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¥ <gml:boundedBy>
v<gml:Envelope srsName="urn:ogc:def:crs:EPSG::28992" srsDimensioi
<gml:lowerCorner>90409.32 435440.44 0.0</gml:lowerCorner>
<gml:upperCorner>91453.879 436089.946 41.158</gml:upperCorner>
</gml:Envelope>
</gml :boundedBy>
¥v<cityObjectMember>
¥v<bldg:Building gml:id="{3E04FD3E-CDF4-4EC0-88BA-645257958409°
v<gen:doubleAttribute name="TerrainHeight">
<gen:value>1.97</gen:value>
</gen:doubleAttribute>
v<gen:stringAttribute name="bron_ tex">
<gen:value>UltraCAM-X 10cm juni 2008</ger:value>
</gen:stringAttribute>
v<gen:stringAttribute name="voll tex">
<gen:value>complete</gen:value>
</gen:stringAttribute>

"type": "CityJSON",
"version": "1.0",
"metadata": {

"referenceSystem": "urn:ogc:def:crs:EPSG::28992",

"geographicalExtent":
90409.32,
435440.44,

o,

91453.879,

'36089.946,
158

v<gen:stringAttribute name="bron_ geo"> (:it\/(;l\/lL_()(qul_)

<gen:value>Lidar 15-30 punten - nov.
</gen:stringAttribute>
v<gen:stringAttribute name="status">

Z-45EE-836A-1DB9FEF06EQ04}":

</gonsatringnticimies CityJSON (JSON) 2o e

¥<bldg:boundedBy>
v<bldg:RoofSurface gml:id="UUID_77d72b95-62
v<bldg:lod2MultiSurface>
v<gml:MultiSurface>
v<gml:surfaceMember>
v<gml:Polygon gml:id="UUID_ 89ca3b34-029a-456.
v<gml:exterior>
v<gml:LinearRing>
v<gml:posList srsDimension="3">
91081.975 435795.152 11.776 91081.3850000000.
</gml:posList>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</gml:surfaceMember>
v<gml:surfaceMember>
v<gml:Polygon gml:id="UUID 7f0b8bfb-laec-4c8c-adc5-089:

outes": {

[

"
r

TerrainHeight": 1.37,
"bron_tex": "UltraCAM-X 10cm juni 2008",

"voll tex": "complete",
‘bron_geo": "Lidar 15-30 punten - nov.
"Status" : lll"
b
"geometry": [
{
"type": "MultiSurface",
"boundaries": [

[

6244

2008"
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Attribute

0os

TILE
DFIHO
DFORM
FOKHO
FOKHW

CAWY DA/

Building (UUID_8e26c0bb-68b9-4f52-a5cb-cc054871207f)
Building (UUID_0d9c0284-a859-4193-9528-a832f575fd63)
Building (UUID_a41d83a6-c179-4bf3-af3b-6228e6df6692)
Building (UUID_a2cdbc2b-37ff-4113-bb44-eadcc6b883c2)
Building (UUID_9d9b51cd-fdd1-40f9-bada-dfeec40d6ed4)
Building (UUID_cc578dcc-449d-48eb-8a2f-8f01469a5ach)
Building (UUID_69a2aef9-a6e6-4755-90b2-0bdb3bdb7006)
Building (UUID141905c5-1692-4ca4-ae3e-4348633a0d0d)
Building (UUID_0f7a2b6b-32e5-4730-bad4-0bb470727f7c)

% Building (UUID_93fad353-113a-4e7c-b9a9-132e77c46b89)

Building (UUID_87adc5ec-5a07-471a-9bf9-53bad975ea56)

” Building (UUID_56682be2-c7bc-4471-900c-9cbbc59b0236)
7 Building (UUID_b26f11d2-b79d-439f-9f04-b96e430fff77)

” Building (UUID_16ceObfa-8c47-4164-a058-d1945e69f54b)
7. Building (UUID_5d55beb8-c19d-4160-b265-fcc70f656659)
” Building (UUID_Oec53f1c-89bb-458e-8d4b-3e7d2c646958)

Building (UUID_f8ddebdf-7d35-4a00-8fca-2dfaf31d3b3d)
Building (UUID_ab5ad8f8-1fdc-4bcd-97ab-dc947¢c4b8819)
Building (UUID_53dacc14-19f7-4a77-baae-622541c4ca7e)
Building (UUID_4999bcb3-67cd-4564-b6bd-f190faa2e1f1)
Building (UUID_1a624476-c817-4f26-ad50-04350826582b)

