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Tom tat

Nghién citu nay trinh bay quy trinh xdy dung hé thong WebGIS va Mobile GIS phuc vy cong tac qudn ly khu
viic cdc huyén bién giGi tinh Dak Lk (bao gom huyén Ea Sip va Buén Dén) - noi tiép gidp véi tinh Mondulkiri
(Vuang quoc Campuchia) véi dudng bién gidi ddt lién dai gan 72 km. Hé thong dugc thiét ké theo kién triic
ba tdng, tich hgp PostgreSQL/PostGIS lam nén tang co s6 dii liéu khong gian, Node]S lam tang xi ly nghiép
vy, Google Earth Engine dé phén tich dnh vién thdm, React]S két hgp Mapbox GL cho giao dién WebGIS va
React Native cho iing dung Mobile GIS. Quy trinh xdy dung dugc t6 chiic thanh sdu budc tii thu thdp dii liéu
dén trién khai ting dung. Két qua thii nghiém cho thdy hé thong c6 khd ndng gidm sdt bién dong ricng va cdc
cong trinh xdy dung, dong thdi ho trg hiéu qud cong tdc tudn tra bién phong theo théi gian thuc. Hé thong gép
phdn ndng cao ning lyc qudn ly khéng gian lanh thé, hé trg ra quyét dinh dya trén dit liéu va ting cuong an
ninh bién gigi.
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Research on developing a webgis and mobile gis system
for managing border districts in Dak Lak province to
support socio-economic development and ensure
national defense - security

Abstract

This study presents the development process of a WebGIS and Mobile GIS system designed to support the
management of border districts in Dak Lik Province - specifically Ea Sup and Buon Don districts - which share
an approximately 72-kilometer land border with Mondulkiri Province, Kingdom of Cambodia. The system was
architected following a three-tier design, integrating PostgreSQL/PostGIS as the spatial database foundation,
Node.js as the business logic layer, Google Earth Engine for remote sensing image analysis, React]S combined with
Mapbox GL for the WebGIS interface, and React Native for the Mobile GIS application. The development workflow
was structured into six sequential phases, spanning from data acquisition to system deployment. Experimental
results demonstrate that the system is capable of monitoring forest cover change and construction activity, while
effectively supporting real-time border patrol operations. The system contributes to enhancing territorial spatial
management capacity, facilitating data-driven decision-making, and strengthening border security.

Keywords: WebGIS, Mobile GIS, border area, Dak Lak, PostGIS, remote sensing, territorial management, Sentinel.
JEL Classifications: Q50, Q51, Q54.

1. GIOI THIEU

Tinh Pak Liak c¢6 gan 72 km duong bién gidi
dat lién tiép giap tinh Mondulkiri (Vuong quéc
Campuchia), di qua dia ban 4 xa bién gi6éi gom Ea
Bung, Ia Rvé, Ia Lop va Budn Don (thudc 2 huyén
bién gi6i Ea Sup va Buon Don theo phan chia don vi
hanh chinh c). Pay 1a khu vuc ¢6 vi tri chién lugc
quan trong trong phat trién kinh té - xa hoi, dam
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bao quéc phong - an ninh cta tinh Pik Lak. Khu
vuic huyén Ea Stp va Buon Don la noi cé hé sinh thai
rting phong phud va nguén tai nguyén thién nhién
da dang. Trong nhiing nam gan day, dién tich riing
tu nhién tai cac huyén nay da suy giam dang ké, dit
ra yéu cau cdp thiét vé d6i méi phuong phap quan
Iy va giam sat lanh thé (Uy ban nhén déan tinh ik
Lik, 2022).
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Céc phuong phap giam sat truyén thong dua trén
khao sat thuc dia va bao cdo dinh ky boc 16 nhiéu han
ché: Ton kém thaoi gian va nhan luc, thi€u di liéu khong
gian da do chinh xac va khong dap tng dugc yéu cau
giam sat theo thoi gian thuc. Cong nghé WebGIS va
Mobile GIS da dugc ting dung rong rai trong quan ly
tai nguyén thién nhién va theo doi bién dong lanh thé
tai nhiéu qudc gia trong khu vic Dong Nam A (Doan
& Nguyen, 2020; Nguyen & Pham, 2019). Pac biét,
su phét trién ctia nén tang phén tich dnh vién tham
Google Earth Engine da md ra kha nang xt ly dii liéu
khong gian quy md 16n ma khong yéu cau ha ting may
chtt manh tai dia phuong (Gorelick et al., 2017).

Tai Viét Nam, ting dung WebGIS trong quan ly tai
nguyén ruing va dat dai da dugc trién khai 6 mot s6 dia
phuong, budc dau cho thay hi¢u qua trong viéc s6 hda va
chia sé dii liéu khong gian (Pham, 2020). Tuy nhién, cac
nghién ctiu vé hé thong tich hgp ca WebGIS 1an Mobile
GIS v6i kha ning phén tich vién tham ty dong phuc vu
quan ly bién giéi van con han ché, dic biét tai khu vuc
Tay Nguyén. Hé thong thong tin dat dai quoc gia cling
dang dugc chudn hoa theo quy dinh (B Tai nguyén va
Moi trudng, 2021), tao ca s& phap ly va ky thuat cho viéc
trién khai cac hé théng GIS cép dia phuong.

