Nghién ctiu - Ung dung

NGHIEN CUU GIAI PHAP LUU TRU BAN PO
NGOAI TUYEN TREN THIET BI DI PONG

TRAN THI HAI VAN, PINH BAO NGOQC, NGUYEN TRUONG XUAN,
NGUYEN HOANG LONG, TRAN ANH TUAN
Truwong Pai hoc Mo - Bia chat

Tém tit:

Cac urng dung mobile GIS giup cho cong viéc thu thap dir lieu va phan tich dir liéu ngoai nghiép
tré nén dé dang va tién loi hon bao gio hét. Theo cach truyén théng viéc tié}? can va suwa dir liéu thu
thdp ngoai hién truong luon mat nhiéu thoi gian va déNgdy 16i. Cdc dit liéu thuc dia dwoc biéu dién
qua so do va cdac dau hiéu trén ban do gidy sau dé dwgc chuyén vé van phong dé gidi dodan va nhdp
dit liéu vao trong co s¢ dir liéu GIS. Phirong phép nay cho thdy dit liéu GIS khong dwoc thuwong
xuyén cdp nhdt moi hodc chinh xac. Voi khu vuc nghién cuu la tinh Cao Bdng la tinh mién nii khu
viee phia bdc, két néi Internet ¢ cdc khu viee ngoai nghiép nhw doc dwong bién giéi, dwong tudn tra
trong rirng gap nhiéu khé khan, gdy anh hudng t6i viéc cdp nhat, phan tich va hién thi ban do trén
cdc vmg dung Mobile GIS. Pé khdc phuc sw han ché ciia ha tang két néi Internet ciia Cao B(ing
cong nghé luu triv ban d6 ngoai tuyen (oﬁ%ne) cong nghé cho phép luu triv va hién thi ban do ngay
ca khi khéng cé két noi mang dwoe dé xudt. Cong nghé nay cho phép thu thap va lwu trir cac dir liéu
ngoqi nghiép ngay trén cdac z‘hzet bi di déng va dong b héa dir liéu vé phia may chii ngay khi co ket
noi mang Internet. Trong bai viét nay sé trinh bay cdc gidi phap cho phép luu triv ban dé ngoai tuyén
phuc vu cong tac quan 1y cac doi twong dwong bién tinh Cao Bang.

1. Mé dau + Duy tri: Cép nhat vi tri dia vat, diéu kién va

Sy phat trién ctia cic cong nghé trong linh duy tri duéi dang bang ké;

vuc Mobile GIS cho phép luu gilt cac thong tin
thuc dia dudi dang ban dd sb trén may tinh cam
tay, cac mdy tinh luu dong dé dang tiép cén céac
thong tin dia 1y ngay trén thuc dia. Nguoi su
dung c6 thé dua cac thong tin thoi gian thuc téi
co so dir li¢u cua ho, cac ung dung, tang tde do
phan tich, hién thi, va dua ra quyét dinh bang
viéc cap nhat méi nhét, dit liéu khong gian chinh

+ Kiém tra: Luu giit cac ban ghi dang s va
vi tri cua dia vat theo dang s6 hay mau phiéu;

+ Thanh 1ap bao céo: luu trir dudi dang text
ve vi tri, va cac tinh hudng cua cac hoat dong hay
su kién cho cac nhi€ém vu hodc thanh 1ap bao
cao;

+ Phan tich GIS va dua ra quyét dinh: Tién

xac hon. Linh ctu hod, nhan vién canh sat, ky
su, cong nhan va nhi¢u doi tugng khéac st dung
mobile GIS dé hoan thanh céac cong viéc chang
han nhu:

+ Thanh Iap ban dd: Tao lap, stra chira, va ban
d6 hoa bang cong nghé¢ GIS ngay trén thuc dia;

+ Thdng ké: Tao lap va duy tri bang thong ké
cua vi tri cac dia vat va thong tin thudce tinh cia
no;

hanh do dac, tao vung dém, xur ly dit li¢u, va cac
phan tich GIS khac ngay trén thyuc dia.

