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Abstract
This bachelor thesis dives into the topic of responsive images on the web. With more and
more devices different devices accessing the web all with different conditions, serving the
right image for each and every device is an important matter. This thesis looks into the topic
and compares a few available techniques that potentially could solve this problem of
providing the right image.
This thesis will include a literature study as well as an experiment. When both these parts
are done they will be presented, analyzed and summarized for the reader. The experiment is
a performance benchmark of two different responsive image techniques, a non responsive
image alternative is also tested in order to have something to evaluate the responsive image
techniques with and see how big of a difference the techniques can make.
Ultimately both responsive image techniques put through the experiment performed
relatively even and both showed huge improvements in terms of performance over the non
responsive alternative.
Keywords: Responsive images, Responsive Web Design, RWD, Web.
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1 Introduction
After Apple released their first iPhone back in 2007 [1] the smartphone market has seen an
huge growth and today most people own a smartphone of some manufacturer. With the
more user friendly interfaces the new smartphones provided more and more people started
to browse the web with their phones. With the increase of web traffic coming from mobiles
and tablets web developers began to adapt their sites to not only work but also look good on
smaller screens. This technique is called RWD (Responsive Web Design). RWD allows a
website's design and/or layout to change depending on the size and aspect ratio of the
screen browsing it [13].
RWD has made a huge improvement for people browsing the web on mobile devices and
developers are constantly getting better and better on adapting new RWD techniques. A
problem that RWD doesn’t solve is adjusting the size of the website depending on device
accessing it. A mobile device is often used on a cellular network with limited bandwidth
compared to a computer that usually has a broadband or fiber connection. A large website
can therefore often take some time to load on a mobile device. One big factor to a website's
size are the images. Even though images can be scaled down to look good with RWD the
images loaded are still the full size images and will still take the same amount of time to load
even if they are displayed as smaller on the client side [19].
A solution to the problem of having to load unnecessary large images on small devices are
responsive images. There are several different responsive images techniques to tackle this
problem. Responsive images makes it possible to load appropriate sized images depending
on the browsing devices specifications. Instead of loading full size images and scaling them
down on the device it’s possible to load smaller images directly and save reduce the data it
takes to load the site.
In this thesis we will look into a couple of different responsive images techniques. We will
investigate and implement them. We will also do a benchmark experiment on a couple of the
techniques. In the benchmark we will compare page load times based on different bandwidth
limitations, amount of HTTP requests that are done, and a few other variables as well. We
will evaluate the different techniques based on their functionality, ease of use, validity, and
their performance in the benchmark experiment.
The expected outcome of this thesis is that we can have a clearer view of some of the
available responsive images techniques and the affect they can have when implemented on
a website.
.
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2 Background
With the breakthrough of smartphones and tablets web traffic from mobile devices started to
increase. At the same time traffic from desktop computers began to fall and is still constantly
decreasing (see Figure 2.1). Figure 2.1 below from gs.statcounter.com [2] shows a rough
platform comparison of web traffic. As of July 2016 Mobile traffic is sitting at 44,7% while
desktop traffic is just above 50% with 50,05%. If mobile web traffic keeps taking shares in
the same rate as this data from statcounter shows it should surpass desktop web traffic no
later than by the end of 2016.

Figure 2.1 Platform comparison of web traffic from July 2012 to July 2016 from gs.statcounter.com.

With the increased number of people browsing the web from mobile devices developers
started to adapt their websites to be more available and easy to browse from mobile devices.
In the beginning developers often made two versions of a website, separate from each other.
One desktop version and one mobile version. This solution worked but made it hard for
developers since they now had two separate websites to maintain instead of just one. As
mobile web browsing kept increasing and more devices with all kinds of screens and
different screen properties appeared the problem grew. In May 2010 Ethan Marcotte came
up with and defined the term RWD in an article in “A List Apart” [3].
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2.1 HTML
HTML, short for Hypertext Markup Language is one of the core technologies for building
websites. HTML is a markup language providing the structure of a web page. Elements of
the language marks pieces of content for example paragraphs, lists, tables and headings [4].
The latest HTML specification HTML5 was released in October 2014, and with it came many
new additions to the markup language such as native video and audio support, the picture
element, full svg and canvas support to name a few. HTML5 was also developed with mobile
devices in mind with a focus on lower powered devices.

2.2 CSS
CSS (Cascading Style Sheets) is together with HTML one of the cornerstones in web
development. CSS is a stylesheet language used to format and style documents written in a
markup language. CSS is and has for a long time been a very important technology in web
development and is today used in almost every website and web application [4].

2.3 JavaScript
JavaScript (Often shortened JS) is a object oriented and lightweight programming language.
Together with HTML and CSS, JavaScript is one of the three core technologies on the web.
JavaScript runs on the client side and can for example be used to program how a web page
should behave on different events. It’s a powerful scripting language and is often used to
control web pages behaviour [5]. In the recent years JavaScript has also become a popular
language to use on the server side with one of the biggest rising stars being Node.js [6].

2.4 PHP
PHP is a server side programming language, originally designed for web development. PHP
can be used on the server side to do the critical work of file management and database
access [12]. PHP is well suited for working with files and therefore also images.
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2.5 Responsive web design
Up until the last few years websites were often designed with a fixed width to fit well on
common screen sizes of desktops. The most used width were often 800 pixels. When the
pages were viewed on wider monitors you would normally see white spaces on each side of
the page's content (Figure 2.2), larger screens had more white space while smaller screens
had less or sometimes even none at all if the width of the screen was less than the fixed
width of the page. When the iPhone and other multi touch devices with complete web
browsing capabilities came around designers knew that the web browsing experience wasn’t
optimal for those devices.

