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ABSTRACT
Today, mobile users are struggling with accessing overloading and unstructured social media feeds on the severely constrained mobile display. To overcome the challenges associated with browsing social media feeds on mobile devices,
we are developing an innovative scheme to automatically create and synthesize the mixed social media digest (pictures,
texts and videos) into a magazine-page-like social media visual summary. Given a set of personalized social media digest, a multi-objective optimization is formulated to organize
the digest into visual summary in a 9-block-partition fashion
with consideration of informative delivery, aesthetic rules and
visual perception principles. Each block will be optimized interactively in terms of size, position and color to best represent the overall social media digest. Extensive evaluation and
analysis based on user studies demonstrate that the proposed
approach is effective in presenting social media content in a
visually appealing and compact way. It is expected that this
visual summary will lead to much enhanced user experiences
for browsing social media digest on mobile devices.
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Fig. 1: Overview of the proposed system.
from unstructured social media feeds. Recently, there have
been some attempts for developing mobile browsing applications, such as Flipboard[3] and Snippet[4]. Flipboard ﬁts
social media contents into pre-deﬁned templates where the title or summary is placed in a ﬁxed position, scale and color.
Although it is more visually appealing than traditional social
post presentations, it still falls short in maximizing allowable information to present on mobile displays without proper
content analysis and user perception considerations. Snippet
can automatically generate magazine-like social media visual
summaries for efﬁcient mobile browsing. However, it focus
on the design of text-overlaid single image, which limits the
presentation of social media digest to only few items.
In recent years, aesthetic studies have been shown to
have the potential to enhance user experience. A great deal
of research efforts have been made to adopt the aesthetic
rules in a wide range of applications, including photography
recommendation[5–8], evaluation on webpages and photo
quality [9][10], and text-overlaid images [11]. Furthermore,
studies on eye tracking in the advertising research [12] provide us with both theoretical and practical supports on how
people perceive interested information within a page. It is
natural to adopt these studies to improve information delivery
for mobile browsing.
The proposed system is different from previous works in
that this system attempts to create the most informative and
aesthetic visual summary from social media digest. In this
study, we assume that the personalized social media digest as
illustrated in [13] has been generated. That is, the summarization and ranking results on multimodal content-relevant
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1. INTRODUCTION
The recent proliferation of social media networks, such as
Facebook, Twitter, Flickr, YouTube and Google+ has revolutionized people’s daily life. Meanwhile, the overwhelming
scales of social media consumption triggers information overload. Recently, a summarization and browsing system that
can automatically select a set of representative images to generate a visual summary has been developed [1]. However,
this system does not consider visual appealing attributes in its
summary. A rich-media analysis system reported in [2] is capable of visualizing the events in a magazine style. However,
the visualization is based on some pre-designed templates and
color schemes without systematic consideration of user perception and aesthetic issues.
The severe limitation of mobile display makes it very difﬁcult for mobile users to efﬁciently ﬁnd relevant information
This research is supported by U.S. State of New York Empire Innovation
Program.
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social media feeds (images, texts and videos) are provided as
the input to this system. As illustrated in Fig.1, given a set
of personalized digest, we can automatically design and compose the visual summary by ﬁnding a proper partition of multiple blocks to capture and present the essence of multimedia
contents in a magazine-like visually appealing page. In particular, by adopting aesthetic rules and visual perception principles, a multi-objective optimization is formulated to generate
an optimal page layout under consideration of several inherent constraints. As a result, browsing such a visual summary
on mobile devices is just like quickly glancing at a magazine
page. To the best of our knowledge, this paper represents one
of the ﬁrst attempts at automatic social media presentation by
applying aesthetic rules and visual perception principles.
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Fig. 2: Illustration of social media digest (left), and the summary page with parameter set (right).
• Multi-blocks layout. We shall initially divide the page into
nine blocks based on “Rule of Thirds” principle; each block
will be composed seamlessly within one page.
• Highly aesthetic display. Aesthetic composition principles
employed in printed magazine design will be adopted to make
the generated visual summary appealing and attractive in order to enhance user experience.
• Maximizing information perception. Human visual perception principles should be utilized so that the more important
and popular feeds will be placed in more attractive locations
which the users eyes tends to focus on. That is, the visual
weights of the social media feeds in the generated visual summary should be consistent with their ranking scores.
• Satisfying mobile display constraints. Perceptual constraints on mobile displays are required to guarantee readability.
With these design properties, the problem can be formulated as ﬁnding a set of items and their optimal position, size
and color to minimize the multi-objective cost function Z.
R = (((wi1 , wi2 ) , (hi1 , hi2 )) , Oi (xi , yi ) , δi , ai ) , i ∈ [1, N ]
indicates Ii ’s size and position ((wi1 , wi2 ) , (hi1 , hi2 )) within
page P , gravity center coordinate Oi (xi , yi ), and the format
indicator variable δi , where δi indicates Ii ’s aspect format,
i.e., δi is 1 if Ii is landscape, 0 if Ii is portrait. Parameter ai is
the indicator variable, taking the value 1 if ith item is selected
and 0 otherwise. Then, we can formulate the problem as an
energy function as follows:
(2)
Z = Einf (R) + ωa Eaes (R) + ωv Evis (R)
where Einf is an information perception term. Eaes and Evis
are visual aesthetics term and visual perception term, respectively. ωa and ωv are weights for Eaes and Evis .

