
Självständigt arbete på grundnivå
Independent degree project – first cycle

Datateknik
Computer engineering

Visualizing public transport with heat-maps
- Comparing the scalability of SVG and Canvas for heat-maps

Jim Eriksson Kuitu

 



MITTUNIVERSITETET

DSV Östersund

Examiner Felix Dobslaw Felix.dobslaw@miun.se

Supervisor Raja-Khurram Shahzad Raja-Khurram.Shahzad@miun.se

Author Jim Eriksson Kuitu jier1100@student.miun.se

Programme Programvaruteknik, 180hp

Course DT133G, Självständigt Arbete

Field of study Computer Engineering

Semester, year VT, 2019



Abstract
Computer hardware is constantly improving, displays get bigger resolutions and the 
hardware can handle more data. Consequently, we can display more information with digital
visualisation and our software needs to scale well with this increase. For websites, there is a
lack in research about which software scales well with bigger data, in particular SVG and 
Canvas. Some research has been done comparing SVG and Canvas. However, the focus 
has not been on scalability with big data. The choice of visualisation for this study was heat-
maps, as this was an area that previous research was lacking in and proved to be suitable 
for scalable visualisation. It has looked at the performance of SVG and Canvas with both 
increasing resolutions and data, by creating a website with two pages equal in looks and 
functionality using SVG and Canvas. A series of tests were done that simulated the usage of
heat-maps. To create the website, D3.js was used and it’s suitability to handle big data was 
also tested. The results of this study can be used as a guideline to decide whether SVG and
Canvas is better suited for a specific range of data size. It has found that in this case SVG is
around four times slower when initially creating all the elements of the heat-map. It also 
found that Canvas is around 30% slower when editing the colour of all elements in the heat-
map. For changing the colour of one element, both Canvas and SVG were too fast to be 
reliably measured. The parts of D3.js used in this study proved to be slow when working 
with large amounts of data.
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Acronyms

HTML HyperText Markup Language

CSS Cascading Style Sheets

XML Extensible Markup Language

DOM Document Object Model

D3 / D3.js D3: Data-Driven Documents, JavaScript library

JSON JavaScript Object Notation

SVG Scalable Vector Graphics

PHP Hypertext Preprocessor

2D Two-dimensional
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 1 Introduction
A majority of the Swedish citizens want to reduce their environmental impact [2]. A study has
found that the usage of public transport instead of personal cars could reduce emissions [3].
Therefore, an increased use of public transport could reduce our overall impact on the 
environment. It has been shown that people who are satisfied with the flexibility, safety and/
or convenience of public transport tend to be more likely to use it [8]. Therefore, 
improvements made in the mentioned areas could increase the usage of public transport. 
We need methods to decide where and how to make the most efficient improvements. 
Considering a finite budget, offering suitable public transportation is a complicated logistical 
problem.

Crowdsourcing [6] is one way to gather up-to-date and relevant data. Users of public 
transport can report problems if they occur, which can be used to present real-time data of 
problematic areas. Crowdsourcing combined with surveys[1] about public transport can be 
used as a tool to determine which public transport improvements are the most efficient. 
However, gathering data this way could result in large amounts of data. When gathering big 
data-sets it can be helpful to utilize visualisation in order to gain a better understanding of 
the data, visualization can help to identify patterns that can be difficult to see in the form of 
raw data [4][5]. A heat-map can be an efficient method to visualize geographical data [9].

We can create an interactive heat-map that shows the location of problems or 
dissatisfaction with public transport. To make this easily accessible across many platforms, it
is can be done using JavaScript on a website. Two technologies are commonly used for the 
graphical aspect of the JavaScript based visualization, SVG and Canvas. The mentioned 
technologies each have advantages and disadvantages, with regards to both performance 
and functionality. To determine which of the mentioned technologies is the most suitable for 
heat-maps, we need to test the performance and compare the functionalities of SVG and 
Canvas in a JavaScript-based heat-map.

1.1 Problem Statement
As hardware improves we will get displays with higher resolutions, which can contain more 
information. Displaying more information could be more demanding on both the hardware 
and software to perform well. Heat-maps is one example of information that can grow with 
the hardware.

