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ABSTRACT

MODEL-BASED ADAPTATION FOR END-TO-END TESTING OF SMART
TVS

MOHAMMAD YUSAF AZIMI

COMPUTER SCIENCE & ENGINEERING Ph.D DISSERTATION, MAY 2024

Dissertation Supervisor: Prof. Cemal Yılmaz

Keywords: Model-based testing, Test adaptation, Smart TV testing, Test
generation, Generative AI

In this dissertation, we introduce AdapTV, a model-based, black-box, and feedback-
driven test adaptation approach for end-to-end user interface (UI) testing, specifi-
cally targeting smart TVs. Given a test suite known to work on an older version of
the smart TV and a new version to which the test suite should be adapted, AdapTV
begins by automatically discovering UI models for both the old and new versions
through opportunistic crawling. Each test case in the suite is then executed on the
older version, and the corresponding path in the UI model for the old version is
identified. Finally, a semantically equivalent path in the UI model discovered for
the new version of the smart TV is determined and dynamically executed on the
new version in a feedback-driven manner. We empirically evaluate AdapTV in a set-
ting that closely mimics the setup used in an industrial context, demonstrating that
AdapTV is both effective and efficient, adapting all the test cases with a high suc-
cess rate. Subsequently, we propose AdapTV+, which enhances AdapTV through
icon recognition. Later, we propose AdapTV 2.0, an AI-centric version of AdapTV,
aiming to enhance the original approach with the capabilities of state-of-the-art
generative AI models. Our evaluations reveal that while generative AI models of-
fer improvements in certain aspects of AdapTV, they exhibit limitations in others.
Also, we introduce GenTV, a model-based test execution approach that translates
high-level natural language instructions into executable tests. Our evaluation of
GenTV on smart TVs indicates that GenTV effectively and efficiently transforms
natural language instructions into executable tests with a high execution rate.
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ÖZET

AKILLI TELEVİZYONLARIN UÇTAN UCA TESTİ İÇİN MODEL TABANLI
UYARLAMA

MOHAMMAD YUSAF AZIMI

BİLGİSAYAR BİLİMİ VE MÜHENDİSLİĞİ DOKTORA TEZİ, MAYIS 2024

Tez Danışmanı: Prof. Dr. Cemal Yilmaz

Anahtar Kelimeler: Model tabanlı test, Test adaptasyonu, Akıllı televizyonların
testi, Test oluşturma, Üretici yapay zeka

Bu tezde, akıllı televizyonların uçtan uca kullanıcı arayüzü testlerine yönelik model
tabanlı, kara kutu ve geri bildirim odaklı bir test adaptasyon yöntemi olan AdapTV
sunulmaktadır. Eski bir akıllı televizyon sürümünde çalıştığı bilinen bir test paketi
ve bu test paketinin adapte edilmesi gereken yeni bir sürüm verildiğinde, AdapTV
önce fırsatçı tarama yoluyla hem eski hem de yeni sürümlerin arayüz modellerini
otomatik olarak keşfetmeye başlar. Test paketindeki her bir test, eski sürümde
çalıştırılır ve eski sürümün arayüz modelindeki karşılık gelen yol belirlenir. Son
olarak, akıllı televizyonun yeni sürümü için keşfedilen arayüz modelinde anlam-
sal olarak eşdeğer bir yol belirlenir ve geri bildirim odaklı bir şekilde dinamik
olarak yeni sürümde yürütülür. AdapTV’nin etkili ve verimli bir yöntem olduğu
endüstriyel bağlamda kullanılan bir düzende ampirik olarak değerlendirildi. Ayrıca,
AdapTV’nin orijinal yaklaşımı üretici yapay zeka modellerinin yetenekleriyle de
harmanlanarak AdapTV 2.0 yaklaşımı da geliştirildi. Değerlendirmeler sonucunda,
üretici yapay zeka modellerinin AdapTV’nin bazı yönlerinde iyileştirmeler sunduğu,
ancak diğer yönlerde sınırlamaları olduğu gözlemlendi. Ayrıca, doğal dilde verilen
talimatları çalıştırılabilir testlere dönüştüren model tabanlı bir test yürütme yak-
laşımı olan GenTV de bu tez kapsamında geliştirildi. GenTV’nin akıllı televizyonlar
üzerindeki ampirik değerlendirmelerde, doğal dil talimatlarını yüksek bir yürütme
oranıyla etkili ve verimli bir şekilde çalıştırılabilir testlere dönüştürdüğü gözlemlendi.
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1. Introduction

Today’s smart TVs have large and complex codebases, which, as with any other
software system, need to be tested thoroughly. However, as smart TVs are quite
different than mobile and/or general-purpose computing platforms, testing them has
its own challenges. One of these challenges, which is also one of the primary focuses
of this dissertation, is the need to automatically adapt the existing test cases to
the new version of the smart TV. This is an issue of great practical importance,
especially for the end-to-end user interface testing of these systems, since the smart
TV user interfaces tend to change in every version of the smart TV, which typically
breaks many (if not all) of the existing tests.

