CityREST:
CityJSON in A Database +
RESTful Access ufe -

Xiaoai Li

Supervisors:
Hugo Ledoux
Jordi van Liempt
Stelios Vitalis

]
TUDelft



Contents

* Introduction

- Theoretical background and related work
- Methodology

* Implementation

- Benchmarking and results

» Conclusion and future work

]
TUDelft



Introduction

]
TUDelft



3D City Models

Visibility analysis

Solar potential estimation

3D cadastre

Energy demand estimation Infrastructure planning

Emergency response

—
b

Noise propagation \

Shadow estimation Indoor navigation

Utility management

'i';u Delft Applications in 3D city models (Biljecki et al., 2015)



Dissemination of 3D City Models

$ pdok

3D Topografie

Beschikbare 3D Topografie bestanden

Voor Nederland komen drie 3D Topografie-bestanden beschikbaar als open data: 3D Basist d Volledig, 3D Basist 'd Gebouwen en de 3D Hoogtestatistieken Gebouwen. Deze zullen jaarlijks worden geactualiseerd. Meer informatie over 3D
Topografie en de voorwaarden waaronder dit bestand beschikbaar gesteld wordt is te vinden op de informatiepagina
De Hoogtestatistieken worden geleverd als één bestand voor heel Nederland. De andere datasets per kaartblad. Het bestandsformaat is C\t/J)ON en wordt in een zip bestand geleverd. Omvang van een kaartbladbestand is ongeveer 200-700 MB.

Werkwijze voor het downloaden van een kaartblad

Selecteer in het drop-down menu het gewenste luchtfotojaar. Momenteel is alleen 2018 beschikbaar.

Selecteer op de kaart het gewenste kaartblad. Inzoomen kan met de scrolfunctie van uw muis of door dubbelklikken op de kaart. .
Vervolgens vindt u in de tabel rechts van de kaart of onder de kaart een link om het bijbehorende zipbestand te downloaden. !

Luchtfotojaar: [ 2018 v|

sorn L .
[+ | - e KAARTBLAD:

D e P | et INHOUD FORMAAT LINK

3D Basisbestand Volledig “ CityJson
e - | (gezipt)

3D Basisbestand

oo :
¢ A3 Gebouwen (gezipt)
0 i
4 i LANDSDEKKEND
‘ ‘
berie g INHOUD FORMAAT LINK : n

e

3D Hoogtestatistieken
ﬂ Gebouwen 1.2 (gezipt)

Indien u vragen heeft over het product of feedback wilt delen dan kunt u contact opnemen via beheerpdok@kadaster.nl of 088-1834500.

]
TU Delft The 3D dataset access through the Dutch geoportal, PDOK


https://3d.kadaster.nl/basisvoorziening-3d/

OGC standards for 3D city models

( Generics ] . -
Appearance E B .. B En
(E_E@E ﬁ_LJﬁ_ﬁ_iJ
o c -E .
CityGML
5282|158 €828 [£]2
2|2 802222855 &2
I REREE
BogioBolBo.-  {ela}CityJSON
Thematic Modules ADEs
( CityGML Core )
[ GML ]
Image source: virtualcitySYSTEMS Encodings for 3D city models
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Research Question:

How to best develop a RESTful API for fast
access to geospatial features in CityJSON
and how to properly store CityJSON in a
database to support the RESTful access?
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Theoretical background
and related work
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CityJSON

1 {
2 "type": "CityJSON", 1 { _
3 "version": "1.0", ’ ,,:ygi '2 sotlid®
3 od": ,
——IIICItYObJeCtS": {}I s "boundaries": [[
5 "vertices": [] 5 [(0,3,2,1,2211,

6 } 6 [[4,5,6,7]],

.. . . 7 ((o,1,5,411,
The minimal valid CityJSON object . [[1.2.6.5]]

