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introduction

Block Partition

Block-based warp

t-1 frame Current frame

Warp step:  1 Motion Estimation (ME) for Encoder

2 Motion Compensation (MC) for codec

ME for optimal search    MC for retrieve predictionPer Block

Motion Estimation 

t-1 frame Current frame

Motion Compensation 

retrieve



Basic tool for Motion Compensation

Two step: 1 full pixel

2 Fractional pixel (1/2, 1/4）

t-1 frame Current frame

Full pixel Motion Compensation

Fractional pixel Motion Compensation

Fractional pixel reason: Due to the inherent spatial 

discretization of digital video, block translation may 

not happen to be aligned with pixels. 

retrieve

Finite impulse response (FIR) filters are used for 

luma and chroma interpolation in HEVC and VVC.

The coefficients of the FIR filters are designed

using a Fourier decomposition of the discrete

cosine transform (DCTIF). Three kinds of tap are 

supported: 8-tap, 4-tap.



For example :

(0, 0)

(1/2, 0)

(0, 1/2)

(1/2, 1/2)

(0, 0)

DCTIF

Decision of weight (Per Pixel) 



Basic tool for Motion Estimation

• Search range
• Full search guarantees the best MV (reference block), 

but leads to unfordable computation consumptions
• Fast search algorithms provide a trade off

• log search, three-step search, TZSearch

• TZSearch
① 使用MVP作为搜索起点
② 从步长1开始，按右图的菱形模板或正方形模板进行搜索，

比较各点对应MV的RDCost；步长按2的整数次幂增长
• 若得到的最优点的步长为1，则还需在该点进行两点搜索
• 若得到的最优点的步长大于某一阈值，则还需在该点附近进

行全搜索
③ 以②得到的最优点为起点，重复②，进行细化搜索
➢ 相邻两次细化搜索结果相同时算法停止



Basic tool for Motion Estimation

Full pixel to fractional pixel: More accurate MV and prediction
• Interpolation is required to obtain the reference pixel values at fractional pixel position

• Supported motion vector resolution:

• Regular MV: 4pel, 1pel, 1/2pel, 1/4pel

• Affine MV: 1/16pel, 1/4pel, 1 pel

• FIR

Merge: Remove the redundancy of MVs of adjacent blocks

• Basic idea: Deduce a list of probable MVs using decoded adjacent blocks' motion 

information (no bits transmitted), then signal a index to indicate which one is used

• MVP candidates setup

• Spatial, Temporal, Previous coded …



Inter prediction math paradigm



Basic tool for Motion Estimation

Merge: Remove the redundancy of MVs of adjacent blocks

➢ MVP candidates setup (6 MVPs)

1. Spatial candidates

• B1->A1->B0->A0->B2

• 4 MVPs at most

2. Temporal candidates

• C0->C1 (in ColPic), to get more info form bottom right corner

• Temporal scaling is required

3. HMVP: Previous coded CUs

4. Pair-wise average candidates

5. 0 MV

➢ Skip

• Skip the residual coding, only for merge mode

• MMVD: Merge mode with MVD 

• MVD indicated simply by direction index and offset index

 

curr_pic col_pic col_ref curr_ref 

td 

tb 

curr_CU col_CU 

C1

Y

C0



Inter prediction math paradigm



Different ideology about Paper

1  Motion modeling (L. Li & Y. Li)

2  Geometric Partitioning (Me)

3  360-Degree coding (L. Li，Y.F Wang)

4  Fractional enhancement & fast algorithm (N. Yan)

5  NN-based enhancement (S. Huo)

6  Reference Generation & Clip & Background (S. Huo, C.Y Ma, F.D Chen)

7  Multi-hypothesis Prediction

8  Motion Vector Refinement

9  Texture Synthesis (K. Yang)

10 Energy-Aware Quality Optimization

11 Template Matching



Different ideology about Paper

1 Motion modeling

• An Efficient Four-Parameter Affine Motion Model for Video Coding** (Li Li)

• Global Homography Motion Compensation for Versatile Video Coding** (Yao Li)

