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Abstract

Android set-top boxes (STBs) have become popular devices for streaming and watch-
ing digital content. However, testing Android STBs poses a significant challenge due
to their complex hardware and software configurations. Manual testing can be time-
consuming, error-prone, and expensive. Automation testing has emerged as a potential
solution to these challenges. This paper presents a survey of the state-of-the-art in au-
tomation testing for Android STBs. The paper discusses the challenges of testing Android
STBs, the benefits of automation testing, and the tools and techniques used for automa-
tion testing. The paper also provides a review of recent research in the field, as well as

an assessment of the future direction of automation testing for Android STBs.
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Chapter 1

Introduction

In the recent years android set-top boxes (STBs) become more popular. It is allowed
users to access the various content on their TVs. Due to their complex hardware as well
as software configurations testing of Android Set-Top box represents unique challenges.
Compare to manual testing automation testing consume less time, less expensive and
error free[11]. This paper presents the survey of state-of-art in automation testing for an-
droid STBs. This paper discusses the benefits of automation testing, challenges of testing
Android STBs and tools and techniques used for automation testing. As the complexity
of Android STBs increases, so too does the need for effective testing. Testing Android
STBs poses several unique challenges, including the wide range of hardware and software
configurations available and the need to test integration with external devices. In addi-
tion, manual testing can be time-consuming and error-prone, especially for complex use

cases.

These problems can be overcome via automation testing, which offers a quicker and
more thorough way to test Android STBs. Automation testing can increase test cover-
age, decrease the time needed to complete test cases, and boost testing quality. Android
Set-Top Boxes (STBs) are becoming more and more well-liked as a result of their capac-
ity to give users access to a wide range of entertainment content[1]. To find and fix any
problems or flaws that can affect the user experience, Android STBs must, nevertheless,
undergo comprehensive testing. Automation testing is a desirable alternative to manual
testing because it can be time-consuming, expensive, and prone to mistakes. The soft-

ware development life cycle now includes automation testing, which helps engineers test



programmes quickly, effectively, and consistently.

The primary objective of automation testing is to automate repetitive and time con-
suming manual testing processes to accelerate testing cycles and improve the quality of
software. Automation testing also allows developers to test a broader range of scenar-
ios, configurations, and environments, which can added the test coverage and improve
the reliability and accuracy of testing. These benefits enable developers to release ap-

plications faster and more efficiently while ensuring that the application is in depth tested.

In the context of Android STBs, automation testing can ensure that the applications
are compatible with different shapes, sizes, and configurations of devices. Automation
testing can also test different features and functionalities of the STBs, such as remote
control, HDMI, and Wi-Fi connectivity. This is crucial to ensure that the Android STBs

meet the expectations of users, who demand a high level of performance and functionality.

Automation testing for Android STBs does present some difficulties, though. Device
fragmentation is one of the main issues, which might make it difficult to ensure that the
programme has been adequately tested across all devices. The limited access to hard-
ware, which is necessary for testing various STB features and functionalities, presents
another difficulty. Additionally difficult issues that developers encounter when integrat-
ing automation testing into their development process include lack of standardisation and

complexity.

Despite these difficulties, automation testing for Android STBs has advanced signifi-

cantly, with new tools and technologies developing to overcome these difficulties.



Chapter 2

Literature Survey

The demand for effective and efficient testing has increased as Android set-top boxes
(STBs) become more famous. Numerous tools and frameworks are available for testing
Android STBs, which is a popular way for testing software. An overview of the state of
Android STB automation testing is given in this literature study.

In order to undertake the review of the literature, academic journals and conference
proceedings were searched for articles and papers. Several search terms were used, includ-

awli

ing “Android STB,” “automation testing,” ”“Android testing,” and “set-top box testing,”

"test automation”.

Findings: According to the literature review, there are numerous frameworks and test-
ing tools for Android STBs. the most widely utilised instruments. These programmes
offer a variety of features, including performance testing, compatibility testing, and Ul

testing.

