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Panoramic Video

https://www.bilibili.com/video/BV1nU4y1D7TR?t=18.2
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Standard For Panoramic Video 

The horizontal wrap around motion compensation in the VVC is a 360-specific 

coding tool designed to improve the visual quality of reconstructed 360-degree 

video in the equi-rectangular (ERP) projection format. [1]

VVC旨在提高在等矩形(ERP)投影格式下重建360度视频的视觉质量。
360-Lib是JVET小组设计并面向使用者公开的一个用于进行360全景视频研究

的平台，关注于投影方案的评价。

[1] JVET-AB2002, Horizontal wrap around motion compensation
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Projection For Panoramic Video
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Equirectangular Projection，等距柱状投影
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Projection For Panoramic Video
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Equirectangular Projection，等距柱状投影



Cubemap Projection，立方体投影

[1] 360Libsoftwaremanual

[2] Convert 2:1 equirectangular panorama to cube map

[3] 3D Graphics Rendering Cookbook A comprehensive guide to exploring rendering algorithms in 

modern OpenGL and Vulkan (Sergey Kosarevsky, Viktor Latypov)



Cubemap Projection，立方体投影



Cubemap Projection，立方体投影



Cubemap Projection，立方体投影

[1] Deep 360°Optical Flow Estimation Based on Multi-Projection Fusion, ECCV2023 



14

Cubemap Projection，立方体投影



Cylindrical Equal-area Projection，圆柱等积
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圆柱等面积投影，将经线映射为等间隔的垂直线，纬线映射为水平线（非等间
距）。可以想象为，将球面映射到一个圆柱面上并将圆柱面展开。



[1] SphereSR: 360  Image Super-Resolution with Arbitrary Projection via Continuous 

Spherical Image Representation 

Icosahedron Projection (二十面体投影)



• Advanced Spherical Motion Model and Local Padding for 360° Video 

Compression (TIP-2019, Li Li)

• Motion-Plane-Adaptive Inter Prediction in 360-degree Video Coding 

(TCSVT-2023)

• A Geodesic Translation Model for Spherical Video Compression (TIP-

2023)

• End-to-End Optimized 360◦ Image Compression (TIP-2022)

• LAU-Net: Latitude Adaptive Upscaling Network for Omnidirectional 

Image Super-resolution (CVPR-2021)

• Omnidirectional Image Super-Resolution with Transformer (CVPR-

2022)

• Deep 360°Optical Flow Estimation Based on Multi-Projection 

Fusion (ECCV-2022)

• SphereSR: 360◦ Image Super-Resolution with Arbitrary Projection 

via Continuous Spherical Image Representation (CVPR-2023)

Paper List (Red in Today, Black for Next Time)



Padding for Panoramic 
Video Coding



Local Padding for 360° Video Compression

推荐阅读的最新文章：
[1] Padding-Aware Learned Image Compression，ISCAS 2023

[2] AHG10: Improvement of Input Video Padding in VTM，JVET-AD0129
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Local Padding for 360° Video Compression

[1]Advanced Spherical Motion Model and Local Padding for 360° Video Compression 

(TIP-2019, Li Li)



Local 3D Padding in Spherical Video Coding

局部三维填充法的本质是将其他面中的像素投影到当前面的延伸处，以保

证纹理的精确连续性。如果当前块的MV指向人脸边界之外，我们仍然可以

得到一个纹理连续的预测块。对于不同类型的多面体投影格式，其主要区

别在于面数和面间角度的不同。

[1]Advanced Spherical Motion Model and Local Padding for 360° Video Compression 

(TIP-2019, Li Li)



Local Padding for 360° Video Compression

Local Padding   Local Reference Padding   Padding Storage

[1]Advanced Spherical Motion Model and Local Padding for 360° Video Compression 

(TIP-2019, Li Li)



Loop Filter Disabled Across Virtual Boundaries

Compared to using two tiles, one for each set of continuous faces, and to disable 

in-loop filtering operations across tiles, this technique is more flexible as it does 

not require the face size to be a multiple of the CTU size.
The virtual boundary could also be used in Gradual Decoding Refresh (GDR) or 

Progressive Intra Refresh (PIR) which is a technique to limit the large bitrate variations.