1{ 9 ]]9

. 10 "semantics": {
2 "jid-1": {
. . 1 "surfaces" : [
N n "n. : 3
type": "Building", . {"type": "RoofSurface" },
1 "attributes": { - {
"measuredHeight": 22.3, 14 "type": "WallSurface",
L 6 "roofType": "gable", 15 "paint": "blue"
7 }’ 16 }’
"children": ["id-2"], 17 {"type": "GroundSurface" }
8 ]
9 "geometry": [{...}]| 1 ’
I £ Y ] 19 "values": [ [0, 1, 1, 2] 1]
10 },
0 }
11 1 }

}

12
.I(.‘U Delft One CityObject One Geometry object



CityJSON

1 "CityObjects": {

” »"id-1": {
3 "type": "Building",
4 I"geometry“: [],I
5 "children": [
6 "id-2",
7 "id-3"
8 ]
9 e
pr—) 4 -2": {
11 "type": "BuildingPart",
12 I"geometry": [...],I
13 "parents": ["id-1"]
14 },
—r—"id-3": {
16 "type": "BuildingPart",
17 I"geometry": [...1,
18 "parents": ["id-1"]
BuildingPart 19 }
BuildingPart 20 }

]
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OGC API - Features

Resource Path Purpose

Landing page / This is the top-level resource, which serves as an entry point.

Conformance declaration /conformance This resource presents information about the functionality that is implemented by the server.
API definition /api This resource provides metadata about the API itself.

Feature collections /collections This resource lists the feature collections that are offered through the APL

Feature collection /collections/{collectionId} This resource describes the feature collection identified in the path.

Features /collections/{collectionld}/items This resource presents the features that are contained in the collection.

Feature /collections/{collectionld}/items/{featureld} This resource presents the feature that is identified in the path

The resources defined by OGC API (Open Geospatial Consortium, 2020)

]
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Database

Working with JSONB in

PostgreSQL

Image Source: haselt

]
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metadata table

Database

city_object table

transform table

parents_children

geometry table

attributes [jsonb]
metadata_id

...extra geometry

surfaces table

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

- table
] entity

solid_num [int]
shell_num [int]
surface_num [int]

geometry_id

semantic_surface id

primary
key

city_object_id

ic entity ; ; semanenm‘:i ;urface
id [sequence] id [sequence] id [sequence]
object [jsonb] geometry object [jsonb]
city_object_id [polygonz] 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.

An overview of the relational database schema (Staring, 2020)

12



Streaming

Data format modification to to enable the stream-based delivery of geometry data
Newline-delimited JSON + CityJSON - CityJSONFeature (Ledoux, 2020)

{
"type": "CityJSONFeature",
"id": "myid",
"CityObjects": {},
"vertices": [],
"appearance": {}

}

]
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Methodology
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Overview

]
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Response |

Request

"Resource” mapping
—_—
Ty

API pagination

(—

Data filtering
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—_—

Data streaming
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Storage syst
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Database schema

design

H CityJSON Parse H

Auxiliary data
generation

H Data insertion
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Developing a RESTful API

AP pagination

Response

Request
_— REST) D

i

Storage system '
=N -
1

CityJSON files Database

Database schema : Auxiliary data R
design CityJSON Parse generation H Data insertion
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Resource mapping

Resource

Path

CityJSON

Feature collections
Feature collection
Features

Feature

/collections
/collections/{collectionld}
/collections/{collectionld}/items

/collections/{collectionld}/items/{featureld}

Overview of all datasets
Overview of a dataset
A (sub)CityJSON object
One CityJSONFeature

]
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Features = large amounts of data > Pagination

Resource Path Responce

Features /collections/{collectionld}/items?limit={10} &offset= {60} A (sub)CityJSON object

« API Pagination : a key strategy
for making sure the API run
smoothly and effectively.

