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Let’s put a smile on your face
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Abstract

This study compares three methods for the facial expression transfer task using adversarial generative
networks. The facial expression transfer task aims to transfer one human facial emotion to another
emotion without affecting the identifying features of the human face. The image-to-image method
uses the whole image for style transfer, and the novel face-to-face and parts-to-parts methods use only
segmented features of the face to do the style transfer. The results show that the image-to-image method
achieves a precision of 69.7% and an FID score of 21.67, face-to-face achieves a precision of 78.6% and an
FID score of 17.6, and finally the parts-to-parts method achieves a precision of 97.8% and an FID score of
17.37 to transfer emotion from neutral to happiness in a photo of a face.
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1. Introduction

In recent years, generative adversarial networks have gained popularity among generative
machine learning models. At first, they were used for simple image generation tasks [1], [2],
[3], [4], but later started to be used for style transfer tasks [5], [6]. The last five years have seen
an increase in the number of research papers published towards style transfer and utilization of
generative adversarial networks. Additionally, publicly available facial expression and emotion
data sets have increased. The image style transfer problem deals with the transfer of style
between two image domains, for example, zebras, to horses, or vice versa [6]. In this work
this principle is used to transfer facial expressions. Face emotion and expression style transfer
is useful for a number of tasks like augmenting existing unbalanced facial datasets, video
processing where only one particular emotional state is accessible, and video game avatar
creation, where you could use reference image of yourself and transfer facial expression to
in-game avatar. It could also be used to improve face re-identification systems to augment
target face with different facial expressions. Many other use cases can be found where human-
machine interaction is important. For example, emotion style transfer can be useful for emotion
expression in virtual assistents or as a filter in remote video meetings. As a result, it improves
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the quality of remote meetings, customer service, or other services where computer-generated
avatars are used. This paper compares three methods: image-to-image, face-to-face, and parts-
to-parts on face emotion and expression style transfer using generative adversarial networks.
The first method uses the entire photo from the dataset to achieve style transfer, but the second
and third methods, which are new and original work, use face segmentation to extract specific
face regions like eyes, eyebrows, nose, and mouth. The second method uses all segments
together, and the third method uses each segmented part separately.

2. Related work

The Generative Adversarial Network (GAN) [7] was proposed as a framework for generative
models using adversarial training, where two networks are used. Generator to create images
and a discriminator to classify generated images as real or fake. Deep Convolutional Generative
Adversarial Networks [2] were proposed primarily for image data and have been shown to
be better than the original GAN, since it leverages Convolutional Neural Networks to encode
and decode images, which are known to be powerfull feature extractors. Style transfer task
between two different unpaired images from different domains using GANs was introduced
with CycleGAN [6]. Style transfer for images uses the style of the objective to transfer the
source image to the target image, for example, to transfer a photo of neutral emotion in the
source dataset to the smiling emotion photo in the target dataset [5], [8]. GAN models have
been shown to be unstable to train and hence to improve the convergence of GAN during
training, Wasserstein GAN was proposed [4]. Gradient clipping, which was used in Wasserstein
GAN, was found to be ineffective and sometimes even degraded the quality and diversity of
the generated images, and therefore, instead of clipping the gradients, it is more effective to
implement a gradient penalty term [9]. Recently, even more improvements have been made in
the style transfer task by PatchGAN [6] and StarGAN [8]. GAN models have been applied for
the emotion style transfer task as listed in previous survey papers [10], but this paper introduces
robust experimental metrics to measure the effectiveness of existing methods and novel using
two datasets.

3. Methodology

The image-to-image method uses original images from the dataset that include facial expression,
but can also include background artifacts that can degrade the performance of the style transfer
task. This paper proposes a novel face-to-face method that only segments the face region
from the original image and uses it for the style-transfer task. Similarly, novel parts-to-parts
method segments face regions that express emotions, e.g., mouth and eye regions, and use them
to train models. For both methods, a pre-trained face segmentation model is used to extract
specific face parts from the original image. The semantic segmentation model was trained on
CelebAMask-HQ [11] using the DeepLabV3 [12] model. Three methods for face segmentation
are shown in Figure 1.
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Figure 1: Segmentation methods used for style transfer inputs.

For face-to-face and parts-to-parts methods, it is necessary to apply a blending algorithm to
place the generated parts back in to the original image and reduce the changes in brightness
around the edges. To achieve blending, the mean pixel brightness value is calculated for the
background and part itself and adjusted with the original image, and then the linear interpolation
of the pixel values between each edge of the image is performed. The visual representation
of the edge blend algorithm is shown in Figure 3, and the brightness adjustment algorithm is
visualized in Figure 2.

Before brightness adjustment

After brightness adjustment

Figure 2: The brightness adjustment algorithm.
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Figure 3: The linear interpolation blending algrithm.

3.1. Datasets

Two data sets used in this study are AffectNet [13] and FERPlus [14]. Both datasets contain
photos of emotional facial expressions, but FERPlus has grayscale images, while AffectNet uses
3-channel color images. AffectNet consists of 440 thousand labeled samples, and FERPlus has
only 35.8 thousand samples. From each dataset, 6000 thousand random samples were taken for
training and 2048 samples for testing. This was chosen for the minimal requirements for the
calculation of the FID score using limited hardware resources. Both datasets were resized to
64x64 pixels and filtering procedures were applied using segmentation of parts of the face, and
only those images that contain all the necessary facial features were left in the datasets.

