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INTRODUCTION The Humble <img> Element

CHAPTER ONE

The Humble <img> Element

he humble <img> element has gained some super-

powers over the years. Given how central it is to

image optimization on the web, let’s catch up on
what it can do.

The Basics

To place an image on a web page, we use the <img> ele-
ment. This is an empty element - it has no closing tag -
requiring a minimum of one attribute to be helpful: src,
the source. If an image is called donut.jpg and it exists in
the same location as your HTML document, it can be em-
bedded as follows:

<img src="donut.jpg">

To ensure our image is accessible, we add the alt attribute.
The value of this attribute should be a textual description of
the image, and is used as an alternative to the image when
it can't be displayed or seen; for example, a user accessing
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your page via a screen reader. The above code with an alt
specified looks as follows:

<img src="donut.jpg"
alt="A delicious pink donut.">

Next, we add width and height attributes to specify the
width and height of the image. The dimensions of an image
can usually be found by looking at this information via your
operating system’s file explorer (Cmd + I on macOS).

<img src="donut.jpg"
alt="A delicious pink donut."
width="400"
height="400">

When width and height are specified on an image, the
browser knows how much space to reserve for the image
until it is downloaded. Forgetting to include the image’s
dimensions can cause layout shifts, as the browser is unsure
how much space the image will need.

Modern browsers now set the default aspect ratio of images
based on an image’s width and height attributes, so it’s
valuable to set them to prevent such layout shifts.

27
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Hovering over an image in the Chrome DevTools Elements panel displays
the dimensions of the image as well as the image’s intrinsic size

Swapping Out Images

What about switching image resolution? A standard <img>
only allows us to supply a single source file to the browser.
But with the srcset and sizes attributes we can provide
many additional source images (and hints) so the browser
can pick the most appropriate one. This allows us to supply
images that are smaller or larger.

<img src="donut-800w.jpg"
alt="A delicious pink donut."
width="400"



INTRODUCTION The Humble <img> Element

height="400"

srcset="donut-400w.jpg 400w,
donut-800w.jpg 800w"

sizes="(max-width: 640px) 400px,
800px">

The srcset attribute defines the set of images the brows-
er can select from, as well as the size of each image. Each
image string is separated by a comma and includes: a
source filename (donut-400w. jpg); a space; and the image’s
intrinsic width specified in pixels (400w), or a pixel density
descriptor (1x, 1.5x, 2x, etc.).

The sizes attribute specifies a set of conditions, such as
screen widths, and what image size is best to select when
those conditions are met. Above, (max-width:640px) is a
media condition asking “if the viewport width is 640 pixels
or less,” and 400px is the width the image is going to fill
when the media condition is true.

Even those images which are responsive (that is, sized
relative to the viewport) should have width and height
set. In modern browsers, these attributes establish an
aspect ratio that helps prevent layout shifts, even if the
absolute sizes are overridden by css. (Chapter 11 covers
responsive images.)

29
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Image Loading

What about offscreen images that are not visible until a
user scrolls down the page? In the example below, all the
images on the page are “eagerly loaded” (the default in
browsers today), causing the user to download 1.1 M8 of
images. This can cause users’ data plans to take a hit in
addition to affecting performance.

MooGs 30 x 610 90%v Omnev O i [ (] Eomems Pedomance Nework » al® i

x
® © ¥ Q OPreseveiog @ Dissblecache Onine ¥ | £ & | &

Fiter (1) Hide data URLs
Al XHR Js CsS () Media Font Doc WS Manifest Other [ Has blocked cookies
() Blocked Requests

moms woms ooms

Image Gallery =

Name Sz Tme  Priorty Waterfall
= Photo- 1516876437 1B4-5030...  166K8 186 ms Low
& photo-1570351807564-12...  692k8 205 ms Low
) photo-1523755130311.90ad...  34.1k8  192ms Low
8/ photo-1570352412018-04ac...  453K8 216 ms Low
8] photo-1552679148.7b00610...  33.4K8  226ms Low
‘= photo-1562232655383.0826...  333K8 237 ms Low
5] photo-1550851045-660a415...  28.3K8 231 ms Low
u photo-1586109142074-7262...  353kB  265ms Low
 photo-1525803413375.0f0...  336K8 267 ms Low
) photo-1520528410505-1300...  60.4 K8 377 ms Low

x| photo-1500474456352-1092...  478Kk8 349 ms Low
© 1587600228-cp-80B0 Py 1.4K8  183ms Low
= badge-olow-gray-001GET...  19KB  48ms High
| badge-follow-green-7791423... 19Kk  ddms High
27/54roquests | 1.1MB/1.6 M8 transfored | 1.1 MB /2.9 MB resources | Fnish: 1338

Animage gallery eagerly loading all the images it needs up front, as shown
in the Chrome DevTools Networlk panel. 1.1 MB of images have been
downloaded, despite only a small number being visible when the user first
lands on the page.

