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A survey on environmental sound synthesis for virtual scenes
CHENG Hao-Nan ZHANG Jia-Wan
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Abstract As the most widely distributed type of sound in daily life, environmental sound is an important source
for people to access external information. Over the last decade, with users’ increasing requirements for the
realism of virtual scenes, it has become an indispensable part of building a highly immersive virtual environment
for virtual scenes to create synchronized and realistic environmental sound effects. At present, synthesizing
realistic environment sound effect for virtual scene needs to go through three simulation stages: environment
sound synthesis, sound propagation and sound rendering.Among them, environmental sound synthesis, as the
cornerstone of creating realistic virtual environment sound effects, has received extensive attention and
exploration by researchers.Compared with the traditional artificial sound synthesis, the procedural sound
synthesis can not only generate the interactive sound effect, strengthen the immersion of the users in virtual
scenes such as games, animation and virtual reality, but also avoid the complex manual work of tuning and
editing, which greatly reduces the labor consumption.Most of the existing environmental sound source synthesis
work is to explore the specific environmental sound source synthesis method for specific types of sound sources
and specific virtual scenes, but the overall environmental sound source synthesis field has not been reviewed and
analyzed. In view of this, this paper makes a comprehensive review of the existing environmental sound source
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synthesis methods used in virtual scene.This paper classifies and summarizes the environmental sound synthesis
methods used in virtual scenes, and makes the overview from multiple perspectives such as research background,
application fields, basic principles, and technical means. Firstly, westart from the discussions on the theoretical
research value and the application prospect of environmental sound synthesis, and summarize the research field
of multi-disciplinary integration. Then, due to that the sound source signal perceived by the human ear is not
only related to the physical acoustic principle of the sound source, but also affected by the auditory
characteristics of the human ear, we analyze the influence of physical acoustic models and psychoacoustic
models on the design and research content of environmental sound synthesis methods. Secondly, according to
different construction strategies of sound source models, the existing environmental sound synthesis methods are
analyzed from four categories: physical model based, signal model based, hybrid model based, and deep learning
model based. Among them, the hybrid model based environmental sound synthesis methods combine the sound
synthesis methods based on physical model and signal model, while the deep learning model based
environmental sound synthesis methods simulate the sound source by constructing the mapping relationship
between visual and sound, which is essentially a type of visual-audio cross-modal generation technology.Then,
we discuss the development trend, technological innovation and limitations of each different model-based
environmental sound synthesis methods respectively. Finally, the advantages and disadvantages of different types
of methods are compared horizontally in terms of algorithm input parameters, algorithm efficiency, and
simulation result quality, and the main problems and challenges faced by the current environmental sound
synthesis field are summarized, and future research directions are prospected.

Key words  sound synthesis; environmental sound; virtual scene; audio-visual synchronization; physical
modeling; signal processing;cross-modal
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SRS A A BB N R RS Tl R
H, BRI, E O S 4B T R
IR R . SR, 5 TTS AR H SCARIEH A
HRERE EXT RO R, IS IR HAT
. AL AN B AE BN A AR X N R R,
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PERE. T EM 4 4% (Recurrent Neural Network,
RNN) U FEXT PP 51 B 2 e R R 1R A7 2% >0 i A —
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learning model based environmental sound synthesis methods.
According to the different shapes of objects, we further
subdivide the physical model into solid acoustic model, liquid
acoustic model and aeroacoustic model. According to the
different signal types, the signal processing based sound
synthesis method can be further divided into two categories:
recording based and signal based. According to the different
mixing strategies of the model, the hybrid model based sound
synthesis method is further divided into two types: parameter
estimation method and detail enhancement method.For each
subcategory, we discuss the research progress, advantages and
disadvantages of each method in detail. Based on the
discussion of existing methods, we summarize the main
problems and challenges in the current research on
environmental sound synthesis, and also discuss and look
forward to some future research subjects on this topic.
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