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Abstract. The challenges in facial expression recognition (FER) is mostly
caused by high intra-class variations, subtle inter-class visual changes,
and smaller datasets. The intra-class and inter-class variations suffer big
from the pose, illumination, or partial occlusion in the real world, which
degrade the performance of FER significantly. Multi-scale and attention-
based networks are widely used to address these challenges. In most of
the previous approaches, lower-level features at smaller scale progress to-
wards higher levels to construct features at larger scales, or convolutions
at different resolutions are used for multi-scale feature representations.
The used methods have increased depth, but lacked width and are in-
adequate in representing features at granular levels to precisely capture
important facial expression features. Here, we introduce a novel multi-
branch multi-scale attention network (MSA-Net) for FER. MSA-net is
a deeper and wider network and it extracts multi-scale features at dif-
ferent receptive fields in a parallel network structure. Moreover, to im-
prove the effective receptive field and extract diverse features, different
kernel sizes in each parallel branch are used. Further, to focus on im-
portant regions, and make the features more discriminating multi-scale
features are passed through attention networks. MSA-Net can extract
sufficiently diverse attention-enhanced multi-scale features from differ-
ent parallel paths, this can lessen the effect of intra-class and inter-class
variations due to external factors. Further, features at different receptive
fields from each parallel path are combined together to reduce the effect
of pose and partial occlusion. The experimental findings reveal that the
suggested method achieves competitive results on widely used in-the-wild
public datasets.
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1 Introduction

The facial expression conveys one’s emotional state of mind, and it is one of the
most powerful nonverbal communication methods for social interactions. The
research in FER is growing due to its broad applications in many domains e.g.
human-computer interaction [25], modern driver aid systems [28], and medical
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diagnosis [1] etc. FER system assigns a category to a still image or a video out of
many basic emotions. FER from still images is called static FER and FER from
a video is called dynamic FER. Further, FER can be divided into controlled
and in-the-wild depending upon the dataset used. Recently, FER on laboratory-
controlled datasets has achieved significant results due to all frontal images taken
under controlled laboratory conditions. However, FER on in-the-wild datasets
is challenging due to large intra-class variations, very small inter-class visual
differences, and complexity in the representation of subtle local variations caused
by muscle movements of dynamic face regions.

Over the years, researchers followed different approaches to address the above
challenges in FER. Traditional methods used gabor filter[21], histograms of ori-
ented gradients (HOG) [4], scale-invariant feature transform (SIFT) [23] etc. for
FER. These methods use shallow learning for feature extraction, are subject to
underfit and the performance of these methods are not encouraging. Recently,
much work used deep learning especially convolutional neural network (CNN)
[19,22] in FER which significantly improved performance over traditional shal-
low learning methods. The methods used deeper CNNs, which have better gen-
eralization capability, but can be easily overfitted in presence of external factors
e.g. pose, illumination, occlusion, etc. To focus on emotion related regions many
methods used attention networks in CNN backbone [15] for FER in-the-wild.
Further, some methods used DenseNet, a variant of inception [11], and pyramid
[24] as multi-scale feature extractors, and multi-scale features serve as context to
attention networks for learning more discriminating features. However, many of
the existing methods either use convolutions at different resolutions in parallel
paths or use a single path for multi-scale feature extraction. In single path multi-
scale networks, lower-level features at smaller receptive fields progress towards
higher levels to construct features at a larger receptive field. Both the single path
based and multi-resolution-based methods lack diversity and a larger effective
receptive field in feature learning. To overcome some of the above challenges
a novel multi-branch multi-scale attention network (MSA-Net) for FER in-the-
wild is proposed.

The main contributions are summarized as follows:

1. Multi-branch multi-scale attention network is constructed to learn fea-
tures at different receptive fields and the feature maps of each branch are fused
together, which can reduce the effect of pose and partial occlusion.

2. The multi-scale block used extracts multi-scale features by combining fea-
tures at a different receptive field in a hierarchical fashion within a single multi-
scale block, which can lessen the FER system’s vulnerability to inter-class and
intra-class variations due to external factors.

3. The attention module is used in the deep layer of each branch of MSA-Net
to focus on important regions and make the expression-related features more
discriminating.

