugc cdu truc dong chay trong
mang ludi céng, tir d6 du bao chinh xac sy lan
truyén cia nudc tir thuong luu xudng ha luu.

e V& toc @9: Mic du cdu trac GNN lam
tang nhe khoi lwong tinh toan so vdi LSTM
thuong, thoi gian suy luan (~30 gidy) van
nhanh hon hang trim lan so v&i mo hinh vt
ly SWMM (30 phut), dap tmg hoan hdo yéu
cau thoi gian thuc.

3.2. Phan tich Kich ban dién hinh: Sy hiép
déng Khong gian - Thoi gian

Chung t6i phan tich chi tiét trin mua ngay
14/10/2022 tai khu vuc ngd ba Nguyén Vin
Linh - Hoang Di¢u (Quéan Hai Chau).

e Giai doan tich liiy: D@ liéu ttr MongoDB
cho thdy mua 16n kéo dai 2 gio lién tuc. Mo
hinh GNN-LSTM, nh¢ co ché nhé dai han cia
l6p LSTM, da nhan di¢n duogc trang thai bao
hoa cua hé théng thoat nudc du muc nudc tai
hé ga chua dang cao ngay 1ap tirc.

e Giai doan lan truyén: Khi muc nudc tai
cac hd ga thuong luu bit du ting, 16p GNN
ngay 1ap tic lan truyén thong tin nay qua cac

muc nudc tai cic nat ha luu. Két qua 1a he
théng da canh bdo ngdp cho khu vuc ha luu
duong Nguyén Vin Linh sém hon 15 phut so
v6i md hinh LSTM théng thudng (vén chi du
bao dua trén cam bién tai chd).

3.3. Hiéu qua cua viéc tich hgp PostGIS va
DEM trong hién thi

Mot két qua quan trong ctia nghién ctu la
quy trinh chuyén d6i dit liéu s6 thanh ban
dd tryc quan:

1. Pong by héa: Ngay khi GNN-LSTM xuat
ra vector du bao do sau ngap, dit li¢u nay duogc
anh xa véi dir liéu khong gian cua cac nat cong
luu trong PostGIS.

2. Noi suy khong gian: Hé thong st dung
thuadt todn ndi suy IDW (Inverse Distance
Weighting) tich hop sin trong PostGIS, két
hop véi 16p dir ligu dia hinh DEM d¢ phan
giai cao. Viéc st dung DEM giup loai bo céc
du bao sai 1éch tai cac khu vuc c6 dia hinh
cao ty nhién (du gan diém ngap nhung khong
bi ngép).

3. Két qua: Ban dd ngap lut dau ra thé hién
ranh gidi ving ngép sat véi thuc té quan sat
duoc tir camera, hd tro dic luc cho viéc diéu
phdi giao thong.

4. KET LUAN

Bai b4o da trinh bay mdt phuong phdp luan
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toan dién va hién dai dé giai quyét bai toan
canh bao ngap lut d6 thi tai Thanh phd Da
Néng. Pong gop chinh cta nghién ctru nam &
hai khia canh: cong ngh¢ dir 1iu va thuat toan
du bao.

Vé mit cong nghé, chung to6i dd xdy dung
thanh cong kién trac Big Data lai ghép: tan
dung tc do ghi cuc cao cia MongoDB dé xir
ly dir liéu chudi thoi gian IoT va kha ning
phan tich khong gian manh mé& ctua PostGIS
dé quan 1y ha tang mang luéi va dir liéu dia
hinh DEM.

V& mat thudt toan, viéc dé xuat mo hinh GNN-
LSTM la mét budc tién quan trong. Su két hop
gitta kha nang hoc phu thudc thoi gian cua

TAI LIEU THAM KHAO
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LSTM va kha ning hoc ciu trac dang mang ludi
cia GNN da giap md hinh dat d§ chinh xéc
92%, ti€ém can voi cac mo hinh thay luc phirc
tap nhung véi tbe do xir Iy nhanh gip nhiéu lan.

Két qua thir nghiém cho thay hé thng c6 kha
ning cung cap canh bao sém 120 phit v6i do
tin cay cao, la cong cu hd tro ra quyét dinh déc
luc cho chinh quyén thanh phé trong bdi canh
bién d6i khi hau va lugng mua cuc doan ngiy
cang gia ting. Cac hudng phat trién twong lai
bao gdm viéc md rong mang ludi cam bién
IoT dé lam giau dir liéu déu vao cho
MongoDB va nghién ctru tich hop thém céc
bién sd vé muc nude song, muc nudc bién dé
hoan thién bai toan ngap lut tong thé.
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