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Introduction

Video data amounts to the majority of global internet traffic [3], even more so during the COVID-19 pandemic

In order to achieve ever higher compression rates, video encoders are becoming increasingly complex [7]

When an exhaustive search is used,Motion Estimation (ME) can be responsible for up to 80% of encoding time [9]

The widely adopted Test Zone Search (TZS) algorithm is considered too slow for some applications [4]

Figure 1: High-level flowchart of the TZS algorithm.
Figure 2: Octagonal-axis raster pattern, as replicated in VTM.

Among alternatives to standard TZS, the Octagonal-axis [6] search pattern was designed using average Motion Vector (MV) encoder decisions

We show how this idea can be generalized using the motion vector bitrate to constrain the IME search area

Rate-based Candidate Elimination

The cost function minimized during ME [8] is

j( ~mv) = d(C ~mv) + λ · r( ~mv − ~mvp)
r estimates the bitrate of a candidate MV

d is block distortion, the most costly computation in IME

Previous works have indicated that selected MVs:

Can usually be found right after the TZS prediction step [5]

Are mostly within a small area around the predictor [4]

Contribution

We define a bitrate threshold t and use it to constrain the IME search area,
eliminating distortion calculation whenever

r( ~mv − ~mvp) > t

Simple and efficient elimination criterion

Skipped blocks need not be fetched from memory

Compatible with existing Rate-constrained ME algorithms

Configurable through the bitrate elimination threshold

MV decision distribution (log scale) MV bitrate surface

Correlated!
ρ = −0.89

Figure 3: Correlation between MV decision distribution and MV bitrate surface.

Experimental Results

Our proposed candidate elimination techniquewas evaluated by combining:

The VTM 6.2 encoder

17 test sequences from the Common Test Conditions [1] [2]

QPs 22, 27, 32 and 37

Encoder configurations LDP and RA

Encoding efficiency was measured in BD-Rate and ME complexity

estimated through block area for which distortion was computed:

∆C = Cori − Cmod

Cori
× 100% C =

∑
s∈S

totalCandidates(s)×area(s)

Figure 4: Experimental results of rate-based candidate elimination applied, with a fixed threshold of t=4, over TZS.

RA configuration results

When using t=20
as our elimination

threshold in RA, we

approximate the

Octagonal-axis

pattern

achieve

BD-Rate < 1%

Sequence
t=20 Octagonal-axis [6]

BD-Rate ∆C BD-Rate ∆C

Cactus 0.12 28.8 0.02 26.2

BasketballDrill 0.14 23.4 0.01 22.2

BasketballDrillText 0.09 22.9 -0.04 21.2

SlideEditing 0.63 6.8 0.03 6.1

RaceHorses 0.35 25.1 0.02 22.5

SlideShow 0.88 42.5 -0.05 36.4

RaceHorsesC 0.70 33.9 0.10 30.2

LDP configuration results

A fixed threshold of

t=4 in LDP yields
complexity

reductions > 80%

negligible BD-Rate
increases
only exceptions:

screen-content

sequences

Class
t=4 Octagonal-axis [6]

BD-Rate ∆C BD-Rate ∆C

B 0.18 87.8 0.02 13.9

C 0.22 88.8 0.00 15.2

D 0.20 86.5 0.04 10.7

E 0.04 82.3 -0.04 6.5

F 3.44 87.3 0.37 16.4

Conclusions

In this work, we show thatMV bitrate influences the efficacy of IME search patterns

We propose an algorithm that can reduce ME complexity by 86.69% at the cost of only an average 0.74% BD-Rate increase

Our results indicate that the IME search can be drastically simplified in some configurations
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