The remaining part of this paper is structured as follows. Section 2 provides
an overview of the proposed MSA-Net. Section 3 discusses the experimental
details, results and discussion. In Section 4, we finally give concluding remarks.
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2 Proposed Method

2.1 A Framework Overview

Fig. 1 shows the overall framework of the proposed MSA-Net. MSA-Net con-
sists of feature pre-extractor, parallel multi-scale, and attention network blocks.
The feature pre-extractor extracts middle-level feature maps of size 128x28x28
through the use of one 2D convolution layer, a max pooling layer, and two lay-
ers of ResNet-18 [12]. Then, middle-level feature maps are passed through three
parallel branch networks; each of the parallel branches consists of a multi-scale
module and an attention module. Inside the multi-scale module, two multi-scale
blocks are connected in series. 7x7, 5x5, and 3x3 convolutions are used in multi-
scale blocks of the first, second, and third branches respectively for finding multi-
scale features at different receptive fields. Finally, the feature maps from three
branches are fused at the feature level to obtain the FER results.

Multiscale Block 1

---i—----— Attention network

Input Feature ) ____E______ )
Image ‘P{ pre-extractor Multiscale Block 2 : Attention network

Multiscale Block 3 |---i--d-= Attention network
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:

Multi-scale Module : Attention Module

Fig. 1: The block diagram of MSA-net showing different components.

2.2 Multi-scale Module

Two multi-scale blocks connected in series in each parallel path constitute a
multi-scale module. The designed multi-scale block is inspired by Res2Net [9].
Each multi-scale block uses bottleneck blocks in a hierarchical-like manner within
a single residual block to learn features at different receptive fields. Moreover,
convolution with higher kernel sizes is biased towards shape, and convolution
with smaller kernel sizes is biased towards texture [6]. So, multi-scale blocks
in each branch use different kernel sizes to make the multi-scale feature maps
diverse. Fig. 2 shows the basic multi-scale block, 1x1 convolution layers are used
for down sampling and up sampling, and the no of input and output channels
remain the same in the bottleneck convolution layer. This arrangement reduces
the computation overhead due to the larger kernel size. Let X be the feature maps
obtained after k x k convolution. The feature map X is split into n equal feature
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map subsets along the channel axis. Let X; be the feature map subsets, where
i € {1,2,...,n}. Hence, the feature map subsets X; V i have the same spatial
size, and the number of channels of is %th of the total number of channels of X.
Moreover, the feature map subsets X; V i are processed in three parallel multi-
scale blocks. Let the m x m convolution process applied on each of X; is denoted
by PP(.),where p € {1,2,3}, p denotes the position of the multi-scale block. Let
Y denotes the output of P(.). Therefore, the output Y;” for each feature map
subset X; can be written as:

VP = i1<p<3 (1)
PP(X3)+Yi—1)P, 1<i<n

Let’s consider the first multi-scale block i.e. p = 1, notice that each 7x7 con-
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Fig. 2: Multi-scale block, k=7, 5, 3 for multi-scale block 1, 2, 3 respectively.

volutional operator PP(.) receive feature information from all feature subsets
X : j < i. Each time a feature subset X; passes through a 7x7 convolutional
operator, the output feature map attains a larger receptive field than X;. More-
over, the second and third multi-scale blocks have 5x5 and 3x3 convolutional
operators respectively. Hence, the first multi-scale block has a higher effective
receptive field than the second multi-scale block, and the second multi- scale

block has a higher effective receptive field than the third multi-scale block.
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2.3 Attention Module

Let the feature maps of each parallel path obtained after the multi-scale module
be denoted as FP € RT*WXC where p € {1,2,3}. Then, each of the feature
maps are passed through an attention network. A convolutional block attention
module (CBAM) [29] is used as the attention network. In CBAM, attention
feature maps are extracted sequentially along the channel and spatial dimensions,
then the refined adaptive feature maps are obtained by multiplying attention
maps with the input feature maps. For each parallel path, the attention network
computes channel attention map M? € R'*'X¢ and spatial attention map MP €
RHXWXC “Therefore, the final refined output of attention networks from each
path can be formulated as: F? = MP?(F)® (MP?(F)® F') here ® denotes element-
wise multiplication. The channel and spatial attention maps are scaled along
spatial and channel directions respectively for conducting multiplication. Finally,
the attention feature maps from the parallel branches are fused and let it be
denoted as F;..

2.4 Fusion Strategy and loss function

The feature maps from the parallel branches are fused using simple concatenation
operations along the channel axis. The global average pooling (GAP) operation
is performed on the final fused attention feature maps to obtain a vector,v. The
end-to-end model is trained by the cross-entropy loss function as given below.

eWi v1+b

:7— Zlog C Ty (2)

Where N is the input batch size; C' is the number of expression categories; W
and b are the weight and bias terms of the FC layer; v; is the input to the FC
layer at " sample. f is the hyperparameter of the loss function.

