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	 ABSTRACT 
	










	
This study presents a comparative analysis of power consumption between open-source and proprietary media players when playing open-media format videos (.webm). As media consumption grows, energy-efficient software is critical for both environmental sustainability and device performance. Using tools like HWiNFO, key metrics such as GPU and CPU power consumption, memory usage, and efficiency were evaluated for popular open-source (e.g., VLC, Kodi) and proprietary (e.g., GOM Player, KMPlayer) players. The results reveal that open-source players generally consume less GPU power but more CPU resources, while proprietary players balance CPU and GPU usage with higher memory demands. The findings suggest that careful selection of media players can lead to significant energy savings over time, offering insights for developers and users focused on energy-efficient computing.
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1. Introduction

The continuous advancement in media technology has brought about a diverse range of software platforms that cater to the consumption of digital media, such as videos and audio. These platforms can broadly be categorized into two types: open-source and proprietary media players. Open-source media players are developed and distributed freely, with their source code available to the public, allowing for transparency, customizability, and collaborative improvements. In contrast, proprietary media players are typically commercial products with closed-source code, developed by corporations or private entities, and come with restricted access to their inner workings. Both types of media players have their unique advantages and limitations, particularly in terms of performance, cost, security, and energy consumption, especially when handling various media formats like open standards such as .webm.

The growing adoption of open-source media players in the technology landscape has been driven by the desire for more transparency, flexibility, and user control [1]. On the other hand, proprietary software continues to dominate certain market segments, owing to the perceived superiority in performance, customer support, and proprietary features [2]. With the global increase in video consumption across various devices, an often-overlooked factor is the power consumption of these media players, particularly as it pertains to their use of CPU, GPU, and memory resources.

Power consumption in software applications is increasingly relevant, given the growing awareness of environmental sustainability and energy conservation [3]. In this context, a comparison of open-source and proprietary software from the perspective of energy efficiency is both timely and necessary. These studies revealed that the choice between open-source and proprietary software significantly affects the usage perspective [4], but perspective of power usage is still unexplored, which can have broader implications when considering large-scale deployments or extended usage scenarios.

This paper seeks to explore the energy consumption differences between open-source and proprietary media players when playing open media formats, specifically. webm videos. We aim to investigate whether open-source media players are more energy-efficient in terms of CPU and GPU power consumption, memory usage, and overall system resource utilization, compared to their proprietary counterparts. Our experiments will focus on real-world usage scenarios, and the results will be evaluated in the context of daily use and longer-term energy conservation strategies.

2. Literature Review

The debate between open-source and proprietary software isn’t just about accessibility and features; it also hinges on performance optimization and energy usage. Media players, in particular, reveal stark differences in how they utilize hardware. In the following sections, we will delve into the detailed comparison between open-source and proprietary software, particularly in terms of media players

2.1. Open Source vs. Proprietary Software

The comparison between open-source and proprietary software has been a central theme in the field of software development and digital technology. Open-source software (OSS) is defined by its availability to the public, allowing users to view, modify, and distribute the source code [5]. In contrast, proprietary software is typically closed-source and is sold as a product, with restrictive licenses preventing unauthorized access to the code [6].

Several studies have focused on the economic implications of choosing between OSS and proprietary software. Chesbrough highlighted that open-source software often reduces costs for organizations, as there are no licensing fees, and the collaborative nature of open-source development leads to faster bug fixes and feature updates [7]. However, proprietary software is often seen as more stable and better supported by vendors, offering dedicated customer support and advanced functionalities [8].

When it comes to performance, some studies suggest that proprietary software has an edge, particularly in specialized use cases [9]. However, the flexibility and adaptability of OSS make it a popular choice among developers, particularly for customization-heavy applications. In contrast, proprietary software may offer more seamless integration and user-friendly interfaces. Additionally, security is often a key concern, with OSS sometimes criticized for potential vulnerabilities due to its open nature, though this is often mitigated by the large community of developers contributing to the code [10].

2.2. Media Players: Open Source and Proprietary Solutions

Media players are an essential category of software, with various open-source and proprietary options available for consumers. Some well-known open-source media players include VLC, Kodi, and MPV, while proprietary options include Windows Media Player, RealPlayer, and GOM Player. These platforms cater to a variety of media formats, including open formats like .webm, which are commonly used due to their efficiency and lack of licensing restrictions [11].