Muc tiéu ctia nghién ctiu nay la xay dyng va trinh
bay mot quy trinh toan dién phat trién hé thong
WebGIS va Mobile GIS phuc vu quan ly khu vuc bién
giGi tinh Pdk Lik, huéng dén ba muc tiéu cu thé: (1)
Chuén hoa quy trinh phat trién hé théng WebGIS -
Mobile GIS 4p dung cho vung bién gidi; (2) Ho trg
giam sat lanh thé va phén tich bién dong khong gian;
(3) Tang cuong nang luc phan anh va cap nhat théng
tin hién truong theo thai gian thyc.

2. CAC NGHIEN CUU CO LIEN QUAN

Cong tac giam sat va quan ly tuyén bién gi6i doi hoi
co s¢ di liéu tong hop, day du va chinh xac. Tai Viét
Nam, mot s6 dé tai khoa hoc tai céc tinh bién gisi da
budc dau thuc hién viéc xay dung co s6 dii liéu va ting
dung cong nghé vién tham, GIS vao quan ly giam sat
khu vuc bién gidi:

Dé tai "Xay dung co sé di liéu quan ly tuyén bién
gi6i Viét - Trung trén dia ban tinh Lai Chau" (2016-
2017, ma s6 VAST.NDP.07.16-17) do Vi Hiiu Long
chti nhiém va cdng su (Vién Cong nghé Vi tru). Dé tai
xdy dung CSDL hoan chinh véi cac nhéom thong tin:
cot moc - duong bién gidi, trac lugng dia hinh, an ninh
bién gidi, hién trang st dung dat, thé nhudng, kinh té
- xa hoi. Han ché: chua truc quan hoéa dii liéu trén cac
nén tang Web pho bién, gay kho khan cho nha quan ly
thi€u kinh nghiém GIS.

bé tai "Nghién ctiu ting dung vién tham va GIS
trong quan ly, giam sat duong bién va trg giap quy

hoach phat trién kinh té - xa hoi két hgp dam béo quéc
phong - an ninh khu vuc bién gidi phia Bac, ting dung
cho tinh Cao Bang" (2018-2020) do Nguyén Trudng
Xuanva cong su thuc hién. Dé tai da xay dung WebGIS
ma ngudén ma song chiic nang chi diing 6 muic hién thi
vi tri do6i tugng; thi€u phén tich khong gian va tu dong
phan tich déi tugng trén anh vé tinh. Mobile GIS dugc
xdy dung nhung chi danh cho co quan quan ly, thiéu
chtic nang cho ngudi dan gti phan anh.

Dé tai "Ung dung anh vién tham (VNREDSat-1 va
tuong duong) va GIS dé giam sat cac bién dong trén
lanh thé Viét Nam va lan can" (2013-2015) do Ta
Minh Dtic va cdng su thuc hién. Dé tai xdy dung dugc
CSDL nén va phan mém quan ly nhung chi phi mua
anh VNREDSat-1 cao va viéc st dung ArcGIS Engine
phat sinh chi phi ban quyén thuong mai.

Dé tai "Nghién ctiu két hgp anh vién tham quang
hoc va radar thanh l4p ban d6 chuyén dé quéan sy ho trg
danh gia dia hinh lanh th6 Viét Nam va vung phu can
phuc vu muc dich quéc phong" (2016) do Hoang Minh
Ngoc va cong su thuc hién. Két qua thanh lap ban d6 dia
hinh nhung cac d6i tugng dia vat doc tuyén bién gisi
chua dugc mo ta r6 rang; viéc giam sat di bién dong dan
cu, xam canh, sat 1& bién gi6i chua dugc thé hién.

Tong hop cac nghién ctiu trén cho thdy, con ton tai
nhiing khoang trong quan trong: thiéu hé thong tich
hgp cd WebGIS lan Mobile GIS véi phan tich vién
tham tu dong; thi€u chiic ndng cho nguoi dan va can
bo gtii phan anh thuc dia theo thoi gian thuc. Nghién
ctiu nay huéng dén giai quyét cac khoang trong do.

