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Abstract

Speech-driven animation has gained significant traction in recent years, with current
methods achieving near-photorealistic results. However, the field remains underexplored
regarding non-verbal communication despite evidence demonstrating its importance in
human interaction. In particular, generating laughter sequences presents a unique chal-
lenge due to the intricacy and nuances of this behaviour. This paper aims to bridge this
gap by proposing a novel model capable of generating realistic laughter sequences, given
a still portrait and an audio clip containing laughter. We highlight the failure cases of
traditional facial animation methods and leverage recent advances in diffusion models
to produce convincing laughter videos. We train our model on a diverse set of laugh-
ter datasets and introduce an evaluation metric specifically designed for laughter. When
compared with previous speech-driven approaches, our model achieves state-of-the-art
performance across all metrics, even when these are re-trained for laughter generation.
Our code and project are publicly available '

1 Introduction

Facial animation is essential in many applications, such as virtual reality, movies, and human-
computer interaction (HCI), by providing more immersive and engaging experiences. Cur-
rent facial animation methods predominantly focus on speech-driven animation, resulting in
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Figure 1: The proposed end-to-end laughter generation model synthesizes a video of a laugh-
ing face using a still image of the speaker and an accompanying laughter segment.

the neglect of non-verbal expressions such as laughter, head nods, or blinks. This omission
poses a substantial issue since these non-verbal cues often convey essential contextual in-
formation and play an important role in natural dialogue. Laughter is an interesting initial
subject of study due to its ancient roots as a social signal [35, 36, 41], acting as a powerful
non-verbal communication medium that conveys emotions, intentions, and social relation-
ships [15, 39]. However, laughter, unlike speech, lacks a direct correlation with lip move-
ment. When combined with the scarcity of training data, this makes the development of a
model for realistic laughter sequence generation quite challenging.

Until recently, speech-driven animation methods mainly relied on Generative Adversar-
ial Networks (GANSs) [16]. Early approaches were limited in terms of head rotations [55]
or could only modify lip movements [38]. Recent advances have led to methods capable of
generating realistic facial animations, with [32, 61, 62] or without [56] the use of intermedi-
ate representations such as key points, landmarks, or driving videos. Some of these methods
even incorporate emotion control into the generation process [17, 23]. The emergence of
diffusion-based generation techniques has further spurred progress in the field, as researchers
leverage the improved performance of these new models [44, 50]. Current methods employ
frame-based generators, exploiting the strong correlation between speech and lip movement.
However, these models struggle with laughter generation due to several issues. Firstly, laugh-
ter lacks the robust audio-visual correlation seen in speech [1, 24], making the generation of
authentic audio-driven laughter sequences considerably more difficult. Secondly, laughter’s
complexity and variability, involving various muscles and facial movements, poses a sub-
stantial challenge for existing frame-based generators. These models, which are designed
for speech, primarily focus on the mouth and lips and struggle to capture the subtleties and
variations in laughter, resulting in unnatural or inaccurate visual renditions. Finally, the
spontaneity and context-dependency of laughter make it difficult to predict the timing and
intensity of the speaker’s facial movements accurately. These challenges emphasize the need
for innovative approaches specifically designed for laughter generation.

In this paper, we design a novel video diffusion model to generate videos of laughing
faces based on raw audio input. Our model leverages recent developments in video diffu-
sion [21, 45] to accurately capture the complex laughter dynamics, leading to realistic and
synchronized laughing animations. To the best of our knowledge, our method is the first
to generate natural laughter videos. In addition, we address the issue of limited publicly-
available audio-visual laughter corpora by proposing an ensemble of existing datasets for
training and evaluation purposes. To assess the quality of our results, we employ a series of
metrics from existing video generation works and design a novel metric specifically tailored
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for laughter generation. We perform a thorough evaluation of our proposed method’s per-
formance and conduct an ablation study on our model to systematically assess the impact of
each individual component within this system. We find that our approach outperforms previ-
ous state-of-the-art speech-driven facial animation models, including other diffusion-based
methods, whether pre-trained on speech or re-trained on laughter. Furthermore, our method
produces videos that are significantly better aligned with the input laughter audio.