The two main techniques of displaying heat-maps using JavaScript are SVG and Canvas. 
SVG uses a Document object model (DOM) element for every object. Canvas is a single 
DOM element resolution-dependent bitmap where the graphics is drawn as pixels on a two-
dimensional bitmap. Researchers have indicated different problems when comparing SVG 
and Canvas. Such as SVG-based visualizations became unresponsive when using too 
many objects, this was suspected to be caused by the amount of DOM elements. Canvas 
did not seem to have the same problem. Another study showed the opposite being true, 
SVG performed better when working with interactive line-graphs [14]. Thus, either of these 
techniques can be preferable in different scenarios. Neither of the mentioned studies has 
tried to find which of the techniques scales better when displaying more information.

9
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The mentioned techniques needs to be tested to find which one is better for the purpose of 
displaying geographical data in the form of a JavaScript-based heat-map. We can compare 
the performance of SVG and Canvas with varying resolutions and varying amount of 
information, to find how well they scale with our new hardware. 

D3.js is one of the most popular visualisation libraries for JavaScript and has an extensive 
amount of supporting libraries. It contains all the tools necessary for creating heat-maps. 
The library also needs to perform well when presenting large amounts of data. Therefore, 
the library will be used to create the heat-map. The suitability of this library will also need to 
be tested, to find how well it scaled with big data.

The following questions will need to be answered:

1. How does SVG and Canvas perform, in terms of time taken to draw the initial heat-
map? Simulating when a user opens the webpage for the first time.

2. How does SVG and Canvas perform, in terms of time taken to change the coulour 
of one element in the heat-map? Simulating when a new data-point is added to the 
map.

3. How does SVG and Canvas perform, in terms of time taken to change the coulour 
of all elements in the heat-map? Simulating when a user changes to a different set 
of data.

4. How does the libraries perform when creating the heat-map, in terms of time taken 
by the JavaScript? To find the suitability of the libraries.

The study will also take into consideration differences for these two techniques when 
creating heat-maps in terms of functionality.

1.2 Aim
A website for displaying heat-maps with JavaScript will be created. It will consist of two 
separate pages with equal functionality, one using SVG and one using Canvas. This will be 
used to compare the performance of SVG and Canvas using different sized data-sets, to 
determine the suitability of these frameworks for displaying geographical data using heat-
map.

1.3 Scope
Previous studies have used testing ranges between 1 000 – 100 000 objects and have 
shown results. Consequently, this study is also using the same range. This study is limited 
to researching the performance using one of the most popular visualisation-libraries, D3.js 
[7]. The performance tests will only be tested on one set of hardware. Creating and drawing 
a heat-map using Canvas and SVG will be compared to each other and the time taken by 
the library will also be tested to see how significant the previous tests are. 1 000, 10 000, 20
000, 40 000, 60 000, 80 000 and 100 000 elements in form of hexagons will be used for the 
comparisons.

D3.js and the following two supporting libraries will be used:

10
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• D3-hexbin, a library that groups up 2 dimensional data into hexagonal bins.

• D3-hexgrid, a wrapper for D3-hexbin that tessellates an area with hexagonal bins.

1.4 Outline
Chapter 1 gives a background and purpose of this study and presents the scope.

Chapter 2 includes a comparison of the technologies used and terminology.

Chapter 3 presents the method of the study and choice of data.

Chapter 4 describes the construction and testing of the study.

Chapter 5 contains the results found in this study.

Chapter 6 discusses the results and ethical aspects.

Chapter 7 concludes the study and presents possible future research problems.

11
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 2 Background

2.1 Differences between SVG and Canvas

2.1.1 SVG 
Scalable Vector Graphics (SVG) is an image format for two dimensional vector graphics. 
The image is stored in XML format and since its a vector based image it can easily be 
manipulated, for example it can be scaled or rotated without distorting the original image. 
When an SVG object is created, it is added to the webpage as a DOM (Document Object 
Model) element. This can be both positive and negative, because too many DOM elements 
can affect performance negatively. On the other hand, every SVG object is accessible 
through the page’s DOM, which can make each individual element interactive. 

2.1.2 Canvas
Canvas is a HTML element that can render 2D graphics on a specified bitmap. It is a newer 
technology than SVG and is a part of HTML5. Canvas is a container for graphics and is 
controlled by JavaScript, graphics are created based on a 2 dimensional coordinate system.
A Canvas is a single DOM element that does not keep information about the objects after 
they are drawn on the bitmap. Consequently, it does not support interaction with individual 
objects. However, since only a single DOM element is created, performance can be less 
affected by the amount of objects drawn.

2.1.3 Heat-map
Heat-maps can be created with several different techniques. The focus of this study is 
tessellated heat-maps, in which the map is divided into equal parts in the form of hexagons. 
Each hexagon will represent one object from a data-set. The reason for this choice is to 
have a heat-map that can be created equally for both SVG and Canvas, for the purpose of 
minimizing the affect of performance of libraries and supporting code.

