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Summary
This paper focused on bringing together two different types of GIS softiMaregoDB, a spatially
enabled NoSQL Database Management System, and QGIS, a desktop GIS software. By assessing the
functionality offered by the communtyased pl ugins fAMongoConnector o
Layerso the need t o f urnhetwesysteenswasideatified.iWith regarfita c e s &
this need, ASave Layer in MongoDBO0O was developed
data in MongoDB.
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1. Introduction

According b Steiniger and Huntef2013, p.5)a spatiallyenabled Database Management System
(DBMS) is a DBMS which offers spatial data types in its data model, a query language, and spatial
analysis operators. In diion, it may provide spatial indexing structures such aseR indexes.
Spatiallyenabled DBMSs are usually used for storing large geospatial datasets and for performing
operations which need to be executed in as short time as pgSsdiaer and Hunter, 2012Dbject
Relational DBMSdave been the leading spatiadigabled DBMSs.

1.1. NoSQL systems

Recent technological advances such as the growth of the World Wide Web have resulted in generating
large sets of data such as links, sonitivorks, and mapping data and prompted to the development

of alternative data modelSadalage and Fowler, 2013Jhe term NoSQL is an umbrella for the
DBMSs that do not make uséthe relational model and share the following key feat(x&sholm,

2012) built for Big Data applications, distributed, not ACID complianeventudly consistent,
schemaless, opesource, replication supportive, sharding (horizontal scalability) supportive, not SQL
supportive.

Various approaches have been suggested in regard
Robi nson 6 $016, .49 pasedagn the differences betwabe data models, while Table 1
classifies a number of NoSQL DBM&ccording to their data model.
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Figure 1 Types of NoSQL data models [taken fr@Raobinson, Webber and Eifrem, 20JL5)

Table 1 Classification of NoSQL systems by data model [taken fi@adalage and Fowler, 201.3)

DataModel Example Databases
Key-Value BerkeleyDB, LevelDB, Memcached, Project Voldemort, Redis, Ri
Document CouchDB, MongoDB, OrientDB, RavenDB, Terrastore
ColumnFamily | Amazon SimpleDB, Cassandra, HBase, HyperTable
Graph FlockDB, HyperGraphDBInfinite Graph, Neo4j, OrientDB

1.2. MongoDB

MongoDB is a document DBM@&hich offers features such &®rizontal scalingsecondary indexes,
range queries, sorting, aggregations, file storage (GridFS), and geospatial {{@leodsrow, 2013)

A single instance of MongoDB can host multiple independeatbases. Each database consists of
collections which are composed of documeAtslocument is an ordered set of keys with associated
values(Chodorow, 2013)MongoDBcollectionscan have a dynamic schema, meaning that documents
in a collection can vary in structutdongoDBdocumentsre stored in a binaryneoding called BSON
which extends the JSON representation to include additional ¢imesgoDB Inc., 2016a)Table 2
presents an SQL to MongoDB Mappingathfor terminology and concepts.

Table 2 SQL vs MongoDB terminology and concepts [taken fr@ongoDB Inc., 2016d)

SQL TermsConcepts MongoDB TermsConcepts
database database

table collection

row documenbr BSONdocument
column field

index index

tablejoins embeddedlocumentsndlinking
primary key (Specify any unique| primary key (In MongoDB, the primary key is
columnor columncombinationas | automaticallysetto the _id field)
primarykey)

aggregatior{e.g.groupby) aggregatiorpipeline



https://docs.mongodb.com/manual/reference/glossary/#term-database
https://docs.mongodb.com/manual/reference/glossary/#term-collection
https://docs.mongodb.com/manual/reference/glossary/#term-document
https://docs.mongodb.com/manual/reference/glossary/#term-bson
https://docs.mongodb.com/manual/reference/glossary/#term-field
https://docs.mongodb.com/manual/reference/glossary/#term-index
https://docs.mongodb.com/manual/reference/glossary/#term-primary-key
https://docs.mongodb.com/manual/reference/glossary/#term-id

Spati al

Geospatial data in MongoDB can be stored in two ways: either as GeoJSON objects on a spherical

functio

nality in MongoDB is supported

surface using a geographic 2D CRS or as legacy coordinate pgagsaysrojected CRS. The default
CRS for GeoJSON objects is the WGS84 andctiwrdinateaxis order is [longitude, latitude]. The
of GeoJSON objects are
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Inc, 2016) Legacy coordinate pairs should only be used to store point data. It is still possitueet
an array of points as legacy coordinate pairs, however, the data will be used as an array of points and
not as a line. This is important when applying an inclusion query to data of this type: the query will
match a document if one of those poirstsvithin the polygon tested; it will not test if the line created
by these points is within the polygg@hodorow, 2013)The statements below are taken from the