Mobile GIS dugc tich hgp mét hoac nhiéu
cac cong nghé sau:

+ Céc thiét bi Mobile
+ Hé thong dinh vi toan cau (GPS)

+ Cong nghé truyén thong khong day cho
truy cap GIS Internet.

Ngay nhén bai: 15/11/2019, ngay chuyén phan bién: 19/11/2019, ngay chip nhan phan bign: 25/11/2019, ngay chip nhan dang: 28/11/2019
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Trong d6, hau hét cac thiét bi di dong ngay
nay déu dugc tich hop chirc ning dinh vi toan
cau (GPS). Tuy nhién, kha ning truy cdp mang
khong day Internet con phu thudc vao ha tang
thong tin cua khu vuc nghién ctru.

Khu vuc nghién ciru 1a tinh Cao Bang, mot
tinh mién nui khu vyc phia bac. Theo quyét dinh
566/QD-UNBD cua tinh Cao Bing, thong ké
nim 2018 Cao Bing co ty 1¢ sir dung co s& ha
tang mang vién thong dat 40%, mang 3G phu
song dugc 80% khu vuc cua tinh va 4G chi phu
song tai thanh phé Cao Béang va trung tdm cic
huyén thi, ctra khdu. Qua cac s liéu trén cho
thiy viéc két ndi Internet & cac khu vuc ngoai
nghiép nhu doc duong bién gisi, duong tudn tra
trong ring gip nhiéu khé khin, gay anh hudng
t6i viée cap nhat, phan tich va hién thi ban do
trén cac ung dung Mobile GIS.

bé khic phuc cho su han ché cua ha t?mg két
n6i Internet cia Cao Bang, cong nghé luu trit
ban dd ngoai tuyén (offline), cong nghé cho
phép luu trir va hién thi ban dd ngay ca khi
khong c6 két ndi mang dugc dé xuat. Cong nghé
nay cho phép thu thdp va luu trir cac dir li€u
ngoai nghiép ngay trén céc thiét bi di dong va
d6ng bo hoa dit liéu vé phia may chii ngay khi co
két ndi mang Internet.

Hién nay c6 rat nhiéu cac tmg dung cho phép
luu trit va st dung ban dd ngoai tuyén nhu
Google map cua Google, Here map cua Nokia.
Tuy nhién, cac ing dung nay da sb chi cung cp
dir liéu chi tiét tai cac thanh phd 16n. Hon nira,
viéc st dung ngoai tuyén khong cung cép céc
chtrc ning nhu chi dudng hay tim kiém trén ban
d6. Pic biét, viéc tiy bién dir lidu nguoi ding
cling bi han ché.

Giai phap MBTiles duoc dua ra nham tao ra
céc ban dd nén ngoai tuyén duoc luu trir trén nén
tang cac thiét bi di dong. Bang cach két hop
MBTiles va cac dir li€u khac nhu SpatiaLite
nham Iuu trit dir liéu khong gian trong hé quan
tri co s¢ dir liéu SQLite.

SpatiaLite 1a b thu vién khong gian mo rong
cua SQLite, cung cap chiic nang luu trir dir licu

vector dang geodatabase. NO tuong tu nhu
PostGIS, Oracle Spatial va SQL Server, mac du
SpatiaLite khong dwa trén nén tang Client-
Server, nd luu trir dit li€u ¢ phia don nguoi dung,
dir liéu sau d6 co thé dugc sao chép va truyén
nhan gitta cac thiét bi v&i nhau mot cach tu do va
dé dang chi v6i mot tép duy nhat. SpatiaLite
khong hd trg viéc quan 1y dir liéu khong gian
trong SQLite ma chi hd tro viéc truy van dit liéu
khéng gian c6 dang hé quy chiéu trén ban do.