Figure 2.2 Showing white space on IKEA's website. The white space can be seen to left and right of the
content. The page content is fixed to 1060 pixels.

The first iPhone had a screen width of 320 pixels [13] and most sites were designed with a
width of 800 pixels or greater as stated earlier. Because designers were accustomed to use
fixed widths when designing websites it was natural to make a seperate mobile version of
the page, specifically designed for mobile screens. Mobile web browsers were often
automatically redirected to the mobile version of the site visited. These mobile versions sites
often used the m-subdomain (http://m.example.com). The problem with these mobile version
sites were that they often were a stripped down version of the full website and was missing
features and functionality. Since the developers had to maintain and develop two separate
sites, it was easy to skip out on some of the features of the mobile version to save time. This
approach worked out ok for a while but later when mobile devices became even more
popular and capable designers started to look for other solutions [13].
The concept of responsive web design was first introduced by Ethan Marcotte in 2010 [3].
Responsive web design or RWD is all about getting the right design on every single device.
It’s a combination of the two concepts media queries and flexibility (media queries are
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described further in chapter 2.7). RWD uses media queries to rearrange content and
flexibility to scale the page content properly, see Figure 2.3 - 2.5. If RWD is applied correctly
a page should both look and work good on any device available on the market today, and
even on devices that are released in the future [13].

Figure 2.3 The verge website viewed on a desktop computer.

Figure 2.4 (left): The verge website viewed on a tablet. Figure 2.5 (right): The verge website
viewed on a mobile phone.

2.6 Viewport
The viewport is the user's visible area of a website on the screen and can vary depending on
device and/or browser [20].

2.7 Media query
Media queries are the key of making websites responsive to the device it’s browsed on. CSS
media queries makes it possible to apply different styles based on different variables of the
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device it’s viewed on. It’s most common to base the media queries on the device's viewport
width [13].

2.8 Breakpoints
Breakpoints are an important concept in RWD and is used in combination with media
queries. A breakpoint is a point at which it’s possible to use a media query to change the
page design. Several breakpoints can be utilized to break up the design in different variants
[13].

2.9 Responsive images
With RWD it’s possible to use the flexibility practise to scale images properly based on the
screen viewing the page. Though even if the image is scaled down it’s still the full size image
that’s being loaded from the server because the rescaling of the image is only happening on
the client side. This does mean that websites could potentially take unnecessary long time to
load on screens that does not demand or need the full sized images. [19].
Responsive images is a concept for solving this problem. The main idea of responsive
images is to make images look crisp and clear on all display sizes but at the same time
minimize load times and image size. Loading huge images just to scale them down and
display them on a tiny phone screen is often seen as bad practise. Most responsive image
techniques are based on having multiple versions of the same image but with different
variations in size. The device browsing the page should then request and load the
appropriate sized image for the device. The selection of the image could be based on
different variables such as viewport size, screen size or connection speed [13].

3 Method
In this thesis we will conduct both a literature study and an experiment. The experiment is
relevant for this thesis since this thesis has a focus on performance, and there really is no
information on performance differences between the techniques to be found on. The
Literature study is required to be able to understand the field, techniques and differences
between techniques.
With these two researches we feel confident that we can answer the research questions.
This thesis will focus on a few different popular techniques for responsive images since it’s
not realistic to test and cover all available techniques.

3.1 Research questions
RQ1. What are responsive images and is it important?
It’s important to understand the concept before getting into it further. This will also contribute
to the evaluation of the techniques. The first half of this question “What are responsive
images” should be answered through the literature study. The second part “Is it important?”
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should be answered with the results from the literature study as well as with the results of
the experiment.

RQ2. How does different responsive image perform?
In this thesis a few different techniques of responsive images will be selected and a literature
study on the techniques will be made. With help of the literature study a couple of techniques
will be selected and will be implemented and tested in a performance benchmark experiment
to see how they perform and to compare the results.
RQ3. Which technique is the fastest?
Which technique performs the best? With the results of the experiment, this question should
be easy to answer. Note that not all techniques will be covered in depth in this thesis and
only the ones tested will be evaluated in this question.

3.2 Selection of techniques
We will be using GitHub to find popular responsive images projects. We will then select the
top projects based on amount of forks and stars and do further research on them.
From these selected techniques we will then select two techniques to run an experiment on.
These two techniques should have a wide browser support and be in a stable state. We will
not select any techniques that rely on third parties. All techniques should be able to be
tested in an offline environment. The techniques chosen should also be comparable and
solve the responsive images problem in a relatively similar way.

3.3 Literature study
To perform the literature review the “snowballing” strategy will be utilized. This means that
when we find relevant papers we will go through the papers references and sources and use
these to continue our information and knowledge gathering. This will help us find more
relevant data faster, since we don’t have to go back to the databases and search engines
and manually search for papers and books.
To find relevant papers Summon@BTH [7], Google [8] and Google Scholar [9] will be used.
The following keywords will be used on the stated search engines “Responsive web design,
responsive images, responsive web images, RWD” we feel confident that we will find
relevant papers based on these keywords. Because of the rapid evolution of this topic, it
could be hard to find proper academic sources, especially about the different responsive
image techniques in particular. Google will be used to find and gather more information on
the techniques from sources such as official websites and blog posts.

