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Access to data & teaching

* Openly available spatial datasets
(OpenStreetMap)

* Importantin the teaching of spatial
data analysis (Jarvis, 2011):
Importing/exporting datasets
Data cleaning
Data visualization

Data analysis (spatial or otherwise) OpenStreetMap

+ Generating custom datasets is useful o e ena e
for teaching any (or all) of the above

A mocka
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Mockaroo

Introducing...RADIAN

 RAnDom spatlal dAta generator

» Created as part of my MSc thesis
(supervised by Peter Mooney)

« Produce synthetic geographic
datasets that:

* Appear "realistic”
* Available in GeoJSON & SQL

fO rl I I atS Equal-area Voronoi Variable-area Voronoi - Equal Points  Variable-area Voronoi - Points by Area

* Can be generated quickly!
osStGIS ‘

 Exercises that are interactive,
PostgreSQL

interesting, and relevant help
encourage student engagement
(Donker et al, 2022)
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Related Work: Synthetic Spatial Data

* The GRD package in SPSS

E@% @) o and R allows generation of
‘ synthetic datasets

GRD for R: (Calderini, 2019)

An intuitive tool for generating random data in R . .
 Mannino & Abouzied
described a software to

generate “real-looking

synthetic data” by

Session 5A: Statistics and Interactive Machine Learning UIST 19, October 20-23, 2019, New Orleans, LA, USA s p e Cifyi n g .t h e p rO pe rti es Of
Is this Real? Generating Synthetic Data that Looks Real the dataset ( Mannin O, 201 9)

Miro Mannino, Azza Abouzied L Th ese tOOIs Ca n't generate

New York University Abu Dhabi, UAE

. {miro.mannino, azza} @nyu.edu s pati a I d atasets !

Matias Calderini®* and Bradley Harding®

“Université d’Ottawa
YMemorial University of Newfoundland - Grenfell Campus
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QGIS & Random Point Generation

1
Q Random Points in Polygons X |
Mingavie a

Farameters Log

Random points in
~| |polygons | AB10

Input polygon layer

This algorithm creates a point layer,
with points placed randomly in the
polygons of the Input polygon layer. _—

(=) 2579 [EPSG:4326]

- |6 X, [

Selected features only

* For each feature in the Input
polygon layer, the algorithm N
attempts to add the specified
Number of points for each
feature to the output layer.

* A Minimum distance between

Number of points for each feature
400 a s €

Minimum distance between points [optional]

-
0.000000 €& |3] degrees & €, points and a Global minimum Renfrew
v Adva | Parameters distance between points can
be specified.
A point will not be added if there e
Global minimum distance between points [optional] is an already generated point D P
0.000000 € |3| degrees A\ within this (Euclidean) distance
from the generated location. ] /
Maximum number of search attempts (for Min. dist. > 0)) [optional] With Minimum distance between

points, only points in the same b
polygon feature are considered, | e
while for Global minimum ||

distance between points all 8
- previously generated points are

10 a €
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« Generates a set of uniformlydistributed .
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» These points are given a single primary key .
attribute
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Pros: Speed, ease-of-use, variety of
formats for export & visualization
Cons: Points distributed
unrealistically, no options for any
additional metadata

RADIAN — Hamilton Student Seminar



Generating points “realistically”

What makes geographic data look “real”?
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Packages

* Some of the main Python packages used for this project:

GeoPandas oﬂ/
@ Shapely .

* Random, numpy, Matplotlib, etc.
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Random points in a Polygon | .
e i Yt e

« Given some region described by =E /
a polygon

* Determine the bounding box: 9
* The max/min latitude and longitude

(x & y) values that contains the e
F)()l)/g;()lﬁ minX, minY, maxX, maxY = poly.bounds

o . new_point = shapely.Point([random.uniform(minX, maxX), random.uniform(minY, maxY)])

« Generate a 2D point using the cecurn new_point
max/min x &y values as the OO EPRREOn]
Pa rameters

* Remove the points which lie
within the bounding box but
outside of the desired polygon
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A closer look at “fake” data

Without context or real data for comparison how can we tell
this data is fake?