7 Building (UUID_8f6c21ca-f52e-4ce8-ac1f-5eda30832c34)
7 Building (UUID_d889fad3-c551-4814-b63c-e9c26b878868)

Building (UUID_1d956563-f6bb-47bf-9d5b-70766d407a5b)
Building (UUID_59eb9491-33b2-4a73-8ac5-9f774ab6ae59)
Building (UUID_f07a8b86-4ab8-45fe-bfa2-b3f6e0b0a2ae)

Building (UUID_a116e149-85bc-4126-82a0-0568c588cf65)
Building (UUID_b834c976-f989-45b0-a4b2-266ee6dfbdf2)

Ruildina (111N 7AQA2NR7_-72N2_A12A1_20RA_RRAaAdaafNIF2)\
Value
141
3367218.391959628 5806639.061027913
0
0
31320
5807393170

2200nN29°2N0




MongoDB = NoSQL/document database PostgreSQL = Relational database

localhost:27017

Standalone

MongoDB 4.2.8 Community

CityJSON

CityObjects

metadata

transform

admin
config
local

test

CityJSON.CityObjects
Documents

CityJSON.CityObjects

Documents egat Schema

& ADD D N

_id: "{00138BE2-F4EB-4B9E-AGFQ-77EECB4E9D56}"
type: "Building"

attributes: Object

geometry: Array

metadata_id: "metadata_delfshaven"

L E = {3 8

vov

_id: "{0015085B-C2E8-43AE-98DF-6AQE8Q7A9DAA}"
type: "Building"

attributes: Object

geometry: Array

metadata_id: "metadata_delfshaven"

vov

_id: "{0031458C-0F2F-40B4-B170-90D6305F9F78}"
type: "Building"

attributes: Object

geometry: Array

metadata_id: "metadata_delfshaven"

v v

_id: "{008FOD4C-BFDE-4419-B7B4-D4C489234FA4}"
type: "Building"

attributes: Object

geometry: Array

metadata_id: "metadata_delfshaven"

vov

[EAdmin  Filev Objectv Tools v Help v
Dashboard Properties SQL Statistics Dependencies Dependents & insertdb/postgres@PostgreSQL *

Browser IIEENR )
v E=Servers (1)
@} PostgreSQL
v = Databases (5)
> =delfshaven_3DCityDB
> =denhaag_3DCityDB
v =insertdb
> @cCasts
> % Catalogs
> CEvent Triggers
> @Extensions
>= Foreign Data Wrappers
> =Languages
v Schemas (2)
v & cityjsondb
> 4l Collations
> & Domains
> [YFTS Configurations
> [RFTS Dictionaries
> naFTS Parsers
> FTS Templates
> @ Foreign Tables
> ©Functions
¥ i Materialized Views
> ©)Procedures
> 13Sequences
V& Tables (7)
> Hcity_object
> =geometries
> Eimetadata
> =parents_children
> =semantic_surface
> =surfaces
> Stransform
> @ Trigger Functions
> © Types
> [ Views
> &public
> =postgres
Vv = potsdam_3DCityDB
> @cCasts
> % Catalogs
> CEvent Triggers
> @Extensions
>= Foreign Data Wrappers
> “iLanguages
> %Schemas
> 4 Login/Group Roles

Y “ Tahlacnarae

e B v B Qv @vD @0 v
e = =

Y v Nolmt % H/Plv O B|v 32

Query Editor  Query History
1 select % from m’tyb sondb.city_object;

Data Output Explain Messages Notifications

id
4 iPK] text s

object i
jsolnb s j

UUID_93fc5bae-4446-4336-9ff8-6679ebfdfde3

{"type": "BuildingPart", "parents": ['UUID_c9884c4e-1cac-4...

