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TOM TAT

Muc dich va pham vi nghién ctru cua bai bao 1a xay dyng mot may chu hd trg dich vu ban do theo ti€u
chuén MapBox Vector Tile vOi cac nén tang ma nguén mo, t6i wu hoa higu ning cao, dé dang trién khai
tich hop cho cac ng dung nén tang phd bién nhu WebGIS, MobileGIS va DesktopGIS. Ddi tuong va
phuong phap nghién ctu st dung nén tang NodeJS, hé quan tri co s& dir liéu khong gian
PostGIS/PostgreSQL va duya trén nhiing tiéu chuan k¥ thuat mé Vector Tile cia MapBox dua ra.

Két qua chinh cua bai bao 1a xay dyng mét giai phap vdi chi phi thap, tan dung dugc cac cong nghé ma
ngudn mé cé san, cho viée xay dung mot may chu dich vu ban d6 s6 theo tiéu chuin Vector Tile. Phu hop
v6i nhitng du 4n vira va nho, kinh phi han ché va thoi gian trién khai nhanh chong, hiéu suét xir 1y dir liéu
cao voi tai nguyén phan ctng khong yéu cau qua cao. Va dic biét 1a dé dang chia sé dich vu vdi cac nén
tang khac nhau Web, Mobile va Desktop.

Tuwr khoa: Vector Tile, Tile Map Services; GIS,; OpenSource;

1. bit van dé

Hién nay, cac dich vu truyén tai va chia sé dit liéu ban do sb dang dugc su dung phé bién nhu 1a Web
Map Service (WMS), Tile Map Service (TMS)...V6i cach thire truyén tai dir liéu thong qua mot may chu
dich vu ban d6 nhu MapServer, GeoServer, ArcGIS Server...May chu (Server) s€ nhén cac yéu cau cua
méy khach (Client) va két xuét (Render) hinh anh (Raster Tile) sau do tra két qua vé cho may khach hién
thi trén giao dién nguoi ding. Nhugc diém cia cac dich vu nay 1a dit liéu hinh anh tra Ve s& khong thé co
day dii cac thong tin thudc tinh va khong gian cua cac d6i tuong dia 1y, may chii can cdu hinh kha cao dé
¢6 thé két xuat hinh anh 6n dinh, viéc thay d6i kiéu dang (Style) hién thi s& phu thu¢c hoan toan vao phia
may chi nén d6i v6i loai dit liéu 16n, sb luong méay khach truy cap nhiéu s& can ngudn tai nguyén cau hinh
méy chu rat cao. ‘

Dé khic phuc nhimg nhugc diém trén, hing cong nghé ban do s6 MapBox da dua ra mét tiéu chuan
Vector Tile, ddy 1a mot tiéu chuan dir liéu hoan toan mé dugc cong bo trén kho luu trit GitHub. Cho téi
hién tai, tiéu chuan MapBox Vector Tile di duogc cong dong ban d6 s6 cong nhan nhu 1a mot tiéu chuan
chung, ma ngudn mé cho dich vu ban d6 dinh dang Vector Tile.

Bai bdo s& gitip ngudi doc hiéu hon vé tiéu chuan dich vy ban dd Vector Tile va tinh ung dung cung
nhiing uu diém vot tréi hon so véi cac dich vu ban d6 Raster Tile. Dya trén nhiing ti€u chuén k¥ thuit mo
clia MapBox dua ra, ciing cic nén tang ma ngudn md NodelS, PostGIS/PostgreSQL va voi noi dung dugc
trinh bay trong bai bao s& gitip nguoi doc co thé ty xay dung mot dich vu ban do tuy chinh theo chuan Vector
Tile cho riéng minh.

2. Cosély thuyétrvé nodi dung nghién ciru
2.1. Co so ly thuyet

Dua vao tiéu chudn mé MapBox Vector Tile (MVT), bai béo sé tip trung nghién ctru dé co thé xay dung
mot phan mém dich vu ban do theo chuén Vector Tile chay trén nén tang NodeJS qua giao thirc HTTP cung
céc tiéu chuan dich vu Rest API va may chii co s¢ dir liéu khong gian st dung 13 PostgreSQL/PostGIS.