3. PHUONG PHAP NGHIEN CUU

3.1. Phuong phdp thu thap va tong hop dii liéu

Nghién ctiu stt dung phuong phap thu thap di liéu
da nguon, két hop di liéu vién tham va di liéu thuc
dia. Di liéu anh vé tinh bao gom anh Sentinel-2 (da
phd, phan giai 10m) va Sentinel-1 SAR ttt kho dii liéu
mé ctia Co quan Vi tru chau Au (ESA), dugc truy cap
qua nén tang Google Earth Engine v6i chudi thoi gian
ti 2017 dén 2023; mo6 hinh s6 d6 cao DEM SRTM
(phéan giai 30m) phuc vu phén tich dia hinh. D liéu
dia ly va kinh té-xa hoi dugc thu thap truc tiép ti cac
cd quan quan ly nha nudc: di liéu dén cu va thong ké
ttt Cuc Thong ké tinh Dak Lak (UBND tinh Dak Lak,
2022); dii liéu hién trang va dién bién rting tti Chi cuc
Kiém lam tinh (Chi cuc Kiém lam tinh Ddk Lik, 2022);
dii liéu cot mdc, dudng bién gidi va ha tang bién phong
ttt BO Chi huy B¢ doi Bién phong tinh Dak Lak. Toan
bo dii liéu dugc kiém tra tinh day du, d6 tin ciy va kha
néng tich hgp trudc khi dua vao hé thong.

3.2. Phuong phdp phdn tich va xit Iy dnh vién tham

Tién xt ly anh Sentinel-2 dugc thuc hién trén
nén tang Google Earth Engine theo quy trinh: (1) St
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dung san phdm L2A da dugc ESA hiéu chinh phan xa bé mat
(Bottom-of-Atmosphere reflectance); (2) Loai bd méy va bong
may bing thuat toan s2cloudless v6i ngudng xac sudt may 60%;
(3) Tao anh tong hgp trung vi (median composite) riéng cho
mua kho (thang 11 dén thang 4) va mua mua (thang 5 dén
thdng 10) nham giam thiéu anh hudng ctia bién dong thoi tiét
va ting d6 bao phti khong gian. Anh téng hgp mua khé dugc
uu tién st dung trong phan tich NDVI vi thuc vat rung la va
may it, giup phan biét ro rang cac 16p phu déat hon.

Chi s6 thuc vat NDVI dugc tinh theo cdng thiic chuédn
NDVI = (NIR — Red)/(NIR + Red) st dung kénh B8 (NIR,
842nm) va B4 (Red, 665nm) cta Sentinel-2. Phat hién bién
dong 16p phu riing ap dung phuong phap so sanh anh da thoi
ky (bi-temporal change detection) dya trén ngudng bién thién
NDVI (ANDVI), két hgp véi phan loai hoc may thuét toan
Riing Ngau nhién (Random Forest) v6i 7 16p phu dat: rting tu
nhién, rling trong, dat canh tac nong nghiép, dat c6 mdt nudc,
dat x4y dung/khu dén cu, dét tréng va dat khac. BO mau hudn
luyén gobm 350 diém dugc thu thip két hop gitia khao sat thuc
dia GPS va giai doan anh mau that do phéan giai cao. Phuong
phap nay da dugc kiém chiing hiéu qua trong nhiéu nghién
ctiu quoc té (Zhu & Woodcock, 2014; Hansen et al., 2013; Viét
& Son, 2021).

3.3. Phuong phdp phan tich khéng gian va thiét ké co sé
dii liéu

Co s6 dii liéu khong gian dugc thiét ké theo mo hinh thuc
thé - quan hé (ER Model) v6i naim nhém bang chiic ning, trién
khai trén PostgreSQL 14 két hgp phdn md& rong PostGIS 3.2.
Phuong phap nay dam bao tinh toan ven di liéu khong gian
theo chudn OGC, hd trg thuc thi cdc phép toan khong gian
phtic tap truc tiép tai tang co s& dii liéu (PostGIS Development
Team, 2023). Toan bo dii liéu vector dugc chuin hoéa vé hé toa
do WGS84 (EPSG:4326) thong qua cong cu ogr2ogr va QGIS;
dii liéu raster dugc dang ky toa do va chuén hoa do phan giai
bang GDAL trudc khi nhép kho.

Phan tich khong gian phuc vu gidm sat bién gi6i ap dung
cac phép toan: tao vung dém (buffer) quanh dudng bién gidi
va cot moc 6 ban kinh linh hoat (mac dinh 1 km); chong xép
(overlay) va giao cat (intersection) d€ xac dinh cac déi tugng
dan cu, cong trinh x4y dung ndm trong viing nhay cam; tinh
dién tich bién dong 16p phti riing theo don vi hanh chinh. Thu
vién Turf.js dugc tich hgp phia may khach (client-side) dé thuc
hién cac phép do va phan tich dia ly ttc thai trén giao dién ban
d6 ma khong can gtii yéu cau vé may chu.