2 Related Work

Speech-Driven Facial Animation. Early facial animation research [60] established a strong
relationship between speech features and facial motion, initially leveraged through hidden
Markov models (HMMs) [58, 59]. Quality enhancements were realized with the rise of deep
learning methods [13, 25, 51], notably through the introduction of generative adversarial
networks (GANs) [16]. As a result, an initial wave of research focused on achieving lip
synchronization [6, 51] with Prajwal et al. [38] attaining near-perfect synchronization for
in-the-wild videos. Subsequent work incorporated natural facial expressions such as blinks
and eyebrow movements but lacked head rotations [46, 56]. Some methods addressed this
by using intermediate representations like landmarks [17, 62], keypoints [23] or a driving
video [32, 61]. On the other hand, recent diffusion-based approaches [5S0] have demonstrated
state-of-the-art performance, showcasing their ability to generate plausible head motion and
diverse facial expressions by using only speech as a conditioning input. Other works have
also focused on adding control over the emotion displayed in the generation [1, 17, 32].
Despite these remarkable advances, the generation of non-verbal aspects of human commu-
nication remains unexplored.

Diffusion Models. Introduced in [19, 47, 48], diffusion models have shown strong gen-
erative capabilities in point cloud generation [34], music synthesis [22, 42] and video gener-
ation [20, 21, 45]. Compared to GANSs, diffusion models provide a more stable and robust
training process, as well as improved mode coverage which makes the model less likely
to overfit [57]. Score-based diffusion models, presented in [49] and improved in [8, 27],
extend the original diffusion models by generalizing the noise distribution through the use
of stochastic differential equations (SDEs). They can effectively capture complex data dis-
tributions and generate high-quality samples, while still maintaining the advantages of the
original diffusion models in terms of denoising and sampling efficiency. These advance-
ments allow for a broader range of applications and adaptability to different domains. More
recently, [40] propose Latent Diffusion Models, managing to produce high-resolution im-
ages by transferring the training and inference processes to a compressed lower-dimension
latent space for more efficient computing. However, we found that this approach failed to
yield successful results in our case, likely due to the limited amount of data available.

Laughter in Human Communication. Laughter generation has been explored across
various modalities, including audio, text, and animation. In the audio domain, studies have
primarily focused on synthesizing laughter sounds [30, 52, 54] to extend the capabilities of
text-to-speech systems. In the text domain, researchers have investigated methods for gen-
erating and recognizing laughter in textual conversations, such as identifying and generating
laughter events in dialogues [2]. For animation, Ding et al. [9] developed a real-time laughter
animation generator that takes input pseudo-phonemes of laughter and their duration times,
synthesizes facial and body motions by learning the relationship between input signals and
human motions, and employs a combination of contextual Gaussian Models and motion
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Figure 2: Overview of our proposed pipeline for laughter generation. The model takes as
input the noisy video concatenated with the reference frame and outputs the denoised version
of the images conditioned on the laughter audio and the timestep of the diffusion process.

capture data. More recently, projects like ILHAIRE [12] have showcased the importance
of laughter synthesis and recognition in human-avatar interactions. Incorporating laughter
in facial animation is crucial for developing more realistic and engaging virtual characters,
ultimately enhancing the overall user experience.

3 Methodology

3.1 Diffusion models

Diffusion models [19, 47, 48] are a class of generative models that synthesize samples by
progressively removing random noise. The input to a conditional diffusion model consists
of a conditioning signal ¢, a random time step ¢, and a sample x; obtained by corrupting the
original data x by adding i.i.d. Gaussian noise of standard deviation ©.

