Looking into Video Frames on Small Displays

Xin Fan*', Xing Xie?, He-Qin Zhou', Wei-Ying Ma®
Department of Automation, University of Science and Technology of China®
Hefei, 230027, P.R.China

van@mail.ustc.edu.cn, hgzhou@ustc.edu.cn

Microsoft Research Asia®
5F, Sigma Building, No.49, Zhichun Road. Beijing, 100080, P.R.China

{xingx, wyma}@microsoft.com

ABSTRACT

With the growing popularity of personal digital m$ants and
smart phones, people have become enthusiastic tih wadeos
through these mobile devices. However, a cruciallehge is to
provide a better user experience for browsing sdeo the
limited and heterogeneous screen sizes. In thisrpag present a
novel approach which allows users to overcome ttsplaly
constraints by zooming into video frames while smg. An
automatic approach for detecting the focus regisnatroduced
to minimize the amount of user interaction. In erte improve
the quality of output stream, virtual camera cons@mployed in
the system. Preliminary evaluation shows that apigroach is an
effective way for video browsing on small displays.

Categories and Subject Descriptors
1.4.9 [Image Processing and Computer Vision]: Applications

General Terms
Algorithms, Human Factors

Keywords
Video adaptation, form factor, mobile device, vattucamera
control, adaptive content delivery

1. INTRODUCTION

With the growing popularity of personal digital m$ants and
smart phones, people have become enthusiastic tih wadeos
through these mobile devices. Though a few commkexideo
players such as Windows Media Player and Pocketd%é tbeen
developed to enable users to browse videos fronsried|-form-
factor devices, the limited bandwidth and small daw sizes
remain to be two critical obstacles.

Although there have been many approaches for adpptteos,
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most of them only focused on compressing and cgchim this

paper, we will focus on the display constraintsicei excessive
resolution or quality reduction will cause degréafatof the user
perception. Currently the main resources of mobilkeos are
traditional well-edited clips, but we notice thaalk-time programs
or spontaneous video clips such as home videosgiflance

videos will become more and more popular [4]. Fos kind of

video, it is more possible and also in a great dehta optimize

the contents for different display conditions.

In our system, the users are allowed to zoom insetaof focus
regions, for instance, a region containing a hufie@e or a text
paragraph which can hardly be recognized after dsawmpling.
The focus regions will be displayed using a highesolution,
therefore, be better perceived. A user interfagelai to a typical
image viewer is provided to navigate among diffenagions in
video frames.

However, this approach is not very convenient sitie® users
have to frequently interact with the system. Inesrtb minimize
the amount of user interaction, an automatic aprofor
detecting the focus regions is introduced in SecHolt is based
on our previous work on image adaptation [1][2][B1.[1][2][5],
instead of treating an image as a whole, we maaipuéach
region-of-interest in the image separately, whittbves delivery
of the most important region to the client when $eeeen size is
small.

Previous results on image adaptation can be extetmesideo
adaptation if we simply consider each video frameam@image. A
similar idea appears in [8], but their processuityfmanual and
how to compose the cropped images into an acceptabkeo
stream is not presented. In order to improve thaityuof output
stream, we employ virtual camera control in thetesys which
will be presented in Section 3.

2. VISUAL ATTENTION MODELING

In this section, we define a visual attention motteleveal the
regions most probably attracting the user's attenin a video
frame. Automatic generation of the attention modepresented
afterwards.

2.1  Visual Attention Modél

As shown in Definition 1, in our model, a set ofoimation
carriers —attention objects(AOs) are defined, which usually
represent semantic objects, such as a human fateyer or a
text annotation.



Definition 1: {AQ} ={(ROI,, AV,,MPS )}, 1<isN (1)

Where ROI is referred in our model as a spatial region
corresponding to arAO. ROI can be in arbitrary shapes and
allows to overlap. Referring to human cognitivetsyss, theAOs
carry different amounts of information, i.e., aré different
importance. The attention valu&\() indicates the weight of each
AO in contribution to the information contained inetimage.
Since the delivery of information is significantlgpendent on the
area of presentation, minimal perceptible sM@§ is introduced
as a threshold to avoid excessively sub-samplingnduthe
reduction of display size.

2.2  Automatic Attention-based Modeling

Four types of attention objects are taken into aote our model:
motion objects, face objects, saliency objectstartiobjects.

Different from static pictures, the moving part & scene is
usually noticeable and it has been considered inymadeo
transcoding systems. In our implementation, videguences are
stored as MPEG format and the motion informatiomeasured
by a similar method to [6] where foreground motican be
effectively discriminated from camera motion or kgound
motion. The AV of motion object is estimated by its size,
spatial/temporal coherence and motion intensityis Isupposed
that an object with larger magnitude, greater nmfittensity or
more consistent motion will be more important:

AV x W intensity x W coherence

motion motion

@)

Early stages of attention processing are deployednsemble of
low-level features such as contrast, orientatiow tensity etc.
Due to the heavy computations of the traditiondieray model,
we adopt a contrast-based model [7] to producesatiency map
and determine the attention-getting areas. An el@inpage and
its saliency map are shown in Figure 1.
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Figure 1. An example of saliency detection.