2. Giai quyét van dé
2.1. Kithudt Tile Map

Véi cac ki thuat ban d6 s6 truyén théng, ban
dd s& duoc tai toan bo vé phia trinh duyét cua
ngudi dung dudi dang mot tim anh co dung
lugng rat 16n, khi nguoi ding thao tac voi ban d6
nhu phoéng to, thu nho, dich chuyén ban do thi
tdm anh d6 s& dugc tai lai. Van dé phat sinh la
tdm anh c6 dung luong 16n néu méy tinh ngudi
dung c6 cu hinh khong cao hodc dudng truyén
internet cham thi viéc tai ban do s& mét nhicu
thoi gian anh huong t6i ning suat lam viée cia
nguoi dung.

Béan d Google map ra doi nam 2005 da gisi
thi€u mot ki thudt moi co tén la tiled lam thay doi
dang ké toc do hién thi va thao tac voi ban dd sb
thong qua moi truong mang internet. Thay vi tai
toan bo ban d6 dudi dang mot tim anh 16,
Google di chia ban d6 thanh cac 6 vuong nho
dudi dang ludi voi cac kich thudc xac dinh. Do
6 cAu tric dang ludi, cac manh ban dd s& duge
hién thi theo vi tri nguoi ding muén xem thay vi
phai tai toan bo ban d0. Theo cach chia cac tim
anh ban do ctia google mdi tim anh s& ¢ kich ¢
256 * 256 pixels.

Viéc xuit ban mot ban d6 truc tuyén cling
gidng nhu ban d6 gidy d6 1a viéc scan va xuat
ban ban d6 dudi dang tép anh. Do chi tiét cua
ban dd phu thudc vao kich thudc cta tAm anh.
Viéc thém chi tiét cua ban d6 s& phai tang kich
thudc ciia anh hodc giam ty 16 ban do. Viéc 1am
nay kha dé dang vé6i cac ban do chuyén dé, biét
truéc muc dich st dung va ty 1¢ ban dd. Tuy
nhién voi ban d6 sir dung chung cho nhiéu muc
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dich khac nhau (vi du nhu cac ban do nén) viéc
nay tré nén kho khan.

Hinh 1: Tiled map

Mot tdm anh google map bao tram toan bo
thé gidi co kich thude 256 * 256 pixels tuy nhién
& muc phong anh 20 lan thi kich thude ting 1én
134 tri€u * 134 tri€u pixels. Kich thude luu tri
tam anh 1én toi 25 terrabytes, khong phit hop véi
bat ki cAu hinh may tinh ngudi ding nao.

Cong thirc tinh toa do pixel nhu sau:
pixelCoordinate = worldCoordinate * 27omte

Tu cong thirc trén cho thiy & mdi mtrc phong
s& tang gap doi ca toa do x va'y. Do d6, moi muc
thu phong cao hon sé ting d phéan giai 1én 4 lan.
Vi du ¢ mirc thu phong 1 s& bao gdm 4 6 d6 phan
giai 256 * 256 pixels. Két qua toan bo ban do s&
¢ kich thude 512 * 512 pixels. O mirc thu
phong 19 theo toa do x va y c¢6 thé duoc tham
chiéu theo khoang gia tri tir 256 * 219. O mtc
thu phong 0 toa do pixel bang toa do thé gidi.

Dé biéu thi chinh xé4c timg vi trf trén ban do,
& mdi murc thu phong cac JavaScript API s& dua
ra khung xem ban dd dudi dang toa d¢ latitude
va longitude thanh cac toa do pixels. Sau d6 API
s& cac dinh cac manh d do ndm trong gidi han
khung xem. Mdi manh ban dd s& dugc dai dién
tham chiéu boi toa do cua tirng manh dugc luu
trlr trong co so dir liéu.

Toa d6 cua cac manh ban do (tilesets) s& cd
toa d¢ x tang dan theo chiéu tur tay sang dong va
toa do y tdng dan theo chiéu tir bac xuoéng nam.