3.4 Experiment
The experiment, this is the second part of the empirical study. The experiment will be used
to compare and benchmark the performances of two different responsive image techniques.
The two techniques will be selected based on knowledge and information from the literature
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study. To carry out this experiment a test suite will be set up. Two base template web page
will be created with as little code as possible. One page with one image and one page with
five images. These templates will be forked for each technique. The required code for each
technique to work will then be applied to the respective fork. The base template will also go
through the experiment, this way we have a clean, non responsive image page to compare
the results with. The techniques will then be ran through different test cases (see 3.3.2) and
evaluated on the variables in 3.3.1. Each test case will be completed three times for each
technique to get a fair average value.

3.3.1 Evaluation
The following variables will be evaluated for each technique and test case during the
experiment.
Page load time

The time it takes for the page to load from the time the page
is first requested to the time it’s completely loaded.

HTTP request(s) done

The amount of HTTP requests that’s made from the browser
until the page is completely loaded.

Extra page size

The total page size in kb of the completely loaded page.

HTML Validity

Passes the W3C Markup Validator [10].

All pages will be checked for validity with the W3C Markup Validator [10]. We will check the
extra size impact each technique has on the page and how many HTTP requests that are
done, this is done through Chrome DevTools. The page load time is also measured with
Chrome DevTools with help of the Network Timeline that’s built in.

3.4.2 Test cases
To test the performance of the techniques different test cases will be used.
The tests will be running on different breakpoints. The following breakpoints will be used to
perform tests on:
1920px

1280px

1024px

480px

All techniques will be tested on all breakpoint three times to get a average value.
This process will be completed twice for each technique, one time with one image on the
page and one time with five images on the page. This concludes a completed test suite and
will include 72 test runs.
At Least two complete test suites will be performed, one on each bandwidth limit. The
following bandwidth limits will be used in the tests.
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Regular 3G speed, 750kb/s

Regular WIFI speed, 30Mb/s

The bandwidth limits will be made possible with the throttling function in Chrome DevTools.
When the two test suites are completed a total of 144 tests will have been made.

3.4.3 Validity threats
Since the tests will be performed on a single computer on a local network working as both
server and client, we will be able to eliminate some risks when testing, one of them beeing
network hiccups and other possible networking problems.
There are always risks when working with computers, it’s impossible to know or control what
the computer is doing in the background and performance could therefore possibly be
affected in a negative way during some tests. To make this risk less prominent all tests will
be executed three times and will be summarized by an average of the three values as stated
earlier. We will also take action to have a clean test environment without any unnecessary
programs running.

4 Results
4.1 Literature review results
With this literature review we will present our findings regarding a few responsive image
techniques. The techniques that has been reviewed are Picturefill and Adaptive Images. The
techniques Sencha and HiSRC is also mentioned and are lightly covered as alternatives.
The review results covers the concept around every technique and how they can be
implemented.

4.1.1 Picturefill
Like stated in the background chapter most responsive image techniques are client side
JavaScript solutions. Picturefill is a polyfill. A polyfill is a piece of code that mimic newer
HTML/CSS features and makes them available in browsers where they are not officially
supported. In the case of Picturefill it mimics the picture element in HTML5 which is set to be
the standard for handling responsive images in the future. The picture element is not yet fully
compatible across all browsers and that’s where Picturefill comes into play [21]. With the
srcset and sizes attributes it makes it possible for web developers to deliver appropriate
images for different devices. Normally with the img element in HTML you are only be able to
specify one image source for an image but with the addition of srcset or sizes it’s possible to
specify several different sources [20] for and image. A source is described by viewport size
or pixel density. The browser is then able to choose the most suitable image source for the
device browsing. The browser then sends a request for the image source selected,
downloads it and displays it on the device like it would normally do [13].
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It’s important to know that Picturefill doesn’t handle any actual compression or down scaling
of images. Picturefill is working on the client side only and the image sources will therefore
have to be prepared on the server before hand.

4.1.1.1 Implementation
Picturefill requires some changes in the HTML markup as well as the inclusion of a
JavaScript file. The JavaScript file can be downloaded from the official Picturefill website [16]
and comes in a development version as well as in a minified production version. To start
using it you’ll have to download one of the two versions and reference it in your document's
head with the line below.
<script src="picturefill.js"></script>

With the above done it’s now possible to add responsive images to the page. This is
possible to do in severals different ways using Picturefill. For example with srcset by
specifying pixel density or viewport size.
<img srcset="images/cats/cat1_720.jpg 1x, images/cats/cat1_1080.jpg 2x"
alt="Image">

The above code will serve devices with a pixel density higher than two with the larger image
while devices with lower pixel density will be served with a smaller but otherwise identical
image.
It’s also possible to use Picturefill with the picture element combined with media queries.
These media queries works like media queries in CSS would normally do, it’s possible to
specify exact breakpoints for the different image sources. If we look at the example below
we can see that a device with a viewport of 480 pixels or less will be served with the image
named 480.jpg while a device with a viewport of 481-1279 pixels will be served the 1280.jpg
image.
<picture>
<source srcset="img/1920.jpg" media="(min-width: 1281px)">
<source srcset="img/1280.jpg" media="(min-width: 481px) and (max-width:
1280px)">
<img srcset="img/480.jpg" alt="Image">
</picture>