We adopt the approach of Karras et al. [27] that further explores the design choices of
this type of model, both theoretically and empirically, and presents a sampling process that
uses Heun’s method as the ODE solver, reducing the number of neural function evaluations
needed while maintaining the FID score [7]. This process is characterized by a noise sched-
ule with a standard deviation o; at time 7. The time range ¢ is uniformly sampled during
training, with the diffusion progressing in the direction of increasing time. The Gaussian
diffusion dynamics can be fully described by a single noise vector n ~ A(0, 62I) with noise
levels 6y = Gypax > 61 > --- > or = 0, as x; can be expressed as a function of the original
sample and the noise vector n, i.e., x; = x+n. The model Dy is trained to determine the orig-
inal image given this input. The diffusion loss minimizes the expected L, denoising error for
samples drawn from the training data separately for every o, i.e.:

L(0) = Eycr.6[wi||Do(xi5¢,0) —x]13], (1

where w; is a fixed weight function of choice. Inference is performed by taking random noise
at time t,,,, and denoising it using the noise predictions provided by the model.
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3.2 Architecture

Our architecture primarily builds upon the work of Ho et al. [21], which employs a fac-
torized space-time U-Net architecture, extending the standard 2D U-Net used in image dif-
fusion models. The model, illustrated in Fig. 2, comprises four down-sampling and up-
sampling blocks connected by residual connections. The input of our model is a video
sample x; € REXCXFXHXW “\where B,C,F,H,W are the batch, channels, frames, height, and
width dimensions respectively. The condition signal ¢, in our case, consists of a single frame
¥ € REXCHXW concatenated channel-wise with x; by repeating it in the temporal dimen-
sion, and an audio sequence a which is passed through an audio encoder (E,). Additionally,
we pass the timestep information of the diffusion process ¢ processed by a two-layer MLP
(E;). The U-Net contains a composition of convolutional and self-attention layers followed
by a down-sampling or up-sampling layer. In our proposed method, we apply Pseudo-3D
Convolutional and Attention Layers [45] to balance computational efficiency, and informa-
tion sharing in the network. For each layer, instead of using the full 3D convolution, we
use a 2D convolution applied to the spatial dimensions (REXCXFXHXW _y RBXF)XCxH W
followed by a 1D convolution applied to the temporal dimension by merging the other di-
mensions (REXCXFXHXW _, R(BXHXW)xCXFy We apply a similar strategy for the attention
layers. The details of the network can be found in Fig. 3.
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Figure 3: Details of the U-Net layers. Left: Overview of the U-Net architecture. Right:
Detailed view of the ResBlock.

The audio signal is processed using an audio encoder from [4] pre-trained on AudioSet [14].
We split the corresponding audio sequence into chunks of equal length based on the number
of frames in the video, resulting in a new audio sequence a’ = {q),...,ay }. Then, the audio
and timestep conditioning is performed in each of the ResBlocks of the U-Net at the first
convolutional layer. This is done by modulating the input x; through a scale-shift operation
after a group normalization layer (GN):

hs11 =GN(hg) * (k+1)+s (2)

where h; and hgy | are consecutive hidden states of the U-Net, and k and s are the scale and
shift, respectively. To obtain k and s, we sum the audio sequence ¢, and the encoded timestep
information ¢ and pass it through a linear layer. We then split the result to obtain the scale
and shift.
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3.3 Training

One challenge in generating laughter is the lack of large publicly available datasets. To mit-
igate the risk of overfitting, a common issue in diffusion models trained on smaller datasets,
we adopt a series of techniques described below that we further discuss in section 5.2:

Augmentation regularization. We use a technique originally developed for training
GANs with limited data [26] and later successfully applied to diffusion models [27]. The
pipeline incorporates several geometric transformations which are applied to training im-
ages prior to adding noise. To prevent these augmentations from leaking into the generated
images, we supply the augmentation parameters as conditioning input to Dg. During infer-
ence, we set these parameters to zero, ensuring only non-augmented images are generated.