One company that suffers from the fragility of their UI test cases is Arçelik 1 – the
fourth largest home appliances manufacturer in Europe operating in 100 different
countries under 10 different brand names, including Beko and Grundig. Arçelik
specifies the end-to-end UI test cases for their smart TVs as a sequence of low-level
remote controller (RC) commands, such as pressing the LEFT, RIGHT, UP, DOWN, or
OK button on the RC. To execute a test case, the commands are fed to the smart TV
one after another and the outcomes, i.e., whether the test executions were successful
or not, are checked by analyzing the screenshots taken from the smart TV as needed.
Further information regarding this industrial setup is provided in Section 2.6.

Arçelik is, indeed, maintaining hundreds of UI test cases in this form, encoding
decades of experience in testing smart TVs. Although abstractions are extensively
used in the development of these test cases in the sense that the commonalities
between the test cases are captured in the modules of their own, changes in the
UIs (which typically occur at almost every new version of the smart TV released
to the market) break almost all of the existing test cases. An overly simplified
hypothetical example would be: a test case consisting of RC commands [DOWN,
RIGHT, RIGHT, OK] to open up the sound menu in the older version of the smart
TV, may suddenly become [UP, LEFT, LEFT, OK] in the new version. Needless to

1https://www.arcelik.com.tr
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say, manually adapting the broken test cases is tedious, error-prone, and costly [72,
70, 73], thus not sustainable at all.

However, it turns out that automating the test adaptation process in the smart TV
domain (and in the consumer electronics domain in general) has its own specific
challenges in addition to all other challenges of test adaptation in related domains,
including the mobile and web application domains [57, 49, 11]. One challenge is that,
although an integral part of test adaptation is to figure out what is actually on the
screen, smart TVs, unlike the web and mobile platforms, do not necessarily provide
object models for their screens, such as Page Object Models (POMs) or Document
Object Models (DOMs), which report many useful attributes for the UI elements
present on the screens, including their types, locations, and labels [56, 34, 48, 32].
Therefore, in the smart TV domain, screens need to be automatically interpreted
using artificial intelligence (AI), image processing, and optical character recognition
(OCR).

Another challenge is that the changes in smart TV user interfaces typically result in
profound changes in the sequence of interactions to be carried out (especially in the
higher levels of the menu hierarchy), thus the sequence of screens to be visited, to
get the same functionality out of the smart TV. Most of the existing test adaptation
approaches, on the other hand, tend to assume that changes are often confined within
individual screens, such that the sequence of screens to be traversed stays intact.
When this assumption does not hold, the issues encountered during the adaptation
process are typically resolved in an ad hoc manner by, for example, carrying out
random or semi-random interactions with the hope of reaching the targeted UI
elements and/or screens. However, this adversely affects both the effectiveness and
the efficiency of the test adaptation process in the smart TV domain where even
going from one UI element to another element on the very same screen may require
a sequence of well-planned interactions to be carried out. For example, since there is
(in the general case) no mouse or touch screen present for the interactions, reaching
a targeted UI element on the screen requires pressing a correct sequence of buttons
on the RC.

To address these challenges, one of our primary focuses in this work is to present a
feedback-driven, model-based test adaptation approach called AdapTV. At a very
high level, given an older version (S) and new version (S′) of the smart TV and a test
suite (T ), which is known to work on S, AdapTV 1) automatically discovers the UI
models M and M ′ for S and S′, respectively, by opportunistically crawling the user
interfaces; 2) for each test case t in T , executes t on S and finds the path traversed
in M ; and 3) determines a “semantically equivalent path” in M ′ and dynamically
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executes the path in a feedback-driven manner on S′.