3 Results and Discussion

3.1 Datasets and Implementation details

Two popular FER in-the-wild datasets, RAF-DB [16] and Affectnet [20], are
used for conducting the experiments. RAF-DB contains 29672 images annotated
with basic or compound, 12264 as training samples, and 3061 as testing samples
from basic images taken. In the Affectnet dataset, 283,901 images as training
data and 2992 images as test data are selected. We conducted an experiment
for seven basic expression categories. In both datasets, the officially aligned data
samples are used directly, and then they are resized to 224x224 pixels. Simple
data augmentation techniques are employed to extract the random crops (cen-
tral, corner, and horizontal flips). We trained the model in NVIDIA Geforce
RTX 3060 GPU using an SGD optimizer with a momentum of 0.9, batch size of
32, and initial learning rate of 0.1 decayed by a factor of 10 for every 10 epochs.
Hyper-parameter § is empirically set as 0.6. Further, we used four numbers of
workers in multi-process data loading to speed up the training process.
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3.2 Comparison of results

We present the experiment results in Table 1 and Table 2 for RAF-DB and Af-
fectnet datasets, respectively. The proposed MSA-net method outperforms some
of the state-of-the-art methods with a recognition accuracy of 86.32 and average
accuracy of 79.88 on the RAF-DB dataset. Similarly, it achieves a recognition
accuracy of 63.61 and average accuracy of 57.63 on the Affectnet dataset. Fig. 3
presents the confusion matrices of the RAF-DB and AffectNet.

Table 1: Comparison of results on RAF-DB dataset.

Method Backbone Year|Acc. (%)
RLPS [14] 10-layer DCNN__|2020[72.89
Sadeghi & Raie [21]|- 2019|76.23
SCN [26] ResNet-18 2020(78.31
pACNN [18] Densenct 2018(83.27
ALT [3] - 201984.50
ZACNN [17] VGG-16 2019(85.07
Proposed method |Manually designed|2022|86.32

Table 2: Comparison of results on Affectnet dataset.

Method Backbone Year|Acc. (%)
pACNN [18] Densenet 201855.33
gACNN [17] VGG-16 201958.78
LDL-ALSG [2] |ResNet-50 2020(59.35
VGG-FACE [13] [VGG-16 2020[60.00
FMPN [3] Inception-V3 2019(61.52
OADN [5] Manually designed|2020(61.89
DDA Loss [7] _ |DCNN 2020(62.34
LLHF [10] VGG 2018/63.31
Proposed method|Manually designed|2022|63.61

3.3 Ablation Analysis

Ablation analysis on RAF-DB, Affectnet and Pose-AffectNet [27] datasets are
performed to evaluate the effectiveness of each component used in the proposed
method. Table 3 shows the analysis of the effectiveness of the multi-scale module
and attention module in one branch network structure, Resnet-18 is considered
as one branch baseline, and it’s also observed that MSA-net gives the best result
with three parallel branch structures.
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Multi-scale Structure (MS) The multi-scale structure in one branch network
of MSA-Net without attention module is studied. It is observed from Table 3 that
MS improves the baseline by 2.1%, 3.08%, 2.61%, 2.43% on RAF-DB, AffectNet
Pose-AffectNet (30°), and Pose-AffectNet (45°), respectively.
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Fig. 3: Confusion matrices

Table 3: Evaluation of each component on RAFDB, Affectnet, and pose-affectnet

Methods|RAF-DB|Affectnet|Pose-AffectNet> 30° |Pose-AffectNet > 45°
Baseline [82.59 59.4 53.55 52.39
MS 84.33 61.23 54.85 53.66
AS 85.36 62.11 55.77 54.81

Attention Structure (AS) The attention module is added to a multi-scale
structure in one branch network. It is clear that the attention network em-
bedded with a multi-scale module significantly improves accuracy by 1.22%,
1.46%, 1.68%, and 2.14% on RAF-DB, AffectNet Pose-AffectNet (30°), and
Pose-AffectNet (45°), respectively. Hence, the Multi-scale module extracts di-
verse multi-scale features and the attention network further makes features more
discriminating.
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4 Conclusion

A novel multi-branch multi-scale attention network (MSA-Net) for in-the wild
facial expression recognition is proposed to address the issues of both intra-class
and inter-class variations due to external factors like occlusion and pose. The
multi-scale module learns features at different receptive fields, which can reduce
the effect of pose and partial occlusions in the inference process. The atten-
tion module can focus on the important part, neglect other parts, and extract
features at granular levels which can further reduce the susceptibility of the net-
work toward subtle expression-related variations. The proposed method MSA-
Net has achieved competitive accuracy with 86.32% and 63.61% on RAF-DB
and AffectNet respectively. MSA-Net presents a coarse feature learning model
focusing mainly on large intra-class and inter-class variations due to pose, and
partial occlusions. In future work, we will investigate subtle intra-class visual
differences based on feature diversification and adaptive learning to improve the
performance of the model.
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