Motion Modeling for 
Panoramic Video Coding
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In this paper, we propose a motion-plane-
adaptive inter prediction technique (MPA) for 
360-degree video that takes the spherical 
characteristics of 360-degree video into 
account. Based on the known projection 
format of the video, MPA allows to perform 
inter prediction on different motion planes in 
3D space instead of having to work on the - in 
theory arbitrarily mapped - 2D image 
representation directly. We furthermore 
derive a motion–plane-adaptive motion 
vector prediction technique (MPA-MVP) that 
allows to translate motion information 
between different motion planes and motion 
models. 

传统360的编码方法 3D的编码方法

Introduction



Typically, a 2D representation of the 360-degree video is required to allow compression 
using existing video coding techniques such as the H.264/AVC, the H.265/HEVC or the 
H.266/VVC, video coding standards.  Fig(a) shows an example of a 360-degree image 
mapped to the 2D image plane through an equirectangular projection (ERP). While this is 
one of the most common 360-degree projection formats,  there exist a plethora of other 
formats including various variations of cubemap projections, segmented and rotated sphere 
projections, or octa- and isocahedron projections to name only a few [5]. 
While the black lines of constant azimuthal (vertical) and polar (horizontal) angles form a 
block structure in the ERP-projected image, this is not the case in the spherical domain. It is 
clearly visible that the different blocks become increasingly distorted with a higher distance 
to the equator. 

The key question of sphere video coding

Key Question



In this work, we propose a novel motion-plane-
adaptive inter prediction technique (MPA) for 360-
degree video that allows to perform inter 
prediction on different motion planes in 3D space. 
Any motion on these planes is modeled purely 
using horizontal and vertical shifts while the 
motion planes themselves can be oriented freely in 
3D space. In this way, MPA takes both the spherical 
characteristics of 360-degree video and the 
translational nature of most camera and object 
motion into account. MPA thus is able to more 
accurately reproduce the resulting pixel shifts in 
the 2D projection domain than classical 
translational techniques are able to. Due to their 
narrow field of view, such 3D space considerations 
are not necessary for conventional perspective 
video. To further improve the performance of MPA 
and make it compatible to existing inter prediction 
techniques, we additionally derive an efficient 
method to transfer motion information between 
different motion planes and motion models. 

1 如何利用投影来在2D上进行更准确的3D帧间预测

2 不改变投影方式，如何完成3D的帧间预测

3 如何将2D的帧间预测在3D上更好的发挥

Idea



1 An overview over related approaches to improving 360-degree video coding is given. 

2 Briefly recapitulates the traditional inter prediction procedure, 

3 Introduce the proposed MPA. Within this section, the projection functions required for motion-plane 

adaptivity are introduced including a generalized formulation of the perspective projection, the motion-

plane-adaptive motion model is presented, an adapted motion vector prediction method is derived.

Related work:

Y. Wang, L. Li, D. Liu, F. Wu, and W. Gao, “A New Motion Model for Panoramic Video Coding,” in ICIP., Sep 2017, 

pp. 1407–1411.

Y. Wang, D. Liu, S. Ma, F. Wu, and W. Gao, “Spherical Coordinates Transform-Based Motion Model for 

Panoramic Video Coding,” IEEE JETCAS., vol. 9, no. 1, pp. 98–109, Mar 2019. 

L. Li, Z. Li, M. Budagavi, and H. Li, “Projection Based Advanced Motion Model for Cubic Mapping for 360-

Degree Video,” in ICIP., Sep 2017, pp. 1427–1431.

L. Li, Z. Li, X. Ma, H. Yang, and H. Li, “Advanced Spherical MotionModel and Local Padding for 360° Video 

Compression,” TIP., vol. 28, no. 5, pp. 2342–2356, May 2019. 

Loop Filter Disabled Across Virtual Boundaries



Wang et al. propose a 3D translational motion model, where all pixels in a regarded block on the 

sphere are shifted in 3D space according to a 3D motion vector derived from the original 2D motion 

vector. 

