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ABSTRACT
Ambisonics i.e., a full-sphere surround sound, is quintessential with
360◦ visual content to provide a realistic virtual reality (VR) experience. While 360◦ visual content capture gained a tremendous boost
recently, the estimation of corresponding spatial sound is still challenging due to the required sound-field microphones or information
about the sound-source locations. In this paper, we introduce a novel
problem of generating Ambisonics in 360◦ videos using the audiovisual cue. With this aim, firstly, a novel 360◦ audio-visual video
dataset of 265 videos is introduced with annotated sound-source locations. Secondly, a pipeline is designed for an automatic Ambisonic
estimation problem. Benefiting from the deep learning based audiovisual feature-embedding and prediction modules, our pipeline estimates the 3D sound-source locations and further use such locations
to encode to the B-format. To benchmark our dataset and pipeline,
we additionally propose evaluation criteria to investigate the performance using different 360◦ input representations. Our results
demonstrate the efficacy of the proposed pipeline and open up a new
area of research in 360◦ audio-visual analysis for future investigations.
Index Terms— Virtual Reality, 360◦ video, Spatial sound, Ambisonics, Multi-model, Deep learning.
1. INTRODUCTION
Recent advancements in virtual reality (VR) technologies have
paved the way of capturing and sharing omnidirectional videos (ODVs)
over social media. ODV, also known as 360◦ video, provides the
visual representation of the 360◦ surrounding of the captured scene.
This emerging representation can be navigated with three degrees
of freedom by rotating and changing the viewing direction of VR
devices (e.g., tablet, laptop, head-mounted display). Users can
nowadays, easily capture the 360◦ content with the help of affordable 360◦ cameras available in the market (e.g., Ricoh Theta [1] and
Samsung Gear 360 [2]) and share their ODVs over social networks
to engage viewers deeply.
Essentially, creating realistic VR experiences requires the ODVs
to be captured with their spatial audios. The spatial aspect of sound
plays a significant role in informing the viewers about the location of
objects in the 360◦ environment, providing an immersive multimedia experience. In practice, however, existing affordable 360◦ cameras can capture the visual scene either with mono or stereo audio
signals. As a consequence, such audio-visual content is incapable of
creating a magical sense of “being there” in the VR environment.
Recent user studies have amplified the need for spatial audio to
achieve presence in VR films [3–5]. A spatial audio signal (also referred to as 3D audio or 360 audio) is considered as a powerful way
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of directing viewers’ attention [6, 7], however, requiring expensive
sound-field microphones, professional sound recording and production tools [8, 9].
The lack of spatial audio captured by affordable 360◦ cameras
poses an interesting alternative audio-visual research topic in multimedia signal processing community – given ODV with a mono/stereo
audio signal, can we create the spatial audio to be used for VR video
applications?.
In this work, we introduce a novel problem of generating Ambisonics from the mono/stereo audio signal based on the audio-visual
cue. Ambisonics is an effective way of representing the spatial audio
and providing 3D sound for VR applications [10]. The Ambisonic
technology is based on the spherical harmonic decomposition of
the sound field and can encode the wave equation in the spherical
coordinate system (r, Φ, θ). In this context, r is the distance to
the source point from the center of coordinates, Φ ∈ (−π, π] and
θ ∈ [−π/2, π/2]. This direction of the sound can be encoded into
four different channels (W , X, Y , Z) of the B-format [11], which
is the basis for the first order Ambisonics. Hence, the location of
a sound source on the sphere is required to be known to generate
Ambisonics.
To tackle this problem, in this paper, we establish a wellannotated dataset and design a 4-stage pipeline to estimate the
locations of sound sources. The dataset contains 265 ODVs with
different audio-visual scenarios, such as round-table discussions,
presentations, meetings, documentaries. In addition, we design a
4-stage pipeline to estimate the locations of sound sources on the
sphere to generate the Ambisonics, where the 4-stages are namely,
representation, feature embedding, prediction, and encoding. Our
proposed pipeline adopts the deep learning based audio-visual feature embeddings and prediction techniques to facilitate the 3D
localization of sound source using different ODV input representations. Also, we benchmark our dataset by proposing evaluation
criteria to investigate the performance of our pipeline.
In a nutshell, the main contributions of this paper are threefold.
First, we address the problem of automatic spatial audio estimation
based on audio-visual cue as a first work. Second, we establish the
first 360◦ Audio-Visual Dataset (360AVD) which contains 265 video
clips with a well-annotated ground-truth providing the sound direction and location. Third, we propose evaluation criteria and perform
preliminary quantitative and qualitative analysis using two widely
used ODV projection techniques and state-of-the-art feature embedding and prediction algorithms to estimate the location of the sound
source. We expect that releasing this dataset and addressing this
novel research question will foster further research in multimedia
signal processing area.
The rest of this paper is organized as follows. Section 2 presents
the related work on audio-visual machine learning and generating
spatial audio. The proposed audio-visual dataset and the proposed
pipeline are described in Section 3 and 4. Section 5 presents the