2.2 Terminology
The terminology assumes that the reader has prior basic knowledge about software and 
website development.

12
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2.2.1 Data binning
Data binning is a method of processing data by mapping values that falls within a given 
interval together. For the purpose of this study geographical data binning is used, a map of 
Sweden is tessellated by hexagons where each hexagon is a bin. Below are examples of 
what a polygon map and map tessellated with hexagons looks like.

2.2.2 JavaScript
JavaScript is one of the core elements in web development, a programming language for 
implementing more complex things than HTML and CSS can accomplish.

2.2.3 D3.js
Data-Driven Documents (D3.js) is a library for JavaScript that provides tools for different 
types of data visualization. D3.js can bind data to DOM, which can then be used to create, 
select and modify visualizations.

13
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2.2.4 D3-hexbin
D3-hexbin is a part of D3.js and is the tool used to map two dimensional data into hexagonal
bins. It will create an area with rectangular bounds that represents a two-dimensional 
coordinate system and create hexagons in locations depending on the input data. It will then
create and array consisting of the centre coordinates of these hexagons, lastly the 
hexagons will be drawn with a specified radius.

2.2.5 D3-hexgrid
D3-hexgrid is a wrapper for D3-hexbin, which is used for tessellating polygons with 
hexagons. This wrapper is specifically made to be used with geographical polygons. 

2.2.6 GeoJSON
GeoJson is a format for storing geographical features, in this case for storing the polygon 
coordinates for a map of Sweden. D3.js uses GeoJson format for creating geographical 
maps. 

2.2.7 ArcView Shapefile
Statistiska centralbyrån (SCB) provides digital maps of Sweden in ArcView Shape format, 
found here: scb.se. It is a geospatial vector data format.

2.2.8 SWEREF 99 and WGS84
These different are geodetic reference systems, SWEREF 99 (Swedish reference frame 
1999) is the system used by the Swedish government. WGS84 (World Geodetic System 
1984) is the standard system used for things such as global cartography and GPS, this is 
also the system that D3.js uses for geographical purposes. 

2.2.9 Performance.now() and accuracy
This is a tool for measuring time in JavaScript, it sets a timestamp which can then be 
compared to other timestamps to find the time taken for a certain task. This function used to 
be accurate up to 5 microseconds, but there has been two major exploits found which uses 
precise timers [18][19]. All modern browsers have reduced the accuracy of 
Performance.now() by introducing noise and/ or jitter, Google Chrome, which will be used 
for this study has an accuracy of 100microseconds or 0.1ms which will be still be accurate 
enough for the purpose of this study.

2.3 Related Work
One study has tested the possibility of using a heat-map for a taxi company to visualize taxi 
usage, for the purpose of showing high demand areas [9]. This could help the taxi company 
to make their driving routes more efficient. The study did not compare SVG and Canvas, but
instead focused on the construction and mathematical aspects of the heat-map. The end 
result was successful, a heat-map visualisation of taxi usage can be beneficial for improving

14

https://www.scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/digitala-granser/


Mittuniversitetet
DSV Östersund
Jim Eriksson Kuitu

Visualizing public transport with heat-maps
Comparing the scalability of SVG and Canvas for heat-maps

19/01/20

taxi transportation. Therefore, applying this method to other modes of transport could also 
be beneficial.

A study that tested different visualization technologies for big data found that the usability of 
D3.js when using SVG began to suffer when the amount of elements rose to around 10,000 
[10]. Although the study did not compare SVG to Canvas, it stated the cause of the slow-
down was the amount of DOM objects and SVG images. 

Another study found that when working with line-graphs SVG was significantly better 
performing than Canvas. This study was a direct comparison between the two technologies,
even when the elements rose to 10,000, SVG was still significantly faster when editing the 
elements, changing opacity, stroke-width and colour of the whole line graph. The study 
indicated that the reason SVG was faster in this case, was because it compared the 
performance of editing properties of already rendered objects. In this case SVG could edit 
properties instead of creating a new object. However, Canvas had to redraw everything in 
order to make any changes [14]. The study also noted that Canvas was faster in the initial 
rendering of the graphs. Lastly the study mentioned that both Canvas and SVG could be a 
better choice depending on the usage, so future studies could test different types of data 
and graphics to see if the results differs.

