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ABSTRACT

Image-based visual regression testing has the problem that it takes time required to find layout

defects. Therefore, this paper develops MIXVRT (MIX Visual Regression Testing tool), which
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mixes image comparison and HTML code comparison. It highlights the layout defects. From
evaluation experiments, we have confirmed that the time required to find layout defects can be

reduced compared to the conventional methods of image-based visual regression testing, while
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1. Introduction

In recent years, web pages need to be updated more
frequently from the perspectives of user experience (UX)
and search engine optimization (SEO) [1]. Here,
modifications made to web pages may cause not only
layout differences based on changes in the HTML code but
also layout defects. In this paper, layout defects refer to
visual defects, such as collisions or protrusions of screen
elements.

As a method for detecting layout defects, there is visual
regression testing [2]. In the visual regression testing for
web pages, the web pages before and after changes are
placed side by side, and layout differences are highlighted
to make it easier to spot layout defects. However, in studies
on existing visual regression testing [3],[4], these
comparisons are limited to images, and there is no
mechanism to determine whether the detected layout
differences are based on changes in the HTML code or are
actual layout defects. As a result, developers need to check
all displayed layout differences against the HTML code,
and it takes time required to find layout defects.

In this paper, to reduce the time required to find layout
defects in web pages, we develop MIXVRT (MIX Visual
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detecting them accurately without omissions or false detections.

© 2022 The Author. Published by The Society of Artificial Life and Robotics.
This is an open access article distributed under the CC BY-NC 4.0 license
(http://creativecommons.org/licenses/by-nc/4.0/).

Regression Testing tool), which mixes image comparison
and HTML code comparison. It highlights the layout
defects. It also supports four major browsers, Google
Chrome, Microsoft Edge, Mozilla Firefox, and Safari, and
detects layout defects across multiple browsers.

2. Feature of MIXVRT

MIXVRT detects differences by comparing images of
the web pages before and after changes and detects
changes by comparing HTML code of the web pages
before and after changes and then compares them to detect
layout defects. In addition, it highlights the following three
areas by surrounding them with red or green boxes.

Difference Areas

Difference Areas is the area that MIXVRT detects by
comparing the images of the web pages before and
after changes at the pixel level, representing the parts
removed from the web page before the change and
added to the web page after the change.

Modified Areas
Modified Areas is the area that MIXVRT detects by
comparing the HTML code of the web pages before
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Figure 1 Appearance of MIXVRT. Four tab views (Original View, Difference Areas View, Modified Areas View, and
Layout Defect Areas View) and the Browser Menu for switching between Google Chrome, Microsoft Edge, Mozilla
Firefox, and Safari.

and after changes, representing the parts of screen
elements affected by changes in the body or style
elements. In this paper, Modified Areas is regarded as
the area of layout differences based on changes in the
HTML code.

Layout Defect Areas

Layout Defect Areas is the area that MIXVRT detects
by excluding the Modified Areas from the Difference
Areas, filtering out misalignments of screen elements,
and detecting the remaining layout differences.

3. Appearance of MIXVRT

Figure 1 shows the appearance of MIXVRT. The
appearance of MIXVRT consists of the following three
components, where the numbers correspond to those
shown in Figure 1.

(1) Tab Menu

MIXVRT has four tab buttons: the Original View,
Difference Areas View, Modified Areas View, and Layout
Defect Areas View. When a tab button is selected, the
selected tab is highlighted in yellow, and the corresponding
Tab Content is displayed.

(2) Tab Content

MIXVRT displays the images of the web pages before
and after the change according to the tab button selected in
the Tab Menu.

(3) Browser Menu

MIXVRT has four buttons: Google Chrome, Microsoft
Edge, Mozilla Firefox, and Safari. When a button is
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selected, the selected button is highlighted in blue, and the
Tab Content switches to that of the corresponding browser.

4. Structure of MIXVRT

Figure 2 shows the structure of MIXVRT. It consists of
the following five processing modules.

4.1. Data Manager

The Data Manager transfers and stores data between
each processing module. It also outputs the images of the
web pages before and after changes to the Tab Content
according to the selections in the Tab Menu and Browser
Menu shown in Figure 1. In this paper, the term “data”
refers to the images and HTML code of web pages before
and after processing.

4.2. Data Getter

The Data Getter obtains the image and HTML code of
the web page in each of the four major browsers supported
by MIXVRT, using Selenium WebDriver [5] based on the
URL provided as input. By performing this process for
both the URL of the web page before the change and the
URL of the web page after the change, the Data Getter
acquires the images and HTML code of the web pages
before and after changes for each browser.