2. PROBLEM FORMULATION
Based on the design principles as outlined above, the input to
the proposed system is the personalized digest and the output
is the generated visual summary, as shown in Fig.2. To generate proper input, a social media digest dataset was manually
built, and the necessary preprocessing was also conducted.
The details are described in the following.
Dataset building and preprocessing
We collected content-relevant social media feeds, including
images, texts and videos retrieved from twitter, NY Times
and Google+. Clustering of feeds has also been carried out.
Here, video’s key frame is used to represent link-embedded
video. Therefore, each digest R in our data set is a combination of N topic-relevant items, including image Ii , text
with its background
images ti , Iti , and video with its key

i
frame
 R, these N extracted items Γ (i) =
  vii,Iv . In ieach
Ii , ti , It , vi , Iv , i = 1 · · · N are ranked by a combination of post time and number of comments to identify the
most important social media feeds as follows:
si = 1 − exp{−(α · timei + β · commentsi )}

^ƵŵŵĂƌǇWĂŐĞW

DĞŵŽƌŝĞƐĨŽƌWĂƌŝƐ
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(1)

They are sorted in decreasing order by their ranking score, i.e.
s1 ≥ s 2 ≥ s 3 · · · ≥ s N .
To identify and prevent possible occlusion in the most
important regions, we performed saliency detection[14]. Let
Oi (xi , yi ) be the center of the salient object Sali in Ii ,
which also represents the gravity center for Ii . We adopt the
same scheme for text background image Iti and the video
key frame Ivi . Besides, considering the limit display space
of the mobile devices, it is natural to adopt image cropping
[15] to remove redundant information. The parameter set
((wi1 , wi2 ), (hi1 , hi2 )) represents Ii ’s four border lines’ coordinates within page P , as shown in Fig.2.

3. ENERGY TERMS AND CONSTRAINTS OF
MULTI-OBJECTIVE FUNCTION
According to the multi-objective cost function described in
Sction 2, a visual summary can be created by minimizing
three energy terms under a set of constraints. In the equation
deﬁned above, Einf measures how informative the generated
summary is; Eaes measures how well it follows the aesthetic
rules; Evis measures how much users are inclined to focus on
the important items in attractive locations within P. Each of
the energy term and constraints will be illustrated in detail in
the following.