Items (limit=10; offset=60)

CityJSON RESTful access demo

« Offset Pagination =

\\\\\\\\\\\

BuildingPart

- simplicity

- limit and offset are .
included in the SQL library

%
TUDelft 18




Bounding box filtering on one CityJSON dataset

Resource Request

Features /collections/{collectionld}/items/?bbox={[minx, miny, maxx, maxy]} & epsg= {n}
http://127.0.08.1:5000/collections/3 collectionID = 37fnl
7fn1/items/?bbox=4.45461,51.98340,4 Bbox = 4.45461,51.98348,
.58233,52.02588&epsg=4326 4.50233,52.082588

epsg = 4326

Lo >
< < ;m

Rows filtered

RESTful API server Database

]
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Bounding box filtering on multiple CityJSON datasets

Resource Request

Collections /collections/bbox={[minx, miny, maxx, maxy]} & epsg= {n}
http://127.0.0.1:50008/collections/? Bbox = 4.56319,51.90044,
bbox=4.58319,51.90044,4.55606,51.92 4.55606,51.92754
754&epsg=4326 epsg = 4326

i > »
- - < ;m

Rows filtered

RESTful API server Database

]
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Attribute filtering on one CityJSON dataset

Resource Request

Features /collections/{collectionld}/items/?attrs=

CollectionID = denhaag

http://127.0.0.1:5008/collections/ attrs={"type":["Building"
denhaag/?attrs={"type":["Building", > "TINRelief"], "roofType":
"TINRelief"],"roofType":["1000","11 ["1eee","11208"], "Absolute
20" ], "AbsoluteEavesHeight":{"value" EavesHeight":{"value":14.

:14.43, ||°per‘ator‘u : n<u}} 43’ lloperatoru : Il<ll}
12.345.

, < 4

Rows filtered

RESTful API server Database

%
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How to send the large filtered data to the user?

X
1
[Eq
S
[y
]
TUDelft

2000 UEARS

LATER
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Streaming

i

The large CityJSON > CityJ SONFeatures

t— ¢— 4+— < <

RESTful API
server

]
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Streaming data from the database to the RESTful API

« Method 1: Paginating the query

x

o
N
N
N
K

Method 2: Chunking the query result

o
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Storing CityJSON in a database

"Resource” mapping

* Response |

== Request G API pagination
K > REST) «

APl Data filtering

Data streaming

Storage system

Database schema » Auxiliary data .
design ’ » CityJSON Parse H generation H Data insertion ’

CityJSON files

i
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Database schema design

Entity

—_—
—o<
—

1

0 to many
1 to many

CityJSON Belong to

CityJSON

PK

id serial

name text
version text
metadata jsonb

transform jsonb

]
TUDelft

, Parent

City object @

RNl

Child
\

Cityobject

PK

id serial

FK

obj_id text
object jsonb
vertice jsonb

cityjson_id int NOT NULL

Geometry unit > 3D surface

 Difficulties in reconstructing the
original 3D geometries

* The minimum accessible
resource in the RESTful APl is
a city object

* Increased storage size

Size of storage

File system 406 MB
Old schema 1268 MB

New schema 375 MB

26



Parent-child relation

FK

l parent_id text

cityjson_id int NOT NULL

]
TUDelft

FK

]
Entity —o0<  0tomany
—< 1 to many
= P : = - -
Cityobject . Cityobject
PK | id serial PK | id serial
obj_id text obj_id text
object jsonb object jsonb
vertices jsonb vertices jsonb

[children array (jsonb)

cityjson_id int NOT NULL

bject

Parent

= Cityobject
PK | id serial
obj_id text
[feature jsonb |«
FK'| cityjson_id int NOT NULL
= Cityobject
PK | id serial
obj_id text
object jsonb
vertice jsonb
FK | cityjson_id int NOT NULL




2D bounding boxes

= o
‘ CityJSON Cityobject
. . :
f‘l; id serial PK | id serial
= —
o name text index intersectigh-' &t
" h j . . object jsonb
| B €id)  gisT 8& e
I metadata jsonb vertices jsonb
é transform jsonb QisT && parent_id text
s . ?
. bbox ? B-tree numieric| PPOX 7 *
%W‘tﬂt NOT NULL
//Il)_qslkéﬂ'siﬁi“ )
TUDelft )




Semantics (at city object level)