3.2. Model

StarGAN [8] and CycleGAN [6] models were used to compare three methods for the transfer
of facial emotions. The main idea of CycleGAN lies in the cyclic reconstruction loss training
procedure, where two generator models are used to convert source image to target and then
back to source image, where the loss is calculated, hence cyclic. While Cycle-GAN requires two
generator and disindicator models per training, Star-GAN only requires one of each because of
its use of class label information in each training step.

For both models, Wasserstein loss is used, and gradient clipping is replaced with gradient
penalty. Adam optimizer is used with beta values (0.5, 0.99), learning rate is 1le-4 similar to that
used in Wasserstein GAN paper. Models are trained with batch size of 64 for 5000 epochs with
generator being trained every 5th iteration allowing discriminator to learn differences between
two domain images and give usefull feedback to generator model. For CycleGAN model cycle
loss lambda of value 10 is used and identity loss lambda value is 5. StarGAN lambda value for
reconstruction is 5. The number of parameters for the generator model in StarGAN is 7.2M
and in CycleGAN 3M while for the discriminator model the number of parameters is 11.1M for



StarGAN and 3M for CycleGAN. To help solve the balance between discriminator and generator
model training, a Gaussian noise is applied at the start of the training before all convolutional
layers in the discriminator model with a decay rate of 0.01 and a standard deviation of 0.1.

Layers used in generator and discriminator for Cycle-GAN and Star-GAN are following -
for image size reduction convolution layers are used and for upsampling image dimensions
Bilinear upsampling functions are used. After downsampling, residual skip connections [15]
are used. For the discriminator, convolution downsampling layers are used that reduce image
dimensions by a factor of two after every downsample. Instance normalization [16] is used
for generator networks and LayerNorm [17] for discriminator networks with LeakyReLU [2]
as activation function in both models. Finally, the last discriminator output layer has the
PatchGAN convolution configuration [18]. Please refer to the according model papers for exact
layer parameters used [6], [8].

3.3. Metrics

Emotion accuracy was acquired using ResNet-based facial expression classifier pretrained
on the full FERPlus dataset that is used to predict the emotion class after style transfer is
performed. Frechet Inception Distance (FID) [19] is used to evaluate the quality and diversity of
the generated image against the original image data set. To calculate FID 2048 generated images
and 2048 original images are taken from same domain. FID uses features extracted from the last
layer of Inception V3 architecture where the number of features is 2048 and since FERPlus has
classes where the number of samples is smaller, 2048 was the smallest usable number, since a
smaller value would allow imaginary parts to appear when calculated FID [19].

4. Experiments

Experiments were done using neutral to hapiness and hapiness to sadness emotion samples
from the AffectNet dataset. These exact emotions were chosen because of their balanced sample
count in the dataset and because these are significantly different facial expressions. The purpose
of the study is not to compare all possible combinations, but just to evaluate three methods
using robust metrics. Table 1 shows the best results for neutral-to-happiness emotion style
transfer task from all three methods. In addition, different emotion transfer task for happiness-
to-sadness have been tested using image-to-image and face-to-face methods as shown in Table
2.



Table 1
Neutral-to-Happiness emotion style transfer results.

Method Model FID  Accuracy
Image-to-image  Star-GAN  21.67 0.68
Image-to-image Cycle-GAN 425 0.64

Face-to-face Star-GAN 17.7 0.78

Face-to-face Cycle-GAN  19.27 0.51
Parts-to-parts Star-GAN  17.37 0.97
Parts-to-parts  Cycle-GAN  24.32 0.90

Table 2
Happiness-to-Sadness Neutral emotion style transfer results.

Method Model FID  Accuracy

Image-to-image  Star-GAN 24.3 0.79
Image-to-image Cycle-GAN  49.65 0.76
Face-to-face Star-GAN  21.7 0.77

Face-to-face Cycle-GAN  26.4 0.77
Parts-to-parts Star-GAN 21.9 0.78
Parts-to-parts ~ Cycle-GAN  25.8 0.75

The best qualitative visual results for the neutral-to-happiness transfer style using the face-
to-face method are shown in Figure 4 and parts-to-parts method in Figure 5. The transfer of
emotion style to the face using different combinations of target emotions is shown in Figure 6.
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Figure 4: Neutral-to-Happiness emotion style transfer results using face-to-face method and AffectNet
dataset.
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Figure 5: Neutral-to-Happiness emotion style transfer results using parts-to-parts method and AffectNet
dataset.
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Figure 6: Happiness-to-Sadness emotion style transfer results using face-to-face method and AffectNet
dataset.

5. Further research

The potential research direction could be the use of Adaptive Instance Normalization in these
style transfer models [5]. In addition, recent advances in vision models and deep learning model
architectures should be considered for testing. Vision transformers have gained popularity
among image recognition models, which is also an interesting addition to GAN [20]. Difussion-
based generative models could also be added to improve the quality of generated images and
reduce computation requirements [21]. Using face-to-face and parts-to-parts methods requires
the blending step to put the generated parts of the image back into the original source image.
Currenlty, this is a separate method from the model architecture, but it could be made part of
the model itself with a learnable blending procedure.

6. Conclusions

Novel pre-processing and post-processing methods were introduced. Pre-processing methods
constituted segmentation for face-to-face and parts-to-parts methods, and post-processing
constituted blending methods of generated parts with original image. All three face emotion
style transfer methods, image-to-image face-to-face and part-to-parts, were tested, compared,
and evaluated using two generative adversarial networks and the happiness-to-neutral emotion
transfer task. The best quantitative results show that the part-to-part method achieves the
highest accuracy of 97% and the highest FID score of 17.37, while the face-to-face method



produces more natural results of the transfer of emotion style, as seen in qualitative examples.
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