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Abstract: Keywords:

In the design of sound effects for mobile games, hardware limitations and
diverse user needs remain the main challenges. Due to the processing power and
memory limitations of mobile devices, sound designers need to find a balance
between sound quality and resource utilization to ensure optimal performance
of sound effects under limited resources. The compression, optimization, and
compatibility issues of sound effect files also need to be addressed as a key
focus. In addition, in response to users’ demand for personalized settings, sound
design needs to provide rich sound options to meet the preferences of different
players, while also considering the silent mode and low volume requirements, as
well as the influence of cultural and language differences on sound design. This
article provides a deep understanding of the field of mobile game sound design
through the analysis of the application and challenges of new technologies and
provides valuable references for future sound design practices and research.
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L. Introduction mobile games has reached an unprecedented height.

With the popularization of diverse mobile devices and the In the design of mobile games, sound effects play

rapid development of mobile Internet technology, mobile
games have become an indispensable part of modern
people’s daily entertainment. According to statistics, the
number of mobile game users worldwide is constantly
increasing, and the market size is expanding year by
year. Compared with traditional PC and console games,
mobile games have advantages such as convenience, ease
of operation, and the ability to play anytime, anywhere.
These features have attracted a large number of users,
especially among young people, and the popularity of

a crucial role as one of the important elements. Sound
effects can not only enhance the immersion of games but
also improve players’ gaming experience through changes
in sound and design of sound effects. High-quality sound
design can greatly enhance the visual and emotional
appeal of a game, immersing players in a richer, more
realistic experience. This not only elevates the overall
game quality but also fosters user engagement and
loyalty, ultimately increasing player retention. However,

compared to intuitive elements such as graphics and
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operations, there is relatively less research and application
of sound effects in game development.

Developers often focus their research on graphics,
controls, and plots when designing mobile games, and to
some extent overlook the importance of sound effects. In
fact, the design and implementation of sound effects also
require a significant amount of time and resources, and
their complexity and technical difficulty are no less than
other game elements. Sound design not only involves
sound collection and editing, but also needs to consider
the performance of sound effects in different devices and
environments, as well as how to achieve the best sound
effects through technical means. In addition, with the
improvement of mobile phone hardware performance
and the continuous increase in users’ requirements for
game quality, sound design is facing new challenges and
opportunities. Achieving high-quality sound effects under
limited hardware conditions, utilizing new technologies
to enhance the expressiveness of sound effects, and
optimizing sound effects while ensuring smooth game
operation are all issues that need to be addressed in
current mobile game sound design.

Based on the above background, this study will focus
on sound design in mobile games, and conduct in-depth
exploration from multiple aspects such as theoretical
basis, technical implementation, practical application, and
optimization methods. By analyzing and summarizing
existing sound design methods and techniques, the aim is
to provide valuable references for game developers and

bring users a better gaming experience.

2. Theoretical basis for sound design in
mobile games

2.1. The role of sound effects in games

Sound effects play multiple important roles in games and
make significant contributions to enhancing the gaming
experience and player engagement. Sound effects also
enhance the immersion of the game. Through the clever
use of background music, environmental sound effects,
and special effects, games can create a more realistic and
vivid virtual world for players, making them feel as if
they are immersed in it, enhancing the sense of immersion
and experience of the game ", Different sound effects can
convey different emotions, for example, tense background

music can make players feel a sense of crisis and urgency,
while cheerful music can make players feel happy and
relaxed. By changing the sound effects and controlling the
rhythm, game designers can effectively influence players’
emotions, resonate with the game plot, and enhance the
entertainment and appeal of the game.

Sound effects convey important information to
players, such as task completion, enemy approach, item
acquisition, etc. These sound effects not only help players
better understand and master the game process but also
provide instant feedback, making players feel a sense
of achievement and satisfaction in the operation and
decision-making process. Sound effects also strengthen
the brand and features of the game. Many classic games
have their own unique sound effects, such as the slingshot
sound and pig laughter in Angry Birds, or the elimination
sound effects in Candy Crush Saga. These classic sound
effects not only enhance the recognition of the game but
also leave a deep impression on players and become a
part of the game culture.