= . .
Cityobject =
tyobl t = Cityobject
PK | id serial text id-1": o key/value pair
_"type": "Building", | PK | id serial
obj_id text attributes": o
biect i b "measuredHeight": 22.3, obj_id text
object json " W om "
ject] l} roofType": "gable", J object jsonb
vertice jsonb o
P "children": ["id-2"], vertice jsonb
etext © " ".
P } geometry": [{...}] attributes jsonb
attributes jsonb < ’ o o
FK | cityjson_id int NOT NULL
FK | cityjson_id int NOT NULL }

]
TUDelft
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Semantics: Queryables + values

= .
CityJSON
If attribute value is PK | id serial
numeric?
name text
version text
metadata jsonb
Store unique Store
. ; transform jsonb
enumeration max,/min |
attribute_infofjsonb
{
"type": [
"Bridge", "WaterBody", "PlantCover",
id . name P attribute_info "GenericCityObject", "LandUse",
4 [PK] intege( text jsonb "Building"”, "Road*
_ 1,
1 1 37en2_volledig {"type": ['Bridge", "WaterBody", "PlantCover", " > "baseheight": [
-5.46000003814697,
2 2 Zurich_Building... {"type": ['Building", "BuildingPart"], "class": ['BB 5.57000017166138
. n, n H H " " U o H ])
3 3 37en2 {"type": ['Building"], "pw_bron": ["PointCloudKac "roofheight”: [
4 4 37ezl {"type": ['Building"], "pw_bron": ["PointCloudKac -0.240000009536743,
149.120010375977
5 5 37ez2 {"type": ['Building"], "pw_bron": ["PointCloudKac 1,
"onbegroeidterreindeeloptalud": [
A A 2WNd72 ["tuna™ ["Riiildina"l "nw hran™ ["DaintClandk a "false",
@ "true“
IF'UDelft ’
}
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Implementation

html response
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Tools

K1 l |

Jinja template engine
JavaScript/Jinja

jquery.js

leaflet.js
Three.js

TUDelft

<

Flask server
Python

pyproj
flask

12,345,
678.910

Database

PostgreSQL

SQL

PostGIS

extension

32



Data access

ICityJSON RESTful access demo

Collections available:

oo Ducipion

Collections

ityJSON RESTful access demo

37en2
Items (limit=10; offset=320) [ [

« XN

Features

]
TUDelft

ityJSON RESTful access demo

Dataset: 37en2

View
Links

Attributes Filtering

Collection

[City)SON RESTful access demo

B0000.b856cae9dd44478580e09d929cc05fe9 (Building)
Attributes

Feature

33



Bounding box filtering

ityJSON RESTful access demo

"home / collections / 37en1_02_2019_volledig

Dataset: 37en1_02_2019_volledig
_m None

Select bounding box

operator

Enumeration

(v
‘ Select bounding box L minimum Y
onfi

Lminimum x

Select bounding box

muur

stuw

Filtering one CityJSON dataset

]
TUDelft

Filtering multiple CityJSON datasets
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Attribute filtering

Attributes Filtering

{ attribute name values operator
"type" . [ . type Building Enumeration
"Building" o Comparison operators:
], . equal to pw_bron - Enumeration
"pw_bron": [
"PointCloudKadaster", * less than bouwjaar va‘ - Choose here v
] ‘ahn3? * less than or equal to - '
"bouwjaar™: [ » greater than . -
bouwjaar e (3033 ange
;gzg: i » greater than or equal to ﬂ
] R hd Between Value: 340101%
"objectid": [ objectid a— — [choose here v]
3401013, . Min: (340101
10016518 O LOglcal operator: ‘ -
] » ° a nd Copill Max ;t;oxes: RESON
"pw_datum™: [ 01013 wosesis
"2013-12-01",
" " . 2013-12-01
] zeig-iz-el o Enumeration operators:
.. * in
} bagpandid Enumeration

| lage trafo

]
TUDelft
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Benchmarking and results

json response

36



Tools

JDBC Request

- . —

JDBC Response

APACHE
T™ Create
/ Meter " =:. -

HTTP Request

‘HTTP Response API

« HTTP Cache Manager
- Throttling outgoing bandwidth to simulate the WIFI network speed