ST, e / How popularis a takeaway in the river?
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A closer look at “fake” data

\

Baimare -
Baljaffray \ B~
Burnbrae =
ey ) -
LY Bonnaughton™ / >
s Hardgate Castlehil V - = - s
add = = S g -
o ’ Bearsden.» e BE19 Lsn2it = Jadilins|
ol \ \ 7
o~ *
nor-Park X 'y 7 g
E — Moodiesburn_-3
gomcha® g 2 o LT
*Kilbowie ’” s Wester, Auchinioch 5
N =k Chryston A Fa
Iydehan‘k‘ e D';”c' £ f
, ch.n.vswu - 2 Muirhead | |
sWhitecry e Nems dn High ?:snl L% - A s ™ |
N, ant Ellen
!(mv]l'hwvyul Te ""(‘ QD""D“‘ e/ © .. . 3 2 ,Croftfoot
~ () SIePPSucim S
Yokers. es an: Kelvindal @ High Biornock Q. "> o~
~— Ru'.l — Gartcosn
S(r' L i ’ - e o \ . ”~ \1. ../’
3 "““ . e Possi |park ‘ N ———
STl ‘w Nﬁl\ K(‘“v‘\‘ .~Low Ba.grnock ,Hoqqan.vd e ~
\ " o 2 s <
Renfrew o o0 Brocmh:\ N(,.nan.,mg, de z‘mm("” "r,ﬂt" 7 . ‘ @] ee e® go
T [le) be Blac HHII
Loanhead ] e ° Y l“uck ‘. ° Pu 1 DUNdas \ =S o Rucigrie Gaclimiock 00
Victory Gardens \ o .. . Park Disfik ’r'.~ 3 g .nmo‘“‘\ ' .Rlddr. g1yl W] ol :
25 by 17 3 150048
vS&idhaI! n.rlv.unnngl.! B ’. Nghead™1s Cranhill’ @ ..%wlulv' oc® .
) ~ g % Dennistoun ®
s ° Go/Mh /J o Finni os:on. G,laSQOW\ 7 whlbum <) g
— { & S i o B i | A mr‘.k, Splghil
- e < plantotion §- g . Qfamachieg—- ST By T g ® -
@ oK e 5
v 2 Iu.\( v N L | 9 “&pitecend Parige Shettlesto Bg T -
litehaugn @ Sl Go(m|5 e SandPhinls e @ Caliggion: i
05 hron @ ° Newit Tk ee o ’ o Old;M
0 b Mount Vi o
cedhilt? ™~ "8 CJ ® €' v“’”“h“’m“ ‘e\  © 8 @0k ~ A B - ércm‘
® ‘Q.\ M()\\[Hr( o y 2 B Datl.:&s 2 .. =
[Bckhall 5 ’. -\. & o ’- (_@ﬂhu‘ .. P ~ ° ’.
nterhill ke @ Cu)!m,.'!f Crosshil o0 ‘\ | O N ——— oSt
Crookston ro3shi o 5
s ] - A= wyle N annochside
. o S'\ o Ruthergh “\8 it o i
! H utherg N — 3,
Park = .
® o8 vom’m N‘ ® M”“""“". A Kyk‘oavk“;,_ Viewpark
o o East u-m\ e ——

g0 .. ’ﬁd%‘c\.\\{ )
Bestnill 2, ® - 2 A

A - : =~
et Cambus|ang o =-Newion Uddingston ™y {7
e o h
® Deth ———— S & o |
— - Ei- N\ Gyt y
Cross Stobbs®™ N‘sh"l = (f‘"""" T . Whitlawburn Drumsagard \
N J
sCrossmil ‘-\ Kirkfield &
Ve ("’”"mh Cathkin \ Bott i 3
4
« Barrhead \ othwell &%
NEnSide/ N \\
stArthurlie Blantyre
A - -— < » N
Springhills ] 5 Clarksto! \
- 7 § . Nerston Village \Whitehill
| = Greenlaw Whitecraigs HighBlantyre ' o
7 Bus = A = & .
Greenfarm Broom b‘ Nerston >

lidetan

26/04/2023

RADIAN — Hamilton Student Seminar

« Contextis importantin

identifying if data appears
realistic

* The uniform distribution
here could in fact be realistic

depending on what data it is
emulating

* This will also be influenced by
the type of region within
which the points are being
generated (country vs. city

11



A radial distribution

* Note the difference in density
as you travel further from the
centre

* We generate an equal number
of points in each buffer region

* The smaller central regions
will have a much higher
density than the outer regions

* This results in a “radial”
distribution that mimics
geographic data

rea
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Voronoi Polygons

* The partitioning of a plane
with n points into convex
polygons such that:

- Each polygon contains
exactly one generating
point

* Every point in a given
polygon is closer to its
generating point than to
any other.