Using the 1oading attribute on <img>, we can control the
behavior of image loading. 1oading="1azy" lazy-loads
images, deferring them loading until they reach a calculated
distance from the viewport. loading="eager" loads images



INTRODUCTION The Humble <img> Element

right away, regardless of their visibility in the viewport.
eager is the default and can be ignored (that is, just use
<img> for eager loading).

Below is an example of lazy-loading an <img> with
a single source:

<img src="donut.jpg"

alt="A delicious pink donut."
loading="1lazy"

width="400"

height="400">

MotoG4Y 360 X 640  90% Y Oninev i R (] Eements Performance  Network % 3| &

x
® © ¥ Q| (Preservelog @ Disablecache Onine v | £ & | &
Filter () Hide data URLs

Al XHR s Css () Media Font Doo WS Manifost Other () Has blocked cookies
(7] Blocked Fequests.

| soms t000ms 1500ms 2000ms 2s000f
Image Gallery e —

Namo Szo  Tme  Prorty Waterfal

=] photo-1533910534207-9013. 133kB  111ms Low

5 photo-1551024601-boc78ee...  498KB  22ms High I
o] photo-1614517621153-1bo7...  289Kk8  22ms Low |

- — badge-folow-gray-001d367...  20k8  25ms High [
& || badge-follow-green-7791423...  1.9kB  38ms High
o 1ETEBCpEDEOpng  14KB  18ms Low

6/34 requests | 97.3kB /615 kB transferred | 101 KB /1.9 MB resources | Finish: 2.30's

Animage gallery using native image lazy-loading on images outside of the
viewport. As seen in the Chrome DevTools Networlk panel, the page now
only downloads the bare minimum of images users need up front. The rest of
the images are loaded in as users scroll down the page.
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With native <img> lazy-loading, the earlier example now
downloads only about 90 kB of images! Just adding
loading="lazy" to our offscreen images has a huge impact.

Lazy loading also works with images that include srcset, as
<img> is what drives image loading:

<img src="donut-800w.jpg"

alt="A delicious donut"

width="400"

height="400"

srcset="donut-400w.jpg 400w,
donut-800w.jpg 800wW"

sizes="(max-width: 640px) 400px,
800px"

loading="1lazy">

We'll cover lazy loading in full in chapter 14.

Image Decoding

Browsers need to decode the images they download in order
to turn them into pixels on your screen. However, how
browsers handle deferring images can vary. At the time of
writing, Chrome and Safari present images and text togeth-
er - synchronously - if possible. This looks correct visually,
but images have to be decoded, which can mean text isn't
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shown until this work is done. The decoding attribute on
<img> allows you to signal a preference between synchro-
nous and asynchronous image decoding.

<img src="donut-800w.jpg"

alt="A delicious donut"

width="400"

height="400"

srcset="donut-400w.jpg 400w,
donut-800w.jpg 800w"

sizes="(max-width: 640px) 400px,
800px"

loading="1lazy"

decoding="async">

decoding="async" suggests it's Ok for image decoding to
be deferred, meaning the browser can rasterize and display
content without images while scheduling an asynchronous
decode that is off the critical path.

As soon as image decoding is complete, the browser can
update the presentation to include images. decoding=
"sync" hints that the decode for an image should not be
deferred, and decoding="auto" lets the browser do what
it determines is best. (There’s more on the decoding attri-
bute in chapter 5.)
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Placeholders

What if you would like to show the user a placeholder
while the image loads? The background-image css property
allows us to set background images on an element, includ-
ing the <img> tag or any parent container elements. We can
combine background-image with background-size: cover
to set the size of an element’s background image and scale
the image as large as possible without stretching the image.

Placeholders are often inline, Base64-encoded data URLS
which are low-quality image placeholders (LQIP) or SVG im-
age placeholders (sa1p). This allows users to get a very quick
preview of the image, even on slow network connections,
before the sharper final image loads in to replace it.

<img src="donut-800w.jpg"

alt="A delicious donut"

width="400"

height="400"

srcset="donut-400w.jpg 400w,
donut-800w.jpg 800wW"

sizes="(max-width: 640px) 400px,
800px"

loading="1lazy"
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decoding="async"
style="background-size: cover;
background-image:
URL (data:image/svg+xml;baseb64, [svg
text]) ;">

Note: Given that Base64 data URLS can be quite long, [svg

text] is denoted in the example above to improve readability.

With an inline svG placeholder, here is how the example
from earlier now looks when loaded on a very slow connec-
tion. Notice how users are shown a preview right away prior
to any full-size images being downloaded:

MotoG4 Y 360 x 640 90% YV Custom¥ O i [% (1] Elements Performance Network % 3| @ § x
® ©® ¥ Q ()Preservelog @ Disablecache 2G wi ¥ % -3
I e R s
() Blocked Requests
Sy i
= T
e e e
- R T T
o e

Images loaded on a simulated slow connection, displaying a placeholder
approximating the final image as it loads in. This can improve perceived
performance in certain cases.
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Chapter 12 has much more on progressive rendering tech-
niques, including placeholder images.