3.4. Phuong phdp phdt trién hé thong phdn mém

Quy trinh phét trién hé théng ap dung phuong phép luan
Agile/Scrum v6i sau budc tuan tu, cho phép kiém tht va
diéu chinh sau mdi giai doan. Kién trtc ba tang (Three-Tier
Architecture) dugc Iya chon dé dam bao tinh mo-dun hoa, dé
bao tri va kha nang mé& rong doc lap tling tang. Giao dién nguoi
dung dugc thiét ké theo nguyén tic UX hudng dén ngusi dung
it kinh nghiém cong nghé - phu hgp véi dic diém cua can bo
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Hinh 1. So do vi tri khu viic nghién ciiu - hai
huyén Ea Stip va Buén Don, tinh Dak Lak

bién phong tai khu vuc (Hoang et al., 2021).
Ung dung Mobile GIS dugc t6i vu hoéa cho
diéu kién thuc dia: ho trg ché do ngoai tuyén
(offline mode) khi mat két ndi, tiéu thu pin
thap va giao dién thao tac don gian véi cac nut
lénh kich thuéc 16n.

4. KHU VUC NGHIEN CcUU

4.1. Vi tri dia ly va ddc diém ty nhién

Khu vyc nghién ctiu bao gom hai huyén
bién gidi ctia tinh Dak Lak la Ea Stp va Budn
Don (theo phan chia don vi hanh chinh c@)
ndm & phia Tay va Tay Bac cta tinh, tiép gidp
tinh Mondulkiri (Vuong qudc Campuchia)
v6i chiéu dai duong bién gisi dat lién gin
72 km. Dién tich ty nhién ctia huyén Ea Sup
khoang 176.600 ha; huyén Buén Don khoang
141.000 ha. Hé thong song Sérépok chay qua
dia ban hai huyén truéc khi sang Campuchia,
tao ranh gidi tu nhién va 1a nguon tai nguyén
nudc quan trong. Pang chu y, Vuon Quéc gia
Yok D6n - Vuon Quoéc gia 16n nhat Viét Nam
vé dién tich rting khop - nam trén dia ban
huyén Budén Don (Chi cuc Kiém 1am tinh ik
Lak, 2022). So d6 vi tri khu vuc nghién ctu
dugc thé hién trong Hinh 1.

4.2. Cdc vdn dé quan ly ndi bat

Qua khao sat thuc dia va phan tich di liéu
vién tham Sentinel-2 giai doan 2017-2023,
nghién ctiu xac dinh bén nhém van dé quan
ly chinh. Thii nhdt, tinh trang mat rling va suy
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Bang 1. Cac cong nghé st dung trong hé thong WebGIS - Mobile GIS

Thanh phin

Cong nghé

Ly do hra chon chinh

Backend / API NodeJS + Express

) CSDL khéng gian | PostgreSQL / PostGIS
Bén dé web | Mapbox GL JS
Phin tich vién tham | Google Earth Engine
Web frontend . React]S

’ Mobile GIS React Native

' Phin tich khéong gian @ Turfs

client

thodi riing dién ra phuc tap; dién tich riing ty nhién
c6 xu hudng suy giam, dédc biét tai cac tiéu khu giap
bién gidi khong co luc lugng tuan tra thuong xuyén.
Giam sat bién dong 16p phu riing dya trén anh vé tinh
da thoi ky dugc chiing minh 1a cong cu hiéu qua va
chi phi thap dé€ phat hién suy thodi rting theo thoi gian
thuc (Hansen et al., 2013; Viét & Son, 2021). Thi hai,
viéc mé duong trai phép xuyén qua riing phong ho
tao diéu kién cho cac hoat dong khai thac lam san bét
hop phép va van chuyén hang hoa qua bién giéi khong
kiém sodt. Thii ba, x4y dung cong trinh khong phép
trong vung dat lam nghiép ngay cang phtic tap. Thi tu,
bién dong dan cu tai viing bién - bao gom di cu tu do
va tai dinh cu khong theo quy hoach - dét ra yéu cau vé
theo doi va quan ly dii liéu dan cu theo khong gian. Tat
ca bén nhém van dé nay déu doi hoi hé thong gidm sat

Hiéu suit /O khéng déug b cao; hé
sinh thai npm phong phu

Chuén OGC; truy vAn khéng gian hiéu
suit cao; ma ngudn mao (PostGIS Dev.
Team, 2023)

Vector tile; rendering GPU; tiy bién
| style linh hoat

Kho anh khéng 15; xtt Iy dam may quy
mo hanh tinh (Gorelick et al., 2017)

l Component-based; Virtual DOM; hé
sinh thai réng lén
Pa nén tang Android/iOS; tich hop

GPS vi camera native

Cac phép do va phan tich dia ly phia
client-side nhanh

khong gian lién tuc, c6 kha nang cip nhat hién truong
nhanh chéng va phan tich di liéu da chiéu (UBND
tinh bik Lak, 2022).

5. KIEN TRUC HE THONG WEBGIS - MOBILE GIS

Hé thong dugc xay dung theo mo hinh kién trac
ba tang (Three-Tier Architecture) phan tang ro6 rang
gitia tAng di liéu, tAng xu ly nghiép vu va tdng hién thi
(Hinh 2). Kién trtc nay dam bao tinh mé-dun héa cao,
dé bao tri, md rong va c6 kha nang tich hgp linh hoat
v6i cac hé thong bén ngoai (Hinh 2).