From the perspective of the smart TV software, the proposed approach is a non-
intrusive and completely black-box approach, thus addressing our first challenge
discussed above. This is because the proposed approach operates by interpreting
the screenshots of the user interfaces. And, the rationale behind using a model-
based approach is to minimize the guesswork in the presence of UI changes, which,
in turn, can improve both the effectiveness and the efficiency of the test adaptation
processes, thus addressing our second challenge. This is because having a UI model
not only helps get a big picture of the user interface, so that all the UI elements
located in other parts of the UI can be figured out, but it also helps construct a plan
to reach any of these UI elements by finding a path in the UI model.

In this work, we are particularly concerned with the UI test cases, which aim to test
the UI states of a smart TV rather than the internal states. To this end, Arçelik
uses two main types of test oracles. One type of oracle checks to see if an expected
sequence of UI states is visited. Another type checks to see if the destination (i.e.,
the final) UI state has been reached or not, regardless of the states visited in between.
Therefore, we define two different adaptation criteria, namely route equivalency and
destination equivalency, implementing the former and the latter types of test oracles,
respectively.

To evaluate the proposed approach, we carry out empirical studies in a setup, which
closely mimics the industrial setup used by Arçelik. In the experiments, we use the
real test cases developed by Arçelik, which reflect the decades of experience Arçelik
has gained in testing smart TVs, together with some automatically generated test
cases, which are designed to increase the diversity in testing. While the proposed
approach successfully adapted all the test cases under both adaptation criteria, the
alternative approaches we propose and use in the experiments could not adapt any
of them under any criterion.

Note that although our primary focus while evaluating AdapTV was smart TVs
produced by a single company, namely Arçelik, the proposed approach can readily
be applied to test other smart TVs as well as any other software with screen-based
UIs. This is mainly due to the fact that, from the perspective of the system software,
we treat the system as a black box and provide a non-intrusive adaptation approach.

The thorough evaluation we performed on AdapTV demonstrated that the approach
is both accurate and efficient. The experiments we conducted revealed that AdapTV
adapted the tests with a high success rate. However, AdapTV had a limitation that
needed addressing. To determine a “semantically equivalent path” in M ′ corre-
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sponding to the path traversed in M by the test case in T , “state equivalency”
is used to ascertain the equivalence between a state in M and a state in M ′. The
determination of this equivalency heavily depends on the text extracted from the as-
sociated UI elements. However, with AdapTV, determining “state equivalency” for
UI elements that lacked associated text (e.g., UI elements consisting only of icons)
was not possible. To overcome this obstacle, while we conducted the evaluations for
AdapTV, we manually labeled the UI elements that did not have any associated text
and consisted only of icons. This was a viable option since the number of such UI
elements was very few, but it contradicted our goal of making the process automated
and general enough.

In response to this limitation, AdapTV+ was proposed, where we developed a
dataset and trained a classifier to label frequently used icons that are recogniz-
able even without any associated text. Whenever a UI element consists solely of an
icon and lacks associated text, the trained classifier was used to label the icon, using
this label as the associated text to establish “state equivalency.” With AdapTV+,
the limitation we had with AdapTV was resolved, enhancing the generality of the
approach and eliminating the manual effort previously required to label such UI
elements.

With the advancements in AI [24, 61], just like any other domain, the domain
of software engineering has also been significantly affected. Advancements in AI
are not only enhancing existing methodologies but also redefining approaches to
complex software engineering tasks [23]. Therefore, in the later cycle of the work,
we investigated the integration of generative AI models into our test adaptation
approaches and proposed AdapTV 2.0.

In AdapTV 2.0, we retained the overall structure of the original methods, shifting
towards an AI-centric methodology. The goal of this particular work was to assess
the impact of this change and determine the capabilities and limitations of genera-
tive AI in this context. Specifically, we aimed to replace certain core techniques of
AdapTV+, such as determining the selected UI element on the screen, state equiv-
alency, icon recognition, and text extraction, with the state-of-the-art generative
AI model GPT-4 [2]. The hypothesis was that GPT-4 would not only streamline
the test adaptation process but also significantly improve efficiency, accuracy, and
maintainability, thereby reducing complexity and facilitating project management
and maintenance.

Two of the main goals we had for integrating AI into AdapTV were: to enhance the
robustness and adaptability of AdapTV in response to rapidly changing UIs, and
to demonstrate the practical and industrial application of generative AI in software
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engineering, particularly in test adaptation. With this integration, we aimed to
deliver a solution that is not only more efficient but also more manageable and
maintainable.