Céch tinh s6 manh tile 2z * 2z

Véi z 14 ty 1& zoom. Vi du & mirc phong 2 s6

tiles 12 16, 3 s tiles 1 64 tiles.
Cach xac dinh tiles trén URL web map:
http://path-to-tiles/{z}/{x}/{y}.png

0,0 1,0 2.0 2,0
0,1 1,1 2,1 31
0,2 1,2 2,2 3,2
0,3 1.3 2,3 3,3

Hinh 2: Cach xac dinh toa do cua ting tile

Cach chuyén ddi tir hé toa do dia ly sang cac
tiles

E
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T
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L..III

Hinh 3: M6 ta cach chuyén doi tir hé toa dé dia
ly sang cac tiles

Cong thtrc xac dinh pixels trong web
Mercator sang mét trong ty 1€ zoom

IITSEE * 3

2.2. Phan logi Tile Map

Hién nay c6 2 dinh dang tile dang duogc sur
dung la Raster Tile va Vector Tile. Trong dé
Raster Tile duoc st dung tir lau con Vector Tile
méi duoc str dung trong thoi gian gan ddy. Céc
nha cung cap ban d6 trude kia nhu Google, Esri
cung cap cac ban do nén thong qua cac ban d6 da
murc thu phéng cac ban do s& duoc chuyén doi
sang cac dinh dang anh nhu PNG hay JPG va
duoc tdi wu vé mat hiéu nang. Tuy nhién céc ban
dd nay co cac han ché sau: nguoi dung khong thé
tiy bién ban dd, cac tép anh ban do khéng tuy
bién v6i @6 phan giai man hinh.
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Nhim cung cép thém su lya chon cho ngudi
st dung, cac nha cung cép dich vu ban d6 d3 dua
ra mot lya chon mdi d6 1a ban dd nén dang vec-
tor. Ban dd nén dang vector dua trén nén tang
cac vector tiles (dinh dang PBF) dugc chuyén
ddi ¢ phia client-side dua trén mot tép quy dinh
kiéu.

Raster Tiles 1a phép chia ban d6 thanh cac
manh tiles va s& chuyén d6i ban d6 thanh cac tép
dang anh chuén bi sin & phia server ¢ cac dinh
dang nhu JPG hay PNG. Raster tiles dugc cung
cip dén nguoi dung théng qua cac dich vu web
nhu WMS (Web Map Service) hay WMTS (Web
Map Tiles Service). Cac lgi ich cua Raster Tiles:

+ Lam viéc tdt trén tit ca cac Gmg dung va
thiét bi (web, desktop, mobile) bao gom cac ung
dung may tinh d€ ban hay trén cac trinh duyét
Web;

+ Cung cip kha nang thao tac voi cac nha lam
ban do nhu dan nhan hay biéu tuong cac doi
tuong trén ban do;

+ HO tro tdt cac dit liéu dang anh va ca di
liéu do cao;

+ Cung cép ché do in 4n trén céac trinh duyét
web.

Vector Tiles ciing 1a phép chia ban dd thanh
cac manh tiles tuy nhién dir li¢u dugc sir dung
dudi dang vector (dang diém, duong, ving). Mdi
mot manh vector tiles s& bao gdm thong tin hinh
hoc (geometries) va metadata gidng nhu tén
duong, tén dia diém, sb nha. Vector tiles s& chi
duoc chuyén doi khi ¢6 yéu cau tir phia ngudi
dung trén trinh duyét. Vector tiles c6 2 lgi ich
quan trong so voi viée chuyén ddi sang dang
raster tiles [3]:

+ Styling: nhu cac dir liéu dang vector, tiles
c6 thé dinh dang theo yéu cau cho phép co nhiéu
cach the hién khac nhau trén cting mot ban do.

+ Size: Vector tiles thuc sy nhoé gon, cho phép
hién thi ban d0 toan canh & do phan giai cao,
nhanh chéng tai ban dd va thuan tién trong viéc
caching.