4.1.2 Adaptive Images
Adaptive Images is unlike Picturefill not a client side solution, it’s a server side solution. This
means that instead of solving the problem with JavaScript, HTML and CSS it’s up to the
server to do the tricks. Adaptive images in written in PHP and requires a server with Apache
and PHP to be able to work. It’s also depending on GD lib [17], which in most cases comes
pre-installed with PHP and is a tool for handling image compression. Unlike Picturefill
Adaptive Images doesn’t require any changes in the HTML, it is however dependent on one
line of JavaScript to work.
Adaptive Images works by detecting the device's screen size and not the actual viewport.
This is a client side event and is solved by the line of JavaScript that has to be added. When
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the client knows the screen size, it will send a request to the server for the image. Adaptive
Images also requires a slightly modified .htaccess file to work, this to intercept the normal
image request from the browser on the server side. When the request for the image comes
to the server the server will check for any statements in the .htaccess. The modified
.htaccess file will state that any incoming requests for JPEG, PNG and GIF files should be
sent to adaptive-images.php. The request will be sent to adaptive-images.php where it will
check the screen size in the request and look for an appropriate image to send back [16]. If it
can’t find one it will create a new compressed from the original image and send it back to the
client where it later is displayed. This means that by using this solution all images will be
compressed automatically and it’s not necessary to do it manually.
Adaptive images can easily be tweaked to the developers own parameters. It’s possible to
change compression quality, folder where the compressed images will be cached as well as
breakpoints at which images will be served.

4.1.2.1 Implementation
To start using Adaptive Images the required files from the official website [16]. It does
require a server with Apache and PHP installed. All necessary files comes with the
download, including the PHP script adaptive-images.php and the .htaccess file. These two
files should be put in the server's document root.
It’s then needed to include the following script in the head of the webpage
<script>document.cookie='resolution='+Math.max(screen.width,screen.height)+';
path=/';</script>

As stated earlier this is the only client side modification needed.
To tweak the function and settings of Adaptive Images open the adaptive-images.php and
edit the settings at the top.

4.1.3 HiSRC
HiRSC is a JQuery based solution and works a little differently that the normal polyfill
solutions like Picturefill. HiSRC works by always loading the smallest image directly and then
if needed load a bigger image more suitable for the device [17].

4.1.3.1 Implementation
The implementation is fairly simple. JQuery is required and will have to be available on the
page where HiSRC should be utilized. HiSRC is available to download on the official GitHub
[17]. This JQuery script will then have to be referenced in the documents head.
The syntax for adding responsive images in HiSRC looks like the following.
<div class="hisrc">
<img src="images/cat.jpg" data-1x="images/cat-400x200.jpg"
data-2x="images/cat-800x400.jpg">
</div>
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4.1.4 Third party solutions
There are many third party cloud based solutions available. Sencha [18] is one of them.
These services works by detecting the device browsing the page and then compresses and
scales the original image to better suit that specific device. These services often charge
based on the amount of data that’s utilized through the service.

4.2 Experiment
We ran the experiment on the following two techniques, Picturefill and Adaptive Images.
These two techniques was selected because they passed the criteria stated in 3.3 Selection
of techniques. HiSRC did pass the criteria as well but since it utilizes the device bandwidth
instead of the devices screen properties it was not suitable to include in the experiment. We
ended up with Adaptive Images and Picturefill which we were able to implement and
measure in a fair way since they work relatively similar.
The experiment was concluded by running a total of 144 tests. The tests consisted of a run
through the entire test suite twice, one time for each of the two bandwidth limits.
The test suite contained tests for each selected technique including testing of a base page
with no technique applied. Each technique had a one image page as well as a five image
page tested. All individual tests were ran three consecutive times to get an average value for
our page load time variable. The other measurement variables, validity, page size and HTTP
requests only had to be collected once for every test case since they would be static.

Figure 4.1 Shows the amount of tests that was made on each bandwidth.
We used a JPEG image for the tests, for the tests with five images we used the same image
as in the single image test by copying it four times and changing it’s name from 1920_0 to
1920_1, 1920_2 etc.

.
Figure 4.2 Shows size of the image on the different width resolutions used as the
breakpoints.
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4.2.1 Test environment
All tests were made on a 15” Macbook Pro, Late 2013 edition.
Software used:
● OS X 10.11.6
● Google Chrome 52.0.2743.116
● Javascript 1.7
● PHP 5.6
● Apache 2.4.18
● Picturefill 3.0.2
● Adaptive Images 1.5.2
Before we ran the tests we made sure all plugins in Chrome were disabled. All browser data
was cleared as well as the cache and cookies. Chrome's DevTools was started. All other
unnecessary programs running on the computer were also shut down.

4.2.2 Test pages
All techniques had two versions of test pages, one with a single image displayed and one
with five images displayed.
The base page was stripped down and made with as little code as possible. Since the focus
was to compare the techniques.
The base page was written in HTML markup and does import a CSS file named base.css.
The base page had no responsive image technique applied and was loading the full sized
images at all times. The purpose of this was to have something to compare the techniques
results with. We call these base tests base1/base5.
All techniques had test pages made in two versions, a one image version and a five image
version. We will refer to Picturefills test pages as picturefill1/picturefill5 and Adaptive
Images test pages as adaptive1/adaptive5

Figure 4.3 Showing some of the file structure of the test pages
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Base1
Base page with one image.
<!DOCTYPE html>
<html>
<head>
<meta charset="utf-8">
<meta name="viewport" content="width=device-width, initial-scale=1">
<title>Responsive images experiment</title>
<link rel="stylesheet" type="text/css" href="base.css">
</head>
<body>
<header>
<h1>Responsive Image experiment: BASE1</h1>
</header>
<main>
<img alt="Image" src="img/1920_0.jpg">
</main>
</body>
</html>