Classifier-free guidance (CFG). This technique, proposed by Ho and Salimans [18],
enhances the alignment between generated samples and conditional input. At inference, the
noise vector is computed both with and without the conditional input, and the final noise
vector is determined by wDg (x;;¢,0;) + (1 —w)Dg(x;; -, 0), where w > 1. We found that
w = 1 worked best in our case. During training, the conditional input is masked with a
probability of 0.1, enabling the same model to handle both conditional and unconditional
generation.

Longer sequence generation. Due to computational constraints, we train our model on
sequences of 16 consecutive frames randomly sampled from the videos, rather than training
on the full videos. However, during inference, we can generate arbitrary lengths by autore-
gressively sampling our model. Initially, we generate a video x, ~ pg(x) and use the last
frame of x, as a condition for x, ~ pg (xp|x4).

We train all models using the Lion optimizer [5] with f; = 0.95 and 3, = 0.98 and a
learning rate of 6 x 107>, During initial experimentation, we found that Lion converged
noticeably faster than commonly used optimizers such as Adam [29] or AdamW [33], while
consistently achieving equivalent or superior final performance. We linearly warm up the
learning rate for the first 20 epochs and subsequently apply a cosine decay schedule until the
end of training. We train our models for 200 epochs with a total minibatch of 32 samples.

4 Experiments

4.1 Datasets

We identified four datasets suitable for laughter generation, namely MAHNOB [37], AVLaugh-
terCycle [53], AVIC [43] and SAL [10]. As these datasets do not solely contain laughter, we
focus on the videos that feature it. We divide the data into training, validation, and test sets
following an 80 — 10 — 10 % ratio, ensuring there is no overlap between the speakers in each
set. The exact split of data can be found in the supplementary material. For all datasets, we
use an audio sampling rate of 16 kHz and a video frame rate of 25. During preprocessing,
we align all faces to a canonical face and normalize images to the [-1,1] range. Details for
each dataset are presented in Table 1.

4.2 Evaluation Metrics

We employ widely-used reconstruction metrics, such as peak Frechet Inception Distance
(FID) and structural similarity (SSIM) index, to assess the quality of generated images. Fur-
thermore, we employ Frechet Video Distance (FVD) to evaluate visual quality, temporal
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Dataset # Speakers  # Videos Avg. length (sec.) Total length (hours)
AVLaughterCycle [53] 8 421 3.80 £ 6.42 0.44
Mahnob [37] 22 554 1.56 £2.21 0.24
AVIC [43] 21 312 0.36 £0.30 0.03
SAL [10] 28 98 1.46 £0.77 0.04

Table 1: Overview of the datasets used in the study.

coherence, and sample diversity. To assess the authenticity of the generated laughing faces,
we train a Laughter Classifier (LC) to differentiate between speech and laughter videos. This
model, based on a pre-trained MViTv2 [31] for video classification on Kinetics [28], is fine-
tuned with laughter and speech data from MAHNOB [37]. More details are available in
the supplementary material. This novel metric allows us to highlight the limitations of pre-
trained speech-driven animation methods, while simultaneously demonstrating our model’s
capability to generate realistic laughter sequences. The Laughter Classifier achieves an accu-
racy and F1 score of 100 % on the test set. We then apply this trained model to categorize the
generated videos, assessing whether they are accurately classified as laughter. When mea-
suring the Laughter Classifier’s accuracy, we prevent any bias caused by the initial frame by
ensuring that the reference frame is a neutral face, which may not always be the case when
sampling a random video. This is crucial as a smiling face can easily resemble laughter,
introducing bias into our evaluation.

