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Introduction
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3D City Models

Applications in 3D city models (Biljecki et al., 2015)  
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Dissemination of 3D City Models

The 3D dataset access through the Dutch geoportal, PDOK

https://3d.kadaster.nl/basisvoorziening-3d/
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OGC standards for 3D city models

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

The minimal valid CityJSON object

One CityObject
One Geometry object 
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CityJSON
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OGC API - Features

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

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

Image Source: haselt
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Streaming

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

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

}
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Methodology
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Overview
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Developing a RESTful API
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Resource mapping

Resource Path CityJSON
Feature collections /collections Overview of all datasets

Feature collection /collections/{collectionId} Overview of a dataset

Features /collections/{collectionId}/items A (sub)CityJSON object

Feature /collections/{collectionId}/items/{featureId} One CityJSONFeature

Resource Path
Feature collections /collections

Feature collection /collections/{collectionId}

Features /collections/{collectionId}/items

Feature /collections/{collectionId}/items/{featureId}
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Features à large amounts of data à Pagination 

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

• Offset Pagination

- simplicity
- limit and offset are 
included in the SQL library

Resource Path Responce

Features /collections/{collectionId}/items?limit={10} &offset= {60} A (sub)CityJSON object
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Bounding box filtering on one CityJSON dataset

Resource Request

Features /collections/{collectionId}/items/?bbox={[minx, miny, maxx, maxy]} & epsg= {n}

RESTful API server
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Bounding box filtering on multiple CityJSON datasets

Resource Request

Collections /collections/bbox={[minx, miny, maxx, maxy]} & epsg= {n}

RESTful API server
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Attribute filtering on one CityJSON dataset  

Resource Request

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

RESTful API server
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How to send the large filtered data to the user?
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Streaming

The large CityJSON à CityJSONFeatures

RESTful API 
server
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Streaming data from the database to the RESTful API

• Method 1: Paginating the query

• Method 2: Chunking the query result
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Storing CityJSON in a database
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Database schema design

Geometry unit à 3D surface

• Difficulties in reconstructing the 
original 3D geometries

• The minimum accessible 
resource in the RESTful API is 
a city object

• Increased storage size 

Size of storage
File system 406 MB
Old schema 1268 MB

Size of storage
File system 406 MB
Old schema 1268 MB
New schema 375 MB
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Parent-child relation
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2D bounding boxes

Data type construction index intersection

geometry ST_MakeEnvelope(MINX,  MINY, MAXX, MAXY, srid) GiST &&

box ((MINX, MINY), (MAXX, MAXY)) GiST &&

array [MINX, MINY, MAXX, MAXY] B-tree numeric 
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Semantics (at city object level)

key/value pairtext
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Semantics: Queryables + values

Store unique 
enumeration

Store 
max/min

No

{
"type": [

"Bridge", "WaterBody", "PlantCover", 
"GenericCityObject", "LandUse", 
"Building", "Road“
],

"baseheight": [
-5.46000003814697, 
5.57000017166138
],

"roofheight": [
-0.240000009536743, 
149.120010375977
],

"onbegroeidterreindeeloptalud": [
"false", 
"true“
],

...
}

Yes
If attribute value is 

numeric? 
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Implementation
html response
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Tools
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Data access

• \

Collections Collection

Features Feature



34

Bounding box filtering

Filtering one CityJSON dataset Filtering multiple CityJSON datasets
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Attribute filtering
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Benchmarking and results
json response
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Tools
JDBC Request

JDBC Response

Create
Sampler

HTTP Request

HTTP Response

Samplers

• HTTP Cache Manager
• Throttling outgoing bandwidth to simulate the WIFI network speed
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Datasets
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Methodology

• Database schema

• Storage system

• Streaming method
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Database schema
Metric 1: Storage size

• Schema size à sum of all table sizes
• Database size before extra indexes à including all default 

indexes, TOAST space, free space map, and visibility map 
• Database size after extra indexes

Metric 2: Query time
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Semantics: type
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Semantics: type

40.7% less
Most city objects are at TOPLEVEL

Indexing mechanism à extra seeking time

Statistics on traditional types (text) à
better query planner
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2D bounding box

twice as faster

lowest
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Parent-child relation

increases by 37%

63 CityJOSN datasets Only Zurich dataset in DBMS
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Storage system
Metric: The response time
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Data access without filtering

File name File size (MB)

25an2 20,2

38cn1 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

Case 1: access to one specific city object Case 2: access to 10 random city objects7 (63 total) CityJSON datasets
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Data access without filtering
Case 3: access to a whole CityJSON dataset

• Extra reconstruction work

- city objects to CityJSON

• Database connection and query 

- resource intensive
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Bounding box filtering with 30dz2 dataset 

Case Number of filtered 
city objects (63386)

Filter
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
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Attribute filtering with Zurich dataset and class attribute

Case Number of filtered 
city objects (198699)

Filter
ranges %

1 24 0,01

2 5013 2,5

3 27417 2,8

4 37894 13,8

5 150421 75,7
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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
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Why error?

One CityJSONFeature
Building, BuildingPart, …

BuildingPart, …
Two CityJSONFeatures
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Use case : bounding box filtering on Zurich dataset

16 seconds

Baseline results

2D bbox of Zurich dataset

2D bbox of filtering range
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Use case : bounding box filtering on Zurich dataset
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Use case : attribute filtering on 37en2_volledig dataset

Baseline results

half of the total time
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Use case : attribute filtering on 37en2_volledig dataset
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Reasonable fetch size for the first method

fetch size: 
5000

First response 
time (s) 

Number of filtered city 
objects 

Result size 
(MB)

The 1st case 1,61 136,418 199,4

The 2nd case 0,62 20,053 35,7

• The first response à neglectable

• The MAX(turning point1, turning point2 …)

• The fixed fetch size à 200

fetch size: 200 First response time (s) Total response time (s) 

The 1st case 0,112 54,801

The 2nd case 0,047 9,524
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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
- entirely correct results

• DBMS can better support the RESTful API
- built-in query
- index mechanism
- extra construction work
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Conclusion
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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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