Mongo Manual 3.2(MongoDB Inc., 2016band provide an example on how to store GEN8bjects
a A2dsphereod

in Mongo

DB and

how to create

i ndex

>db.places.insert(

)

>db.places.crea

loc: {type: "Point", coordinates: [
name: "Central Park",
category: "Parks"

telndex({loc: "2dsp

-73.97, 40.77]},

here"} )

MongoDB supports three types of topology functions in the form of geospatial quer@ses for

inclusion intersection, and proximity. Within and intersection queries can be performed on data without
a geospatial index, although having a geospatial index speeds up the query process. MongoDB does

not supporteprojectionoperations. Tabl8p r esent s

geometry type each operator uses.

Table 3 MongoDB geospatial operators [taken friongoDB Inc., 20164)

Querytype Geometrytype | Notes
$near(GeoJSONpoint, 2dsphereéndex) Spherical
$near(legacy coordinate®d index) Flat
$nearSpheréGeoJSONpoint, 2dspherendex) Spheical
$nearSpher@legacy oordinates2dindex) Spherical UseGeoJSONpoints instead.
$geoWithin: { $geometry ... } Spherical

$geoWithin: { $box ... } Flat

$geoWithin: { $polygor ... } Flat

$geoWithin: { $center ... } Flat

$geoWithin: { $centerSphere.. } Spherical
$geolntersects Spherical

1.3. Interfaces between spatiallyenabled DBMSs and desktop GIS software

A significant limitation of spatialhenabled DBMSs ishe absence ai Graphical User Interfader

ddospatjab dpaBaioss along with the

data visualisation. This limitation can be confronted by retrieving geospatial data stored in a DBMS
and visualising them using a desktop GIS software. QGIS, a populasopere desktop GIS software,
supports retrieving data from a number of databasich as Oracle and PostgreSQL. It also offers
enhanced capabilities for handling such data through commae¥gioped plugins. More importantly,
QGlI S6 DB Manager core plugin

SQLite databse with QGIS. The plugin enables users to visualise, query, edit and analyse data through

supports

ma i

nt ai

AMul t iMdgbDBg o n 0,

ni

the QGIS GUI, while data is maintained in the database. The fact that NoSQL databases have not been

f


https://docs.mongodb.com/manual/reference/operator/query/near/#op._S_near
https://docs.mongodb.com/manual/reference/glossary/#term-geojson
https://docs.mongodb.com/manual/reference/operator/query/near/#op._S_near
https://docs.mongodb.com/manual/reference/glossary/#term-legacy-coordinate-pairs
https://docs.mongodb.com/manual/reference/operator/query/nearSphere/#op._S_nearSphere
https://docs.mongodb.com/manual/reference/glossary/#term-geojson
https://docs.mongodb.com/manual/reference/operator/query/nearSphere/#op._S_nearSphere
https://docs.mongodb.com/manual/reference/glossary/#term-legacy-coordinate-pairs
https://docs.mongodb.com/manual/reference/glossary/#term-geojson
https://docs.mongodb.com/manual/reference/operator/query/geoWithin/#op._S_geoWithin
https://docs.mongodb.com/manual/reference/operator/query/geometry/#op._S_geometry
https://docs.mongodb.com/manual/reference/operator/query/geoWithin/#op._S_geoWithin
https://docs.mongodb.com/manual/reference/operator/query/box/#op._S_box
https://docs.mongodb.com/manual/reference/operator/query/geoWithin/#op._S_geoWithin
https://docs.mongodb.com/manual/reference/operator/query/polygon/#op._S_polygon
https://docs.mongodb.com/manual/reference/operator/query/geoWithin/#op._S_geoWithin
https://docs.mongodb.com/manual/reference/operator/query/center/#op._S_center
https://docs.mongodb.com/manual/reference/operator/query/geoWithin/#op._S_geoWithin
https://docs.mongodb.com/manual/reference/operator/query/centerSphere/#op._S_centerSphere
https://docs.mongodb.com/manual/reference/operator/query/geoIntersects/#op._S_geoIntersects

around for long, and offer only a limited number of spatial cdipab means there have not been many

efforts in interfacing spatiallgnabled NoSQL systems with GIS software. The most significant
interfaces are the communitye vel oped plugins AMongoConnectoro
which offer retrieving data sted in a MongoDB database and visualising them in QGIS.