The tools/frameworks discussed in the literature study as well as the Behave frame-
work each have advantages and drawbacks of their own. Although adaptable and cus-
tomizable, the Behave framework has a high learning curve and requires programming
experience. It is a sophisticated BDD implementation. Although Appium, Ul Automa-
tor, and MonkeyRunner are all free and provide a variety of testing tools, they each have

their own drawbacks, such as a high learning curve and restricted device compatibility.

Although Calabash and Espresso are also free, they have fewer supported devices and



Table 2.1: Literature Review

Paper | Research Objective | Methods Tools Results
[3] To develop an auto- | Implemented a test | Java, Android | The developed tool
mated testing tool | automation tool us- | SDK, Apache | was able to au-
for Android set-top | ing Java, Android | Maven tomate testing of
boxes SDK, and Apache the user interface
Maven and user input on
an Android set-top
box
[5] To compare the | Conducted a series | Ul Automator, | Ul Automator had
performance of Ul | of tests using both | Appium a faster response
Automator and | tools on an Android time and was more
Appium for An- | set-top box stable than Ap-
droid set-top box pium. However,
automation testing Appium had more
features and better
documentation
[9] To evaluate the | Conducted a study | Espresso, Ul | Espresso and Ul
effectiveness of dif- | using different | Automator, Automator were
ferent automation | automation test- | Robotium, found to be the
testing tools for | ing tools on an | Calabash most effective tools
Android set-top | Android set-top for automation
boxes box testing on an
Android set-top
box
[12] To evaluate the us- | Conducted a study | Behave The BDD ap-
ability and effec- | using Behave, a proach  improved

tiveness of a BDD
approach for An-
droid set-top box
automation testing

BDD
for
testing
Android
box

framework,
automation
on an
set-top

communication
between technical
and non-technical
stakeholders  and
Behave was found
to be an effective
tool for automa-
tion testing on an
Android set-top
box




provide special capabilities like BDD support and sophisticated Ul interactions. The
Robot Framework interfaces with Appium and Selenium and provides keyword-driven
testing, although it only partially supports Android and therefore requires programming
experience. The final decision on the tool or framework to use is determined by the

project’s unique needs as well as the testing team’s level of experience.



Chapter 3

Benefits of Automation Testing

Automation testing provides several benefits for testing Android STBs. These benefits
include increased testing efficiency, improved test coverage, and reduced testing costs and
time. Automation testing can also improve the accuracy and repeatability of test results,
making it easier to identify and fix bugs. These benefits enable developers to release
applications faster and more efficiently while ensuring that the application is thoroughly

tested.

3.0.1 Repeatable Tests

Automation testing enables developers to execute the similar tests repeatedly, to ensur-
ing that the application is consistently tested and reducing the risk of issues and defects
going unnoticed. This is particularly important for Android STBs, which require a high

level of consistency to ensure a good user experience.

3.0.2 Reduced Time and Cost

Automation testing can shrink the amount of money and time needed for testing, en-
abling developers to release applications more faster and effectively. This is because of
the fact that automation testing restore manual testing, which can be resource and time

consuming..



3.0.3 Increased Test Coverage

Automation testing can help ensure that the application is in depth tested across all
devices. Automation testing enables developers to test a broader range of scenarios, en-
vironments, and configurations, increasing the application’s test coverage. This is specif-
ically important for Android STBs, which come in different shapes, configurations and

sizes.

3.0.4 Improved Accuracy and Reliability

Automation testing remove human errors and ensures that test cases are executed con-
sistently, improving the accuracy and reliability of the testing process. This is specially
important for Android STBs, which require a high level of accuracy and reliability to

ensure a good user experience.



Chapter 4

Benefits of Automation Testing

The complexity of the hardware and software setups, the requirement for intensive man-
ual testing, and the difficulty in simulating real-world usage scenarios make it challenging
to test Android STBs. Manual testing takes a lot of time and is prone to error. Further-
more, it is not possible to manually verify each configuration because to the enormous
variety of STB models and setups. By automating the execution of test cases and low-
ering the amount of manual labour necessary for testing, automation testing can assist
in addressing these issues. Despite the advantages of automation testing, applying it in
Android STBs presents a number of difficulties for developers[8]. Device fragmentation,
restricted hardware availability, a lack of standards, and complexity are some of these

difficulties.