The role of sound effects in games is multifaceted,
not merely a simple combination of background music
and sound effects, but also enhancing the overall quality
and user experience of the game through sound design
and application. Excellent sound design can enhance
the game appeal, making it stand out in fierce market
competition and win the favor and recognition of players.

2.2. Basic principles of sound design

Sound design must be consistent with the theme and
style of the game. For example, horror games require
mysterious and eerie sound effects to create a tense and
terrifying atmosphere, while casual games require relaxed
and enjoyable sound effects to enhance entertainment and
relaxation *'. Sound effects should be designed according
to the type and plot of the game, ensuring that they can
effectively convey the core atmosphere and emotions of
the game. Excellent sound design can make players feel
as if they are in the game world, enhancing the immersion
of the game. This requires meticulous design of various
environmental sound effects, background music, and
special sound effects. For example, in an adventure
game, the chirping of birds in the forest, the rustling of
wind and grass, and the murmuring of streams can all
help players feel like they are there. Through sound,
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the game can convey various information to players,
such as sound effects of task completion, alert sounds of
enemy approaching, and notification sounds for rewards.
These sound effects can help players better understand
the game process and status, thereby improving the
operability and interactivity of the game "', Design should
pay attention to the control of rhythm and hierarchy,
avoiding overly chaotic or monotonous sounds. The
appearance time and frequency of different sound effects
should be appropriately arranged to ensure coordination
and cooperation between them. For example, in intense
combat scenes, background music should be coordinated
with fighting and explosion sounds, while in calm
exploration scenes, background music and environmental
sound effects should be relatively soft to avoid disturbing
players’ thinking and exploration.

In mobile games, sound design must consider
hardware limitations and performance optimization
issues. Due to the limited hardware performance of
mobile devices, the size and quantity of sound effect
files need to be controlled to avoid occupying too
much storage space and computing resources. At the
same time, efficient audio encoding and compression
techniques should be used to ensure the quality of sound
effects and smooth running of games. Providing volume
adjustment options for sound effects and music allows
players to adjust according to their personal preferences.
Personalized sound effects settings can provide players
with more choices and freedom, enhancing the playability

and attractiveness of the game.

3. Technical implementation of sound
design for mobile games

3.1. Common sound design software and tools

Audio editing software plays an important role in the
sound design of mobile games. Audacity is a free and
open-source cross-platform audio editing software that
supports operating systems such as Windows, macOS,
and Linux, and is widely popular among users. Its main
functions include multi-track editing, recording, audio
effect processing, and importing and exporting multiple
audio formats. Audacity has an intuitive interface and
simple operation, making it easy for even novice audio
editors to quickly master. Its biggest advantage is that

it is free and open-source, making it highly suitable for
individuals and small development teams with limited
budgets. However, Audacity may not perform as well as
professional software in certain advanced audio processing
features, and its interface design is relatively simple and
lacks modernity.

Adobe Audition is a professional audio editing
software launched by Adobe, which is powerful
and widely used in fields such as audio production,
broadcasting, movies, and television. Its main functions
include complex multi-track editing and mixing, high-
quality recording, rich audio effects, waveform and
spectrum editing, and audio restoration . Adobe Audition
has professional-level audio editing and processing
capabilities, seamlessly integrates with other Adobe
software, has a modern user interface, and provides a
good user experience. Although Adobe Audition offers
comprehensive audio editing and processing tools, its
subscription fees are relatively high, making it suitable for
users with sufficient budgets and a pursuit of professional
quality. In addition, Audition features are complex
and beginners need to spend a lot of time learning and
mastering them.

3.2. Common audio formats

Choosing the appropriate audio format and compression
technology is crucial in the sound design of mobile
games. The commonly used audio formats include
WAV, MP3, and OGG, each with its own advantages
and disadvantages in terms of sound quality, file size,
and compatibility. WAV (Wave Audio File Format) is a
lossless audio format that preserves the original quality
of the audio, resulting in extremely high sound quality,
but with a large file size. It is suitable for scenarios that
require extremely high sound quality, but may be limited
in mobile gaming due to occupying a large amount of
storage space and bandwidth.