* Burrough et al, 2015

N=20
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Voronoi-based Buffers

e Circular buffers are too
uniform - hence we use
Voronoi-based buffers

« K-Means clustering is
used to create a set of
centroids to create
Voronoi regions

* These regions are
classed by their
distance to the
centroid of the source

olygon
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Primary & Secondary Generation

Primary Secondary

 ——
*

« Generation can be splitinto primary and secondary
 Primary occurring at the level of the source polygon (moving or original centroid)
» Secondary occurring at the local-level in secondary Voronoi regions (equal or
variable area

The ratio between primary and secondary points is set in the parameters

26/04/2023 RADIAN — Hamilton Student Seminar 15



Incorporating additional metadata to points

"default vars" : true,
"rand var types™ : ["ts", "ts", "int"],

"rand_var_names" : ["

“rand_var_params™ : [["2022-81-81 11:08:00", "2022-81-81 15:60:00"],["2022-81-81 22:00:00", "2822-81-82 03:08:00"],[1000000000,9999999999]],

"extra var”:false,

"extra var types™ : ["str”, ”E.tr-"]_,l I
“"extra var name”:["var string”, "string equal dist"], * %égllﬁlsaliac%r;t{glrl'?ﬁjeby d

* This allows for generation

"extra var file":["restaurant.csv"”, "restaurant no weights.csv"],

] _3 _ﬂ‘ -I n K ow oy l:l on ® (] .
s ot additional variables:
w1 |Feature o radion (121 Value A B . R d t . . t
* osm_comparison_radian . .
sameeey O - name parsan- Pret A Manger 1 string weight an Om S I’IﬂgS, N egeI‘S,
r\vr_,-ﬂ'\_"_;' : EEEE"’E':? 2 Pret A Manger 234 an d timestam pS
ctions
. PKID 215 3 Subway 169 : !
opening_time 01/01/2022 11:50:03 | 4 McDonald's 167 * CUStom yarla bles g ven a
closing_time 02/01/2022 02:48:14 | ||St Of Strl ngS and a Set Of
:_”uﬂ- K °® phone_number 9002202235 5 KFC 112 . ht
o — et A Manger 6 Nando's 108 welignts
Blairtumm k Papa John' °
@ e iy Lo %' e Datasets can be tailored
o< Rl = | ! name F'retAMar?ger omino's A -
1 j;“,.:" e : gzm: m;EanTEIdS 9 PizzaExpress 93 to th e toplc bel n g ta u g ht
andyhilis @ 039'_57'3' ¥ name Mando's 10 itsu 58 Or assessed
o L - i b name Franco Manca .
Aount wrru:: 3 -'E;:;:H“hulﬂ: Mod Current La\r.rf_l:r
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ADIAN Example

|dentify Results
1 _f ; & ﬂ_ﬂ, h ‘t-.p-

B

Feature Yalue -
* osm_comparison_radian [7]
¥ name Pret A Manger

F (Derived)
¥ (Actions)

PKID 196

opening_time 01/01/2022 11:49:31 (GMT 5t...
closing_time 02/01/2022 01:24:04 (GMT 5t...
phone_number 1054429397
name Pret A Manger

P name Domino's

¥ name Papa John's

¥ name Perfect Fried Chicken -

Current Layer

An example of some metadata
attached to the points

Mode
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A synthetic dataset of 400 Fast-Food
restaurants in Glasgow
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Use cases for RADIAN

« Generate unseen data for
CS621: Spatial Databases

 Allow students to generate
their own data for
assignments and projects

» Used to generate examples
for teaching materials to
increase engagement

« ChatGPT has shown the
utility of being able to
generate unseen synthetic

data quickly

26/04/2023

My CS621 Geospatial Story
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Future of RADIAN

e Current work
 Use of raster grids and
triangulation - more
efficient generation

* Improvements to current
RADIAN implementation

* Future work

« Al/ML solutions for
generation of synthetic
sganal data
(GeoPointGan)

* Placement -
Project: Synthetic
satéllite imagery

26/04/2023

GeoPointGAN: Synthetic Spatial Data with Local Label
Differential Privacy

Teddy Cunningham® Konstantin Klemmer"
University of Warwick University of Warwick
Coventry, UK Coventry, UK
teddy.cunningham@warwick.ac.uk k. klemmer@warwick.ac.uk
Hongkai Wen Hakan Ferhatosmanoglu
University of Warwick University of Warwick
Coventry, UK Coventry, UK
hongkai.wen@warwick.ac.uk hakan.f@warwick.ac.uk
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Questions & Queries:
patrick.gorry.2015@mumadil.ie

Thank you!
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