4.0.1 Limited Access to Hardware

This can make it challenging for developers to in depth test the application because
automation testing requires access to the hardware to test different features and func-

tionalities, which may not possible with Android STBs due to restricted hardware access.

4.0.2 Device Fragmentation

it can be difficult to guarantee that the programme has been extensively tested on all of
them, Because Android STBs come in a variety of dimensions, styles, and configurations.
Because of this, it may be challenging for developers to warranty that their application

works with all Android STBs.



4.0.3 Lack of Ul Standardization

There is no standardization for Android STBs, which means that testing frameworks and
methodologies may not be compatible across different devices. This can make it challeng-

ing for developers to ensure that the application is in depth tested over all Android STBs.

4.0.4 Complexity

The process of automating testing for Android STBs is complicated and time- and resource-
intensive to set up and maintain. Developers may find it difficult to integrate automation

testing into their development process as a result.



Chapter 5

Tools and Techniques for

Automation Testing

Several tools and methodologies for automation testing in Android STBs have been de-
veloped. Frameworks such as Appium, Behave Framework, and Ul Automator, perfecto,
among others, enable the automation of user interactions with the STB. They can also
simulate human input and record the ensuing STB output[7]. In addition to these frame-
works, numerous programming languages and testing frameworks, like as Python and the
Robot Framework, have been utilised for automation testing in Android STBs. Here are

some of the most popular tools and strategies for android STB automated testing:

5.0.1 Appium:

Appium is a free and open-source automation tool for testing native, and hybrid, mobile
web apps. It provides a framework for testing android STBs and allows testers to develop
automated tests in a collection of programming languages like Java, Ruby, Python, and

others. Cross-platform testing for Android and iOS devices is also supported by Appium.

5.0.2 Behave Framework:

It is built on the Gherkin programming language and provides a framework for devel-
oping and running tests in a human-readable style. Behave is a popular tool for testing

Python program using Behavior-Driven Development (BDD). Behave enables testers and

10



Table 5.1: Tools and Techniques in Automation

Tool Behave Appium Ul Au- | Monkey | Calabash| Espresso | Robot
Frame- Frame- tomator Runner Frame-
work work work
Language Python Multiple Java Python | Ruby Java/KotlinPython
languages
supported
Cross Yes Yes No Yes Yes No Yes
Plat-
form
Learning | Steep Steep Moderate Easy Moderate Moderate | Moderate
Curve
Device Limited Wide Limited Limited | Limited | Limited Limited
Support Range
Test Ul Testing, | Ul Testing, | Ul Testing, | Ul Test- | Ul Test- | Ul Test- Ul Test-
Fea- BDD Compat- Integration | ing, ing, ing, ing,
tures ibility Testing Regres- | Regres- | Perfor- Regres-
Testing sion sion mance sion
Testing | Testing | Testing Testing
Advanta | Powerful Cross- Built-in Easy to | Easy Fast and | Supports
ges BDD platform tool for | use and | to use, | reliable keyword-
implemen- | support Android script in | sup- driven
tation, devices Python | ports testing
flexible BDD
and  cus-
tomizable
Disadvan| Steep Steep Limited Limited | Limited | Requires | Limited
tages learning learning functional- | device device program- | Android
curve, lim- | curve, ity support | sup- ming sup-
ited device | complex port, knowl- port,
support, setup lacks edge requires
requires inte- pro-
program- gration gram-
ming testing ming
knowl-
edge
Cost Free Free Free Free Free Free Free

11



developers to cooperate and produce tests in a common language that non-technical

stakeholders can comprehend.

Behave defines an application’s behavior using feature files that comprise scenarios,
steps, and step definitions. The feature files are produced in plain text format, allowing
the stakeholders and development team to happily exchange and review them. Behave

provides a set of pre-defined steps that may be used to rapidly and easily write tests.

Behave is frequently used to test various sorts of applications, such as online apps,
APls, and desktop applications. It provides Ul testing, user interaction testing, and cross-
device testing, among other automated features. Parallel testing and interaction with

other testing frameworks such as Selenium and Appium are also supported by Be- have.