Base5
Base page with five images.
<!DOCTYPE html>
<html>
<head>
<meta charset="utf-8">
<meta name="viewport" content="width=device-width, initial-scale=1">
<title>Responsive images experiment</title>
<link rel="stylesheet" type="text/css" href="base.css">
</head>
<body>
<header>
<h1>Responsive Image experiment: BASE5</h1>
</header>
<main>
<img alt="Image" src="img/1920_0.jpg">
<img alt="Image" src="img/1920_1.jpg">
<img alt="Image" src="img/1920_2.jpg">
<img alt="Image" src="img/1920_3.jpg">
<img alt="Image" src="img/1920_4.jpg">
</main>
</body>
</html>

Picturefill1
Page with picturefill implemented on one image.
<!DOCTYPE html>
<html>
<head>
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<meta charset="utf-8">
<meta name="viewport" content="width=device-width, initial-scale=1">
<title>Responsive images experiment</title>
<link rel="stylesheet" type="text/css" href="base.css">
<script async="" src="picturefill.min.js"></script>
</head>
<body>
<header>
<h1>Responsive Image experiment: PICTUREFILL1</h1>
</header>
<main>
<picture>
<source srcset="img/1920_0.jpg" media="(min-width: 1281px)">
<source srcset="img/1280_0.jpg" media="(min-width: 1025px) and
(max-width: 1280px)">
<source srcset="img/1024_0.jpg" media="(min-width: 481px) and
(max-width: 1024px)">
<img srcset="img/480_0.jpg" alt="Image">
</picture>
</main>
</body>
</html>

Picturefill5
Page with picturefill implemented on five image.
<!DOCTYPE html>
<html>
<head>
<meta charset="utf-8">
<meta name="viewport" content="width=device-width, initial-scale=1">
<title>Responsive images experiment</title>
<link rel="stylesheet" type="text/css" href="base.css">
<script async="" src="picturefill.min.js"></script>
</head>
<body>
<header>
<h1>Responsive Image experiment: PICTUREFILL5</h1>
</header>
<main>
<picture>
<source srcset="img/1920_0.jpg" media="(min-width: 1281px)">
<source srcset="img/1280_0.jpg" media="(min-width: 1025px) and
(max-width: 1280px)">
<source srcset="img/1024_0.jpg" media="(min-width: 481px) and
(max-width: 1024px)">
<img srcset="img/480_0.jpg" alt="Image">
</picture>
<picture>
<source srcset="img/1920_1.jpg" media="(min-width: 1281px)">
<source srcset="img/1280_1.jpg" media="(min-width: 1025px) and
(max-width: 1280px)">
<source srcset="img/1024_1.jpg" media="(min-width: 481px) and
(max-width: 1024px)">
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<img srcset="img/480_1.jpg" alt="Image">
</picture>
<picture>
<source srcset="img/1920_2.jpg" media="(min-width:
<source srcset="img/1280_2.jpg" media="(min-width:
(max-width: 1280px)">
<source srcset="img/1024_2.jpg" media="(min-width:
(max-width: 1024px)">
<img srcset="img/480_2.jpg" alt="Image">
</picture>
<picture>
<source srcset="img/1920_3.jpg" media="(min-width:
<source srcset="img/1280_3.jpg" media="(min-width:
(max-width: 1280px)">
<source srcset="img/1024_3.jpg" media="(min-width:
(max-width: 1024px)">
<img srcset="img/480_3.jpg" alt="Image">
</picture>
<picture>
<source srcset="img/1920_4.jpg" media="(min-width:
<source srcset="img/1280_4.jpg" media="(min-width:
(max-width: 1280px)">
<source srcset="img/1024_4.jpg" media="(min-width:
(max-width: 1024px)">
<img srcset="img/480_4.jpg" alt="Image">
</picture>
</main>
</body>
</html>

1281px)">
1025px) and
481px) and

1281px)">
1025px) and
481px) and

1281px)">
1025px) and
481px) and

Adaptive1
Page with adaptive images implemented on one image.
<!DOCTYPE html>
<html>
<head>
<meta charset="utf-8">
<meta name="viewport" content="width=device-width, initial-scale=1">
<title>Responsive images experiment</title>
<link rel="stylesheet" type="text/css" href="base.css">
<script>document.cookie='resolution='+Math.max(screen.width,screen.height)+';
path=/';</script>
</head>
<body>
<header>
<h1>Responsive Image experiment: ADAPTIVE1</h1>
</header>
<main>
<img alt="Image" src="img/1920_0.jpg">
</main>
</body>
</html>
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Adaptive5
Page with adaptive images implemented on five image.
<!DOCTYPE html>
<html>
<head>
<meta charset="utf-8">
<meta name="viewport" content="width=device-width, initial-scale=1">
<title>Responsive images experiment</title>
<link rel="stylesheet" type="text/css" href="base.css">
<script>document.cookie='resolution='+Math.max(screen.width,screen.height)+';
path=/';</script>
</head>
<body>
<header>
<h1>Responsive Image experiment: ADAPTIVE5</h1>
</header>
<main>
<img alt="Image" src="img/1920_0.jpg">
<img alt="Image" src="img/1920_1.jpg">
<img alt="Image" src="img/1920_2.jpg">
<img alt="Image" src="img/1920_3.jpg">
<img alt="Image" src="img/1920_4.jpg">
</main>
</body>
</html>

4.2.3 Technique specific precautions
Here we describe extra steps that we had to go through to be able to test each technique.

