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Abstract. The Raspberry Pi 3 B is used to play MP3 files as a marker for entering 

prayer times. Murottal or salawat tarhim files will be activated at certain intervals 

by adjusting the prayer times. Memory limitations on the Raspberry Pi 3B are at 

risk of crashing, so that the required files fail to load or cannot be played 

correctly. Meanwhile, the murottal that is played must continue without starting 

from the beginning when entering the maghrib, dawn, or before Friday prayers. 

The singleton design pattern is used in the Python programming language to 

ensure that the system uses only one instance and does not create another instance 

if the existing instance can still be accessed. By using this singleton design 

pattern, the system avoids a spike in memory usage on the Raspberry Pi 3 B, 

leaving sufficient memory space for the system. The goal of this research is to 

use the singleton design pattern to provide an effective solution for improving 

memory efficiency and application stability.   

Keywords: Raspberry Pi 3B, Design Pattern, Singleton Design Pattern, 

Memory Efficiency. 

1 Introduction 

In software development, code quality is often neglected, with a focus on functionality. 

Embedded system is a promising solution for improving system efficiency [1]. 

Embedded systems are computing system with specific functions designed to be a part 

of larger mechanical or electrical system [2]. The emergence of embedded system and 

applications specifically designed for specific tasks, especially in the internet of things 

(IoT) ecosystem, has driven technological development over the past five decades. 

Unlike typical general-purpose computers, these systems often operate under the real 

time constrains and with limited resources. Single board computers (SBCs) have a 

become one of the drivers of this trend, which have provided mobility, flexibility, high 

level computing power in small form factor, and low latency [3]. Similarly, the previous 

explanation that SBCs are one of the drivers that offer mobility, flexibility, high level 

computing power in a small form factor, and low latency, which can be adopted for this 

research [4]. 
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To support all of the explanation before, it will be Raspberry Pi has emerged as one 

of the single board computers widely used in various projects covering various topics 

and research fields, including the Internet of Thins (IoT), which has gained significant 

popularity in recent years in various applications [5-6]. Therefore, in this prayer time 

applications, featuring salawat tarhim (recitation from the Quran) and murottal too, will 

be used to signal the arrival of the call to prayer. It also aims to encourage worshippers 

to be more prepared for prayer and provide a pre-prayer rest period. This benefit is felt 

when congregational prayer attendance at mosques increases. Worshippers can also 

perform sunnah prayers earlier beca use they have prepared in advance before the call 

to prayer. 

Before the Raspberry Pi 3b was used, reminders were activated using an application 

installed on Android TV. However, there was a risk that the reminder would fail to 

activate if the TV was turned off, as it does not automatically turn on in the event of a 

power outage. Furthermore, the application could not be automatically reloaded when 

the TV was first turned on. This requires manual action to unlock the system. The Rasp-

berry Pi 3 B is used because it can wake up immediately after a power outage and offers 

greater flexibility in further configuration, as the device provides an operating system, 

allowing developers to create applications tailored to their needs. Furthermore, the 

Raspberry Pi 3B's low-power embedded processor is one way to reduce power con-

sumption in large clusters, rather than using a standard CPU [7]. 

The Raspberry Pi 3b has a limited 1GB of memory, requiring efficient use. One 

solution is to reset (reload) the audio instance once the audio has finished being acti-

vated. However, some murottal are activated, and reloading them each time is not pos-

sible. Reloading frees up some memory slots and causes the audio to start playing from 

the beginning. The murottal cannot continue to the next verse because the instance has 

been freed and reloaded. 

Design patterns are standard solutions to common design problems [8]. Design pat-

terns are reusable solutions for recurring software design issues. Although useful for 

software analysis, detecting design patterns is often challenging, especially in large and 

complex software systems [9]. Seasoned designers frequently utilize past design best 

practices, codified in the form of design patterns, to make their designs and the resultant 

code more elegant, robust, and resilient to change [10]. Popularized by the "Gang of 

Four" (GoF), these design patterns represent best practices codified by experienced de-

signers to produce more elegant, robust, and flexible software [10]. In other words, 

design patterns describe how objects relate to each other without being tied to specific 

models and methods.  

One of the design patterns introduced by the "Gang of Four" (GoF) is the creational 

pattern, which has direct relevance to memory management. Among these patterns, the 

most fundamental and relevant to resource control issues is the Singleton Design Pat-

tern. This pattern ensures that a class uses only one instance and has global access to 

that instance. The pattern is beneficial in situations where shared resources, such as 

database connections or configuration managers, are needed across the application [11]. 