Previous studies on media player performance have shown that open-source solutions like VLC and Kodi are highly regarded for their versatility and support for a wide range of formats [12]. VLC, for example, is renowned for its ability to play virtually any file format without needing additional codecs [13]. However, proprietary media players often boast more polished user interfaces and optimized performance, especially in hardware-accelerated tasks such as 4K video playback [5].

The impact of open-source software (OSS) on proprietary software has been substantial, particularly in competitive settings. Zhou et al. found that competition from OSS could push proprietary providers to enhance both the quality and price of their software, contrary to earlier assumptions that OSS would lower quality. This dynamic is evident in the media player market, where OSS forces proprietary players to innovate, often at the cost of higher energy consumption due to feature expansion [14].

Costa et al. examined proprietary software ecosystems (SECOs), highlighting the importance of intellectual property protection while fostering innovation. In the case of media players, proprietary platforms often consume more resources due to their advanced features and background processes. These governance mechanisms, while enhancing platform stability, often come with a higher energy cost compared to their open-source counterparts [15].

2.3. Power Consumption of Daily-Use Software

The energy consumption of daily-use software, including media players, has been the subject of several studies in recent years. Energy efficiency is increasingly becoming a priority for software developers and users alike, particularly in the context of climate change and rising energy costs. Katal et al. have analyzed the power consumption of various software applications with a focus on minimizing resource usage and improving energy efficiency [4].

Media players are particularly significant in this regard, as they are used for extended periods in many daily routines. This was attributed to the lightweight nature of the codebase in open-source projects, as well as the community-driven focus on efficiency and performance optimizations [3].

Zhang et al. discussed energy consumption differences between open-source and proprietary systems, noting that OSS, with its modular architecture, is generally more energy-efficient. Proprietary media players, on the other hand, tend to be more feature-rich but resource-intensive, resulting in higher power consumption [16].

Henkel found that many commercial firms adopt hybrid models, where open-source projects complement proprietary software. This approach is particularly useful in media players, where open-source components can reduce development costs and improve efficiency while maintaining core proprietary functionality [6].

2.4. Open Media Formats and Resource Efficiency

Open media formats such as .webm, developed by Google, are increasingly popular due to their royalty-free status and efficient compression algorithms [11]. Studies has shown that media players optimized for these open formats tend to be more resource-efficient in decoding and playback [13]. This is in contrast to proprietary formats like .mp4 or .mov, which often require specialized hardware or software to decode, leading to increased power consumption [17].

VLC, an open-source media player, has been found to be particularly efficient when playing open media formats like .webm, utilizing less CPU and memory compared to proprietary players. This aligns with the broader trend observed in open-source software, where community-driven development often leads to more lightweight and efficient codebases [5].

Le Feuvre et al. demonstrated the effectiveness of the GPAC multimedia framework, an open-source solution that handles media playback with minimal resource consumption. This study underscored the benefits of open-source frameworks in managing complex tasks like video encoding and playback with lower energy demands, making them ideal for open media formats like .webm [18].

2.5. HWiNFO Studies on Power Consumption

HWiNFO is a widely used tool for monitoring system resources such as CPU, GPU, and memory usage, making it an ideal choice for measuring the power consumption of media players [12]. Study by Singh et al. has utilized HWiNFO to gather detailed performance metrics during predictive analysis, providing valuable insights into how different analysis affect overall system power consumption [8].

Although previous research has explored software efficiency and market competition between OSS and proprietary systems, there is still a gap in understanding the energy consumption specific to media players, especially for open media formats like .webm. This study seeks to address this gap by analyzing the power consumption of open-source and proprietary media players, providing valuable insights for optimizing energy efficiency and understanding trade-offs between feature-rich proprietary software and OSS.

3. Experiment

The primary objective of this experiment was to compare the power consumption of open-source and proprietary media player software. The focus was on evaluating CPU power package, GT core power, percentage of CPU usage, and physical memory consumption in megabytes (MBs).

3.1. Media Players Evaluated

In this study, five open-source and seven proprietary media players were evaluated to compare their power consumption and system resource usage during video playback. The open-source media players tested were VLC, Kodi, MPV, SMP, and MPC. The proprietary media players included Windows Media Player, KMPlayer, GOM Player, RealPlayer, ALLPlayer, LAPlayer, and POT Player. These players were selected based on their popularity, diverse functionalities, and compatibility with open media formats such as .webm, ensuring that the results represent common real-world usage.