Picturefill
The browser was scaled to the breakpoint width of each test case 1920px, 1080px etc.
before the test was ran. Since Picturefill uses JavaScript which checks the viewport on the
client side before requesting the image the browser's viewport had match the current test
case width. With the help of Chrome DevTools it was possible to check the viewport in the
top right corner of the browser, a simple and good solution.
Since Picturefill doesn’t handle the image compression by it’s own, the images has to be
prepared before we could test Picturefill. To get fair results when comparing Picturefill and
Adaptive Images we decided to let Adaptive Images handle the compression of the images
and take these new compressed images and use them in the Picturefill tests as well. In this
way we were able to eliminate the risk of different sized images to affect our result data.

Adaptive Images
Adaptive Images is dependant on some changes to the server's .htaccess file, mod_rewrite
had to be enabled in the apache configuration before the technique would work.
Since Adaptive Images doesn’t use the device viewport size to decide which image to
request from the server but actually uses the screens real dimensions We had to make a few
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changes in the JavaScript line that’s required by Adaptive Images to be able to run the test
cases without smoothly. We found the snippet below in an issue on the official Adaptive
Images GitHub page [15].
<script>document.cookie='resolution='+480+'; path=/';</script>

With the help of this snippet we could force Adaptive Images to think we used a device with
a screen width of what we specified inside the script. 480px for example as in the snippet
line above. Then we just had to change this value in the script on every breakpoint we
tested.

4.3 Experiment results
The values presented as page load time is average values from the tests, the exact test
values can be found in the Appendix.

4.3.1 Page load time 3G with one image
The clean HTML page (base1) got a page load speed of 20,42s and 20,43s across all
breakpoints during the test runs. Picturefill fell behind shortly at the 1920px test case.
Picturefill got a page load time of 8,05s at 1280px, 5,55s at 1024px and 1,57s at the smallest
test case 480px. Adaptive Images was in line with base1 at the 1920px test case. It got page
load times slightly faster than Picturefill on both 1280px and 480px while performing a bit
worse than Picturefill on the 1024px test case.

Figure 4.4 Page load time results on 3G connectivity with one image.
22 of 36

Analysis of page load time 3G with one image
The first thing that shows clearly is that our responsive image techniques are working well on
the smaller breakpoints. As expected they performed near identical to the base page when
using the largest breakpoint 1920px. This was expected since there is no downscaling or
compression happening here, the original images is served. Picturefill seems to be just a
little slower than the other two on the 1920px tests, this may be caused by the picturefill
script that has to loaded. Adaptive images seems to be just a little faster than Picturefill on
across the other breakpoints except 1024px for some reason. We expected Picturefill to be
slower due to the extra time it takes to load the Picturefill script as well as do the client side
calculations. The results of the 1024px breakpoint doesn’t show any indication of this
though.

4.3.2 Page load time 3G with five image
Loading all five images on the 1920px test case took 102s across all techniques. The base
page took 102s to load all five images on all breakpoints. Picturefill and Adaptive Images
performed similar on all test cases with Adaptive Images being 80-300ms faster on all of
them except 1920px where they performed identically. Picturefill is more than 32,6 times
faster on loading all five images on the 480px breakpoint than the base page. Adaptive
Images performed similarly to Picturefill and was 33,6 times faster than the base site on the
480px test case.

Figure 4.5 Page load time results on 3G connectivity with five images.
23 of 36

Analysis of page load time 3G with five image
With five images loading we see even bigger advantages for the responsive image
techniques. The pages where all extremely slow loaded on the 1920px breakpoint on the
limited bandwidth and took over 100 seconds to load. The step down to the 1280px
breakpoint already showed a big difference in load time, around 2,6 times faster with the
other techniques. The most interesting from these tests is at the 480px breakpoint where we
were able to reduce the page load time with over 30 times on the both responsive image
techniques. These are huge improvements. Just as the one image tests at 3G speed we
could see a trend of Picturefill falling just a little bit behind Adaptive Images, Most likely this
is caused by the client side calculations and loading of the Picturefill script.

4.3.3 Page load time WIFI with one image
It took the base page 525-528ms to load the entire page on all breakpoints. Picturefill and
Adaptive Images both completed the 1920px test in 530ms, slightly behind the base page. At
the 1280px breakpoint Picturefill took 215 seconds to load the page, Adaptive Images
completed the test 2ms faster with a time of 213ms. At 1024px Adaptive Images once again
was slightly faster than Picturefill, this time 6ms faster with a time of 147ms versus
Picturefills 153ms. At the 480px test case both Picturefill and Adaptive Images landed just
around 50ms with Adaptive Images once again just slightly faster.

Figure 4.6 Page load time results on WIFI connectivity with one image.
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Analysis of page load time WIFI with five image
When looking at the tests with WIFI speed we expected to see a smaller difference in terms
of seconds and milliseconds between the responsive Image techniques and the base page,
this turned out to also be the case. Loading the base page only took around 525ms, which is
already pretty fast. We once again saw a huge reduction of page load time when running the
tests on the lower breakpoints with the Picturefill and Adaptive Images, in terms of percent.
With picturefill we saw a ten times reduced load time compared to the 1920px breakpoint
and Adaptive Images performed even better.

4.3.4 Page load time WIFI with five image
The base page took 2480ms to completely load on 1280x, 1024px and 480px while being
10ms slower on 1920px with a load time of 2490ms. Both Adaptive Images and Picturefill
performed the same as the base page on 1920px with a load time of 2490ms. Adaptive
Images and Picturefill both completed the three remaining test cases with times under
1000ms on all of them.

Figure 4.7 Page load time results on WIFI connectivity with five images.