To summarise, Behave is an effective solution for BDD testing of Python applications.
It allows developers and stakeholders to cooperate and understand the application’s be-
haviour by providing a human-readable language for authoring tests. Behave also offers a
variety of automation tools as well as connection with other testing frameworks, making

it a popular choice for testing a wide range of applications.

5.0.3 Ul Automator:

Ul Automator is meant to test applications at the Ul level and includes a comprehensive
range of Ul testing capabilities. Ul Automator is a testing framework for testing Android
applications. Ul Automator provides a set of APIs for developing automated tests that

link with an application’s user interface.

5.0.4 stb-tester:

An STB tester is a professional charged with testing set-top boxes (STBs) to ensure that
they meet the required performance, functionality and usability standards. STB testers
frequently work for software development companies or STB manufacturers in the soft-

ware development industry.

12



5.0.5 Perfecto:

This cloud-based testing tool allows you to test OTT applications on a different different
devices, including Android set-top boxes. Perfecto supports both manual and automation
testing and includes capabilities like parallel testing, Al-powered testing, and real-time

test result monitoring.

5.0.6 Stb-tester v/s Behave

STB and behave testers have various responsibilities in the software development process.
Behave is a testing framework that aids in the automation of software application testing,

whereas an STB tester is a specialist in charge of testing set-top boxes (STBs).

Behave is a common testing framework for behavior-driven development (BDD), which
entails specifying an application’s desired behavior in terms of use cases and scenarios.
Behave enables developers and testers to create tests in normal language using Gherkin

syntax, making communication with non-technical stakeholders easier.

An STB tester, on the other hand, charge of testing STBs to ensure that they fulfil
the required criteria for performance, functionality, and usability. This includes creating
and executing test plans and test cases to validate the functionality and performance
of STBs, discovering and reporting software flaws or problems, and collaborating with

developers to remedy them.

While Behave can be used to test software programmes running on STBs, it is not
intended to test STBs themselves. STB testers, instead, have a in-depth understanding
of STB software and hardware and have been specifically educated to evaluate STB func-

tionality and performance.

In conclusion, the roles played by Behave and STB testers during the software devel-
opment process differ. Behave is a testing framework for automating software application

testing, in other hand STB testers are experts in charge of testing STBs to make sure

13



Table 5.2: Behave Framework vs Stb-tester

Behave Framework

Stb-tester

Role

Testing framework

Professional tester

Focus

Testing software apps

Testing STBs

Responsibilities

Write tests in natural language
using Gherkin syntax, automate
testing process for software appli-
cations

Design and execute test plans and
cases, identify and report defects
or bugs in STB software, ensure
STBs meet performance, func-
tionality, and usability standards

Technical Skills

Proficiency in programming lan-
guages (Python), understanding
of behavior-driven development
(BDD) and testing frameworks

Understanding of software devel-
opment lifecycle, testing method-
ologies, and various testing tech-
niques and tools, knowledge of
STB hardware and software

Communication Skills

Ability to communicate effec-
tively with developers and non-
technical stakeholders through
natural language syntax

Excellent communication and col-
laboration skills to work closely
with developers, product man-
agers, and other stakeholders to
ensure STBs meet quality stan-
dards

Testing Capabilities

Provides testing capabilities for
software applications that run on
STBs

Comprehensive range of testing
functionalities for STBs, includ-
ing video playback testing, re-
mote control testing, HDMI test-
ing, etc.

Integration with | Supports integration with vari- | Supports integration with JIRA,

Other Tools ous testing and development tools | Jenkins, and other tools
through plugins and extensions

Programming Lan- | Python-based Python-based

guage

User Interface

Command line interface for run-
ning tests

Graphical user interface for set-
ting up and running tests

Supported Platforms

Linux, macOS, Windows

Linux, macOS, Windows

Cost

STB-tester is a commercial tool
and requires a license

Behave is an open-source frame-
work and is free to use

14




Table 5.3: Ul Automator vs Behave

Framework | License | Progra Cross- Device User Inter- | BDD Integration
mming Platform | Pool face Test- | Support | with
Lan- Testing ing Cl/CD
guage Tools
Behave Open- Python | Yes N/A Yes Yes Jenkins,
Source Travis Cl,
etc.
Ul Au- | Open- Java No Limited Yes No Android
tomator Source Studio

they stick to the necessary performance, functionality, and usability criteria.