These studies showed both SVG and Canvas performing better in different 
implementations. Different libraries, data types and implementations can all affect the end 
result. Therefore, studying the difference of these techniques in the specific scenario that it 
will be used for can be beneficial.

15
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 3 Methodology
In this chapter an analysis of which data types is needed will be performed. This will be 
used for testing purposes in the heat-map. Data of necessary types will be randomly 
generated, then a website will be created to test the performance of SVG and Canvas in a 
heat-map using D3.js and supporting libraries.

3.1 Approach

3.1.1 Analysis of data types for heat-map
According to a study [8], people who prioritize safety, security and convenience were 
significantly more likely to intended to use public transport. On the other hand, those who 
prioritized flexibility were less likely to use public transport. Although this study was looking 
at the relationship between car use, habit and public transport we can still see a connection 
between certain attributes and likeliness of using public transport.

Another study done in Sweden [15], shows that people living within 400 meters of the public 
transport are much more likely to use it. It also shows that safety is another important factor,
along with pricing. This gives us more knowledge of which factors are important for public 
transport improvements.

A study in Italy [16] has looked at the satisfaction of a lot of different factors in public 
transport, which gives more ideas to what attributes that people are dissatisfied with. 
Comfort and cleanness, accessibility, information and organization were the top categories 
that were significantly more important than the rest. In total all the above studies were 
summarized into 5 main categories that could be relevant to improving our public transport:

Flexibility in location; the transportation should be accessible near both the passengers 
origin and their destinations.

Flexibility in time; the transportation should be available when passengers needs it and the
waiting time should be minimized.

Convenience and information; it should be easy to use and transfers should be as 
seamless as possible.

Safety and comfort; passengers should feel safe and comfortable both on the 
transportation, the stations and nearby areas.

Price; passengers of all income-levels should be able to afford it.

The studies above all agrees that these attributes are important for those who uses public 
transport and improving these attributes could create an increase in the use of public 
transport. Below I have created 5 questions that will be rated on a 5 star scale:

About your public transportation, how satisfied are you with:

• Location?

16
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• The time schedule?

• Convenience of use?

• Safety and comfort?

• Price?

This data can be represented in five integers with numbers ranging from 1 to 5, these 
numbers can be placed in an array along with its coordinates. The data will be stored in 
JSON format, below is an example of how data-points will be stored, “lat” means latitude 
and “lng” means longitude.

3.2 Implementation

3.2.1 Website
The tool for the comparison of SVG and Canvas will be a website that displays a heat-map 
of Sweden, using minimal amount of HTML code to minimize the performance need for 
elements that are not to be tested. The website will have two completely separate pages but
identical in looks and function. One of the pages will use SVG to create the heat-map and 
the other will use Canvas. They will follow the same steps and use the same code as much 
as possible, however because these technologies works a bit different from each other the 
code will not be completely the same.

17
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The main point of this website is to test the performance difference between SVG and 
Canvas when creating a heat-map. To do this the web page will measure the amount of 
milliseconds it takes to perform certain tasks. Because D3.js and other libraries are being 
used there are many things affecting the result. To minimize the impact on the result from 
the libraries, the website will split the measured time into different steps to find out which 
part of the code, if any, differs in terms of performance when comparing SVG to Canvas.

The website will use D3.js as the base library, along with D3-hexbin which is a part of D3.js 
for creating hexagonal bins. Lastly it will use a wrapper for D3-hexbin called D3-hexgrid 
which tessellates polygons with hexagons. A polygon of the map of Sweden is not a simple 
shape to fill in, which is why the wrapper library will be used.

3.2.2 Geographical data visualization
The geographical data of Sweden will be taken from Statistiska centralbyrån, it is in the form
of SWEREF 99 and D3.js uses GRS 80. Therefore, the geographical data needs to be 
converted. Both these systems have their origin in the Earth’s center of mass and are both 
based on the Geodetic Reference System 1980 (GRS 80). The difference between the two 
is that WGS84 is dynamic and updates regularly to account for the movement of the tectonic
plates while SWEREF 99 is static and based on the state of the world at the year 1989. This
means that as the tectonic plates move the difference between these two systems increases
by around 2,5 cm per year. Today the difference is roughly 50 cm, but since the accuracy of 
GPS coordinates using only satellites is 10 m the difference is often counted as negligible 
[17] and will therefore not be accounted for in this study.

Each hexagon will represent equal areas. Consequently, the choice of projection for the 
map will be equal area based, D3.js’s geoConicEqualArea() is one method that will be well 
suited for this study.