MP3 (MPEG Audio Layer-3) is a lossy audio format
that reduces file size through compression algorithms
while preserving sound quality as much as possible. It is
one of the most common audio formats widely used for
music storage and transmission. For mobile games, MP3
format strikes a good balance between sound quality and
file size and is a common choice. OGG (Ogg Vorbis) is
also a lossy compressed audio format, similar to MP3,
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but typically provides better sound quality at the same bit
rate. OGG format is open-source and free, suitable for
developers who need high-quality sound effects and want
to avoid copyright issues.

The audio compression algorithm directly affects
the quality of sound effects and file size. Lossless
compression algorithms such as FLAC (Free Lossless
Audio Coding) preserve all the details of the original
audio without affecting the sound quality, but the file size
is still relatively large. Lossy compression algorithms
such as MP3 and OGG reduce file size by discarding
audio information that is difficult for the human ear to
perceive. Although lossy compression can affect sound
quality, modern algorithms can provide satisfactory
sound effects at smaller file sizes, which is particularly
important for mobile games with limited storage space
and bandwidth.

3.3. Real-time adjustment and processing of
sound effects

Real-time sound processing technology plays an important
role in modern mobile games, enabling sound effects to
be generated, adjusted, and mixed in real time based on
game dynamics. These technologies not only enhance the
immersion of the game, but also optimize performance
and user experience. Dynamic sound generation
technology allows games to generate appropriate sound
effects based on the current situation and player actions.
For example, in racing games, the sound of the engine
changes in real time based on the player’s acceleration,
braking, and turning movements. Mixing technology
synthesizes multiple sound effects in real time to ensure
that various sound elements in the game are harmoniously
integrated. For example, background music, character
dialogue, and environmental sound effects can be played
simultaneously, and sound overlap and distortion can be
avoided through mixing processing.

The implementation of sound design in mobile
games not only relies on software and algorithms, but also
involves the application of physical acoustic principles.
Digital signal processing (DSP) is the foundation of sound
design, which includes sampling, quantization, filtering,
and spectral analysis of audio signals. Discrete Fourier
Transform (DFT) and Fast Fourier Transform (FFT) are
the core technologies for frequency domain analysis and

sound processing.

3.4. Discrete Fourier Transform
DFT is used to convert discrete-time signals into
frequency domain signals, and its formula is as follows:

X(k) = Z:__nl z(n) - e I/ N

Among them, X (k) represents the frequency domain
signal, x (n) represents the time domain signal, N is the
number of sampling points of the signal, and £ is the
frequency index. FFT is an efficient implementation of
DFT, which can reduce the time complexity from O (N°)
to O (NlogN). FFT uses divide and conquer to decompose
DFT into smaller DFT calculation units, thereby
improving computational efficiency.

3.5. Space sound effects and 3D sound field

In virtual reality (VR) and augmented reality (AR),
the implementation of spatial sound effects requires
simulating the propagation of sound in three-dimensional
space. This involves physical phenomena such as sound
source localization, distance attenuation, and sound wave
reflection. Sound source localization utilizes the Head
Related Transfer Function (HRTF) to simulate the effect
of sound reaching the ear from different directions. HRTF
includes the transmission path of sound waves passing
around the head and outer ear. HRTF is expressed in the
time domain as Head Impulse Response (HRIR), also
known as binaural impulse response. It is related to the
head related transfer functions HL and HR. They are
Fourier transform pairs, the formula is:

1 .
hird,p,wa)= p fHL{?',ﬁ,tp._ w, ) e dt
T

1 .
hir, 8, p,wa)= p fHL{?',B,tp._ w, ) et dt
T

Among them, ¢ and @ respectively represent the
azimuth and elevation angles of the sound source, and /'
represents the frequency.

Sound attenuates with increasing distance during
propagation. According to the inverse square law, the
attenuation formula of sound pressure level (SPL) with
distance d is:
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SPL(d) = SPLy — 20log,, (£)

dy

Among them, SPL, is the sound pressure level at the
reference distance d,

3.6. Real-time sound processing

Echo and reverberation are the effects formed by the
superposition of sound reflected on different surfaces.
The reverberation time 7 {60} is an important parameter
that represents the time required for sound attenuation of
60dB. The formula is:

— 0.161-¥
T[ii] - A

Among them, ¥ is the volume of the room, and 4 is
the total sound absorption area.