Vector tile dugc ma hoa dudi dinh dang Google Protobufs (PBF), cho phép tuén tu hoa dir liéu c6 cau
trac. Mapbox Vector Tile st dung . MVT lam phan mo rong cua tép tin. Céc chi tiét ddc ta phan 16n dugc
chu tric xung quanh cac quy tic dugc trién khai dva trén co s& tép tin Google Protobufs.

2.1.1 Cadu triic ma héa hinh hoc ciia MapBox Vector Tile



Dé ma hoa thong tin dia 1y thanh cac vector tile, can phai chuyén doi toa do dia 1y vi d6 va kinh d6 thanh
toa do ludi 6 vudng theo cau tric chia tile. Cac 6 vector tile khong c6 khai niém vé thong tin dia 1y. Sau do,
ma héa cac diém, duong va viing thanh cic cip x, y theo cac mirc thu phong cia ban do, thong thuong 1a
tir 0 dén 22. Mot vector tile c6 thé luu nhiéu 16p (layer), mdi 16p lai ¢6 thé chira nhiéu dbi twong diém,
duong va vung khac nhau.

2.1.2 Céu triic ma héa thudc tinh ciia MapBox Vector Tile

Céc thudc tinh duoc ma hoa thanh mot chudi theo Tags ton tai trong mot dbi tugng vector co cac gia tri
s6 nguyén tham chiéu Keys va Values chi dinh céc cap key:value ban dau tir hinh hoc. Déi véi 16p dir ligu
16n, diéu nay sé& loai bo su du thira d6i voi cac thude tinh co cing khoa va gia tri twong tu, nhdm giam dung
luong luu trit tile

Geojson Vector tile
{ layers {
"type": "FeatureCollection”, version: 2
"features": [ name: "points"
{ features: {
"geometry": { ... }, id: 1
"type": “"Feature", tags: ©
"properties": { tags: ©
"hello": "world", s
tags: ©
"h": "world", tags: 2
tags: 1
"count": 1.23 type: Point
} geometry: ...

1
3 J

features {

-

-~

"geometry": { ... }, id: 2
"type": “"Feature"”, tags: ©
"properties”: { tags: 2
"hello”: "again”, tags: 2
tags: 3
"count": 2 type: Point
N geometry: ...
8 1
} ’
keys: "hello”
1} T
keys: "h

keys: "count™
values: { string_value: "world" }

values: { double_value: 1.23 }
values: { string_value: "again" }
values: { int_value: 2 } extent: 4096

2.2. Ngi dung nghién ciru
2.2.1. Cai ddt méi trieong phat trién thir nghiém

Hé thdng c6 thé xdy dung va chay trén da nén tang nhu Windows, Linux va MacOS. Trong pham vi bai
béo s& sir dung moi trudng phat trién thir nghiém nhur sau:
Hé diéu hanh: Ubuntu 18.04.2
Phién ban PostgreSQL: 9.5
Phién ban PostGIS: 2.5
Phién ban NodeJS: 12.16.1
2.2.2. Kién triic xdy dung hé thong

Hé théng su dung nén tang NodeJS tao may chu dich vu web két ndi t6i co so dit lidu PostgreSQL, dya
vao phﬁn m¢ rong PostGIS dé xu Iy cac di liéu khong gian, tao dit liéu dinh dang theo chuén MapBox
Vector Tile va chia sé qua Rest API cho cac nén tang may khach.



©

ESRIShapefile

O Mobile Client
Maplinfo TAB\

o P'ostg?eSQL Vector Tile Desktop Client
PostGIS Service API
GeoJSON (NodeJs)

O Web Client
o Q Vectors file...