Lazy-Render Offscreen Content

Next, let’s discuss the css content-visibility prop-
erty, which allows the browser to skip rendering, layout,
and paint for elements until they are needed. This can
help optimize page load performance if a large quantity
of your page’s content is offscreen, including content
which uses <img> elements.

section {
content-visibility: auto;

The content-visibility property’ can take a number
of values; auto is the one that offers performance benefits.
Sections of the page with content-visibility:auto
get containment for layout, paint, and style. Should the
element be offscreen, it would also get size containment.

1 https://web.dev/content-visibility/
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CSS content-visibility:auto on sections

Before After

25ms [ Loading 23ms [ Loading
23ms || Scripting

I 360 ms M Rendering I

23ms | | Scripting

I 35 ms Rendering I

|
32ms [ Painting

|

57ms [ Painting
320 ms System 320 ms System

1856 ms Idle 4656 ms Idle

B
|
-
=)
ot
N
]
=
-
B

N
| ]
]
=
=

When chunking up a page into sections with content-visibility:auto,
developers have observed a 7-10x improvement in rendering times as

a result. Note the reduction in rendering times above of 937ms to 37ms

for along HTML document.

Browsers don’t paint the image content for
content-visibility affected images, so this approach
may introduce some savings.

section {
content-visibility: auto;
contain-intrinsic-size: 700px;
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One option is to pair content-visibility with
contain-intrinsic-size, which provides the natural size
of the element if it is affected by size containment. The
700px value in this example approximates the width and
height of each chunked section.

Maintain a Consistent Aspect-Ratio

The aspect ratio of an image is the ratio of its width to

its height. This is often represented by two numbers
separated by a colon (such as 4:3 or 16:9). Maintaining a
consistent aspect ratio can be important in responsive
web design where the dimensions of images can vary and
introduce layout shifts depending on how much space is
available in the page.

In our image gallery, we might wish to create responsive
space for images that vary by dimension, are in more
complex elements like cards, or require a placeholder
container to avoid layout shifts when the images load
and occupy space.

Historically, developers have used the padding-top hack to
maintain aspect ratio using an image’s width. This involves
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using two containers: a parent container, and a child con-
tainer that gets absolutely positioned. The aspect ratio is
then computed as a percentage for the padding- top value.

For example, a 16:9 aspect ratio = 9 + 16 = 0.5625 = CSS
padding-top: 56.25%. For the following container:

<div class='container'>
<img style='position: absolute; top:0;'>
</div>

This is the css for the padding-top hack to maintain
aspect ratio:

.container {
position: relative;
padding-top: 56.25%; /* Aspect ratio of 16:9 */
width: 100%;

Thanks to the new css aspect-ratio property, a more intui-
tive alternative to the padding-top hack is now available This
enables replacing padding-top:56.25% with aspect-
ratio:16/9 to clearly specify the width to height ratio.

2 https://web.dev/aspect-ratio/
3 https://css-tricks.com/aspect-ratio-boxes/

39



40 Image Optimization GETTING STARTED

Responsive ¥ 591 x 694 i | R @) | Elements Console » I - B

v<div class="container" style="
margin-bottom: 9px;

> == $0

<img class="media" src="https://images.unsplash.

com/photo- 110534207~ 8e?ixlib=rb-1.

2.1&ixid=eyJhcHBfaWQi0jEyMDd9&auto=format&fit=cr

Always 3x2 T i B
Styles Computed Layout EventListeners DOM Breakpoints

Filter shov .cls +, [

.container { [ XWpeoQj:23

position: relative;
“ width: 100%;
aspect-ratio: 3 / 2;

The new css aspect-ratio property, available in modern browsers,

is clearer than the padding-top hack and doesn’t involve more manual
calculation for positioning. In the example above, a 3:2 aspect ratio =2 + 3
=0.66666 = padding-top:66.67%. Thanks to the cSS aspect-ratio
property, this can just be defined as aspect-ratio: 3/ 2.

Throughout this book, we will cover advanced image opti-
mization techniques, as well as how to best use elements
like <img> and <picture>to make your images on the

web shine. Now that we've covered the foundations of the
modern <img> tag, let’s turn our attention to understanding
image quality and how it affects web performance.
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“An incredibly comprehensive overview of image
optimization. This book will teach you everything you
need to know about delivering effective and performant

images on the web.”

“Optimizing image delivery is key to building high-
performance web apps. This book explains everything
developers should know about choosing the right
image format, compressing image assets — and more!”

“Images are the heart and soul of the web; they help
create that emotional connection with humans. Yet,
it is really easy to ruin that experience through slow
loading or worse, over quantizing the pixels and
distorting images. Understanding how images work
is essential for every engineer; the last thing we
want is to deal with open bugs from bad creative or
performance experiences.”
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