3.2. Hardware Configuration

The experiments were conducted on the following hardware configuration:

•   Processor: 12th Gen Intel(R) Core(TM) i7-12700H

•   Base Clock Speed: 2300 MHz

•   Cores: 14 cores

•   Logical Processors: 20 logical processors

•   Physical Memory Available: 16 GB DDR4

•   Operating System: Microsoft Windows 11 Home

•   OS Version: 10.0.22631 Build 22631

•   Display: Intel(R) Iris(R) Xe Graphics

•   Adapter Type: Intel(R) Iris(R) Xe Graphics Family, Intel Corporation compatible

•   Driver Version: 31.0.101.4575

This hardware was chosen to ensure consistency across all tests, minimizing any performance variability caused by hardware differences.

3.3. Tools Used

To measure and record power consumption and system resource usage, the following tools were utilized:

•   HWiNFO: Used to monitor real-time system performance, including CPU power consumption, GPU power consumption, memory usage, and CPU utilization. HWiNFO was critical for capturing high-resolution power consumption data at 1-second intervals (1000 ms).

•   Microsoft Excel: Used for processing and visualizing the collected data, and performing statistical analyses.

3.4. Media Playback Testing Environment

All media players were tested using a standard video file to ensure consistency:

•   Video Resolution: 4K (3840 × 2160)

•   Video Length: 3 minutes and 14 seconds

•   File size: 101 MBs

•   Codec: VP9

•   Format:.webm

This video was chosen to represent typical high-definition media consumption. During testing, no other background tasks or applications were running on the system to ensure that resource consumption could be attributed solely to the media players.

In this experiment, we used WebM because it stands out as a superior choice for the following reasons:

•   Royalty-Free: Unlike H.264, H.265, and other proprietary formats, WebM (VP8/VP9) is completely royalty-free, eliminating licensing fees and legal complexities [19], [20].

•   Open-Source: WebM and its codecs are fully open-source, aligning perfectly with the goals of your study focused on open formats [21]. This allows transparency and flexibility in development and distribution, as opposed to proprietary standards like H.264 and H.265 [22], [23].

•   Web Support: WebM is optimized for the web and is natively supported by HTML5 [24], making it a common choice for web streaming and online platforms. Its broad compatibility with browsers like Chrome and Firefox makes it ideal for open and accessible media use, unlike the limited web support of H.265 [25].

•   Compression Efficiency: WebM (VP9) offers competitive compression efficiency, similar to H.265/HEVC, but without the licensing costs [26]. This makes it efficient for streaming high-quality videos while saving bandwidth, which is key for the performance and power efficiency aspects of this study [27].

•   Media Players compatibility: Another reason for choosing WebM (VP9) is its vast compatibility and it was supported by all the media players under consideration. Windows media players and real media players do not natively support WebM or VP8/VP9 playback without installing third-party codecs, and for this study, K-lite codec pack was installed, which helped run all the applications smoothly [28].

Additionally, during the study, an MP4 file was successfully converted to WebM using a third-party app called BeeConverter, demonstrating the ease with which files in other formats can be transformed into the open WebM format for better compatibility with your research goals [29].

Considering these factors, WebM was the most fitting open media format for this research, as it aligns with the principles of openness, efficiency, and accessibility.

3.5. Data Collection Methodology

For each media player, the following metrics were recorded every 1000 milliseconds (1 second) during video playback:

•   GPU Power Consumption (Watts)

•   CPU Power Consumption (Watts)

•   Memory Usage (MB)

•   CPU Utilization (%)

Each media player was tested over three playback sessions. The data from these sessions were averaged to provide the final figures used in the analysis.

3.6. Repetition and Averaging

To ensure accuracy and account for variations in system performance, each test was repeated three times per media player. The results from each session were averaged to reduce any anomalies or irregular spikes in power consumption, ensuring the reliability of the data.

3.7. Data Analysis

Once data collection was completed, Microsoft Excel and Matplotlib were used to analyze the results. The average GPU power consumption, CPU power consumption, memory usage, and CPU utilization for each media player were calculated. Independent t-tests were conducted to determine if the differences in power consumption and resource usage between open-source and proprietary media players were statistically significant.

3.8. Additional Considerations

To ensure the accuracy and reliability of the results, the following considerations were taken into account:

•   Cooling: The system’s cooling fans were set to a constant speed to ensure that varying fan speeds did not interfere with power consumption readings.