KML/KMZ MicroStation DGN

2.2.3. Xay dung mdy chi dich vu ban do Vector Tile

Gia thiét moi truong thir nghiém da duoc cai dat NodelS va PostgreSQL/PostGIS. Nguoi doc ¢ thé
tham khao cach cai dat tai day:
v Cai dat NodeJS:
https://www.digitalocean.com/community/tutorials/how-to-install-node-js-on-ubuntu-18-04
v Cai dat PostgreSQL/PostGIS:
https://computingforgeeks.com/how-to-install-postgis-on-ubuntu-debian/
Thiét 1ap két ndi tir NodeJS t6i PostgreSQL bang cach st dung thu vién ‘pg’ trén kho luu trit NPM.

const { Client } = require('pg'):
var connectionString =
"postgres://postgres:postgres@localhost:5432/database";

const client = new Client ({
connectionString: connectionString
1)

Tao moét file package.json dé luu cac cAu hinh géi thu vién cén st dung 1a ‘pg’ va ‘express’.

const express = reguire('express');

const { Client } = require('pg'):

const connectionString =
'postgres://postgres:postgres@localhost:5432/database’;

const client = new Client ({
connectionString: connectionString
1)

client.connect() ;
var app = express():;

app.set('port', process.env.PCRT || 3000);



"name": "vector_tile service",

"version": "1.0.0",
"description": "Demo vector tile services",
"main": "app.js",
"dependencies": {
"express": ""4.16.4",

"

pg": "~7.8.2"

Tao mot file index.js dé kiém tra két n6i va truy vén cau 1énh SQL t6i PostgreSQL/PostGIS.

app.get('/', function (req, res, next) {

client.query('SELECT * FROM test_table where id = $1', [1],
function (err, result) ({
if (err) {

console.log(erx);
res.status (400) .send (errx) ;
}
res.status (200) .send (result.rows) ;
}):
})i:

app.listen(3000, function () {
console.log('Server is running.. on Port 3000');
)i

Viét ham thii tuc tao cau 1énh truy van SQL véi cac tham s ddu vao 1a X,Y,Z theo chuén Tile Map
Service (TMS)

const sgl = (params, query) => {
let bounds = merc.bbox(params.x, params.y, params.z, false, '900913")

return
SELECT
ST_AsMVT (g, 'S{params.table}', 4096, 'geom')

FROM (
SELECT
S{query.columns ? ‘“S${query.columns},’ : "'}
ST_AsMVTGeom (
ST_Transform(${query.geom column}, 3857),
ST_MakeBox2D(ST_Point (${bounds[0]}, ${bounds[1l]}), ST_Point(${
bounds[2]
}, ${bounds[31}))
) geom

FROM (
SELECT
S{query.columns ? ‘“S${query.columns},’ : "'}
${query.geom_column},
srid
FRCM
${params.table},
(SELECT ST_SRID(${query.geom column}) AS srid FROM ${
params. table
} LIMIT 1) a

WHERE
ST_transform(
ST_MakeEnvelope (${bounds.join()}, 3857),
srid
) &&
S${query.geom_column}

—— Optional Filter
${qguery.filter ? ‘AND ${query.filter}® : ''}



Dé tao mot dich vu theo chuan Tile Map Service can ciu hinh thém mdt route véi cau trac duong dan
truy cap nhu sau: '/mvt/:table/:z/:x/:y', Trong do:

/mvt/1a dwong dan route gdc ciia may chu http cho dich vu

/:table/ 1a tén bang dir li€u khong gian, hd trg ca Point, Polygon va Line
/27/1a mirc zoom, kiéu s6 nguyén tir 1 t6in

/:x/1a cot x, kiéu sO nguyén

/:3/1a hang y, kiéu s6 nguyén

Tao mdt module cho dich vu TMS nhu sau:

module.exports = function(app, opts, next) {
app.route ({
method: 'GET',
url: '/mvt/:table/:z/:x/:y',
schema: schema,
handler: function(request, reply) {
app.pg.connect (onConnect) ;

function onConnect(err, client, release) {
if (err)
return reply.send({
statusCode: 500,
error: 'Internal Server Error',
message: 'unable to connect to database server'

}):

client.query(sql (request.params, request.query), function onResult(
err,

result
) |
release();
if (err) {
reply.send(err)