]
TUDelft
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Datasets

File name File size (MB) City objects Characteristics Source
Zurich_Building LoD2_V10 286.1 198699 Multi-part buildings  City]SON [2021]
37enl ... (57) 20.2 - 133.8 10585 - 63386  Single part buildings PDOK [2021]
37enl_volledig ... (5) 438.4.5-2218.9 19239 -106417 Various city objects PDOK [2021]

s
KAARTBLAD:
INHOUD FORMAAT LINK
-
3D Basisbestand Volledig ~ “ CityJson (gezipt)
" 3D Basisbestand ¥ CityJson (gezipt)
Gebouwen
3DH istieken “ GeoPackage 1.2
Gebouwen (gezipt)
LANDSDEKKEND
INHOUD FORMAAT LINK
n 3D Hoogtestatistieken ~ “ GeoPackage Download
Gebouwen 1.2 (gezipt)

TUDelft
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Methodology

« Database schema
+ Storage system

* Streaming method

]
TUDelft

Aspect
Different schema | text || JSONB | |Geumetry|| Array || Box | | Array || JSONB || Text || Feature | Databse schema
P§”°F“a“°° | Database size / Query time |
indicator

Storage system

Use case ‘ Get one specific feature | Get 10 random features Get whole CityJSON dataset
Dataset size ‘ Small ‘ | Relatively small | | Medium | ‘ Relatively large ‘ | Large |

Response time |

Performance I

Storage system

Use case ‘ Bounding box filtering ‘ ‘ Attribute fitering ‘
Filter extent ‘ Small ‘ ‘ Relatively small ‘ ‘ Medium ‘ ‘ Relatively large ‘ ‘ Large ‘
Performance

indicator I Response time |

Method Streaming the query results
Use case attribute filtering
Streaming method
Fetch size | 5 | | 10 | l 50 ‘ | 100 | | 200 l | 500 l | 1000 | l 2000 ‘ | 5000 l

Performance
P Database size / Query time

39



Database schema

Metric 1: Storage size
e Schema size = sum of all table sizes

» Database size before extra indexes =2 including all default
indexes, TOAST space, free space map, and visibility map

e Database size after extra indexes

Metric 2: Query time

]
TUDelft
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] -
Cltyobject {v = Cityobject
PK | id serial text  “id7it: key/value pair
] — D O PK | id serial
= Obj_*'d fex‘ obj_id text
n object jsonb "roofType": "gable", object jsonb
vertice jsonb 2 o
"children": ["id-2"], vertice jsonb
type text "geometry": [{...}] ibutes jsonb
attributes jsonb ’ o .
FK | cityjson_id int NOT NULL
FK | cityjson_id int NOT NULL }
6000 \ 350 Case 1 find all building parts
I JSONB ‘ ‘
[N colum
5000 300
250 -
4000 .
2 2
= 2 200
& 3000 £
@ [}
2 & 150
- g
2000 <
100
1000
50
DB after indexing DB before index Schema size JSONB column

4 0
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(- ‘

Cityobject ¢

K . Cityobject
PK | id serial ext dd-ar: L keylvalue pair
- {"type": "Building", ¥ PK | id serial
= objidtet ||} = (Tattributes ES .
L "measuredHeight": 22.3, obj_id text
- object jsonb "roofType": "gable", object jsonb
vertice jsonb .
"children": ["id-2"], vertice jsonb
type text "geometry": [{...}] ibutes jsonb
y . ¥
ttribute b ’
attributes json o FK | cityjson_id int NOT NULL
}

FK | cityjson_id int NOT NULL

Case 2 find all city objects at TOPLEVEL

el Most city objects are at TOPLEVEL
el 40.7% less |
é Indexing mechanism - extra seeking time
: ao00 | Statistics on traditional types (text) >
better query planner