Global variable s is to use to make object accessible, but prevent the creation of multiple 

objects. That class can ensure that to instances are created (by preventing request to 

create new objects) and provides a way to access the instance. This research aims to be 
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improved memory singleton design pattern. The singleton design patterns have been 

proven to provide an effective solution to improve memory efficiency and stability in 

audio-based application such as murrotal and shalaawat tarhim by ensuring that only 

one audio management instance is running.  

2 Literature Review 

2.1 Embedded System 

Embedded system has a limitation in terms of energy consumption, data storage, and 

hardware limitations. Embedded system in this modern’s era have become the back-

bone of the Internet of Things (IoT) and various another device, operating under a series 

constraints related to cost, powerma nd computing resources. Single board computers 

(SBCs) offer basic computing functionally at a  cost-effective process, making them a 

good choice for applications [12]. However, for the applications that the demand real-

time performance, such as low latency audio processing, using these platforms present 

significant system challenges. In learning, predictable performance and efficiency 

memory management are crucial factors in determining the success or failure of these 

applications. Real time, networked embedded systems serve a crucial two-way bridge 

between the physical and information’s worlds [13].  

2.2 Raspberry Pi 3b 

The Raspberry Pi 3b is built on a quadcore ARM Cortex A53 processor, which provides 

sufficient computing power for a wide range of the tasks [12]. Due to the continued 

popularity and evolution of the Raspberry Pi models and their continued growth, per-

haps in the coming decades, several studies evaluating its performance have shown that 

the Raspberry Pi 3b is designed to bridge the gap between tra ditional microcontrollers 

and modern computing as a representative platform. Featuring a 1.2 GHz quad -core 

ARM processor and 1 GB of RAM, the Raspberry Pi 3B platform is powerful enough 

to run all operating systems, such as Linux, and supports complex applications written 

in object-oriented languages. 

The existing literature consistently depicts the Raspberry Pi not as a platform with 

static performance, but rather as an engineering arena where optimization is essential 

to achieving desired performance targets. Numerous studies have demonstrated that the 

performance of the Raspberry Pi 3B can be easily modified through a series of hardware 

and software interventions. 

2.3 Design Pattern 

Design patterns in software engineering are fundamental concepts that represent gen-

eral, proven, and reusable solutions to problems that frequently arise in the context of 

software design [14]. This concept originated from the work of architect Christopher 

Alexander. It was later adapted from software engineering by Erich Gamma, Richard 

Helm, Ralph Johnson, and John Vlissides, known as the "Gang of Four" (GoF). GoF 
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are aims to provide a common language or standard vocabulary. The language enables 

developers to communicate more effectively about complex design solutions, improve 

code readability, and ultimately accelerate the development process. 

2.4 Singleton Design Pattern 

The Singleton Pattern can essentially be described as a class that has only one instance 

and provides a global access point to that single instance [15]. Among the design pat-

terns, the Singleton Design Pattern holds a unique position due to its simplicity and 

conceptual clarity. Despite its, the conceptual simplicity is implementing the Singleton  

Design Pattern in the real world presents challenges when dealing with multi-threaded 

environments. The Singleton Design Pattern is typically used to the ensure that only 

one instance has global access [16]. Several literature and technical studies have iden-

tified several implementation variants, each with its own advantages and disadvantages 

[17]. The specific features used in the Singleton Design Pattern provide a detailed pat-

tern definition and allow for the identification of non-standard implementations [17]. 

3 Method 

This section will explain the methodology that will be used to the research hypothesis. 

The use of experimental design, as a methodology ini this section, is used to ensure that 

the results are replicable, valid, and directly address the research objectives. An exper-

iment can be said to be fundamental to scientific and engineering practice. A well-de-

signed experiment can produce an empirical model of a process, facilitating the under-

standing and prediction of its behavior [19]. Therefore, an experimental design can be 

said to be the backbone of scientific investigations that aim to establish cause and effect 

relationship. 

After completing the first steps outlined above, the next step is to conduct an exper-

imental procedure designed to ensure consistent and controlled testing that minimizes 

confounding variables and produces the desired data. The test was conducted by mon-

itoring murotal (recitation) activity performed before tarhim for the Fajr and Maghrib 

prayers. This test was conducted at a  mosque in the Kamayangan Residence complex. 