2. Data

For the purposes of this paper, rumber of GeoJSON filesvere downloaded from OSM
(https://mapzen.com/data/meteatracts) presenting dta in the city of London. Each of these files
contained a GeoJSON feature coll ecti ojsonoo bfjidcets. T
from MongoDBO®O s htps/ddcanengddiondoro/v3i0/autorial/§eospdtisbrial) were

also usedAll fil es used are described in Table 4

Table 4 Vector data sets used

File Name and extension Type CRS Collectionname
(geometry type) in MongoDB
london_england_aeroways.geojson Feature collection (linestring)| WGS84 | aeroways
london_england_transport_points.geojsc Feature collection (point) WGS84 | transport_points
london_england_transport_areas.geojso Feature collection (polygon) | WGS84 | transport_areas
neighborhoods.json Featurelike (polygon) n/d* neighborhoods
restaurants.json Featurelike (point) n/d* restaurants

*n/d: not defined, there is no indicatiofthe identity of the CRS inside the file.

3. Evaluati on of Mwmclighality 8d of exstinaintdrfacés between MongoDB
and QGIS

31.Evaluation of MongoDBé6s spatial functionality

First, the GeoJSON feature collection filwere imported N Mongo DBmarmss g mig topl.dhet &
The following commands were executed intimdows command line:

>mongoimport -- db mytestdb  -- collection transport_points <

~\ london_england_transport_points.geojson

>mongoimport  -- db mytestdb  -- collection aeroways < ~ \ london_england_aeroways.geojson
>mongoimport  -- db mytestdb  -- collection transport_areas <

~\ london_england_transport_areas.geojson

~ represents the directory where the file was stored. The result from executing the first command was
the following:

connected to: localhost
mytestdb.transport_points 11.5 MB
imported 1 docum  ent

Consequently t he fil e was stored i ntrMomgmpddD®&illeapo iomtes ad o
As stated in Section 1.2geogpatial data should be stored separate documents and not as a single
document in the form of a feature collection G&ON file. To achieve this, twenty features from the

Al ondon_engl andeosomarnsper twepei masnwually selected
named fil ondon_england_transport_points_altered.]


https://mapzen.com/data/metro-extracts/
https://docs.mongodb.com/v3.0/tutorial/geospatial-tutorial/

A geospatial index on the geometry field was then created in the Mongo Shell.

The following statements evaluated MongoDB6s tor
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The plugin successfully imported the fAtransport _
memory which was i mported in QGH&4MnNnaxers hdwen niame
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Figure3T h e

it ransepbodr4to ploaynetrs 2cr eat ed by AMongoConi
fitransport _points206 collection
/ Attribute table - transport_points2-ebd4 :: Features total: 20, filtered: 20, selected: 0  — ] X

/B R|m b s 2O P o0 EEE t -

ref type | id | name | osm_id ‘
o 2 motorway_junction 1 Five Ways Corner 104439
1_5 motorway_junction 2 Berrygrove 104471
Z_None motorway_junction 3 /None 132794
3_ None motorway_junction 4 Orsett Cock 132552
4_ 19 motorway_junction 5 Boreham 132619
5_ 18 motorway_junction 6 Sandon 132627
5_ None turning_circle 7 None 199229
y_ None motorway_junction 8 Great Cambridge Road Roundabout | 196474
5_ None |motorway_junction 9 Halfway House 134031
g_ None motorway_junction 10 Goresbrook Interchange 132496
FS motorway_junction 11 None 134116
T 24 motorway_junction 12 Potter's Bar Interchange 195870
E None motorway_junction 13 Ferry Lane 132510
E 26 motorway_junction 14 Honey Lane 197761
? 1 motorway_junction 16 Staples Corner 202077
FNDI‘IE motorway_junction 15 None 197446
FNone motorway_junction 18 None 194178
Fperivale motorway_junction 17 None 197271
E 25 motorway_junction 19 Great Cambridge Road Junction 195967
F 26 motorway_junction 20 Honey Lane 197754

? Show All Features,,

Figure4T h e

attribute

tabl-ebdd4otheyétransport



33.Eval uati on Mofn gohDeB fiLLaoyaedr s 0 pl ugi n

Figuressandgpr esent the pluginds interface.
/' Load MongoDB Points — X
MongoDB Load