JSONB column

]
TUDelft
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= CityJSON - Cityobject
PK | id serial PK | id serial Data type

obj_id text

" name text geometry
O u n I n g OX version text object jsonb -
box

metadata jsonb vertices jsonb

transform jsonb parent_id text a rray
bbox ? bbox ?
FK | cityjson_id int NOT NULL

6000 Case boundm‘g box filtering

T T 1500 T
lowest B <oy
I [ Box
5000 Ay J
4000 1 % 1000 1
@ g .
g 5 twice as faster
2 3000 1 £
o 5
2 8
= 2
2000 7 < 500 7
1000 7
o ) . 0
DB after indexing DB before index Schema size Array Geometry bbox

]
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Parent-child relation

6000 T T T
[ Array
— [ JSONB (Array)
5000 _ [ Foreign column
I feature
4000
o
= _
& 3000
@
®
=
=]
2000
1000
DB after indexing DB before index Schema size

63 CityJOSN datasets

]
TUDelft

(ms)

Average time

6000

5000

IS
o
S
S

3000

2000

1000

/T

Cityobject

PK

id serial

obj_id text
object jsonb
vertices jsonb

parent_id text

\FK

cityjson_id int NOT NULu

Case construct feature order by main id

Array

Foreign column

JSONB (Array)

feature

450

increases by 37%

= Cityobject Cityobject
PK | id serial PK | id serial
obj_id text obj_id text
object jsonb feature jsonb
vertices jsonb FK | cityjson_id int NOT NULL
children array (jsonb)
FK | cityjson_id int NOT NULL

400

DB after index

DB before index

Schema size

Only Zurich dataset in DBMS

44




Storage system

Metric: The response time

i

]

CityJSON files ‘

File system

Database

DBMS

]
TUDelft
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Data access without filtering

7 (63 total) CityJSON datasets

File name File size (MB)
25an2 20,2

38cnl 50,4

37hn1 90,6

30dz2 130,1
Zurich_Building_LoD2_V10 286,1
37en1_01_2019_volledig 451,1
30gz2_02_2019_volledig 601,2

]
TUDelft

Response time (ms)

10°

(=}
ES
T

o
w
T

o
N}
T

2,
T

o
_—

Case 1: access to one specific city object

T
—&—DBMS o)
—©— File system ’ o
o
o
O
o
o
€] jol
=g o]
.
o' 102 10°

Dataset size (MB)

Response time (ms)

Case 2: access to 10 random city objects

10°
—©o—DBMS
—S— File system
104 E o
o
&
10%F
o
102
O O
.
10° :
10° 102

Dataset size (MB)

108
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Data access without filtering

«  Extra reconstruction work
- city objects to CityJSON
« Database connection and query

- resource intensive

]
TUDelft

Response time (ms)

Case 3: access to a whole CityJSON dataset

108 1

[ |—©&—DBMS

10%F

| —©— File system

102
Dataset size (MB)

108
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Bounding box filtering with 30dz2 dataset

Cae s (6538 ranges'%
1 65 0,1

2 321 0,5

3 1798 2,8

4 7848 12,4

5 21400 33,8

6 31496 49,7

7 63386 100

]
TUDelft

Response time (ms)

10° —
[ | —©—DBMS
[ | —©— File system

103 104
Returned number of city objects

10°
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Attribute filtering with Zurich dataset and class attribute

- |—o—DBMS
[ | —©— File system

O

10°
C Number of filtered Filter
ase city objects (198699) ranges % 1 04 e
1 24 0,01 @
£
2 5013 2,5 0]
£
3 27417 2,8 © 103¢F
w L
2 r
4 37894 13,8 %
5 150421 75,7 &
102 |
10
10!

]
TUDelft

103 104
Returned number of city objects

10°

108
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Streaming method

Metric 1: The first response time
Metric 2: The total response time

Metric 3: The correctness rate of the returned CityJSONFeatrues

]
TUDelft
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Why error?