•   Performance Mode: The system was set to “High Performance” mode in Windows to prevent power-saving features from influencing the results.

•   Background Applications: All non-essential background tasks and services were disabled to ensure that the recorded data reflected only the resource usage of the media players.

4. Results

The following sections results of key metrics such as GPU and CPU power consumption, memory usage, and CPU utilization were analyzed and compared.

4.1. GPU Power Consumption

Open-source media players exhibited lower GPU power consumption on average, with VLC consuming the least at 0.0856 W and MPV the highest at 0.5070 W.

Proprietary media players demonstrated more consistent, but generally higher, GPU power consumption, with KMPlayer averaging 0.2291 W and POT Player at 0.2781 W. Graphs in Figs. 1 and 2 show the GPU power consumption for each open-source media player and Proprietary media player, respectively, highlighting the efficiency of open-source players like VLC in comparison to proprietary options such as KMPlayer.
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Fig. 1: Average GPU power consumption of open-source media players.
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Fig. 2: Average GPU power consumption of proprietary media players.

4.2. CPU Power Consumption

1.    Open-source media players:

VLC and Kodi showed the lowest CPU power consumption at 3.68 W and 4.03 W, respectively. MPV had the highest CPU power consumption among open-source players at 5.96 W.

2.    Proprietary media players:

KMPlayer consumed 6.02 W, and Windows Media Player consumed 5.56 W, reflecting slightly higher CPU power usage compared to their open-source counterparts.

Figs. 3 and 4 illustrate the CPU power consumption for each media player, with open-source media players generally exhibiting better efficiency.
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Fig. 3: Power consumption of open-source media players.
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Fig. 4: Power consumption of proprietary media players.

4.3. CPU Utilization

1.    Open-source media players:

VLC showed the lowest CPU utilization at 6.41%, while MPC reached 10.75%.

2.    Proprietary media players:

GOM Player had the highest CPU utilization at 17.5%, followed by KMPlayer with 12.69%.

Table I depicts the average CPU utilization percentages and average power consumption, showing that proprietary media players generally consume more CPU resources and, hence, burn more power.
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4.4. Memory Usage

Proprietary media players generally used more memory compared to open-source players, with KMPlayer consuming the most memory (7562 MB), while VLC consumed around 6705 MB.

If we calculate the average memory power consumption for the media players, it can be calculated based on their memory usage, with open-source players consuming less power on average. For example, VLC, being the most efficient, consumed approximately 1.43 W from memory as it uses the least memory, while KMPlayer, being the most resource occupant, used around 2.13 W.

Figs. 5 and 6 display the physical memory usage of open-source and proprietary media players, respectively, with open-source players consistently using less physical memory.
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Fig. 5: Physical memory usage by open-source media players.
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Fig. 6: Physical memory usage by proprietary media players.

4.5. Long-term Energy Consumption

As shown in Table II over a year of daily video playback (assuming two hours of use per day), using VLC could save approximately 1.80 kWh of energy compared to KMPlayer. While this may seem like a small amount, these savings can add up significantly when considering large-scale deployments or heavy users.
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Fig. 6 visualizes the estimated annual energy savings for each media player based on daily usage scenarios.

4.6. Statistical Analysis

Statistical tests revealed significant differences in memory usage between open-source and proprietary media players (p < 0.05), with proprietary players generally consuming more memory. However, no significant differences were observed in GPU power consumption (p > 0.05), suggesting that GPU efficiency is relatively consistent across both types of players.

Table III presents the results of the t-tests for key performance metrics, highlighting where statistically significant differences exist.
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5. Conclusions and Future Work

This study highlights the significant differences in power consumption and resource usage between open-source and proprietary media players during 4K video playback. Open-source media players, particularly VLC, demonstrated superior efficiency in both GPU and CPU power consumption, making them more suitable for energy-conscious users. Proprietary players, however, often consume more physical memory and CPU resources due to their feature-rich environments, advanced user interfaces, and additional background services. Despite their higher resource demands, proprietary media players provide a more comprehensive media experience. These findings emphasize the importance of selecting media players based on the specific needs of the user, whether prioritizing energy efficiency or enhanced functionality. The study also underscores the role that software choices can play in long-term energy savings, especially when media consumption is a regular part of users’ daily activities.

Future research could expand on this study by examining a broader range of media formats and codecs, including those more commonly used in proprietary ecosystems, to explore whether similar trends in power consumption persist.
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