Analysis of page load time WIFI with five image
Adaptive Images performed slightly better than Picturefill on breakpoints except for 1920px
where they performed the same. Picturefill was very close to Adaptive Images on both
1280px and 1024px which indicates that the Picturefill script is actually not very time
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consuming. At 480px we could see a loading time reduced by around 15 times compared
with the base page.

4.3.5 Other variables tested
Picturefill requires some Markup changes but still validates just fine. Adaptive Images
doesn’t require any changes to the markup and does as expected validate fine just as the
base page. Both techniques adds an extra HTTP request. Picturefill add an extra 12KB to
the page since it’s depending on the client side Picturefill JavaScript. Adaptive Images does
not add any additional size to the page but it’s server side PHP script is otherwise larger
than the Picturefill script.

Figure 4.8 Tested variables
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5 Analysis
It’s clear that responsive images could be to huge help when it comes to responsive web
design. The results from the experiment showed a huge reduction in loading times across all
of the tests with the two techniques Picturefill and Adaptive Images. The responsive image
techniques were most effective with a slow connection in the 3G speed tests, and showed to
be most effective in the five image 3G speed test where the load time was as high as 102
seconds for the base page, see Figure 5.1. Both Picturefill and Adaptive Images was able to
reduce the load time by more than 32 times at the 480px test case coming in just above 3
seconds, down from the original 102 seconds. That’s a huge reduction of load speed.

Figure 5.1 Showing page load time for each technique on the 3G five image test case
3G connectivity on mobile phones is still common today even though 4G is becoming more
and more available and 5G is just around the corner. For a site with more than a few images,
responsive images could make a huge difference and should really be considered as
important. As we saw in Figure 2.1 in Chapter two, according to statcounter which statistics
are collected from over 15 billion page hits each month, from over 3 million websites [2]. If
these numbers are legit the statistics shows that mobile web traffic should surpass desktop
web traffic later this year, if it hasn’t already done so. Mobile phone screens are usually
pretty small at around 5” and does not require very high resolution images for them to look
good. At the same time we want desktop computers and 4k monitors to be able to browse
the same webpage but with much higher resolution images. This is another reason to
consider responsive images to be important.
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If we summarize and compare our experiment results and findings of Picturefill and Adaptive
Images, Adaptive Images was just slightly faster across almost all test cases. The
explanation to this is probably the 12KB Picturefill script that has to be loaded by the client,
as well as the calculations Picturefill does on the client side to figure out which picture to get.
The difference in the loading times between the two techniques is really small, a few
milliseconds on WIFI speed and doesn’t really put Picturefill back in our opinion. Because
even though a implementation of Picturefill might take a couple of milliseconds extra to load
compared to Adaptive Images, the server does not have to do any extra work at all which it
does have to with the Adaptive Images solution. Since this thesis does not cover any
measurement on how heavy Adaptive Images actually is for the server, it’s hard to say how
heavy it would be for a server on a popular website to utilize this technology, but since the
PHP script is fairly simple and it does infact cache already resized and compressed images I
don’t think it would be that heavy.
Picturefill has the advantage of not needing any changes on the server side to work and is
also not depending on Apache or PHP which Adaptive Images is. This makes it possible to
implement Picturefill on almost any website. To Adaptive Images defence Apache and PHP
are very common technologies and are available on most server configurations. The most
hassle with Adaptive Images would certainly be the needed modification of the .htaccess file
which could cause some conflicts and problems if not done correctly. The server
configuration would also need to have mod_rewrite enabled to work. We feel like the
requirement of specific server infrastructure could possible set Adaptive Images back even
though PHP and Apache is really common today it’ still a drawback that the two techniques
are required in order to use the technique.
From our perspective the biggest advantage of Adaptive Images is that there are no need for
any changes in the markup. When Adaptive Images is setup on the server and the single
line of JavaScript is included in the document head, Adaptive Images will start serving
responsive images. This makes Adaptive Images very easy to implement on existing
websites and even on project with legacy code which we feel could be very valuable.
Another big advantage of Adaptive Images is the fact that it does handle the Image
re-scaling and image compression on its own. There is no need to prepare the different
image sources manually as you will have to do with the Picturefill solution.
We feel like both Picturefill and Adaptive Images are really good alternatives to solve the
responsive images problem and both do definitely feel like “Grown up” projects. They don’t
solve everything but they certainly do a good job at what they do. Both solutions might not
be suitable in every project since Adaptive Images require specific server infrastructure and
Picturefill requires changes in the markup for example. They have their pros and cons and
where one of them might not work well, the other might just do. See Figure 5.2 for a
comparison chart.
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Figure 5.2 Comparison chart of the Base page and Picturefil and Adaptive Images.
There are many other responsive image techniques (some covered in this thesis). The cloud
based CDN like services looks good and are very simple to implement. If you are willing to
spend extra money and involve a third party this might be a good solution.