3.2.3 Generation of data-points
Data-points needs to be generated, a third page will be created to generate geographical 
data-points that are located inside Sweden. This will simulate data-points exactly how they 
would look like in a real scenario, for the purpose of testing as close to a real scenario as 
possible. The page will have to randomly generate geographical points, containing latitude 
and longitude within Sweden. D3.js has a built in function to test if a geographical point is 
within a geographical polygon. To do this, the page will create a rectangle with geographical 
bounds that is just big enough to fit Sweden’s borders inside. A latitude and longitude will be
randomly generated within this rectangle, which will then be tested whether it is within 
Sweden or not. If the geographical point is not within Sweden it will be discarded and 
another one will be randomized, this will repeat until a geographical point within Sweden is 
found. If it is within Sweden, then 5 integers will also be randomized between the value of 1 
and 5 and all of this will be stored together as a data-point in JSON format. This process will
be repeated until enough data-points are created. The purpose of using this method is to 
minimize the amount time spent creating geographical points outside of Sweden.
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3.2.4 Environment
Because this study is focusing on the performance difference between SVG and Canvas, all
tests will run locally. D3.js must be run on a server to function. Consequently, the website 
will run through PHP’s built in local web server.

Specification of the computer running the tests:

• Operating system: Windows 10 

• Processor: Intel® Core™ i5-2500K (Overclocked to 4.2GHz)

• RAM: 8 GB

• Google Chrome

• GPU: AMD RX 470 8GB

19
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 4 Construction
This chapter describes the steps of creating a website with two separate heat-map pages, 
one for SVG and one for Canvas. Then it describes the creation the performance tests for 
these two pages.

4.1 Website construction
The website will simulate the normal usage of a heat-map using randomized data. To make 
the comparison fair the pages will use code as similar as possible. However, they differ in 
the creation of their respective elements and drawing. There are four main steps to creating 
a heat-map, all of which will be tested: loading data, creating the elements, creating the 
hexgrid and drawing the heat-map. Then it will also test the time taken to change colour of 
all elements.

4.1.1 Loading the data-points and geographical data from 
JSON files
The D3 library loads the geography and data-point files by using promises and then starts 
the heat-map creation function using them as arguments. This process is the same for both 
Canvas and SVG, therefore it will be tested to see if it is of significance in the overall 
performance.

4.1.2 Creating and preparing the Canvas or SVG elements
This part is different for the two pages, however they are both created using the same set-
up as much as possible. The inside of the HTML pages’ body tags consist only of an empty 
div-element with an ID that acts as a container for SVG or Canvas. Then a script tag to start 
the JavaScript. The only difference here will be the element created.
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4.1.3 Creating and preparing the hexbin and hexgrid
This part of the code will also be exactly the same in both the SVG and the Canvas 
JavaScript. Therefore this will also be measured to see the significance of it compared to 
the rest of the code. This code will read the data from JSON files and calculate the hexagon 
size, position and colour, the actual drawing will be in the following step.

4.1.4 Drawing with SVG and Canvas
These two technologies use different ways drawing. SVG appends a path for every hexagon
that is then filled with colour and lastly a stroke around the edges is applied. Canvas will first
create and save a Path2D in the shape of a hexagon, to make drawing the same shape 
multiple times more efficient. It will then save the context of the Canvas, move to the right 
coordinates and draw a hexagon, this process will be repeated until all hexagons are drawn.
Below is an example of what a finished heat-map will look like. 

21

Illustration 4: Example of 
finished heat-map
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4.2 Testing
There will be Performance.now() timers set up in the code to test the performance of the 
code in terms of time taken of the above functionalities. Each test will be run 1000 times to 
get an accurate average result.

4.2.1 Performance.now()
Performance.now() will measure with an accuracy of 0.1ms, timers are placed between 
relevant functions. There is a bit of variance in every test result, because of many factors 
such as garbage collection, processor being shared with other processes and optimisations 
being done by the JavaScript engine. Therefore every test will run 1000 times and then the 
average will be calculated to get an accurate measurement.

4.2.2 Amount of elements
The aim to produce results for elements between 1 000 and 100 000 will be split into, 1 000,
10 000, 20 000, 40 000, 60 000, 80 000, 100 000. Because it is difficult to fit these exact 
values on a tessellated polygon in the shape of a map the numbers will be matched as 
closely as possible. However, these numbers are picked as a baseline. The exact numbers 
are not important to the study, as long as the numbers tested are the same for both SVG 
and Canvas. The number of hexagons depends on the size of the map and the size of the 
hexagons, different values were tested to get a close match to the values above. 