2 Geometric Partitioning

• Geometric Partitioning Mode in Versatile Video Coding** (Han Gao, Tencent America)

• Object Segmentation-Assisted Inter Prediction for Video Coding** (Zhuoyuan Li)

3 360-Degree coding

• Motion-Plane-Adaptive Inter Prediction in 360-Degree Video Coding**(Andre Kaup)

4 Fractional enhancement

• Cnn-based invertible half-pixel interpolation filter for video coding (Ning Yan)

• Invertibility-driven interpolation filter for video coding (Ning Yan)



6 NN-based enhancement 

• Cnn-based motion compensation refinement for video coding** (Shuai Huo)

• Deep Affine Motion Compensation Network for Inter Prediction in VVC** (Dengchao Jin, TJU) 

6 Reference Generation

• Deep Network-Based Frame Extrapolation With Reference Frame Alignment** (Huo Shuai)

7 Multi-hypothesis Prediction

• Multi-Hypothesis Prediction for Video Coding (Zhao Wang, PKU)

8 Energy-Aware Quality Optimization

• Optimized Decoding-Energy-Aware Encoding in Practical VVC Implementations (A. Kaup, FAU)



Motion modeling



Affine Motion Model

• Affine函数：最高次数为1的多项式函数

• Affine运动模型：映射关系可以由关于坐标(x, y)的Affine函数表示

代入3个顶点的MV

𝑚𝑣𝑥 =
𝑚𝑣1𝑥 −𝑚𝑣0𝑥

𝑊
𝑥 +

𝑚𝑣2𝑥 −𝑚𝑣0𝑥
𝐻

𝑦 + 𝑚𝑣0𝑥

𝑚𝑣𝑦 =
𝑚𝑣1𝑦 −𝑚𝑣0𝑦

𝑊
𝑥 +

𝑚𝑣2𝑦 −𝑚𝑣0𝑦

𝐻
𝑦 +𝑚𝑣0𝑦



Motion Model

• Affine可描述的运动类型

• translation, zooming, rotation, shear mapping

• 当仅考虑translation, zooming, rotation时

• 4参数Affine模型
𝑚𝑣𝑥 =

𝑚𝑣1𝑥 −𝑚𝑣0𝑥
𝑊

𝑥 +
𝑚𝑣1𝑦 −𝑚𝑣0𝑦

𝑊
𝑦 +𝑚𝑣0𝑥

𝑚𝑣𝑦 =
𝑚𝑣1𝑦 −𝑚𝑣0𝑦

𝑊
𝑥 +

𝑚𝑣1𝑦 −𝑚𝑣0𝑥

𝑊
𝑦 + 𝑚𝑣0𝑦

等被称为CPMV(Control Point Motion Vector)