After conducting extensive experiments for AdapTV 2.0, we concluded that while
GPT-4’s capabilities have improved AdapTV’s certain key components, it exhibits
limitations in others. Specifically, GPT-4 demonstrates high accuracy in text ex-
traction from images, icon recognition (as we have done with AdapTV+ work),
and determining state equivalency during the test adaptation phase. However, its
accuracy falls short when tasked with identifying the currently selected item on
the screen and mapping UI elements to states within the UI model. Additionally,
it is noteworthy that GPT-4 operates significantly slower compared to AdapTV’s
existing, more efficient approaches, regardless of the accuracy.

Inspired by AdapTV+ and AdapTV 2.0, we also proposed GenTV to tackle the task
of generating and executing UI tests from high-level natural language instructions.
Although existing literature offers various methods to automate test generation, this
particular work contributes uniquely by being platform-independent. Traditional UI
testing methods generally rely on support from the underlying platform; however,
our approach treats the software under test (SUT) as a black box, requiring no plat-
form support. This development was necessitated by the varying levels of support
across different platforms, as explained previously. Thus, like previous approaches,
this approach is also a comprehensive black-box method that involves taking screen-
shots of the UI, interpreting those, and using the interpretations to interact with
the SUT in an automated manner.

Similar to AdapTV 2.0, we used the state-of-the-art generative AI model, GPT-
4, to interpret the given natural language instruction and transform it into exe-
cutable tests for the SUT. The proposed approach of GenTV is, again, a model-
based methodology, beginning with the discovery of a UI model for the SUT using
the crawler we initially implemented for AdapTV (as explained in Section 3.1.6).
This model-based strategy enhances GPT-4’s ability to make informed decisions,
simplifying its tasks and reducing the likelihood of errors. Our comparative exper-
iments demonstrate that utilizing the UI model results in a 100% execution rate,
assuming that GPT-4 accurately determines the UI state that needs to be visited.
Nevertheless, GPT-4’s accuracy in determining the target state that needs to be
visited, which we call the mapping rate, stands high at 98.6%. In contrast, the
two alternative approaches we defined and proposed in this work, which operate
without a UI model, result in GPT-4 struggling with context, leading to numerous
errors, decreased execution rates (less than 10% for both alternative approaches),
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and increased execution costs.

To demonstrate the applicability of the approaches to any software, in addition to
evaluating the approach on the smart TVs produced by Arçelik, we also conducted
experiments on Kodi, a complex and well-known open-source media player applica-
tion [41]. The evaluations we conducted for Kodi demonstrate that the proposed
approaches work perfectly as they are, without requiring any further modification.
This result is attributed to the fact that we consider the SUT as a black box and
do not utilize any SUT-specific elements in our approach.

The remainder of this dissertation is organized as follows: Chapter 2 provides
background information relevant to this work. Chapter 3 details the proposed ap-
proaches. Chapter 4 describes the experiments conducted and the results achieved.
Chapter 5 discusses the threats to the validity of the work. Chapter 6 reviews re-
lated work pertinent to this dissertation, and Chapter 7 offers concluding remarks
and outlines future work.
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2. Background

This chapter provides foundational knowledge essential for understanding the do-
main of this research, which intersects several fields. Understanding smart TVs and
the importance of testing them is crucial, as this work primarily addresses the chal-
lenge of test adaptation for smart TVs. Test adaptation in smart TVs is critical due
to the unique characteristics and complexities involved in smart TV software, which
frequently undergoes updates that can break existing test cases.

The proposed approaches in this dissertation are model-based, emphasizing the need
to understand model-based testing methods. Model-based testing offers a systematic
approach to testing software by using models that represent the desired behavior
of a system. This method is particularly relevant to our work as it aligns with our
focus on using models to adapt tests efficiently.

Furthermore, this research heavily relies on interpreting UI screenshots. This task
is accomplished using a variety of techniques from machine learning, deep learning,
and computer vision. Later in the research, some of these techniques are augmented
or replaced with generative AI models to simplify some of the complexities we face
in interpreting and interacting with UIs. Additionally, we propose a model-based
approach capable of executing tests given in natural language, enhancing the adapt-
ability and applicability of the testing process.

The remainder of this chapter will delve into several key concepts utilized in this
work to provide the reader with a comprehensive understanding of the method-
ologies employed and the significance of the challenges addressed. These concepts
include the specifics of model-based testing, the application of advanced computa-
tional techniques in interpreting UIs, and the integration of generative AI to improve
test adaptation strategies.
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2.1 Understanding Smart TVs

Smart TVs represent a significant evolution in consumer electronics, blending tra-
ditional television functionality with advanced computing capabilities. This inte-
gration has transformed televisions into complex, interactive systems capable of
internet browsing, streaming, and running sophisticated applications. As these de-
vices become increasingly central to home entertainment, their underlying software
complexity has also grown, necessitating robust software engineering approaches to
ensure their reliability and functionality.

