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Tém tit:

Viéc toi wu hoa kha ndang truc quan héa va tang kha nang truy van dir liu khéng gian trén
WebGIS la yéu t6 can dwoc quan tam khi phat trién iing dung WebGIS. KT thudt manh ban do (tiled
map) ddc biét la dinh dang mdnh dnh (raster tiles) di dwoc gidi thiéu va cung cdp boi nhiéu hé
thong mdy chii GIS nhiw ArcGIS Server, GeoServer véi muc dich tang toc d hién thi dir liéu khong
gian. Tuy nhién, raster tiles c6 nhwoc diém la dir liéu dwoc givi t6i may khdch chi dudi dang hinh
danh. Diéu ndy dan dén han ché trong viéc truy vin dir liéu. Ngodi ra, viéc dinh dang cdc kiéu hién
thi cho cac doi twong trén ban do ciing bi han ché. KT thudt méi vector tiles da ra doi nham khdc
phuc cdc han ché ciia raster tiles. Bai bdo nay trinh bay tong quan vé ky thudt tiles map ddc biét la
dinh dang vector tiles. Ngoai ra, bai bao ciing trinh bay cdc budc trong viéc xdy dung mot ung dung
cung cdp dich vu vector tiles dya trén cdc nén tang ma nguon mé mién phi la: PostgreSQL, NodeJS

va MapNik
1. Mé dau

Ung dung web GIS dau tién dugc xay dung
boi Xerox vao nam 1993. Ung dung nay thé hién
ban d6 dudi dang mot tim anh, khi nguoi ding
di chuyén dén mot pham vi khac trén ban do,
mot tim dnh méi s& dugc tai vé dé hién thi vi tri
d6. Phuong phap nay co6 nhugc diém la lam
cham tbc do cua trang web, lam gidm trai
nghiém ngudi dung. Dé khic phuc diéu nay, vao
nim 2005 Google dua ra giai phap hién thi ban
d6 moi bang viéc chia nho ban do thanh cac tAim
anh nho, c6 lién két voi nhau. Phuong phéap nay
duogc biét dén véi tén goi raster tiles [1] va van
con duoc phd bién cho t6i ngay nay.

Phuong phép raster tiles cho dén nay vin
khong c6 su thay d6i nhiéu vé ki thuét. Raster
tiles s& chia ban dd thanh cac 6 va dinh dang cac
kiéu thé hién ban dd sin va dugc thé hién sin
trén h¢ thong may cha. Dinh dang ban db gidng
nhau dbi véi tit ca nguoi ding. Tuy nhién véi
raster tiles viéc truy xuét thong tin ddi tugng trén
ban dd gip nhidu han ché. Bé khic phuc diéu

nay, cac nha nghién cuu da dua ra phuong phap
vector tiles [2]. Vector tiles cho phép chia nho dir
liéu vector thanh cac 6 va dinh dang tung 6 s€
dugc biéu ¢ phia may khach. Diéu nay cho phép
da dang hoa kha ning biéu dién cic ddi tuong
ban d6 nhu 1a cho phép nguoi dung thay ddi biéu
tuong cac ddi tuong trén ban dd. Ngoai ra, viéc
truyén dir liéu ban dd dang vector s€ lam viéc
hién thi ban dd dugc tron muogt khong bi v
hinh. M6t wu diém khéc 14 viéc tuong tac va truy
vén véi cac dbi tuong trén ban dd duogc cai thién
dang ké.

2. Tong quan vé ki thuat tiles map

Vi cac ung dung web GIS ngay trudc, ban
dd s& duoc tai toan bo vé phia trinh duyét cta
ngudi diung dudi dang mot tdm anh c6 dung
lwong rat 16n, khi ngudi dung thyc hién cac thao
tac voi ban dd nhu phong to, thu nho, dich
chuyén ban d thi tim anh d6 s& duoc tai lai. Van
dé phat sinh 1a tim anh c6 dung lugng 16n néu
may tinh nguoi ding c¢6 cau hinh khong cao hodc
duong truyén internet cham thi viée tai ban do s&
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mat nhiéu thoi gian, anh hudng t6i ning suit lam
viéc va trai nghiém cua ngudi dung.