Real-time sound processing requires low latency to
ensure the immediacy of the player experience. The size
of the audio buffer and the efficiency of the processing
algorithm are key factors. The delay formula for a typical
low-latency audio processing system is:

x, = Ax,_, + Bu,_, + w,_,

This state equation is used to infer the current state
based on the previous state and control variables. w,_,
is the noise that follows a Gaussian distribution and is
the noise of the prediction process. It corresponds to the
noise of each component in x;, which is the Gaussian
white noise w,_, y (0, Q) with an expected value of 0
and covariance Q. Q is the process excitation noise Q.
By optimizing the latency of each stage, faster sound
response can be achieved. Figure 1 shows the real-time
audio delay function.
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Figure 1. Real-time audio delay function

3.7. Audio compression and encoding

The compression and encoding of audio signals can
significantly reduce the bandwidth of storage and
transmission. Common compression algorithms such
as MP3, AAC, etc. are based on perceptual encoding
principles to remove audio components that are
insensitive to the human ear. Gain Computer calculates
the required gain based on the level (volume) of the input
signal. This stage involves three parameters: Threshold
(T), Ratio (R), and Knee Width (W). Once the input
signal level exceeds T, it will attenuate according to R,
calculated as follows:

Yo = {

During the compression process, it is necessary

X = T

X{T
T+ (xg —T)/R

to balance the sound quality and compression rate.
Distortion D and signal-to-noise ratio (SNR) are

indicators for evaluating compression quality:

¥V Hzin)—2(n))*
3V a(n)?

SNR = 10log,,

D=

; N1 gy

Among them, x (n) is the original signal, and x () is
the compressed signal.

The technical implementation of mobile game sound
design involves various technologies such as digital signal
processing, spatial sound effects, real-time sound effects
processing, and audio compression. By applying physics
formulas and algorithms reasonably, the quality and
performance of sound effects can be optimized, enhancing
the immersion and user experience of the game. Despite
facing hardware limitations and diverse user demands, the
continuous development of new technologies provides
more possibilities and solutions for sound design.

In order to achieve real-time sound processing,
commonly used audio middleware in game development
such as FMOD and Wwise provide powerful tools and
APIs. FMOD is a popular audio middleware that supports
multiple platforms and audio formats, providing real-
time sound generation, mixing, and adjustment functions.
It allows developers to control the playback, pause,
stop, and parameter adjustment of sound effects through
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programming interfaces. Wwise is a professional audio
middleware widely used in large-scale game development
projects. It provides rich audio design tools and flexible
real-time processing capabilities, enabling developers to
create complex sound systems and achieve high-quality
sound performance in games. Choosing the appropriate
audio format and compression technology, as well
as mastering real-time sound processing techniques,
are crucial for improving the sound quality and user
experience of mobile games. Through the reasonable
selection of lossless and lossy audio formats, advanced
compression algorithms, and dynamic generation, mixing,
and real-time adjustment techniques, game developers
can achieve high-quality sound effects under limited
hardware conditions, bringing players a richer and more

realistic gaming experience.

4. Workflow of mobile game sound
design

In mobile game development, sound design is a complex
and crucial aspect. It not only affects the immersion
and user experience of the game, but also largely
determines the overall quality of the game. A complete
sound design workflow typically includes three main
stages: requirement analysis and solution design, sound
production and testing, and integration and debugging.

4.1. Requirement analysis

Communication with game designers, programmers, and
other relevant personnel allows an understanding of the
overall design, plot, characters, and scenes of the game.
The types and quantities of sound effects required for
each scene and action are clearly defined. The game script
and design documents are carefully read to determine
the specific scenes and actions that require sound effects,
such as character movements, battles, environmental
sound effects, etc. The user experience goals of game
sound effects are determined, such as enhancing players’
sense of immersion and conveying game emotions
through sound effects.