Vector tiles dugc ma hoa bdi Google
Protobufs (PBF), cho phép sip xép ciu tric dit
li¢u. Mapbox Vector Tiles st dung *.mvt lam
dinh dang.

Pé dinh dang céu trac cua PBF file s& dugc
ma hoa 2 thanh phan hinh hoc va thudc tinh.

Viéc ma hoa thong tin hinh hoc s& dugc mo ta
nhu sau: toa d0 cua cac vector tiles s€ duoc
chuyén doi tir hé toa do dia Iy nhu 1a kinh do
hodc vi d sang toa d6 dang ludi. Cac vector tiles
ma hoa cac diém dudng, ving nhu 13 cac cip toa
d6 x, y c6 quan hé tuong dbi bat dau tir trai sang
va trén xudng.

2.3. Lwu trit bin dé ngoai tuyén dang
MBTiles

MBTiles 1a mot dinh dang file dé luu trir cac
tilesets. MBTiles duoc thiét ké dé c6 kha ning
dong goi hang nghin files tilesets trong mot file
duy nhit. MBTiles 1a thanh phin mé rong ciia
SQLite. MBTiles ¢ thé bao gdm ca raster va
vector tilesets. MBTiles la dinh dang file st
dung SQLite dé luu trir va giri dit liéu t6i nguoi
dung trén nén tang web hay di dong. Pay 1a mot
dir liéu nhe cho phép chia dir li¢u khong gian
thanh cac 6 ludi va cho phép thu phong téi 22
muc [2].
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MBTiles yéu cau ban hé thong toa d ban dd
la: Web Mecator, cu thé la
PCS _WGS 1984 WORLD_MECATOR,
EPSG: 3857. MBTiles duoc tao ra va td chirc cac
tiles ban dd theo TMS (Tiles Map Service) cta
0SGeo, hd tro cac ty 1€ ban dd duge dat trudce
trén Web Mecator. Bang bén dudi mo ta mirc
hién thi tir 0 bao gém 256 * 256 tile va dinh
nghia diém gbc 1a  (-20037508.34,-
20037508.34), goc dudi bén trai cua toan cau.
MBTiles hd tro dinh dang PNG hay PNG.

Mo ta dinh dang MBTiles

MBTiles quan 1y cac tile ban d6 théng qua
cac bang metadata, tiles, map datasheet, image
datasheet.

Metadata table

Bang metadata s& gom 2 trudng name va
value dé luu trit thong so cai dat cua tile

Hinh 3: Bang vi du vé meatadata table

M6 ta cac tham s trong bang metadata

Céc tham sb bat budc phai khai bao:

+ name: tén cua tileset

+ description: mé ta 16p ban dd

+ format: dinh dang cta dir li€u tiles

Céac tham s6 duoc dé xuit:

+ compression: kiéu nén dit liéu tile dugc sir
dung

Céc tham s tiy chon

+ bounds: mirc extent 1én nhéat cua khu vuc
ban d6. Bounds phai dinh nghia mét khu vuc

dugc bao phu boi tit ca cac muc thu phong.
Bounds dugc thé hién trong WGS84 cac gia tri
latitude va longitude. Vi du trong OpenLayers
dinh dang bounds: left, bottom, right, top. Vi du
cho toan bo trai dat -180.0, -85, 180, 85

+ center: longitude, latitude va cac muc thu
phong mac dinh khung nhin cua ban d6 vi du: -
1.48,51.87,13.

+ minzoom: mirc thu phéng nho nhit.
+ maxzoom: muc thu phong 16n nhat.

+ attribution: chudi thong tin thudc tinh giai
thich bang tiéng anh vé nguon, kiéu cua ban do.