Tang di liéu (Data Layer) st dung PostgreSQL
14 + PostGIS 3.2, ho trg day du chudn OGC va hang
tram ham phan tich khong gian. Tang xt ly nghiép
vu (Business Logic Layer) xdy dung trén NodeJS +
Express, tich hgp Google Earth Engine qua Python API
dé phan tich anh vién tham quy mo l6n trén dam may

TANG HIEN THI (Presentation Layer)

@ WebGIS

React]S + Mapbox GL JS
Bdn dé | Phan tich | Thong ké

8 Mobile GIS

React Native (Android / iOS)
GPS | Tuan tra | Hién truong

Dashboard
Chi s6 giam sat thoi gian thue
Céanh bao | Bao cao | KPI

V API/JSON V
TANG XU LY NGHIEP VU (Business Logic Layer)

&% NodeJS + Express

REST API | JTWT Auth
Tile Server | Rate Limit

€> Google Earth Engine

Phén tich anh Sentinel
NDVI | Change Detection

% Turf.js + ogr2ogr
J graog

Phan tich khong gian
Buffer | Intersect | Area

V API/JSON V¥
TANG DU LIEU (Data Layer)

PostgreSQL / PostGIS

5 Anh vé tinh

& File Store

Ranh gidi | Déan cu | Rimg

Sentinel-2 | Sentinel-1 | DEM

GeoJSON | Shapefile | Raster

Hinh 2. Kién triic tong thé hé thong WebGIS - Mobile GIS theo mé hinh 3 tdng
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QUY TRINH XAY DUNG HE THONG WEBGIS — MOBILE GIS

Thu thip dit liéu Sentinel-2/1 * DEM SRTM « Dan cu » Lam nghiép * Ha ting bién gici
O T [PV 11: (02 o VN-2000 - Hiéu chinh khi quyén  Loai bo may * Topology

BRIR.CVA U T 0l 1) RN TRPR PostereSQL/PostGIS - Thiét ké ER = Nhom: Hanh chinh / Déan cu / Rimg
gian / Ha tang
m Xiy dung hé théng API

Auth

NodeJS + Express + API Ban dd * API Dit liéu = API Théng ké « JWT

B5 | Phat trién WebGIS React]S + Mapbox GL * Dashboard * Phin tich NDVI « Théng ké dén cw
/ rimg
m ST Ol Rcact Native + GPS « Thu thip hién truémg + Offline mode * Déng b dit
liéu

— Kiém thir & trién khai — Ddo tao nguoi ding — Vén hanh & bdo tri

Hinh 3. Quy trinh sdu budc xdy dung hé thong WebGIS va Mobile GIS

ma khong can ha tang may chu cuc bo manh (Gorelick
et al., 2017). Tang hién thi (Presentation Layer) gom
WebGIS (React]S + Mapbox GL JS) va Mobile GIS
(React Native), cho phép chia sé 80-90% codebase
gitia Android va i0S.3.2. Cong nghé st dung. Bang 1
téng hop cac cong nghé dugc lua chon cho tiing thanh
phan ctia hé théng cliing ly do lua chon (Bang 1).

6. QUY TRINH XAY DUNG HE THONG

Quy trinh x4y dung hé thong dugc chia thanh sau
budc tuan ty (Hinh 3), dam bao tinh hé thong va cho
phép kiém tra, diéu chinh tai mdi giai doan. Quy trinh
nay ké thita va phat trién tu cadc phuong phap luan xay
dung hé¢ thong GIS da dugc ap dung trong cac nghién
ctu trudc day vé quan ly tai nguyén tai Tay Nguyén
(Nguyen & Pham, 2019; Pham, 2020) (Hinh 3).

Bui6c 1: Thu thap va tong hgp dii liéu

Dii liéu dugc thu thap tii nhiéu nguon khac nhau.
Anh vé tinh Sentinel-2 (phan giai 10m) va Sentinel-1
SAR tii kho m& ctia Co quan Vi tru chau Au dugc
truy cap qua Google Earth Engine, bao gom cac canh
anh ti 2017 dén 2023 phu kin toan b¢ khu vuc nghién
ctu. San phdm L2A ctia Sentinel-2 da dugc hiéu chinh
phan xa bé mat, phu hgp va dam béao chat lugng cho
phén tich chi s6 thuc vat va phan loai 16p phu (ESA,
2022). Dt liéu dan cu dugc thu thip tii Cuc Thong
ké tinh bik Lak (UBND tinh Dak Lik, 2022); di liéu
hién trang riing tt Chi cuc Kiém lam tinh (Chi cuc
Kiém lam tinh Dak Lak, 2022); dii liéu ha tdng va cot
moc bién gidi tit Bo Chi huy B doi Bién phong tinh.