5 Results

To the best of our knowledge, this is the first work on audio-driven laughter generation, so
we compare against three speech-driven animation methods that we re-trained for laughter:
Diffused Heads [50], SDA [55], and EAMM [23]. We also compare with pre-trained models
such as MakeltTalk [62] and PC-AVS [61]. Furthermore, we perform ablation studies on
various design choices within our framework and discuss their importance. In terms of
video generation, we evaluate the models at a resolution of 128 x 128. These models are
conditioned on a single frame and generate the following 16, adhering to the FVD model’s
expectation of a 16-frame video. However, for human evaluations, we opted to generate
2-second videos.

5.1 Comparison with Other Works

As shown in Table 2, models that are pre-trained on speech struggle to generate satisfac-
tory results, especially in terms of the Laughter Classifier metric. This highlights the need
for re-training the models on laughter. Consequently, we also compare our method against
re-trained models, adhering to the recommended parameters from their respective papers.
Despite the improvements achieved by re-training, our approach consistently outperforms
other methods in terms of visual quality and laughter accuracy. We primarily attribute our
model’s performance to our 3D architecture, which, unlike other frame-based methods, en-
ables longer audio context. This is essential since laughter exhibits a lower correlation be-
tween acoustic and visual cues compared to speech. Other significant improvements stem
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Model FVvD| FID| SSIMT LC1T (%) MOS t
Pre-trained
Diffused Heads [50] 149.51 49.36 0.236 80.70 -
SDA [55] 59432  111.89  0.053 13.85 -
EAMM [23] 391.62 71.71 0.094 16.67 -
PC-AVS [61] 1164.49 17599  0.004 53.91 -
MakeltTalk [62] 196.89 49.08 0.262 72.50 1.944+1.12
Re-trained
Diffused Heads [50] 152.30 67.46 0.232 94.09 2.454+1.22
SDA [55] 696.33 12452  0.040 85.13 -
EAMM [23] 324.97 74.18 0.095 20.67 1.87+1.05
Laughing Matters (Ours)  111.95 45.69 0.371 96.52 3.39+1.09
Ground truth - - - 100.00 3.4941.23

Table 2: Comparative performance of the proposed methods against pre-trained and re-
trained models. The best result is highlighted in bold.

from the choice of an audio encoder specifically tailored for laughter and the training im-
provements employed to compensate for limited training data, as discussed in Section 5.2.

We further validate our model’s superior performance through a Mean Opinion Score
(MQOS) test. Participants are shown an average of 23 randomly selected videos, featuring a
blend of ground truth, our model, Diffused Heads [50], MakeltTalk [62], and EAMM [23].
Participants watch the videos sequentially and rate them on a scale of 1 to 5, where 1 in-
dicates the video appears clearly artificial, and 5 suggests it is highly realistic and indistin-
guishable from genuine laughter. We collect a total of 72 responses that we detail in the
supplementary material. Even though the performance difference is minimal in the laughter
metric, it is significant in terms of user preference, where temporal smoothness and natural
expressions are crucial factors. It is worth highlighting that even ground truth videos score
relatively low, which is likely due to the difficulties in assessing whether a laughter video
is realistic and well synchronized with its corresponding audio. This discriminative task is
indeed challenging, even for humans, as evidenced by the videos provided in the supplemen-
tary material.

Additionally, we compare two variants of our approach as two different models in the
user study: with and without head rotations. This is achieved by taking the original video
and eliminating the head rotation using the model from [11]. We evaluate both models on
videos taken from the MAHNOB [37] test set. The results, shown in Table 3, show that
removing head rotation severely deteriorates performance, highlighting the importance of
correctly modelling the speaker’s head movements when generating laughter videos.