Connection Settings

Server: localhost -

Database: mytestdb -

Geometry field: geometry -
LOCALHOST

i Connect | Load I v
| Items | Geometry Count

transport_points2 Point 20

transport_points3 Point 20

neighborhoods Polygon 195
(€| NEID)

“ 0% ] Close

Figure5fiLoad Mongo-DIEomnayenrsd®no dial og

7 Load MongoDB Points — X

MongoDB Load
Connection Settings

geometry 57a4f3c0fa288614ﬁ

_id 57a4f3c0fa288614

type 57a4f3c0fa288614

properties 57a4f3c0fa288614
57a4f3c0fa288614
57a4f3c0fa288614
7 1 )

Set

Figure6fiLoad Mongo-DBeltday erdsuds eldi @aloogel ect and i mpo
documents according to a field value)

The fitransport points206 collection was successfu
Atransport _points20d6. Figure 7 sTthewd atylteg 6t rl arbseg o
according to the Aido attribute values. Before i

plugin shown in Figure 6 were tested. However, the plugin failed to accomplish this task. The plugin
also failedtoimprt t he Atransport_pointso collection.
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fitransport _points206 collection

As shown in figure, the plugin createdn attribute for each field aradidedt he pr opfeldst i es é s
as attributes under the names fAproperti 10, Apr oy
of the suHfields.

7 Attribute table - transport_points2 = Features total: 20, filtered: 20, selected: 0 - o
e @& - - € | Bk T

_‘ geometry geometryt | geometry.c _id type properties properti_1 properti_2 properti_3 properti_4 properti_5
0 ‘{Il'twe' 'Point’, u'coordinates’: [-0.24188... Point [-0.24188... 57a4f3c0fa... Feature {u'r Z', u'type': u'motorway_jundtion’, 1.0.. |2 motorway_junction | 1.0 Five Ways Comer 104439.0