The architecture of smart TVs involves a hybrid of technologies borrowed from both
the computing and broadcasting realms. Unlike simpler devices, smart TVs must
manage a variety of inputs and outputs, process high-definition video streams, main-
tain network connectivity, and provide a user-friendly interface. This multifaceted
nature introduces a unique set of software challenges. For instance, the need to sup-
port multiple streaming formats and protocols, compatibility with various apps and
services, and the continuous introduction of new features through software updates
all contribute to the complexity of smart TV software systems.

These complexities demand rigorous testing to prevent software malfunctions that
can degrade user experience or disrupt core functionalities. Traditional testing meth-
ods often fall short due to the dynamic and interactive nature of smart TV interfaces,
which are frequently updated to incorporate new features or improve user interac-
tions. Consequently, there is a pressing need for specialized testing frameworks that
can adequately address the unique challenges presented by smart TVs.

To ensure the delivery of high-quality software, smart TV manufacturers must em-
ploy comprehensive testing strategies that encompass both hardware and software
components. These strategies include unit testing, integration testing, system test-
ing, and acceptance testing, each critical to verifying the various aspects of smart
TV functionality. However, the rapid pace of software updates and UI changes par-
ticularly challenges the stability and reliability of existing automated test suites,
highlighting the necessity for adaptive testing approaches.

In summary, the complexities inherent in smart TV software not only highlight the
importance of advanced testing techniques but also underscore the potential benefits
of adopting model-based approaches to adapt and maintain test cases efficiently.
The evolution of smart TVs thus not only marks a technological advancement in
home entertainment but also poses significant challenges and opportunities within

8



the field of software engineering, making them a critical area of study for ensuring
the seamless integration of new technologies in consumer electronics.

2.2 Challenges in UI Testing for Smart TVs

Testing UIs in smart TVs involves unique challenges that set it apart from UI testing
in other platforms such as mobile devices and web applications.

2.2.1 Limited support by the underlying platform

One of the challenges is that smart TVs do not necessarily provide object models
for the UI screens, such as POM and DOM, which report many useful attributes
for the UI elements present on the screens, including their types, locations, and
labels [40, 15]. As these object models are quite valuable for test adaptation, they
need to be discovered from the screen images in our works by using machine learning
and computer vision techniques.

2.2.2 UI changes

The UI changes in the smart TVs typically result in profound changes in the sequence
of actions to be taken, thus the sequence of screens to be visited, to get the same
functionality out of the system. Existing test adaptation approaches, on the other
hand, tend to assume that changes are often confined within individual screens.
That is, changes do not typically alter the sequence of screens to be traversed.
When this assumption does not hold, many of the existing approaches resolve the
encountered issues in an ad hoc manner (e.g., by guessing what needs to be done to
get to the missing screens). This, however, adversely affects both the effectiveness
and the efficiency of the test adaptation in our domain where even going from one
UI element to another on the very same screen requires a sequence of well-planned
actions to be taken.
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2.3 Model-Based Testing

Model-based testing is an advanced software testing technique where a model that
represents the functional aspects and behavior of the SUT is used [37, 43]. This
model is usually an abstract representation that captures the intended behaviors of
the system, including its responses to various inputs and conditions. The core idea
of model-based testing is to use this model as a basis for testing tasks such as test
case generation and test adaptation.

The process of model-based testing typically involves several key steps. Initially,
a model of the system is created/discovered. For a test generation task, from this
model, test cases are automatically generated to ensure that all paths, transitions,
or states defined in the model are covered. These generated tests are then executed
against the actual system, and the results are compared with expected outcomes
as specified in the model. This allows testers to identify discrepancies between the
system’s actual behavior and its expected behavior as defined by the model.

Model-based testing has found significant applications in web and mobile develop-
ment environments due to the complex user interactions and diverse functionalities
these platforms support. For example, in web development, model-based testing
can be used to test the workflow of web applications across different pages, handling
scenarios such as form submissions, session management, and user authentication.
The model in this context would represent the different states of the web applica-
tion and transitions based on user actions, helping ensure comprehensive testing of
critical workflows. Similarly, in mobile applications, model-based testing helps ad-
dress the challenges posed by varied user interfaces and interactions, diverse device
capabilities, and operating system versions. By creating models that reflect user in-
teractions and system responses, testers can systematically verify the application’s
behavior across a wide range of devices and conditions.