Because a map made of hexagons will not match the real map exactly, it tended to be 
smaller rather than bigger than the real map. Data-points near the border of the map could 
end up being in the real map but outside the hexagons, causing it to add extra hexagons. 
Therefore, an empty data-point file ended up with a different amount of total hexagons than 
a data-point file with 100 000 data-points. After testing different resolutions, the below tables
were the values that were found to be closely matched to each other. This will only be used 
to compare the difference of using 0 data-points against 100 000 data-points in the library 
and will not affect the SVG and Canvas comparison. The purpose of these values is to be 
able to test the performance of both an increase in resolution and amount of information 
with the library.
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4.2.3 Creating and preparing hexgrid and hexbin
This function is exactly the same in both pages and a quick test was done to see that it does
indeed perform the same in both. This will test the suitability of these libraries.  It will be 
tested with both 0 and 100 000 data-points. This part will read the JSON files and calculate 
the coordinates of the centre points of every hexagon and also calculate which hexagon 
every data-point belongs in. This will be saved in arrays and used by the following parts.
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Illustration 5: Performance
test of hexgrid and hexbin

Table 1: Resolution to achieve correct 
number of hexagons with 100 000 data-
points

Table 2: Resolution to achieve correct 
number of hexagons without data-points
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4.2.4 Creating the SVG or Canvas element
This test will see if there is a difference between in the speed of creation for the two 
technologies. It will simply create an SVG and a Canvas element using the minimal amount 
of code as possible.

4.2.5 Drawing the heat-map with SVG or Canvas
This part of the test will try how long it takes to create the map and draw all of the hexagons 
using SVG or Canvas. Both pages will run 7 different tests, with hexagons ranging from 1 
000 to 100 0000.
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Illustration 6: 
Performance test of SVG 
and Canvas element

Illustration 7: 
Performance heat-map 
with SVG and Canvas
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4.2.6 Changing the colour of elements
This test will change the colour of all the hexagons. It will be slightly different on the SVG 
and the Canvas page because the technologies works in different ways. The first step is the 
same, it will randomize a colour-hexcode to make sure the colour changes each time and 
prevent the JavaScript from making optimisations. This part of the code should run fast and 
have an insignificant effect on the test as a whole, and it will be the same for both SVG and 
Canvas. Therefore, it will not cause any performance differences.

In the second part of the test the SVG will select all of the existing SVG paths and change 
their colour, but Canvas cannot access the previously drawn hexagons so it will simply 
redraw all the hexagons with the new colour. The test for changing the colour of one 
element will look the same, except it will replace recolour all hexagons with just one 
hexagon.
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Illustration 8: 
Performance heat-map 
colour change using SVG
and Canvas
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 5 Results

5.1 Unmeasurable results

5.1.1 Creating the SVG and Canvas elements
When testing the time to create the SVG and Canvas elements, the resulting measurements
were under 0.1ms. Therefore, the results can not be evaluated as the Performance.now() 
function is only accurate above 0.1ms for security reasons. Any value below 0.1ms is 
unusable due to noise and jitter.

5.1.2 Changing one colour 
Changing the colour of one element is also too fast to be measured reliably with 
Performance.now(). In a normal circumstance Canvas would cause everything to be 
redrawn, because once something is drawn on the Canvas it is no longer accessible 
through the Canvas or DOM. However, when using D3-hexbin library the centre points of 
every hexagon is saved in an array that can be accessed again after the first render. This 
means that to redraw one hexagon it is possible to access it through the array and only 
redraw that specific part of the Canvas. Both SVG and Canvas are too quick to measure 
and are therefore of similar performance in this scenario.

5.2 Measurable results

5.2.1 Creating the SVG or Canvas with drawn hexagons
Canvas is faster by a significant degree when first creating the heat-map, SVG has to draw 
each hexagon individually. Therefore, SVG was expected to be slower. However, the 
purpose of this test was also to find how big this difference in performance is.
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Illustration 9: Performance of 
creating a heat-map with 1 000 
elements

Illustration 10: Performance of 
creating a heat-map with 10 000 
elements
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Illustration 12: Performance of 
creating a heat-map with 40 000 
elements

Illustration 13: Performance of 
creating a heat-map with 60 000 
elements

Illustration 14: Performance of 
creating a heat-map with 80 000 
elements

Illustration 11: Performance of 
creating a heat-map with 20 000 
elements
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The graphs in illustrations 10 to 16 all look very similar to each other and the results show 
that Canvas is roughly four times faster than SVG in this circumstance. They both grow at 
similar rates. At 100 000 elements, SVG is around 1 700ms while Canvas is still slightly 
above 400ms. 