+ version: phién ban cua tileset.
+ type: kiéu cua tile 1a overlay hay baselayer
Bang Tiles (tiles view)

Bao gdm tat ca dir lidu vi tri cua dir liéu tile.
Dinh dang MBTiles hd tro bon truong dit lidu dé
luu trit: zoom Level, tile colum, tile row,
tile data

Hinh 4: Vi du bang tile cua dinh dang MBTile
Chu y: Khi d¢ phan giai mat dat khong twong
ung voi d§ phan gidi trong bang metadata thi
murc zoom level la -1.

Céch khdi tao trong SQLite:

Trong d6 tile_data blod bao gdm dir liéu tile
thd nhi phan.

Béang Grids

Trong co s¢ dit li¢u phai ¢o6 hai lya chon bang
tén la grids va grid data.

Bang grids phai chua cac truong dir li¢u sau:
zoom_level, tile colum, tile row va grid.
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Béng grid_data phai bao gdm cac truong dix
liéu sau: zoom level, tile colum, tile row,
key name va key json

Bang Grids phai chrta UTFGrid data va gzip
nén

Bang Grid_data phai bao gdm khoéa grid véi
gia tri dugc ma héa nhu mot doi tugng Json

Do MBTiles 1a thanh phin mo& rong cia
SQLite nén né mang day du dic tinh cia SQLite
nhu SQLite 14 phin mém quén 1y co so dit liéu
(DBMS) tuong tu nhu Mysql, PostgreSQL...
bic diém cua SQLite la gon, nhe, don gian.
Chuong trinh gém 1 file duy nhat von ven chua
dén 400kB, khong can cai dat, khong can ciu
hinh hay khoi dong ma c6 thé sir dung ngay. D
li¢u Database cling dugc luu & mét file duy nhét.
Khong c6 khai niém user, password hay quyén
han trong SQLite Database.

SQLite khong thich hop véi nhitng hé thong
16n nhung & quy mé vira tam thi SQLite phat
huy uy luc va khong hé yéu kém vé mit chirc
nang hay tdc d0. Voi cac dac diém trén SQLite
dugc su dung nhiéu trong viéc phat trién, thu
nghiém ... va la sy lya chon phu hgp cho nhiing
ngudi bit ddu hoc Database.

2.4. Truy vin va phén tich khong gian di
liéu khong gian ngoai tuyén voi Spatialite

Spatialite 1a thanh phan m¢ rong vé khong
gian ctia SQLite cung cap chirc ning thao tac véi
vector geodatabase. No tuong tu nhu PostGIS,
Oracle Spatial va SQL Server voi thanh phan mé
rong khong gian. Kién trac Spatialite pht hop
v6i muc dich sir dung ca nhan. Ban than SQLite
da hd tro luu trir va cac thao tac co ban véi dit
lidu khong gian, do d6 Spatialite khong can thiét
dugc dung dé quan 1y dir liéu khong gian. Tuy
nhién, Spatialite lai hd trg manh mé viéc truy
van dix liéu khong gian nang cao, hd tro nhiéu hé
toa do ban d6 [1]

Bang so sanh dung lugng luu trit cia cac hé
quan tri co sé dir liéu khong gian

Hinh 5: Bdng so sanh dung lwong luu triv di
liéu ciia cdac hé quan tri co so dir li¢u

Hinh 6: Bang mo ta cach thirc lam viéc voi cac
ham trong Spatilite

Mot uu diém 16n cua Spatialite cho phép
nhap va xuat cac tép dinh dang shapefile [4].

3. Két qua nghién ciru va danh gia

MBtiles 1a dinh dang dir liéu luu trir dir liéu
khong gian dang ngoai tuyén duoc sir dung pho
bién. Bang ching la tat ca cac phan mém va nén
tang tor ma nguon mo nhu QGIS, GeoServer,
PostGIS, Mapbox, OpenLayers cho dén cac nén
tang thuong mai dién tor nhu ArcGIS, ArcGIS
Server, Google déu hd tro luu trir, doc, thao tac
va cho phép chuyén déi tir cac dinh dang dit liéu
khong gian phd bién nhu shapefile, geodatabase,
geojson sang mbtiles. MBtiles khi dugc xuét ra
ban dd s& & dinh dang cac manh anh, khong cho
phép ngudi dung chinh stra dit liéu, mic du dbi
vo1 dir liéu dang vector tiles luu trir trong MBtile
chi cho phép nguoi dung thay d6i kiéu dang cua
ban d6 nhu mau sic, kiéu duong. Do do, MBtiles
phii hop véi viée Iuu trir va hién thi ban d6 nén,
ban dd it co su thay ddi va cap nhat.

