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Facial landmark localisation
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Face alignment
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Face alignment

Face landmark
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Convolution (&1E)
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Roll the dices
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Convolution Layer
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About

2D face alignment
Unlike the conventional heatmap based and regression based method
Boundary lines as geometric structure

Remove the ambiguities in the landmark definition



Contribution

Achieves 3.49% mean error on 300-W Fullset

Achieves 3.92% mean error with 0.39% failure rate on COFW dataset
Achieves 1.25% mean error on AFLW-Full dataset

Propose a new dataset which includes poses, expressions, illuminations,

makeups, occlusions, and blurriness.



The objective of the paper

Devise an effective face alignment algorithm to handle face with
unconstrained pose variation and occlusion across multiple datasets and

annotation protocols.

=) By utilising boundary lines as the geometric structure of a

human face to help facial landmark localisation.



Abstract

1. Why using boundary ?
2. How to use boundary ?

3. What is the relationship between boundary estimation and landmarks localization ?



Ql.Why using boundary?

It is easier to identify facial boundaries comparing to facial landmarks under large
pose and occlusion.

Facial landmarks other than corners can hardly remain the same semantical
locations with large pose variation and occlusion.

Different annotation schemes of existing datasets lead to different number of
landmarks and annotation schemes of future face alignment datasets can hardly be

determined .



AFLW (19 points)  COFW (29 points)  300W (68 points)

Boundary-aware algorithm

First estimate facial boundary heatmaps and then
regress landmarks with the help of boundary

heatmaps.



Q3.Relationship ?

To explore the relationship between facial boundaries and landmarks, we introduce
adversarial learning ideas by using a landmark-based boundaries effectiveness
discriminator. Experiments have shown that the better quality estimated boundaries have,

the more accurate landmarks will be.



Adversarial data
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Adversarial learning
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LAB

A Boundary-Aware Face Alignment Algorithm
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Boundary—-aware landmark regressor

The details of boundary heatmap are defined as follow :

1.

2.

Given an image |, denote its ground truth annotation by L landmarks as S = {Sz}f’zl

K subsets of S (S;) are defined to represent landmarks belongs to K boundaries respectively
For each boundaries, S; is interpolated to get a dense boundary line.

Then a binary boundary map B;, the same size as |, is formed by setting only points on the
boundary line to be 1, others 0.

A distance transform is performed based on each B, to get distance map D;. We use a
gaussian expression with standard deviation o to transform the distance map to ground-truth

boundary heatmap M..
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Multi-stage boundary heatmap fusion
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Boundary Heatmap Estimator Boundary Effectiveness
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Figure 2: Overview of our Boundary-Aware Face Alignment framework. (a) Boundary heatmap estimator, which based on hourglass
network is used to estimate boundary heatmaps. Message passing layers are introduced to handle occlusion. (b) Boundary-aware landmarks
regressor is used to generate the final prediction of landmarks. Boundary heatmap fusion scheme is introduced to incorporate boundary
information into the feature learning of regressor. (¢) Boundary effectiveness discriminator, which distinguishes “real” boundary heatmaps
from “fake”, is used to further improve the quality of the estimated boundary heatmaps.



For better heatmap quality

Boundary Boundary
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Boundary heatmap estimator

Intra-level Message
Passing

Inter-level Message
Passing

Stack n

Stack n+1

We implemented message passing following. In
this implementation, the feature map at the end
of each stack needs be divided into K branches,
where K is the number of boundaries, each

represents a type of boundary feature map.



Stacked hourglass structure
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Message passing

This process is visualised During occlusion, visible boundaries can provide help to
occluded ones according to face structure.

-Intra-level message passing is used at the end of each stack to pass information
between different boundary heatmaps.

-Inter-level message passing is adopted to pass message from lower stacks to the
higher stacks to keep the quality of boundary heatmaps when stacking more hourglass

subnets



Regression-to-the-mean problem
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Regression / Reversion to the Mean

If the red line is the average (mean), the trend
oscillates up and down around it.

The trend moves above the average, then
regresses back toward it, often overshooting
up and down.



Boundary effectiveness discriminator
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The hard-to-defineterm “quality” of heatmaps has a very clear evaluation metric.
If helping to produce accurate landmark coordinates, the boundary heatmap has a

good quality. According to this, we propose a landmark based boundary effectiveness

discriminator to decide the effectiveness of the generated boundary heatmaps.



Effectiveness of heatmap

Baseline + Message
Passing + Adversarial
Learning

Baseline + Message
Passing
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Cross
dataset

face
alignment




Because of the gap between annotation schemes, these datasets can hardly be jointly used.
Models trained on one specific dataset perform poorly on recent in-the-wild test sets.

From a new perspective, we take facial boundaries as an all-purpose middle-level face geometry
representation. Facial boundaries naturally unify different landmark definitions with enough
landmarks. And it can also be applied to help training landmarks regressor with any specific
landmarks definition. The cross-dataset capacity is an important by-product of our methods. Its

effectiveness is evaluated.



Resources

Look at Boundary : A Boundary-Aware Face Alignment Algorithm paper

Look at Boundary: A Boundary-Aware Face Alignment Algorithm code (github)

Look at Boundary : A Boundary-Aware Face Alignment Algorithm project

Stacked Hourglass Networks for Human Pose Estimation

Structured Feature Learning for Pose Estimation



https://openaccess.thecvf.com/content_cvpr_2018/papers/Wu_Look_at_Boundary_CVPR_2018_paper.pdf
https://github.com/wywu/LAB
https://wywu.github.io/projects/LAB/LAB.html
https://arxiv.org/pdf/1603.06937.pdf
https://arxiv.org/pdf/1603.09065.pdf
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