In the above graph, Canvas grows linearly with the amount of element it creates, but SVG 
seems to increase at a slightly faster towards the end which could be a result of the amount 
of DOM elements created.
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Illustration 16: Performance of creating a heat-map with various amount of 
elements

Illustration 15: Performance of 
creating a heat-map with 100 000 
elements
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5.2.2 Changing colour of all hexagons
SVG was expected to be faster for this test, which turned out to be true. However, the 
difference is smaller than previous research has shown. The method used to create the 
visualization can have a significant affect on the performance.
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Illustration 17: Performance of 
changing all colour on heat-map 
with 1 000 elements

Illustration 18: Performance of 
changing all colour on heat-map 
with 10 000 elements

Illustration 19: Performance of 
changing all colour on heat-map 
with 20 000 elements

Illustration 20: Performance of 
changing all colour on heat-map with
40 000 elements
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Illustrations 18 to 24 shows that SVG is faster than Canvas in all of the tests. It is usually 
faster to edit an already created element than it is to redraw it. What this study shows is 
exactly how big the difference is and how the relationship between SVG and Canvas is 
when working with a large number of elements. The difference in this study is not as big as 
previously shown in other research, because it is working with a predefined shape in the 
form of a hexagon that can be made to drawn more efficiently using Path2D.
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Illustration 21: Performance of 
changing all colour on heat-map 
with 60 000 elements

Illustration 22: Performance of 
changing all colour on heat-map with
80 000 elements

Illustration 23: Performance of 
changing all colour on heat-map 
with 100 000 elements
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The graph above shows what looks like a linear growth for both SVG and Canvas as the 
amount of elements gets larger. In this range Canvas performs around 30% slower than 
SVG.

5.2.3 Creating and preparing hexgrid and hexbin
This result is the same for both of the pages, because the code is exactly the same and not 
affected by SVG or Canvas. Two different tests were performed on the hexbin and hexgrid 
preparation, one test used an empty data-point JSON file, and the other used a JSON file 
with 100 000 data-points. The difference between the results stays almost constant and is 
not affected much by the amount of elements.
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Illustration 25: Performance of using data-points with the libraries

Illustration 24: Performance of changing all colour on heat-map with various 
amount of elements
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5.2.4 The library’s performance
This library is quite slow when working with large number of elements. But the libraries on 
the rest of the results should be negligible, because the libraries calculations are tested on 
their own and. The comparisons between SVG and Canvas were simply using predefined 
arrays with colour and coordinate values. The graphs below are the comparison of the 
library's time taken to prepare this array and the drawing of the heat-map using SVG or 
Canvas. The library takes up more time than both SVG and Canvas by a big margin, the 
time taken by the library is relatively bigger when using Canvas.
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Illustration 26: Libraries’ performance compared to Canvas

Illustration 27: Libraries’ performance compared to SVG
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 6 Discussion

6.1 Method
At first when running the tests, memory would quickly fill up because elements would get 
leaked or stuck in memory. Clean up functionality had to be created to prevent this to keep 
the tests running equally. The problems could be traced with the help of Google chrome’s 
performance and memory recordings. Luckily, clean up such as removing elements did not 
seem to significantly affect the results of the tests. Even the console did seem to affect 
results if results were continuously printed to console. Therefore, the results were simply 
stored to an array and written to console after the tests had ended.

It can be hard to isolate the performance from one function. A computer will be running 
background processes and JavaScript will also be doing garbage collection. I have tried to 
analyse the performance logs in Google Chrome to minimize any problems that I could find. 
I can not remove all outside sources completely. Therefore, it will always affect the results 
slightly. However, for these reasons I chose to run all tests 1 000 times to get an accurate 
average value.

6.2 SVG and Canvas scalability
The results were very different from previous studies. A study that compared SVG and 
Canvas for the purpose of line-graphs, found that Canvas was 25 times to 100 times slower 
than SVG when editing colour, opacity or stroke-width. I expected Canvas to be slower for 
the editing tests here too. However, the difference in the heat-map colour-changing tests 
was only around 30%. This could be a result of Canvas using a predefined shape in the 
form of Path2D and the coordinates for each hexagon is already saved in an array. This 
shows that the performance can vary a lot depending on the specific application.