Moreover, the use of model-based testing allows for increased automation in test-
ing, reducing the manual effort required and enabling more rapid validation of sys-
tem behaviors as development progresses. The automatic generation of test cases
from models ensures that new or updated functionalities are quickly and thoroughly
tested, making model-based testing particularly valuable in agile and continuous in-
tegration environments. Additionally, because the test cases are derived from models
that are ideally independent of the system implementation, model-based testing is
highly effective in identifying mismatches between the specification and the actual
software, thus improving the quality and reliability of the software product.
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In conclusion, model-based testing is a robust methodology that enhances the effi-
ciency and effectiveness of the testing process, particularly in dynamic and complex
software environments like web and mobile applications. It provides a systematic
approach to many testing tasks, which contributes significantly to the development
of high-quality software products.

2.4 UI Testing

UI testing is a critical component of software quality assurance focused on ensuring
that the user interface meets its intended design and is functional [75, 106]. This
type of testing is pivotal for evaluating the visual and interactive elements of an
application, making it crucial for enhancing the overall user experience. UI testing
involves verifying that each user interface component, such as buttons operates as
expected.

The importance of UI testing stems from its direct impact on the end-user experi-
ence. A well-designed and thoroughly tested UI ensures that users can interact with
the application smoothly and without any issues. It also helps prevent issues that
could lead to user frustration, such as unresponsive elements, which are critical for
user retention and satisfaction.

2.5 Test Adaptation

Test adaptation is a critical process in software testing that involves modifying exist-
ing test cases to accommodate changes in the software [40, 15, 16]. This adaptation
ensures that the testing process remains effective and relevant despite updates.

The adaptation of existing test cases to new versions of the UI is a critical task. If
done manually, it is time-consuming, error-prone, and costly. Therefore, the need
for frequent adaptations due to UI changes demands a more dynamic, robust, and
automated solution to maintain the effectiveness and efficiency of the testing process.
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(a) Home screen of Grundig TV v02.025.00

(b) Home screen of Grundig TV v04.015.00

Figure 2.1 Example screenshots for demonstrating the changes made in the home
screens of two different smart TV versions
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2.6 Industrial Case

In this context, UI test cases are expressed as a sequence of low-level RC commands.
This choice stems from the way Arçelik and other smart TV producers like Vestel 1

represent UI tests and is mainly because of the fact that to carry out the end-to-end
testing of the smart TVs in a completely black box manner [60]. Another reason is
that, for various technical reasons, including certain security and privacy concerns,
the smart TV does not provide any facilities for automating testing at the system
level.

As an example, Figure 2.1a presents the home screen image taken from Grundig
TV v02.025.00. An overly simplified test case, which can be executed on this very
same screen, is to open up the Settings menu. Starting from the currently selected
UI element Channel Search, this can be achieved by executing the RC commands
[DOWN, RIGHT, RIGHT, RIGHT, RIGHT, OK] in the order they are given, which
would visit the UI elements [Records, Media Center, Screen Share, Tools,
Settings] before opening up the Settings menu.

To run the UI test cases, Arçelik uses a setup consisting of at least two specialized
devices, including a programmable remote controller (Tira [99]) and a connected
capture device (UCD [100]). Figure 2.2 presents a picture of this setup, replicated
at Sabanci University’s Software Engineering Lab. Tira is a programmable remote
controller capable of sending any signal that can be sent by a regular remote con-
troller. Being a USB device, it simply replays the pre-recorded signals for the re-
quested RC commands. In this setup, Tira is used to execute the RC commands in
the test cases.

The UCD device, on the other hand, is a compact-sized USB device that intercepts
the signal sent to the smart TV panel, such that the video stream can be recreated
in a computer. UCD is, indeed, a frequently used device for automated testing
of display-related application-specific integrated circuits (ASICs) and display elec-
tronics as it offers a flexible and robust method for capturing the images/streams
without the need for an external camera, thus avoiding all the associated technical
difficulties, including camera calibration. In this setup, Arçelik uses the UCD de-
vice to capture the screenshots, so that whether the expected UI states have been
reached during and/or after the execution of the test cases, can automatically be
determined by analyzing the images. Both devices are connected to a workstation

1https://www.vestel.com.tr
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Figure 2.2 Replication of the smart TV testing framework used by Arçelik
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