Ban dd Google map ra doi nam 2005 di cing
v6i mot phuong phép o tén 1a tiled da thay dbi
dang ké tc do hién thi va thao tic v&i ban dd sb
thong qua moi truong mang internet. Thay vi tai
toan bo ban d6 dudi dang mot thm anh 16n,
Google da chia ban d6 thanh cic 6 vuéng nho
dudi dang ludi voi cac kich thudc xac dinh. Do
6 cAu trac dang luédi, cac manh ban dd s& duoc
hién thi theo vi tri nguoi ding mubn xem thay vi
phai tai toan bo ban dd. Theo cach chia cac tim
anh ban do cta google mdi tim anh s& c6 kich ¢
256 * 256 diém anh.

Do chi tiét cta ban dd phu thudc vao kich
thudc cua tAm anh. Viée thém chi tiét ctia ban dd
s€ phai tang kich thudc cia anh Viéc lam nay
kha d& dang véi cac ban do chuyén dé, biét trudc
muc dich sir dung va ty 1& ban d6. Tuy nhién véi
ban dd str dung chung cho nhiéu muc dich khéac
nhau (vi du nhu cac ban @6 nén gdm 7 16p thong
tin) khi phai tai lai trang web s& gdy mét thoi
gian do dung lugng ctia ban d6 nén can tai vé 1on

Hinh 1: Tiled map

Mot tim anh google map bao tram toan bo
thé gidi c6 kich thude 256 * 256 diém anh tuy
nhién & mirc phong anh 20 lan thi kich thudc cua
blic anh s€ tang 1én 134 tri€u * 134 triéu diém
anh. Kich thuoc Iuu trit tim anh nay 1én t6i 25
terrabytes, khong phu hop véi bat ki cau hinh
may tinh nguoi dung nao.

Cong thuc tinh tinh toa dd pixel nhu sau:

tQa dé diém anh= toa dé thu-c * Qmuc phong

Tir cong thirc trén cho thiy & mdi mirc phong
s& tang gap doi ca toa do x va y. Do d6, mdi murc
thu phong cao hon sé ting d6 phan giai 1én 4 1an.
Vi du & murc thu phong 1 s& bao gdm 4 6 d6 phan
gidi 256 * 256 diém anh. Két qua toan bo ban d6
s& c6 kich thudce 512 * 512 diém anh. O mic thu
phong 19 theo toa do x va 'y co thé duoc tham
chiéu theo khoang gia tri tir 256 * 219. O muc
thu phong 0 toa do pixel béng toa do thuc (toa do
thé gioi).

Dé biéu thj chinh xéc tung vi tri trén ban dd,
& mdi mirc thu phong cic JavaScript API s& dua
ra khung xem ban dd dudi dang toa d6 vi do va
kinh d6 thanh céc toa do diém anh. Sau d6 API
s& cac dinh cac manh d6 d6 nam trong gidi han
khung xem. MJdi manh ban d6 s& duoc dai dién
tham chiéu bai toa do cua trng manh dugc luu
trlr trong co s& dir liéu.

Toa d6 cta cac manh ban do (tilesets) s& co
toa do x tang dan theo chiéu tir tdy sang dong va
toa d0 y ting dan theo chiéu tir bic xuéng nam

[3].

0.0 1.0 2,8 3,0
w1 1.1 21 F,1
m,2 1,2 2,2 3,2
0,3 1.3 Z.3 3,3

Hinh 2: Cach xac dinh toa dé cua tieng manh

S6 manh tile duoc tinh theo cong thic sau: sb
manh = 2z * 2z. Trong do6 z 1a ty 1€ mtc phong.
Ap dung cong thic nay ta thiy: ¢ mic mirc
phong = 2 s6 tiles 1a 16, & mtrc mirc phong = 3
s tiles 1a 64 manh
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Hinh 3: S6 lwong tile & mirc mirc phong = 3
2.1. Phén logi bin dé tile

Hi¢n nay c6 2 dinh dang manh (tiles) duoc str
dung la Raster tiles va Vector tiles. Trong dé
Raster tiles dugc sir dung tir lau con Vector tiles
moi duge st dung trong thoi gian gan day. Cac
nha cung cap ban d6 nhu Google, Esri cung cap
cac ban d6 nén thong qua cac ban d6 da muc thu
phong. Ban do s& dugc chuyén doi sang cac dinh
dang anh nhu PNG hay JPG va duoc t6i vu vé
mat hiéu nang. Tuy nhién cac ban d6 nay co cac
han ché nhu: nguoi dung khong thé tiy bién ban
dd, cac tép anh ban dd khong tuy bién véi do
phan gidi man hinh [4].