1 ‘(u'lyue'. "Point’, u'coordinates”: [-0.37301... Point [-0.37301... 57a4f3cOfa... Feature {u'ref”: u'S', u'type’: u'motorway_jundion’, .5 motorway_jundion 2.0 Berrygrove 104471.0
2 [{utype': uPoint, u'coordinates': [-0.70484... Point [-0.70484... 57adf3cOfa... Feature {u'ref’: None, u'type': u'matorway_junction None matorway_junction 3.0 None 132794.0
3 [{utype": uPoint, u'coordinates': [0.387761... Point [0.387761... 57adf3cOfa... Feature {u'ref’: None, u'type': u'motorway_junction’, u' motorway_junction 4.0 Orsett Cock 132552.0
4 ‘{u'tvpe’: u'Point’, u'coordinates’: [0.525067... Point [0.525067... 57a4f3cOfa... Feature {u'ref’: u'19, u'type": u'motorway_jundtion’, u' . motorway_junction |5.0 Boreham 132619.0
5 ‘(u'lype'; u'Point', u'coordinates’: [0.528036... Point [0.528036... 57a4f3cfa... Feature {u'ref™: u'18', u'type': u'motorway_jundtion’, u'id": 6.... |18 maotorway_jundion 6.0 Sandon 132627.0
6 | {utype': uPoint, u'coordinates’: [0.19942... Point [-0.19942... 57adf3c0fa... Feature {u'ref’: None, u'type’: u'turning_dirde’, u'id’: 7.0, u'n... |None turning_cirde 7.0 None 199229.0
7 {utype": uPoint, u'coordinates': [-0.09140... Point [-0.09140... 57a4f3clfa... Feature {u'ref’: None, u'type’: u'motorway_jundiion’, ufid" 8... |None motorway_junction 8.0 Great Cambridge Road Roundabout | 196474.0
{u'lvpe': u'Point', u'coordinates’: [0.369823... Point [0.369823... 57a4f3c0fa... Feature {u'ref": None, u'type': u'matorway_junction’, u' . motorway_jundion 9.0 Halfway House 134031.0
o | {utype": uPoint, u'coordinates': [0.142398... Point [0.142398... 57a4f3c0fa... Feature {u'ref’: None, u'type': u'matorway_juntion’, ulid": 1... motorway_jundion |10.0 Goresbrook Interchange 132496.0
10 | {u'type's u'Point, u'coordinates's [0.079918... Point [0.079918... 57adf3c0fa... Feature {u'ref’: u'S', u'type’: u'motorway_junction’, uid'; 11.... |5 materway_junction |11.0 None 134116.0
11 | {u'type's uPoint, u'coordinates’s [-0.17729..  Point [-0.17729... |57a4f3c0fa... Feature {u'ref’: w24, u'type': umotorway_junciion’, u' 24 moterway_junction |12.0 Potter’s Bar Interchange 195870.0
12 |{utype': uPoint, veoordinates' [0.191647... Point [0.191647... 57a4f3c0fa... Feature {u'ref’: Nane, u'type': wmatorway_jundion’, u moterway_juncion | 13.0 Ferry Lane 132510.0
13 |{u'type's uPoint, u'coordinates's [0.039995... Point [0.039995... 57adf3cOfa... Feature {u'ref’: w'26', u'type': Umotorway_jundtion’, u motorway_junction |14.0 Honey Lane 197761.0
14 |{utype': uPoint, u'coordinates's [-0.22943...  Point [-0.22943... 57adf3cOfa... Feature {u'ref’: u'1', u'type': u'motorway_junction’, matorway_junction | 16.0 Staples Comer 202077.0
15 ‘{u'twe’ 'Point', u'coordinates’: [-0.22945... Point [-0.22945... 57a4f3c0fa... Feature {u'ref": None, u'type': u'motorway_junction’, u' motorway_jundtion 15.0 None 197446.0
16 ‘(u'l\;ue’ "Point’, u'coordinates’: [-0.56475... Point [-0.56475... 57a4f3c0fa... Feature {u'ref”: None, u'type': u'matorway_jundtion’, u’ motorway_jundtion '18.0 None 194178.0
17 |{u'type's uPoint, u'coordinates's [-0.33451... Point [-0.33451.. 57adf3cOfa... Feature {u'ref’: u'Perivale’, u'type': u'matorway_junction’, ui... | Perivale matorway_junction |17.0 None 197271.0
18 | {uttype': u'Paint', u'coordinates': [-0.05899... Point [-0.05899... 57adf3cOfa... Feature {u'ref’: u'25', u'type': u'motorway_junction’, 25 motorway_junction |19.0 Great Cambridge Road Junction | 195967.0
19 ‘{u'type’: u'Point’, u'coordinates”: [0.023240... Point [0.023240... 57a4f3c0fa... Feature {u'ref: u'26', u'type": u'motorway_jundtion’, uid': 2... |26 motorway_junction ' 20.0 Honey Lane 197754.0

Figure8T he attri butnres parbtl ep wifnttsh2xed Altayaer

The fAineighborhoodsod and fArestaurant soFgare9.1l ect i or
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4. Devel opment of the fiSave Layer in MongoDBO plu

I n order to enhance the interfaces between Mongo
plugin was developed. The plugin allows users doesteatures from a vector layer in QGIS to a local
MongoDB server as GeoJSON objects. Its interface, which is shown in $yarel 5 was designed

in Qt Creator. The plugin requires the Pymongo module to be installed and can be accessed from:
https://github.com/VasiliosKalogirou/Sal@yerin-MongoDB.

4.1. Testing the plugin

To test t he pluginds functionality, t
Al ondon_england_transport_points.geojsono, an
were imported in QGIS. In order for the plugin to connect to the database servestaandrof the

server must be activated. If the server is offline the message shduguie 10 is generated by the

plugin. The same message is shown if the user types the server name or port number incorrectly.

7 qgis-bin s

Connection unsuccessful! Check server name or check if
server is offline!

cocs

Figurel0Connecti on error message generated by f

Using the plugin, al l t hr e elondoay edrast awbearsee si unc cMeosnse
flaeroways |, itransport_pointso, and fAtranspourgti_nadrse as
functionality over storing a | ayerés selected f

transport points layer as shownFigure 11. Figurel2 presents the plugimterfacebefore storing the

selected featurests nsetlheect @tdi0a b8sppeskntscthei ooessage Fi gur
generated by the plugin.


https://github.com/VasiliosKalogirou/Save-layer-in-MongoDB

Figure 11 Transport points layer selected features

Figure1l2A Save Layer i n Ndtoring scleded featesinthe f a c e
Atransport _points_selectedd collect

Figurel3Message generated by fAiSave Layer in MongoDB
in the fAtransport_points_selectedod c

To check the data stored in Mand B the contents of the Al ondono c
Mongo Shell as shown below.