2 UUID_c9884c4e-1cac-47f5-b88b-6fb074c0ae50
3 UUID_a4a09780-153f-4385-ad19-3a92a6c4eecd
4 UUID_ba0bb815-5276-4e35-b4c1-878chf6bad34
5 UUID_bb1835bc-7437-453f-ac08-885de0503aaa
6 UUID_053775db-7203-4ddf-9ae9-a5e4803c0696
7 UUID_3fd9ef25-2e40-4a1d-bcbe-1¢63d481ebd0
8 UUID_a9a94ab7-add6-41ad-874b-90675f224317
9 UUID_7a81b3c5-8¢88-4852-9eda-956504857976
10 UUID_48475dba-fa80-4ef2-be06-ffdb431dad58
1 UUID_ac25¢46d-8200-4821-a2¢8-0568ae28147a
12 UUID_e9b3c89¢-6805-40da-91b6-8d76a593d77a
13 UUID_900fe536-8e9f-4307-ac30-6b9a964df9a8
14 UUID_ecd9bf7a-2343-4f81-bc9a-2e8e46b2aa%a
15 UUID_336558af-95a0-409d-b5e4-47f8daa6109d
16 UUID_d122008b-4665-47c5-ba95-b0a38214ff20
17 UUID_9b6ca973-950d-4418-bb77-d298b6bfcOca
18 UUID_764c723d-e5b7-4cd5-832f-e0da1f2050bc
19 UUID_a30fec5f-0718-40d2-b4b4-ec722e912780
20 UUID_70398cf8-2ea3-4d93-8a81-ff65af8a00f6
21 UUID_b605899f-a402-4e9e-8698-6c7e54e2596a
22 UUID_4e6de9fd-d3f9-4178-b9a3-3d5b2fed4739
23 UUID_5708524e-57ce-4cff-af31-4dfa5fa7d471
24 UUID_2aa1c7fc-8e2d-4f1a-81a9-9e7¢c46e93273
25 UUID_f1ee2f23-94ba-46fe-9d10-9739de1688db
26 UUID_3bdd986d-bf70-447d-9850-ccfebb86d0f5
27 UUID_0106d15e-1625-4ebf-86a4-4e3ed90d65b0
28 UUID_c510f7c0-62f1-4€91-8b63-59daadf14449
29 UUID_eb7cb018-ab1b-49c4-8e73-e3033ca4495e
30 UUID_7bd33b0e-bd9a-47e1-9d97-69c95baf1a0b
31 UUID_3e2ffc71-a595-4192-b1d9-67a59974dc85
32 UUID_97e7cddf-a812-49d5-bf44-2f7718ed8165
33 UUID_f2a9063f-f7e8-4158-9102-1e2889a49b31
34 UUID_c8e746d4-ee7b-44bf-a571-f3929219fa78
35 UUID_daaca1fd-82f0-461b-94ef-8dda17¢39d9b
36 UUID_0a9bf9e3-4540-4583-a46e-6d63244c7801
37 UUID_Sb4alacc-c9b3-4497-9d2f-76d4f426{7e4
38 UUID_3be91a76-bf44-4dd7-85a6-c8bd497f48d3
39 UUID_a464f5a2-ef6a-44b4-a519-975da4a2bff7
40 UUID_0b47b43b-509¢-47b3-9064-1c5044e7€9c0
41 UUID_1e31c690-b11e-430c-afcf-1ae5022e7fa0

{"type": "Building", "children": ["UUID_93fc5bae-4446-4336-...

: "BuildingPart", "parents": ['UUID_ba0bb815-5276-4...
{"type": "Building", "children": ['UUID_a4a09780-153f-4385-...
{"type": "BuildingPart", "parents": ['UUID_053775db-7203-4...
{"type": "Building", "children": ["UUID_bb1835bc-7437-453f-...
uildingPart", "parents": ['UUID_a9a94ab7-add6-4.. -
: "Building", "children": ['UUID_3fd9ef25-2e40-4a1d-b... -
{"type": "BuildingPart", "parents": ['UUID_ac25c46d-8200-4...

uildingPart", "parents": ['UUID_ac25c46d-8200-4... -
" "Building", "children": ['UUID_48475dba-fa80-4ef2-b...
{"type": "BuildingPart", "parents": ['UUID_336558af-95a0-40... -

: "BuildingPart", "parents": ['UUID_336558af-95a0-40... -
uildingPart", "parents": ['UUID_336558af-95a0-40... -
{"type": "Building", "children": ["UUID_e9b3c89¢c-6805-40da-...
{"type": "BuildingPart", "parents": ['UUID_9b6ca973-950d-4... -

" "Building", “children": ["UUID_d122008b-4665-47¢5-... -
" "BuildingPart", "parents": ['UUID_b605899f-a402-4e...
{"type": "BuildingPart", "parents": ['UUID_b605899f-a402-4e... -

: "BuildingPart", "parents": ['UUID_b605899f-a402-4e... -
uilding", "children": ['UUID_70398¢f8-2ea3-4d93-...
{"type": "BuildingPart", "parents": ['UUID_5708524e-57ce-4... -
{"type": "Building", "children": ["UUID_4e6de9fd-d3f9-4178-b... -
{"type": "BuildingPart", "parents": ['UUID_f1ee2f23-94ba-46...
{"type": "Building", "children": ['UUID_2aa1c7fc-8e2d-4f1a-8... -
{"type": "Building", "children": ["UUID_c124aaf7-639f-495d-a... -