4.2. Conceptual design
After clarifying the requirements, it is crucial to design
a comprehensive sound design plan. This includes

the classification of sound effects, the style of sound
effects, and the technical implementation scheme of
sound effects. Sound effects are classified by function,
such as background music (BGM), ambient sound
(ambiance), character sounds, special effects sound
(SFX), etc. Specific requirements and implementation
methods are determined for each type of sound effect.
The overall style of sound effects is determined based
on the theme and style of the game. For example, the
sound effects of horror games should be eerie and tense;
the sound effects of casual games should be relaxed and
enjoyable. Appropriate audio formats, sampling rates, and
compression methods are selected to ensure compatibility

and performance of sound effects on various devices.

4.3. Audio production

Audio production is the process of transforming
conceptual design into actual sound effects. This stage
requires the creativity and technical ability of sound
designers. The required sound is recorded or sampled
according to the requirements. Recording can be done in
a professional recording studio, and sampling can be done
by selecting suitable sound materials from a sound library.
Audio editing software such as Audacity and Adobe
Audition can be used to edit recorded or sampled sounds,
including editing, noise reduction, mixing, adding effects,
etc. For original sound effects, sound designers need to
create specific sounds. This may include synthesizing
sound effects and using virtual instruments or sound
synthesis software to generate specific sound effects.

5. Optimization and performance
improvement of mobile game sound
effects

5.1. Methods for optimizing sound design

In the sound design of mobile games, optimizing file
size and loading time, memory usage, and processing
performance are key to ensuring smooth game operation
and improving user experience. By selecting appropriate
audio compression formats (such as MP3 or OGG) and
bit rates, the size of sound effect files can be effectively
reduced while maintaining good sound quality. Audio
editing and noise reduction processing helps remove
unnecessary parts and background noise, further reducing
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file size. In addition, dynamic loading and unloading of
sound effects can reduce memory usage by loading and
releasing unused sound effects on demand, maintaining
efficient memory usage. Audio middleware such as
FMOD and Wwise can provide sound pool management,
caching, and priority settings, optimizing the loading
and playback of sound effects. The use of efficient sound
processing algorithms and hardware acceleration can
improve processing performance and reduce CPU burden
Bl When playing sound effects, limiting the number of
sound effects played simultaneously and utilizing sound
effect multiplexing technology can avoid performance
degradation and confusion. Through these optimization
methods, game developers can achieve high-quality sound
performance with limited hardware resources, improving

game fluency and user experience.

5.2. Coordination of sound effects with other
game elements

The coordination of sound effects and visual effects is
the core of enhancing game immersion. To achieve this,
sound effects need to be precisely synchronized with
visual events. For example, when a character jumps, the
sound effect of the jump should be consistent with the
character’s jumping movements to enhance the player’s
immersion. In addition, sound effects also need to be
consistent with visual feedback. For example, when
a player clicks a button, the sound effects and visual
response of the button should be coordinated to provide
clear feedback signals. Sound effects can also be used
to emphasize and enhance visual effects, such as using
heavy sound effects to enhance the impact of strong visual
effects such as explosions or collisions. Meanwhile, the
combination of sound effects and visual effects can also
convey the atmosphere and emotions of the game through
emotional resonance. For example, soft background
music and delicate visual effects can convey a peaceful
atmosphere, while intense sound effects and fast visual
effects can convey a tense and thrilling experience.

6. Future development and challenges

With the continuous advancement of technology, the
field of sound design is also undergoing tremendous
changes. New technologies, such as artificial intelligence,

machine learning, virtual reality, and augmented
reality, are redefining the way sound design is done.
These technologies not only improve the quality and
expressiveness of sound effects, but also bring new
challenges and opportunities.

Artificial intelligence (Al) and machine learning
(ML) technologies are gradually being applied in the field
of sound generation. By training deep learning models,
Al can automatically generate sound effects materials.
For example, Generative Adversarial Networks (GANs)
can create realistic sound effects and simulate sounds in
different environments. The application of this technology
can reduce the time and cost of manually creating sound
effects while providing more diverse and abundant sound
effect materials.

By analyzing the scenes and events in the game,
Al can automatically match suitable sound effects
materials. For example, when there is an explosion
scene in the game, Al can automatically select the most
suitable explosion sound effect, thereby enhancing the
expressiveness and immersion of the sound effect. In
addition, ML models can analyze players’ preferences and
recommend personalized sound effects settings to meet
the needs of different players.