Multi-Objective Optimization Function
As shown in Fig.2, we are able to represent each block’s position and size by the parameter set. The visual summary to
be created should have following properties:
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Fig. 3: (a) Average scan path (left) and ﬁxation map (right);
(b) Hue wheel of text with local surrounding.
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Fig. 4: Results of subjects evaluation corresponding traditional social media posts.(left) informative evaluation; (middle) aesthetic evaluation; (right) overall evaluation.
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Fig. 5: Intermediate and ﬁnal optimization results.
mation reception efﬁciency. From the systematically investigated magazine page design, visual balance is a key aesthetic
principle. In addition, to maintain readability, the text should
be poped out from the local surrounding θi as shown in Fig.
3b. θi is the region that contains the text, which is deﬁned as
follow: 

(5)
θi = Iˆi (x, y) | |x − xt | = μhi , |y − yt | = νwi

3.1. Informative and Popular Attributes
The ranking score for each item can be considered as representing its informative and popular attributes. That is, a
higher score indicates a more important social media feed.
Hence, the ranking score for each feed is used to deﬁne the
information perception term Einf :
N
Einf (R) = −
ai s i
(3)

where μ and ν are parameters that control the size of θi .
Iˆi (x, y) is the synthesized image using Iti . hi and wi are
height and width of Iti , respectively. Here, we adopt the Complementary color scheme for text color selection. Based on
the overall consideration, the aesthetic term is deﬁned as:

i=1

This energy term is a function of all indicator variables
a1 , · · · aN . It will favor the most informative digest items.
3.2. Visual Perception
The average percentage of ﬁxation and average scan path on
the divided nine equal partitions for a single page layout are
investigated in an eye tracking study [12], as illustrated in
Fig.3. Intuitively, the highest ranked digest item should be
placed at the location of ﬁrst ﬁxation. The next ranked items
should be placed following the scan path of the decreasing
ﬁxation percentage. It is assumed that the amount of information perceived by mobile users for a certain social media
feed should be proportional to its ranking score. Thus, it is
natural to compute the overall information perception based
on these two ranking lists as follows:
N
ai si · d (per (xi , yi ) , M inper )
Evis (R) = 1 − i=1
(4)
N
i=1 ai si

Eaes (R) = ωb eb (C, C) + ωc ec (θi , Tm,α )

(6)

Visual Balance
Based on [18], visual balance is achieved when the gravity
center of all blocks coincides with the center of the whole
page. The maximum visual balance can be achieved by minimizing the distance
the expected center, i.e. the cen between
p 
ter of the page C p2x , 2y and the actual center C. This way,
we deﬁne the visual balance term as:
eb (·) = d C, C /

px 2+ py 2

(7)

where d C, C is the distance between C and C. px and
py represent page width and height, respectively. The actual
center C can be obtained by
N
i=1 ai si Oi
C= 
(8)
N
i=1 ai si
We found that the term depends on position, size and ranking
score of the selected items.

where per(xi , yi ) is the visual perception value of position
(xi , yi ). M inper = min per(x, y). By minimizing Evis ,
(x,y)∈P

the visual perception of the selected items is maximized. The
term Evis is therefore capable of placing the selected digest items onto attractive regions by taking the ranking score
si into account. d (·) is the normalized distance between
per(xi , yi ) and M inper .

Color Contrast
Followed by [16], Tm,α represents a m-type template under
a certain rotating angle α, where m ∈ {L, I, Y, X}, α ∈
[0, 2π). The color contrast term ec (θi , Tm,α ) is deﬁned as
follows:

3.3. Visual Aesthetics
It is very important to incorporate computational aesthetics
into our system to enhance user experience and improve infor-



ĞƐƚŚĞƚŝĐ^ĐŽƌĞ
ϴ͘ϯ
/ŶĨŽƌŵĂƚŝǀĞ
^ĐŽƌĞϲ͘ϴ
ZĞůĂƚŝǀĞ/ŶĨŽ
^ĐŽƌĞϴ͘ϵ

Fig. 6: Illustration of traditional social media posts(left four columns) and their corresponding visual summary.

