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Figure 1: Our method can re-create a talking-head video using only a single source image (e.g., the first frame) and a sequence
of unsupervisedly-learned 3D keypoints, representing motions in the video. Our novel keypoint representation provides a
compact representation of the video that is 10x more efficient than the H.264 baseline can provide. A novel 3D keypoint
decomposition scheme allows re-rendering the talking-head video under different poses, simulating often missed face-to-face
video conferencing experiences. The figure is best viewed with Acrobat Reader. Click each image to play the video clip.

Abstract

We propose a neural talking-head video synthesis model
and demonstrate its application to video conferencing. Our
model learns to synthesize a talking-head video using a
source image containing the target person’s appearance and
a driving video that dictates the motion in the output. Our
motion is encoded based on a novel keypoint representa-
tion, where the identity-specific and motion-related informa-
tion is decomposed unsupervisedly. Extensive experimental
validation shows that our model outperforms competing
methods on benchmark datasets. Moreover, our compact
keypoint representation enables a video conferencing sys-
tem that achieves the same visual quality as the commercial
H.264 standard while only using one-tenth of the bandwidth.
Besides, we show our keypoint representation allows the
user to rotate the head during synthesis, which is useful for
simulating face-to-face video conferencing experiences.

1. Introduction

We study the task of generating a realistic talking-head
video of a person using one source image of that person and
a driving video, possibly derived from another person. The
source image encodes the target person’s appearance, and
the driving video dictates motions in the output video.

We propose a pure neural rendering approach, where we
render a talking-head video using a deep network in the

one-shot setting without using a graphics model of the 3D
human head. Compared to 3D graphics-based models, 2D-
based methods enjoy several advantages. First, it avoids 3D
model acquisition, which is often laborious and expensive.
Second, 2D-based methods can better handle the synthesis
of hair, beard, efc., while acquiring detailed 3D geometries
of these regions is challenging. Finally, they can directly
synthesize accessories present in the source image, including
eyeglasses, hats, and scarves, without their 3D models.

However, existing 2D-based one-shot talking-head meth-
ods [68, 82,92] come with their own set of limitations. Due
to the absence of 3D graphics models, they can only syn-
thesize the talking-head from the original viewpoint. They
cannot render the talking-head from a novel view.

Our approach addresses the fixed viewpoint limitation and
achieves local free-view synthesis. One can freely change
the viewpoint of the talking-head within a large neighbor-
hood of the original viewpoint, as shown in Fig. 1(c). Our
model achieves this capability by representing a video using
a novel 3D keypoint representation, where person-specific
and motion-related information is decomposed. Both the key-
points and their decomposition are learned unsupervisedly.
Using the decomposition, we can apply 3D transformations
to the person-specific representation to simulate head pose
changes such as rotating the talking-head in the output video.
Figure 2 gives an overview of our approach.



We conduct extensive experimental validation with com-
parisons to state-of-the-art methods. We evaluate our method
on several talking-head synthesis tasks, including video re-
construction, motion transfer, and face redirection. We also
show how our approach can be used to reduce the bandwidth
of video conferencing, which has become an important plat-
form for social networking and remote collaborations. By
sending only the keypoint representation and reconstructing
the source video on the receiver side, we can achieve a 10Xigure 2: Combining appearance information from the
bandwidth reduction as compared to the commercial H.264Source image, our framework can re-create a driving video
standard without compromising the visual quality. by just using the expression and head pose information from
Contribution 1. A novel one-shot neural talking-head syn- the driving video. With a user-speci ed head pose, it can
thesis approach, which achieves better visual quality than@lSo synthesize the head pose change in the output video.
state-of-the-art methods on the benchmark datasets.
Contribution 2. Local free-view control of the output video,
without the need for a 3D graphics model. Our model allows
changing the viewpoint of the talking-head during synthesis.
Contribution 3. Reduction in bandwidth for video stream-
ing. We compare our approach to the commercial H.264
standard on a benchmark talking-head dataset and show that
our approach can achieve 1®@andwidth reduction.

how they can be adapted to modifying real images since the
inverse mapping from images to latent codes is nontrivial.
2D-based talking-head synthesisAgain, 2D approaches
can be classi ed into subject-dependent and subject-agnostic
models. Subject-dependent models [5, 88] can only work on
peci c persons since the model is only trained on the target
person. On the other hand, subject-agnostic models [4,

, 20,22, , ,82,86,92,93, ] only
2. Related Works need a smgle |mage of the target person, who is not seen
during training, to synthesize arbitrary motions. Siaradtin
GANSs. Since its introduction by Goodfellowt al. [21], al. [68] warp extracted features from the input image, using
GANs have shown promising results in various areas [48],motion elds estimated from sparse keypoints. On the other
such as unconditional image synthesis [21, 23, 32, 33, 34hand, Zakharoet al. [93] demonstrate that it is possible
, 61], image translation [8, 12, 27, 29, 46, 47,58, 67, 73,to achieve promising results using direct synthesis methods
. , ], text-to-image translation [62, 90, 95], image without any warping. Few-shot vid2vid [82] injects the
processing [17,18,28,36,39,41,42,44,72,78, 89, 94], andnformation into their generator by dynamically determining
video synthesis [2, 10, 35,45,50,60,63,69,82,83, ]. Wethe the parameters in the SPADE [58] modules. Zakhatov
focus on using GANSs to synthesize talking-head videos in al. [92] decompose the low and high frequency components
this work. of the image and greatly accelerate the inference speed of

3D model-based talking-head synthesisiorks on trans-  the network. While demonstrating excellent result qualities,
ferring the facial motion of one person to another—face these methods can only synthesize xed viewpoint videos,
reenactment—can be divided insobject-dependerand which produce less immersive experiences.
subject-agnosticnodels. Traditional 3D-based methods usu- Video compression.A number of recent works [3, 16, 26,
ally build a subject-dependent model, which can only syn-43,52, 65, 87] propose using a deep network to compress
thesize one subject. Moreover, they focus on transferring thearbitrary videos. The general idea is to treat the problem
expressions without the head movement [71, 75,76, 77, 80]of video compression as one of interpolating between two
This line of works starts by collecting footage of the tar- neighboring keyframes. Through the use of deep networks
get person to be synthesized using an RGB or RGBD sento replace various parts of the traditional pipeline, as well
sor [76,77]. Then a 3D model of the target person is built as techniques such as hierarchical interpolation and joint
for the face region [6]. At test time, the new expressions are encoding of residuals and optical ows, these prior works
used to drive the 3D model to generate the desired motionsreduce the required bit-rate. Other works [53, 85,91, 97]

More recent 3D model-based methods are able to perfocus on restoring the quality of low bit-rate videos using
form subject-agnostic face synthesis [19, 20, 55,57]. While deep networks. Most related to our work is DAVD-Net [97],
they can do an excellent job synthesizing the inner face rewhich restores talking-head videos using information from
gion, they have a hard time generating realistic hair, teeththe audio stream. Our proposed method is different from
accessories, etc. Due to the limitations, most modern facethese works in a number of aspects, in both the goal as well
reenactment frameworks adopt the 2D approach. Anotheras the method used to achieve compression. We speci cally
line of works [15, 74] focuses on controllable face genera-focus on videos of talking faces. People's faces have an in-
tion, providing explicit control over the generated face from herent structure—from the shape to the relative arrangement
a pretrained StyleGAN [33, 34]. However, it is not clear of different parts such as eyes, nose, moath, This allows
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