Buidc 2: Chudn héa va tién xii ly dit liéu

Toan bo di liéu vector dugc chuyén vé hé toa do
WGS84 (EPSG:4326) thong qua cong cu ogr2ogr va
QGIS. Tién xt ly anh Sentinel-2 bao gom: st dung san
phdm L2A da hiéu chinh khi quyén; loai boé méy bing

thuét toan s2cloudless; tao anh t6ng hgp trung vi theo
mua kho (thang 11 dén thang 4, khi gia tri NDVI phan
anh ro nhat hién trang thuc pht do it may che phut va
thuc vat rung la phan biét r6 rét hon) va miia mua trén
Google Earth Engine d€ giam thiéu anh hudng cia may
va bién dong theo mua. Phuong phap phat hién bién
dong dua trén phan tich NDVI da thoi gian da dugc
kiém chting tinh hiéu qua trong nhiéu nghién ctiu quéc
t€ (Zhu & Woodcock, 2014; Hansen et al., 2013).

Buide 3: Xay dung co sé dii liéu khong gian

Co s6 di liéu khong gian dugc thiét ké theo mo
hinh thuc thé - quan hé (ER Model), t6 chiic thanh
ndam nhom bang chiic nang: (1) di liéu hanh chinh
(ranh gidi cac cdp, dudng bién gidi, cot mdc); (2) dit
liéu dan cu (diém dén cu, ho gia dinh, thanh phan dan
toc); (3) di liéu tai nguyén rung (hién trang theo nam,
loai rling, chu rting); (4) di liéu ha tang (duong giao
thong, cong trinh bién phong); (5) di liéu giam sat
(két qua phan tich bién dong, khoanh viing canh bao).
PostGIS cho phép thuc thi cac phép todn khong gian
phtc tap truc tiép tai tang co sd di liéu, t6i uu hiéu
sudt dang ké so véi xu ly tai tdng ting dung (PostGIS
Development Team, 2023).

Buidc 4: Xay dung hé thong API

Hé thong APIRESTful dugc t6 chiic thanh ba nhém:
(i) API ban d6 cung cdp vector tile theo chudn MVT/
XYZ thong qua Martin tile server, cho phép streaming
tile truc tiép tii PostGIS v6i hiéu suit cao; (ii) API di
liéu truy van va cép nhat dii liéu dia ly theo dinh dang
GeoJSON, dugc bao vé biang JWT authentication va
phéan quyén theo vai tro; (iii) API thong ké t6ng hgp
chi s6 thong ké dién tich rting, mat do dan s6 va bién
dong dat dai theo don vi hanh chinh.

Buide 5: Phdt trién WebGIS

CHUYEN DE 1/2026 | TAP CHi MOI TRUONG | 61



NGHIEN CUU

QUAN TRI HE THONG | WEBGIS—-PHANTICH | GIAMSAT LANHTHO | MOBILE GIS - THUC
bIA

@ 0 B

Tuwong tac ban do (bat/tit 1op,
do dac)

Quan tri anh vé tinh

Quén trj 16p ban db Phén tich NDVI & 16p phu

Quan tri nguoi ding Phat hién sy thay déi rimg

nmg
Quén tri API/Log Théng k& dén cr / ha tng
Admin hé théng Cin b6 phin tich

Phat hién bién dong ty dong Pinh vi GPS thoi gian thie

Khoanh vung i ro bién giéi | Thu thép dit liéu hién trudong

Canh  biao ddy (push | Chup anh + gin toa do tw
notification) dong
Bio céo dinh ki PDF/Excel | Pdng b

Lanh dao / quan 1y Can b6 bién phong

Hinh 4. So do bon nhém chiic ndng chinh ciia hé thong

Giao dién WebGIS dugc phit trién theo kién tric
dua trén thanh phan (component-based) véi React]S,
t6 chiic thanh ba man hinh chinh: (1) Dashboard téng
quan hién thi chi s6 giam sat theo thoi gian thuc; (2)
Man hinh ban dé6 tuong tac tich hgp day da cong cu
phén tich khong gian; (3) Man hinh bao cdo va thong ké
v6i biéu d6 dong. Mapbox GL JS dugc sti dung lam cong
cu két xudt ban d6 (rendering engine), tdn dung tang téc
GPU dé két xuat thé vector va dia hinh 3D vdéi hiéu suit
cao ngay ca khi hién thi nhiéu 16p di liéu dong thoi.

Budc 6: Phdt trién Mobile GIS

Ung dung Mobile GIS dugc t6i vu héa cho viéc st
dung trong diéu kién thuc dia: hoat dong ngoai tuyén
khi mat két ndi, tiéu thu pin thép va giao dién thao tac
don gian. Ung dung tich hgp GPS d€ dinh vi chinh
xac, camera d€ chup anh hién trang c6 gan toa d6 tu
dong, va hé thong dong bo d€ gtii bdo cdo vé may chu
khi c6 két ndi internet. Thiét ké huéng dén nguoi dung
it kinh nghiém c6ng nghé, pht hgp véi dic diém cua
luc lugng bién phong tai khu vic (Hoang et al., 2021).

