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1 INTRODUCTION
In the past decade, convolutional neural networks (CNNs)
have achieved great practical success in image transforma-
tion tasks, including style transfer, semantic segmentation,
etc. CNN-based style transfer, which denotes transforming
an image into a desired output image according to a user-
specified style image, is one of the most popular techniques
in image transformation. It has led to to many successful
industrial applications with significant commercial impacts,
such as Prisma and DeepArt. Figure 1 shows the general
workflow of the CNN-based style transfer. Given a content
image and a user-specified style image, the content features
and style features can be extracted using a pre-trained CNN,
and then be merged to generate the stylized image. The CNN
model is trained for generating a stylized image that has
similar content features as the content image’s and similar
style features as the style image’s. In this example, we can
see the content image is captured at a lake in the daytime,
while the style image is another similar scene captured at
dusk. After performing style transfer, the content image is
successfully transformed to the dusky scene while keeping
the content unchanged as the content image.
However, directly applying existing style transfer tech-

niques on videos is very challenging, since frame-by-frame
transformations are very slow even running on powerful
GPUs. Although mobile phones have been widely adopted to
record our daily, and then edit and share images and videos
on social networks or with friends, performing video style
transfer onmobile phones is still technically unaffordable due
to the limited computing sources on mobile phones. Besides,
another critical challenge is “photorealistic” style transfer.
Artistic style can tolerate distortions in stylized images, how-
ever, loyally preserving the content structure is required in
photorealistic style transfer. Therefore, the visual quality of
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Figure 1: An example of photorealistic style transfer.

photorealistic stylized images can be evaluated by humans.
There is a necessity to design a system that can efficiently re-
alize photorealistic style transfer of videos on mobile phones
while keeping high visual quality of the stylized videos.

To address above challenges, we proposed an efficient
mobile-edge collaborative system for performing photoreal-
istic style transfer of videos. Instead of performing styliza-
tion frame by frame, only extracted key frames need to be
processed using pre-trained CNN models on edge servers,
while the rest of intermediate frames are generated on-the-fly
using our proposed optical-flow-based frame interpolation
algorithm on mobile phones. The interpolation relies on the
optical flow information between the intermediate frames
and key frames. Since edge servers are closer to users and
hence can provide real-time response to mobile phones, we
adopt edge servers for assistance rather than cloud servers.
We also design a meta-smoothing module to efficiently ad-
dress two problems in the style transfer: dynamically up-
scaling and removing distortions. The meta-smoothing mod-
ule can be trained in an end-to-end manner. Experimental
results demonstrate our proposed system can successfully
perform stylizations of videos with even better visual quality
compared to the state-of-the-art method while achieving
significant speedup with high resolutions.

2 SYSTEM DESIGN
As Figure 2 shows, the system consists of two major modules:
CNN-based stylizer and optical-flow-based interpolation. The
work flow is as follows: When a user performs style trans-
fer of a video on the mobile phone, the key frames will be
extracted and then sent to the edge server associated with a
user-specified style image. After that, the received key frames
will be transformed according to the style image using a pre-
trained CNN-based stylizer on the edge server. The stylized
key frames will then be returned to the mobile client. Finally,
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the stylized intermediate frames can be interpolated by the
proposed optical-flow-based frame interpolation algorithm.

Figure 2: Overview of the mobile-edge collaborative system
for video photorealistic style transfer.

Table 1: Average run time (in seconds) comparison between
CNN-based stylization and optical-flow-based interpolation

Resolution
Stylization per
frame (edge

server)

Interpolation
per frame
(mobile)

512x256 0.51 0.0005
768x384 0.72 0.002
1024x512 0.96 0.006
1920x1080 1.54 0.018

3 PRELIMINARY EVALUATION
We implement a prototype system on Google Pixel 2 and a
server with an NVIDIA TITAN X Pascal GPU. We adopt the
MS-COCO [2] for training the CNN-based stylizer, and 20
videos of different scenes from Videvo.net for evaluation.

Interpolation Speedup. We evaluate the speedup by
comparing the run time of performing stylization by the
CNN-based stylizer on the edge server with that of inter-
polating stylized intermediate frames on the mobile phone.
Table 1 shows the average run time of processing 100 key
frames and 100 intermediate frames by those two methods
separately. It demonstrates that the run time of both meth-
ods will increase with higher resolution, but the proposed
optical-flow-based interpolation approach is dramatically
more efficient than performing CNN-based stylization.

Visual Quality. We randomly sample 100 frames with
the resolution 512×256 from the testing data, and the visual
quality of stylized results those 100 frames which are trans-
formed by our CNN-based stylizer is compared with those
processed by the state-of-the-art photorealistic style transfer
method [1].We adopt twowidely applied quantitative evalua-
tion metrics Inception score [3] and Fréchet Inception Distance
(FID) [3] for our evaluation. Note that the bigger Inception
score indicates higher visual quality while the smaller FID
representing better image quality. Table 2 demonstrates our
method can generate visually better stylized results than the
state-of-the-art. Furthermore, Figure 3 shows one example

of stylized key frame by CNN-based stylizer and interpo-
lated intermediate frame. It is difficult to tell the difference
between them in terms of visual quality by humans. The
visual quality of interpolated stylized intermediate frames
will be further quantitatively evaluated.

Table 2: Visual quality comparison of stylized frames be-
tween the state-of-the-art [1] and ours

Method Inception score FID
Li et al. [1] 130.21 166.71

Ours 136.75 163.54

(a) input key frame (b) style image

(c) stylized key frame (d) interpolated intermedi-
ate frame

Figure 3: An example of stylized key frame and interpolated
intermediate frame

4 CONCLUSION AND FUTUREWORK
In this work, we designed amobile-edge collaborative system
for efficiently performing photorealistic style transfer for
videos. To speedup the stylization, we proposed an optical-
flow-based interpolation algorithm, so that only key frames
need to be processed by the CNN-based stylizer while the
rest of stylized intermediate frames can be interpolated using
optical flow information. Initial experiments demonstrate
that our proposed system can successfully stylize videos
with even better visual quality compared to the state-of-
the-art method while achieving significant speedup with
high resolutions. Future work includes introducing an edge-
cloud federated learning scheme to continuously improve
the performance of the CNN-based stylizer, and conducting
experiments to evaluate the efficiency and visual quality of
the system on a larger amount of testing data.
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