Céc dir liéu khong gian c6 nhiéu sy bién doi
can duogc cap nhat thuong xuyén s€ dugc luu tri
trong céac tép spatialite. Spatialite cho phép luu
trit dit liéu dang vector do d6 nguoi dung co thé
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chinh stra, cap nhat cac doi tuong trén ban dd.
Ngoai ra, Spatialite con cung cap bo thu vién cac
ham c6 sin cho phép ngudi dung phén tich,
tuong tac voi cac dir liéu khong gian nhu tinh
toan khoang cach, xac dinh mdi quan hé giira cac
dbi twong dia 1y trén ban do.

4. Két luin

Bing cach két hop giita MBiles va Spatialite
s& cung cép kha ning luu trir va phén tich dir liéu
khong gian mdt cach dﬁy du, phuc vu tdt cho
nguoi dung ngoai nghi¢p. MBtiles cho phép luu
trit va hién thi ban d6 nén mot cach nhanh chong,
trong khi d6 Spatialite cung cip cic cong cu
phan tich khong gian cling nhu cap nhat, thém
moi cac dbi tuong dia 1y trén ban do. Ca hai dinh
dang Mbtiles va Spatialite déu 1a thanh phan mé
rong cua SQLite, do d6 c6 dung lugng nhd, phu
hop dé luu trit trén cac thiét bi di dong thong
minh ngay nay. Cac ki thuat trén hoan toan phu
hop dé xdy dung tng dung quan 1y cac dbi tugng
duong bién tinh Cao Bang, noi ¢ co s6 ha tang
mang vién théng chua phat trién, kha ning truy
cap Internet bi han ché. Ngoai ra, MBTiles va
Spatialite cung cp kha ning xuét dit liéu ra cac
dinh dang pho bién nhur Shapefile cho phép dong
bo hoa dir liéu 1én hé théng Server va chia sé dir

Summary

lidu trong hé thong mang.

_ Bai bao la mét phan két qua nghién ciru cia
de tai KHCN-VT.07/18-20, Chuong trinh Khoa
hoc va Cong nghé vii tru 2018 — 2020.0O
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Research solutions for offline map storage on mobile devices

Tran Thi Hai Van, Dinh Bao Ngoc, Nguyen Truong Xuan, Nguyen Hoang Long

Hanoi University of Mining and Geology

Mobile GIS applications provide tools to make data collection and analysis of field data easier

and more convenient. By the traditional methods, access and correction of data collected in the field
always takes time and low accuracy. The field data is represented through diagrams and marked on
paper maps. Afterthat, the above paper maps were transferred to the office for interpretation and data
entry into the GIS database. This method shows that GIS data is not regularly updated. The select-
ed study area is Cao Bang Province, where is the mountainous province in the northern region of
Vietnam. Due to the underdeveloped telecommunication infrastructure and complex topography,
updating and analyzing maps on Mobile GIS applications in the field such as along the borderline
and patrol roads in the forest are difficult. To overcome the limitations of Cao Bang’s Internet con-
nection infrastructure, offline map storage technology has been proposed. Offline technology allows
storing and displaying maps even when there is no network connection. In addition, offline maps
allow the collection and storage of offline data right on mobile devices. The collected data will be
synchronized to the server as soon as the Internet connection is available. In this report, we will pres-
ent solutions that enable offline map storage for the management of border features in Cao Bang
province.Q
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