Nhim cung cip thém su lya chon cho nguoi
st dung, cac nha cung cép dich vu ban db da dua
ra mot lya chon méi d6 14 ban d6 nén dang vec-
tor. Ban d0 nén dang vector dua trén nén tang
cac vector tiles (dinh dang PBF) dugc chuyén
d6i ¢ phia client-side di kém voi mot tép quy
dinh kiéu.

Raster tiles chia ban d0 thanh cac méanh va
chuyén d6i ban do thanh céc tép dang anh dugc
chuan bi sin & phia server ¢ cac dinh dang nhu
JPG hay PNG. Raster tiles duoc cung cip dén
nguoi dung thong qua cac dich vu web nhu
WMS (Web Map Service) hay WMTS (Web
Map Tiles Service). Raster tiles c¢6 cac uu diém
sau:

+ Lam viéc tdt trén tit ca cac tng dung va
thiét bi bao gom cac ung dung may tinh dé ban,

cac ung dung trén dién thoai di dong hay trén cac
trinh duyét Web.

+ Cung cap kha ning thao tac v6i cac nha lam
ban d6 nhu dan nhan hay biéu tuong cac doi
tuong trén ban do.

+ HJ tro tot cac dit liéu dang anh va ca dir
liéu do cao.

+ Cung cap ché do in an trén cac trinh duyét
web

Vector tiles ciing chia ban d6 thanh cac manh
tiles tuy nhién dir li¢u dugc luu dudi dang vector
(dang diém, duong, ving). Mdi mot manh vector
tiles s& bao gdm dit liéu khong gian (hinh hoc-
geometries) va dit li€u thudc tinh nhu tén duong,
tén dia diém, sd nha. Vector tiles chi dugc
chuyén d6i khi ¢6 yéu cau tir phia nguoi ding
trén trinh duyét. So voi Raster tiles, Vector tiles
¢6 2 loi raster tiles thé nhu sau [3]:

+ Cac thyc hién thi (Styling): giéng dir liéu
dang vector khac, nguoi dung co thé tiy chinh
(chon) cac cach thé hién khac nhau cho cac dbi
tugng trén ban do

+ Kich thudc (Size): so vdi raster tiles, dung
lwong cua Vector tiles nho hon rat nhiéu. Diéu
nay cho phép ban d6 dugc tai vé nhanh chong va
thuén tién trong viéc ting toc do truy xuat dit
lidu va giam tai cho hé thong (caching).

Vector tiles dugc ma hoéa boi Google
Protobufs (PBF). N6 cho phép sap xép céu triic
dir liéu. Bé dinh dang cau trac cua PBF file, dit
lidu s& dugc ma hoa 2 thanh phan hinh hoc va
thudc tinh. Qua trinh ma hoéa thong tin hinh hoc
s& dién ra nhu sau: toa do cuia cac vector tiles s&
dugc chuyén doi tir hé toa do dia 1y (kinh do
hoac vi d9) sang toa do dang ludi. Cac vector
tiles ma hoa cac diém duong, ving nhu 14 cac
cap toa do x, y co6 quan hé tuong ddi bat dau tir
trai sang va trén xudng.

3. Vector tiles
3.1. Tong quan vé Vector tiles

Vector tiles 1a gidi phap duoc google dua ra
nam 2010 trén phién ban di dong cua tng dung
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google map, nam 2013 gidi phap nay duogc ap
dung trén phién ban website cua google map.
Vector tiles s& luu trit cac ddi twong vector nhur
diém, duong, ving phia may chu (server) thay vi
céc tAm anh nhu raster tiles.