Motion Vector Coding 
1. Merge

➢MVP列表的建立（5项MVP）

• 1.1 空域相邻的  Affine模式CU  CPMV继承候选

B2 B0 B1

A0

A1

0v 1v

Cur

A

0 0( , )x y 1 1( , )x y

2 2( , )x y 3 3( , )x y

4 4( , )x y

2v 3v

4v

• A0->A1
• B0->B1-B2



Motion Vector Coding 
1. Merge

➢MVP列表的建立

• 1.2 空/时域相邻的  普通CU  平移MV构造候选

• 1.3 零值MV填充

Current block

A1

A0

B0B1B2

A2

B3

T

➢ CPMV1 ~ CPMV4各自进行merge

➢ CPMV1: B2->B3->A2

➢ CPMV2: B1->B0

➢ CPMV3: A1->A0

➢ CPMV4: 从前面帧相应位置进行merge



Motion Vector Coding 
1. AMVP: MVP + MVD

➢MVP列表的建立 （2项MVP）

• 2.1 空域相邻的  Affine模式CU  CPMV继承候选 

与merge基本一致

• 2.2 空域相邻的  普通CU  平移MV构造候选

与merge基本一致，但不再使用时域相邻CU进行merge得到CPMV4

• 2.3 空 / 时域相邻的  普通CU  平移MV填充

使用 {CPMV3->CPMV2->CPMV1->时域预测MVP} 中的1个来填充所有CPMV（得到了一个仅有平移运动的
Affine模型）

• 2.4 零MV填充

➢MVD的编码

• 整像素、1/4像素、1/16像素精度



Motion Compensation
• 基于4x4子块进行运动补偿

• 复杂度与补偿精度间的trade off

➢分像素位置插值

• 6抽头插值滤波器

0v
1v

MV Tap filter

0 0 0 64 0 0 0

1/16 1 -3 63 4 -2 1

1/8 1 -5 62 8 -3 1

3/16 2 -8 60 13 -4 1

1/4 3 -10 58 17 -5 1

5/16 3 -11 52 26 -8 2

3/8 2 -9 47 31 -10 3

7/16 3 -11 45 34 -10 3

1/2 3 -11 40 40 -11 3

9/16 3 -10 34 45 -11 3

5/8 3 -10 31 47 -9 2

11/16 2 -8 26 52 -11 3

6/8 1 -5 17 58 -10 3

13/16 1 -4 13 60 -8 2

7/8 1 -3 8 62 -5 1

15/16 1 -2 4 63 -3 1
(¼像素精度)



Motion modeling  



Motion Model

• 摄相机的刚体运动模型

• 摄像机的透视投影成像模型

• 任意相机运动下像 x 坐标的变换关系

透视投影成像中的相似三角形关系



Motion Model

• 对于场景中的平面物体（                                   ）

• 运动参数编码

• 显示地传输

• 利用参考帧进行预测

• 基于4x4子块进行运动补偿（Affine）

     

同一平面物体在视频前后两帧的像的映射关系可以用 H 表征



Motion Estimation & Motion Compensation



Geometric Partitioning 



This is because objects typically exhibit movement relative to a static background or other moving objects, 

and object boundaries in natural sequences rarely adhere to rectangular block patterns. As shown in Figure, 

finer block partitions are required when approximating moving object boundaries using rectangular blocks, 

which increases the rate overhead for signaling the partition and the prediction syntax  elements for these 

blocks. In addition, the approximated partitioning boundary rarely follows the actual motion field boundaries.

Consequently, the prediction error is higher, which increases the bitrate for residual signaling.

1、自然序列中的对象边界很少遵循矩形块模式。

2、传统方法增加为这些块划分和预测语法元素发送信
号的速率开销。近似分割边界很少遵循实际运动场边
界。因此预测误差较高，增加了残差信号的比特率。



Partition Rule

Definition of the partitioning boundary

Quantization of angle parameter 

Quantization of offset parameter



Partition Rule (Definition of the partitioning boundary)



Partition Rule (Definition of the partitioning boundary)



Partition Rule (Quantization of angle parameter )

20种宽 高比或宽 高比



Partition Rule (Quantization of offset parameter ρ )

4种位移



All types of partition & signal



Motion Compensation

Distance:



Motion Estimation



Motion Estimation

Entropy Coding



Motion Estimation

Candidate Prepare & Selection



Motion Estimation

Rough Estimation



Rough Estimation of SATD

Motion Estimation



Refine Estimation of SSE

Motion Estimation



Performance



Selection



Geometric Partitioning 



基于块的运动假设基于块的帧间预测方法 Strong Assumption

基于块的帧间预测技术通常是在假设块内像素的运动趋于均匀的情况下进行。

每个块内的运动用一个运动矢量对其运动场进行描述。

参考帧 当前帧

运动矢量

Mv

Current Coding Block

Motion 
Estimation

Mv
Primary Region

Secondary Region

Is there Mv can represent the motion of Primary and Secondary regions ?

?