For the initial creation, SVG is around four times slower than Canvas. SVG reaches 1,7 
seconds when using 100 000 elements, which is very slow for a website. Website 
optimisation is a big topic, as many users will not use a website if it is too slow. 

6.3 SVG and Canvas functionality
One of the main differences between SVG and Canvas is that SVG is easily accessible from
the DOM. Which means it can access every element, this can be used to manipulate it or 
add things like hover-over effects. 

Canvas by itself is lacking in this area. However, some libraries can add functionality to 
Canvas for specific scenarios like in this study. DOM elements are not very efficient when 
you get too many of them, since they all use resources it affects performance. When using 
large amount of elements Canvas is clearly a lot faster at creating the initial rendering of the 
heat-map. SVG takes well over a second for the last tests, which is considered very slow in 
terms of website performance. One thing SVG works very well with, is size scaling, since it 
will look the same no matter how much its scaled up or down. Vector graphics is a good tool
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for scalability, which is an important function when we have many different types of screens 
with different resolutions.

One problem that Canvas has, is redrawing a specific area or shape without having to 
remake the whole thing, here the Hexbin library adds functionality to access every hexagon 
by storing their coordinates in an array. When then testing its performance of changing the 
colour of one element, it works very well, both SVG and Canvas were too fast to even 
measure in this case. This closes the gap between the two technologies functionalities. 
Brining more functionality to Canvas can help some cases perform much faster, currently 
the main feature that is lacking for a heat-map is hover effect. However there are two 
functionalities being working on at the moment, which are IsPointInPath() and 
addHitRegion(). The former is functional right now, but it simply checks whether the mouse 
is in a Path2D or not, which means it has to loop through all of your your paths, in this case 
100 000 of them. The second is working more similarly to SVG, but that is still in an 
experimental state which has to be allowed in the browser before using. If these functions 
get released and works properly then it could close the functionality gap even further.

6.4 Libraries
Because of the popularity of D3.js, I expected it to be much more efficient at handling big 
data. However, it ended up being much slower than expected. It was slow enough that I 
would suggest finding better options when displaying larger data-sets. On the positive side, 
the libraries could handle 100 000 data-points efficiently. The main problem was the initial 
geographical calculations taking too long. The libraries were mostly separated from the SVG
and Canvas tests and those tests only used pre-calculated arrays.

6.5 Ethical aspects
When working with technologies for creating and spreading information it can also be used 
for misinformation. Helping people spread information could be used maliciously or could 
also be used to unintentionally spread wrong information. We need to be aware about this 
issue and also work on ways to prevent the spread of misinformation and have people being
critic of their sources of information. However this is a risk that always comes with this type 
of work and it is almost, if not impossible to avoid with this study alone.
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 7 Conclusions

7.1 SVG or Canvas
Canvas clearly scales better than SVG when drawing large amount of elements, Canvas is 
around four times faster than SVG in this case. However, after the first rendering, the 
performance difference is only around 30%, in favour of SVG. For some applications the 
initial rendering time may be worth it to work with SVG, if scaling or hover-over effects are 
necessary. These may be the most important functionalities that are lacking in Canvas, for 
the purpose of heat-maps. However, this kind of functionality is currently being developed 
and tested and may be available to Canvas in the future. The two technologies are both still 
useful for different purposes, depending on the exact functionality you are looking for in a 
heat-map either of them could be the better choice. If initial rendering performance is 
important, then Canvas is clearly the better choice.

D3.js with Hexbin and Hexgrid is not suitable for 100 000 elements. There are many other 
libraries that provide visualisation for JavaScript, which could potentially be better. D3.js is a 
general visualisation library that brings functionality for all kinds of visualisation, a more 
specialised library could provide better performance.

7.2 Future works
All the tests were done with the same hexagon radius, which means that functions such as 
redrawing a single hexagon would only involve a small amount of pixels. Trying different 
sized elements could be used to further compare SVG and Canvas.

In this study, both resolution and amount of elements were increased together. It could also 
be interesting to see how an increase in only resolution compare an increase amount of 
elements.

Testing the experimental functions such as addHitRegion() or other ways to add hover effect
on Canvas could be tested to see if the performance is good with many elements. This 
functionality could of course be changed in the future so it could be worth waiting until it is 
out of experimental status.

The library uses a considerable amount of resources, testing it against other libraries with 
similar functionality could also be useful. Alternatively it could further be optimized by writing
functions specifically for the functionality that is needed and then test how much of an 
improvement that provides. 

Testing in different browsers and with different hardware could provide different and more 
conclusive results.
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