Intelligent algorithms are used to dynamically adjust
the volume, frequency, and effects of sound effects to
adapt to real-time changes in the game. This real-time
adjustment can improve the sound response speed of
the game, allowing players to have a consistent sound
experience in different scenes. Meanwhile, Al technology
can also help optimize the loading and playback
performance of sound effects, reducing latency and
stuttering.

VR and AR technologies have posed new
requirements and challenges for sound design. In VR
and AR environments, sound effects need to provide a
more realistic and immersive experience. For example,
surround sound and spatial sound effects technology can
simulate the propagation of sound in three-dimensional
space, enhancing players’ perception of virtual
environments. By using spatial sound effects technology,
players can accurately perceive the source and distance of
sound, thereby enhancing the immersion and interactivity
of the game.

The design of dynamic environmental sound effects
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is particularly important in VR and AR environments.
The sound effects in the game need to be dynamically
adjusted according to the player’s movements and
changes in perspective. For example, when a player
moves in the virtual world, the background sound effects
should change with the player’s position to simulate a real
sound environment . This requires sound designers to
adopt advanced audio engines and real-time processing
technologies to achieve highly dynamic and realistic
sound experiences. In sound design, integrating with other
sensory experiences to provide a more comprehensive
immersion is an important challenge. For example,
designers can use haptic feedback devices (such as
vibration controllers) in conjunction with sound effects to
enhance players’ tactile and auditory experiences, thereby
improving the interactivity and immersion of the game.

The hardware limitations of mobile games, including
processing power and memory capacity, directly affect the
design and performance of sound effects. Mobile devices
typically have lower processing power and memory,
and sound designers need to optimize the quality and
performance of sound effects within limited resources.
High-quality sound files and complex real-time sound
processing may lead to device performance degradation
or game lag, thus it is necessary to find a balance between
sound quality and resource utilization.

To cope with hardware limitations, sound effect
files need to be compressed and optimized. Although
compression techniques can reduce the size of sound
effect files, excessive compression may result in loss of
sound quality. Therefore, designers need to choose the
appropriate audio format and compression bit rate to
ensure that the sound effects maintain good quality while
adapting to the storage and processing capabilities of the
phone. Different models and brands of mobile devices
may have compatibility issues in audio processing. Sound
designers need to ensure compatibility and consistency of
sound effects across various devices, including different
operating systems and hardware configurations. Through
extensive device testing and optimization, the performance
differences of sound effects on different devices can be
reduced, improving the overall quality and user experience
of the game.

With the diversification of user demands for gaming
experience, sound design needs to meet the personalized

needs of different players. For example, some players may
enjoy immersive sound effects, while others may prefer
simple background music. Sound designers need to provide
a variety of sound effect settings options, allowing players
to adjust sound effects according to their preferences,
including volume, sound effect type, background music,
etc. Many mobile gamers may choose a silent mode or
low volume settings when using their phones to avoid
disturbing others. This requires sound designers to take
this into consideration when designing, ensuring that even
in low volume or silent mode, the game’s sound effects
can still provide clear feedback and a good experience. By
optimizing the dynamic range and volume control of sound
effects, the sound performance can be improved at different
volume settings. Players from different regions and cultures
may have varying preferences and expectations for sound
effects. For example, in some cultures, specific sound
effects may have special meanings or influences. Sound
designers need to consider these cultural and linguistic
differences to ensure that game sound effects can adapt to
different markets and player groups. During the localization
process, the style of sound effects, voice, and background
music can be adjusted to meet the habits and preferences of
players in different regions.

7. Conclusion

The application of novel technologies in sound design,
such as artificial intelligence, machine learning,
virtual reality, and augmented reality, has brought
new opportunities and challenges to the creation and
performance of game sound effects. Al technology can
automatically generate and match sound effects for real-
time adjustment, while VR and AR technology require
more realistic spatial and dynamic environmental sound
effects. However, the design of sound effects for mobile
games still faces challenges from hardware limitations
and diverse user needs. Designers need to make
detailed adjustments in optimizing sound files, ensuring
compatibility, and meeting personalized needs to provide
a high-quality sound experience. Through continuous
innovation and adaptation to technological advancements,
sound design can enhance the gaming experience while
overcoming these challenges, creating a more immersive
and engaging gaming world.
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