Mo hinh vector tiles twong tu nhu raster tiles
1a chia dir liéu dataset thanh 6 ludi, mdi 6 ludi s&
chira va hién thi dit liéu dang vector. Néu mot
dbi tugng hién thi trén 2 6 ludi khac nhau, dbi
tuong d6 s€ bi chia thanh cac phﬁn hién thi trén
cac 6 khac nhau. Tuong ty nhu raster tiles, dit
liéu s€ dugc chia nho thanh cac tiles khi cé yéu
cAu tir phia nguoi dung. Pa s6 cc ung dung vec-
tor tiles déu str dung Google XYZ schema. Cach
x4c dinh tham sb cua vector tiles hoan toan
tuong ty nhu raster tiles. Vi dy: mac do thu
phong s6 9, cot 8 dong 4 s& dugc thé hién
9/8/4.png ddi voi raster tiles, 9/8/4 geojson véi
vector tiles. Vector tiles cho phép cac muc thu
phong ting theo sb thap phan (vi du 6,5) thay vi
chi cac s6 nguyén nhu raster tiles 6, 7, 8. (Xem
hinh 4)

Céac dinh dang vector tiles phd bién gom
GeoJSON, TopoJSON va Mapbox Vector tiles
(MVT). GeoJSON 1a nén tang luu trit dit lidu
dang diém, duong, ving, da giac va tap hop hinh
hoc (geometry collections), no c6 céu trac don
gian va doc 1ap v6i nén tang str dung. TopoJSON
1a nén tang topo m¢ rong ciia GeoJSON khong
lwvu cac ddi tuwong hinh hoc riéng biét thanh
diém, duong, ving ma luu dir li¢u theo kiéu 1
d6i twong chung, diéu nay giup giam 80% kich
c0 cua dir liéu. Mapbox vector tiles la dinh dang

dt liéu md& dua trén google Proto. Cac tiles dugc
t6 chiic theo Google Schema st dung Web
Mecator Coordiante System (ESPG: 3857) Nam
2015 ESRI hd tro dinh dang nay Cac dbi tuong
hinh hoc duoc luu trit twong ddi voi gbe ctia mdi
0 luoi [2]

Thay dbi biéu twong (symbol) cac ddi tuong
trén ban dd 1a wu diém 16n cia vector tiles. Céc
may khach c6 thé yéu cau thay déi kiéu dang di
ligu vector hién thi trén ban d6. Mdi mét kiéu
dang s& duoc tham chiéu toi dit liéu duoc biéu
thi theo mot quy tdc. Mot vai chuan dinh nghia
lam sao mot biéu tuong trén ban dd duoc ap
dung nhu Mapbox GL Styles, CartoCSS,
MapCSS, vv ...

3.2. S dung NodelS tao dich vu tiles
server

NodelJS hién dang 1a mdt trong nhiing frame-
work rat pho bién trong viéc xdy dung cac tng
dung web [5]. Phan nay cua bai bao s& trinh bay
phuong phap sir dung framework NodeJS dé tao
ra mot tiles server.

pé xay dung dich vu tiles server trudc tién, ta
can luu dir liéu trong mot h€ quan tri co so dir
liéu. Nghién ctru nay dé xuat dir liéu ban do sé
duoc luu trong hé quan tri co so dir li¢u
PostGreSQL [6]. PostgreSQL la hé quan tri co
s0 dir liéu ma ngudon md mien phi va tich hop
thanh phan mo rong PostGIS cho phép luu trit,
truy van dit liéu khong gian mét cach thuan tién.
Cac dang dit liéu khong gian phd bién dugc sir
dung nhu GeoJSON hay shape file déu co thé dé
dang dua vao luu trlr trong cac bang dir liéu ctra

Cac thanh phan ciia
doi twgng
X CD@El x
" S
o o @ + s z
AT B | bl
=0 |00 Nt
Dataset Grid Splitted dataset Vector objects
Tap dir liéu Ludi Tapditliéudidwoc  DOi twong vector
chia nho

Hinh 4: Cach thire tao vector tiles
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PostgreSQL.