Tarhim would be played for 10 minutes before the call to prayer. The experimental 

method involved environmental preparation, consisting of a Raspberry Pi 3B unit with 

the Murotal and Tarhim applications installed. Using this platform ensures that the re-

sults obtained are directly relevant to the topic. From an environmental perspective, the 

platform will consistently install and utilize cooling to mitigate CPU performance deg-

radation caused by high temperatures, which can impact performance metrics. From an 

environmental perspective, the results, which occurred over two days, resulted in nu-

merous issues, posing a challenge. Given these challenges, the researchers attempted to 

use the singleton design pattern to address the issues (see Fig. 1). 
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Fig. 1. The Raspberry Pi 3B Device. 

After completing the first steps outlined above, the next step is to conduct an exper-

imental procedure designed to ensure consistent and controlled testing that minimizes 

confounding variables and produces the desired data. The test is conducted by moni-

toring activity on murotal (recitations) performed before tarhim for the dawn and even-

ing prayers. The tarhim will be played for 10 minutes before the call to prayer. The 

experimental method involves preparing the environment, consisting of a Raspberry Pi 

3B unit with the Murotal and Tarhim applications installed. Using this platform ensures 

that the results obtained are directly relevant to the topic. From an environmental per-

spective, the platform will consistently install and utilize cooling to mitigate CPU per-

formance degradation caused by high temperatures, which can impact performance 

metrics. Standardizing the environment will be key in configuring the hardware and 

software for testing. 

The test results, in the form of measurement metrics and data analysis, will be ex-

plained in the results and discussion section, along with the metric depictions in Figs. 

2 and 3. The measurement metrics used reflect the impact of the instantiation strategy 

on memory usage. The selection of metrics a ims to provide comprehensive results re-

garding memory efficiency, not only in terms of quantity but also in terms of overhead 

management. Data analysis from the testing and measurement metrics is then compiled 

to determine whether the results align with the study's objectives. 

4 Results and Discussion 

The design pattern is implemented using Python and installed on a Raspberry Pi 3B 

device. The Raspberry Pi 3B is installed in conjunction with an audio amplifier as the 

sound device. The following image illustra tes the use of the Raspberry Pi 3B for the 

Murrotal and Tarhim applications. Fig. 2 shows a graph obtained from the system 
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showing memory usage before using the singleton. The graph shows a fluctuating in-

crease in memory compared to before the audio started playing. Then, a memory drop 

occurs just before the audio starts playing in the second interval due to the service being 

terminated. Terminating the service is intended to prevent a system crash due to lack of 

memory. 

 

Fig. 2. Dashboard usage test before used singleton design pattern. 

Fig. 3 illustrates the system graph after using the singleton design pattern. Fig. 3 

shows that the system is more stable, eliminating the need for stopping and preventing 

potential crashes. Therefore, using the Singleton Method Design Pattern ensures that a 

class has only one instance and provides a global access point for it. This pattern is ideal 

for scenarios that require centralized control, such as managing database connections 

or configuration settings. 



  

 

22             M. Fitriawati and M. F. Wicaksono

 

Fig. 3. Dashboard usage test after used singleton design patter. 

A web dashboard page was built to monitor system performance. Testing was con-

ducted under three conditions: when the system was running in an idle state, when audio 

was enabled, and when the system was restarted. Fig. 4 shows the results of the appli-

cation usage test. 

 

Fig 4. Dashboard usage test. 
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The graph on the dashboard displays the amount of memory used when the device 

is turned on, when audio is enabled, and when memory is in use. The blue line ind icates 

when the system was restarted and the amount of memory used by the system. The 

orange line indicates the amount of memory used when audio was enabled. The red line 

indicates the amount of memory used when the system is idle. If the red line decreases 

and meets the blue line, it indicates the amount of memory after the system has been 

restarted. The intersection with the orange line indicates the amount of memory used 

when audio is played. 

Based on test results, system memory usage, especially when audio is playing, does 

not show any spikes. Memory can be released when the audio is finished. However, 

this requires reloading the audio and starting over. The activated file, however, is a  

murottal (song recitation) that continues and is only paused for a certain period. A sim-

ilar study conducted by Azizi et al. in 2025 showed that it significantly improves time 

efficiency without increasing memory load [20]. Thus, it can be concluded that by 

measuring the increase in application performance, which is indicated by a decrease in 

RAM usage and better stability, after implementing Singleton for audio management. 

5 Conclusion 

The idea of the design pattern is using existing variable or object instead of creating the 

new one. Based on the test result, the graph shows that the Singleton Design Pattern for 

MP3 file playback can also reduce the memory usage. The hardware used to test - Rasp-

berry Pi 3B's – that has 1 GB memory limitation can be utilized efficiently without 

requiring the need to reload files, pa use audio, or restart the system . 
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