2
( t HθHi (t) · Tm,α (t))

ec (·) =
, 0 ≤ t ≤ BIN
max(HθHi ) · t Tm,α (t)

Speciﬁcally, subjects need to give rating within a same time
duration for a certain visual summary and its source posts.
Based on an analysis of SimilarWeb data [17] in 2015, time
duration for mobile browsing ranging from 3s to 7s for different areas, where 2.55s for news and media. Thus, we limit
the time in 5s for subjects rating. An example is shown in Fig.
6, in which original source social posts and the generated visual summary are compared. We can see that, the relative info
score is 8.9 which is much better than the absolute score 6.8.
This is because one needs to browse many more direct social
posts in order to perceive the same amount of information delivered by the new visual summary. Therefore, within same
time period, browsing the proposed summary is much more
effective than browsing the original social posts.
From Fig.4, we can see that, comparing with the traditional social posts, there are nearly 80% subjects who consider the proposed visual summary is more visually appealing
and satisﬁed with its overall performance. Fig.5 shows sample results of the generated visual summaries. Each set has
two images, one represents intermediate result of optimization while the other represents ﬁnal result. Based on the proposed multi-objective function, we can see the dynamics of
the optimization process in which the position and size of the
nine blocks continuously change to minimize the overall energy while still satisfying the constraints. The aesthetic scores
for each of them have been increased to achieve optimization.
This proves that the proposed optimization scheme is efﬁcient
and practical in social media visual summary design.

(9)

where HθHi (t) is the histogram of the H channel of θi . BIN
and max(HθHi ) are the number of bins and maximum value of
the histogram, respectively. Tm,α (t) = 1(t ∈ Q) is the tth
bin value of the harmonic scheme, Q is the gray sector.
3.4. Constraints
The set of constraints are illustrated in detail as follows:
• Seamlessly tiled display. To achieve the seamless synthesis, each block’s four border edges should be adjacent to its
neighbor block. In
addition, all the blocks should cover the
9
whole page P , i.e. i=1 areai = Px × Py .
• Non-distortion. In order to prevent distortion during the optimization process, the updated images should keep the same
aspect ratio, i.e. δi  = δi .
• Text readability. The font size of text has to be larger
than a threshold thsize . Besides, considering the information
perception on mobile displays, the maximum number of text
characters should also satisfy a different threshold thnum .
• Non-intrusiveness. The text ti should not occlude the
salient objects or faces within its background image Iti .
• Non-overlapping. The texts inserted into its background
image should not overlap with each other.
4. PERFORMANCE EVALUATION AND
DISCUSSION
To validate the proposed system, we conducted subjective
evaluations by comparing the magazine-page-like visual summaries created by the proposed scheme against the traditional
social media posts. 20 subjects including 12 males and 8
females with age ranging from 20 to over 35 were invited
to browse 30 randomly selected visual summaries as well as
their source social media posts. The questionnaire for the subjective study are:
• How visually appealing is the visual summary as compared
with the direct social posts?
• How informative is the visual summary as compared with
the direct the social posts?
• What is your overall rating?
The subjects were requested to rate with a satisfaction
score ranging from 1 to 10. To better evaluate the informative aspect, we conducted a relative informative evaluation.

5. CONCLUSION
In this paper, we propose an effective visual summary creation system to automatically convert a set of personalized
social media digests into a magazine-like page for mobile
browsing. In particular, aesthetic rules and perception principles are employed to optimize the initially generated layout
under several constraints. As a result, the visual summary
is not only capable of transferring maximal amount of information within one page, but also aesthetically pleasing to the
mobile users for efﬁcient mobile browsing under the display
size constraints. Extensive experimental results have shown
that the proposed visual summary is effective in representing
social media feeds and enhancing user experience on mobile
browsing.
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