5.1 Validity threats
We saw some minor flaws in the experiment. One of them was that if the page load time
exceeded 60 seconds, Chrome DevTools would report back the time in whole seconds and
not in milliseconds as otherwise. The 1920px breakpoint on the five page tests at 3G speed
was the only tests that exceeded 60 seconds of page load time. As a result we don’t have
the exact times for these tests, this doesn’t really impact the outcome of the experiment
negatively since we still can analyze the results just fine from the numbers we got.
The other flaw was that we saw Adaptive Images perform worse than Picturefill in two of the
test cases, where Adaptive Images probably should have performed the same as Picturefill
or maybe even better. We can’t really find a logical explanation to why Picturefill should have
performed better on these two occasions. Since the differences in time was so small ( just a
few milliseconds) and all other test cases indicates Adaptive Images. It’s almost impossible
to not have varying results on a computer when it comes to this small time measurements
and we also predicted that this could affect the experiment earlier in the method.
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6 Conclusion
We are very impressed of how much responsive images can help reducing page size and
load times on the web. We did not think they would be as easy as they were to implement
and utilize. From the information we’ve gathered in the literature study and the results we got
from the experiment we would definitely answer our first research question “is it important?”
by saying that we consider responsive images to be important. The amount of data that can
be saved as well as the reduction of load times is very significant and should be taken
seriously. The largest improvements are seen on mobile phones with slower mobile data
bandwidth such as 3G. The positive impact is smaller on higher speeds connection as well
as on larger screens. Another interesting fact is that the tested techniques did not in any test
case have a perceptible negative impact on the load times.
The two techniques for handling responsive images Picturefill and Adaptive Images were
compared and covered more in depth than the other techniques in this thesis. Both
techniques were ran through an experiment test suite were performance was measured. The
two techniques performed almost identically in all test cases of the experiment, Adaptive
Images was generally slightly faster to load the test pages, a few milliseconds faster across
all tests. The differences in loading time were really small and should in most cases not
matter.
The techniques covered in the thesis were all easy to implement. The Adaptive Images
technique is even possible to implement on old projects without any markup changes in the
documents which is a big advantage.
Adaptive Images is a server sided solution dependant of Apache and PHP to work as well as
a slightly modified .htaccess file, this could in some cases be a drawback for Adaptive
Images since not all server are running an Apache web server with PHP. Picturefill on the
other hand is a client side solution built in JavaScript which all popular browsers supports.
Picturefill does require some changes in the markup where images are specified as well as
the inclusion of a JavaScript file but that’s really all there is to it.
Since both techniques eventually solves the same problem but do so with different solutions
it’s hard to give a clear answer and say which technique is the best. Both solutions
performed very similar in the tests. They were both easy to implement. We can’t say that one
is better than the other, they will both solve the problem but are suitable for different kinds of
applications based on resources and requirements from the developer. In our eyes both
techniques are winners. But if we look at it in a complete performance point of view,
Adaptive Images was in our experiment faster than Picturefill.
Some other techniques were mentioned shortly during the thesis. Sencha which is a cloud
based third party solution is from our understanding another possible solution but does cost
a bit of money and involves including a third party. This service might not suit everyone but
for the ones it does it should definitely be a simple solution. HiSRC is another solution which
is in a way similar to Picturefill since it’s based on JQuery and acts on the client side.
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However HiSRC works a bit differently from Picturefill and the other techniques since it
selects which images to load based on the bandwidth connection. It’s not based on screen
properties or viewport dimensions like the other techniques.

6.1 Future work
The Picture element in HTML5 should soon be supported in most browsers, this would
possibly put Picturefill out of work. Picturefill do however offer support for older browser
versions which the picture element never will. But as time goes, older browser versions
becoming less and less used and developers stops to support them, this could mean that
Picturefill won’t be to any use anymore, but only the future will tell. This could be interesting
to follow up in the future.
HiSRC is the only technique covered in this thesis that takes bandwidth in consideration
when choosing a relevant image size. Picturefill and Adaptive Images are purely looking at
the screens variables. Two different approaches to Responsive Images that possibly could
be combined somehow to create an even better solution for the problem. This could be
interesting to look into or maybe even develop.

7 Glossary
Px A short term for pixels.
Server side Operations that are performed on the client, e.g on the user's computer..
Client side Operations that are performed on the server.
JPG, GIF, PNG Image file formats.
Chrome DevTools The Chrome Developer Tools (DevTools for short), are a set of web
authoring and debugging tools built into Google Chrome. [22]
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Appendix

Page load time test results for 3G 750kb/s

33 of 36

Page load time test results for WIFI 30mb/s
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Appendix extra files
.htaccess file used with Adaptive Images.
<IfModule mod_rewrite.c>
Options +FollowSymlinks
RewriteEngine On
RewriteCond %{REQUEST_URI} !assets
RewriteCond %{REQUEST_URI} !ai-cache
RewriteRule \.(?:jpe?g|gif|png)$ adaptive-images.php
</IfModule>

Adaptive Images settings used (top of adaptive-images.php).
<?php
/* PROJECT INFO
------------------------------------------------------------------------------------------------------Version:
1.5.2
Changelog: http://adaptive-images.com/changelog.txt
Homepage:
GitHub:
Twitter:

http://adaptive-images.com
https://github.com/MattWilcox/Adaptive-Images
@responsiveimg

LEGAL:
Adaptive Images by Matt Wilcox is licensed under a Creative Commons
Attribution 3.0 Unported License.
/* CONFIG
---------------------------------------------------------------------------------------------------------- */
$resolutions
= array(1920, 1280, 1024, 480); // the resolution break-points to
use (screen widths, in pixels)
$cache_path
= "ai-cache"; // where to store the generated re-sized images.
Specify from your document root!
$jpg_quality
= 99; // the quality of any generated JPGs on a scale of 0 to 100
$sharpen
= TRUE; // Shrinking images can blur details, perform a sharpen on
re-scaled images?
$watch_cache
= TRUE; // check that the adapted image isn't stale (ensures
updated source images are re-cached)
$browser_cache = 60*60*24*7; // How long the BROWSER cache should last (seconds,
minutes, hours, days. 7days by default)
/* END CONFIG
...
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