The AVsof saliency objects are calculated as:

Avsaliency: Z Bi,j wvi,j (3)

i.55R) saliency
whereB;  ; denotes the value of pixeiljj in the saliency map.
Since people often pay more attention to the regiear the
center of an image, a normalized Gaussian templetéered at
the image is used to assign the position wajgl

t .
iency

Some heuristic rules are employed to calculateMR& of above

two types of ACs. For example, bigger regions can be scaled

down more aggressively than smaller ones. FurtheyxnbeMPS
can be automatically adjusted according to the usewsing
history.

Face objects and text objects are defined and gekin the
same way as our prior work [1]. In order to combdifferent

types ofACs into a unified attention model, t#&/ of eachAO is
normalized to (0,1) and the finAV is computed as:

AV, =w, AV /Y AV (4)

where AVi" represents thAV of AQ, detected in modéd andw

is the weight of modek, e.g. face model, text model or motion
model, which manifests the contribution during tagention-
guiding function. In our system, motion objects amnsidered
most attention-getting and semantic objects pleyee important
role than saliency objectsy can also be automatically adjusted
according to user browsing behavior.

3. VIRTUAL CAMERA CONTROL

Based on the visual attention model, we can eféisitiyout where
the focus regions are in a video frame accordinglifterent
constraints. Before going to the discussion of ¢aimeg focus
regions, we first introduce how to combine thenoiat smooth
video stream.

A straightforward approach is to directly presér tocus regions
to the user. However, this naive approach will egitters in the
video sequences since the frames will be discoatisuafter
cropping. We notice that in some tracking systeSis Yirtual
camera control is introduced to smooth the trackpmgcess.
Therefore, we assume that there is also a virtid#oscamera
steered to pan and zoom in the video frames. Tpestyf focuses
are introduced here: Camera Focus (CF) and Tameis=(TF).
Camera Focus stands for the focus displayed tousiges and
Target Focus is the destination focus either mayaakigned or
automatically determined. Corresponding displaipsabf the two
types of focus regions are defined as Camera R&#) and
Target Ratio (TR), respectively. The Euclidean atise between
CF and TF is denoted dsd and the difference of CR and TR is
defined asAr . The direct focus shifting is substituted for a
smooth following process from the current focusiagrgto the
target focus region, with a set of pan and zoonraimmns. In our
system, the virtual camera is in one of followihgee statuses:

e Fixation status If both Ad and Ar are very small, the
virtual camera will be fixed in order to avoid uapfant
dithers in the video stream.

* Following status When eitherAd or Ar is larger than a
predefined threshold, we will let the virtual camemoothly
follow the new target focus. In moving object tringk IR
filtering is often used to smooth temporally theatsgl
derivatives. In our algorithm, a recursive implenaion of
the second order filter is adopted:

Ck) = a,C(k-1) +a,(T(k) + T(k-1)) (®)

wherea1+ a, /2=1, a,,a, >0, C(k) is either the position

of CF or CR at timé andT (k) is the corresponding position
of TF or TR.

Shifting status When eitherAd or Ar is less than a
threshold, we will directly steer the virtual camé¢o the new
target region in order to eliminate the lag as sulteof the

IIR filter:

C(k) = T(k) (6)



In addition, the virtual camera will also come toifting
status when a shot boundary occurs, which is méietause
that we consider the contents are not related leetviero
different shots.

4, SYSTEM FRAMEWORK

A friendly user interface is critical to facilitathe video browsing
on mobile devices since the input device is vemjitéd. Three
browsing modes are proposed in our system: marsehi-
automatic and full-automatic. They provide threeele of
automation and users can choose the one he mdstgpré/irtual
camera control is employed in all three modes telammate the
resulting video stream. The framework of our sysigillustrated
in Figure 2.
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Figure 2. Theframework of our system.

4.1  User Interface

Three types of user controls are introduced: doactzoom and
mode switch, as shown in Figure 3 (a). The first @ave defined
similar to a typical image viewer and the mode elwitontrol is
used to change video browsing modes which willtiduced in
Section 4.2.

(a (b)
Figure 3. User interface of our system.

They can be easily implemented on current mobildces. For

example, in Figure 3 (b), we can map the buttona &ocket PC
into these user controls. More advanced interfaceetnploy a set
of sensors instead of direct inputs [3].

4.2  Browsing Modes

As to our experience, it's difficult and annoying focate and
zoom into the attractive regions in a fully manualy. Based on
the visual attention model, three browsing modesd an
corresponding user interface are designed to déhl different
user scenarios.

4.2.1 Manual browsing mode

This is the basic browsing mode. Both direction aabm
controls are enabled in this mode. Users can stradl desirable
position and zoom into the detail by hand. A pietim-picture
view is employed to help locating the focus regionéen the
user clicks on the thumbnail image, a camera fatufting will

start to change the current focus to the destinatarus. As
mentioned before, this approach causes large asmaftiser
interaction which degrade user perception.