" "BuildingPart", "parents": ["UUID_c510f7c0-62f1-4e...
uilding", "children": ["UUID_0106d15e-1625-4ebf-...
{"type": "BuildingPart", "parents": ['UUID_7bd33b0e-bd9a-4...
{"type": "Building", "children": ["UUID_eb7cb018-ab1b-49¢c4-.. -
{"type": "BuildingPart", "parents": ['UUID_97e7cddf-a812-49... -
{"type": "Building", "children": ["UUID_3e2ffc71-a595-4192-b... -
{"type": "BuildingPart", "parents": ['UUID_c8e746d4-ee7b-4...
uilding”, "children”: ['UUID_f2a9063f-f7e8-4158-9...

: "BuildingPart", "parents": ['UUID_0a9bf9e3-4540-45... -
{"type": "Building", "children": ['UUID_daaca1fd-82f0-461b-9... -
{"type": "BuildingPart", "parents": ['UUID_3be91a76-bf44-4d... -
{"type": "Building", "children": ["UUID_5b4a1acc-c9b3-4497-.. -
{"type": "Building", "children": ["UUID_993d7b33-4b8c-4b44-... -
{"type": "BuildingPart", "parents": ['UUID_1e31c690-b11e-4.. -
{"type": "Building", "children": ['UUID_0b47b43b-509¢c-47b3-... -




Use case
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Research

How suitable are MongoDB and PostgreSQL for the storage
and querying of CityJSON using GraphQL?

e
TUDelft



Methodology

GraphQL

schema

GraphQL object
types

entity-
relationship mapping

model
° > document
schema

CityJSON

° > relational
schema
CityGML » 3DCityDB

e
TUDelft

GraphQL query
Types




Entity-relationship model i =

CityGML 3DCitybDB [————————————@

. A
* Dependent/ independent

. . : many-to-one .
* Many-to-many relationship ; :
* Geometry challenge :

* Semantics challenge
« JSON

one-to-one

. many-to-one
- semantic surface y
many-to-one <
one-to-many

type of relationship _ independent entity

<+——  relationship

vertices

dependent entity

e
TUDelft



Document schema

schema

relational

CityGML

schema

3DCitybDB [————————————@

Dependent/ independent
entities

Many-to-many relationship
Geometry challenge
Semantics challenge

Database

Collection Collection Collection

metadata entity city object entity transform entity

nested document nested document nested document

attributes entity geometric entity semantics entity

nested document

semantic surface
entity




Relational schema

CityJSON

GraphQL
schema

entity-
relationship
model

e schema h

relational
schema

GraphQL query

mapping Types

CityGML

3DCitybDB [————————————@

* Dependent/ independent
entities

* Many-to-many relationship

* Geometry challenge

* Semantics challenge

e
TUDelft

metadata table

Database

city_object table

transform table

parents_children
table

geometry table

geometric entity

attributes [jsonb]
metadata_id

...extra geometry

surfaces table

. .

metadata entity city object entity transform entity
id [text] id [text] id [text] parents_id
object [jsonb] object [jsonb] object [jsonb] children id

semantic_surface
table

semantic surface
entity

id [sequence]
object [jsonb]
city _object id

- table
[ ] entity

primary
key

id [sequence]
geometry
[polygonz]
solid_num [int]
shell_num [int]
surface_num [int]

geometry id
semantic_surface_id

city object id

id [sequence]

object [jsonb]

city_object id
children

parent

The semantics
entity is
unnecessary,
because the
geometry is split
into surfaces.
These surfaces are
directly linked to
the objects of the
semantic surface
entity.