} else {
const mvt = result.rows[0].st_asmvt;
if (mvt.length === 0) {

reply.code (204)
}
reply.header ('Content-Type', 'application/x-protobuf').send (mvt)

next ()



Str dung 1€nh ‘node ./index.js’ dé chay thir nghiém ma, dich vu ban dd s& chay theo giao thitc HTTP ¢ dia
chi: http://localhost:3000/mvt/{table}/{z}/{x}/{y}

BEERN /vi/mvt/(table}/(z}/{x}/{y} wavemvT

Tra vé dir ligu Mapbox Vector Tile (MVT). Tén cla layer |a tén cla bang dir liéu khéng gian.

Tham s§

Tén tham s6 M6 ta

geom_column Cot geometry cua bang
string
) Mac dinh : geom

columns Tuy chon céc cot dir liéu sé tra v&, Mic dinh tréng
string

(query)

filter Tuy chon lgc theo cau I1énh SQL ménh & WHERE
string
(query)

table * reauired Tén clia bang dir liéu (bét buéc)
string
(path)

2 * required Z gia trj cua ZXY tile.
integer
(path)

X * required X gia tri ctia ZXY tile.
integer
(path)

y * required Y gia tri ctia ZXY tile.
integer
(path)

3. Két qua va ing dung
Pé tich hop va sur dung dich vu Vector Tile, c6 thé su dung thu vién MapBox GL. Pay 1a mét thu vién
ngudn mé hd trg da nén ting WebGIS, MobileGIS va DesktopGIS, duoc cung cap mién phi trén kho GitHub

ctia MapBox, hd trg dﬁy du cac tiéu chudn dic ta cla tiéu chuan dinh dang Vector Tile.
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Hinh 3. Hién thi vector tile dang diéem trén WebGIS

4. Két luan
4.1 Pénh gid két qua dat dwoc

Bai bao dd hoan thanh dugc myc tiéu d& ra, dua trén nhitng nén ting cong nghé thong tin duoc duoc néu
1én, bai béo dd bude dau xay dung duoc giai phap gitp xay dung nhanh chong phin mém may chu ban )
theo tiéu chuin vector tile, chi phi ré v6i viéc hoan toan sir dung cdc nén tang coéng ngh¢ ma ngudn mo,
ngudi ding c¢6 thé chu dong tiry bién dich vu ban dd cho timg dy 4n cu thé, d& dang trién khai tich hop cho
cac tmg dung nén tang phd bién nhu WebGIS, MobileGIS va DesktopGIS.

4.2 Hudng phdt trién tiép theo cia bai bdo

Trong ndi dung cua bai bio xdy dung may chu dich vu ban dd duoc phat trién dya trén cac nén tang ma
nguén mo, phan chinh cua dich vu dwoc xay dung voi NodelS, tuy nhién hoan toan c6 thé mo rong phat
trién cho nhitng ngdn ngit 1ap trinh khac nhuw PHP, Java, Python...dé ting tinh linh hoat, dé tich hop dé sur
dung duogc cho da dang hon cac loai du an trong phat trién hé théng chia sé va khai thac dit liéu ban dd.
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Develop a map server web service based on vector tile
Pham Manh Dam, Tran Trung Chuyen

SUMMARY

The purpose and scope of the article are to develop a server that supports map service based on MapBox
Vector Tile standard with open source platforms, high-performance optimization, and easy integration for
popular platform applications such as WebGIS, MobileGIS, and DesktopGIS. Subjects and methods
research using NodeJS platform, PostGIS/PostgreSQL spatial database management system, and based on
the open technical standards of MapBox Vector Tile.

The results of the article have built a solution to quickly developing server software that supports mapping
services with low-cost as well as take advantage of available open-source technologies for developing a
server supporting Vector Tile standard digital map service. This solution will be suitable for small and
medium-sized projects, with a limited budget, requiring little implementation time, high data processing
efficiency without requiring too large of hardware resources, especially easy to share services with different
platforms such as Web, Mobile, and Desktop.
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