15




Chapter 6

Implemented Work

6.1 FRAMEWORK USED FOR AUTOMATION

- Behave Enhancement Tool:

Behave test framework based will be a part of existing framework

Automation solution for test validation of Android/Linux/RDK or Any OS

Single automation solution for technicolor or non-technicolor Box

Provides a subset of professional paid automation tool(WITBE)

— Can be used on Secured/Debug boxes

Quick and Easy Setup

End to End integration

16



6.2 HARDWARE REQUIRED and SETUP

+ Linux PC

+ HDMI Video capture card

+ IR — Red rat or any other IR blaster device
+ Set-Top Box

+ HDMI Cable

+ E-POWER SWITCH

Figure 6.1: Setup

6.3 CONNECTION DIAGRAM

ePowerSwitch

Figure 6.2: Connection Diagram

17



6.4 HIGH LEVEL DESIGN

Behave Enhancement tool

Behave Framework

i Video capture module
Image files,
Record Frame
- = . H
control availability etection
4 check

Red Rat device
OCR - Subitle,
Al the Reports will Text check and
 S— 5
s o il digit check

Figure 6.3: High Level Design

6.5 FLOW OF THE TOOL

N
P ¢ it
(reports)

WFFRO ZOT-<D

am<amo

Xa08030my 0<coTOM

T s
NIES N NS

Figure 6.4: Flow Of The Tool

6.6 IMPLEMENTED FEATURES

+ Video channel change and zapping, video continuity check feature
+ Black screen detection

+ OCR Integrated - Full screen - Region wise

+ Reboot and Reset

+ IR control using REDRAT

18



+ Opening any App like Youtube/Netflix and validating the same including launch

time
+ Audio Basic Check
+ Keyboard Search Functionality

+ Jira Integration

6.7 IMAGE/AUDIO/VIDEO VERIFICATION

Figure 6.5: IMAGE/AUDIO/VIDEO VERIFICATION

6.8 OCR

Figure 6.6: OCR

19



6.9 Region Based OCR

Figure 6.7: Region Based OCR

6.10 Keyboard Search

Figure 6.8: Keyboard Search

20



Chapter 7

Recent Research in Automation

These objectives have been pursued by researchers using a different strategy, leading to
important developments. Much recent research has been done to improve the precision
and effectiveness of automation testing for Android set-top boxes (STBs). These capa-
bilities seek to reduce the money and time spent on testing procedures. The main goal
of the research is to reduce the manual work required while keep thorough test coverage
by automating the test case generation process. The automatic generation of test cases
using machine learning algorithms and the creation of test prioritization strategies that
lower the number of test cases required while retaining appropriate coverage are some of

the primary topics of research in this field.

7.0.1 Integration with Cloud-based Testing Platforms:

Due to its affordability, and scalability, integration with cloud-based testing platforms is
growing in famous in the area of automation testing for Android set-top boxes (STBs).
The ideal integration of Android STB testing with these cloud-based platforms is a topic
of active research. With the help of this connection, testers may run tests concurrently

on a variety of devices, thus reducing testing time and expense.

7.0.2 Artificial Intelligence (Al) and Machine Learning (ML):

Researchers are look into the use of Machine Learning and Al to automate the test case
generation process and increase testing accuracy. This requires employing techniques

like deep learning to produce test cases that cover the most critical paths and scenarios

21



analyze the application’s behavior.

7.0.3 Test Orchestration:

The management and coordination of the execution of several tests across diverse plat-
forms and devices is test orchestration, a crucial component of automation testing. Re-
searchers are continually looking into ways to automate the test orchestration process so
that testers may run tests simultaneously on many devices. In addition to saving time,

this automation lowers the overall cost of testing activities.