Fo! O

— >» | ...
K <— <— REST “— €— €— — <« Database
API u

Building, BuildingPart, ... .
One CityJSONFeature { m) Two CityJSONFeatures

BuildingPart, ...

]
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Use case : bounding box filtering on Zurich dataset

x10*

Response time (ms)

2 16 seconds

2D bbox of Zurich dataset 1r

2D bbox of filtering range 0

First response Total response

Baseline results

]
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Use case : bounding box filtering on Zurich dataset

104

18000

16000
. ~—©O—— Paginating query
g 14000 [ ~—©-—— Streaming query results
= Baseline
[
,g 12000 |-
@
2
S 10000
a
7]
o
.~ 8000
2
% 6000 -
g —O5—0— —o—90
Z 4000 -

2000 [

0 o o M s
10° 10° 102 10%
Fetch size

]
TUDelft

Average total response time (ms)

5
10 %10 . ; .
—©— Paginating query
9 ~——%— Streaming query results | |
Baseline
gl 4
71 4
6l 4
51 4
4t 4
3l 4
ol 4
e 4
—8—8—6—8
0 L L L
10° 10° 102 10°

Fetch size

10%

Correctness rate

RO =<
T |—e— Paginating query
—O—— Streaming query results
0.95
/
09 “/
/
/
f
0.85 ol . . I )
10° 10 102 10° 10*

Fetch size
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Use case : attribute filtering on 37en2 volledig dataset

12000

10000 [

Type Number Percentage
LandUse 45822 43.1% —~ |
2 8000
Road 20190 19.0% =
s o -
Building 20053 18.8% = g0l half of the total time
PlantCover 12527 11.8% @
o
WaterBody 4126 3.9% 3
()
GenericCityObject 2337 2.2% c 4000 ¢
Bridge 1362 1.3%

2000

First response Total response

Baseline results

]
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Use case : attribute filtering on 37en2 volledig dataset

4
6000 22 10 : : ;
e o—6—=-0 OO S O —©O— Paginating query
5 —&— Streaming query results
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E 4000 £
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@ 2000 f o
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100 10" 102 10° 10* 100 10" 102 10° 10*
Fetch size Fetch size
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Reasonable fetch size for the first method

The first response - neglectable

fetch size: First response Number of filtered city Result size
5000 time (s) objects (MB)
The 1°* case 1,61 136,418 199,4
The 2" case 0,62 20,053 35,7

The fixed fetch size > 200

The MAX(turning point1, turning point2 ...)

fetch size: 200

First response time (s)

Total response time (s)

The 1% case

The 2" case

0,112
0,047

54,801
9,524
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Average total response time (ms)

108 F

-

o
]
T

—©— The first use case
—O©— The second use case

¥ Tuming point

104 | o—9 o—o—6—9 1
10° 10" 102 103
Fetch size

10%
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Conclusion and
future work
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Conclusion

To enable city objects to be directly accessed on the
web, a RESTful API for CityJSON with fast data access,
efficient data filtering and streaming is implemented.
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Conclusion

* The first streaming method with a fixed fetch size of 200

- fast first response ,

- acceptable total response K"' > f})_,_, s
. REST ) <« «— I S

- entirely correct results " \API DR

 DBMS can better support the RESTful API

- built-inquery e e e — -
. . Storage system
- index mechanism

1
1

1
1

. 1
- extra construction work : <4 !

1
I :
! I
! I
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Conclusion

CityJSON

PK | id serial

name text
version text
metadata jsonb
transform jsonb
bbox box

attribute info jsonb

support attribute filtering
support bounding box filtering

support bundling associated city objects (data streaming)
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Cityobject

PK

id serial

FK

obj_id text
object jsonb
vertice jsonb
parent id text
bbox box

type text
attributes jsonb

cityjson_id int NOT NULL




Future work

. Data compression in database systems

. Eliminating the split of CityJSONFeature in the second streaming method
. Dynamically determining optimal fetch size in the first streaming method
. Extending 2D bounding box filtering to 3D

. Fixing the issue of having too large city objects
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Thank you!
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