Motion
Field



Segmentation-based partition Method

 Traditional segmentation algorithm             Rough estimation

Motion Compensation               Boundary artifacts

Motion Vector Coding                Extra bits consumption

Motion Estimation               Optimal motion vectors



Framework (Decoder):

We propose an object segmentation-assisted inter prediction (SAIP) method that does not 

restrict the partitioning shape and further improves the prediction accuracy by utilizing 

segmentation to assist the entire prediction process. To the best of our knowledge, we are the 

first to introduce deep learning-based segmentation technologies to improve the 

performance of inter prediction in traditional video coding. (Blackboard)



Learned Segmentation

Image Instance Segmentation for the coding of high quality frame

Video Object Segmentation for the coding of other frame  



Motion Compensation 

基于分割图的整像素
运动补偿

基于分割图的分像素
运动补偿

利用分割图引导多区域的多阶段运动补偿



Motion Compensation

                       (distance-based adaptive weighted strategy)

Segmentation Line



Motion Vector Coding

                                              

Partition Derivation



Motion Vector Coding
Primary & Secondary Motion Vector Coding

Positions of spatial and temporal 
merge candidates

Candidate list derivation for 
secondary region

All types of the distribution of 
motion-inconsistent regions

(Blackboard)



Motion Estimation                            

1 Rough motion vector estimation:

2 Refined motion vector estimation:



Performance



Ablation

Motion Compensation Motion Vector Coding



Selction & Time complexity

*:the rule of learning-based coding paper



360-Degree coding



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



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



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



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. 



Related work

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. 



任何的sphere投影都是一种可逆的过程

Projection ERP



Projection ERP



Projection ERP



Projection Generalized Perspective Projection 

只需要坐标系的转换



Projection Generalized Perspective Projection 

转换方式



Motion model



Motion model



Motion Estimation



Motion Estimation

Motion estimation in different planes







Not in adaptive plane







Motion Compensation



Fractional enhancement 









Fractional enhancement 





NN-based enhancement 



Method 1: The Simple CNNMCR (CNN based Motion Compensation Refinement)

• Directly refine the inter-prediction without any other information

• To discover the capability of refining the motion compensation prediction of CNN

Method 2: The CNNMCR

• Further improve the prediction accuracy by exploiting spatial correlation

• The input of CNN expands from the current block to the red reg
• Le the CNN to learn how to smooth the “seam”, thus refines the prediction signal

Where X stands for the orig, Y stands for the reco



Hight lights

• Description and  performance comparison / analysis with related technologies

Performance

• HEVC, lowdelay-P

• 1.8% for The Simple CNNMCR

• 2.3% for The CNNMCR

• 5.2% for The CNNMCR together with OBMC



NN-based enhancement 











Performance



Reference Generation



Frame extrapolation is to predict future frames from the past 
(reference) frames, which has been studied intensively in the 
computer vision research and has great potential in video 
coding. Recently, a number of studies have been devoted to 
the use of deep networks for frame extrapolation, which 
achieves certain success. However, due to the complex and 
diverse motion patterns in natural video, it is still difficult to 
extrapolate frames with high fidelity directly from reference 
frames. To address this problem, we introduce reference 
frame alignment as a key technique for deep network-based 
frame extrapolation. We propose to align the reference frames, 
e.g. using block-based motion estimation and motion 
compensation, and then to extrapolate from the aligned 
frames by a trained deep network. Since the alignment, a 
preprocessing step, effectively reduces the diversity of 
network input, we observe that the network is easier to train 
and the extrapolated frames are of higher quality. 

线性模型

x′

y′
=

x
y +

c
f

复杂形变



ME



参考帧机制允许在外插帧上自适应选择，选择

复杂运动预测准的区域

将外插帧作为新的参考帧，加入现有参考帧列表



Performance



Selection



Reference Generation





Framework



Performance



Multi-hypothesis Prediction



➢More hypothesis (reference) leads to better prediction accuracy, along with more header bits

➢Propose an implicit motion vector derivation scheme

• Use the first hypothesis (reference) to search  other hypothesis

• More accurate prediction without additional motion info

➢Performance

• HEVC, Random Access

• 0.24% for 1 additional hypothesis

• 1.14% for 4 additional hypothesis



Energy-Aware Quality Optimization  （Green Coding）









Question
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