7. THIET KE CHUC NANG HE THONG

Hé thong dugc phan tich va thiét ké chtic nang dua
trén Use Case Diagram, xdc dinh bén nhém nguoi
dung: Quan tri vién hé thong, Can b phén tich di
liéu, Can bo bién phong/tuan tra va Lanh dao/ngudi
ra quyét dinh. Hinh 4 t6ng hgp b6n nhém chiic nang
tuong ting v6i bon nhém ngusi dung nay.

8. KET QUA VA THAO LUAN

8.1. Cdc két qud chinh trién khai giao dién WebGIS

8.1.1. Trang bdn dé tuong tdc

Trang ban do6 la trung tdm hoat dong ctia hé thong,
tich hgp bon céng cu chinh: Quan ly 16p ban d6, Giam
sat & Canh bao, Phan tich anh vé tinh GEE va So sanh
anh vé tinh. Hé thong ho trg bay danh muc 16p dii liéu
khong gian, bon kiéu ban d6 nén va hién thi dia hinh
3D & muc zoom gan. B cong cu hé trg gom tinh chi
$6 6 nhiém khong khi PM, ,, do khodng cich, tinh dién
tich va tai xuéng anh ban d6 (Bang 2, Hinh 5).

8.1.2. Mé-dun phan tich dnh vé tinh GEE

Mo6-dun phén tich dnh vé tinh ho trg bon loai anh:
mau that RGB (B4-B3-B2), chi s6 NDVI phan 5 cép,
nhiét do bé mit LST xac dinh ving dot pha riing va

Bang 2. Tong hgp cac chiic nang trén trang ban d6 WebGIS An ninh Pak Lak

Nhém chirc nang Chirc nang cu thé Ung dung thwe té

Quin Iy 16p dit liéu

Tim kiém dia diém

Giam sat & Canh
bao

Phan tich anh vé
tinh

So sanh anh vé tinh

Bat/tat 16p thoi tiét (nhiét do, gio, dp
suat); Lop dir liéu 7 danh muc; 4 kiéu
ban d6 nen; Xem 3D

Tim kiém theo tén diém; Panh dau
diém trén ban do; Bay vé diém; Xoa
diém danh déu

Céu hinh ving dém bién gi6i/cét mdc;
Danh séch déi twrong trong/ngoai ving
dém; Canh bao do

Anh mau that, NDVI, nhiét 6 bé mat;
Phén loai hoc mdy (7 16p); Phét hién
thay doi tu dong

So sanh 2 thoi diém song song; Tét ca
loai anh; Anh thay d6i hoc may
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Hinh 5. Giao dién trang chii ciia WebGIS

phan loai hoc may (Random Forest, 7 16p phu). Tinh
néang phat hién thay ddi tu dong so sanh khoang thoi
gian da chon véi cung ky nam truéc, phéan loai 5 mtc
bién dong trong 2-3 phat, pht toan bd viung 20 km
quanh duong bién giéi (Hinh 6).

8.1.3. Mo-dun so sdanh dnh vé tinh

Chtic nang so sanh anh vé tinh cung cdp giao
dién chia d6i man hinh theo chiéu doc (split-view),
hién thi déng thoi hai thai diém khac nhau ctia cung
mot loai anh. Ngu6i dung cau hinh doc lap hai "Thoi
diém" v6i khodng thoi gian va ngudng may riéng, sau
dé6 kéo thanh phan chia dé€ so sanh truc quan. Ché do
so sanh ho trg tat ca cac loai danh (mau that, NDVI,
nhiét do, phén loai) va tinh nang phat hién thay d6i

tu dong, cho phép xac dinh nhanh dién tich va vi tri
bién dong gitia hai ky phén tich. Day la cong cu ddc
biét hiiu ich cho viéc trinh bay bao cdo dinh ky vé
tinh hinh riing va stt dung dat cho lanh dao quan ly
(Hinh 7).

8.1.4. Két qud mo-dun gidm sdt va canh bdo

Mo6-dun giam sat va canh bao la thanh phan phuc
vu truc tiép cong tac an ninh bién giéi. Hé thong cho
phép cdu hinh hai loai ving dém ddc lap: ving dém
quanh duong bién gisi (mac dinh 1,00 km) va viung
dém quanh cac c6t moc (mdc dinh 1,00 km), véi
kha nidng diéu chinh ban kinh linh hoat. Sau khi cdu
hinh, hé théng tu dong chay truy van khong gian dé
liét ké toan b doi tugng ndm trong hodc ngoai vung

) B ~- e e — ]
Ban do chi s6 tham thwe vat (NDVI) Anh nhiét do bé mit
[~ - T B ] & Anoonh ik ik [ - - R

e @ e

Anh tw déng phan loai béi hoc may

Anh twr dong phan tich thay dbi khu vuc boi
hoc may nam 2025

Hinh 6. Két qud phan tich dnh vé tinh qua Google Earth Engine
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Hinh 7. Két qua gidm sdt bién dong 2 thoi ky sii dung dnh vé tinh

dém, phén loai theo nhém: Thon ban, Khu déan cu,
Khu céng nghiép, Cong trinh van hoa va cac loai
khac, kem thong ké s6 lugng doi tugng tling nhém
(Hinh 8).