Model MOS 1

Laughing Matters w/ rotations ~ 3.08 4= 1.12
Laughing Matters w/o rotations  2.08 £ 1.07

Table 3: Mean Opinion Score of our model with and without the head rotations.
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5.2 Ablation study

Audio Encoder. Choosing the right audio encoder is essential for achieving optimal results.
While a pre-trained model on a large speech dataset is a common choice for speech ani-
mation, they prove inadequate for our specific use case. As indicated by Table 4, speech
encoders such as SDA [55] and WavLM [3] yield unsatisfactory results, producing outputs
closer to speech rather than laughter, as observed in the Laughter Classifier metric. Training
from scratch, for instance with mel-spectrograms, provides some improvement as it allows
the model to learn directly from the laughter data. However, due to the limited availability
of training data, it is highly beneficial to identify a pre-trained model suitable for our task.
To this end, we apply BEATs [4], a state-of-the-art self-supervised audio encoder. Being
trained on AudioSet [14], which contains 15.8 hours of laughter data, it achieves superior
performance across all metrics.

Audio Encoder ~ FVD| FID] SSIM{ LC1 (%)

SDA [55] 169.48  55.07 0.318 68.21
WavLM [3] 136.76  46.01 0.312 54.21
Mel-spectrograms  124.81 47.74 0.320 83.52
BEATS [4] 11195 45.69 0.371 96.52

Table 4: Ablation study on the audio encoder.

Training improvements. To mitigate overfitting, a common issue with diffusion models
trained on smaller datasets, we implement two techniques detailed in Section 3.3: Augmen-
tation regularization and Classifier-free guidance (CFG). Table 5 illustrates the impact of
both components, demonstrating consistent performance improvements when they are used.

Training configuration FVD| FID] SSIM{1T LC7*T (%)
Baseline 111.95 45.69 0.371 96.52
w/o Augmentation regularization 195.03  60.60 0.308 83.93
w/o Classifier-free guidance 126.89 4691 0.302 75.09

Table 5: Ablation study on the training improvements.

5.3 Qualitative evaluation

Our method effectively generates realistic videos from previously unseen faces and audio
clips taken from the test set. Fig. 4 illustrates the laughter sequence generated by our model
and competing approaches. Upon visual examination, it is apparent that EAMM [23] strug-
gles to preserve identity, whereas MakeltTalk [62] only animates the lips. While Diffused
Heads [50] can consistently produce high-quality visuals, the synchronization with the au-
dio input often falls short. Conversely, our model succeeds in creating a laughter sequence
with correlated head movement. For a deeper understanding of our results, we invite readers
to review the generated videos available in the supplementary material, where our model
generates various laughter types and ad- justs to out-of-distribution speakers.

Moreover, our aim is to demonstrate that our model can replicate the movement patterns
seen in real laughter videos. Fig. 5 presents a comparison of the average magnitude of
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Speaker 1 Speaker2 Speaker3 Speaker4 Speaker5 Speaker 6
=

Figure 4: Qualitative evaluation results. The Figure 5: Average magnitude of opti-
reference frame and the laughter waveform cal flow for different speakers across
can be seen on the top. all videos.

optical flow for various speakers, showing the regions of the frames that exhibit the most
movement. The heatmaps from our generated videos closely align with the ground truth
across all speakers, validating our model’s ability to create laughter sequences with natural
movement. In contrast, MakeltTalk [62] and EAMM [23] yield results that significantly
deviate from the ground truth. Notably, while Diffused Heads [50] generates somewhat
accurate movements, it falls short in matching the ground truth for Speakers 3, 5, and 6.

6 Conclusion

In this work, we introduce Laughing Matters, an end-to-end model that synthesizes realistic
laughing faces from a still image and an audio clip. Our approach outperforms existing
methods in generating convincing laughter animations, as demonstrated through quantitative
and qualitative evaluations. We conduct a set of ablation studies to examine the impact of the
audio encoder and training improvements. Our findings reveal that using a laughter-specific
audio encoder, applying augmentation regularization techniques, and leveraging classifier-
free guidance significantly enhance the model’s performance. Looking forward, it would
be promising to extend our model to cover other non-verbal cues, with the aim of creating
a comprehensive facial animation model that can animate all verbal and non-verbal cues
present in natural speech.
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