4.3. Image Comparator

The Image Comparator compares the images of the web
pages before and after changes at the pixel level to detect
differences. Among the detected differences, it surrounds
the areas removed from the image before the change with
red boxes and the areas added to the image after the change
with green boxes, thereby generating the images of the web
pages before and after changes with the Difference Areas
highlighted.
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Figure 2 Structure of MIXVRT.

4.4.

The HTML Comparator performs a line-by-line
comparison between the HTML code of the web pages
before and after changes and generates a diff code. Based
on this diff code, it appends HTML code that surrounds the
modified screen elements with red or green boxes to both
the HTML code before and after changes. The two
augmented HTML codes are then hosted as web pages on
a local server, and their URLSs are sent to the Data Getter
as requests for image capture. Using these URLSs, the Data
Getter acquires, for each browser, the images of the web
pages before and after changes with the Modified Areas
highlighted and returns a total of eight images to the
HTML Comparator.

HTML Comparator

This processing targets static layout changes in Web
pages after browser rendering and does not handle
dynamic or script-controlled screen elements. These are
left for future work.

4.5.

The Defect Detector detects Layout Defect Areas by
comparing a web page image highlighting the Difference
Areas with a web page image highlighting the Modified
Areas. It then generates the images of the web pages before
and after changes with the Layout Defect Areas
highlighted.

Defect Detector

Figure 3 shows an example of detecting Layout Defect
Areas using red box comparisons between the Difference
Areas and the Modified Areas, and Figure 4 shows an
example using green box comparisons between the
Difference Areas and the Modified Areas, respectively.
The Defect Detector first compares the red boxes of the
Difference Areas and the Modified Areas, as shown in
Figure 3, or compares the green boxes of the Difference
Areas and the Modified Areas, as shown in Figure 4, to
detect the Layout Defect Areas. Then, if the overlap ratio
shown in Eq. (1) is less than 50%, it is determined that the
difference is not a layout difference based on changes in
the HTML code, and the red or green box of the Difference
Areas is determined as a Layout Defect Area.

Area of overlap between boxes
x 100

Q)

Area of the smaller box
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The threshold of 50% is empirically determined to
balance omissions and false detections. Preliminary
experiments with several threshold values indicate that
lowering the threshold tends to increase missed layout
defects, whereas raising it tends to increase false detections.

Next, a filtering process is applied to prevent
misalignments of screen elements from being mistakenly
detected as Layout Defect Areas. Figure 5 shows an
example of filtering misalignments of screen elements. As
shown in Figure 5, the red and green boxes of the
Difference Areas that were determined as Layout Defect
Areas are compared. If the similarity between the image
regions within the red and green boxes is 85% or higher,
the area is determined to be a misalignment of screen
elements, and the compared red and green boxes are
filtered out from the Layout Defect Areas. Note that the
Structural Similarity Index Measure (SSIM) [6] is used to
calculate the similarity. In addition, the similarity threshold
of 85% is set to account for pixel-level changes caused by
misalignments, even in screen elements whose HTML
code remains unchanged.

Through the above process, the Layout Defect Areas are
detected. Figure 6 shows an example of Layout Defect
Areas highlighted after the filtering process.

5. Evaluation

To evaluate the effectiveness of MIXVRT, we conduct
an experiment to compare MIXVRT with the conventional
image-based visual regression testing tool reg-suit [7]
(hereinafter referred to as the conventional method) in
terms of the time required to find layout defects and the
detection accuracy of layout defects. The subjects are four
students majoring in computer science at the University of
Miyazaki (hereinafter referred to as Subjects A-D).

In the experiment, we prepare two web pages before the
change, referred to as Web page o and Web page P,
respectively. Web page o consists of 261 lines of code, and
Web page B consists of 477 lines of code. Each of these
web pages is then intentionally modified to embed three
layout defects. After modification, Web page a consists of
295 lines of code, and Web page P consists of 489 lines of
code. These are referred to as Web page o and Web page
after the change, respectively.
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Figure 4 An example of detecting Layout Defect Areas
using green box comparisons. (Left: after image with
Difference Areas, Right: after image with Modified Areas.)

5.1. Experiment Method

The subjects conduct experiments under the following

two cases using the versions of Web page o before and after

changes, as well as the versions of Web page B before and
after changes.

e Case A
The time from when the subjects view Layout Defect
Areas View of MIXVRT until they judge that they
have found.

e C(CaseB
The time from when the subjects view the difference
confirmation screen of the conventional tool, reg-suit,
until they judge that they have found all layout defects
is measured as the detection time.