Pé tao ra mot tile server, nghién ctu dé xuét
st dung framework Express [7] danh cho
NodeJS. Framework Express giup tao cac diéu
huéng (router trong hé théng may chu) thong
qua cac tham sb trén duong dan cia trang web,
vi du nhu thém céac tham sd toa do x, y, muc do
thu phong z. Viéc truy van dir liéu theo toa do
duoc truyén theo tham sd dugc thé hién béng
doan ma ngudn dudi day:

Viéc diéu huéng truyén tham sé nay s& dugc
thuc thi bang cau I¢énh SQL va sé tra vé bang 0
luoi twong ting vai toa do X, y va muc phong z.

Dé t6i uu hoa kha nang tong quat hoa ban do,
nghién ctru dé xudt sir dung bo thu vién MapNik
[8]. Bo thu vién nay cho phép téi wu hoa kha
ning téng quat héa ban d6 & cac muc thu phong
khéac nhau. Vi du dudi day véi mtc thu phong
16n s& thé hién 3 dudng thang, voi mic thu
phong nho hon s& chi hién thi con mot duong
thang. Diéu nay giup ting kha nang hién thi ban
d6 mot cach nhanh chong.

Hinh 5: Vi du vé kha nang 16i wu héa hién thi
cua thu vién MapNik

bé tao mot vector tiles, ta can thuc hién bon
budc sau:

- Budc 1: dinh nghia hé toa do

const =
3

- Budc 2: thiét 1ap cac thong sé két ndi dén
CSDL

- Budc 3: Tao cac tiles

(P

return new

4. Két luin

Ki thuat phan manh ban d (tiles map) hién
nay duoc cac hé théng 16n sir dung nhu google
map, bing map hay cac hé thong hién thi anh vé
tinh. Tuy nhién, tiy vao nhu cau va déc tinh cua
cac website khac nhau ma cac nha phat trién lya
chon cac dang map tlles phu hop. Vi du nhu doi
v6i cac trang web vé anh vé tlnh khong can truy
cap thong tin nhiu, khong can tity bién vé biéu
twong cac doi twong hién thi trén anh, thi ta co
thé sir dung raster tiles. Hién nay nhu ciu cua
nguoi dung cac ung dung web phai cung cap
luong 16n thong tin, bao gom kha nang truy van
thong tin theo yéu cau, cling nhu kha ning tuy
bién cac dbi twong trén ban dd cho phu hop véi
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tirng hoan canh, muc dich. Do d6 viéc su dung
dinh dang Vector tiles gﬁn nhu 1a bit budc va
dang ngay tré nén phd bién trén cac tng dung
web GIS. Bai bao d trinh bay tong quan va phan
tich vu nhuoc diém cua ca hai dang map tiles 1a
raster tiles va vector tiles. Tiép d6 bai bao da
trinh bay phuong phap xay dung hé thong cung
cap vector tiles dén nguoi dung bang viéc sir
dung NodeJS.

Day la mot phan két qua nghién ciru cia dé
tai “Hoan thién va chuyén giao mé hinh tich hop
Thu vién dién tor Tay Nguyén phuc vu quan tri
va truyén thong CSDL khoa hoc céng nghé”, ma
s6: TN18/C05. Qua bai bao nhom nghién ctru
gui 101 cdm on t61 Ban Chuong trinh Khoa hoc
va Cong nghé phuc vu phat trién kinh té - x3 hoi
ving Tay Nguyén trong lién két ving hoi nhap
qudc té 2018-2020 vi nhitng dinh huéng va hd
trg quy bau trong sudt thoi gian nghién ciru.Q
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Research on vector tiles and NodeJS framework for developing vector tiles services
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Optimizing the visualization and query function of web GISs needs to be considered when devel-
oping any web GIS application. Tiled map, especially raster tile has been provided by serveral GIS
servers, such as ArcGIS server and GeoServer with the aim of increasing the visualization perform-
ance. Nevertheless, raster tiles could only provide data in the form of images. It leads to difficulties
while querying data. Vector tile was proposed to improve those drawbacks of raster tiles. This paper
presents the backgrounds of tiled map, including both raster tiles and vector tiles. The process of
developing vector tiles services using an open sources software (PostgreSQL) and two frameworks

(NodeJS and MapNik) is also introduced.O
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