4.2.2 Full-automatic browsing mode

For some types of videos, there may be only a smatiber of
AOCs in the image, e.g., a surveillance video. In ttase, we
propose an automatic browsing approach where MRS is
ignored and the target region is defined as theorurof all
attention objects detected. Both direction and z@omirols are
disabled in this mode. The resulting video streasesumore
screen space to display the attention-getting regiovhile
cropping out the other parts. However, when vidamés contain
many separate focuses, this approach will have déésrence
with the original down-sampling scheme.

4.2.3 Semi-automatic browsing mode

Different from the full-automatic browsing mode, ethmost
attractive region produced by our previous algonitii] will be

first presented to the user when entering this maddeis

implemented as searching the optimal region whightains as
many perceptible attention objects as possible wtte display
constraint. Here “perceptible” stands for that theplay area of
an attention object is larger than &S

Users can use the direction controls to scrolh® dther parts of
the video frame. The duration or times of pressdnection
buttons denote the relative distance between themufocus and
the desirable region. An approximate position @ target focus
is calculated and a “restricting rectangle” is defl which covers
all possible target focuses. A position-restrictedrching is then
performed to find the new focus and the virtual esanwill be
automatically shifted to it. This scheme faciligthe locating of
focus regions and only slight adjustment is neefetwards.

In the position-restricted searching algorithm, Aas included or
partial included in the restricting rectangle stibbé displayed in
the output stream. If no sudkO exists, the restricting rectangle
itself is looked as aAO. A branch and bound searching [1] with
theseAGs as its root is executed to find the optimal sofuytas
shown in Figure 4.
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Figure 4. An example of position-restricted searching.
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Figure5. Comparison of full-automatic browsing mode and
semi-automatic browsing mode.



A comparison of the full-automatic browsing model dhe semi-
automatic browsing mode is illustrated in Figure Fsom the
figure, we can see that in this case, the semiraatio browsing
mode is better since there are multiple focuses.

4.3  Utilization of User Behavior

It has been long discovered that user behavioragohtvaluable
human wisdom and mining this knowledge could gyeatlp

tuning human-computer interaction. As mentione&action 2.2,
some parameters in the visual attention model, ss®iPS and
the weights of different models can be automatgcatlapted to
the user browsing behavior. We adjust these pammethen a
new target focus is reached and the virtual canseiraa fixation
status. The weighty corresponding to th&Os of modek within

the display area will be increased according to emtered
normalized Gaussian template.

W= max 4 ;} v, 7

wherew,’ denotes the new weight for modeland Uy, is the

position weight of thgth AO of modelk in the Gaussian template.

The MPS of AOs of modelk will also be increased according to
the zoom ratio of current displayed objects:

MPS,,'= A, [MPS, , + 4, [Ratiq,
(8)

where A, + 1, = 1. MPS; denotes the neMPS of thejth AO
of modelk andRatiq; is the zoom ratio of thaO.

5. IMPLEMENTATION

Currently we have implemented a prototype videowsey on
desktop PC based on Microsoft DirectShow. All theergion
detection modules including face detection ancerayl detection
can be performed in real-time, thus, users will feel any delay
during the browsing. However, due to the limiteghatailities, it
will be difficult to directly port the detection rdales to mobile
devices. We plan to setup a proxy which acceptsctient's
requests and process the video streams for theondaeg to their
display sizes.

Since there is no agreed-upon ground truth or beadh
available and proper evaluation requires subjectrglts from a
significant number of users, we only invite six woleers to try
our prototype and provide their judgments on it$grenance. We
chose nine clips from a video library as our tegtiata, including
home videos, surveillance videos and news videoso T
subjective assessment questions were given to them:

1. Does the output result under full-automatic browsimode
improve the browsing experiences?
difference, Worse)

2. Do you think the idea of using a virtual cameradseptable
for small displays? (Acceptable, Not acceptable)

Preliminary feedbacks are very encouraging. Avdyage was
considered that majority (62.9%) of output resultsder full-
automatic browsing mode had improved the browskppgence.
In most cases (81.5%), the participants had thaeiapithat
zooming and panning in the original video was aneptable

(Improved, No

solution for the limited display sizes. We also rfiduthat better
feedback was received for surveillance videos amuiéhvideos,
which aligns with our initial motivations. More usestudy
experiments will be carried out in the future.

6. CONCLUSIONS

In this paper, we proposed a novel solution forwithrowsing on
mobile devices. Most existing work on video trarding focused
on reducing bandwidth cost and the limited dispdége is of
deficient consideration. In our approach, threewlsing modes
and corresponding user interfaces are proposedesefve the
attended information with high quality. A visuatettion model
is utilized to detect the most informative regioasd virtual
camera control is employed to improve the outpdewi stream.
Our approach can be easily applied to real-timewittanscoding
proxies, though porting to client devices still deelot of efforts.
In our future work, we plan to employ more ruleonfr
cinematography to improve the results of virtuahegea control.
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