A similar approach is followed by Li et al. in [12],[13], where the 3D motion vector is derived based 

on the assumption that two neighboring blocks adhere to the same motion in 3D space (local 

padding and frame padding). 

Y.F Wang ’s Method

L.Li ’s Method

Assumption: Motion in sphere is translation. 

Related Work



任何的sphere投影都是一种可逆的过程

Projection ERP



Projection ERP



Projection ERP



只需要坐标系的转换

Projection Generalized Perspective Projection 



转换方式

Projection Generalized Perspective Projection 



Motion Model



Motion Model



Motion Estimation



Motion estimation in different planes

Motion Estimation



Motion Estimation for Different Plane



Motion Estimation for Different Plane



Motion Estimation for translational Plane



Motion Vector Coding



Motion Compensation



Other Task for Panoramic 
Video
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Guided Transcoding

63

Deflation

Inflation


	默认节
	幻灯片 1: An Introduction for Panoramic Video Coding (case study)
	幻灯片 2: Panoramic Video
	幻灯片 3: Standard For Panoramic Video 
	幻灯片 4: Projection For Panoramic Video
	幻灯片 5: Projection For Panoramic Video
	幻灯片 6: Equirectangular Projection，等距柱状投影
	幻灯片 7
	幻灯片 8: Projection For Panoramic Video
	幻灯片 9: Equirectangular Projection，等距柱状投影
	幻灯片 10: Cubemap Projection，立方体投影
	幻灯片 11: Cubemap Projection，立方体投影
	幻灯片 12: Cubemap Projection，立方体投影
	幻灯片 13: Cubemap Projection，立方体投影
	幻灯片 14: Cubemap Projection，立方体投影
	幻灯片 15: Cylindrical Equal-area Projection，圆柱等积
	幻灯片 16: Icosahedron Projection (二十面体投影)
	幻灯片 17: Paper List (Red in Today, Black for Next Time)
	幻灯片 18: Padding for Panoramic Video Coding 
	幻灯片 19: Local Padding for 360° Video Compression
	幻灯片 20: Local Padding for 360° Video Compression
	幻灯片 21: Local 3D Padding in Spherical Video Coding
	幻灯片 22: Local Padding for 360° Video Compression
	幻灯片 23: Loop Filter Disabled Across Virtual Boundaries
	幻灯片 24: Motion Modeling for Panoramic Video Coding 
	幻灯片 25
	幻灯片 26: Introduction
	幻灯片 27: Key Question
	幻灯片 28: Idea
	幻灯片 29: Loop Filter Disabled Across Virtual Boundaries
	幻灯片 30: Related Work
	幻灯片 31: Projection ERP
	幻灯片 32: Projection ERP
	幻灯片 33: Projection ERP
	幻灯片 34: Projection Generalized Perspective Projection 
	幻灯片 35: Projection Generalized Perspective Projection 
	幻灯片 36: Motion Model
	幻灯片 37: Motion Model
	幻灯片 38: Motion Estimation
	幻灯片 39: Motion Estimation
	幻灯片 40: Motion Estimation for Different Plane
	幻灯片 41: Motion Estimation for Different Plane
	幻灯片 42: Motion Estimation for translational Plane
	幻灯片 43: Motion Vector Coding
	幻灯片 44: Motion Compensation
	幻灯片 45: Other Task for Panoramic Video
	幻灯片 46
	幻灯片 47: Introduction
	幻灯片 48: Contribution
	幻灯片 49: Performance
	幻灯片 50
	幻灯片 51: Introduction
	幻灯片 52: Contribution
	幻灯片 53
	幻灯片 54: Introduction
	幻灯片 55: Contribution
	幻灯片 56
	幻灯片 57: Introduction
	幻灯片 58: Contribution
	幻灯片 59: An Introduction for Transcoding (case study)
	幻灯片 60: Framework
	幻灯片 61: Basic Scheme
	幻灯片 62: Basic Scheme
	幻灯片 63


