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Problem statement

A heatmap product from Kernel Density Estimation (KDE)
function is one of the popular methods to monitor the
density of a phenomenon which is not uniform throughout
the studied area. However, it has some drawbacks.

ÅNo quantitative estimation from the colour scheme

ÅNo perception for the actual values of a phenomenon
due to cryptic result of KDE

3 Enhancement of Density Visualization using Dot Density Maps



4

Heatmap from running KDE on POI to determine CBD
Li et al. (2014) 
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Specific area in the Heatmap from running KDE on POI to determine 
CBD
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Motivation

How to use KDE results to make another type of map to
overcome the drawbacks.

The proposed type of map is a dot map.

The map should overcome the problems to give a more
quantitative estimation to the user.
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How to use the KDE product?
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Objectives

ÅMaking two types of dot map: graduated and
conventional dot map

ÅUsing the KDE output (raster) as an input to the dot
mapping algorithms

ÅThe maps should be more quantitative and not cryptic

ÅThe maps will show the overall density much better than
KDEheat maps
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Research Questions

ÅWhat are the most important criteria to make a dot map?

ÅWhat are the difference between KDE heatmaps and dot
maps?

ÅDo final dot maps provide quantitative information to the
user?

ÅWhat are the Advantages and disadvantages of graduated
and conventional dot maps?
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Previous research and related 
works 

1. General review of dot mapping methods and 
applications 

2. A review of graduated dot maps

3. Related works to KDE and heatmaps from KDE
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1. General review of dot mapping 
methods and applications 

Topics : 

Å Principles of dot mapping

Å A number of techniques of dot mapping and their pro and cons

Å Researchabout applications of dot mapping

Results:

Å Four main parameters of a dot map: dot value, dot size, dot
placement and true regions for placement

Å Size of dots has an inverse relation with the number of dots in a cell

Å Increasing covered area by dots in a cell leads to more overlap of
dots

Å More regular dot placement is far superior to totally random dot
placement
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2. A review of graduated dot maps

Topics :

Å Principles of graduated dot maps

Å Clarifying the difference between a graduated dot map and a proportional
symbol map

Å Prior research on dot maps

Results:

Å Difference between proportional symbol maps and graduated dot maps.

Å Superiority of graduated dot maps to conventional dot maps: Reduces the
number of dots, reduces overlapping and gives a more quantitative view to
the user

Å More accuracy of quantitative overview to a user than conventional dot maps,
and proportional circle (symbol) maps

Å If the only goal is to get the spatial density patterns, a conventional dot map
is appropriate.
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3. Related works to KDE

Topics :

Å Principles of Kernel Density Estimation

Å Application of KDEto monitor density in different case studies

Å Presentation heatmaps as a possible output of KDE

Results:

Å KDEis a non-parametric way to estimate the probability density function
of a random variable.

Å It is used for point or linear datasets.

Å The result can be a heat map with a range of colors and some isolines.

Å The KDEresult is a matrix (raster) with pixels which have specific values.
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KDE Diagram
https://en.wikipedia.org/wiki/Kernel_density_estimation
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Methodology

Two developed algorithms are presented:

Å Conventional dot mapping

Å Graduated dot mappping
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Main steps: 

1- Running KDE function on the input data to get a raster
and recognize the value of each pixel

Å Choosing a metric coordinate system

Å Choosing the function type (Gaussian)

Å Determination of the bounding box of the original data

Å Setting the resolution (number of cells)
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Conventional dot map algorithm
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2- Converting the raster to a vector and removing the cells
which lie outside of the studied area

18

The vector and the original data

Conventional dot map algorithm
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3- Assigning a number of equal sized dots to each cell.

Å Normalization of cell values to set them between 0 and 1 (ᾀ)

Å Setting the proportion of dot coverage (ὖ) for each cell with the help

of maximum (ὖ ) and minimum proportion of dot coverage

(╟□░▪)

ὖ ᾀ ὖ ὖ ὖ

Å Calculation of the number of dots (╝▀) with the help of dot size (═▀)

anddfmmtǃsize (═╬)

ὔ
ᶻ

Å Calculation of the dot value
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Conventional dot map algorithm
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3- Assigning a number of equal sized dots to each cell.

A sample solution :

If ᾀ= 0.74

&ὖ = 0.02

&ὖ = 0.50

&ὃ= 100,000 m2

&ὃ = 5,000 m2 :

ὖ 0.74 (0.50 ƿ0.02) + 0.02 = 0.37

ὔ
Ȣ ᶻ ȟ

= 7.4 ~ 7
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Conventional dot map algorithm
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Conventional dot map algorithm

4- Placement of dots

Å No dot overlap or dot coalescence between and within cells

Å Dots are placed separately in each cell.

Å The placement is a pseudo random process.

21 Enhancement of Density Visualization using Dot Density Maps



Conventional dot map algorithm

Main variables:

ÅDot size

ÅResolution (cell size)

ÅMinimum proportion of dot coverage

They are set in an iterative process
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Conventional dot map algorithm

Cell size        Resolution

Cell size        Dot size

Resolution        Dot size

Dot size         Dot value

Number of dots         Dot size & value
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Main variables:
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Conventional dot map algorithm

Main variables:

Minimum proportion of dot coverage sets the number of
dots in the emptiest cell(s) to avoid zero number of dots in
those cells.

It is usually between 0.01 to 0.1.
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Conventional dot map algorithm

Used data:

ÅThe Points of Interest (POIs) dataset of Munich obtained
from OpenStreetMap

ÅTweets of the Oktoberfest in Munich obtained through
Twitter API

25 Enhancement of Density Visualization using Dot Density Maps



26

Conventional dot map results
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Conventional dot map results
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Conventional dot map results
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Conventional dot map results
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