10



entity-
relationship
model

mapping

GraphQL
schema

°
- schema h
CityJSON
relational o
- schema
CityGML 3DCityDB
Geometry Root
D=1
ROOT_ID=1
IS_SOLID=1
. . . IS_COMPOSITE=0

 Inh 1 h
nheritance relationship meeoooo ,
LoD1 Surface 1 1
. . D=2 1 1
* @Generic attributes : |

. . . . . . ROOT_ID =1
. cityobject _genericattrib cityobject database_srs IS_SOLID=0 i .
[} G IS_COMPOSITE=1 I |
eometries - — D - SRID - SO
CIty()bJ eCt—ld Ob-]ecmlass—ld Surface 3 Surface 4 Surface 5 Surface 6 Surface 7
D=6 ID=7 ID=8 ID=8 ID=10
PARENT_ID=2 PARENT_ID=2 PARENT_ID=2 PARENT_ID=2 PARENT_ID=2
ROOT_ID =1 ROOT_ID =1 ROOT_ID =1 ROOT_ID =1 ROOT_ID =1
1S_SOLID=0 1S_SOLID=0 IS_SOLID=0 IS_SOLID=0 1S_SOLID=0
IS_COMPOSITE=0 IS_COMPOSITE=0 IS_COMPOSITE=0 IS_COMPOSITE=0 IS_COMPOSITE=0

e
TUDelft

surface_geometry
ID
cityobject_id

root_id

parent_id

B -
I:l primary key

inheritance
relationship

corresponding
<—— primary key and
foreign key

thematic_surface

ID
objectclass_id
lod2_multi_surface id
lod3_multi_surface id
building_id

building

ID
objectclass_id
lod1_solid_id
lod2_solid_id

building_parent_id
building_root_id

objectclass
ID

superclass_id

baseclass_id

<

aggregation_info
child id

parent_id

join_table or column name

[Kolbe, 2019]
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get position

\
citymodel search

[position in a citymodel] [position not in a city model]

Y

select buildings with
citymodel id

y

N

\
Csearch in radius

)

[outside of all buildings] /‘ : [in a building]

<

N

A

select all building hu
and exterior parts

Geometry with the highest LoD __

)

Y

% N
/ > export geometry data

select room hull and
objects in room

5
TUDelft [Blut et al., 2019]

1

Selection process

I
»

7 queries

12



The 7 queries

e
TUDelft

query number and

argument operations filter returned data
name
position with the location W.lth the
. fields latitude,
1: location fields lat, long and .
alt longitude and
altitude
position with the
2: citymodel fields lat, long and intersection city model ID
alt
position with the . . _
3: radius100 fields lat, long and ~ within 100 meter city obj fect_type city object IDs
alt Building
position with the . . _
4: inside fields lat, long and intersection city obj ect type city object ID
alt Building
. . . ID of the geometry
5: maxlod city object ID with the highest LoD
e . . return the ID of the
6a: cityobjects city object ID ID-based city object
return the ID and
6b: cityobjects city object ID ID-based attributes of the city
object
return the ID and
6¢: cityobjects city object ID ID-based geometries of the
city object
return the surface
7: surfaces surface ID or other ID-based or other with th.e related
semantic surface
object

13



Data

Denhaag 2.6 MB
Delfshaven 1.4 MB

Potsdam 15.7 MB

| layauie anes
a1 an old-school space
=  delfshaven Q X <

EPSG:4715

EPSG: 25833

EPSG: 28992

multiple LoDs
‘v o@

%’% De Frikandel o
e Frits §§ EX Stichting Barnabas
2, Ministries
Willer, B
Llytewech Straat
QH Le Souq(Delfshaven
2 Dok Boa
9 MorangolCurle g Business and Tax Thaiy
2 Solutions - Belasting...
4 3

9 Blijberg”

o At " o1 " Lange Dijkstraat / Blijberg
51°54'22.3'N 4°27'03.1"E vora
51.906183, 4.450846 Stemwerk Massage ' Sthat van Schoonderlod.
V.0.C.-Brug
-Plei HA ichti

0o © oo o Voren |t sz

; jn cs
Rout onel n de buurt Noar el schip vol verhalen 9

oute psiaan In de buur te;?;fn elen | Kompassie Yoga Studio / '
verzenden

2O

V.o.c.-Plein, 3024 SP Rotterdam

Wind Koerenmolen
WF42+F8 Rotterdam de Distilleerketel

©

Ontbrekende plaats toevoegen

]
TUDelft

Q ot

Bataviakade Stichting De Majum
\ Kringloopwinkel
22
‘a\i‘iz“«

Molen de Beerkade

dey

parent-child relationship

presentLoDs

14



Software

1 1
1 1
: = !
1 1
& 2 "
8 ¥ g "
" 2 nnaw.a_ _
1 1
- E £ "
| = |
1 ]
1 1
| A ﬁ H |
R [ [ A, 1
T e I A 1
1 ]
1 1
_t 0 1
! Q wa an 1
! Q (D] n y ]
I S o 2 o _
8,5 | 88| g2Eg& |
o LV O !
_LeWJ _h ehh 1
1 Q < o 1
. 955 2 S SRCH
1 — ]
. & & < B £ o 5 _
i < o 7 ;
1 = & a 1
_G g 1
1 1
“ "
1 1

sqlalchemy
geoalchemy?2

1 1
1 1
1 1
1 1
! 0 = !
1 D (/)] !
1 o (@) [5) 1
1 an an ﬂu 1
g = 15 _
1 o) o 17} 1
1 ) M 0 1
1 w2 [ 1
g |
1 m 1
_ = !
1 [5) 1
1 h 1
1 Q 1
1 7] 1
g _