In this evaluation, we evaluate the detection accuracy of

layout defects by comparing the layout defects reported by
each subject with the ground-truth layout defects
intentionally embedded by the authors. A reported layout
defect is regarded as correct only when both the affected
screen element and its state match the corresponding
ground truth; otherwise, it is counted as an omission or a
false detection.
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Figure 5 An example of filtering misalignments of screen
elements. (Left: before image with Difference Areas, Right:
after image with Difference Areas.)
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Figure 6 An example of Layout Defect Areas highlighted
after the filtering process. (Left: before image with Layout

Defect Areas, Right: after image with Layout Defect Areas.)
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5.2.  Evaluation of time required to find layout defects

Table 1 shows the time required to find layout defects in
the two cases. As shown in Table 1, MIXVRT reduced the
detection time by 16 minutes and 45 seconds
(approximately 87.4%) for Web page o and by 15 minutes
and 3 seconds (approximately 83.8%) for Web page
compared to the conventional method.

These results indicate that the use of MIXVRT can
reduce the time required to find layout defects compared
to the conventional method.

5.3.  Evaluation of detection accuracy of layout defects

In Case B with the conventional method, some subjects
excessively detected layout defects, while others detected
fewer than the actual number. This result is due to human
judgment errors in distinguishing layout defects, even
though the subjects compared the displayed differences
and referred to both the HTML code before and after
changes to identify the affected ranges of HTML elements
caused by changes in the body or style elements. In
contrast, in Case A using MIXVRT, the subjects were able
to detect layout defects accurately without omissions or
false detections.



From these results, it can be concluded that MIXVRT is
more effective for detecting layout defects than the
conventional method.

6. Related Works

In studies on existing visual regression testing, layout
differences are detected by performing pixel-level image
comparisons for corresponding regions or screen elements
[3],[4]. These existing studies propose that using image-
based visual regression testing allows developers to
efficiently identify layout defects. However, since these
approaches rely solely on image comparison, they cannot
determine whether the detected layout differences are
based on changes in the HTML code or are actual layout
defects. As a result, verifying the consistency between
HTML code differences and layout differences requires
additional time. In contrast, MIXVRT can highlight only
the Layout Defect Areas by excluding the Modified Areas
detected based on HTML code comparison from the
Difference Areas detected based on image comparison.
Therefore, compared to existing studies, MIXVRT is more
effective in detecting layout defects.

As an automated tool for checking web page layouts,
ReDeCheck [8] compares the DOM (Document Object
Model) structures of the web pages before and after
changes for multiple viewport widths, outputting a list of
structural differences that may indicate unnoticed layout
defects. Moreover, LAYOUT DR [9] is a tool that
automatically repairs layout defects in web pages. It uses
ReDeCheck to detect layout defects and presents layout
repair suggestions based on the detected layout defects. In
contrast, MIXVRT visually highlights Difference Areas,
Modification Areas, and Layout Defect Areas by
surrounding them with red or green boxes, enabling
developers to instantly identify problematic regions. This
improves the efficiency of verification and correction tasks
after defect detection. However, MIXVRT cannot detect
layout defects across multiple viewport widths, which is a
limitation compared to ReDeCheck and LAYOUT DR.
Addressing this limitation is one of the future challenges
for further improving the practicality of MIXVRT.

7. Conclusion

In this paper, to reduce the time required to find layout
defects in web pages, we develop MIXVRT which mixes
image comparison and HTML code comparison.
Experiments applying MIXVRT to two web pages
demonstrated that MIXVRT reduced the time required to
find layout defects by more than 80%. Furthermore, we
have confirmed that MIXVRT detected all layout defects
accurately without omissions or false detections compared
to the conventional method. These results indicate that
MIXVRT is effective for reducing the time find to layout
defects compared to the conventional method.

The following are future issues in this paper.

e Supporting web pages where the content changes

based on user actions
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Table 1. The time required to find layout defects
in Case A and Case B for Web pages a and .

Web page a Web page B
Subjects Case A Case B Case A Case B
A - 18m 32s 3m Os -
B - 19m47s | 2m 48s -
C 2m 29s - - 17m 53s
D 2m 20s - - 18m 1s
Average | 2m24.5s | 19m 9.5s | 2m 54s 17m 57s
Diff 16m 45s 15m 3s

Supporting multiple viewport widths

Supporting layout defects caused by dynamic or
script-controlled screen elements

Proving the high usefulness of MIXVRT through
evaluation experiments with more  diverse
experimental web pages and more subjects
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