8.2. Két qua ving dung Mobile GIS

Ung dung Mobile GIS dugc phat trién song song
vGi WebGIS, ké thtia toan bd co s6 di liéu va API
chung. Ung dung huéng dén ba nhém chtic ning c6t
16i: Xem va tuong tac ban do trén thiét bi di dong; thu
thép bao cdo hién truong; dong bo di liéu.

Tinh nang thu thap phan anh cta ting dung Mobile
GIS cho phép can bo bién phong dién truc tiép biéu
mau bdo cdo vi pham tai hién trudng véi day du thong
tin: ho tén, s dién thoai lién hé, mic d6 uvu tién (Cao/

Binh thuong), tiéu dé sy viéc, ndi dung mo ta chi tiét,
vi tri (l&y tu dong tii GPS hodc nhap thu céng) va dinh
kém hinh anh chup tai ché (Hinh 9).

8.3. Thdo ludn tong hop

Kién tric microservices va API chuin héa cho phép
mo6 rong chiic naing ma khong anh huéng caic mé dun
(modules) hién cd. So véi cac nghién ctiu WebGIS trude
day tai Tay Nguyén (Nguyen & Pham, 2019; Pham,
2020), hé thong nay tich hgp dong thoi PostGIS,
Google Earth Engine va React Native — giai quyét ba
bai todn trong mot kién tric thong nhat ma cac nghién
ctiu trude thuong chi gidi quyét riéng 1é. So véi cac
nghién ctiu lién quan da trinh bay & Muc 2, hé thong
nay bd sung kha nang phén tich vién tham tu dong, ho

@ AnNinh Dak Lik

e A Glhm st & Clsh bio aia
Gidm sit & Cinh bio

n

(] Gl hinh viing dém 1
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Hinh 8. Giao dién chiic ndng gidm sdt
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Hinh 9. Giao dién 1ing dung trén Mobile GIS

trg nguoi dan gli phan anh va van hanh lién tuc sau khi dé tai
hoan thanh.

Han ché chinh: (1) D¢ phén giai Sentinel-2 (10m) chua da
phat hién vi pham dudi 100 m?; (2) Viing pha séng di dong tai
mot s6 khu vuc xa x6i con han ché; (3) Ngudng phat hién bién
dong NDVI can hiéu chinh riéng cho riing khop Tay Nguyén
6 ddc tinh rung 1a mua kho (Viét & Son, 2021).

9. KET LUAN

Nghién ctiu da xay dung thanh céng quy trinh phat trién
hé thong WebGIS va Mobile GIS phuc vu quan ly khu vuc bién
gi6i tinh Bék Lik véi kién tric ba ting, sdu budc trién khai
ro rang, tich hgp PostgreSQL/PostGIS, Google Earth Engine,
React]S + Mapbox GL va React Native trong mdt kién truc hé
thong thong nhét va c6 kha ning mé rong cao.

Ba dong gop chinh: (1) Phat hién bién dong riing véi do
chinh xac precision dat 80,9% trén khu viic bién gi6i hai huyén;
(2) S6 héa dii liéu dan cu ctia gan 60.000 nhan khéu, ho trg xdc
dinh 1.243 h¢ trong vung 1 km bién gi6i; (3) 91,3% Can bd
bién phong danh gia tich cuc sau 6 thang st dung.

Quy trinh sau budc dugc chuin hoa, cé kha nang tai ting
dung cho céc tinh bién gi6i Tay Nguyén khac nhu Dak Nong,
Gia Lai, Kon Tum. Hudng phat trién tiép theo: tich hgp anh
phén gidi cao (Planet Scope, SPOT-7), ing dung Deep Learning
phan loai vi pham tl anh v¢ tinh/UAV va hiéu chinh nguéng
NDVI theo dic thu sinh thai riing khop Tay Nguyén.

Lgi cdm on: Bai bdo nay la mot phdn két quad nghién ciiu ctia
Dé tai: “Nghién ciiu ting dung vién tham va hé thong tin dia ly
(GIS) trong qudn Ly, gidm sdt khu vic bién gidi ciia tinh Dak Lik
phuc vu phdt trién kinh té - xa hgi va ddm bdo qudc phong - an
ninh”. Tdp thé tac gid xin chan thanh cdm on sy phoi hgp ciia S6
Khoa hoc va Cong nghé tinh Dak Lak va cdc bén lién quan trong
qud trinh thyc hién dé tai va bai bdom
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