< © N /M :
" o &0 o) a) "
] m n p y 1
1 [ao1 m w =1 1
1 d 1
| >z | 8 |
. (oF o " X
" "
1 1
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CityJSON in PostgreSQL

CityGML 1n PostgreSQL
with 3DCityDB

id object , attributes .
4 [PKltext ¢ jsof1b ¢ jsonb ¢

1 UUID_93f... {"type": "Building.. {"Geomtype": 1, "creation...
2 UUID_c98... {"type": "Building",.. {"class": "BB01", "Region"...
3 UUID_ada.. {"type":"Building.. {"Geomtype": 1, "creation...
4 UUID_baO0... {"type": "Building",.. {'class": "BB07", "Region"...

{ cityobjects {
id
g

e
TUDelft

City object table

/ N

Building Bridge table Thematic
table surface table
{ cityobjects {
building {

1d
138

16



CityJSON 1n PostgreSQL CityJSON in MongoDB

"presentLoDs”:{”2.07:145865}

one city object — multiple tables one city object — one document

reference transformations no reference transformations

Maximum field size = 1GB Maximum document size = 16MB

MultiSurface:

boundaries = ListField (ListField (ListField (IntField ())))
MultiSolid:

boundaries = ListField (ListField (ListField (ListField (ListField (IntField ())))))

e
TUDelft



Experiments

* Retrieval times
* Request and response sizes

* Over-fetching

transferred data from the client:

GraphQL request
------ =
client application GraphQL data source
= = = = = =
¢
transferred data to the client: transferred data from the database:
GraphQL response response to SQL/ MQL queries

e
TUDelft



number of SOL/MQL queries

Results

20
I PostgreSQL == MongoDB ~
i
15
10
5 = =
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number of SQL queries
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19



Results

* More queries lead to higher retrieval times
* Possible due to ORM/ODM =2 not using joins

* More overfetching for MongoDB and 3DCityDB than PostgreSQL
 Possible due to ORM/ODM -2 not selecting fields

e
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How suitable are MongoDB and PostgreSQL for the storage and
querying of CityJSON using GraphQL?

* No real signs yet that MongoDB and PostgreSQL are not suitable
 Vertices list
* Attribute presentLoDs
* reference transformations

* Integration of JSON

 Attributes are mapped more flexibly = less tables = less queries/joins = lower retrieval
times

* Support for fields with varying data types

* + support to map the hierarchy of arrays
e - GraphQL is less flexible

* Querying a JSON attribute --> higher retrieval times = not investigated

e
TUDelft
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Recommendations

* Implement the SQL/MQL queries as efficient as possible without being connected
to GraphQL first

* + better understanding database performance
* + better understanding abilities GraphQL

* A more general understanding of the suitability for all use cases could be provided
with a framework that tests more types of queries.
- Aggregate queries
- Queries on GeoJSON objects in MongoDB
- Queries on JSON attributes in PostgreSQL and MongoDB

]
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Recommendations

800
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400

milliseconds

200
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Three datasets together Ziirich
Size (MB) 19.7 292.8
number of objects 6258 198699

[—Jthree city models [ Ziirich Il Ziirich with adjustments

_ 1

3B

4B 6¢
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Questions?
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Spatial queries per implementation

PostgreSQL

MongoDB

Use one city
model
instead of

multiple

T

CityGML in PostgreSQL
with 3DCityDB

[~

envelope transformed in the query
(in the database)

supports many reference systems
geometrical spatial operations on 2D and 3D geometries
geographical spatial operations on 2D geometries

supports GeoJSON objects in 2D
with WGS84 as global reference
system

Store convex
hull as
GeoJSON

CityJSON in PostgreSQL  CityJSON in MongoDB

convex hull
transformed in

the query (in

the database)

global convex
hull
transformed
before query

v

hierarchy of arrays transformed in
query (outside the database)

object

v

index on envelope

additional indexes:
index on convex hull
index on global convex hull

e
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