7.0.4 Integration with Continuous Integration/Continuous De-
ployment (Cl/CD) pipelines:

This entails automating testing and integrating it with the development and deployment
processes to guarantee that any faults are discovered early in the development cycle. Re-
searchers are investigating approaches to connect automation testing for android STBs
with CI/CD pipelines, which are extensively used for software development and deploy-

ment.

7.0.5 Test Automation Frameworks:

This required automating testing and integrating it with the development and deploy-
ment processes to guarantee that any faults are discovered early in the development cycle.
Researchers are investigating approaches to connect automation testing for android STBs
with CI/CD pipelines, which are extensively used for software development and deploy-
ment. Researchers are exploring ways to improve test automation frameworks for android
STBs, enabling testers to write and execute tests more efficiently. This involves using
techniques such as model-based testing and code generation to automate the test case

generation process and reduce the time required for testing.

In conclusion, recent research in automation testing for android STBs has focused on
improving the accuracy and efficiency of testing, reducing the cost and time required for

testing, and integrating testing with development and deployment processes. These ad-
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vances will help ensure the quality and reliability of android STBs and enable developers

to deliver better products to their customers.
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Chapter 8

Future Directions

These technologies can be used to improve the efficiency and accuracy of testing by mini-
mizing the amount of manual work necessary for testing while also boosting the accuracy
of test results. Further advance in machine learning and Al are anticipated to be involved
in the future of automation testing for Android STBs. Moreover, continuing development
of tools and frameworks for automation testing is inevitable, giving new approaches to
test Android STBs. Trends such as growing usage of Al and ML, more powerful test au-
tomation frameworks, more attention on performance testing, integration with DevOps,
and increased use of cloud-based testing are likely to effect the future of automation test-

ing for android STBs.

8.0.1 More advanced test automation frameworks:

These frameworks will help testers develop and run tests more effectively and quickly,
which will save them time and effort. Future test automation frameworks are anticipated
to be more comprehensive and advanced, providing testers with more productivity and
usability. Model-based testing, where testers build models that mimic the behavior and
functionality of the Android set-top boxes (STBs), is one potential enhancement. to au-
tomatically generate test cases the manual work involved in creating test cases can be

reduce by using these models.

24



8.0.2 Increased use of Al and ML:

Artificial intelligence (Al) and machine learning (ML), as was previously indicated, are
currently used in automation testing for Android set-top boxes (STBs), and their use is
anticipated to increase in the future. Due to the fact that Al and ML technologies have
a lot to suggest in terms of improving testing findings’ accuracy and decreasing the total

time and cost involved in testing procedures.

8.0.3 More focus on performance testing:

As android STBs get more capable and powerful of running more difficult applications,
performance testing will become increasingly crucial. This will procedures capable of
accurately measuring the performance of these devices and necessitate the creation of

new performance testing tools.

8.0.4 Increased use of cloud-based testing:

At the same time and reducing expense and testing time and will allow testers to con-
duct tests on different devices. As they become more scalable and beneficial cloud-based

testing platforms are effect to grow more famous in the future.

8.0.5 Integration with DevOps:

It will require integrated and automated testing with the development and deployment
processes to find requires early in the development cycle. Automation testing for Android

STB with DevOps methods is likely to become more and more common in the future.
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Chapter 9

Conclusion

The usage of automation testing has several advantages, including improved test cover-
age, greater testing productivity, and lower testing expenses. Automation testing is an
efficient method for testing Android set-top boxes, and numerous tools and approaches
have been created to help with it. Further advance in ML and Al are likely to provide
new approaches to automate testing and increase the accuracy and efficiency of testing
results in the future of automated testing for Android STBs. For software developmentin
this industry automation testing for android STBs is a critical component. Automation
testing methods and methodologies are continually expanding, and current research has
focused on enhancing testing accuracy and efficiency, lowering testing costs and time, and
integrating testing with development and deployment processes. Artificial Intelligent and
machine learning are rapidly being utilised in android STB testing to automate the test
case generating process and increase testing accuracy. Cl/CD pipelines and Cloud-based
testing platforms are also being integrated into the testing process, allowing testers to
run tests on numerous devices at the same time, expense and decreasing testing time.
As a result of these advances, android STB developers may provide better goods to their

consumers, benefiting both the developers and the end-users..
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